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ENGINEERING. 








THE DESIGN OF AEROPLANE 
ENGINES. 


THE advent of the aeroplane has created a 
demand for internal-combustion engines of extreme 
lightness, and to meet this there have been pro- 
duced a set of designs differing in many ways from 
any previously used. It is therefore interesting to 
consider to what extent the requirements of an 
aeroplane differ from those already satisfied by 
existing light motors, and how far the ordinary 
engine must be modified to comply with them. 

Comparing the aeroplane with the motor-car and 
motor-boat, it is evident that, while lightness is 
desirable for the latter two, it is an absolute neces- 
sity for the former-—that is to say, a motor-car or 
boat with a heavy engine will, at all events, pro- 
gress at a certain speed, though not so well as if 
the motor were lighter ; but an aeroplane will not 
tly at all unless the weight of the motor be kept 
down to a very moderate amount. In practice, 
in the motor-boat and car, engines are nearly 
always, for obvious reasons, made as light as they 
can be, consistent with their fulfilling other re- 
quirements, such as durability and _ reliability. 
Generally speaking, however, lightness and dura- 
bility are opposed qualities, and the more reliable 
a machine is required to be, the heavier it must 
be also. Hence in any particular case the extent 
to which lightness can be sacrificed to durability, or 
vice versa, depends on the purpose to which the 
machine is to be put. 

The case most akin to the aeroplane is that of 
the racing-boat or car. In the latter case the car is 
only required to run one or two races, and is then 
put on the scrap-heap, and the problem is therefore 
simply to make an engine which will last this time 
and develop the maximum possible power for the 
period. A great many cars have been built in 
which the limit of size was simply a weight limit, 
and it may be taken for granted that the winning 
cars represented the lightest possible construction 
consistent with the required reliability. In motor- 
boats the same thing applies, winning being almost 
entirely a question of weight and horse-power. In 
both these cases money has been of far less import- 
ance than it is likely to be in the case of the aero- 
plane. It will, therefore, be seen that the problem 
of a light engine is nothing new. 

There are, however, several essential differences 
between the requirements of a car or boat and those 
of anaeroplane. In the tirst place, the aeroplane 
builder appears, at present, to be willing to put up 
with much less reliability than the racing-motor 
man. This is because in making records the start 
takes place when the motor is ready, whereas in a 
race it takes place at some determinate time; and 
if the motor be not ready, then the chance is lost. 
The record is also the result of frequent trials ; « race 
is gained or lost in one. Thus if one motor will make 
an aeroplane fly 50 miles whenever required and with- 


aeroplane is ever to be of the slightest practical 
use, the reliability of the engine must not only be 
brought up to that of the racing-car, but very much 
beyond it. In one important respect the aeroplane 
engine is much more like the boat engine than the 
|car engine, as it must maintain its full power the 
| whole time it is running, whereas the car engine 
seldom averages more than half its maximum, 
except on a track. 

The greatest difference is, however, that the 
boat and car engines must be made so that they can 
be got at in place, and are practically only accessible 
from the top, whereas the aeroplane engine can 
generally be got at from all round. Thus the only 
practicable arrangements of cylinders in the boat 
are the vertical and diagonal, and in a car perhaps, 
in addition to these, the horizontal, while in a flying- 
machine radial arrangements of cylinders are per- 
missible. 

Taking the question of the number of cylinders 
first, there is a very great diversity of opinion, the 
actual number used varying from two to sixteen. 
Weight being the most important factor at present, 
the main question is, What number of cylinders 
will give the lightest engine, a constant factor of 
safety being, of course, assumed ? 

Considering this from a theoretical standpoint, 
the matter depends to a certain extent on the 
arrangement of the crank-case, some arrangements 
being more favourable to a large number of cylin- 
ders than others. The actual weight of the cylin- 
ders themselves seems, for moderate powers, to 
be little influenced by their number. The whole 
question is, How far the revolutions are limited by 
the size of the cylinders? If a constant piston speed 
be assumed, the power of cylinders of different 
sizes only increases approximately as the square of 
their linear dimensions, while the weight increases 
as the cube. If run at constant revolutions, 
however, the power and weight would both increase 
asthe cube. In practice, it appears from the results 
obtained from racing engines that the possible 
revolutions are nearly constant for all engines up 
to 10 in. stroke, at all events, and that the power 
increases at least as the cube of the linear dimen- 
sions. This being so, the weight of the larger 
cylinder should be less in practice for a given 
horse-power than that of a greater number of 
smaller ones, as it will be difficult to reduce the 
thickness of the cylinders in proportion to the re- 
duced dimensions ; and, even if this be done, there 
are some parts, such as the water-jacket, &c., which 
it will be quite impracticable to reduce with the 
dimensions of the cylinder. 

In practice there is also the fact that on the 
whole it is much easier to make an engine with a 
few large cylinders run well than one with a very 
large number of small cylinders—that is to say, the 
‘latter type is much more liable to have fits of 
‘running badly. Hence in the long-distance road 
| races the engines with more than four cylinders have 
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| be used owing to the difficulty in balancing, but 
| the two-cylinder opposed engine seems a quite satis- 
|factory arrangement. The three-cylinder engines 
| used on the Blériot aeroplanes have also done well. 
| A point in which the multi-cylinder engine is 
|distinctly superior is the evenness of turning 
moment. With less than four cylinders some sort 
of fly-wheel is necessary, though where the pro- 
| peller is direct coupled it also serves as flywheel. 
|Four cylinders theoretically will not run at all 
without a fly-wheel, as the drive is not continuous, 
| but with six or more cylinders the drive becomes 
|continuous. While this should bea distinct advan- 
| tage to the transmission gear, it must be remem- 
| bered that with many cylinders there is always a 
great liability for one of them to cease firing, in 
| which case the reversal of stress is nearly as great 
|as with fewer cylinders. 
With an ordinary arrangement of cylinders, there- 
fore, it seems as if there would be no advantage in 
substituting a large number of small cylinders for 
a few large ones. Capacity for capacity, the large 
| cylinders should give more power and weigh slightly 
less, while the accessories, piping, &c., should weigh 
very distinctly less. There are, however, several 
arrangements by which a large number of cylinders 
may be grouped on toa very light crank-case, and 
this may produce a light engine owing to the saving in 
weight in the latter. The weight of an engine con- 
sists principally of the cylinders and pistons on the 
|one hand, and the crank-chamber, crank-shaft, &c., 
on the other. Roughly speaking, with any given 
arrangement of cylinders, the weight of the latter 
| will be proportionate to the cube of the dimensions. 
|That is to say, that if the cylinders are arranged 
| vertically in a row, for instance, the weight of the 
| crank-case, shaft, &c., will be practically propor- 
| tionate to the cylinder capacity. If we can mount 
|the cylinders in such a manner that we can get a 
great cylinder capacity with a very short crank- 
| case, we shall, however, save weight. If, for 
instance, we start with the vertical four-cylinder 
}engine of the ordinary type, as shown in Fig. 1, 
on the next page, the crank-case has necessarily to 
be as long as the length over the cylinders. In this 
|and the accompanying figures the valves are omitted 
for the sake of clearness, and in all the figures the 
cylinders are the same size, so that the size of 
crank-case necessary for a given cylinder capacity 
can easily be seen. 

Two common plans for reducing the length and 
weight of the crank-case are to place the cylinders 
either diagonally, as in Figs. 2 and 3, or horizon- 
|tally opposed, as in Fig. 4. In either of these 
arrangements the length of the crank-case, &c., is 
almost halved, and a considerable saving of weight 

|is effected. Either of these arrangements can be 
made with two, four, six, eight, or more cylinders. 
In the case of the diagonal engine the impulses are 
|not evenly divided with two or four cylinders, 


‘though they can be so with six, if the angle be- 





cut unreasonable tuning up, but another makes it | had very little success, and in many cases in the | tween the cylinders be made 120 deg. With eight 
fy 100 miles once out of ten tries, the latter takes | smaller classes two-cylinder, and even one-cylinder, |cylinders at 90 deg. the impulses are evenly 


the record, though on its nine failures it may have | engines have been most successful. In motor-boats | divided, and this is the most usual number. 


In 


broken down in a few miles, and may have required | the same thing applies to all powers under about 100 | this type each diagonal pair of cylinders is connected 
hours’ tuning up for each trial. If, however, the horse-power. Less than two cylinders can hardly |toone crank. The diagonal engine, with the cranks 
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at 90 deg., can be balanced for all practical pur-| there are several disadvantages to be overcome in 


poses, even where there are only two cylinders, by | making it satisfactory. 


placing a balance-weight opposite the crank equal 


to the weight of the whole rotating parts and the | 
With four | 


reciprocating parts of one cylinder. 
cylinders the cranks are usually placed opposite, 
but balance-weights are still necessary to avoid a 
rocking moment. 
are set so that the two end ones are opposite to 
the two middle ones, and no balance-weights are 
required, 

In the case of the opposed horizontal engine the 
two connecting-rods work on opposed cranks, as in 
Fig. 5. In this case the engine, even when two- 
cylinder, is in many ways better balanced than the 
vertical or diagonal types, as the error in balancing, 
due to the angle of the connecting-rods, is allowed 
for. If only two cylinders are used, there is, how- 
ever, a very small rocking moment, due to the fact 
that the cylinders are not actually opposite each 
other ; but this is usually a negligible quantity. It 
has in some cases been eliminated by putting the 
cylinders exactly opposite, and the connecting-rod 


With eight cylinders the cranks | 


In the matter of weight 
there is the difficulty that if the cylinders are 
water-jacketed, each cylinder must have a separate 
jacket and water connections. Where there are 
several cylinders close together and parallel, they 
can all be enclosed in one water-jacket, and this 
will be lighter than taking a separate jacket round 
each cylinder, while it will also only require one set 
of water connections. In this the ordinary vertical 


| engine has a very distinct advantage. The diagonal 


and opposed engines can, however, have all the 
cylinders on one side enclosed in one jacket, but 
the radial type must necessarily have them all 
separate. Numerous water connections not only 
weigh a very considerable amount, but also intro- 
duce more chances of breakdown through failure. 
On the other hand, if air-cooling be used, the radial 
type is far the best, for the cylinders are so far 
from each other that they will not radiate heat to 
each other, and they do not screen each other from 
the draught of the propeller. 

Where many cylinders are used it is impracticable 


out of line with the little end; but this remedy to actually put all the connecting-rods to work on 
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seems worse than the disease. With four cylinders 
the rocking moment is balanced. The impulses in 
the horizontal opposed engine are always evenly 
divided, whether two, four, or eight cylinders are 
use |, 

Comparing the horizontal opposed with the 
diagonal engine, the former appears to have all the 
advantages, as the impulses are more even with a 
small number of cylinders, and the balance better. 
The latter point will enable somewhat shorter con- 
necting-rods to be used without excessive vibra- 
tion, thus lightening the engine. It seems, also, a 
distinct advantage of the horizontal opposed engine 
that the two cylinders can be connected by bolts run- 
ning right through from the flange of one cylinder 
to that of the other, and thus the whole of the 
crank-chamber can be in compression and be made 
much lighter than if any of it had to bear tensile 
stresses. 

While the crank-case, &c., is distinctly lightened 
by these arrangements, it can be still more reduced 
if the cylinders are all arranged radially on to one 
crank, This has been done in a great many different 
ways by different makers. In order to compare with 
the previously- mentioned four-cylinder engines, 
a four-cylinder radial engine is shown in Figs. 6 
and 7, the cylinders being the same size as before. 
It will be seen that in this case the crank-case and 
shaft are very much shorter and lighter than in any 
of the previous arrangements. In practice four 
cylinders is not a good number, as the impulses 
cannot be evenly divided, and an odd number of 
cylinders must be used to effect this. This type of 


engine can be satisfactorily balanced as long as the 
cylinders are evenly spaced round the crank-case, 
for all the pistons are attached to one crank-pin, 
and therefore form one revolving weight, which 
can be balanced by a suitable balance-weight. 
While this type seems theoretically the lightest, 





to one crank-pin, as either the big ends would have 
to be very narrow, or the crank-pin impracticably 
long. This can, however, be got over by the 
arrangement shown in Fig. 10. 

Probably the greatest difficulty in making the 
radial engine satisfactory is that of lubrication. 
This is a matter which does not seem to have had 
nearly as much attention paid to it as it needs, and 
many of the aeroplane engines rely solely on splash 
for their lubrication. In this case the even dis- 
tribution of the oil to the various cylinders of a 
radial engine is very difticult, and further, however 
well it might be managed when the engine was 
running, directly it stopped the oil would all run 
into the lower cylinders, and probably foul the 
plugs, so that it would be difficult to start it 
again. In order to get over this, the engine 
has occasionally been laid on its side, with the 
crank-shaft vertical, driving the propeller through 
bevel gear. If it is desired to run the propeller 
slower than the engine, there is no great objection 
to this, and there is little doubt that the slow- 
running propeller is much the more efficient. 
Another plan is to modify the arrangement of the 
cylinders. Thus in one make of three-cylinder 
engine the cylinders are all at the top of the crank- 
case (Fig. 8), all the connecting-rods leading on to 
one crank-pin. In this case it is impossible to 
divide the impulses evenly, and the balancing is 
not so good. In practice this type of engine is 
made with inside fly-wheels of considerable weight, 








and runs well, but the fly-wheels necessarily add to 
the weight. Another plan is to put all the cylinders 
at the top of the crank-case, and to place those 
which would have been at the bottom in a complete 
radial engine on a crank opposite to the others, as 
shown in Fig. 9. 

A comparison of this arrangement with Fig. 10 
will show that it is really a five-cylinder radial 
engine with the two bottom cylinders moved to 
corresponding places at the top of the crank-case 
and attached to an opposed crank. The division of 
the impulses will be the same as in the complete 
radial engine, and the balancing nearly as good; 
but the crank-shaft must be larger in diameter, 
owing to its weaker form, and as both it and the 
crank-case are longer, they will be considerably 
heavier. The cylinders are also so close together 
that air-cooling will be much less effective. Even 
with all the cylinders above the crank-case it does 
not appear that splash lubrication will distribute 
the ‘oil at all evenly to all the cylinders. The 
action of the crank-pin or fly-wheel will be to pro- 
duce a flow of oil round the crank-case, and the first 
cylinder will obviously intercept the greater por- 






























tion of this. No doubt if enough oil be used, there 
will be a good deal distributed indiscriminately by 
the crank-pin, &c.; but this will not prevent the 
first cylinder getting more oil than the others. 
Considering the fact that aeroplane engines are 
run at very high revolutions and that the bearings 
have to be as small as -possible to save weight, it 
seems certain that they should be fitted with a good 
system of forced lubrication, whatever their arrange- 
ment may be. In this case there seems no reason 
why the complete radial engine should not be per- 
fectly successful, as the cylinders are lubricated by 
oil thrown out of the crank-pins, and this will be 
distributed evenly. Fig. 10 shows a five-cylinder 
engine so arranged. In this case the oil which 
comes out of the bearings and big ends should mostly 
fly on to the walls of the crank-case and run directly 
back into the oil-sump, while the small amount 
which goes into the cylinders cannot possibly accu- 
mulate when the engine is running, as the speed at 
which the pistons move is far too high for this. Oil 
is prevented from running down the walls of the 
crank-case into the cylinders by a projecting rim. 
In some cases the radial engine is made with the 
crank-shaft fixed and the cylinders revolving. As 
constructed by the Société des Moteurs Gnome, 
this type has given very good results, but it may 
be doubted whether they are due simply to making 
the cylinders revolve. A very small amount of con- 
sideration will show that the radial engine will be 
of the same weight whether the cylinders revolve 
or the crank-shaft, all other details of construction 
being, of course, assumed to be the same. This 
being so, the only way in which the revolving cylin- 
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ders can be an advantage is either by allowing a 
lighter construction of cylinder or crank-case, or 
else by increasing the power got out of a given 
sized cylinder. There does not seem any reason 
for supposing that revolving the cylinders secures 
either of these results. 

The advantages of the revolving cylinders are :— 
(1) That. they act asa fly-wheel, and (2) that they 
allow of more efficient air-cooling. Where the pro- 
peller is direct coupled, however, no fly-wheel is 
required in any case. No doubt there isa distinct ad- 
vantage in the air-cooling from the fact that the cy- 
linders revolve, but it is not likely to be very great. 

Assuming that the ends of the cylinders are 15 in. 
from the crank-shaft, and the engine runs at 1200 
revolutions per minute, the ends of the cylinders 
move through the air at about 95 miles an hour. 
Now when the engine with fixed cylinders is placed 
just behind the propeller, it probably always works 
in a current of air moving 60 miles an hour or 
more, so it will be seen that the difference is not 
so great as might be expected. In practice the 
power given per cubic inch of cylinder capacity 
by the Gnome engine is very small, and there 
seems no reason to doubt that the same power 
could be got with fixed cylinders of smaller size. 
The good results appear to be due to the fact that 
the weight of the parts is reduced by machining 
practically all parts, including the cylinders and 
crank-case, from steel forgings to such an extent 
that the engine only weighs 0.35 lb. per cubic inch 
of cylinder capacity. It seems probable that with 
fixed cylinders at least equally good results could 
be obtained if the same amount of trouble and 
money were spent. The revolving cylinders in- 
troduce numerous difficulties in construction, not 
the least of which are the effects of centrifugal force 
on the valves, &c. It is also not nearly so easy to 
make a neat arrangement of a geared-down propeller. 

There are several points of importance in the 
comparison of these various arrangements, besides 
the weight. One is that as the length of the crank- 
case is reduced by grouping the cylinders, the work 
put on the bearings is increased without, in most 
cases, any proportionate increase in the bearing 
surface. Thus, if we compare the opposed or 
diagonal type with the vertical, we see that the 
former is very much shorter than the latter, but 
each main bearing in the former has to take the 
load due to two cylinders instead of one. In the 
opposed engine this comes on opposite sides of the 
bearings, so that if the pressure from each cylinder 
produces the same amount of wear, the slack pro- 
duced in the opposed engine will be twice that in 
the vertical. This means that for equal durability 
the diagonal or opposed engine should have the 
main bearings twice as long; but in this case the 
crank-case would become as long as that of the 
vertical engine, and the weight as great. With the 
radial engine matters are still worse, but in this 
case the bearings can be somewhat lengthened 
without actually making the crank-case bigger by 
carrying them out on bosses. 

A distinct disadvantage of the radial engine is 
that it may in some cases not be nearly so con- 
venient to fix as the vertical and opposed, as the 
latter can have lugs on the crank-case, and no parts 
projecting below this. _ 

On the whole, the type which seems likely to 
provide the best combination of lightness and relia- 
bility is the horizontal aunaees, as although the 
crank-case has to be slightly longer than in the 
radial type, if more than two cylinders are em- 
ployed, no part of it need be in tension, and there- 
fore it can be very light. Further, for moderate 
powers the engine can be made with only two 
cylinders, and this should make it freer from break- 
down and more economical in fuel and oil. The 
more the aeroplane develops the greater will, how- 
ever, be the importance attached to reliability, and 
it is quite possible that the vertical type will be 
eventually preferred, as in racing-cars and boats. 
On the other hand, the radial type’ is, no doubt, 
theoretically the lightest ; and if the difliculties of 
making it work satisfactorily can be overcome, it 
may be the future pattern. 








McCALL FERRY HYDRO-ELECTRIC 
STATION. 
By H. Prime Kierrer, New York. 
THERE is now under construction and nearing 
completion at McCall Ferry, Pennsylvania, one of 
the largest and most interesting hydro-electric 
power development projects ever undertaken in 








America, if not in the world. It is of special 
interest, both from the magnitude of the develop- 
ing works and from the unique and original methods 
of construction employed. 

McCall Ferry is located on the Susquehanna 
River, a distance of about 25 miles below Columbia, 
Pa., and about 15 miles due south of Lancaster. It 
is 40 miles from Baltimore and about 65 miles from 
Philadelphia. The power developed will be used 
mainly within a radius of 70miles. The site of the 
power plant is about 23 miles above the mouth of 
the Susquehanna, which river empties into the head 
of Chesapeake Bay. The river, for the last 60 miles 
of its course, flows through a rocky and irregular 
course studded with rock and islands, and with 
frequent stretehes of rapids. The channel in this 
distance varies from 1500 ft. to 5000 ft. in width, 
and is bounded on either side by precipitous banks 
rising from 300 ft. to 400 ft. uae water-level. 
The bottom of the river at this point is almost solid 
rock, making an exceptionally good foundation for 
the immense dam which rests upon it. The 
channel at this point is divided at nearly its central 
point by a rocky island, commonly known as Fry’s 
Island. An excellent idea of the general lay-out of 
the work can be obtained from the plan, Fig. 1, 
on , og 4. 

he Susquehanna River is subject. to severe 
floods, it having a record at times of 225 times its 
low-water discharge. It was, therefore, necessary 
to have a long overfall weir, and one of 2500 ft. in 
length is built. The flood waters will reach a height 
of 15 ft. to 18 ft. over this dam or weir. 

The market for power in alarge number of large 
plants of this character has, as a rule, been for less 
than the capacity of the plant, thus requiring the 
projectors of the plant to wait for the market to 
grow to a dividend-paying basis. This will not be 
the case, however, at McCall Ferry, for it has been 
found that within the radius of 70 miles much 
more power than it can supply is required. This 
radius of 70 miles will include within its bounds 
York, Lancaster, Wilmington, Harrisburg, Balti- 
more, Philadelphia, and ot] er centres. By an actual 
canvass it has been found that there is now in 
commission the enormous sum of 750,000 steam 
horse-power. As this company will have at the 
outset about 120,000 horse-power to place on the 
market, it will be able to select its market at the 
greatest advantage. 

Organisation.—The McCall Ferry Power Com- 
pany was incorporated in 1905, with a capital of 
10,000,000 dols., for the purpose of building the 
nea now to be described. The late George H. 

orrison, one of America’s foremost engineers, 
determined the site of the dam. He was assisted 
in his investigation by Mr. Boyd Ehle, a member 
of the American Society of Civil Engineers. 

Mr. Cary T. Hutchinson, 60, Wall-street, New 
York City, U.S., is the chief engineer for the com- 

ny. The hydraulic plant and its construction is 
Gare executed by Mr. Hugh L. Cooper, also of 
60, Wall-street, New York City ; Mr. Beverly R. 
Value is resident engineer in charge of construction 
at McCall Ferry; Mr. William Barclay Parsons is 
consulting engineer for the McCall Ferry Power 
Company. 

The work is being carried out by the McCall Ferry 
Power Company—that is to say, it was not let ‘‘ by 
contract’ to a building or contracting company. 
This question was finally determined only after an 
exhaustive investigation. The difference in the 
quality of work, floods, and speed were the decid- 
ing factors with the company in their decision to 
have the work done by their own administration 
and by day labour. The hydraulic work is done 
under one management both as to design and con- 
struction. 

Instructions were given by the power company 
officials at the beginning to the engineering depart- 
ment to the effect that the finished plant should be 
absolutely first class in every particular, the com- 
pany believing that true economy is found only in 
making things right in the first place, thereby 
avoiding the necessity for frequent changes in the 
installation and in the repairs. 

The Power-House.—The power-house is con- 
structed of concrete with roof-trusses of steel, and 
the foundations are upon solid rock of the same 
character as of the dam. The power-house will be 
80 ft. by 500 ft. 

Ten Francis vertical water-wheel turbines capable 
of developing 13,500 mechanical horse-power when 
operated at 53-ft. head, and with 80 per cent. gate- 
opening, are to be installed. They are being built 





by the I. P. Morris Company, of Philadelphia. 
Each is coupled to a 7500-kilowatt ntoaheno, 
11,000-volt, 25-cycle General Electric generator. 
The speed is 94 revolutions per minute. The field 
current is furnished by two 1000-horse-power inde- 
pendent exciter sets, generating at 250 volts, all 
direct connected, for the main unit, and running at 
240 revolutions per minute. The minimum head 
will be 43 ft., and the output per unit will be 
12,000 mechanical] horse-power. The design ensures 
that the wheels will be capable of giving full out- 
put with 100 per cent. gate-opening when the 
available head is reduced to the possible minimum 
during extreme floods. There are two wheels of 
the inward and downward-flow type mounted on a 
single shaft. The shaft is of forged steel, and is 
in one piece. Its weight, and that of all the parts 
borne by it—335,000 lb.-—including the revolving 
field of the generator, is carried on a thrust-bear- 
ing, which is itself supported on a lens-shaped 
casting suitably n.ounted on the concrete. The cast- 
ing is of such size as, when removed, to permit 
withdrawing the shaft with bucket-wheels attached. 
The bucket-wheels are of cast iron, in one piece, 
and are carefully finished by hand, so as to present 
smooth curved surfaces to the water. Each runner 
is about 10 ft. in diameter. The arrangement for 
operating the gates consists of a vertical shaft made 
of pipes, carried on a step and held at the top by a 
bearing attached to the wall. This shaft, which is 
connected to both the rings which carry the gates 
of the two turbines, is revolved in one direction or 
the other under the control of the speed-governor. 
The maximum velocity of flow in the concrete open- 
ings is 6 ft. per second, and all changes of direction 
of flow have been made as gradual as possible in 
order to avoid loss of head. The draught-tubes 
of the upper and lower wheels (see Fig. 5) come 
out together below the level of the standing tail- 
water. When it is necessary to get at the upper 
turbine, it will be sufficient to close the head- 
gates; when the lower turbine needs attention, 
provision has been made for dropping in stop-logs, 
so as to cut off the tail-race. the draught-tubes 
can then be drained by electric pumps. 

Construction of Cofferdams.—A number of coffer- 
dams were necessarily constructed at the beginning 
of the work. For this purpose timber cribs were 
used, and these were 16 ft. in width, and their 
length up-and-down stream was made 1 and 1} 
times the maximum depth of the water that was 
to press againstthem. The cribs were placed about 
10 ft. apart, end to end, and were scribed to fit the 
bed of the river. For this purpose careful sound- 
ings were taken from a float anchored over the 
position to be occupied by the cribs. The cribs had 
floors on the bottom for the purpose of holding 
rock to sink them and keep them in. The 10-ft. 
openings were then filled with heavy square 12-in. 
stop-log timbers, and these were carried up prac- 
tically level with the top of the cribs. Ahout 95 
per cent. of the flow was diverted by these cribs to 
the west, or York County, side of the stream, and 
the remaining 5 per cent. was shut off by the 
following method :— 

Two lines of vertical sheeting, 2 in. by 6 in., 
were driven alongside the up-stream face of the 
cofferdam, and spiked to the top of the cribs. The 
water pressure held the base of the sheeting in 
place ; small bundles of brush containing stone 
were then dropped in front of the sheeting. There 
was then dumped on a large amount of rock, and 
on top of this sand and clay, there being enough 
to completely cover the up-stream face ; this made 
a most excellent cofferdam. At an 18-ft. head the 
leakage for 1000 ft. of it was only about } cubic 
foot per second—a practically water-tight structure. 
At one time ice and water were piled 15 ft. on top 
of it, and it was overlapped three times by floods, 
but it never once suffered damage. 

Design and Dimensions of Dam.—In order that 
the reader may more readily appreciate the size of 
this great work at McCall Ferry, there will now be 
given a brief description of the design of the dam, 
together with its dimensions, and this will be fol- 
lowed by a description of the methods of construc- 
tion and of the plant employed. 

The dam is about 2500 ft. long and from 40 ft. 
to 80 ft. in height. It is one of the largest struc- 
tures of this kind in the world. It is of solid non- 


reinforced concrete, with a straight up-stream face, 
while the down-stream face is of the usual ogee 
curve. 

In the design the objects sought for have been 





twofold : First, to produce economically a structure 
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of such mass and form, and founded so securely 
upon bed-rock, as to render it practically ever- 
lasting as to its most essential parts—the dam and 
the power-house substructure. This’ consideration 
has determined the massive cross-sections of the 
spillway and the heavy monoliths in the power- 
house. The requirement of the curved spillway (to 
which reference is made elsewhere in this article) 
has incidentally involved a structure which, both 
as to shear and tension, is many times as strong as 
the most liberal factor of safety would require if 
only water pressure were to be considered. One 
of the most essential requirements in the design of 
masonry dams is to provide opportunity for expan- 
sion and contraction, for, if this be not done, the 
internal strains will inevitally find relief in cracks 
and deformation. The McCall Ferry dam is sec- 
tionalised, and at intervals of 40 ft. layers of com- 
pressible material, 3-ply to 1-ply ordinary tar paper, 
are inserted in vertical planes, so that even with 
extreme temperature variation the dam will not be 
subject to harmful stresses. Building the dam thus 
in pier sections has at the same time provided the 
necessary openings for passing the water during 
construction. 

Second : To plan so that power can be generated 
continuously, notwithstanding severe floods accom- 
panied by ice. Ice is usually the most serious 





menace to continuity of operation of water-power 
plants, and the design of the McCall Ferry plant 
has been studied and elaborated largely with this | 





will naturally tend to pass along parallel to the 
ice-fender. The latter consists, between the rock- 
fill and the dam, of two different constructions. 
First, there are three sunken cribs—one at the end 
of the rock-fill, one midway between the latter and 
the end of the dam, and the third halfway between 
thetwo. In the openings between these cribs there 
are to be floating-timber ice-fenders, which, rising 
and falling with the varying water-level, divert the 
ice from the forebay. From the end of the dam to 


Inclined screens in the forebay afford further 
protection from such floating ice or timber as may 
enter. The openings in the water-wheels them- 
selves are so large that they will safely pass any- 
thing which can pass through the screens. The 
danger of loss of head because of the natural rise of 
level of the tail-race water during the flood, or 
because of an ice jam in the tail-race, is met by the 
construction of a concrete diverting-wall, or tail- 
race fender, as it is designated in the plan, from 





the nearest crib there are to be three submerged 


the end of the dam next the power-house to Piney 
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which have been adopted will be of interest, since 
it is believed that they are carried out on such a 
liberal scale as to promise complete immunity from 
such interruption. 

In the first place, the broac, slow-moving pond 
above the dam, stretching as it does eight miles 
up-stream, and the deep forebay, render the forma- 
tion of anchor ice impossible. This chief enemy 
of power plants which take water through canals or 
exposed apne in which the velocity of flow is 
necessarily great, is thus eliminated, and only block- 
ice is left to be dealt with. Nature has assisted 
well in this respect, for at the site selected for the 
dam the flow of the river and the formation of the 
banks up stream are such as to throw almost all of 
the ice towards the west—that is, away from the 

wer-house. Still, some ice will drift to the east. 

he rock-fill forming the upper side of the forebay 
will turn such ice as impinges upon it, so that it 


concrete arches. Blocks of ice which enter the 
forebay must pass beneath these obstructions. It 
would seem as if no ice could enter, but still con- 
ditions may arise to force it, and, furthermore, ice 
will form in the open forebay itself. To dispose of 
such ice the power-house is set at an angle of about 
45 deg. with the direction of flow through the 
fender, and in order to enter a second enclosed 
forebay the ice must turn sharply to the right and 
pass under another line of submerged arches, which 
are clearly shown in Fig. 5. Almost all of the 
ice will naturally keep on and pass over the ice- 
chute, between the power-house and the shore. 
Such ice as proves so persistent as to pass all of 
these barriers will be floated to the separate ice- 
chute shown as an extension of the enclosed fore-bay, 
or will be disch through two large chutes, of 
which one is built into the concrete in the middle of 





the power-house, and the other near the eastern end. | 





Island, and by rock-fills and cribs connecting a long 
series of islands which lie further down-stream. 

Large so-called ‘‘ pudding” stones were placed 
all through the concrete of the dam. The dam is 
of cyclopean masonry, the pudding-stones embedded 
in the concrete varying from 0.1 to 1.25 cubic yards 
in volume, and forming 15 per cent. of the aggre- 
gate. These stones are of the same material as the 

gregate stone, a very compact and heavy rock. 
They were placed as bonding-stones in the top of 
each layer, and ran from 100 lb. in weight to stones 
weighing as much as half a ton. 

Dam Construction with the Aid of Steel Forms. 
—One of the most interesting features of the work 
at McCall Ferry was the use of steel forms for the 
different sections, and construction was much expe- 
dited by their use. 

The dam was built in 40-ft. sections, as shown 
in the views, Figs. 8, 9, and 10, on Plates I. and II. 
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The steel forms, which are illustrated in the detail | gressed, they were added to until the complete 
views, Figs. 2, 3, and 4, page 4, were designed | height of the dam was reached. The timber-boxes 


especially for this project. 


They possess great | or forming-pieces were placed against the struts as 


strength, are readily interchangeable, and are casy | fast as the concrete rose in the forms. 


to erect and transfer from one position to another. 


Temporary Construction Bridge.—By far .the 


In most cases, timber forms have previously been | greatest problem in connection with this work .has 
used. The foundation for the dam was first built | been to handle and deposit economically and quickly 
up-to about 5 ft. above the beginning of the curve ; | the great mass of concrete and pudding-stones. The 


and this was done on both sides of Fry’s Island as 
well as on the island itself. Upon this solid con- 
tinuous base the curved alternate sections were built, 
40 ft. long and 40 ft. apart. Six sets of these steel 
frames for the curved sections were constructed, but 





Fig.5. 


Transformer House 


solutions adopted are interesting, and represent 
| several unique features. 


For instance, it was believed by the constructing 
engineers that the ordinary trestle construction for 
the support of the cranes and the trains delivering 
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is they were interchangeable they could be used on 
any other section as soon as one section was com- 
pleted. 

In general, these steel forms consisted of five 
rafters, held by bolts and backing-blocks to the 
base of the dam, and supported at the top by the 
steel vertical columns of the forms on the up-stream 
lace of the dam. To these rafters are fastened 
small struts, which carry wooden boxes or panels 
which follow the curved surface of the dam. The 
fastenings at the base of the dam were, of course, 
placed in position and lined up properly when the 
foundations were put in. The vertical up-stream 
tace of the dam is formed by placing panels against 
the vertical steel frames. The concrete-work was 
carried on simultaneously on several 40-ft. sections 
of the dam. The rafters coqeee each form were 


concrete to the work would be insufficient. This 
was largely due to the rapidity and volume of the 
waters of the Susquehanna, and to its sudden rises 
and floods, and to the degree that they carry. It 
was therefore considered wise to build a temporary 
contruction bridge from the concrete-mixing plant 
(located on the Lancaster County shore) through to | 
Fry’s Island, and thence to the York County shore, | 
a total distance of over half-a-mile. Experience | 
has proved .hat this was a wise resolve on the part | 
of the designing engineers, as trestle-work would 
undoubtedly have been carried away during some | 
of the severe floods which have been experienced. 

A temporary concrete-arch construction bridge, 
59 ft. wide, was built immediately below the toe 
of the dam. 


This bridge was built in alternate spans of 32 ft. 
and 40 ft., with 5-ft. piers, the 40-ft. spans being 
opposite the 40-ft. openings left in the dam. This 
construction bridge lies liel to and just down- 
stream from the dam and power-house, and it con- 
tinues in-shore directly t and below the con- 
crete-mixer house. The bridge carries four stan- 
dard-gauge railway tracks as well as tracks for 
the support of three travelling cantilever cranes, 
commonly called ‘‘ pelicans,” from their shape. 

The bridge across the York channel is of the 
same general design as the other one, and is 900 ft. 
long. It was constructed in twenty-two days. As 
soon as all of the concrete-work in the permanent 
structures is completed, all of that portion of the 
concrete-construction bridge in front of the dam 
will be broken up with dynamite, as it will then 
have served its purpose. That portion of the con- 
crete bridge in Fou of the power-house is used as 
a permanent foundation for the transformer-house. 

Details of Construction Plant.—For the operation 
of the construction machinery, two large duplex 
air-compressors, built by the Sullivan Machinery 
Company, with the necessary boilers and condens- 
ing plant, were first installed. The compressed air 
is conveyed by pipes to the various parts of the 
work, and drives such machines as the air-drills, 
mixer-engines, pumps, and the winches of the 
‘**pelican’”’ cranes which handle the mixed con- 
crete and put it in place. 

Travelling Cranes.—There are in use on the 
McCall Ferry work two distinct types of travelling 
cranes, each being designed in the offices of the 
company for the particular work to which they 
are put. 

The first class has a 44-ft. gauge, and was used on 
the construction work on the temporary construc- 
ing bridge, for all excavations for the foundation 
of the dam as well as for the main body. Two of 
these cranes were used for depositing concrete, 
while the third was used in erecting forms and 
for excavation, as shown in Fig. 7, on Plate I. 
Each crane has four rigid inter - connected 
booms of the cantilever type, each 109 ft. long 
and 10 ft. apart, centre to centre. At the ex- 
treme ends of the booms, a load of 5000 lb. 
each may be allowed. Compressed air from four 
two-drum engines on the cranes furnishes the 
power for carrying the materials up the inclines of 
the booms. e cranes are moved on their own 
track by small light locomotives, which are used to 
haul the concrete from the mixer-house to the work, 

The second class or type of crane, which will 
be seen in Fig. 10, Plate ir. was built for use on 
the power-house work. Two of these were built, 

and each have a 45-ft. gauge, 45 ft. wide, and 
they measure 135 ft. from the rails to the top of 
the structure. They have each two booms, and 
each has a total capacity of 5000 lb. at the extreme 
end. These cranes are portable, the same as the 
other type, and are moved about on the construc- 
tion bridge. 

A number of advantages are by these 

reat cranes. Only about 10 minutes is consumed 
rom the time the concrete is mixed until it is 
placed in the dam or the power-house, as the case 
may be. Another advantage which these cranes 
possess is that no extensive signal system need be 
used, as the engine operator is almost immediately 
at the point of delivery. Then, too, there is the 
further advantage that the load travels in one 
direction, and is not carried around a large circum- 
ference, as is the case with derrick operation. One 
other important advantage of these travellers is 
that they can readily be removed to the shores 
in time of flood, which movement has been effected 
a number of times. 

Conerete-Mixing Plant.—The concrete - mixing 
plant is one of the largest and most important 
factors in the rapid construction of a work of this 
character, The mixing-plant is situated at the 





east end of the temporary construction bridge, and 
is as near to the work as could be conveniently 
arranged. In this plant the Contractors’ Supply 
and Equipment Company, of New York, installed 
eight l-yard Smith mixers. These mixers are each 
operated by an independent compressed-air engine. 
Above the mixers are bins for sand, stone, and 
cement. For each mixer there are two hopper- 
measuring cars, a in a tunnel under the 
bins, stopping successively under the cement, sand, 


It is of uniform level, and extends the | and stone-bins, and finally over the mixer, where 


entire length of the dam and power-house. That one car is dumped while the other is being filled ; 





so arranged that they could built up vertically 
im three lengths, and, as the concrete-work pro- | 





rtion from the east shore to Fry’s Island was | water is applied during the mixing direct from the 
uilt in the remarkable time of forty-five days.! pipes for this purpose. The gates to all of the 
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bins are operated by compressed air. The bins 
containing the stone, sand, and cement are located 
on a higher plane than the mixers, so that the 
whole operation of bringing the mvterial from the 
bins to the mixers is a gravity one. The sand 
and crushed stone are brought to the bins by bottom- 
dump cars from near-by points. The mixer plant has 
a capacity of 2300 cubic yards of conerete per day, 
and it is the largest ever constructed in the United 
States. It will shortly be second, however, to the 
great mixing plant at Gatun, on the Panama Canal. 
‘The storage-bins here havea capacity of 14,000 cubic 
yards of concrete material. Concrete is discharged 
from the mixers into 1-yard bottom-dump buckets, 
seated on small flat cars running beneath the mixers. 
The cars are made up in trains of eight or more 
buckets each, with about five cars to the train. 
They are then hauled out on the bridge by light 
locomotives to a position beneath the ‘‘ pelican” 
cranes. The latter pick up the buckets, lower them 
to any desired spot, and dump the concrete. Few 
of the ordinary derricks were used on the entire 
work. The operation of the mixer-plant trains and 
the ‘‘ pelicans” is thoroughly systematised, and 
the concrete-work goes on at an almost incredible 
speed. 

Materials. —A complete stone-crushing plant is in 
operation at Conowingo, Md., a distance of 15 miles 
from the dam site, and connected with it by the 
Pennsylvania Railroad. The mica existing in the 
rock at McCall Ferry prevented it being used in the 
concrete-work. The stone at Conowingo has a 
remarkably high specific gravity, its weight in some 
cases being as high as 190 lb. per cubic foot. The 
rock is very closely grained, and shows. no de- 
terioration due to weather or temperature. 

Two Austin stone-crushers, No. 8, are in use at 
Conowingo. Four 5-ton portable cableways, four 
5-ton quarry derricks, air-drills and compressor 
plants, standard-gauge locomotives and flat cars 
complete the equipment. The rock is hauled over 
the company’s tracks to the crusher-house, located 
on a siding of the Pennsylvania Railroad. There it 
is raised by two endless-chain bucket-elevators and 
fed into two large rock-crushers, which reduce it 
to suitable size for concrete and discharge it into 
bins, from which it is fed by gravity into hopper- 
bottom freight cars. The latter are hauled to McCall 
Ferry and dumped into bins over the concrete- 
mixers. 

The sand comes from a deposit near Charlestown, 
Md. It ishandled bya 60-ton Marion steam-shovel 
direct into steel hopper-cars, and taken over the 
Pennsylvania Railroad to the mixing plant. 

The concrete is mixed in about the following 
proportions : one part cement, three parts sand, 
and five parts of broken stone. The average of the 
crushed stone is about 5 in. over its greatest 
dimension, This was done in contrast to much 
concrete construction in this country, as it is the 
usual practice here to crush the stone much finer, 
The run of the crusher is separated into three 
sizes. The first part is the heavy stone required 
for heavy work. The second size is for material 
which will pass through a 2-in. screen, which has 
been used for the small walls throughout the struc- 
ture; while the third division is crusher-dust, 
which is being used in place of sand for the con- 
crete work in the power-house walls. The concrete 
is made very wet at all times, so that when it is 
deposited in the walls iv does not require tamping, 
but settles by gravity to its final position. The 
concrete is not made as thin as grout, but it is 
made to such a consistency that the material in 
bulk will quake when tramped on or jarred by 
train movement. On that portion of the work which 
has been stripped of its forms, the finished work 
shows that the voids are well filled, the surfaces 
requiring no touching up or re-pointing. 

Concrete Forms for Wheel. Pits, Draught-Tubes, 
dc.—All openings in the concrete structure are 
produced much as they are in metal castings—that 
is to say, by pouring concrete around formed cores. 
Several innovations have been introduced into the 
construction of these wheel-pits, draught-tubes, 
intake-pipes, &c. In previous power-house work of 
this sort, it has been customary to make these 
openings with linings of brick, metal, or masonry. 
In the McCall Ferry power development, the 
draught-tubes and intake-pipes are all an integral 
part of the power-house—that is, they are openings 
inside the power-house, which was built up as a 
whole from a clear foundation, and not, as in some 
other works, conduits driven through the solid 
rock or earth above which the power-house was 





built. Therefore, instead of using permanent metal 
linings, which would be used also as forms around 
which to build the concrete body of the power- 
house, wooden forms were used to shape these 
openings. After the concrete had thoroughly set, 
the forms were removed, leaving the intakes and 
draught-tubes formed of solid masonry, and with 
no lining whatsoever. The forms for these open- 
ings were built with circular and oval frames, placed 
at the correct angles to give proper shape to the 
form, and lagged with 2-in. strips of bass-wood, 
bent over the frames by aid of a steam-bath. The 
carpenter workmen who made these forms were 
not skilled carpenters, but were selected principally 
from men who lived in the surrounding country. 
The concrete work at McCall Ferry, both in its 
general as well as in its complicated forms, is a 
striking example of the efficiency of concrete for 
such work, and the beautiful lines and finish 
attained there will remain for some years as an 
excellent example. The general construction of 
the power-house and the arrangement of the wheel- 
pits, &c., will be seen from Figs. 5 and 6, on page 5. 
Labour and Sanitary Conditions.—The labouring 
men consist principally of Italians, superintended 
by skilled Americans. The total number employed 
on the work at the maximum was about 1500. Com- 
plete houses, dining-rooms, hospital, stores, c., 
were constructed by the company. This is now 
being generally done in this country on all great 
works. The sanitary arrangements are exception- 
ally good, examination of the drinking-water being 
carefully and regularly made by the chief of the 
hospital staff. Asa result of the care taken with 
the men, there has been practically no sickness, 
about the only cases in the hospital being those 
of men physically injured on construction work. 
The entire development of the McCall Ferry 
water - power development on the Susquehanna 
River at this point has involved an outlay—pre- 
liminary, constructive, mechanical, and for super- 
intendence—of about 11,000,000 dols. 
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Carburcttors, Vaporisers, and Distributing Valves used 
in Internal-Combustion Engines. By Enwarp BuTLER, 
M.I. Mech. E. London: Charles Griffin and Co., 
Limited. [Price 6s. net. ] 

THERE can be no doubt of the truth of the state- 

ment made by the author of this book in his pre- 

face, that the development of the internal-combus- 
tion engine, especially for the use of liquid fuels, 
has been very largely dependent on the improve- 
ment of the valves and valve-gear and the vaporis- 
ing devices. The scope of this work is strictly 
limited to dealing with these points, but they are 
dealt with. very exhaustively, and it is therefore 

a welcome contrast to those books which deal with 

the generalities of a large range of subjects without 

going into detail on any of them. 

The first subject dealt with is that of carburettors 
using petrol, the float-feed type receiving most 
attention, though surface, gravity, and other 
types, now little used, are also dealt with. The 
author was the original inventor of the float-feed 
type of carburettor, having constructed one in 1887, 
and, although the mechanical details of his early 
type illustrated are somewhat different to the 
majority of those now in use, the design shows a 
far greater appreciation of the essential require- 
ments of -a carburettor than many of those pro- 
duced much later. A considerable number of 
illustrations of ‘‘ automatic ” carburettors are given. 
The object of these is to provide a constant mixture 
over a great range of flow. It is shown that in the 
majority of cases the action of these carburettors 
depends on careful adjustment, and not on any 
fundamental principle. Mention is made of the 
fact that a really skilled driver can usually get 
better results from a car with a hand-controlled 
carburettor than an automatic one, the reason pro- 
bably being that he can compensate for many of the 
conditions which necessitate different mixtures, and 
make allowance for variations in temperature, {c. 
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employed. The latter usually have a float-feed 
exhaust-heated vaporiser and throttle-governor, the 
ignition being electric. Mention is made of the 
fact that these engines are often started on petrol 
in order to heat the vaporiser sufficiently, a practice 
which the author appears to advocate, but which 
is open to very great objection in many cases. Often 
the whole object of using heavy oil is to get rid 
of the danger of petrol ; but if this is used to start, 
it involves practically as much danger of fire as if 
used exclusively. With suitable arrangements it is, 
however, quite possible to start on heavy oil. 

A chapter is devoted to the consideration of the 
size of valve and passage-way necessary to give a 
clear flow to the gases, the importance of large 
valves. to get the maximum possible power from a 
given sized cylinder being well shown. It is, 
however, possible that the author exaggerates the 
importance of this, and the statement that an 
automobile motor of to-day will give more than 
twice the power obtained eight years ago is some- 
what misleading. The De Dion motors of eight 
years ago gave a horse-power for each 7 cubic inches 
of cylinder capacity, and so far from any motors 
actually sold now to the public giving twice as 
much, the majority give less, the tendency being 
to study quietness more than reduction of cylinder 
capacity per horse-power. 

The remainder of the book is devoted to valves 
and their arrangement, details of automatic and 
mechanically-worked valves for automobile engines 
being given, as well as combined valves for inlet 
and exhaust, balanced valves, water-cooling arrange- 
ments, &c. Slide-valves, piston-valves, and rotary 
valves of various kinds are also dealt with, includ- 
ing those in which the valves form sleeves round 
the piston. For stationary work the lift-valve has 
practically superseded all others ; but the success 
which has attended one form of slide-valve engine 
recently introduced for automobile work suggests 
that the very short running times and ample lubri- 
cation of such engines, may allow the use of devices 
which would not stand hard continuous work, such 
as a stationary engine has to do, silence at high 
speeds in a motor-car being of considerable import- 
ance. An inspection of the various drawings will 
show that in this case there can be no monopoly or 
master patent, but that there is a very large choice 
of methods available. 

It is unfortunate that the author does not always 
give information as to whether the various devices 
are in actual use or have only been experimented 
with. In some cases, notably carburettors, the 
types illustrated under well-known names are now 
obsolete. The book has over 100 illustrations, and 
as it deals with details, should be of great practical 
use to those having to do with the design of internal- 
combustion engines. 





Compressed-Air Work and -Diring: A Hand-Book for 
Engineers, comprising Deep-Water Diving and the Use 
of Compressed Air for Sinking Caissons and Cylinders 
and for Driving Subaqueous Tunncls. By G. W. M. 
Boycort, Assoc. M. Inst. C.E. London: Shaihey Lock- 
wood and Co. [Price 10s. 6d. net. ] 

Tuts little book would deserve a welcome from 

engineers if only for the sake of the valuable tables 

it contains, presented in a form which makes them 
easy of reference and capable of immediate applica- 
tion. In‘diving operations, or in engineering work 
carried on in compressed-air chambers, the greatest 

care has to be taken to avoid disaster or any ill- 

effects to the workers, and this demands close ob- 

servance of rules which medical investigation has 
shown to be necessary to secure that object. Dr. 

Haldane, Dr. A. E. Boycott, and Lieutenant G. C. 

C. Damant, R.N., have done a great deal of valu- 

able work on this subject at the Lister Institute of 

Preventive Medicine, and tables for diving and for 

caisson and tunnel work, prepared by them, are 

given here by the author. No these the author has 
added other tables, so that an engineer in charge of 
operations can at once determine the proper course 


| to adopt regarding rate of decompression for workers 


under pressure for a stated time, or regarding time 
and manner of ascent for a diver. 
But the book does not derive its value from these 


.Vaporisers for heavy oil are next dealt with. ‘tables alone. The author’s treatment of working 
These appear to fall into two very different classes : | in caissons and of tunnelling under pressure is sure 
1. Those intended for use in single - cylinder | to commend itself to students of this subject, who 


stationary engines running at constant speed, and 
(2) those for marine and automobile engines with 
several cylinders having a considerable range of 
speed. The former usually have the fuel supplied 
by gravity or pump, and the tendency is to vaporise 


in the cylinder, a cut-out governor being often | 


will find in these pages a clear account of the prob- 
lems to be solved, and interesting illustrations from 
actual works of how they have been dealt with, 
To engineers who are actually in charge of such 
operations this account is not less valuable, for 
although the volume is not large, the author has 
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THE McCALL FERRY HYDRO-ELECTRIC STATION ON THE 
| SUSQUEHANNA RIVER. 


(For Description, see Page 3.) 
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THE MCCALL FERRY HYDRO-ELECTRIC STATION ON THE 
SUSQUEHANNA RIVER. 


(For Description, see Page 3.) 
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succeeded in treating all the important principles. 
In such a work there might well have been a tempta- 
tion to spin out the discussion, but the elimination 
of all padding is one of the most gratifying features 
of the book. The diagrams and illustrations— 
perspective drawings and working drawings of 
various undertakings—all add to the interest and 
usefulness of the volume. 
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ROAD-BRIDGE OVER THE KLANG 
RIVER, FEDERATED MALAY STATES. 


Tue town of Klang, situated on the River Klang, 
about 7 miles from the sea, is one of the largest 
towns of the Federated Malay States of Selangor, 
in the Malay Peninsula. The Government decided 
to bridge the river owing to the great increase in 
the cross-river traffic due to the large number of 
rubber estates in the vicinity, and on the Kuala- 
Selangor Road, to which the new bridge forms the 
connecting link. The river at -Klang is tidal, and 
is 560 ft. wide, has a rise and fall of 17 ft. during 
spring tides, and a current of 6 knots. 

The bridge, which was erected by the Federated 
Engineering Company, Limited, of Kuala Lumpur, 
as contractors to the Government, is of the Linville 
type, in four spans of 140 ft., carried on five piers, 
each pier consisting of two iron cylinders at 22-ft. 
centres, braced to each other by means of hori- 
zontal and diagonal steel bracing. The bridge is 
shown diagrammatically in elevation and plan in 
Figs. 1 and 2, page 8, and in perspective in Figs. 
35 and 36, Plate 1V. 

Staging.—Operations were commenced by the 
contractors on July 20, 1907. The pan | plan 
was to construct a screw-pile temporary bridge as 
staging across the stream, but after several experi- 
ments in various parts of the river this plan was 
abandoned, owing to the nature of the biue clay, 
which did not offer suflicient resistance to the screw, 
and became a puddled semi-liquid mass after a few 
turns of the pile. It was then decided to put in 
plain solid-drawn flanged steel pipes, 8 in. in 
diameter by ;'; in. thick, with cast-iron points. A 
steel earth-plate 3 ft. square was bolted to a flange 
joint at 10 ft. from point, the rest of the pile being 
built up of 8-in. flanged piping in 18-ft. and 20-ft. 
lengths. The piles were lowered, and driven from 
shear-legs erected on two large barges. The con- 
struction of the staging is shown in the perspective 
views, Figs. 31, 33, and 34, Plate ITI. 

Driving the piles did not prove quite sufficient, 
owing to the spring in the blue clay, so each pile 
was weighted with 5 tons of pig iron, which drove 
the earth-plate well into the soil. Each pier of the 
temporary bridge consisted of two pipe piles at 
10-ft. centres, braced together by hard-wood hori- 
zontal and diagonal bracing. The spans between 
the piers were 25-ft. centres, and the piers were 
connected at the top by 12-in. by 4-in. hard-wood 
longitudinals on edge, with 4-in. by 4-in. timber 
sleepers, spiked on the top, to carry the double 
eek of 20-Ib. rails. It was found necessary in the 
centre of the river to brace the pile piers to each 
other by means of 1 in. diameter iron tie-rods, fas- 
tened diagonally by clamps to the pipes, to prevent 
vibration of the piles during heavy tides. 

At the positions for the cylinders, special outside 
piles, forming squares of 15 ft. by 15 ft. up and down 
stream of temporary bridge, were driven and 
weighted with pig iron to carry a safe load of 6 tons 
each. Each set of piles at the cylinders was 
strongly braced with hard - wood horizontal and 
diagonal bracing. The piles round the cylinders 
subsided considerably during the sinking of the 
cylinders, and the caps of the temporary bridge had 
to be raised several times at these points to keep the 
roadway fairly level. The whole of the temporary 
bridge was designed by Mr. G. D. Russell, manager 
of the Federated Engineering Company, Limited, 
and was built with Tamil and Malay labour. 

Cylinders..—Ten cylinders forming the five piers 
are shown in Figs. 3 to 11, page 8. They were 
supplied and sunk by the contractors. Below the 
river-bed they are of mild steel, having a bell- 
mouth 8 ft. 11 in. in diameter by 9 in. high, 
tapering to 7 ft. 7? in. in diameter. The sections 
are 5 ft. deep and are bolted to one another by 
seventy-two bolts g in. in diameter in each joint. 
The bell-mouth decreased to a certain extent the 
surface friction, but considerably increased the cost 
and amount of care required to keep the cylinders 
vertical and in correct position. 

Above the river-bed the cylinders are of cast iron, 
7 ft. 7} in. in diameter, in sections 4 ft. deep, 
bolted together by thirty-two bolts 1} in. in dia- 
meter in each joint; 9 ft. from the top the cast-iron 
cylinders taper to 6 ft. in diameter. It was con- 
sidered that the exposed portion, being subject to 
the greatest corroding influences, due to being 
alternately wet and dry, would become unsightly, 
and that cast iron should be adopted above the 





Cylinder-Sinking.—Sinking operations were com- 
menced on September 14, 1907, when three sec- 
tions of each of the south shore cylinders were 
bolted together on a staging and lowered into posi- 
tion by chain-blocks hung from shear-legs. Some 
stages of the operation are illustrated in Figs. 31 to 
34. The excavation in all the cylinders was done 
on the open system by Chinamen digging inside 
and filling cane baskets. The baskets were then 
hoisted to the surface by means of a steam-winch, 
and the soil deposited on the bank at the shore 
cylinders and thrown into the river at the stream 
cylinders. The shore cylinders were kept in posi- 
tion and vertical by means of timber girders bolted 
to the framing until they had sunk about 25 ft., 
when the whole framing started to subside, and was 
discarded. The cylinders were afterwards kept in 
position by chains anchored to the shore. 

During the early part of sinking the shore cylin- 
ders they connlemaliay took a run of from 4 ft. to 
8 ft. in the blue clay ; but when a depth of 40 ft. 
was reached, they began to hold up by skin fric- 
tion, which was overcome by a Portland cement 
concrete lining 1 ft. thick inside cach cylinder. 
This method of kentledge proved a great success, 
not only in providing a simple and effective means 
of weighting, but also in stiffening the whole 
cylinder. The shore cylinders kept fairly free of 
water in the blue clay, but a large amount had to 
be dealt with when sand was reached at a depth of 
60 ft. Pulsometer pumps were used, and kept the 
water sufficiently under control to allow the men to 
excavate at the bottom. The south shore cylinders, 
after passing through 50 ft. of blue clay, 10 ft. of 
white china clay, 4 ft. of sand, and 2 ft. of soft 
rock, finally reached hard-rock bed. The cutting 
edges were then undercut to see if the cylinders 
would sink further with an extra load of 50 tons of 
pig iron put on each, but this failed to overcome 
the surface friction, which was estimated to be more 
than 270 lb. per square foot. The cylinder founda- 
tions were levelled at the bottom, tightly packed 
under the cutting edges with Portland cement con- 
crete, and then the whole of the cylinders were filled 
with Portland cement concrete hearting. 

The stream cylinders were taken out in sections 
on trucks to their positions and built up on a 
staging at low water of spring tides. Bach joint 
was made water - tight by means of spun yarn 
soaked in a mixture of neat cement and water, 
placed between the flanges, the outside seam being 
closed with cement rendering. Owing to the water 
being 15 ft. deep at low water of ordinary spring 
tides at the first stream piers, north and south, and 
the depth to which the cylinders would sink into 
the blue clay of their own weight uncertain, it was 
decided to assemble 25 ft. of each cylinder on the 
lower staging, so as to have the tops of cylinders 
above low water of ordinary spring tides after 
lowering. 

The cylinders were lifted off the lower staging 
and hung from four 5-ton chain-blocks, one fixed to 
each pile, and were lowered into the clay on special 
link chains, the cylinders being kept in correct posi- 
tion by timber girders bolted to the framework of 
temporary staging. The first stream cylinders sank 
into the blue clay about 4 ft. by their own weight. 
When they ceased to sink, the chains were taken 
off, three more sections jointed on each, and 50 tons 
of pig iron placed on top. This additional weight 
forced the cylinders a further 6 ft. into the clay, 
making the bottom water-tight. On pumping out 
the cylinders, which up to this time had been full of 
water, they took a run of 3 ft., still remaining water- 
tight. Excavation was started, and the same experi- 
ence gone through as in the south shore cylinders. 
The first stream south cylinders icached hard rock 
at 77 ft., and the first stream north cylinders at 74 ft. 
All stream cylinders had concrete lining and also 
extra sections jointed on to keep the tops above 
high water of ordinary spring tides. 

After sinking operations ceased the cylinders 
were filled with Portland cement concrete hearting 
to within 19 ft. of finished level, and all sections 1 ft. 
above the hearting were taken off and replaced by 
special sections having cavities to admit the hori- 
zontal rolled-steel joist bracings, the ends of which 
entered both cylinders 1 ft. 10 in. and were em- 
bedded in the concrete hearting. At the mid- 
stream pier, owing to the great depth of water, it 
was found necessary to assemble 40 ft. of cach cy- 
linder before lowering ; 30 ft. was first assembled 
on the lower staging and then lowered by four chain- 


river bed on account of its quality of resisting | blocks till the cutting edges were about 2 ft. above 


corrosion better than steel. 


the bed. Ten feet more were jointed on to each 
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ROAD BRIDGE OVER THE KLANG RIVER, FEDERATED MALAY STATES. 


THE HORSEHAY OOMPANY, LIMITED, SHROPSHIRE, CONTRACTORS. 
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cylinder, and the whole weight of each stack 
(9 tons) was taken by one central screwed spindle 
2} in. in diameter by 12 ft. long, hung in the 
correct position. The cylinders were then lowered 
by the screw and sank about 7 ft. each by their 
own weight into the blue clay, making a water- 
tight bottom ; then the cylinders were pumped dry 
and excavation started. The mid-stream cylinders 
reached hard sandstone at a depth of 82 ft. 

In sinking the north shore cylinders great difti- 
culty was experienced after a depth of 60 ft. was 
reached, owing to the very large quantity of water 
which kept rising inside the cylinders, Four pul- 
someter pumps were kept going constantly, and 
approximately 42 million gallons of water were 
pumped out of these cylinders before they reached 
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hard bed at a depth of 76ft. The hearting of| Cylinder-sinking was started{in the middle ot 
all the stream cylinders was reinforced with six | September, 1907, and completed in June, 190. 
steel rails placed vertically, and weighing 901b. per |The excavation bord yore | in blue clay, anc 
foot run of hearting. The aggregate length of |the amount excavated was 1665 cubic yards. Th: 
cylinders in the five piers is 751 ft. 6 in. | total time actually occupied in excavation was 10U 
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days of 20 hours, and the average amount excavated 
per man was 3.5 cubic feet per hour. The total 
subsidence at the south and north shores, due to 
the sinking of cylinders, was 20,268 cubic feet. 
The average depth of cylinders below high water of 
spring tides is 72 ft. 10 in.; the total concrete 
hearting, 1317 cubic yards. The average weight 
per square foot on each foundation is 11,810 lb., 
making a total weight on ten cylinder foundations of 
3350 tons, including the weight of superstructure. 

Abutments.—The north and south abutments 
were built entirely of Portland cement concrete, 
reinforced at the bottom with steel rails placed 
horizontally, and resting on 125 concrete piles, 10 in, 
in diameter and varying in depth, in each abutment. 
The total amount of concrete in two abutments was 
180 cubic yards. 

Details of Cost of Bridge. 
Provision, 300,090 dols. at 2s. 4d. = 35,0001. 


} Rate. Amount. 


Description. 


| Dols. |Cents.| Dols, \Cents. 


Quantity. 








Alteration to ferry at 


ang .. =F ve 1,300; 20 
564 ft. 14 in.| Wrought-iron cylinders 
at per foot .. at @ 00 27,642, 12 
187 ,, 44 ,, |Cast-iron cylinders at 
per foot e --| 8 60 15,927. 04 
751 ,, 6 ,, |Sinking and concreting 
cylinders at per foot 110 00 82,665 00 
Supply of cylinders, | 
steel bracing .. ; ie ne 1,122 00 
| Fixin, of cylinders, 
| steel bracing... eee “yt 204 00 
44,643 lb. (Reinforcing bars in cy- 
| linders at per } _ SS ieee 08 3,570 | 44 
8654 Bolts in wrought-iron | 
| cylinders at per 100.. 5 00 432 70 
6604 tons Supply of superstruc- 
ture... ae =e 108,083 | 75 
5604 ,, (Erection of superstruc- 
| ture in situat perton) 34 75 19,477 | 37 
53,200 Extra rivets in super- 
structure at per 100. . 7 00 3,724 00 
140 cubes Excavation in abut- } 
ment foundation ... .. a 365 00 
250 Concrete piles at each 4 75 | 1,187) 650 
250 Pile-shoes, moulds, &c. ah > il 263 «Oo 
180 cubes Concrete in abutments 
at percube .. ..| 50 00 9,000 00 
Cast-iron standards and 
railing on abutments 1,150 00 
680 cubes Earthwork in raising 
approaches at p. cube =2 00 1,360 60 
ae Concrete in bridge 
roadway at percube 45 00 2,790 60 
123) ,, Supply and consolidat- 
ing road metal at per 
cube oa ae 8 00 DSS 00 
Extras on superstruc- | 
ture... a ’ . ‘“ 321 60 
Total ™ er 281,664 83 


At 2s, 4d., 32,8601, 


Superstructure Staging.—To carry the superstruc- 
ture ten additional pipe-piles were driven at each 
span at 28-ft. centres, and weighted with pig iron 
to carry 6 tons safe load each. These piles were 
extended 26 ft. above the bottom boom level to 
facilitate the erection of superstructure, and were 
braced to each other and also to the piles of the 
temporary bridge. Some of these piles sank a little 
when the full load of superstructure came on them, 
due to the seour under the earth-plates. 

Superstructure.—The superstructure, which was 
designed by Mr. F. J. Waring, C.M.G., was sup- 
plied through the Crown Agents for the Colonies by 
the Horsehay Company, Limited, Shropshire, and 
was erected in situ by the Federated Engineering 
Company, Limited, of Kuala Lumpar. The Linville 
girders are 140 ft. long, and the total effective span 
of bridge 560 ft. They are very well shown in Figs. 
35 and 36, Plate IV., which are reproductions from 
photographs taken on the site. Details are also given 
in Figs. 16 to 30, page 9. 

The girders are 22 ft. centre to centre, and 
21 ft. 6 in. deep between centres of intersections to 
give the 18 ft. clear headway required. The super- 
structure, which was assembled and riveted in 
position on the temporary staging, was designed to 
carry two 15-ton traction engines with 15-ton trailers, 
passing at any point on a span, with a load of 1 ewt. 
per square foot elsewhere, equivalent to a live load 
of 100 tons per girder, or 800 tons on the whole 
bridge. The total weight of the superstructure is 
560} tons, being approximately 1 ton per lineal foot 
of bridge. The erection of the superstructure was 
started at the end of April and completed by the 
end of July. The whole of the erection and 
riveting of the superstructure was done by Chinese 
workmen under European supervision. 

Roadway and Approaches:—The steel troughing 
of the bridge is filled with Portland cement con- 





crete, with a layer of laterite met»l laid on top and 
consolidated to a thickness of 3 in. The roadway 
on the bridge is 19 ft. clear, and is 8 ft. 8 in. above 
high-water of ordinary spring-tides. 

The north and south approaches to the bridge 
are 30 ft. wide, the south approach having a 
gradient of 1 in 30, and the north 1 in 40. This 
bridge, which is the largest road-bridge in the 
Federated Malay States, was officially opened on 
September 12, 1908, by Sir John Anderson, 
K.C.M.G., the whole work having been completed 
203 days before contract time. 





GAS OR OIL-ENGINES FOR MAIN MARINE 
PROPULSION. 
To THE Epiror OF ENGINEERING. 

Str,—I read with some interest the remarks of Mr. 
James Dunlop in your issue of the 17th inst., and should 
like toadd a few in support of the electrical driving of pro- 
pellers, as proposed, with the above internal-combustion 
engines as prime movers. I had the pleasure of bein 
present at the meeting of the Institution of Civil Engi- 
neers recently, when Mr. Mavor’s interesting paper on 
‘* Electrical Propulsion” was read, and of joining in the 
discussion thereon. 

I think that Mr. Mavor made it quite clear as to the 
immense advantages that are to be obtained by the plac- 
ing of some medium such as electrical-power transmission 
between the oy internal-combustion engine and 
the propeller for ship propulsion, and I am therefore 
surprised that Mr. Dunlop has made such a statement as 
appeared in your issue as above, to the effect that in 
Mr. Dunlop’s view there was not any reason for such 
medium in Mr. Mavor’s or any other system. Mr. 
Dunlop has evidently not considered the effect of running 
a propeller at a speed at which an efficient gas or in- 
ternal-combustion engine should run ; this speed in re- 
volutions is much higher than that permissible by a 
propeller that shall produce the maximum of thrust 
per shaft horse-power, as this condition can only be 
met by running the propeller at a very low revolu- 
tion, especially in slow or ordinary cargo - boats. 
In reference to the matter of reversing a gas engine, 
this can and is done in many cases (but not en- 
tirely satisfactorily for many reasons), and unless the 
engine is constructed on the two-cycle principle, as is 
done in many practical applications of the internal com- 
bustion engine for main marine propulsion, various 
auxiliary pieces of mechanism have to be provided, as 
Mr. Dunlop states and I will add, in the way of trouble- 
some and inefficient air compressors, receivers, &c. 
Further, the total weight of such engines and auxiliaries, 
when run at the slow revolutions that are absolutely 
necessary for the propeller, would be, if anything, as 
heavy as the total machinery weight of an electrically- 
driven ship, for a given revolution speed, and shaft horse- 
power. 

It is also very well known that the internal-combustion 
engine, to be really efficient mechanically, and to run 
with the minimum of vibration, must have its cylinders 
off-set in the direction of rotation by a certain per cent. 
of the crank-throw, and this alons would not permit of a 
satisfactory reversing internal-combustion engine, quite 
apart from the enormous complications that exist on 
such engine, and the possibility of such complicated gear 
getting out of tune from ignition and other points of 
view. This is of great importance in internal-combus- 
tion engines of large power, wherein the number of 
cylinders has of necessity to be large, and, should 

e timing get out of synchronism by wear and tear, 
by other means, by disarrangement of reversing cams, 
&c., the engine will not run balanced when under work, 
although it may be stopped, and show a true balance 
mechanically. It will run unbalanced when under work ; 
at the same time such an unbalanced engine would not 
produce the maximum of mechanical power for a given 
unit of fuel, under such working conditions. With elec- 
trical driving, not only is the propeller driven at its most 
efficient speed, but the engine can be run at a high revo- 
lution speed, always in one direction, independent as to 
direction in which the vessel may be running, and the 
speed variation may be obtained electrically with ease, 
from where it should be done, ‘‘on the bridge.” The engine 
used in such vessels, for the above reason, will run with- 
out vibration, or with very little, and the timing of 
ignition can be set and synchronised, enabling the utmost 
fuel efficiency to be obtained. Such an engine does not want 
the number of auxiliary machinery required by the re- 
versing internal-combustion engine, and, being of high 
speed, it is low in weight per horse-power produced. 

Internal-combustion engines on the Brayton cycle may 
be made as Mr. Dunlop remarks, but they should also be 
run at-high speed, and some medium, such as electrical 
power, should be used for the matter of propeller-driving 
and speed-regulation ; at the same time it must be re- 
membered that the electrical method is so flexible—t.e., 
several engines may concentrate their power on to one 
propeller, or one or more engines may drive several pro- 

llers as may be at any time required and to suit dif- 

erent vessels, Where the engine is direct coupled, and 

any mishap occurs to the engine, the propeller that it is 
driving is useless for the time. Further, should a vessel 
strike a fog, or for other reasons have to travel at a low 
vessel-speed for any period of time, in the direct-coupled 
method it would be necessary to slow the engine or 
engines, as the case may be, accordingly, or put a 
change-speed gear in; either method would be ineffi- 
cient as —- fuel used per horse-power developed 
at the oe ler. 

As Mr. Mavor s:id, the gener:ting plant may be placed 





in almost any position on the vessel, and this will assist 
naval architects in certain designs of vessels, tending to 
reduce the weight of hull, and other matters, that all go 
for the ultimate reduction in the operation of cargo 
vessels. This is sorely needed to enable British ship- 
owners to compete successfully against evidently more 
enlightened foreign competition. 

As Mr. Dunlop stated in his interesting letter on ‘“‘ The 
Combined Gas and Air-Engine,” he wrote it because, in 
his view, Mr. Mavor’s or any other method of power 
transmission and speed-reduction gear was not wanted in 
gas and oil-engined boats. I might mention that at 
present I have in hand the designs of a small cargo-boat, 
on which it is proposed to use the “ Paragon ” system of 
electrical fe pe! transmission, from a suction-gas engine 
(six-cylinder) running at 500 revolutions per minute. 
It will drive a small variable’- periodicity alternator, 
supplying current to a squirrel-cage induction motor, 
coupled direct to the propeller-shaft, which will run at 
80 revolutions per minute in this small 7 to 8-knot boat. 

The engine will give off 150 brake horse-power at the 
above speed, and the motor will give off 120 shaft horse- 
power at 80 revolutions per minute. I think that Mr. 
Dunlop will perhaps agree that the thrust produced by 
this propeller with 120 horse-power, at 80 revolutions per 
minute, will be more than that which would be produced 
by coupling the above engine direct to a propeller run at 
this engine s in such a low-s t ; in fact, the pro- 
pulsive efficiency in the case of the direct-coupled method 
at this revolution speed would be about 30 per cent., 
while in the case of the slow-speed electrically-driven boat 
the propulsive efficiency for this power would be about 
60 per cent. To produce the same thrust with the 
high-speed propeller and direct-coupled engine, the shaft 
horse-power of same would have to be in the margin of 
about 240; this would increase the fuel consumption per 
vessel-mile, and as has nm proved in many cases, this 
would be an un-commercial method of using the internal- 
combustion engine for the propulsion of ships. 

ours faithfully, 
Witiiam P. DurtNatt, 
M.I. Mar. E., M.I. Auto. E. 

“ Electra,” Marine Parade, Herne Bay, Kent, 

December 28, 1909. 








‘“*THE LIMITATIONS OF REINFORCED- 
CONCRETE DESIGN.” 
To THE EpiTor OF ENGINEERING. 

Str,—Mr. Faber, in your issue of the 24th ult., does 
me the honour to comment upon my article in your issue 
of December 3. He calls in question some of the views ex- 
pressed. His reference to the experimental confirmation 
of calculated results raises the doubt whether such an 
agreement should be looked for. The common basis of 
calculation is convenient, and may be justified, but it 
neglects the tensile resistance of the concrete, and is 
limited in its application to stresses in the steel below 
the yield-point, and to stresses of compression in the con- 
crete of moderate amounts. Agreement between the 
results of such a calculation, carried beyond its proper 
limits, and the results of destructive tests, seems then to 
throw some doubt upon the calculation, upon the test, or 
upon both. It is, however, possible that Mr. Faber’s 
tests were not carried to destruction, in which case the 
above statement will not apply. 

The quotation from my remarks upon the continuity 
of reinforced beams will be better understood by a refer- 
ence to the complete article, which being done, there 
remains nothing further for me to say on this point. 

With respect to the criticism of the last paragraph of 
the article, in which the economy of reinforced-concrete 
work is assigned, in part; to liberties taken in design, it 
is to be admitted that this view, though based upon ques- 
tions of fact, is largely a matter of opinion. 


Yours truly, 
January 2, 1910. W. H THORPE. 








** COMPOUND STRESS EXPERIMENTS.” 
To THE Epitor OF ENGINEERING. 

Srr,—It is remarkable that Mr. W. Mason, in his letter 
published in your issue last week, should attempt to 
defend his own experiments by criticising those made by 
Professor Smith. 

It was unfortunate that at the meeting of the Insti- 
tution of Mechanical Engineers held on December 17 
there was no opportunity for a full discussion. As an 
invitation has been sent me to contribute to the written 
discussion, I propose to include in this letter the sub- 
stance of my criticisms on both papers. 

Dealing with Mr. Mason’s experiments and his letter, 
it may be stated that the elaborate defence of tubes made 
by Mr. Guest does not, on Mr. Mason’s own confession, 
apply to the tubes used by him. (Mr. Guest wasevidently 
much more fortunate in selecting material). In the cases 
where the constants are given, there is a remarkable 
variation—viz., from E = 28.2 x 10° to E = 30.2 x 10°. 
It is a well-known fact that the strength of a material 
varies very much more than the modulus. 

Mr. Mason’s method of gripping his tubes for tension 
tests cannot be considered satisfactory. It appears ex- 
tremely crude to hammer the ends over a holder. This 
neither ensures axial loading, nor does it make possible a 
uniform stress distribution. In a tube under tension or 
compression the distribution of stress must obviously be 
most complex, for axiality of loading dves not ensure 
uniform stressing. 

The tubes used varied y55th in. in thickness, and 
Mr. Mason says that they were neither uniform nor 
isotropic, so those points need not be discussed. 

Several specimens failed by secondary flexure. How 
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ROAD BRIDGE OVER THE KLANG RIVER, FEDERATED 
MALAY STATES. 


THE HORSEHAY COMPANY, LIMITED, SHROPSHIRE, CONTRACTORS. 


(For Description, see Page 7.) 






































Fig. 36. View or THE INTERIOR OF THE BRIDGE DURING CONSTRUCTION. 
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many other results were affected by a partial flexural 
vield is not stated, and is probably not known. 

“ Mr. Mason gives references to other work, including 
that of Prefeszor Hancock, but does not venture on criti- 
cisms. He does not seem to have followed very closely 
the amount of work which has been done in the last two 
years. His references are incomplete. 

* His first criticism appears in your issue of last week, 
and is directed against Professor Smith, whose published 
work he has not deigned to mention in his paper. He ap. 
proaches dangerously near to humour when he suggests 
that the yield shown in Fig. 10 of ‘‘Compound Stress 
Experiments” took place at the set screws. They would 
have needed replacing if it had. 

Ina turther criticism of Professor Smith’s determination 
of yield-point, Mr. Mason says that the variation of stress 
in torsion tests would cause the yield to be gradual. It 
is a reasonable point to raise, but at the same time it 
reveals a lack of knowledge of what actually does happen 
at elastic breakdown. In the first place, immediately mild 
steel has yielded, the stress required to continue plastic 
flow is very much !ess than that required to start yielding. 
This fact renders the yield-point quite definite, even when 
the stress is very varying; further, it discounts Mr. 
Mason’s results if he has determined the stress at which 
‘general yield” takes place. Directly the yield-point is 
reached, slipping can be observed, and this is the point 
of elastic Gaeiene. The stress-strain curve for a 
material non-uniformly or uniformly stressed is of the 
same form. e difference is that the constant load-line 
at yield is shorter with a non-uniform stress. This is no 
objection when one is using a sensitive instrument. 

In ‘‘Compound Stress Experiments” it is mentioned 
that over 200 tests have been made. It is stated on page 
10 of the paper that the yield isdefinite. Slipping is the 
criterion. In Table I. the torsion slip is given. and from 
the appearance of Fig. 10 it is clear that until the load 
tabulated was reached no slip could be detected. It was 
obviously a waste of time to plot allthe curves. Further, 
such an elaboration would have made the paper very un- 
wieldy. Possibly that is why all the other results are 


so compressed. 
Yours eras; 
A G. WARREN. 


To THE EpIToR OF ENGINEERING. 

Sir,—Mr. Mason—the latest critic of matters relating 
to combined stress—writes what I believe is his first 
letter to your journal in the issue of last week. 

He mentions two distinct matters ; they are :— 

1. An attack upon the validity of my own experi- 
ments. 

2. A defence of his own work. 

I will therefore divide my letter similarly :— 

1. Mr. Mason makes a great deal of the fact that only 


Abbey Wocd, Kent. 





over 100 diagrams for various original contributions on 
this subject of combined stress. Of course, as Mr. Mason 
will not accept the figures in the paper, it has been 
thought wise to prepare the diagrams that he wants. 
But why did he not prepare one for each of his tests? 
I do not ask him to do so, because I accept his statements. 

In Table I., for SS specimens, all the tests made ypon 
that material have been recorded. There are four experi- 
ments for which stresses are not tabulated. Let us 
examine these tests. SS V.a, SS VI.a, and SS VLI.6 are 
obviously (it is stated in the table) not yield tests. There- 
fore, the yield-point stress cannot be given. SS VIL& 
failed—probably due to great eccentricity of loading— 
unexpectedly, and neither the strains nor the stresses 
could be accurately measured. A rough approximation 
was considered unsatisfactory. Of course, these four 
tests might have been omitted from the table, but it was 
desired to include everything. 

At Mr. Mason’s request, Fig. 10a, which shows all the 
torsion tests, has been prepared. Two typical direct- 
load tests (M P 4 and M P 6) are Figs. 4 and 6 in the 1908 
Institution of Mechanical Engineers paper. The prepara- 
tion of Fig. 10a, it may be mentioned incidentally, 
occupied about five hcurs, and, to be quite frank, it seems 
to me that the time would have been more profitably 
spent on further aren, Fig. 10a is appended. 

The load for test SS VI.c in Table [., unfortunately, was 
seen to have been copied incorrectly from a rough manu- 
script ; but the error had been rectified before the meet- 
ing. The curve in Fig. 10a gives the correct load. 

rom the curves, Fig. 10a, it will be seen that, for this 
SS material, the yield point and elastic limit coincided. 
That point is stated in “Compound Stress Experiments.” 
It is also stated that a large number of other materials 
have been tested (see Tables II. and III., and pages 16, 
17, 18, and 19), but the curves are not given. If they _ 
been included, the paper would have been extended by a 
least 100 pages—an unwieldy and unacceptable size. 

Does Mr. Mason seriously suggest that set - screws 
should not be used to fasten the sphingometer to the 
specimen’? There have been some comical su; tions 
concerning the effect of draughts, temperature, &c., upon 
the sphingometer—to say nothing of objections concerning 
eccentric loading—and many valuable hours have been 
(I think) wasted in experiments to meet and refute such 
critics. The pipe-flange test took several days to devise 
and conduct. But when Mr. Mason trots out the bogey 
of the set-screws, I grow sad at the thought of the man 
hours’ work necessary to convert him. T beg that he will 
visit the East London College, and save my time and his 
by a verbal argument. 

I make no secret of the fact that the SS steel gave 
remarkably uniform results. But numerous other steels 
which gave far less uniform results had been tested, and I 
came to the conclusion that it was dangerous to formulate 





a theory on material which is not homogeneous. We 
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one curve (Fig. 10 of my paper) is given for the SS 
specimens. I verbally infoumed him of the reason on 
December 17, It was this: The greatest difficulty has 
not been to accomplish the research work, but to get it 
published. On page 4 of ‘‘Compound Stress Experi- 
nicnts” is written : “More than 300 tests have been made 
at the East London College—most of them included 
alout seventy readings.” It is obviously impossible to 
pu lish 300 curves. urther, some of the ee is bein 


kept in manuscript by the Institution o echanica 
Figineers. I will publish every curve if the Council 
wil agree. But is it necessary? Refer to Table I. 
(SS steel), and the last column gives the clue. 


le preparation of the curves for the SS imens 
would have taken a little time, and to have inclu them 
in ‘he paper would have meant sacrificing many other 
p intsexplained fully. During the last eighteen months I 
ia Written several thousands of words of explanation to 
Sul inquisitive friends as Mr. Mason, who, the way, 
has had the advantage of visiting the East ion College 


“0 C00 B00 
isz6) Extensiory - Scale Divisions 
Note.—It will be observed that slopes of curves differ. This is @ue to scale distance not being constant. The curves are 

plotted with scale divisicns, and no correction is made for varying calilration Gver the scale. In each case it was considered 
only necessary to note the yicld-point. Numerous other points on the curves, well below the yield, were noted, but are not 
warked cn the curves. In many cages the load was removed Lefore very much slip had taken place. 





and examining the apparatus. Further, in the past 
eignteen months it has been my privilege to prepare well 
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may porsibly be able to arrive at some formule later, but 
at present we do not know enough about the failure of all 
materials. That is the objection to Professor Jenkin’s 
article on shafting. 

2. I am ready to stand by my letter of the 24th ult. 
and prove its accuracy from Mr. Mason’s paper. — 
stated: ‘‘Tubes are probably satisfactory for quite 
approximate results,” and, again, **Many of the objec- 
tions to tubes disappear entirely if it be considered that 
within 10 per cent. S good enough.” Now I quote Mr. 
Mason’s paper: ‘‘ Various lengths of specimens of eac 
of these Pubes] were tested, the lack of uniformity notice- 
able in the lengths being due,” &c.; in, “they [the 
tubes] could not be considered isotrome ;” again, ‘* varia- 
tion in thickness of wall of the tubes used in the tests was 
0.007 in.;” again, “the readi . cannot be used 
to calculate the elastic constants.” Again: ‘‘The yield- 
stresses in simple tension and simple compression do not 
agree well... the gevecnings difference varies from 
15 to 234 per cent.” e words are Mr. Mason’s; the 
italics are mine. 


when Mr. Guest himself twitted Mr. Mason about these 
matters, is as amusing as it is impossible. 

I have far too happy a recollection of the years which 
Mr. Mason and myself spent together as colleagues to 
allow ascientific argument to endanger such memories; but 
I think that it was not quite fair to throw doubt on my 
experiments when he knew already the reasons why I did 
not include the curves. Fig. 10 1s a typical case, and is 
so given. 

I am requested by my most respected adviser not to 
spend too much time on this side issue concerning tubes. 
I am quite ready, however, to defend my own experi- 
ments. 

It was a lamentable misfortune that the many people 
who wished to speak at the meeting on December 17 did 
not have the opportunity ; but we must seek another 
arena to have the matter thrashed out. An opportunity 
will be presented to Mr. Mason to ‘take a part in the 
discussion, Will he, meantime, provide records of tests 
on tubes made of the many materials mentioned in my 
various papers—aluminium, high-tensile steel, nickel 
steel, muntz-metal, steels of various es, &c. —of 
which solid specimens have been made. 

Yours faithfully, 
C. Atrrep M. Smita. 

East London College, University of London. 








‘STRESSES DUE TO BENDING AND 
TWISTING AND THE DESIGN OF 
SHAFTING.” 

To THE Eprror oF ENGINEERING. 

Sir,—Professor A. Lewis. Jenkins is evidently rather 
sore at my remarks on this matter, but that is no 
reason why we should not conduct this correspoadence 
in a friendly fashion. 

He propounds a question, ‘‘When is a material duc- 
tile?” If only we could answer that ! 

My contention is that, with the existing experimental 
evidence, we can only provide for the designer of 
shafts two formule—viz.: (1) for a ductile material ; (2) 
for a brittle material. Until we have further data, 
proved by experiment, it is, in my humble opinion, dan- 
gerous to supply further formule. If Professor Jenkins 
would make experiments and supply the data, it would 
be most useful. 

So many of your correspondents fail to appreciate the 
fact that the greatest stumbling-block, at present, for 
investigators is the non- homogeneous material — see 
“Compound Stress Experiments.”* 

Supposing that we test in tension six specimens of mild 
steel—or of any kind of material—and find that the 
recorded stress at elastic breakdown of the specimens 
varies 25 per cent. Is it logical to take the mean stress 
and build up a new formula ? 

If mild steel fails like cast iron, is it not a proof that a 
change has taken place in the material, which is no longer 
ordinary mild steel? Such special circumstances are not 
to be met with general formule. 

Yours faithfully, 
C. AtFreD M. Smita. 

East London College, University of London. 





Contracts. — Messrs. Vickers Sons and Maxim, 
Limited, Barrow, have p an order with the Masons 
Gas-Power Company, Limited, Manchester, for shipyard 
furnace plant, consisting of gas-producers, ship frame 
furnaces, steel chimney, the necessary flues, &. This 
order was placed after inspection of a similar shipyard 
installation erected by the ms Gas-Power Company, 
Limited, on the North-East Coast. 





THE LATE. Mr. Arno_p Geiser.—Mr. Arnold Geiser, 
who died at Ziirich on December 24, was for many years 
architect to the city of Ziirich, and during the years 
1893 to 1905 President of the Schweizerische Ingenieur- 
und-Architekten-Verein. When he resigned this presi- 
dency, in 1905, he was elected an honorary member of 
the institution of Swiss engineers and architects. Born 
at Langenthal, in the Canton of Bern, in 1844, Geiser 
became a pupil in the preparatory department of the 
Swiss Polytechnikum at Ziirich, and later a student in 
the same college, in whose re-organisation he took 
& prominent part in the years 1903 to 1905. His 
connection with the city of Ziirich dates from 
1864, and in 1870 he was appointed city architect. 
As such he was responsible for the erection of 
many buildings, in particular of the schools and theatres, 
which have made Ziirich a modern city ; the design and 
construction of quays and tramways, of gasworks and 
disinfecting plants, of public baths, cemeteries, and a 
crematorium, in and near Ziirich, likewise fell to his 
department. Since 1896 he was a member of the 
Central Committee of the Schweizerische Ingenieur- 
und Architekten-Verein, and a Vice-President of the 
institution, in which he displayed remarkable activity. 
He interested himself in the regulation of the stipends 
for engineers and architects, in drawing up rules for 
bridge and roof construction and for ferro-concrete con- 


h | Structions, in settling the method to be adopted in de- 


ciding the merits of competitive designs, in revising 
the practice of ew tenders, and in the participa- 
tion of Switzerland in the work of the International 
Association for Testing Materi In recognition of his 
many-sided disinterested work, his Swiss eer and 
architect colleagues celebrated the twenty-fifth anni- 
versary of his nomination for the Central Committee, and 
pe mer f him President, and afterwards honorary member, 
as already mentioned. . 








The attempt to annex Mr. Guest’s stage-thunder, 





* See ENGINEERING, page 849, December 24, 1909, 
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(For Description, see opposite Page.) 









































Fic. 1. Brake Soie-Sewina Macutine, Fic. 2. Derams or Sove-Sewine Macutue. 
































Fic. 5. Goopyear Rapin Ovut-Soie Fie. 6. Detams or LockxstircH Macuine. 
LockstitcH MacHINE, 





ENGINEERING. 











BOOT AND 


SHOE-MAKING MACHINERY. 






































Detaus oF Screw-MacuHine. 


Fic. 3. Rapip STanpakRD ScrREw-Macuine. 























Goopyeak ‘* UnIversaL” RounDING AND CHANNELLING MacHINE. 








THE GROWTH OF BOOT AND SHOE- 
MAKING MACHINERY.* 
By A. Cuapuin, Leeds. 

TuHat which the late Professor Darwin taught and 
proved in regard to the natural world is equally true in 
respect to the mechanical world—namely, progress is made 
on the lines of evolution. As plants and animals adapt 
themselves to given conditions and requirements, so also 
machinery becomes adapted to meet the ever-changing 

| needs of the commercial world. The perfect mechanical 
appliances used in the shoe trade to-day have not been 
| devised by any single man going to bed and dreaming of 
a perfect finns § nany and getting up in the morning and 
making it. No, they have come by many stages and 
from many brains. Clever thoughts have occ urred to 
| certain men’s minds which were absolutely new, *‘ fresh 
from the mental mint,” as it were ; thoughts so daring i in 
conception as seemingly to re verse all the teac hing and 
ex a that had gone before, and with the far-reaching 

ects and applications of which the original thinker 
fe little. here have been brought to bear also on this 
| developme mt minds exceptionally clever in the adapta- 
| bility to shoe machinery of devices and methods used in 
other directions and other trades, and sometimes these 
applications have resulted in as big a stride as an entirely 
new device. 


Tue Bake Soie-Sewing Macuine. 


The earliest machine that I know of to place the shoe 
trade, as it were, on the road to be a trade—to lend itself 
| so entirely to the wooing of the mechanical inventor—is 
the machine known all over the world, wherever boots 
and shoes are made by machinery, as the Blake sole- 
sewer. The name of the inventor—of the man who, by 


* Lecture to the Glasgow Technical College Scientific 
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his happy thought, so influenced your trade commercially 
and economically as to have caused a complete revolution 
of previously known methods—was Lyman Reed Blake. 
He was a native of the town of South Abington, in the 
State of Massachus>tts, a few miles from Boston, and 
was naturally fond of machinery, and especially sewing 
machinery. Somewhere during the year 1858 and 1859, 
while working a wood-pegging machine in his brother’s 
factory, the thought occur-ed to him to get a machine to 
yut thread and stitches in as well as wood This 
idea at the time was an absolutely new proposition, no 
one had thought of it, no one had done it (I am alluding 
now to the machine-sewn boot, for, of course, hand-made 
shoes were made then as now). The first initial step 
towards the Blake sole-sewer was a stick pushed into 
a boot and the thread pushed by it round a barb of a 
needle that was thrust through the shoe. Then Blake 
devised a horn or inclined post, but stationary, and on the 
underneath side of this he placed a rod which worked up 
and down with a sort of a twist, and on the end of this 
rod he brazed a looper to carry the thread round the 
needle or hook. He had now a fixed horn and a tube as 
a looper or thread-carrier, and in having this horn to go 
inside the boot he had demonstrated a principle that 
stands to-day in sole-attaching machines. = 

Although Blake had demonstrated a principle, and 
proved that a stitch could be made in a boot by this 
method, and although he had perfected the — 
mechanism, he could only sew up the sides of the shoe, an 
could not turn round the toe, and there he was held fast 
for some time. It was the late Colonel McKay, with the 
aid of a very able mechanic of the name of Matthies, who 
set to work and evolved the complete mechanism of the 
head, and that most clever invention, a revolving horn, 
carrying within itself rotating mechanism that would do 
the work of placingthread round the barb of a needle at 
any position that the horn or shoe was in, thus enablin 
the operator on the machine to continue the sewing roun 
the toe. The invention was then patented, and was known 
in America as the McKay and Matthies patent. The 
machine was then ready for the market, the first or 
original inventor, Blake, entering into the service of 
Colonel McKay at asalary of 1 dol. a day, with a com- 
mission to be paid to him until it should amount to 
70,000 dols. (14,0002.). This commission was actually paid 
to Mr. Blake in due course. But while the machine was 
known in America, Canada, Germany, and Austria as 
the ‘* McKay Sole-Sewing Machine,” France and Eng- 
land gave it the name of the original inventor—namely, 
the * Blake Sole-Sewer.” 

We at this date can realise the interest this machine 
excited amongst the manufacturers. One prominent man 
thought that if it could do 100 pairs a day, its commercial 
success was assured. Now machines can be counted by 
the hundreds which every working day turn off 50 dozen, 
or 600, pairs, and our latest machine of the Blake prin- 
ciple will sew 90 dozen pairs in a day of 10 hours ; and, 
with ordinary care, the work turned out is solid and 
satisfactory. Inthe United States of America the profits 
from this invention exceeded 1,000,000/. sterling. 

Figs. 1 and 2, on page 12, illustrate the Blake sole- 
sewing machine as now made, with overhead friction 
attachment and improved gas-horn, by the British United 
Shoe Company, Limited, Leicester. The machine is 
driven from the main driving-shaft, dispensing with 
countershaft. 
“SranparpD” Screw-MAcHINES. 

While the Blake was eminently suitable for women’s 
or for light men’s boots, it left something wanting when 
a heavy bvot, or one of the class known as “shooting 
boots,” was manufactured. It could not, by its use of 
thread being put through and through, make this class 
of boot so solid, or so waterproof and durable, as is desired 
for this class of boot. This factor takes us on to another 
remarkable invention which came with the need. I allude 
to the ‘‘Standard” screwer. There is just an element of 
doubt as to whom is due the honours of the original con- 
ception of the practicability of screwing by means of a screw 
the soles on to the prepared and lasted uppers of boots and 
shoes. The earliest trace I can find of an invention of this 
kind is a device evolved from the brain of a man named 
Silver, who got out, somewhere about thirty years ago, a 
certain kind of machine to insert screws into ts an 
shoes. At the same time I have information that, as 
early as 1856, a Frenchman of the name of Blanchon 
invented a device or machine for this purpose ; but it 
does not appear that he pushed his invention to the ~—— 
of practical use. This his successor, Silver, undoubtedly 
did; and as we want to deal with accomplished aims, we 
will start with Silver and his screwer. This machine, 
although practical and efficient in the actual fastening of 
the work by means of a screw, had not a very extensive 
use, owing to the very slow nature of its manipulation ; 
for, as a matter of fact, it was not a power sence but 
was arranged to insert screw; singly and by hand-power. 
It had a vertical spindle mounted on suitable beari 
and carrying a coil of perfectly smooth-drawn wire. The 
spindle was revolved by means of a suitable connection of 
handle, fly-wheel, and bevel gears. At the lower portion 
of the frame of Silver’s machine was a horn, a solid piece 
by itself, but capable of being moved round by the 
operator as required, and having at the extreme top a 
small hardened-steel tip. In actual working the shoe 
was placed on this horn, the mechanism carrying the 
spool of wire was rotated by hand, and the end of the 
wire was by suitable mechanism drawn down, and in its 
passage down towards the boot was conducted into a very 
strong stationary screwirg or ms device, suitably 
situated near the bottom of the vertical spindle. Passing 
through this device, it became threaded, or screwed, as we 
say, ond the end of this threaded wire, descending still 
further and slowly revolving, came in contact with the sole 


d | screwer that came to 


' of the boot or shoe and, still descending, passed through the | 
leather until it reached the hardened-steel tip or extremity 
ofthehorn. Assoon as the operator felt theslight resistance 
of the wire endeavouring to penetrate the steel tip of the 
horn, he ceased turning, and depressed with his foot a | 
treadle operating a pair of conical-shaped cutters, which, | 
on being brought together by means of the treadle, closed 
down on, and cut off the wire level with the surface of | 
the sole. The operator then moved the shoe on, say, 4 in., | 
and put another screw in, until he had gone all round the | 
shoe. Under satisfactory conditions the screwing-ma- 
chine operator of 30 years ago would probably do six or | 
eight dozen per day. 

A power screwer was next invented, a machine that 
carried on its spindle a coil of ready-screwed wire, which 
was automatically screwed into the shoe and automatic- 
ally cut off the moment it was about to pierce through the 
inside surface of the insole of the boot or shoe. The feed- 
ing of the shoe was accomplished by the head of the 
machine moving simultaneously along with the horn from 
right to left, pores turning the already screwed 
wire into the shoe. e head then lifted slightly above 
the sole and retraced its movement in unison with the 
horn in order not toallow the boot to be brought back wards. 
— was obliged to keep the edge of the sole 
Pp tightly to a stationary guard, which had teeth 
cut into it in a slanting direction, so that the shoe could 
slip along it in one way, and would be prevented from 
coming back. This machine was a great step in advance 
of the Silver machine, and was capable of doing about 
200 to 250 pairs per day. 

At this stage invention was stayed for a while until an 
idea was discovered that enabled a good step further to 
be made toward the goal of a perfect screwer. Up to 
this point we had been using a single-threaded wire, and 
consequently we had a very slow pitch on it. Let me 
explain this to you, as this discovery was a most important 
one. If you take a piece of wire and put twenty threads 
to the inch on it, it will be obvious to you that you must 
turn that wire round twenty times to insert an inch of it 
into any material. Now supposing you only put ten 
threads per inch on it, it is oouiiy true that you will only 
need to turn it ten times round to insert the uired 
inch. But in the piece with ten threads to the inch the 
thread would be so drawn out, or, as we say, so ‘‘ quick,” 
that it would not have the holding power of the slower 
pitch of the twenty-threaded piece, which has double 
the number of threads. The discovery that took us over 
this obstacle made it possible to ‘‘double-thread” the 
wire, so that, although we could have a quick pitch, we 
could get it without sacrificing any holding power, seeing 
that we could rely on the two threads of the screw running 
round the wire. . Immediately this was done and tried we 
had doubled the aaony of the machine, seeing we could 
spin an inch in with ten turns instead of twenty, and get 
the same solidity, or holding-power. I wellremember about 
twenty-two years or so ago putting on the screwing- 
machines in and around my district these new improve- 
ments, which brought us to what is called the ‘high-speed 
screwer,” and we used to think it was “* high — when 
we could get three dozen or so an hour out of a machine. 

Here, again, we stayed fora time, until about fourteen or 
fifteen years ago there appeared the screwing-machine that 
eclipsed all its predecessors—viz., the ‘‘ Rapid” screwer. 
The shafts are mounted in ball-bearings, its component 
parts are made and fitted so that each shall take its due 
share of any strain, and take it in a way best calculated to 
withstand it, so easy to run that you can drive it with a 
webbing-belt, and when the machine is at rest one can 
cause it to rotate by pulling the belt by the finger and 
thumb. 

In this ‘‘ Rapid” screw-machine we made one distinct 
stride in advance. In order to feed the boot along we had 
in screwers up to that time to lift the head, so that the 
shoe could travel. It was not possible to raise quickly by 
mechanical means a weight dg about 56 lb. or over, and 
in the “Rapid” we dropped the idea of raising the head 
altogether, and kept the head stationary, and oa 
instead, the comparatively light horn. We could drop 
this horn just about as quickly as we liked, or, at 
any rate as quickly as an operator could handle a shoe, 
with the result that the speed of the machine was ac- 
celerated to such a d that, with the first ‘‘ Rapid” 
‘ngland, and which I myself had 
the pleasure of starting in a shoe factory in the Midlands, 
I was enabled to get the astonishing result of screwing a 
dozen pair of men’s boots in 5 minutes. One of the latest 
improvements recently added to this machine is a device 
which automatically drops the horn on the completion 
of one boot, so that it is ready for the next, without 
the operator having to depress the fovt-treadle to insert 
the nextshoe. Or, as we say, it automatically leaves the 
machine open for the next shoe, and although it only takes 
a fraction of a second to depress a treadle, the fact that 
this is not now necessary relieves the operator of no small 
amount of exertion, and its effect in getting through a 

uantity is distinctly visible at the end of a day. 
the ‘* Rapid ” screwer, too, the feeding of the boot along is 
accomplished by slightly pressing the edge of the boot 
against a small toothed wheel, whichotates intermittently 
and feeds the shoe along at the required time. This 
machine is illustrated in Figs. 3 and 4, on page 13. 





OvtTsoLe-StitcH MACHINE. 


With the introduction of a power screwer and the 
practical demonstration of a machine that would be a 
success came a further need that was felt more par- 
ticularly in the heavy shooting t of boots. Although 
the screwer made the boot solid and waterproof, it 
also stiffened it to a certain extent, and in the 


case of a little better class of boot, there was felt 
the need of a boot or shoe to be made on this 





ith | be 





principle, but not so stiff, so together with the power 


screwer a machine was put on the market to stitch, by 
means of threading, an outsole to a previously screwed 
middle sole, so that although we first screwed on the 
middle of this class of boot, we stitched the outer sole on 
by means of the Keats No. 7 machine. This gave what 
was known as the combination boot. There had been 
before this a machine suitable for stitching on soles to 
previously attached middles, but they were not quite so 
suitable for heavy work as the Keats No.7. This machine 
served its time and generation and did good work, but its 
—— were somewhat limited owing to the fact that 
it had a straight needle and a straight awl. It was im- 
perative that a larger margin on the welt should be given 
in the shoe to enable the machine to stitch along the 
shaped upper as it partook of the curve of the side of the 
last. It could not, being a straight needle and awl, get 
close to the feather of the insole, and I well remember 
having to beat up the leather of boots and shoes with a 
shoe-maker’s hammer before I could get enough welt to 
stitch on with, and to prevent running off the edge of the 
sole. This was especially difficult in the waists, the 
inside waist in particular. Another objection to this 
machine was that it was impossible to run it at a very 
high rate of speed (300 stitches per minute was the speed, 
if my memory serves correctly) owing to the way it was 
constructed, and also to the fact that it had a tipping- 
shuttle tipping its point through and into a loop drawn 
=S a barbed needle. Another objection was its shuttle, 
which, carrying a ten-cord thread for men’s boots, would 
only hold sufficient for three boots. In many places they 
kept a boy winding cops and filling shuttles in order that 
the stitch-operator could get through any quantity on 
this machine. 

Simultaneously with the adoption of the heavy type of 
stitching-machine of the No. 7 type, there was being 
placed on the market for the lighter types of boots and 
shoes a machine for the purpose of doing fair stitching 
when a middle was sewn on, say, by a Blake machine. 
I believe the earliest machine of this type was known as 
the ‘‘Goodyear chain-stitch.” This machine appeared on 
the scene somewhere about thirty to thirty-five years ago, 
and had a very satisfactory reception from the trade. its 
appearance stimulated other inventors, and other machines 
were introduced, notably among them being the Pearson 
lock-stitch stitcher and the Mills machine. 

Although the old chain-stitch stitcher of the Goodyear 
type was capable of doing good work, it had its limita- 
tions as to the thickness of edge it could manage. The 
fact that it was a chain-stitch machine (in the light of our 
present-day methods) was distinctly a serious drawback 
in respect that a deep channel had to be cut in the sole 
in order that the chain of the stitch could be afterwards 
covered up. This had a tendency to weaken the sole. 
This difficulty was increased when a lighter sole was 
required. Again, as it was a chain, it was apt to run 
when worn; this tendency was increased when, as was 
the case in the light ladies’ boots, the shoe had been sewn 
= gummed thread to give a light appearance to the 
stitch. 

Even with the Pearson lock - stitch machine great 
difficulty was encountered in anything like strong or 
medium boots, as this machine used an eye-pointed needle 
in place of a hook, and was arranged to feed the work 
along by its needle, which had an awl placed by its side, 
~~ on the same segment or lever, and which fed the shoe 
along. 

After the introduction of the Goodyear chain-stitch 
machine, a lock-stitch machine called the Munyan came 
on the scene with a cop for carrying a shuttle-thread, 
because it had become apparent to all that the machine 
of the future for stitching shoes was going to be a lock- 
stitch, and not a chain-stitch. The Munyan machine had 
a certain feature which was not altogether satisfactory in 
a mechanical sense: all its operating levers were worked 
by cams, and were kept down on the edges of these cams 
by springs. When a very high rate of speed is obtained 
on a cam-shaft, and a lever is kept on the edge of a cam by 
a spring, the lever jumps from the highest point to the 
lowest, without following the time track of the cam. The 
case of a bicycle on a lumpy road affords illustrations. 
Running slowly, the wheels will rise and fall on the uneven 
surface of the road, but in contact with the surface all 
the time, but in fast running the wheels jump from point 
to point without having time to descend into the depres- 
sions. The first Munyan machine came from the States 
to this country in 1886 ; it was followed two or three years 
afterwards by an improved Munyan, which carried a 
shuttle-th on a bobbin—certainly an improvement to 
the cop on two counts. It was possible to get more even 
tension and to use up that part of the shuttle-reel thread 
which had got hot first—namely, the outside coils—for in 
a cop, thread from the centre was drawn first and the 
outside layer had a tendency to get burnt before it was 
used. On this second Munyan machine there was also a 
positive “take up” (that is, an appliance to take up the 
slack of the loop, which has had to be sufficiently — to 

drawn over the shuttle containing the bobbin) and one 
or two other minor improvements. 

I cannot find any other machine of any moment that 
coped with the stitching business until the year 1892, 
when we got over from the States what is called the 
“*Rapid” stitcher, which is really the outcome of several! 
years of experiment and trial of the Munyan type of 
machine, and during the p of the ‘‘ Rapid ’ a great 
deal of money was spent by the different people interested 
in the endeavour to make the Munyan work from inside 
of cams instead of from the edge, but as these did not 
prove successful, it was finally decided to use the “ Rapia’ 
as the correct style and type of machine for stitched work. 

Thus effort was directed to get a stitcher which would 
take without distress all classes of work, from the lightest 
to the heaviest—either narrow welts, as seen in some of 
the Stafford work, or wide, as known by the term you 
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are familiar with here—viz., ‘‘ Scotch edge ;” and to-day, 
when we look on our last effort in this direction, ‘‘ The 
Rapid Stitcher,” illustrated in Figs. 5 and 6. on page 12, 
with its capabilities of quantities, qualities, and its proved 
value as a superb tool in the hands of a capable operator, 
we think we have travelled a long way since we struggled 
with the early chain-stitch machine ; and, what is equally 
true, you and your trade have become educated to the 
fact that the welt, and the leather which is good enough 
for a middle, pe in a machine-sewn shoe, is not, perhaps, 
quite as suitable for a fair-stitched boot. I can recollect 
to this day some of my early vicissitudes when given work 
to do on the early type of stitched work that perhaps a 
manufacturer would put up specially to test the machine; 
some of it would not have on a welt wide enough for an 
ordinary fly to stand upright on and have his six legs 
straight down ; but coder with our curved needle and 
awl, we are enabled to get as close to the leather as we 
wish, and can do with suitable threads and needle and 
awls, on the same machine, either a Stafford-made welted 
shoe or a heavy shooting boot. Devices have also been 
applied that enable this particular type of machine to 
do work known as ‘“ veldtschoen,” work on which the 
upper is turned outwards and stitched to the outer sole, as 
well as all classes and conditions of stitched work. 

Just before leaving the stitching-machines I should like 
to say that a companion machine seems to have kept com- 
pany with the stitching problem all the way. I refer toa 
machine of the class known as rounding-machines, whereby 
we could, in the case, say, of a welted boot, round up so 
that it should have an even welt, or even,as required by 
the use of, perhaps, an awkward-shaped last. As far back 
as thirty years ago we find there was in existence a small 
reer yn & te driven by one hand while the boot was held 
in the other, but there does not appear to have been very 
much progress made with this operation until about 1890, 
when a machine was first brought out for rounding up the 
sole whilst it was on the boot, and another was con- 
structed to follow this, to channel the sole whilst on the 
shoe, and at a desired distance from the edge. In 18% a 
combination machine was introduced for doing both 
operations at one and the same time, but owing to the 
many different widths of welts being used in this country, 
and the awkward shape of many of the lasts, we had a 
good bit of difficulty in establishing the machine in the 
trade. It was not until 1896, when the present machine 
arrived, which had provisions and improvements on it to 
surmount our previous troubles, that the machine began 
to be accepted in earnest, and to-day we can give you on 
it, as illustrated by Fig. 7, page 13, any width of welt or 
any desired pronounced feature in a welt, say a wide outside 
joint or square joint, and at the same time, and at any 
desired position, we can channel the sole for the reception 
of the stitching thread, so that we do not get what 
frequently used to happen—namely, a stitch all right on 
one side of the shoe, while on the other side it would 
disappear entirely under the feather. 

PEGGER. 

Another machine on which time and efforts have been 
expended, with a result far surpassing early anticipation, 
is the machine for fastening the soles of boots or shoes by 
means of wooden pegs. The perged boot is a very old 
and familiar class to the trade; but some of you know 
that old asis the pegged boot, yet for certain localities 
and districts, and for certain trades, nothing can supersede 
the wooden peg as a fastener. In the case of a sea-boot 
or a sewer-boot, continually in the wet and damp, a brass 
screw or an iron rivet used for fastening would quickly cor- 
rode, and long before the proper time the boot would take 
water or become unserviceable ; but a peg will not corrode, 
and damp only affetts it as a fastener to a beneficial effect, 
if, as ought to be the case, the peg is ina dry and seasonable 
condition when first driven into the boot. The first power 
pegging-machine we have any recollection of was a 
machine called the ‘‘Champion Pegger,” in use about 
twenty years ago. It cut and drove pegs from a con- 
tinuous coil of properly-shaped wood, rolled up in like 
fashion toa roll of braid, fed into the machine and cut 
into pegs at the rate of 300 per minute. Although 
the ‘‘Champion” was a power machine, it required 
that the shoe should be put on a wooden last for 
pegging ; the pegs were driven through, just ect | 
the grain of the insole. We could not drive the pegs wel 
through, or as far as we should have liked, for if we had 
done this, the shoe would have become pegged to the 
last. Asa matter of fact, when we started a ‘‘ Champion” 
pegger and had new lasts to handle, we had quite a job 
to get them out of the shoe ; and in order to save the lasts 
I have known the operator to tack a strip of leather on the 
last for the peg and the awl gradually to wear away. The 
lasts we used were undersized, so that we could get them 
out more easily. 

After the shoe had been pegged by the ‘‘ Champion,” it 
had then to be taken through another operation—it had 
either to be rasped by hand by a suitable tool (to remove 
the part protruding in the insole) or it had to be taken to 
i power machine. This latter was an upright post or 
horn, having at its top a revolving cutter. The read or 
post for getting into the forepart was slightly slanted, and 

he other, for waists and seats, perfectly upright. The 
operator placed the shoe on these horns and moving it to 
and fro would, by the aid of revolving cutters, removed 

he pegs which projected through the insole ; it wasat the 
best not a very satisfactory process ; it took a long time 
to do a good job. This was how we had to do our pegged 
boots up to about ten years or so ago, when a machine 
called the Davey came on the scene, and it gave an addi- 
tional fillip to the pegged-boot trade. his machine, 
illustrated by Figs. 8 and 9, on page 16, is used by the 
trade to-day. Between the advent of the ‘“‘ Champion” 
pegger and the introduction of the Davey machine efforts 
were made to evolve a suitable appliance. One machine 








attempted, and in a measure did, peg with leather ; 
another made an attempt to cut off pegs from a roll of 
wood as from a roll of wire, but none of them were suc- 
cessful from a practical point until the Davey machine 
was introduced. It runs to-day at a speed of 600 revolu- 
tions perminute, but over and above its remarkable speed, 
it accomplishes by one operation what previously required 
two. It ‘‘cuts off” by means of a revolving horn having 
independent mechanism in its casing, which operates, at 
the extreme tip of the horn, a pair of small cutting- 
nippers. As soon as the peg is driven through the shoe- 
and completely through the shoe from outsole to insole 
—the nippers operate and close on the wood, cutting it 
off perfectly level with the insole, so that no rasping off 
isrequired. The danger of damage to the shoe is lessened, 
and the work done in one operation. I can speak with 
authority on the question of the ease to the operator in 
working the machine of to-day, as compared with the 
exertions in the case of the old ‘‘Champion,” as I used to 
start the old machincs, the worker at which had to be more 
or less of an acrobat. 

Another point which the advent of the latter-day 
machine has brought about is, there are no wood lasts to 
buy or renew; this expense is saved to the manufac- 
turer. In comparing the result we find the output of 
to-day’s machine just double that of the ‘‘ Champion ”— 
namely, 60 dozen pairs per day; this is not out of the 
way for a Davey. The * Shampron” with a good operator 
would do 39 dozen per day, and then they would want 
rasping off. 

(To be continued.) 








FOREIGN ENGINEERING PROJECTS. 
WE give below a list of foreign engineering projects. 
For several of these tenders are asked. Further data 
can be obtained from the Commercial Intelligence Branch 

of the Board of Trade, 73, Basinghall-street, E.C. :— 
Scuth Australia : A Bill has passed its second reading 
in the South Australian House of Assembly for the con- 
struction of a railway from Tallem Bend to Brown's 
Well, a distance of 100 miles, with a 5-ft. 3-in. gauge. 
The cost, second-hand rails being used, is estimated at 
312,000/., including rolling-stock.—It is intended to intro- 
duce into the Assembly a Bill for the construction of a 
railway from Cummins railway station, vid Darke’s 
Peak, to a es in Jervois County. The length of the 
line would be 78 miles, and the gauge 3 ft. 6 in. The 
cost, second-hand 40-]b. rails being used, is estimated at 
220,000/.. including 26,0007. for rolling-stock. The project 
has been reported upon favourably by the Railways Com- 
missioner.—The Corporation of Adelaide have recently 
decided upon the erection of abattoirs in connection with 
the meat supply of the metropolitan district. It is esti- 
mated that 42,000 head of horned cattle, 26,000 pigs, and 

590,000 sheep and lambs will be dealt with annually. 
Canada : The Minister of the Interior recommends the 
granting of an application from the Burrard Power Com- 
pany, Limited, for the right to erect a dam at the lower 
end of Lilloet Lake in the Railway Belt in British 
Columbia, for the purpose of raising the water in the lake ; 
and to divert the water to a power-house to be erected 
about four miles down the Lilleot River from the lower 
end of the lake, for the purpose of generating electric 
ywer, and then return the water to the Lilloet River. 
The company also applies for the right to the use of 25,000 
miner’s inches of water in the Lilloet lakes and tributaries. 
The following applications will be made to the Parlia- 
ment of Canada at its present session—viz. :—(1) For an 
Act incorporating a company, under the name of the 
Gatineau and Ungava Railway Company, with a capital 
of 2,000,000. dols. (about 411,000/.), having power to con- 
struct a railway 800 miles in length from a point in 
Quebec, on the National Transcontinental Railway, to 
Leaf Lake on Ungava Bay; to construct and acquire 
steam and other vessels, aa to construct docks, wharves, 
&c.; to construct telegraph and telephone lines, &c. (2) 
For an Act empowering the Grand Trunk Pacific Branch 
Lines Company to construct various additional railway 


lines. (3) For an Act eenpenias a company, to be 
named the Ottawa, Rideau Valley, and Brockville 


Railway Company, with power to construct a railway 
worked by electricity or other motive power from Ottawa 
to Brockville, and a line from Ottawa to High Falls; to 
develop water-power and to generate electrical energy. 
(4) For an Act incorporating a company, to be called the 
Toronto Central Terminal Company, with power to con- 
struct passenger and freight stations, warehouses, and 
other terminal facilities at Toronto, and to construct 
electric-lighting plants. The Dominion Government have 
granted a lease of the dry dock at Kingston, Ontario, to 
a new company—the Kingston Shipbuilding Company— 
with a capital of 500,000 dols. (about 102,500/.). The 
lease, which dates from April 15, 1910, is to run for 
twenty-one years, the annual rent being 10,000 dols. (about 
2050/.). A considerable quantity of plant has been erected 
at the dock already, but it is likely that some new plant 
will be required next spring. 

Russia; With reference to the construction of a river 
port at Moscow, H.M. Consul reports that, according to 
the local press, a meeting with the shipowners is being 
arranged, at which it is intended to discuss the main lines 
of the work. It is proposed to construct the port by the 
Danilodf monastery, somewhat outside the town and 
lower down the river. The water area is to be 13,500 
square sajenes (661,500 square feet). A space of 10,000 
square sajenes (490,000 square feet) will be set aside for 
warehouses. The estimated cost of constructing the port 
is placed at 1,150,000 roubles (about 121,000/.), and a further 
1,130,000 roubles (about 119,000/.) will be required for em- 
bankments, entrances to the river, landing stages, chan- 
nelling works, &c. In addition to this, a sum of 700,000 
roubles (about 74,000/.) is ta be expended on constructing 





a new bridge. The Moscow Town Council are consider- 
ing projects for :—(1) The establishment of bacteriological 
treatment of sewage in the town sewage beds, and the con- 
struction of a new sewer at an estimated cost of from 5 to 
54 million roubles (530,000/. to 580,000/.); and (2) the 
contracting of loans during the coming year for the fol- 
lowing works:—Electric tramways, 9,000,000 roubles 
(950,0002.) ; gas works, 3,500,000 roubles (370,000/.) ; town 
improvements, 2,000,000 roubles (211,000/.); slaughter- 
houses, 2,000,000 roubles (211,000/. ). 

Switzerland: Provision is made in the Budget of the 
Federal Railways of Switzerland for the expenditure 
of the following amounts during 1910 on construction 
work and the acquisition of new rolling stock :— 


Construction work— £ Rolling-stock— 


£ 
. 112,760 


Simplon tunnel . 40,000 39 locomotives 
Ricken railway . 16,000 190 passenger carriages 187,740 
Lake of Brienz railway 40,000 30 luggage vans 13,200 
400 goods wagons 73,300 
Total .» 96,000 Total .. 887,060 


Spain: Permission is granted to D. F. Vazquez Gomez 
to make surveys in connection with a railway from 
Orusco to Mondéjar, following the valley of the agus to 
Cifuentes. Permission is also granted to D. Manuel 
Gallardo for the extension of a wharf in the port of La 
Luz (Canaries). Plans of the work must be submitted 
within six months from December 9. D. Ambrosio 
Herrero Torres is granted permission to establish in the 
port of Muros a ne | coal-hulk, divided into three 
sections, for coaling vessels. 

Italy: Tenders are invited by the Italian Ministry 
of Public Works for the carrying out of works connected 
with the enlargement of the port of Viareggio. The 
upset price is put at 920,200 lire (36,808/.), and the com- 
petition will turn on the percentage of reduction offered on 
that sum. To qualify any tenders a deposit of 50,000 lire 
(2000/.) will be required, to be increased by the successful 
tenderer to 10 per cent. of the accepted contract price. 

Mexico: A contract has been made between the 
Mexican Government and a company, by which the latter 
undertake to purchase about 1,136,000 acres of land in 
the Territory of Tepic, adjacent to the Pacific Coast, to 
improve it by irrigation where possible, and to settle a 
number of colonists upon it. The contract is for a period 
of five years. The company are allowed to import, free 
of duty, materials and machinery for use in the colony. 

Ecuador: The River Chone is to be channelled to a 
depth of not less than 18 ft., to allow of the passage into 
the port (Bahia de Caraquez) of vessels of the same ton- 
nage as those that enter Guayaquil Harbour. Wharves, 
warehouses, &c., are to be constructed, loading appliances 
installed, and railway lines Jaid down. Plans of the 
work are to be submitted to the Government within six 
months from the final closing of the contract, and the 
work is to be completed within five years. The Govern- 
ment guarantee interest to the concessionnaire on a sum 
not exceeding 10,000,000 francs (400,000/.). Materials, 
&c., for the work may be imported free of all customs 
duties, municipal dues, &c. 

Brazil; A contract has been signed between the Brazi- 
lian Legislature and the Great Western of Brazil Rail- 
way Company, Limited, under the terms of which the 
ne a | engage to extend the railway line from Inde- 
pendencia to Picuhy, in the State of Parahyba, to extend 
the Pernambuco Central Railway to Flores, and to extend 
the Alagoas Central Railway from Vico to Palmeira dos 
Indios, The company undertake, after approval of the 
plans, to complete at least 31} miles of line per annum, 
and also to rebuild and enlarge the Conde d’Eu railway 
bridge in the port of Cabedello. 

Paraguay: A decree has been published approving the 
plans submitted by Messrs. Gaona Guggiari and Co. for 
the construction of a railway from Concepcién to Hor- 
queta. 








THE MANCHESTER INDUSTRIAL EXHIbITION.—The Man- 
chester Industrial Exhibition, the first important indus- 
trial exhibition in Manchester for over twenty-two years, 
will be held from May 12 to June 25 next, 1910. Exhibits 
will be invited from firms representative of the following 
classification :—Construction, sanitation, decoration, ven- 
tilating and heating, lighting, furnishing, recreation and 
physical culture, Seauhel commodities, food and 
cookery, the garden, music, literature, wearing apparel, 
pictures, china and fine arts, and machinery as applied 
to the above industries. The organisers are the Tatoo 
national Trades’ Exhibitions, Limited, Broad - street 
House, London, E.C. 





Tuer InstTituTrE OF MetTa.s.—'The annual general meet- 
ing of this Institute will be held-on Tuesday and Wednes- 
day, the 18th and 19th inst., at the Institution of 
Mechanical Engineers. The new President, Sir Gerard 
Muntz, Bart., will deliver his presidential address, and 
the following papers are expected to be read and dis- 
cussed :—‘‘The Use of Carbhonaceous Filters in the 
Smelting of Zinc, as Employed in the Hopkins Fumeless 
Zine Process,” by Mr. C. O, Bannister ; ‘* The Properties 
and Constitution of Copper Arsenic Alloys,” by Mr. 
G. D. Bengough; ‘‘The Failure in Practice of Non- 
Ferrous Metals and Alloys, with Particular Reference to 
Brass Locomotive-Tubes,” by Mr. T. Vaughan Hughes ; 
“A Contribution to the Study of Phosphor-Bronze,” by 
Mr. D. F. Hudson ; ‘* Notes on a Suggested Record of 
Analyses.” by Mr. C. A. Klein; “The Analysis of Alu- 
minium and its Alloys,” by Dr. Richard Seligman and 
Mr. F. J. Willott; ‘‘The Assay of Industrial Gold 
Alloys,” by Mr. Ernest A. Smith. Visits are being arranged 
to the — Mint, to the Sir John Cass Technical Insti- 
tute, the Royal Arsenal, Woolwich, and to the works of 
the Morgan Crucible Company, Limited, Battersea, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 29. 

Tub year’s business in iron and steel has exceeded 
all anticipations indulged in at the opening of the 
year. Early in the year caution characterised the 
management of the industry. The railway system, 
which normally consumes about 40 per cent. of the 
furnace and mill output, had not begun to buy largely, 
although plans and purposes had been formed for a 
large consumption of material. Rolling-stock and 
equipment of all kinds have been permitted to run 
low. Expansions of traffic facilities which had long 
been contemplated were permitted to remain in con- 
templation. While far-seeing railroad men admitted 
the conditions then existing were temporary and liable 
to sink out of sight at any time, they still clung to 
their policy of delay, of waiting until definite evi- 
dences of necessity for expansion crowded themselves 
upon their notice. At that time, and for a long period 
prior thereto, railway managemer.t was concerned in 
many financial details for the strengthening of their 


properties. The first pronounced impulse towards 
improvement appeared in the early spring. The 
beginnings did not indicate what was in store. Only 


necessary orders were placed. The spirit of economy 
was rife. In early summer orders for rolling-stock and 
equipment began to pour in. The car-builders began 
ordering plates in large quantities. Every railroad 
needed cars. Since then the car-builders have been 
bouking orders of large proportions, nearly all orders 
being for steel cars, some orders being for steel 
underframes. The managers recognised that the 
era for wooden cars was t. The car-works at 
the present time are oversold for months, and all of 
them.are expanding their manufacturing facilities. So} 








Fic, 8. Davey Horn Pecoinc-Mac8HINE. 
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great is the pressure that some railway systems 
are preparing to build their own cars. The obstacle 
just at present is to obtain a supply of material. The 
plate-mills are all far over-sold. This difficulty will 
soon be measurably overcome by the expansion of plate- 
making capacity now in progress er projected. Rail- 
road companies will be ableto purchase suppliesof plates 
by midsummer. The centre tien and steel production 
is shifting westward, nearer sources of ore supply, and 
within easy reach of fuel. The stretch of country along 
Lake Michigan promises to become the great centre, 
through the carrying out of the purposes of the United 
States Steel Corporation. It has been just announced 
that it will erect eight additional blast-furnaces of large 
capacity nearGary, together with mills for the use of the 
product. The full plans are not known, buta very large 
outlay is intended, which will put that corporation in 
a controlling position. The same concern has com- 
pleted plans for the expansion of its iron and steel- 
making factories in Alabama. Furnaces and mills are 
to be erected which may possibly duplicate the present 
capacity of the region. Steel can be manufactured 
here cheaper, according to careful figuring, than any 
other place in the world. The export demands will 
be carefully looked after in this great centre. The 
export trade in steel is promising, and the opening of 
the Panama Canal will widen the market for mill pro- 
duction. Ore supplies are practically inexhaustible, 
and all the factors entering into steel-making are de- 
cidedly favourable to this region. 








Mgssrs. Tancyes, Limirkp.—A pleasant function took 
oe on_ the evening of Saturday last at the Cornwall 
Vorks, Birmingham, when Mr. George Tangye distri- 














Detaits oF Horn Pecoinc-Macuinr. 


buted silver medals to some eighty members of the works 
staff and employés who had a record of service of twenty- 
five years. This kindly recognition of long service was 
instituted a few years ago, and the medallists at Messrs. 
Tangyes’ works at the present time number more than 
450. On the completion of the distribution of the medals 
a gold medal was presen to Mr. George Tangye as 
a mark of esteem and gratitude from the long-service 
members of the works. This medal bore the firm’s 
trade-mark and the Cornish motto ‘‘One and All.” It 
was presented to Mr. Tangye by an employé of over 
fifty years’ standing, Mr. Ben Law. Several employés 
present had records of upwards of forty years’ service, 
which is good evidence of the amicable relations existing 
at these works between the staff and employers. The 
function included the unveiling of a portrait of Mr. James 
Tangye, who, on account of illness, was unable to be pre- 
sent. The evening was concluded with a musical pro- 
gramme, at the termination of which a hearty vote of 
thanks was passed to Mr. G. Tangye for his generosity. 





PAkKESTON.—An extension of Parkeston Quay, which 
has been in hand for three years, is now approaching 
completion. The work is an extension of the previously 
existing quay, the new portion being 1004 ft. long, while, 
for traffic purposes, it has a width of 129 ft. The quay 
is a ferro-concrete structure, standing upon ferro-concrete 

iles. The piles were made at Felixstowe, and were 
fiehtered to Parkeston. The quay carries three lines of 
railway for trucks and locomotives, and one line for 
electric cranes. There is a deptk of 20 ft. of water along- 
side the new quay at low water, as compared with 16 ft. 
alongside the old quay, and moorings have been laid in 
the river for three large steamers. All the works carried 
out have been from the designs of Mr. J. Wilson, C.E., 
chief engineer of the Great Eastern Railway. Mr. A. E. 
Wilson has been chief assistant engineer. The con- 
-ractors were Messrs. A. Jackaman and Sons, of Slough. 
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NOTICES OF MEETINGS. 


Tue LnstiruTION OF MECHANICAL ENn@iIngERS.—Friday, January 7, 
at 8 p.m., an extra general meetin, will be held, when two 
pat rs will be read and discussed :— e Application of the Pitot 

to the Testing of Impulse Water-Wheels,” by Mr. W. Rankine 
Eckart (Associate Member); and ‘‘ An Account of a Visit to the 
Power Plant of the Ontario Power Company at Niagara Falls (with 
Extracts from Papers by Officials of the Company),” by Mr. C. W. 
Jordan (Associate Member). 

THe GroLoeists’ Association, Lonpon.—Friday, January 7, at 
8 p.m., at the University Colle , Gower-street, W.C., when the 
following r will be read : elemnocamax boweri, n. g. et 8 
A New Ce sheleped from the Lower Chalk of Lincolnshire,” y 
Mr. G. CO. Crick, F.G.8., British Museum (Natural History). The 
following lecture will also be delivered : ‘‘The Voleanic History 
of Victoria,” by Professor Ernest W. Skeats, A.R.C.S., D.Sc., F.G.S. 
(Professor of Geology in the Univ ersity of Melbourne). The 
lecture will be illustrated with lantern views. 

Tue INstiruTe oF Marine Enoinesrs.—Monday, January 10, at 

8 p.m., discussion on Mr. H. Ruck-Keene’s paper on ‘The Treat- 
ment of Marine Boilers on Long Voy x 

Tue Surveyors’ Instirution.—Monday, January 10, at 8 p.m., 
when a 4 will be read by Mr. John Willmot (Fellow) on “The 
Housing, Town-Planning, &c., Act, 1909,” and a discussion will 
take place on this paver and on Mr. Dav idge’s paper on ‘‘ Town- 
Planning Systems,” which was adjourned from November 22, 1909. 

THE INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ ASS8OCIA- 
-_ —Monday, January 10, at 8 p.m., a paper will be read by Mr. 

. D. Salway (Graduate), of London, on ‘‘ Artesian Water Supply.” 
Mr. Henry Davey, Vice-President, will occupy the chair. 

Tue ILLUMINATING ENGINEERING Sociery.—Tuesday, January 11, 
at 8 p.m., at the Royal Society of Arts, John-street, Ade phi, 
London, when ‘a discussion on ‘Glare, its Causes and Effects,” 
will be opened by Dr. J. Herbert Parsons, F.R.C.8. The chair will 
be taken by the President, Professor S. P. Thompson, D.Sc., F.R.8. 

Tux INSTITUTION oF Civin ENGINEERS. —Tuesday, January ll, 
at8p.m. Paper to be read :—‘‘ The Design of Rolling-Stock for 
Smooth-Rail Working on Heavy Gradients,” by Mr. Frederick 
William Bach, M. Inst. C.E.; and ballot for new members.— 
Students’ meeting, Friday, January 7, at 8 p.m. Paper to be 
read :—** Oil Fuel,” by Mr. D. 8S. Richardson, Stud. Inst. C.E. 
Mr. Henry R. J. Burstall, M. Inst. C.E., will occupy the chair.— 
Students’ visit, Saturday, January 8, to the National’ Physical 
Laboratory, Bushey House, Teddington. 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.— Wednesday, Janu- 
ary 12, at 8 p.m., at St. Bride’s Institute, Bride-lane, Fleet-street, 
E.C. A paper will be read by Mr. T. W. Aldwinckle, F.R.I.B.A., 
on “ Heating and Ventilating of Public Buildings.” The Presi- 
dent will occupy the chair. 

Liverproot Enermrerine Sociery.— Wednesday evening, January 
12, at 8 o'clock, at the Royal Institution, Colquitt-street, when a 
paper will be read by Mr. J. H, Collie entitled “The Power 
Equipment of a Modern Shipyard.” 

THE INCORPORATED INSTMUTION OF AUTOMOBILE ENGINEERS,— 
Wednesday, January 12, at 8 p.m., at the Institution of Mecha- 
nical Engineers, Storey’s Gate, St. James’s Park, 8.W., whena 
paper will be read by Mr. Fred. W. Lanchester, entitled ‘‘ Accelera- 
_ and Tractive Effort of Automobile Vehicles on Air, Land, and 

vater.” 


Tue Royal Society or Arts.—Wednesday, January 12, at 
5 p.m. Juvenile Lectures. ‘‘ The Chemistry of Flame,” by Mr. 
Harold B. Dixon, M.A., F.R.S., Professor of Chemistry in the 


University of Manchester. (Lecture II.).—Thursday, January 13, 
at 4.30 p.m. Indian Section. ‘ Art Administration in India,” by 
Mr. E. B. Havell, late Principal, School of Art, and Keeper of the 
Government Art Gallery, Calcutta. Sir George Birdwood, K.C.1.E., 
C.8.L, M.D., LL.D., will preside. 

Tue InstirutTion or EvecrricaL Enointers.—Thursday January 
13, at 8p.m., at the Institution of Civil Engineers. The second 
Kelvin lecture, ‘‘ Lord Kelvin’s Work in Telegraphy and Naviga- 
tion,” by Professor J. A. Ewing, C.B., F.R.S., Member, Director of 
Naval Education. 

Tuk Junior Instirution or Enoineers.—Thursday, January 13, 
at 7.30 p.m., at the Royal United Service Institution, Whitehall. 
“The Creation and Development of a Successful Port,” by Mr. 
R. H. Hammersley Heenan, M. Inst C.E. (Hon. Member). 
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THE FUTURE DEVELOPMENT OF 
THE STEAM-TURBINE. 

WE had occasion last week, when reviewing the 
work of the year, to refer to the steady increase in 
the number and power of Parsons steam-turbines 
adopted in the merchant marine and Royal Navy, 
and also to the improved economy, from the point of 
view of steam consumption, of recent marine instal- 
lations, as established by our later warships on 
trial. An equally important improvement is being 
achieved in turbines constructed for driving electric 
generators in central stations ; and as these data 
indicate the lines along which future developments 
will be made, no excuse need be made for directing 
further attention to this subject. 

When the trials of the famous Elberfeld turbines 
were made in 1900, the steam consumption, which 
in the best test amounted to 19.42 lb. of steam per 
kilowatt-hour, constituted a record, and was, indeed, 
a very remarkable result in view of what would 
now be considered the moderate dimensions of the 
unit and the fact that it was the first of the size to 
be constructed by its builders. Station engineers 
nowadays have, however, less generous views as to 
where the dividing line should be drawn between a 
merely healthy and an abnormal appetite for steam. 
Improvements in condensers have Sent helped the 
turbine-builder to meet the increasing demands of 


his customers in the matter of steam economy. In 
the early days the importance of a good vacuum 
to turbine efficiency was little realised by station 
engineers, and builders used to pray for a low 
barometer during the period of the reception tests, 
as few ever bothered to reduce to absolute pressure 
the readings of the vacuum-gauge, so that the 
turbine obtained its rated consumption with a 
vacuum which, to all appearance, was nothing out 
of the common. The growing use of superheat has 
also contributed not a little to the success with 
which higher steam economies have been obtained, 
but probably more important than either has been 
the increase in the size of the units. 

As a result of these different factors, for instance, 
Messrs. Howden and Co., with the 6000-kilowatt 
Zoelly turbine, at Manchester, have been able to 
generate 1 kilowatt-hour with the equivalent of 
13.8 lb. of steam, supplied at 186 lb. pressure, 
140 deg. superheat, and exhausted at a 28-in. vacuum. 
Even better results in actual steam consumption have 
/been recorded with the 9000-kilowatt Curtis set at 
Chicago, where the actual steam consumption was 
under 13 lb. per kilowatt-hour. Figures of this 
kind require, however, adjustment for the various 
factors involved, and the actual efticiency ratio 
(governor-valve to switchboard) at Chicago was 
about 62 per cent., the remarkably low consumption 
of steam aries due to an equally remarkable vacuum 
of 294 in., corresponding to a condenser tempera- 
ture of only 60 deg. Fahr. The efficiency ratio of 
the Zoelly turbine at Manchester is stated to be 69.2 
= cent.,. reckoned from governor-valve to switch- 

ard ; and’in a paper read before the Association 
of Engineers-in-Charge on December 1, Mr. G. B. 
Williamson has claimed this figure as a record. It 
would, however, appear to be surpassed by the 
figures obtained with the new 6000-kilowatt units 
installed at Lot’s-road by Messrs. C. A. Parsons 
and Co., where, with very similar conditions at the 
stop-valveand a vacuum of 27.7 in., the consump- 
tion was 13.7 lb. per kilowatt-hour. 

Theory indicates that, leakage losses apart, the 
reaction turbine should have a sensible superiority, 
and the close results of the rival systems seem to 
indicate that the greater efficiency of the reaction 
turbine at the low-pressure end is discounted by the 
losses by leakage in the high-pressure section, where 
the steam is dense and the blades are short. A com- 
bination of an impulse high-pressure end with a 
Parsons low-pressure section may, therefore, ulti- 
mately prove to be superior to either type pure and 
simple. 

he Melms-Pfenninger turbine is, of course, con- 
structed on these lines, and has given very good 
results. There, are, however, some practical ad- 
vantages in the adoption of a velocity-compounded 
wheel for the impulse section, which may, in certain 
cases, lead to this construction having the prefer- 
ence in spite of its lower efticiency. Where very 
high pressures and great superheats are to be used, 
the use of a velocity-compounded impulse wheel 
makes it possible to confine the extremes of pressure 
and temperature to a mere nozzle-box, in place of 
admitting them to the shell of the turbine proper. 
Large turbines, very much on the lines suggested, 
are now being constructed by the Allgemeine 
Electricitats-Gesellschaft, in which a single velocity- 
compound wheel constitutes the first stage of the 
turbine, whilst the low-pressure end is a drum fitted, 
however, with impulse edie: though there is much 
reason to believe that the Parsons system would 
here have considerable advantages, its leakage losses 
being no greater, whilst its blade efficiency is higher. 
The advantages of the particular combination sug- 
gested belong rather to the facility it gives for the 
use of extra high-pressure steam than to the attain- 
ment of exceptional efficiency ratios. If, however, 
a turbine is constructed so that it can utilise a 
heat drop of 450 B.Th.U. with an efficiency ratio 
of 64 per cent., it will exceed in steam economy 
another turbine having an efficiency ratio of, say, 70 
per cent., but capable of utilising down to the same 
condenser pressure but 380 units of available heat. 
This distinction between steam economy and 
efficiency ratio is well illustrated by recent marine 
practice. The steam consumption of the most 
recent Curtis marine turbine as fitted to a battle- 
ship is very little more at full power than that re- 
corded with the Dreadnought. The latter, how- 
ever, ran with its steam wire-drawn in the steam- 
chest down to 150 lb., though the boilers were 
supplying the steam at 240 Ib.: whilst in Curtis 
sets, at full load, practically the full boiler pressure 








is generally admitted to the turbine. ith not 
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much difference in actual fuel consumption, there- 
fore, the efficiency ratio of the reaction turbines 
must have been considerably the greater. This 
’ drawback, which is inevitably associated with the 
principle of velocity compounding, is largely dis- 
counted by the facility with which large quantities 
of ‘‘available heat” can be dealt with. By the 
adoption of blade speeds exceeding 600 ft. per 
second the Allgemeine Electricitats Gesellschaft 
have thus secured excellent steam economy with 
a turbine having two pressure stages only. Blade 
speeds have also been raised in impulse turbines 
having no velocity stages, and in units of large size 
are now often about 400 ft. per second. High 
blade speeds involve, of course, shorter and cheaper 
turbines. With the reaction type, the advance in 
this regard has been less marked, but -the question 
as to whether it will be prudent to reduce the 
factors of safety against centrifugal forces seems 
worthy of consideration. So far as the blades 
themselves are concerned, the safety, even at 
greatly increased speeds, seems absolute if they are 
caulked in the usual way; though some of the 
systems which involve the use of a foundation-ring 
are perhaps less satisfactory in this regard. With 
these, the drum is cut away more, and the 
‘*dead” weight to be carried by it is increased. 
A properly-caulked blade will break in two before 
it will pull out. As to the drum stresses, again, 
these could probably be raised without danger 
of a burst. The load on the drum is perfectly steady ; 
and if the emergency governor fails to act in 
a runaway, a complete smash-up is inevitable, what- 
ever the normal working stress may be. The real 
ditticulty of using higher surface speeds would seem 
to be due rather to questions of distortion than of 
strength, and such increase might necessitate larger 
clearances in the dummies and over the blade-tips. 
Cases have been known of the unsupported ends of 
marine turbine dummies bellmouthing under the 
centrifugal forces. Of course, if the drum be replaced 
by solid discs strung together on the shaft, each 
carrying two or four rows of blades only, the centri- 
fugal forees can be met as fully as desired, but 
such an arrangement sacrifices the straightforward 
mechanical simplicity of the Parsons type of 
machine. 

The small clearances often raised as an objection 
to the Parsons turbine appear to have lost their 
terrors with the introduction of the blades having 
thinned tips, and the system of assembling the 
blades in sections, which are then transferred 
bodily to the turbine body, has made it possible to 
silver-solder a lacing-wire to even the shortest 
blades. This was previously impossible, since, in 
the case of short blades, the heat was conducted 
away too rapidly into the heavy mass of metal con- 
stituting the drum or the casing. 

Had these or equivalent improvements not been 
effected, there would have been little occasion for 
surprise if the reaction type had had to give way to 
the impulse pattern. Some of the latter have, no 
doubt, had their troubles, but these were relatively 
less serious than with some of the earlier patterns 
of the Parsons machine built before designers had 
realised the difficulties which supervened on the 
general introduction of superheated steam. Had 
these not been surmounted, the lower cost of con- 
struction and the higher efticiency ratio possible 
with the reaction type would hardly have saved it 
from supersession. It has undoubtedly been more 
difticult to construct free from risks of injury than 
was the impulse type, and variations made from the 
original designs by licensees and others have often 
been injudicious. As matters stand, however, the 
best designs of both types are now probably equally 
reliable—certainly the reaction type stands at no 
disadvantage—and their relative importance in the 
future will be settled mainly on considerations of 
price. Cases, no doubt, are still recorded of reac- 
tion turbines giving trouble, but these are invari- 
ably old patterns, in which sufficient provision was 
not made for the distortions caused by superheat. 
Bronze foundation-rings, for instance, if used at 
the high-pressure end of a turbine, are liable to 
work out if the superheat is considerable, owing to 
differential expansion. By substituting steel rings 
here the difficulty disappears. 

In marine work it is necessary to distinguish 
between the case of the mercantile marine, where 
boats are driven at constant speed, and the Navy, 
where most of the steaming is done at a speed very 
much below the maximum. So far as data are at 


_—. available, it would appear that for the 


ormer condition of affairs the reaction type weighs 





less for a given steam economy at full load than its 
rival, though the matter is complicated by the fact 
that the comparison has to be made between two- 
shaft and three-shaft or four-shaft systems. In 
naval work the impulse type seems to provide for 
cruising speeds more simply than has yet been done 
with the reaction type. This may be altered by the 
introduction for this service of Mr. Parsons’ partial- 
admission reaction turbine; but, failing that, we 
should not be surprised to see the adoption of a 
combination system consisting of a number of high- 
pressure velocity stages followed by a low-pres- 
sure reaction turbine. 








THE TEACHING OF SCIENCE. 

One of the most interesting features of that 
thorny subject — education — is the rise of the 
newer universities and university colleges, which, 
beginning at the middle of the last century, now 
seems likely to culminate in the establishment of a 
‘* varsity,” or passable imitation thereof, in every 
town of even moderate importance in the kingdom. 
Of the making of many colleges, as of books, there 
is no end, and it seems permissible to speculate as 
to whether much of the study at these institutions 
is not only a weariness unto the flesh, but, what is 
of even more importance, a regrettable waste of 
time and money. 

Without wishing to depreciate in any way the 
very laudable efforts of both teachers and students, 
it may certainly be suggested that in some ways the 
ideas and methods borrowed in wholesale fashion 
from the old universities are singularly ill-adapted 
to the obvious functions which these newer founda- 
tions can so usefully perform. 

One of the principal raisons d’etre of the type of 
college referred to would seem to be the local train- 
ing in scientific subjects of a considerable number 
of men who, for the most part, are going to apply 
their science in the commercial world. It is by no 
means suggested that the students at such colleges 
are of lower average intelligence than their more 
leisured brethren at Oxford and Cambridge, but it 
is decidedly of great importance that these newer 
schools should give such scientific instruction as 
will result in as large a proportion as possible of 
the students receiving a scientific education which 
shall be sufticiently thorough to withstand the stress 
of application in commercial work. In other words, 
the method and aim of the teaching should be settled 
with reference to the student of average intellect, 
who constitutes so large a proportion of the raw 
material of these institutions. The research students, 
or those who will ultimately become such, may 
safely be left out of consideration in planning the 
teaching and selecting the teachers. Generally 
speaking, these white lambs of the flock are per- 
fectly competent to look after themselves, and, from 
the point of view of efficiency of output, it is a mis- 
take not to rate teaching capacity first, and emi- 
nence in scholarship second, in choosing the in- 
structors, particularly those in scientific subjects. 

In many of the newer universities and colleges, 
however, the methods and tradition followed are 
wholly opposed to this principle ; indeed, in one of 
the Northern universities the founder expressed his 
desire that the money bequeathed should be mainly 
expended in securing the services of professors and 
lecturers of the very highest attainments in their 
particular subjects, judging that mere contact and 
association with such eminence would infect all 
their disciples with the desire, and presumably the 
ability, to go and do likewise ! 

The generation of such enthusiasm may be 
granted ; but, unfortunately, brain-power is neither 
contagious nor infectious, and, with a few notable 
exceptions, very brilliant scholars or scientists are 
not famed for their ability to instruct or to demon- 
strate. The chief need is ‘‘teachers’’—men who have 
studied teaching as a science, and preferably those 
who, while having a thorough grasp of their subject, 
have only attained this by the tedious and devious 
paths taken by the student of only average intelli- 
gence. In no other way can the teacher foresee the 
difficulties involved and forewarn the student. 

If. for the sake of prestige and the infusing of 
enthusiasm, it is necessary or desirable to have 
great names on the professorial list, let us at all 
events have these mighty lights supplemented by 
lecturers and demonstrators who, - reason of 
natural ‘‘averageness,” can appreciate the needs 
of the normal student. Under the present arrange- 
ment, moreover, there seems a decided tendency to 
regard professorships and lectureships as positions 





which, by exempting brilliant men from the 
‘* struggle for existence,” leave them free to carry 
out research work and to make discoveries which 
shall add fresh lustre to their already much be- 
lettered names. They are, so to speak, pioneers 
rather than drill-instructors. Both functions are, 
no doubt, necessary ; but it is too great an exaction 
to require the fulfilment of both from a single 
individual or set of individuals, and a modern uni- 
versity college is primarily a school, not a research 
laboratory. 

The main business of such an institution is teach- 
ing, the commonplace routine of instruction in the 
solid non-speculative truths and doctrines under- 
lying the whole fabric of applied science, and no 
surpassing success in pioneer work can justify omis- 
sion or neglect in this respect, whether due to 
inclination or want of capacity in the teaching 
staff. 

And, after all, no one will deny that there is 
much nobility in teaching as distinct from original 
investigation. Some years ago, at a University 
Degree Day, the customary oration, setting forth 
the merits of the recipient of an honorary science 
degree, concluded with the statement that the 
candidate was ‘‘a generous and able exponent of 
the work of others.” Surely no higher tribute 
could be paid to a teacher than this, which sums up 
the real qualification needed for those whose high 
mission it is to raise the standard of education 
among the soldiers of our commercial army. 








THE CONDITION OF THE SHIP- 
BUILDING TRADE. 

Ir is evident from the returns just issued by 
Lloyd’s Register that we have again been expe- 
riencing an increased demand for new shipping, 
but whether this may be regarded as the beginning 
of a permanent improvement in the trade it would 
be hazardous to say, in view of past disappoint- 
ments. Excluding warships, there are in course 
of construction 331 vessels, of 913,374 tons, 
and although this is 135,000 tons more than at 
the end of September, and 149,000 tons more than 
a year ago, the state of affairs at the end of March 
last was quite as satisfactory as now, because we 
then had a ‘‘spurt,” followed by a collapse as 
sharp inits effect. Men who know the influences at 
work, and who yet refrain from taking optimistic 
views, have hopes that at last we have reached the 
stage when improvement will be continuous, although 
probably slow. That we have a long way to go in 
order to reach a state of activity corresponding to 
our producing resources is evident from the fact 
that the merchant work on hand continued for 
several months in 1906 at 1,400,000 tons. 

The warship work in hand is below the normal. 
The four large armoured ships which were recently 
ordered are not included, because the keels have 
not yet been laid. It will be seen from the accom- 
panying table that the total warships building, 
Tonnage in Course of Construction in the United Kingdom 

at January, 1895 to 1910. 


Merchant Ships. 




















Warships. Total. 
No. Tons. No Tons. Tons 

1895 324 | 658,286 66 260,985 919,271 
1896 377 | 711,562 68 306,580 1,018,142 
1897 390 | 784,711 94 330,005 1,114,716 
1398 | 505 | 1,013,319 95 312,920 1,326,239 
1899 584 | 1,401,087 91 410,985 1,812,072 
1900 538 | 1,806,751 81 423,755 1,730,506 
1901 443 1,269,919 65 390,145 1,€60,064 
1902 469 1,359, 205 45 383,325 1,692,530 
1903 387 1,024,067 57 300,690 
1904 386 898,478 63 309,510 
1905 403 1,049,860 54 282,810 
1906 15 1,355,756 55 
1907 481 1,166,989 49 ,372,847 
1908 483 948,830 60 268, 1,217,547 
1909 360 764,520 | 58 219,271 983,791 
1910 331 913,374 64 273,210 1,186,584 


including foreign as well as British, number sixty- 
four, with a tonnage of 273,210 tons. Of this total 
164,150 tons are for the British Navy. A year 
ago the total warship work, British and foreign, 
was 219,271 tons, but ten years ago the total was as 
high as 423,755 tons. The aggregate work on hand 
is thus 1,186,584 tons, which is 202,793 tons more 
than at the beginning of last year, which is very 
satisfactory, although not for fifteen years prior to 
that date had we begun a new year with less work 
on hand. In 1899 the total was 1,812,072 tons, and 
in 1906 it was 1,617,781 tons. 

The improvement of about 20 per cent. on the 
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total tonnage in hand is shared in by all the dis- 
tricts, with the one exception of Belfast, where 
there are building fifteen vessels, of 168,210 tons— 
27,950 tons less than was the case a yearago. ‘This 
is the smallest tonnage at the beginning of the ycar 
for some time. At Barrow the most important 
work is for navies, and therefore little importance 
need be attached to the small merchant tonnage 
in course of construction there, as recorded in 
the subjoined table. As a matter of fact, there 
are ten warships now in course of construction at 
Barrow, including several types, one being the 
largest and fastest warship ever built. On the 
Tyne the improvement is small, being only 3979 
tons, since there they have in hand only 44 mer- 
chant ships, of 147,829 tons. Five years ago the 
total was 106,000 tons more, so that it will be 
seen that there is much room for more work. As 
shown in the table of work in hand, other districts 


Work in Hand in Principal Districts at Janutry, 
1906-10 (Warships Excluded). 








District. 1910. | 1909. 1908, | 1907. 

tons tons tons | _ tons 
Belfast .. ne ..| 168,210 196,160 194,507 174,770 

Barrow, Maryport, and | 

Workington .. ; 3. 4,833 12,880 | 3,700 
Glasgow .| 174,744 152,143 194,706 | 251,761 
Greenock - ..| 131,710 93,610 116,451 158,479 
Hartlepool and Whitby, 52,950 30,655 37,930 36,470 
Tees + oe ie 63,685 26,906 61,263 57,314 
Tyne .| 117,829 143,850 204,871 245,026 
Wear 105,525 68,700 61,075 178,475 





have improved on their figures of a year ago, but 
they are still far behind those of three or four 
years ago. The Glasgow total is 22,601 tons more 
than a year ago, as there are 75 vessels, of 174,744 
tons, in course of construction, but in 1906 the ton- 
nage was 283,780 tons. At Greenock the increase 
on the figures of a year ago is 38,100 tons, the 
37 ships on the stocks making 131,710 tons; but 
here also there is a great decrease as compared 
with four years ago, when the total was 219,555 
tons. The Tees, perhaps, has improved its position 
most, having increased from 26,906 tons to 63,685 
tons, which latter figure is not so far behind the 
88,000 tons of 1906. Sunderland comes next with 
an advance from 68,700 tons to 105,525 tons, which 
is 70,000 tons short of the total four years ago. 
Hartlepool has increased the tonnage in hand from 
30,655 tonsa year ago to 52,950 tonsnow. Thereis 
thus room for satisfaction with the return of work. 
The demand is fair, and is sound, being largely free 
from the speculative element. 








THE CANALS AND WATERWAYS OF 
THE UNITED STATES. 

THE conditions existing in the United States in 
regard to canals and inland waterways is to some 
extent analogous to that in the United Kingdom. 
In both countries inland water-borne traftic suffers 
from multiplicity of control no less than from 
multiplicity of equipment. That this is the case 
in the United States is clearly brought out in a 
report recently made to the President. This 
‘*Report of the United States Commissioner of 
Corporations on Inland Navigation in the United 
States of America,” states, for instance :—‘‘ A 
great part of the country’s traflic is through 
freight. Our waterways are now divided by dif- 
ferences in channels, &c., and by diversity in 
floating equipment. The rail system of the coun- 
try is standardised, physically unified, and its 
control is largely centralised. It is well adapted to 
handle such through freight. A share at least of this 
through freight is essential for the success of either 
system. There has been bitter competition between 
rail and river lines. But the inland water system, 
divided and disorganised by the conditions de- 
scribed, is greatly handicapped, especially as to 
through traftic.” 

This condition exists, although a general policy 
of federal waterway improvement has been followed 
for the last forty years, 50,000,000/. sterling having 
heen appropriated for this purpose up to 1907. 
Complaints are common of a want of effective com- 
munication between central and local authorities, 
which has resulted in a lack of uniformity and of 
a comprehensive plan. Transportation by water 
also suffers from want of organisation. There 
can hardly be said to be a general waterway system. 
The great total mileage is split up by certain phy- 
sical characteristics into a number of largely unre- 
lated parts. There are ocean routes, lake routes 
of unrestricted depth, except in certain very im- 








portant connecting channels. The rest consists of | 
river and canal channels of restricted depth and | 
devious course. Altogether there are 2600 miles 
of 10-ft. navigations, and 3200 miles of from 6 ft. 
to 10 ft. depth. Very few of the Atlantic rivers 
have more than 100 miles of 6 ft. depth, but the | 
Mississippi has 2500 miles of a minimum depth | 
of 6 ft. 

It is further stated in this report that rivers of a 
navigable depth of only6 ft. cannot be used by vessels 
suited for ocean navigation or even for that on the 
Great Lakes, and that this depth does not permit 
of the most economical services obtainable. Com- 
plaints are made of the shortness of the navigable 
length of most rivers, even to 6 ft. in depth. The 
predominating importance of through traftic, notice- 
able in all modern transport in the United States, 
makes this lack of unity and uniformity a serious 
defect, and accounts largely for the failure of the 
waterways there to compete successfully with the 
railways. Only about 4500 miles of canal have 
been constructed in the United States, and of these, 
2444 miles, costing 16,000,0001., have now been 
abandoned. The crisis of 1837 put a stop to canal 
building for a time, while the introduction of rail- 
ways about this period also proved an important 
factor in this connection. From that time the use 
made of canals has, on the whole, steadily decreased, 
in the actual amount of traffic, as well as in the pro- 
portion of that traflic to the total amount of the 
country. ‘‘This is due in part,” says the report, 
‘*to improvident original location of the canals, in 
part to mismanagement and to adverse control of 
strategic connections and terminals, but, above all 
else, to the fundamental inability of the ordinary 
towpath type of canal to meet modern conditions of 
transportation. They are thus unable to compete 
with railroads to any considerable extent.” 

Private and State canals still exist in New York, 
Ohio, Dlinois, and Louisiana, to the extent of 1360 
miles. These cost altogether 31,400,0001. There are 
now only 632 miles of privately-owned canals of 
more than local importance in the United States. 
Many of these are of very short length, and vary in 
depth from 5 ft. to 10 ft. The tow-path canal is 
stated to be quite out of date, even when it forms 
a route complete in itself, and not merely, as is often 
the case, a short connecting link between better 
routes. Animal traction is found to be too slow, and 
there is the ever-present difficulty of obtaining access 
to factories, which are more easily approached by 
the railways. Where the distances goods are sent 
are so great, even the longest canal cannot depend 
upon traffic originating or terminating within its 
limits. Difficulties of transhipment and connecting 
terminals constantly arise, and the struggle for 
tratlic is so keen that the slightest disadvantages 
often determine the issue. With regard to larger 
canals the report states:—‘‘The question as to 
the value of a canal for steam-towed barges of 1000 
to 1500 tons is still to be determined by practical 
use.” Until 1850 inland navigation was left in the 
hands of the several States and of private corpora- 
tions. Sometimes encouragement was afforded by 
the United States Government, by appropriations, 
land grants, and subscriptions to stock. From about 
1870—the date of the Rivers and Harbours Bill—a 
radical change has been taking place, and improve- 
ments previously left to the States and private cor- 

orations have been largely taken in hand by the 

ederal Government. Large sums of money have 
been spent by it, for instance, on the St. Mary’s 
Falls Canal, and on the improvement of the 
Mississippi and its tributaries. 

Steam-vessels in use in the United States show 
continuous and rapid growth, both as regards num- 
ber and tonnage. There has in particular been a 
very marked increase in the number of vessels 
engaged in domestic trade of late years. In 1896, 
the domestic trade, which includes the coasting 
trade, amounted to 3,858,927 tons, while in 1906 it 
had increased to 5,735,483 tons. This is a growth 
of 48 per cent. in ten years. In the same period 
the foreign trade has anly increased by 11 per cent., 
while its total even now falls short of 1,000,000 
tons. More than one-third of the domestic tonnage 
is employed on the Great Lakes, where there has 
been a very marked increase in the size of vessels, 
resembling, in a manner, the recent increase in the 
size of railway rolling-stock. A similar result has 
been consequent upon both changes—viz., a reduc- 
tion of transportation costs. The size of the vessels 
is limited in nearly all cases by the depth of 
channels, harbours, and terminal accommodation. 





The report states that, except on the Great Lakes 





and in the coal traffic on the Ohio, the inland 
waterways are inferior in efficiency to railways, and 
that the tratlic on rivers and canals is insignificant 
in comparison with the rail traftic or with traftic on 
the Great Lakes and coastwise. To quote from the 
report :—‘‘ Diversity in channel and navigation con- 
ditions, diversity in vessel types, in motive power, 
and in terminals, as well as in carriers’ liability, 
insurance, freight classification, and traffic contracts 
generally, have resulted in extreme absence of or- 
ganisation of our water system as a whole. It is 
thus helpless in competing for long-distance traffic 
with a modern, unified, standardised system like 
that of the railroads.” 

The report draws attention to the fact that 
recently in the United States, railroad companies, 
industrial and trading concerns, including some of 
the great corporations, such as the United States 
Steel Corporation and the Standard Oil Company, 
have acquired, and now operate, steamer and barge 
lines, which points to the fact that commercial 
bodies are convinced that, given certain condi- 
tions, there is a future in that country for traftic 
carried on inland waterways. 





THE LATE SIR E. LEADER WILLIAMS. 

Tue death occurred, on Saturday last, at the age 
of eighty-two, of Sir Edward Leader Williams, 
whose name will ever be associated with one of the 
most important engineering undertakings of which 
these small islands can boast. Although connected 
with a variety of work on several of our inland 
waterways, it will be chiefly as engineer for the 
Manchester Ship Canal during its construction that 
Sir E. Leader Williams will be remembered. This 
was the outstanding feature of a professional life 
almost wholly occupied with the improvement of 
transport by inland navigations. 

Born at Worcester on April 28, 1828, at the age 
of sixteen he was apprenticed under his father, 
Mr. E. Leader Williams, who was chief engineer to 
the Severn Navigation Commissioners. The Severn 
Navigation Commissioners were first appointed in 
1842, and Mr. Williams, senior, was responsible 
for the improvements inaugurated almost imme- 
diately afterwards. These works had to do with the 
43-mile stretch of waterway between Gloucester and 
Stourport, which was then not navigable at all times. 
The first works suggested by, and carried out under, 
the father, consisted of weirs and locks at Lincomb, 
one mile below Stourport ; Diglis, one mile below 
Worcester; and at Holt and Bevere, situated 
between these points. Thus a waterway of 6 ft. 
minimum depth was provided for all conditions. 
Subsequently the father carried out further works 
on the Severn, and the waterway was an important 
one for a long time. Now, however, in common 
with others, it has fallen on somewhat evil days. 
Though boats of 200 tons are able to get as far up 
as Worcester, there is, apparently, little traftic 
above this, to Stourport. The waterway is one of 
those going to make up the system with which the 
Royal Commission on Canals and Waterways sug- 
gest that a start should be made, if any national 
scheme of improvement be decided upon. 

After spending some time under his father, Mr. 
E. L. Williams was engaged under Mr. Joseph 
Cubitt, as assistant engineer on the Great Northern 
Railway, then being carried through Lincolnshire. 
Three years later he received the appointment of 
resident engineer on the work being undertaken at 
Shoreham Harbour. In this connection he was 
responsible for the construction of the ship canal 
to the basin towards Hove, the entrance-locks, and 
extension of the harbour, &c. At the end of another 
three years, the work being then completed, he 
moved to Dover, where for three years he was 
engineer to the contractors of the Admiralty Pier. 
The chief work here consisted in the setting of the 
large concrete blocks and granite facing of the pier. 
This was work on what was then considered a 
very big scale, some 50 tons or more of concrete 
being used in a day, and six diving-bells being in 
use at once. 

1n 1856 Mr. E. Leader Williams became engineer 
to the River Weaver Trust, thus returning to canal 
work, to which he kept for the rest of his pro- 
fessional career. He was soon occupied with a 
comprehensive scheme of improvements for the 
important Weaver Navigation, one of the finest and 
most successful of English waterways. The Trustees 
were in the fortunate position of enjoying a very 
large surplus revenue annually, and gave Mr. 
Williams a comparatively free hand. A great deal 
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of work was undertaken, much of it without 

recourse to contractors. The river was deepened | 
and widened, and the locks made larger, so that it 

was possible for one horse to tow a barge of 150 tons, 

instead of two horses having to be employed for 

each 80-ton barge, as formerly. Later, further im- | 
provements were inaugurated, the waterway, locks, | 
&c., were enlarged, and steam traction was intro- | 
duced, The traftic was then handled in trains of | 
barges. The leading barge, of some 250 tons, fitted | 
with asmall engine and screw-propeller, towed one 

or two other barges of from 150 to 200 tons. The 

locks were made sufliciently large to accommodate 

such a fleet in one locking. The facilities thus pro- 

vided, with a view to securing the transport of the 

salt traftic from Northwich and Winsford to Liver- 

pool, resulted in practically the whole of this special 

traffic, in that direction, being handled by canal. 

Mr. Williams’s connection with the Weaver Navi- 
gation is rendered memor- 
able by the construction of 
the first boat-lift of any 
size to be erected in this 
country. With the — idea 
of obtaining continuous 
traftic between the Weaver 
and the Trent and Mersey 
Canal, Mr. Williams pro- 
posed, and succeeded in 
persuading his board to 
undertake, the construction 
of the famous boat-lift at 
Anderton. The difference 
in level between the two 
waterways is 50 ft. 4 in., 
and there was neither room, 
nor water sufticient, for a 
flight of locks, besides 
which there were other dis- 
advantages present in any 
lock scheme, such as slow- 
ness of operation and in- 
creased working staff. The 
lift scheme was worked out 
by Mr. Williams in con- 
junction with Mr. Edwin 
Clark, the greater part of 
the design and construction 
being superintended by Mr. 
S. Duer. 

The lift involved an iron 
aqueduct 162 ft. 6 in. long 
and 34 ft. 4 in. wide, con- 
necting at one end with the 
upper-level canal, and, at 
the other, terminating at 
the lift. The lift proper 
consists of two tanks, or 
troughs, 75 ft. long by 
15 ft. 6 in. wide. These are 
each large enough to accom- 
modate two barges of 30 to 
40 tons, or one of 80 to 
100 tons. Each trough was 
supported in the middle 
on an hydraulic ram, 3 ft. 
in diameter, and at the 
four corners they ran in 
vertical guides. The trough 
sides consist of girders 
9 ft. 6 in. deep at the centre 
and 7 ft. 6 in. deep at the 
ends. The depth of water 
in the troughs is 5 ft. 
Communication was pro- 
vided between the two hy- 
draulic rams, and one trough was lowered while 
the other was raised. The arrangement was made 
practically eg by admitting 6 in. more water 
to the upper tank. When this tank had descended 
nearly to the lower level, and the other had been 
raised nearly to the higher level, connection 
between the ram cylinders was cut, and the 
bottom tank finally lowered to water-level, while 
the upper was raised for the last stage by open- 
ing connection between its ram cylinder and an. 
hydraulic accumulator. This accumulator was fed 
by a small engine and pump kept constantly 
running. The loss of water was thus compara- 
tively small, and two boats could te taken u 
and two down in 2$ minutes. The weight of on 
trough, with water and barges, was about 250 
tons. 

This arrangement was not completed until 1875, 
when Mr. Williams had left the 





him, however, was due the credit of the adoption | 


of this scheme, and the main principles involved 
were of his suggestion. The lift worked success- 
fully for many years as originally designed, and 


only recently, owing to grooving of the rams, did | 


it become necessary to do any great amount of 
work to it. In 1904 it was reported on by the late 
Sir Benjamin Baker, who suggested that the time 
had come when suspension from the top might be 
adopted, instead of the ram system, and that the 
conversion from one type to the other would in- 
volve less interruption to traffic than would recon- 
struction on the original lines. The new system 
was worked out by Mr. Saner, and the conversion 
completed in May, 1908. The lifts are now worked 
each by a 30-horse-power electric motor. The tanks 
are suspended by means of cables carried over 
erties on the top of the guide frame-work, and 

alance-weights are attached tothe free ends. The 
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pulleys are driven by gears mounted on shafting, 
to which the motor is geared. 

In 1872 Mr. E. Leader Williams was appointed 
engineer to the Bridgwater Navigation Company. 
During his tenure of this appointment he enlarged 
the locks at Runcorn, and did much other work to 
put these waterways in a position to handle traffic 
expeditiously and economically. Part of his work, 
here, consisted in the construction of a nearly 
vertical wall on the towing-path side of the canal, 
for a distance of nearly 30 miles, in order that 
steam-propulsion might be utilised. The depth 
was also increased from 4 ft. 6in. to 6ft. In 
introducing steam traction on this canal, Mr. 
Williams first employed a tug-boat, 61 ft. long 
and of 8 ft. beam, in which an ordinary Marshall 
portable 12-in. by 16-in. engine was placed, working 
at 801b. pressure. A 3-ft. 3-in. propeller was used, 


This boat towed two or three flats, of 40 tons 
each, and working expenses were reduced 54 per 
cent. compared with horse traction. The change in 
the canal section enabled the tugs to handle four 
barges, of 50 tons each, at a rate of 2? miles per 
hour, and good time was kept. The number of 
tugs was gradually increased up to six or more. 
While on the Bridgwater Canal, Mr. Williams 
experimented with wire-rope traction, but found 


‘the canal not straight enough for this system. 


The curves between Runcorn and Manchester were 
too numerous’ and too sharp for the success of the 
experiment, the rope being pulled across the canal 
on curved portions, greatly hindering passing 
traftic. 

During his connection with the Bridgwater 
Navigation Company, Mr: E. Leader Williams had 
ample opportunity for studying the question of 
improving Manchester’s means of communication 
with the sea. On the ap- 
— of the famous 
-rovisional Committee in 
1882, schemes for a ship 
canal to Manchester were 
submitted by Mr. H. H. 
Fulton and by Mr. E. 
Leader Williams. Mr. 
Fulton’s scheme was for a 
tide-level canal, which at 
the Manchester terminus 
would have involved a 
water-level 60 ft. below the 
street-level. Mr. Williams’s 
scheme, on the other hand, 
utilised the Mersey chan- 
nel as far as was considered 
practicable, and then by 
means of a lock canal com- 
pleted the connection to 


Manchester. Mr. James 
Abernethy was called in 
to adjudicate on these 


plans, and gave his sup- 
port to Mr. Williams’s pro- 
posals. It is unnecessary 
for us to follow throughout 
the story of the struggles 
which the project had to 
face both in Parliament and 
outside, and also of the 
unforeseen difficulties en- 
countered during the con- 
struction stage. The tale 
is told in some detail in 
ENGINEERING, vol. — lvii., 
where an account of the 
canal was given on its 
completion. Mr. Williams 
was appointed chief engi- 
neer for the undertaking, 
with Mr. James Abernethy 
as consulting engineer. 
The contract for the con- 
struction of the canal was 
finally let for 5,750,000/., 
but, as is well known, the 
death of the contractor, 
serious floods in 1890, and 
unexpected difficulties so 
added to the expense, that 
the work was not carried 
through for: less than 15} 
millions sterling. As an 
engineering project, the 
undertaking was of con- 
siderable interest, involv- 
ing, in addition to the special canal features, 


|such as the excavation of the waterway, the con- 


struction of docks, locks, sluices, &c., complica- 
tions in the way of providing for some’ five lines 
of railway, and the Bridgwater Canal, &c. This 
was all successfully accomplished, and many im- 
portant viaducts and swing-bridges were included 
in the works. One of the features which 
attracted wide attention was the provision of 
a swing -bridge to carry the Bridgwater Canal 
over the Manchester Canal at Barton. As water 
is not too plentiful for the Bridgwater Canal, 
it was decided to carry the canal across the water- 
way in a trough arranged to swing, without loss of 
water. Previous experience with the Anderton 
lift enabled Mr. Williams to meet the difticulties of 
such a piece of work successfully, and the Barton 
swing aqueduct has been acknowledged on all hands 


eaver Trust. To | the.shaft being driven by wood and cast-iron gears. | to be a satisfactory solution of a rather interesting 











JAN. 7, 1910. ] 


ENGINEERING. 





21 








engineering problem. Details of this aqueduct, and 
of the other works, together with particulars of 
the large amount of engineering and excavating 
plant accumulated for the work, were given in 
the issue of Enernerrine for January 26, 1894. 
The work was fully described in papers read 
before, and published in Vol. cxxxi. of the Pro- 
ceedings of, the Institution of Civil Engineers. Two 
of these papers.were by the chief engineer him- 
self, who was honoured with knighthood in 1895, the 
canal having been completed in 1894, One of Sir E. 
Leader Williams’s papers was entitled ‘‘ The Man- 
chester Ship Canal,” and dealt with the historical 
aspect of the undertaking, a general description, the 
railway deviations, floods, bridges, Barton Aque- 
duct, docks, wharves, and cost, &c. The second 
dealt with ‘‘ The Mersey Estuary Embankments and 
other Works on the Runcorn Division.” Two other 
papers, on the other sections of the canal, were 
read and discussed at the same time. In 1891 
Mr. Leader Williams had read a short paper 
before the Institution of Mechanical Engineers 
on the mechanical appliances used in the canal 
work. 

From 1894-5 Sir E. Leader Williams had full 
charge of the Canal, and then continued, for some 
time, to act.as consulting engineer, but latterly he 
had practically retired from active work. He was 
elected a member of the Institution of Civil Engi- 
neers in 1860, and at one time served as a Vice- 
President of that Institution. He joined the In- 
stitution of Mechanical Engineers as a member 
in 1883. 








NOTES. 

Carpon ELEcTRODES FOR ELEctric FURNACES. 

Durinc recent years many improvements have 
been introduced into the manufacture of carbon 
electrodes for electric furnaces. Since these elec- 
trodes first came into use they have increased 
largely in size, and much greater care in their 
manufacture is necessary now than formerly. The 
appliances at present used are very different from 
those employed ten years ago. According to the 
purposes for which the electrodes are required, so 
the materials of which they are composed vary. 
For the cheaper kinds, anthracite coal, gas coke, 
and tar are used, while for those of higher quality 
an addition of graphite is made. The anthracite 
must, as a rule, be picked, in order to guarantee 
purity, and the materials are collected in large 
bunkers, from the bottoms of which they can flow 
easily. The whole of the material must not be 
ground to the same degree of fineness, it being 
advisable that the mixture should be made up of 
many different sized grains, which may vary from a 
few cubic millimetres to the fineness of powder. 
The anthracite and the gas coke are usually ground 
separately. After the proper mixture has been 
prepared, tar is added, and the whole is treated 
in mixing- machines. The process is almost 
entirely automatic, and requires little labour. 
After the mixture has settled for some days it is 
ready for the electrode press, and for this purpose, 
where the electrodes have no specially-shaped 
heads, a form of extrusion press has been found 
most suitable. In this a very heavy pressure is 
applied, in some cases amounting to 600 tons, which 
produces on the electrodes a very smooth surface, 
as well as a hardness sufficient to ensure that they 
shall not change in shape. For about a week 
after leaving the press they are subjected to air- 
‘irying, after which they pass through a kiln, 
which, in most modern factories, is of the ‘‘ ring ” 
‘orm, similar to those used for burning firebricks 
‘thigh temperatures. It is really an improved form 
of Mendheim kiln. The temperature at which the 
vlectrodes are burned is about cone 13 to 14 (Sieger), 
ind generator gas is used for heating the kiln. The 
‘lectrodes remain in the kiln from 20 to 22 days, and 
ire subjected to a temperature of about 1410 deg. 
ent. {[t is of the greatest importance that the 
<iln used should be of the best construction, other- 
vise the fuel bill will be found to be very high. 


Diamonpvs rn Iron. 


From time to time the announcement is made 
that small diamonds have been detected in the 
inings or hearths of blast-furnaces which were 
under repair. It is pointed out on such occasions 
(hat diamonds do occur in meteoric iron, and the 
‘redit for having established that fact is frequently 
siven to Moissan, though Moissan only confirmed 
previous statements made in 1886 by the Russian 








chemists Jerofejeff and Latschinoff concerning the 
meteorite of the Government of Penza, and by 
Friedel concerning the famous Cafion Diablo 
meteorite. One of the most noteworthy cases of 
this kind was the find by Léon Franck, in 1896, of 
a regular octahedral ‘‘ diamond” in a Luxemburg 
blast-furnace. Franck was bent upon finding 
diamonds, and he discovered them also in rolled 
steel. But his famous ‘* Luxemburg stone” was 
not acknowledged as a diamond. Moissan thought 
it was a carborundum crystal. Some people have 
suggested that Moissan’s artificial diamonds con- 
sisted really of carborundum, and there is little 
doubt that carborundum (silicon carbide) has de- 
ceived many investigators. On the other hand, 
peculiar crystals found in iron and ferrous pro- 
ducts have been labelled carborundum which were 
Oxted corundum—that is, aluminium oxide. 

vissan was very likely mistaken as to the 
Luxemburg stone, as Osmond was mistaken in 
1900 when he declared microscopical bluish hexa- 
gonal plates, discovered in 1868 by Tschnernoff in 
a block of steel, to consist of carborundum and 
graphite. Resuming those experiments in 1908, 
Osmond did not succeed in burning the dark 
lamellw, apparently of graphite; and the careful 
analysis made in 1908 by O. Johannsen of a colour- 
less sand, found in a blast-furnace of the Brebacher 
Hiitte, strongly suggests that corundum was the 
real material of some spurious diamonds and car- 
borundum crystals. The Brebach sand was in- 
combustible, and resisted most reagents, but it 
was slowly attacked by fused alkali and fused salt- 
petrc, and proved to contain 99.4 per cent. of 
alumina or aluminium oxide. The density of 
alumina varies, according to the mode of prepara- 
tion, between 3.7 and 4.2; the density of diamond 
is 3.5 or 3.55; the Brebach sand had a density of 
3.6; and the high density, generally higher than 3, 
of some of these obscure crystals has too readily 
been accepted as an indication of diamond character. 
In hardness corundum ranks next to diamond. 
While the artificial diamond preparation has a 
merely scientific interest—-though certainly a very 
great interest—the artificial manufacture of gems, 
rubies, and sapphires from alumina has become an 
industrial success. The addition of a little chro- 
mium colours the stones beautifully ruby red, and 
chromium-fluoride and other compounds.are said to 
impart the blue tint to the stones. Alumina itself 
now forms an easily obtainable by-product of 
Goldschmidt’s thermit reactions, and the beau- 
tiful colours of the thermit slags have not failed 
to attract attention. B. Neumann mentions in the 
Zeitschrift fiir Elecktrochemie, from which we have 
partly been quoting, that he detected blue crystals 
in the sand of Johannsen and in other blast- 
furnace ‘‘diamonds.”. It may be objected that pure 
alumina has too high a melting point (2100 deg. 
Cent.) to crystallise in blast-furnaces. But the 
formation of alumina crystals is quite possible at 
lower temperatures in the presence of other com- 
pounds, and we know from the recent researches 
of Askenasy, H. C. Greenwood, J. N. Pring, H. N. 
Potter, and others, that the minimum temperatures 
of the formation and of the reductions of carbides 
and silicides and similar compounds are also con- 
siderably lowered, if most intimate contact between 
the components of the mixtures is secured. 


DaMaGE TO Lanp By MiIntnGc OPERATIONS 
IN VICTORIA. 


The annual report of the Secretary of State for 
Mines, of Victoria, contains further particulars 
of the efforts being made there to reduce the 
damage to land due to gold-mining operations 
of one kind and another. By the Mines Act of 
1907 the Sludge Abatement Board was empowered 
to make orders to be complied with by the miners, 
for the pur of securing a diminution of the 
siltage trouble, the pollution of streams, and de- 
struction of valuable land. In 1908 steps were 
taken to abate the nuisance in the Ballarat district, 
in connection with quartz mining and crushing 
operations. Though drawn up with legal assist- 
ance, the Board’s orders were found, on test in 
Court, to be unfortunately drafted, so that shelter 
was taken behind technical points and the cases 
dismissed. The failure of the Board to enforce its 
orders has apparently made miners even less care- 
ful than heretofore, and thousands of tons of sand 
are i to have been discharged deliberately 
into the Yarrowee at Ballarat during the year. 
Needless .to say, the Board immediately took 
steps to re-draft its orders and to serve them 





on the offending mining companies and parties. 
At Ballarat the siltage is said to be so bad that at 
Winter's Flat the bed of the creek has been raised 
to the level of the top of.a bridge crossing it, and a 
road from Sebastopol to Buninyong officially closed. 
At Bendigo, on the other hand, the Board’s orders 
were in most cases complied with, and very little 
sand or sludge was discharged into Bendigo Creek 
during the year. The effect of bucket dredging, 
and the possibility of re-soiling worked ground, has 
been given much attention recently by the Board. 
In its previous report the Board drew attention to 
two re-soiling systems then in use. In one system 
coarse gravel and wash is discharged from the 
dredger from the end of the main box, about 62 ft. 
long, while the sand and: light soil is carried on 
another 26 ft. or so, and deposited further away by 
two smaller shoots. Though this system results in 
the ground being left as level as it was before being 
broken by the dredger, the wash of water carries 
the light particles of valuable soil away, and often 
back to the pool in which the dredger is working. 
The deposit thus consists of coarse shingle, &c., 
below, with a top layer of sand, resulting, without 
further treatment, in ground of little value. In 
the other experiment the top soil was stripped oft 
first, before the coarser strata were touched. In 
this case the main sluice-box was 56 ft. 6 in. 
long, but when the dredger was simply stripping, 
a loam shoot, extending a great deal further, was 
used. The change to one form or the other occu- 
pied about ten minutes, and the dredger stripped 
the overburden for two or three hours each day, and 
then proceeded to deal with the ground laid bare. 
In this way the coarse débris from the dredging 
was deposited at the back of the dredger, and 
having settled, and, to some extent, drained, the 
loam was sluiced over it, further away from the 
pond. The water required to carry the loam down 
its shoot was found to be only about 10 per cent. 
of that needed to clear the’ sluice-box, so that, the 
stream being smaller, there was less risk of the 
light material being returned to the pond. This 
system was quite successful so long as the top soil 
was fairly thick, but as soon as the layer of soil 
became so thin as to cause the buckets to pick up 
gravel as well, the water then required to clear the 
shoot washed the light soil away. Appliances of 
this nature are therefore only of service where the 
layer of soil is thick, and where the pond in which 
the dredger operates is full of water. The Board is 
now seeking, apparently, to obtain a practical test of 
re-soiling by conveyor. Naturally, the addition of 
such an appliance to the dredging plant would raise 
operating expenses, and it remains to be seen 
whether the returns would stand this. Though 
efforts at re-soiling have already resulted, in places, 
in dredged ground being returned toa state of some 
value, the work has not been uniform, nor, it 
would appear from the report, on the whole suc- 
cessful, owing to the difficulty of retaining, free 
from mixture with sand and gravel, the lighter par- 
ticles of the top soil. 








PrrsonaL.—The British Re Gas-Engine Com- 
pany, Limited, 3, London Wall Buildings, EK.C., was 
registered on December 16, 1909, its pur being to 
meet the requirements of la English industries in the 
way of high-power gas-engine installations. The company 
has ote a engine design of the double-acting 
four-cycle type, the manufacturers of which, under licence, 
are Messrs. Fraser and Chalmers, Limited. The directors 
of the company are :—Messrs. Walter McDermott, David 
Neustadter, and Alexander Smart.—Mr. G. Braulik, 
London and Sydney, N.S.W:, has decided to separate 
his engineering department from his ordinary suppl 
business, and he has commenced a new department, whic’ 
will be carried on under the name and style of the 
Braulik Engineering Compony, of 8, Lambeth Hill, 
Queen Victoria-street, Londun, E.C. Mr. Eugéne-Brown, 
M.1.E.E. has joined him and will supervise all technical 
engineering specialities.— Messrs. allach Brothers, 
Limited, Finsbury-square, E.C., have been appointed 
sole agents for the Turner Oil-Filter Company.—Mr. 
William Tozer, 328, Tower - buildin ater-street, 
Liverpool, has resigned his pésition as director and secre- 
tary of James H. Tozer and Son, Limited, and the 
English McKenna Process Company Limited, both of 
Birkenhead and London, and has established himself at 
the above address as iron and steel merchant and railway 

lant contractor. He has been appointed agent for 
iverpool and district, and for North Wales, for the 
Shelton Iron and Steel Company, Limited, Stoke-on- 
Trent.—Messrs. Hickman, Batchelor, and Co., Limited, 
Broad-Street House, E.C., have been entrusted by Messre. 
W. N. Brunton and Son, of Musselburgh, Scotland, with 
their exclusive representation as concerns the export 
trade in London. Messrs. Brunton’s specialities are 


wire ropes for the highest strains specially high-tensile 
wires, 
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THE LATE MR. WILLIAM JOHN 
CUDWORTH. 

Tue news of the death, at the age of 61, of Mr. 
William John Cudworth, the late chief engineer of the 
southern division of the North-Eastern Railway, must, 
we think, have come as a surprise to many of his 
friends, for although it was no secret that Mr. Cud- 
worth had for some time been in indifferent health, and 
had, about three months ago, retired from the post 
he held under the North-Eastern Railway Company, 
the mental energy and active habits of the man rather 
gave the idea that he had, under the natural course of 
events, many years yet to live, particularly as he came 
of a long-lived stock, his fatlfer, who was, we believe, 
fairly active till quite a short time before his death, 
having reached the age of 90. 

The subject of our memoir was born at Darlington 
in 1848, and, as a member of the Society of Friends, 
after elementary studies at Darlington, received his 
education partly at Stramongtte School, Kendall, and 
partly at Boosham, York. After leaving school in 
1865 he entered the service of the Stockton and Dar- 
lington Railway Company—a section of the North- 
Eastern Railway—as a pupil under his father, the late 
Mr. William Cudworth, M. Inst. C.E., who was at 
that time chief engineer tothe company. On the com- 

letion of his pupilage, however, he left the pro- 
loosion of engineering, and, as he desired to become 
an architect, he underwent a course of training as a 
working joiner. Thereafter he was articled for four 
ears to Mr. George Somers Clarke, architect, London. 
During this time he worked hard in order to qualify 
himself for his future work, by the acquisition of as 
much practical knowledge as possible. At the end 
of four years, however, he returned to railway engi- 
neering, and from 1874 to 1891 served as assistant 
niler’ bie father and Mr. Joseph Cabry, and was 
engaged on work on the central division of the North- 
Fastern Railway. 

The first job of importance undertaken by Mr. 
Cudworth on his return to engineering was that of the 
railway widening works of Middlesbrough Station, 
where he held the post of resident engineer. This was 
from 1875 to 1877, after which he was engaged on the 
widening works at South Stockton, the cost of which 
was about 49,000/., and included an important bridge, 
with deep foundations, over the River Tees. On the com- 
pletion of this work, from 1883 to 1891, he held a respon- 
sible position, under Mr. Cabry, in the design and con- 
struction of various railway works, including numerous 
bridge renewals and station remodellings, until, in May 
of the latter year, on the retirement of Mr. Cabry, he 
was appointed engineer on the central division of 
the North-Eastern Railway, having under his charge 
365 miles of railway, as well as many important 
works, and the docks at Hartlepool and Middles- 
brough. These duties occupied his attention till 1899, 
when, on the retirement of Mr. Harold Copperthwaite, 
engineer of the southern division of the North-Eastern 
Railway, he was transferred to York. The railway 
was then divided into two, instead of three, divisions, 
and Mr. Cudworth was appointed as first engineer of 
the enlarged southern division. This post he held 
until his retirement last year. Among the works 
which he carried out were the Eaglescliffe Station im- 
provement, which cost 11,750/. ; Oxbridge Dane Sub- 
way ; the Union Dock extension, Hartlepool, at a cost 
of 17,0001. ; the construction of the Seaham and 
Hartlepool and the Isle of Axholme Joint Railways, 
the latter of which included a swing-bridge over the 
South Yorkshire Navigation, numerous widenings of 
busy lines, and many smaller workz, involving a large 
expenditure. 

n addition to the various undertakings for which 
he was responsible, Mr. Cudworth had, of course, the 
responsibility of the upkeep of the whole of the - 
manent~way- in his division, and, in following Mr. 
Copperthwaite, he had a task in this respect that 
required the most careful attention, for the road had 
been brought during the administration of his pre- 
decessor to a high state of efficiency. Mr. Cudworth 
had, therefore, a high standard to maintain ; but it 
can with truth be said of him that he upheld fully 
the reputation of the permanent way as he received it 
from Mr. Copperthwaite ; and from personal know- 
ledge of Mr. Cudworth, we knew what keen interest 
he had in this part of his work. When the subject of 
‘* roaring ” rails was exciting attention, Mr. Cudworth 
made painstaking and suggestive investigations (see 
ENGINEERING, vol. lxxxiii., page 763). 

Mr. Cudworth joined the Institution of Civil Engi- 
neers in 1883, became a full member in 1896, and 
was from 1903 to 1906 a Member of Council. He 
was also a past-president of the Permanent-Way 
Institute. His many duties in the North prevented 
him, however, from being a very frequent attendant 
at the meetings of the Institution of Civil Engineers. 
The latest developments in engineering always had a 
great attraction for him, so much so, in fact, that 
about two years ago, in order to obtain the most 
recent information with regard to railway methods 
abroad, he visited Canada and the United States, 





where he devoted several months to inspecting all the 
great engineering works on the different railways. In 
this way he gained a considerable amount of valuable 
information. 

Although Mr. Cudworth’s professional duties occu- 
ied the most of his time, he yet found opportunity 
or much philanthropic work, particularly in connec- 

tion with the affairs of the city of York, where, with 
Mrs. Cudworth and their daughters, he was closel 
identified with social and charitable work. He too 
a leading part in the British Association meeting, 
held there some years ago, and was very energetic in 
the promotion of the York Pageant. From very early 
days he was a strong supporter of the temperance 
movement, and his work for the North-Eastern Rail- 
way Temperance Union will long be remembered. In 
politics he was a Liberal, and followed the traditions 
of his forefathers. 

Mr. Cudworth leaves many friends, who loved and 
esteemed him for his sterling worth of character, for 
the sympathy and help he was always ready to give to 
those in once | and for the conscientious devotion to 
duty which he always displayed. For the widow and 
daughters he has left behind much sympathy will be 
felt by his many friends in York and over the whole 
of the North-Eastern Railway system. 








THE LATE DR. CHARLES B. DUDLEY. 

WE regret to have to record the death, which 
occurred on December 21 last, at Altoona, Pa., of Dr. 
Charles B. Dudley, the chief chemist of the Pennsyl- 
vania Railroad Company. Our readers will remember 
from the reports which we gave on the n- 
hagen meetings of the International Association for 
Testing Materials in former issues, that Dr. Dudley 
had been unanimously elected President of that Asso- 
ciation for the period of three years, counting from 
tke Copenhagen Congress to the one to be held in the 
United States in 1912. His death will come as a shock 
to scientists the world over, for he was universally 
known ; he had also a most genial disposition, and 
his amiability, coupled with his absolute fairness in 
his dealings with those who happened to differ from 
him on several scientific points, led him to make 
throughout his whole life a very large circle of warm 
friends. His death will be deplored by the Inter- 
national Association ; he will be greatly missed also 
in his own country, for he was one of the most pro- 
minent technical men of the United States, and a most 
active experimentalist. He was always ready to afford 
every ile to his. younger colleagues, and to share 
with them—with every scientist, in fact—the results 
of his own work and researches. This, added to his 
friendliness, caused him to be universally liked and 
respected. 

Dr. Dudley was born in Chenango County, New 
York, on July 14, 1842, and was educated at the local 
school and academy. The War of Rebellion having 
broken out, he enlisted, in 1862, in the 114th New 
York Volunteers, and took part in a number of battles, 
receiving a severe wound at Winchester in September, 
1864. He left the army in 1865, and went back to his 
studies, first at Oxford Academy and Institute, in 
Chenango County, then, from 1867 to 1871, at Yale 
College. On leaving the latter college he was com- 
pelled to undertake newspaper and other editorial work, 
with a view to acquire the necessary funds for continu- 
ing his college courses. He then spent two years at the 
Sheffield Scientific School of Yale College, graduating 
in 1874 as Ph.D., the greater part of his time during 
this second stay of his at Yale College having been 
devoted to the study of chemistry. On leaving Yale 
College, he acted for one year as assistant to the 
Professor of Physics at the Pennsylvania University, 
Philadelphia. He then took up the position of 
Professor of Sciences at the Riverview Military 
Academy, Poughkeepsie, a position which he held for 
a few weeks only, for in the autumn of 1875 he 
received an invitation from the Pennsylvania Railroad 
Company to act as their chemist. Ie accepted the 
offer, and held the position in question down to the 
time of his death, two weeks ago. 

When at the last Congress meeting at Copenhagen, 
in returning thanks for his nomination as President of 
the Association, Dr. Dudley stated that he had spent 
his whole lifein testing, his thoughts no doubt carried 
him back to the day, just thirty-four years previously, 
when he commenced the installation of his laboratory 
at Altoona, in which he was to carry out such useful 
work, not only for his company, but also for a large num- 
ber of other companies and institutions. His work for 
the greater part was pioneer work ; it covered in the 
course of a very short time the whole of the large number 
of materials of different kinds used in. the building 
and the working of a railway, including both the track 
and the rolling-stock; it led to the drawing up of com- 
plete series of standard specifications for all the classes 
of goods required. From the beginning he started 
minute investigations in the matter of quality and life of 


periods of time. His researches in this field, and the 
conclusions he arrived at, led to his introducing 
numerous variations in the steel-rail specifications, 
which so far had been accepted ; these variations 
formed the subject of lively discussions at the time, 
both in the American scientific associations and in the 
Iron and Steel Institute. Dr. Dudley was elected a 
Member of the latter Institute in 1886 ; he frequently 
took part in its discussions, and in 1890 he contributed 
a paper on ‘‘ The Wear of Metal as Influenced by Its 
Chemica! and Physical Properties.” His contributions 
to the American scientific associations and to the 
American technical Press, quite apart from his specifi- 
ca‘ioas for the Pennsylvania Railroad Company, are 
very nume-zous, and may be said to cover the whole 
tield of railway construction and working, from the 
laying of the track to the adequate ventilation of 
p- 8 senger-carriages. 

Dr. Dudley wa; President of the American Chemical 
Society, President of the American Society for Testing 
Materials ; at various times he has occupied a pro- 
minent position on other American societies. He 
was algo a member of numerous foreign technical 
institutions, and, as already stated, he had been, three 
months ago, elected President of the International 
Association for Testing Materials, a position in which, 
by his wide experience and the universal respect in 
which he was held, he would have greatly forwarded 
the cause of the association—the unification of methods 
of testing. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The American Trade.—The consular returns of exports 
from Sheffield to the United States show a substantial 
recovery from the slump of the previous year. Handi- 
capped as trade has been by the new tariffs, the figures 
show a remarkable advance in the steel exported, and 
but for their imposition there is little doubt an enormous 
expansion would have been seen. Exports of steel have 
shown a steady increase since the September quarter of 
1908, when they had reached the low ebb of 62,806/. In 
December they had risen to 99,130/., while this year the 
figures for the four quarters have been respectively 
107,1631., 115,2337., 132,655/., and 175,582/. The total for 
the year is 530,633/., compared with 303,122/. in 1908. 
The returns of exports from the Bradford district to 
America show. that during the year they reached 
4,209,609/., as against 2,335,012/. for last year. The 
—— increase is chiefly due to the increased exports 
of wool. 


Labour Exchanges.—Leeds is to be the centre of the 
labour exchanges for Yorkshire. To the Chamber of 
Commerce of that city Mr. J. B. Adams, in charge of the 
Yorkshire district, explained that it was pro to have 
an exchange for every town of over 35,000 population. It 
was intended to take over the present unemployed 
bureaux, and work them in connection with the new 
scheme. The latter would cost about 160,000/. during 
the first year, but it would never, it was anticipated, cost 
more than 200,000/. 


French Tariffs.—The firm of Messrs. James Dixon and 
Sons, one of the leading electro-plate firms in the country, 
have issued a circular to their workpeople stating that 
now the duty on electro-plated goods es been trebled in 
Fiance, there is me | little hope of their being able to 
compete with the French manufacturers. The latter 
would secure the orders which the firm had had for years, 
which meant considerably less employment at their works 
and the loss to the city, in the near future, of a very big 
slice of Sheffield trade. 


South Yorkshire Coal Trade.—Business in steam-fuel is 
steady, and the tone generally stronger throughout the 
district. Shipments from the Seuler ports are well 
maintained, a feature of the demand being the heavy 
requirements of Germany and the Continent generally. 
The tonnage being despatched to the ports is substantially 
above last year’s figures. The holiday season has naturally 
limited the demand from the works, but with the distinctly 
brighter prospects of the present year, a good business is 
shortly anticipated. A better tone is also noticed in the 
slacks market. Sales are not at present heavy, and the 
supply is plentiful, but collieries are asking an advance 
on present rates for future deliveries. In house-fuel 
business is somewhat variable, and prices, though on the 
up grade, show no marked advance. 


Tron and Steel.—During the holiday week most of the 
works were closed. Some, with a fair amount of orders 
in prospect, re-opened after a few days’ vacation, but the 
majority did not re-start until Monday or Tuesday. The 
year closed with a more cheerful outlook in the local iron 
and steel trades. Business in hematites is well main- 
tained. The past month has seen a substantial increase 
in prices, and consumers evinced some hesitation before 
the holidays at paying the advanced rates. Those who 
laid in substantial stocks now find themselves in a favour- 
able position, for prices are still on the rise, and, should 
anticipations of steel- makers be realised, higher rates 
will rule for many months ahead. The last three months 
have seen a well-marked improvement in the shipbuilding 
and engineering trades, and the year all round has opened 
with prospects decidedly brighter. A steady revival, 
following on the American boom, is anticipated... Raw 
material is dearer, and makers of high-speed steel who 





steel rails; he carried out these investigations systemati- 
cally, by testing for their physical and their chemical 
properties rails which had been in service for varying 


do not hold large stocks of tungsten and other alloys are 
having to pay dearly for their supplies. Railway business 
is still slack, but little new work having come to hand 
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this year. The building trade is also depressed, and 
makers of excavating tools and materials for the home 
market have little on hand. A fair business, however, is 
doing on foreign account. 








THE Propuction oF CHROMATE IN CANADA.—Accord- 
ing to a report issued by the Canadian Department of 
Mines the output of chromate in Canada does not appear 
to have varied greatly during recent years. In 1908 
the total shipments were slightly more, amounting to 
7225 tons, valeel at 82,008 dols., made up of 3472 tons 
of concentrates, the value of which was 45,300 dols., 
and 3753 tons of crude ore, valued at 36,708 dols. The 
chief market for the Canadian chromate appears to be 
the United States. The chromate is mined in the 
eastern townships, Province of Quebec, chiefly in the 
township of Coleraine, at Little ke, St. Francis, and 
Black Lake, the operating companies being the Dominion 
Chrome Company and the Black Lake Chrome and 
Asbestos Company, which are both under the same 
management. Chrome-iron ore is chiefly used for the 
manufacture of ferro-chrome alloys, and chromium salts 
for pigments, as well as for linings in steel and copper 
furnaces. The production of chromate in the whole 
world during 1907 was probably between 90,000 and 
100,000 metric tons as a minimum. 





Prizk FOR Lirg-SAvVING APPARATUS FOR Usk IN Noxtous 
ATMOSPHERES.—In June, 1907, the Council of the Royal 
Society of Arts offered, under the Fothergill Trust, a gold 
medal, or a prize of 20/., for the best portable apparatus or 
appliance for enabling men to undertake rescue work in 
mines, or other places where the air is noxious. In reply 
to this offer a certain number of offers were received. The 
Council had hoped to be able to make practical tests of 
the apparatus submitted, but the facilities which they 
had expected to obtain for the purpose were, unfortu- 
nately, not immediately available, and consequently the 
proposed trials had to be postponed. The Council are 
now informed that facilities for carrying out tests will 
shortly be available, and they have decided to accept for 
competition any apparatus which may be submitted not 
later than March 31. In the award of the medal regard 
will be had, firstly, to the excellence of design and con- 
trivance, and, secondly, to excellence of manufacture. 
Credit will be given to such parts of the apparatus as are 
the invention of the exhibitor; the object being also to 
distinguish the apparatus which gives the best promise of 
being practically useful. Inventors intending to compete 
should send in a notice of their intention, together with 
a full description of their inventions, not later than 
March 31, to the secretary of the Royal Society of Arts, 
John street, Adelphi, London, wc. and in cases in 
which the apparatus has been put into actual use, the 
experience of such use should be given, and the special 
eee of merit of the apparatus indicated. Notice will 
¢ subsequently sent to those competitors whose apparatus 
the judges may desire to test, together with an indication 
of the tests, of the manner in which the tests will be con- 
ducted, and the place where the tests will be made. 
Competitors intending to patent their inventions should be 
careful to obtain protection, as the Council of the Society 
cannot undertake any responsibility as regards the secrecy 
of the whole, or of any part, of an invention submitted to 
them. The prize will be awarded on the report of judges 
appointed by the Council. The competition is not limited 
to British subjects. The Council reserve to themselves 
the right of withholding the prize, of extending the time 
for sending in, or of awarding a smaller prize or smaller 
prizes, 





J 


Tuk “ Heratp” Twin-Screw Coar- ELevator. — 
On December 29, 1909, there was launched by the 
Dublin Dockyard Company a twin-screw, patent, coal- 
elevator, the Herald. ‘the vessel has been built by the 
Dublin Dockyard Company to the order of the London 
and North-Western Railway Company, for special service 
in Holyhead Harbour, where she will be employed for 
the purpose of coaling the bunkers of the company’s fleet 
of steamers, Some twenty steamers require to have their 
bunkers filled daily, and the shifting of these steamers to 
a coaling-crane is both inconvenient and risky. The 
Herald, which has been built to the designs and under 
the superintendence of Commander Holland, the com- 
pany’s marine superintendent, and under the patents 
of the Holland-Johnson Syndicate, is a self-propelled 
twin-screw steamer; her dimensions are: length 155 ft., 
beam 29 ft. 3in., and depth 12 ft., and she will be cap- 


able of carrying about 450 tons of coal on a moderate 
draught. On each side of two fore and aft bulkheads, 
wh: hrun practically from end to end, forming a well and 


extending from the vessel’s floors to a height of 10 ft. above 
thy deck-level, are a series of coal-pockets, the bottoms 
of \. hich are built on a slope, so that each pocket empties 
itself by gravity and without any manual labour whatever, 
through the coal door at.the bottom and into the scoop of 
the coal-elevator. The upper edges of the two parallel 


lonvitudinal bulkheads have rails fitted, and serve asa 
gantry, along which carriages carrying the elevators can 
travel at will. These carriages, of which there are two, 


briug their respective elevators ape each coal-pocket 
im turn and are propelled along the gantry by means of a 


Steali-winch at the vessel’s stern, which serves also as a 
warping-winch. The coal-elevators themselves consist of 
dc ible trunks, es a ladder-way, along which a series 
of s‘rong and compactly-fitted coal-buckets are induced to 


‘| by means of a driving pentagon at the top, which 
RE > to the buckets the digging or shovelling motion. 
_ i elevator is complete in itself, and is capable of 
calng with 1 to 4 tons of coal per minute, directed to 
wy de-ircd point. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is a cheerful feeling 
generally in trade circles, and the opinion prevails that 
considerable activity will characterise the staple industry 
so soon as the General Election is over. Some inquiries 
on forward account are reported, and it is gratifying to 
know that buyers are prepared to pay more for delivery 
ahead than for prompt business, The general market 
rate for early Lob. delivery of No. 3 g.m.b. Cleveland pig 
is 51s. 3d., and 52s. has been paid for delivery over the first 
quarter of the year. No. 1 is 53s. $d.; No. 4 foundry, 
49s. 9d.; No. 4 forge, 49s. 6d.; and mottled and white, 
each 49s. For early delivery of Nos. 1, 2, and 3 East 
Coast hematite pig, 65s. is now the price, and that must 
be regarded as quite low enough, considering cost of pro- 
duction. Foreign ore is very strong, and dealers are not 
pressing sales. Rubio, of 50 per cent. quality, is 19s. 6d. 
to 20s. ex-ship Tees. Coke is in good demand for local 
consumption, but sellers will not commit themselves in 
face of the trouble with regard to working hours at the 
collieries. Nominally, averaze blast-furnace coke is 18s., 
delivered at Tees-side works. 


ape psy Iron and Steel.—Better accounts are 
given of many branches of the manufactured iron and 
steel industries. Considerable orders are understood to 
have been made, and the outlook is undoubtedly more 
favourable than for some time past. Rail-makers have 
good contracts made, producers of sheets are busy, and 
manufacturers of shipbuilding material have secured a 
fair amount of work. As yet prices have not been raised, 
but advances are expected to be made in the near future. 
Common iron bars are 7/. ; packing iron or steel, 5/. 5s. ; 
iron ship-plates, 6/. ; iron ship-angles, 77. ; steel bars, 67. ; 
steel ship-plates, 6/.; steel ship-angles, 5/. 12s. 6d. ; steel 
joists, 5/. 17s. 6d. ; steel strip, 67. 2s. Gd.; and steel hoops, 
62. 5s.—all less the usual 2} per cent. Cast-iron railway 
chairs are 3/. 10s. ; light iron rails, 6/. 7s. Gd.; heavy steel 
rails, 5/. 5s. ; and steel railway sleepers, 6/. 10s.—all net 
cash at works. Lron or steel galvanised corrugated sheets, 
24 gauge, in bundles, stand at 11/. 5s. f.o.b.—less the cus- 
tomary 4 per cent. 


Shipments of Iron and Stce).—Pig-iron shipments for 
the last month of the year turned out very satisfactory, 
and compare most favourably with those of the previous 
month, and for the corresponding period a year ago. The 
total clearances of pig reached 92,043 tons, as against 
81,670 tons for November, and 74,241 tons for December, 
1908. Last month 81,412 tons of ig were loaded at 
Middlesbrough, and 10,631 tons at Rticinarove, and of 
the latter all but 540 tons for the Continent went to Scot- 
land. Of the iron cleared at Middlesbrough, 56,959 tons 
went abroad and 24,453 tons coastwise, the largest receiver 
being Scotland, with 14,130 tons, whilst America took 
13,250 tons; Italy, 11,222 tons ; Wales, 7587 tons; France, 
7452 tons; Japan, 7132 tons; Sweden, 5051 tons; and 
Belgium, 4124 tons. Only7718 tons of manufactured iron 
were shipped at Middlesbrough last month, 2175 tons 
going abroad, and 5543 tons coastwise, India, as usual, 

ing the largest buyer, receiving 1326 tons. Steel ship- 
ments for mber amounted .to 40,202 tons, 35,843 
tons of which went to foreign buyers, and 4359 tons to 
coastwise customers. India was the Jargest purchaser of 
steel also, taking 12,898 tons. Other principal importers 
of steel were the Argentine, 8537 tons; Portuguese East 
Africa, 3905 tons ; South Australia, 3298 tons; and Egypt, 
1006 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Steam coal has exhibited a rather harder tone, 
and the best large has attained a quotation of 16s. 6d. to 
17s. per ton, while secondary quis have ranged from 
15s. to 16s. 3d. per ton. je ae the whole, the best 
Admiralty descriptions have advanced about 3d. per ton. 
House coal has shown strength at fully late rates; the 
best ordinary qualities have made 15s. 6d. to 16s. 6d. per 
ton ; No. 3 Rhondda large has brought 17s. 3d. to 17s. 6d. 

r ton; smalls have been quoted at 7s. to 7s. 6d. per ton. 

oundry coke has made 19s. to 20s., and furnace ditto 
17s. to 17s. 6d. per ton. As regards iron ore, Rubio has 
been quoted at 18s. 6d. to 19s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, in- 
surance, &c., to Cardiff or Newport. 


Coal at Newport.—The exports of coal (including bun- 
kers) from Newport, last year, amounted to 5,330,000 
tons, as compared with 5,377,839 tons in 1908 and 5,214,253 
tons in 1907. Last year’s business, ie showed 
considerable steadiness, although the South Welsh coal 
trade suffered last year from threatened strikes and the 
new Eight Hours Act. 


The Swansea Valley.—The steel trade has remained in 
about its normal condition. Orders for tin-plate bars 
are stated to have been scarce. The iron foundries are 
reported to be well employed, and the engineering shops 
have also been busy. 


Llanelly.—The shipments of coal from Llanelly last 
year were :—Foreign, 182,000 tons; coastwise, 39,000 
tons ; tutal, 221,000 tons. The corresponding shipments 
in 1908 were :—Foreign, 198,941 tons; coastwise, 50,935 
tons ; total, 249,876 tons. For 1907 the amounts were :— 
Foreign, 201,855 tons; coastwise, 51,317 tons; total, 
253,172 tons. 

The ‘‘ Apollo.”—The mine-laying vessel Apollo has 
arrived at Devonport from Chatham. The Apollo, before 
conversion, was rated as a second-class cruiser of ¢ 
tons, with a speed of 20 knots per hour. To prepare her 
for her new duties, two 6-in. quick-firing and six 4.7-in. 
guns were surrendered, and both sides of the upper deck 








from the forecastle to the stern were cleared of obstruction 
to allow of the storage of fifty mines, weighing approxi- 
mately 1000 lb. each. The mines are so stowed that they 
can be moved with automatic mooring attachments freely 
towards the stern, where ports have been cut and fittings 
provided for allowing them to drop into the sea at regular 
intervals. 


Coal at Cardiff.—The shipments of coal from Cardiff, 
foreign and coastwise, last year were 19,936,311 tons, as 
compared with 19,515,482 tons in 1908, and _ 19,980,029 
tonsin 1907. These totals were carried by bunker ship- 
ments to 23,153,311 tons, 22,795,632 tons, and 23,095,795 
tons respectively. Upon the whole, accordingly, last 
year’s exports showed little change one way or the other. 








Tue Epison anp Swan Unirep Exxcrric Licat 
Company, Limitep.—We are uested to state that the 
small fire which occurred in the Queen-street premises of 
this company on Monduy last was confined entirely to 
the test-room, and will not in any way interfere with the 
conduct of their business. 





THE Iron AND Sree InstituTe.—The annual he 
meeting of the Iron and Steel Institute will be held at 
the Institution of Civil Engineers, Great George-street, 
S.W., on Wednesday and Thursday, May 4.and 5. The 
annual dinner will be held, under the presidency of His 
Grace the Duke of Devonshire, in the Grand Hall of the 
Hotel Cecil, on Wednesday, May 4. The Council will 
shortly proceed to award Carnegie Research Scholar- 
ships, and candidates must apply before February 28, on 
forms which can be obtained at the offices of the 
Institute. The awards will be announced at the annual 

sneral meeting. The autumn meeting will be held at 

uxton on September 27, 28, and 29. he Iron and Steel 
Institute reminds the members of the Institute that the 
International Congress of Mining, Motallurgy, Applied 
Mechanics, and Practical Geology will be held at Diissel- 
dorf in the last week of June, 1910. The members resi- 
dent in the United Kingdom who wish to attend are 
requested to send in their reply, with their remittance, 
not later than February 29, addressed to the office of the 
Tron and Steel Institute. 





Tue Late M. Léon De._aGrance.—It is with regret 
that we have to record the death of one of the few really 
skilful aviators of the present day. Although the new 
science is sure to claim a certain number of victims, such 
men as M. Léon Delagrange can ill be spared. In the 
= days, which in time are actually but as yesterday, 
M. Delagrange was one of the most persistent and fear- 
less experimenters. Practically forsaking his professional 
work as a sculptor, he commenced experimenting in 1906, 
In conjunction with the Voisin Brothers, he —— 
a biplane type of machine, with tail planes, after 
the type now known popularly as the Voisin machine. 
The record of M. Delagrange’s experiments is interest- 
ing as showing the very rapid progress of the new 
science once a certain stage had been The Dela- 

nge aeroplane was, we believe, first tried publicly on 

March 1, 1907, but without much success, On March 31, 
1907, a flight of 60 metres was accomplished by the 
machine, with M. Voisin on board, and a similar flight 
on April 8. For some time after this public attention 
was directed to the work of Messrs. Farman and 
Blériot rather than to M. Delagrange. but towards the 
close of March, 1908, on the day that Mr. Farman 
accomplished a flight of 4 kilometres at Issy-les-Mouli- 
neaux, M. Delagrange also made one of 1500 metres, and, 
moreover, carried Mr. Farman with him on his aeroplane, 
as the first passenger ever taken up. A fortnight later 
M. Delagrange held the world’s official record, having flown 
4} miles, outdistancing Mr. Farman; but not long after- 
wards he met with an accident, coming into contact with 
an embankment. On April 24, 1908, le was mobbed in 
Rome, having been unable, on account of bad weather, 
to make a promised flight, but two days after he made 
up for the failure by accomplishing a flight of 34 miles, 
and, again, a day later, of one of 9 kilometres in the pre- 
sence of the King and Queen of Italy. On the last day 
of May, 1908, he covered at Rome 16 kilometres, also then 
a world’s record, and made several other flights of con- 
siderable length there and at Milan in the next few days. 
On September 6, 1908, when Mr. W. Wright had only 
been able to keep up for 197 minutes, M. Delagrange 
flew for 29 minutes 53 seconds, covering a distance 
of 24 kilometres, and on September 7, 1908, stayed in 
the air for 31 minutes. At about this time the 
Wrights and Mr. Farman began to make longer records, 
which M. Delagrange did not surpass. He took up the 
first lady passenger, one of his art pupils, on September 17, 
1908. He later abandoned the Voisin type of machine for 
a high-powered modified Blériot emnegiona, in order to 
obtain greater s With this machine he made an 
extremely fast flight at Doncaster last autumn, claimed 
to be a world’s record, but, owing to the action of the 
Aero Club, not recognised as such. With this machine 
he made a flight, a few days ago, of 125 miles in 2 hours 
32 minutes, or at a speed of nearly 50 miles per hour. 
He met his death when using, at Bordeaux, a monoplane 
with flexing wings, which, from the accounts available, 
apparently failed in a strong side gust of wind. This, 
and M. Santos Dumont’s recent accident, would seem to 
be warnings of the danger attending the use of too- 
powerful engines on lightly-built machines. By the death 
of M. Delagrange the small circle of accomplished 
aviators has lost one of its most popular members. 
With private means, he was able to Follow the new art 
at pleasure, and as one of the most. successful of the 
pioneers, his work should really rank higher in the record 
of development than it seobalty will, for he cared little 
for, and won comparatively few, prizes, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened steady, and the business consisted 
of 4000 tons of Cleveland warrants at 51s. 14d. cash, 
and 51s, 54d. and 51s. 6d. one month. At the close the 
prices were 51s. 2d. cash, 51s. 6d. one month, and 52s. 2d. 
three months sellers. Hematite was quoted 63s. cash 
sellers. In the afternoon the tone was a shade better, and 
2000 tons of Cleveland warrants were put through at 
5s. 14d. and 51s. 24d. cash, 51s. 3d. five days, and 52s. 2d. 
three months. or sellers quoted 51s. 3d. cash, 51s. 7d. 
one month, and 52s. 3d. three months. On Friday morning 
the market remained fairly steady, and a good business 
in Cleveland warrants was done at 51s. 3d. and 51s. 24d. 
cash, 51s. 7d. and 51s. 64d. one month, and 52s. 2d. three 
months. The turnover amounted to 7500 tons, and closing 
sellers’ quotations were 51s. 3d. cash, 51s. 7d. one month, 
and 52s. 24d. three months. There was no afternoon 
session, as the market was closed for the New-Year 
Holidays, and remained closed on Monday also. When 
business was resumed on Tuesday morning the tone of the 
market was inclined to be easier. The dealings consisted 
of 3500 tons of Cleveland warrants at 51s. 14d. cash, 
5is. 3d. and 51s. 2d. three days, 51s. 54d. one month, 
and 52s. 14d. three months, and the closing prices 
were 51s. 2d. cash, 51s. 54d. one month, and 52s. 2d. 
three months sellers. In the afternoon. weakness was 
again prevalent, and Cleveland warrants were done 
at 51s. 1d. cash, and 5ls. 5d. and 51s. 44d. one month, 
closing with sellers over at 51s. 1d. cash, 51s. 44d. one 
month, and 52s. 1d. three months. The turnover amounted 
to 3500 tons. The market opened to-day egg yt 
with a steady tone, but business was very quiet, and only 
amounted to 2000 tons of Cleveland warrants at 51s. cash, 
5s. 34d. one month, and 52s. three months. There was 
an easier tendency towards the close, and sellers quoted 
Sis. O}d. cash, 51s. 44d. one month, and 52s. 04d. three 
months. At the afternoon session the market was rather 
firmer, and 3000 tons of Cleveland warrants were done 
at 51s. 1d. cash, with buyers over at 51s. 14d. cash, 
51s. 5d. one month, and 52s. 1d. three months. Closi 
sellers quoted 51s. 2d. cash, 51s. 6d. one month, an 
52s. 14d. three months. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde, 63s.; Calder, 
Gartsherrie, and Langloan, 63s. 6d.; Summerlee, 64s.; 
and Coltness, 86s. (all shipped at Glasgow) ; Glengarnock 
(at Ardrossan), 64s.; Shotts (at Leith), 63s. 6d.; and 
Carron (at Grangemouth), 64s. 6d. 


Sulphate of Ammonia.—Throughout the past year there 
has been very little fluctuation in the price of sulphate of 
ammonia, and with an increasing demand there has also 
been a larger output. The quotation a year ago was from 
11/. 12s. 6d. to 11/. 15s. per ton, Glasgow or Leith, and the 
lowest price to which this commodity fell was about 
11/, 2s, 6d. in November, while its highest level was 
11/. 17s. 6d. in March. Towards the close of the year a 
fairly active demand set in, and some satisfactory sales for 
the first six months of 1910 have been made at from 
11/. 10s. to 117. 12s. 6d. per ton, and some transactions 
for delivery over the whole year have been put through 
at 112. 10s. per ton. 


Scotch Steel Trade.—The Scotch steel trade of 1909 can 
not be spoken of in any other way than as unsatisfactory. 
While the past year is said to have been on the whole a 
little better that its predecessor, few or none of the makers 
were so well placed as to be able to keep their plant fully 
employed throughout the period. e prices of ship- 
plates, angles, and boiler-plates remained fairly s y 
during the year; in the former two there were two changes, 
and in the latter only one. In January the prices were 
as follow :—Ship-plates, 6/. 7s. 6d. per ton; angles, 61. 

r ton; and boiler-plates, 7/. 2s. 6d. per ton—all less 
Goer cent. delivered Clyde. Towards the close of May 
a reduction of 10s. per ton was made in the price of ship- 
plates and angles, and 5s. per ton in boiler-plates, and 
no further change took place until the month of 
November, when 5s. per ton was. put on to the price of 
ship-plates and angles, but the price of boiler-plates was 
not chai The year closed without any further alte- 
rations, the quotations then being: ship-plates, 6/. 2s. 6d. 
per ton ; angles, 5/. 15s. per ton; and ee 
61. 17s. 6d. per ton, all less 5 per cent. delivered Clyde. 
While neither home nor export business was of a kind to 
inspire anyone during the year under review, it is 
extremely satisfactory to find the producers on 
all hands looking forward to this year with a 
great amount of confidence. There is a very general 
feeling—not confined to the steel and iron industries 
only—that the present riod of depression is now 
nearing an end, and, indeed, there has al y been 
some evidence of this. In thin plates and sheets, as well 
as material for structural purposes, quite a good trade 
has been done, although the prices have not all along been 
quite satisfactory. In these latter branches the prospects 
for 1910 are also considered good. 


Malieable-Iron Trade.—The year that has now closed 
has been far from satisfactory to the malleable-iron 
makers, for during the greater part of it broken time has 
prevailed in the majority of the works. The scarcity of 
specifications has been only too general, and, with the 
exception of a slight improvement in the demand during 
the autumn, business has been extremely quiet. For the 
greater part of the year prices were very low, and even 
at the present time—there was an advance of 7s. 6d. 
per ton in August—they are considered too low in rela- 
tion to the prices now asked for raw material. That 


the outlook is rather brighter is quite evident from the 
improvement in inquiries of late, but makers are un- 
willing to sell ah 
prices, 


, unless at an advance on present 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


OctoseErR, 1909. 


NoOvEMBER, 1909. 


DeEcEMBER, 1909. 
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ying diagrams each vertical line represents a market day, and each horizontal line 
e case of tin plates, hematite, Scotc 


42302 6 8 1 MH 6 QW 22% 2B W 
DECEMBER. 


and Cleveland iron, and II. in all other cases. 


The price of quicksilver is per bottle, the contents of which vary in ‘i from 70 lb. to 80 1b. The metal- 


prices are perton. Heavy steel rails are to Middlesbrough quotations. 


n plates are per box of I.C. cokes. 








Royat AGRICULTURAL SociETy.— The seventy - first 
annual exhibition of the Royal Agricultural Society will 
be held in Liverpool, Wavertree Playground, from Tues- 
day, June 21, to Saturday, June 25. The regulations and 
forms of application for space are ready, and will be for- 
warded on application to Mr. Thomas McRow, secretary, 
16, Bedford-square, W.C. 





“GERMAN RaILWAYs AND TRADERS.” —A_ critical 
review of German railways and traders, by Mr. Edwin 
A. Pratt, has been issued, at 6d. net, by Messrs. P. 8S. 
King and Son, Orchard House, Westminster. It deals 
with a portion of the recently-issued Report of the 
Board of Trade Railway Conference, which has received 
comparatively little notice. The report, it will be 
remembered, contained a number of appendices, and 
of these the most lengthy was one occupying no less 
than ninety-one peses, and having reference to condi- 
tions on the railways in Germany. This report was 
drawn up by Messrs. C. H. Pearson and N. 8S. Reyntiens, 
and dealt with the relations between the railways and the 
State, the railways and the public, and the railways and 
the staff. As German railways have frequently been cited 
in Britain as examples of successful nationalisation, 
by advocates of the transfer to the State of such under- 
takings in this country, this report should certainly 
receive attention. It is with the object of directing 
notice to its important features that Mr. Pratt has 
written his pamphlet, which is an elaboration, we under- 
stand, of articles which appeared originally in the Times. 
The Railway Conference was constituted while the 





mee Chancellor of the Exchequer was President of the 
rd of Trade, and Mr. Pratt has taken care to point 
to how small an extent this report on German railways 
supports the public statements of Mr. Lloyd George on 
the subject. When‘ the subject was raised during his 
term of office, the then President of the Board of ‘l'rade 
constantly turned to Germany for an example of how 
railways might be managed; but the report by Messrs. 
Pearson and Reyntiens clearly shows, as Mr. Pratt points 
out, that the situation in that country is far from satis- 
factory. The system is cumbersome and the manage- 
ment is by no means perfect, while traders are subjected 
to a multitude of irritating and onerous regulations 
which would be most unwelcome here. Mr. Pratt has 
wisely given, in his pamphlet, large extracts from the 
original report, which present very different pictures of 
German railway control from those often drawn by advo- 
cates of nationalisation. The writer of the pamphlet | 

no new hand at this work, and knows not only how t 

marshal his facts, but how to expose the weak points o! 
an opponent's arguments. To those unable to spend tin 
in going thoroughly into the original report this littl 
pamphlet may be recommended as a summary of, and 
commentary on, its important features. It may be men- 
tioned that Mr R. Bell, in his annual report to th« 

Amalgamated Society of Railway Servants, refers to th: 

Conference report with which Mr. Pratt is here dealing 

stating that ‘‘a glance at the conditions set forth in the 
report will show that the ition of railwaymen in this 
country is much better P non that of our Continenta! 
brethren under the parental wing of the State.” 
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THE FLEXIBILITY OF WIRE ROPES. 


By R. W. Cuapman, M.A., Professor of Engineering, 
Adelaide University. 

By the term “flexible rope” we understand a ro 
that is easily bent round a drum or sheave, and the 
flexibility of ropes is a very important quality, about 
which makers frequently talk a good deal, but, so far as 
the writer is aware,-no one has devised a practical 
method of measuring or comparing the flexibilities. 
Yet by rough meastrements of tes bending force we 
can easily see that ropes built of small wires are more 
flexible than ropes of the same size made up of larger 
wires ; but rough-and-ready methods can give us no 
result at all when we seek to compare the ease with 
which we can bend ropes of about the same size, and 
made up of somewhat similar wires. The reason is 
that as soon as we begin to experiment on the bending 
of wire ropes, we are bothered by the internal friction 
of the wires one on the other. We may reduce this by 
lubrication of the rope, but we cannot eliminate it. 
The consequence is that if we apply a given bending 
force to a length of wire rope, the deflection or amount 
of bending produced may be made, within certain 
limits, to be anything we please ; that is to say, under 
the action of the given force the rope will stay in any 
position in which it is put, over quite a wide range, 
the force being unable to move it further against the 
internal friction. 

The fact is, that in making experiments on the 
bending of ropes we have to deal with two distinct and 
separate qualities or properties of ropes, which in such 
rough experiments conflict with one another, but which 
it is necessary to keep separate and distinct if we wish 
to make a comparison of one rope with another. 
These are: (a) the flexibility or ease of bending; (b) the 
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diminution in the deflection owing to the effects of 


friction. The result is shown by the line AB 
sseage parallel to Ox. It is not until the force has 

en reduced from its value at A to its value at B that 
the deflection begins to lessen at all. On further 
reducing the force the deflection also diminishes, but 
when the force has been reduced to nothing, the 
deflection still has the value shown on the diagram 
where the line BC intersects Oy. We now proceed 
to apply a gradually increasing force in the opposite 
direction, and the plotted relations between the ed 
and deflections produced is shown by the remainder of 
the straight line BC. It will be seen that the original 
deflection is not reduced to zero until the force reaches 
the value shown where BC intersects Ox, after which 
the rope deflects in the opposite direction. When this 
force has reached its maximum value, as shown at the 
point C, it in turn is gradually decreased, but, just as in 
the previous case, it has to be decreased all the way 
from its value at C to its value at D before there is any 
reduction in the deflection. When this force has been 
reduced to zero, we again apply a gradually increasing 
force in the same direction as at first, the relation 
between force and deflection tracing out a line DA in 
the diagram. 

Experimenting in this way, a test upon the forces 
required to bend a rope becomes capable of precision, 
for we can repeat the experiment again and again with 
the same result, always tracing out the same.area when 
the results are plotted. Moreover, the area ABCD is 
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internal friction. One rope may be more flexible than 
another, but be subjected to a greater amount of 
friction between its component wires; in which case 
there will be a greater loss of energy when it is first 
bent and then straightened, as is the case when it is 
passed round a pulley. If we take a straight wire and 
bend it, then, provided we do not bend it beyond its 
elastic limit, it will again become straight after the 
bending force is removed. If we do the same thing 
with a rope, it will not usually return to the straight 
position when released from the stress, but will remain 
partly bent. This is not because we have strained the 
wires beyond the elastic limit—for a wire rope should 
never be strained to that extent under working 
conditions ; it is due to the friction of the com- 
ponent wires one on another, which is here spoken of 
as the internal friction of the rope. It is greater, for 
instance, for ropes with wire cores to the strands than 
it is for ropes with hempen cores, and it may always be 
veduced by efficient lubrication, but it can never be got 
rid of altogether. 
We may show these properties of a rope in an 
iuteresting way by taking a short length of rope A B, 
shown in Fig. 1, securely clamping it horizontally 
irom AC, and then applying a deflecting force P near 
the end. This deflecting force is to be predusliy first 
increased to a maximum, then gradually reduced to 
ero, then applied in the opposite direction, and 
radually increased until the same maximum is reached 
s before; again slowly reduced to zero, then again 
-applied in the same direction as at first, till once 
ore the same maximum stress is attained. If a 
cord be kept throughout the experiment of the 
eflections corresponding to the various deflecting 
rees, and the results be plotted in a diagram, they 
vill give a figure like that shown in Fig. 2. In this 
sure the magnitude of the force applied to deflect the 
‘ope is measured to the right or left of Oy, accordin 
‘s it is applied in the one direction or the other, an 
‘he amount of the deflection of the end of the rope 
‘tom its original position is measured above or below 
‘\c according to its direction. Thus the curve begins 
\t O with no force and no deflection. As we fim a 
vadually increasing deflecting force until our first 
maximum is reached, the relation between the force and 
the deflection produced is shown by the curved line 
UA. Now gradually reducing the force, we can lessen 
it quite considerably before there is any appreciable 
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a sort of indicator diagram, and is a measure of the 
amount of work that has been used up or lost by the 
internal friction of the wires in bending the rope to and 
fro. If we now subject the same rope to a thorough 
lubrication, and then repeat the experiment, we shall 
find that instead of tracing out the same area, we shall 
now trace out the area shown by the dotted lines in the 
figure ; that is, the direction of BC and AD remain 
unaltered, but the area of the figure has been 
diminished, showing that now less work has been lost 
by internal friction. So long as the rope is not bent 
too much, the figure A BC D is always approximately a 
parallelogram, and the better we lubricate the rope the 
narrower this parallelogram becomes, but its direction 
always remains unaltered. This direction then is 
something independent of internal friction, and if we 
could uce this to nothing, our parallelogram would 
narrow down into the straight dotted line shown in the 
figure passing through 0 and parallel to BC and A D. 
It is the direction of this central dotted line that is the 
true measure of the relation between the bending force 
and the amount of. bending produced ; in other words, 
the true measure of the flexibility of the rope, with 
internal friction eliminated. To compare the Rexibili. 
ties of two ropes we require to experiment in this way 
upon equal lengths of each and draw the corresponding 
diagrams. The rope that gives this central line in the 
diagram the less inclined to Ox will be the more 
flexible of the two, and the one that gives the greater 
area of the diagram will be subjec to the greater 
wear owing to internal friction. In this way we may 
get a comparison of ropes with regard to two distinct 
properties that have generally been confused. 








TECHNICAL DicTIONARIES.—We have received a copy of 
Volume V. of the Deinhardt-Schlomann series of dic- 
tionaries in six languages, published in this country by 
Messrs. Archibald Constable and Co., Limited, 10, Orange- 
street, Leicester-square, W.C. Volume V. costs 12s. net. 
It deals with railway construction and operation, and 
covers 870 pages, 534 of which form the dictionary proper 
and the remainder the index in six languages. It gives 
the general terms dealing with railway construction and 
working, rules and neiom, surveying, gradients and 
curves, cuttings, tunnel-driving, permanent way in every 
detail, station equipment, electric railway installations, 
a and safety appliances, &c. It forms a useful 

dition to the series. 





INDUSTRIAL NOTES. 


Tue year 1909 has passed away, and the year 1910 
has dawned. The it year did. not at all fulfil its 
promises of a revival in trade, as was expected after 
the depression in 1908, and especially after the labour 
disputes and strikes in 1908 had been to a great extent 
settled between the contending parties, There was a 
slight recovery during the last quarter of 1909, espe- 
cially in some branches of trade, and unemployment 
declined ; but the list of out-of-works continued very 
large indeed up to the close of the year. It was similarly 
so in 1878 and 1879, the two worst years within memory ; 
in many respects 1908 and 1909 were but reproduc- 
tions. The revival came in 1880, and many suppose 
that the same will recur in 1910. There were no great 
strikes during 1909; disputes were fairly numerous, 
but not on an extensive scale. In the coal-mining 
industry many disputes occurred over the Mines Eight 
Hours Act, which came into force on July 1 in all dis- 
tricts, except Durham and Northumberland, in which 
counties it commenced to operate on Saturday last, 
January 1, 1910. In the engineering and shipbuild- 
ing branches of trade steps were taken to ensure 
peaceful relations for some time to come by means 
of conciliation. Agreements were entered into by 
which, instead of present reductions, the rates then 
in force were to be continued for a series of years, with 
due notice, on either side, as to changes. The efforts to 
adopt a similar scheme in the cotton trades has failed 
hitherto, but hopes of a solution are not yet altogether 
given up. In the building trades conciliation is general 
throughout the country, and the system appears to be 
growing in favour. If peaceful negotiation has not 
made all the progress desired, it has not gone back, 
which is encouraging. The co-partnership scheme of 
Sir Christopher Furness has proved a success, in spite 
of the difficulties which stood in the way at its 
inauguration. 

In the domain of legislation labour was very fortu- 
nate, considering the difficulties of carrying measures 
during the last session. The Mines Act was of the 

revious year, but it only came into force in 1909. 

he Trades Boards Act was of last session, and it 
ee likely to effect good results, for employers as 
well as workpeople seem disposed to aid its enforce- 
ment, especially if some change in administration can 
be effected in the rules and lations under the Act 
which will modify its application in certain cases and 
directions. The Labour Exchanges Act is designed to 
improve the chances of employment by bringing into 
contact the unemployed wanting work and employers 
wanting workers. It is the greatest scheme ever de- 
vised for that pu , though, perhaps, up to date the 
Germans are a. mp us in that respect. The Industries 
Development Act cannot well fail to be advantageous, 
though much will depend upon the localities wherein 
it operates. Happily there is a stronger disposition 
to aid the struggling poor than ever there was, not 
only in Parliament, but also in the municipal and other 
local authorities which have to do with administrative 

nt and the enforcement of the Act. Then there 
is the Housing and Town-Planning Act. This is of 
wider general application. It will govern all town 
improvements for a generation, with perhaps here and 
there amendments of the Act as may be found to be 
needed. The decision in the House of Lords as 
regards the Parliamentary levy affects only the regular 
trade unions. It circumscribes the action of such 
unions, whether the members decide otherwise or not. 
The unions resent this ; but it is now the definite law 
of the land, as decided by its highest legal tribunal 
—the House of Lords. Only an Act of Parliament can 
override that judgment, for it is not likely that in any 
future action it will be set aside, especially as the 
decision of the Court of Appeal is upheld by the higher 
tribunal. Such is a brief record of the work of last 
year as regards the labour world. 

The latest returns issued by the Labour Depart- 
ment of the Board of Trade on the state of ye 
ment indicate a steady, if slow, improvement in the 
iron and steel trades, and in the branches which use 
these and other metals. In the pig-iron industry 
trade was better than a month and a year ago. 
There were five more furnaces in blast than a month 
ago and thirteen more than a year ago; in Stafford- 
shire and Worcestershire there was a decline of two, 
and in Cumberland two more damped down owing to 
a dispute. At iron and steel works 4496 more persons 
were employed than a Ep ago, and the average 
number of shifts worked was nr higher. ie 
increase in men employed was almost general, but 
at Sheffield and Rotherham there was a decrease. 
The tin-plate trade continued very good ; the works 
open increased by one in the month and by two in the 
year. In the engineering trades there was an improve- 
ment; it was better than a year ago, though still 
slack. The proportion of unemployed decreased by 
0.8 per cent. in the month, and by 3.5 per cent. in 
the year. - The tendency was, at date, towards greater 
activity, especially on the Clyde and its districts. 
Throughout the kingdom the proportion of men out of 
work was 9.5 per cent., against 10.3 per cent. in the 
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previous month. In the shipbuilding trades employ- 
ment was better than a month ago and a year ago. 
The proportion of unemployed declined from 21.5 _ 
cent. to 19.3 per cent. in the United Kingdom. The 
proportion out of work is still very large in all the 
chief centres. In the miscellaneous iron, steel, and 
other metal-using industries trade was better than a 
month ago and a year ago. In some branches it was 
even considered “fair,” especially in the brass-working 
trades. There were indications of further improve- 
ment in some of the minor branches. The above 
record is not very encouraging, but after the turmoil 
of the General Election is over there are hopes of 
greater activity. 





The report of the National Union of Boot and Shoe 
Operatives states that ‘‘ trade is about normal for the 
time of year, which to us as a union means a heavy 
out-of-work list.” It reminds the members that 
‘‘unemployment is continually with us,” and no 
remedy — to be forthcoming. At Bristol an 
agreement has been entered into to increase the mini- 
mum wage ls. per week on and from the second week 
in April next, 1910, and a further 1s. per week in 
January, 1911. These concessions will end the friction 
which for some time past has been irritating the 
district. The award of Mr. Askwith, K.G., relating 
to the wages paid in connection with army work is 

iven. It covers all sections, and is very precise as to 

etails. The report states that the award is a great 
success in so far as the conditions of employment and 
wages are concerned. Working hours are reduced 
from 54 to 524. The wages scale fixes the minimum for 
youths from 18 to 20 years of age, and the number 
employed is not to exceed the limit set forth in Lord 
James of Hereford’s Boy Labour Award of August 22, 
1892, as amended by agreement on January 26, 1909. 
The report urges the members to notify at once to the 
branch officials in any district any evasion of agree- 
ments or statements, so that the cases may come 
before the Conciliation Board in due order. The 
union has obtained for the members 125/. and 120/. 
respectively as compensation for injuries in the course 
of their employment. The union has issued to all 
the members a copy of ‘*The Red Book of Awards 
and Agreements up to date.” In this every detail is 
set forth, so that all the members may know what the 
terms of the agreement are in all sections of the trade, 
as decided by awards or by the Conciliation Board. 
This will have the effect of checking sudden disputes, 
such as often occur from lack of knowledge as to what 
has been decided. 





It is pleasant sometimes to turn from the strife 
and turmoil of political and industrial contests to the 
peaceful aspects of self-help by means of mutual 
assistance, as shown in the earliest form of combina- 
tion recognised by law—namely, friendly societies, 
whose accumulated funds at present amount to some 
45 millions sterling. At present the leaders are not 
quite at one as regards promised legislation, on the 
basis of State insurance, compulsory on workers and 
employers alike, with subvention grants by the State. 
Uncertain as to what the future has in store for them 
with regard to the Government scheme of State insur- 
ance for sickness and invalidity, the friendly societies 
during the past year have been somewhat unsettled. 
It is an open secret that the suggested scheme will 
make provision for a sickness insurance of 5s. a week, 
the cost to be divided between the member, his em- 
ployer, and the State. Membership is to be compul- 
sory for those whose earnings are below the income- 
tax level, and the workman’s contribution is to be 
compulsorily deducted from his wages on the lines of 
the German plan. 

The proposal has sharply divided the members of 
friendly societies. One section favours compulsory 
insurance, and believes it can be worked to the advan- 
tage of existing voluntary societies, without undue 
interference on the part of the State. The other 
section is strongly opposed to any change in the exist- 
ing voluntary system, and considers that men and 
women should provide by their own collective efforts 
for the invalidity of sickness. 

The conferences between the Chancellor of the Ex- 
chequer and the representatives of the societies have 
been dropped for some months and the latest state- 
ment from Mr. Lloyd George was to the effect that the 
investigation into the probable cost of the scheme had 
proved more complicated than the actuaries had ex- 
pected. 

The year 1909 was not marked by any new develop- 
ment in the work or the benefits provided by friendly 
societies. The membership of the ordinary societies 
making returns to the central registry is 6,137,306, 
and their accumulated funds 44,956, 932/. 

The following is the position of the principal 
societies :~— 

Oddfellows (Manchester Unity): Membership of 
1,033,701; increase of adult members, 2629; aggregate 
income, 2,138,915/.; payments, 1,714,550/.; the total 
capital is 14,335,731. 

neient Order of Foresters: Membership, 912,815 ; 





capital, 9,154,171/. Membership showed a decrease, 
but the funds increased by 258,686/. 

Hearts of Oak Benefit Society : Adult membership, 
300,569 ; increase, 2165 ; capital, 3,731,013/. 

National Deposit Friendly Society : Began the year 
with a membership of 184,875 ; increased by 20,610 
new members; income, 165,949/.; repayments to 
deposit, 58,905/.; withdrawn, 48,565. 

nited Order of. Oddfellows: Membership—adult 
305,007, juvenile 30,930 ; capital, 1,475,823/. ; income, 
395,270/. 

Independent Order of Rechabites: Adult member- 
ship, 241,949 ; juveniles, 187,839 ; capital, 2,000,000/. ; 
the income of the year is about 500,000/. 

Loyal Order of Ancient Shepherds (Ashton Unity) : 
Adult membership, 123,703 ; juveniles, 38,911 ; capi- 
tal, 1,052,951/. ; annual income, 216,867/. 

Sons of Temperance: Membership—adult, 91,369 ; 
juvenile, 62,292 ; capital, 401,705/. ; annual income, 
142,062/. 

Order of Druids: 70,834 adult members, and capital 
of 191,490/.; juvenile membership, 13,729; capital, 
11,0971. 

United Ancient Order of Druids: Adult membership, 
52,135 ; capital, 319,567/. ; and annual income, 81,729/. 

The annual conference of the Scottish Miners’ 
Federation, held at Edinburgh last week, decided to 
use its power and influence to raise miners’ wages to a 
minimum of 8s. per day. In this they are at one with 
the National Miners’ Federation of Great Britain. 
The proposer of the resolution urged that if they were 
able in a short time to raise the rates from 3s. 6d. per 
day, in 1888, to 6s. per day, without injury to the coal 
trade, they could now more easily raise the minimum 
standard to 8s., or ls. per hour while in the pit. A 
motion to obtain a compulsory law ‘‘to secure the 
deduction of trade-union dues ” from wages at the pay- 
office each pay-day was defeated by 62 votes to 10. 
One of the speakers declared that ‘‘it was not playing 
the game to ask the employer to deduct the dues to be 
used against him.” Another resolution was to enforce 
a payment of 5/. by every new-comer into a coal-pit 
above the age of 18 years. This was rejected by 40 
votes to 31. On the contrary, the speakers urged that 
no untrained workers be allowed in the pits. Com- 
petency is needed for safety as well as for the upkeep 
of wages. A resolution requesting the Labour Members 
to support an amendment of the Mines Eight Hours 
Act, so as to make the eight hours compulsory in all 
cases without abatement, was carried unanimously. 

There is still a good deal of unrest in the Federation 
districts of South Wales and Monmouthshire, not so 
much over the Kight Hours Act, as with respect to the 
question of a minimum wage basis which shall super- 
sede that now in force, which was that adopted after 
a severe struggle many years ago. Ata conference 
last week it was decided to hand in notices on New 
Year’s Day to terminate all agreements at the end of 
three months. This does not necessarily mean that a 
strike will ensue, but it will mean that all negotiations 
thenceforward will have to be on the question of the 
basis of wages in any new agreement. 

In Durham and Northumberland spation relating 
to the working of the Mines Eight Hours Act, which 
came into force on January 1, 1910, were arranged 
provisionally between owners and miners’ representa- 
tives, and it was thought that work would be continued 
under the new Act, pending settlement of details. 
The miners in both districts, however, are very dis- 
satisfied with the conditions fixed, and on Monday as 
many as 20,000 were idle. The proposed three-shift 
system and the hours at which boys are to begin work 
are the chief subjects of contention. In one or two 
collieries the owners have suggested amended proposals, 
which have been accepted. 





The fifteen officials connected with the coal strike in 
New South Wales have been fined 100/. each, or the 
alternative of two months’ hard labour, for offences 
under the labour laws there in force. At date of 
writing there are no tidings of a settlement, but in 
some instances the men have resumed work. 





Mr. R. Bell has resigned the post of General Secretary 
to the Amalgamated Society of Railway Servants. It 
is stated that he has been offered and accepted a post 
under the Labour Exchanges Act, which came into 
force on January 1. This will account for his sudden 
withdrawal as candidate for Derby recently. He thus 
escapes from the turmoil of industrial conflicts and 
political strife to enter into a serener sphere under the 
Government. He will be free also from the persistent 
personal attacks of his own class and from the members 
of his own society. 





The Metropolitan Railway Company and its em- 
ployés, to the number of about 1700 men, have entered 
into an agreement which is binding until December 31, 
1913, as to wages and working hours. Wages are 
raised 2s. per week in many cases, and overtime is to 
be paid for at extra rates. Others get ls. per week 
advance. Christmas Day and Good Friday are to be 


treated as Sundays as regards hours and overtime 
pay. Itis said that the men are generally satisfied 
with the concessions, though less than desired. 





At the final markets of last year the iron and steel 
trades manifested a slightly increased activity, not so 
much in actual business as in more inquiries generally 
for supplies early in the present year. Buyers evinced 
more desire for buying, but makers would not, it 
appears, deal at the then ruling prices. In Cumber- 
land, it is stated, there is greater activity in one 
special branch, indicating a revival early in the year. 








JNIVERSITY COLLEGE: FacuLTy OF ENGINEERING.—In 
addition to the post-graduate course of lectures by Pro- 
fessor J. A. Fleming on ‘‘ The Theory of the Pro tion 
of Electric Currents in Telegraph and Telephone Cables 
and in Electric Conductors” already announced, two 
other post- uate courses have been arranged, namely : 
(1) ‘The Ideal Arch, Metal and Masonry; Theory 
and Design,” by Professor Karl Pearson, beginning on 
January 21; (2) ‘‘Steam-Turbines,” by W. J. Goudie, 
B.Sc., A.M.I. Mech. E., and E. G. Izod (of Messrs. 
Willans and Robinson), beginning on January 21. 





THE Iron Ores or Nova Scotia.—A comprehensive 
report on the above subject has recently been prepared 
by Dr. J. E. Woodman, lately professor of geology at 
Dalhousie University, Halifax, Canada, and has been 
issued by the Mines Branch of the Department of Mines, 
Ottawa. The report is divided into two main parts: (1) deal- 
ing with the geographical relations of the deposits, their 
mineralogy and geology, together with questions relating 
to mining policy, bounties and mining laws, while part II. 
covers, more particularly, the ores in the Clementsport 
Basin, the Nietaux-Torbrook field, the deposits of Hants 
and Colchester Counties, the ores of Western, the Cobe- 

uid Mountains, and of Arisaig, as well as those of Cape 

reton. This part is also devoted to analyses of ores and 
records of bore-holes and logical sections. In a second 
volume (to be published shortly) deposits not referred to 
in vol. i. will be described, and the value of different lime- 
stones for metallurgical purposes will be considered. This 
report will be of special value to mining engineers, 
investors, and others interested in the development of the 
iron resources of this province, where so much imported 
iron is now being vu It may be obtained on applica- 
tion to Dr. Haanel, Director of Mines, Canada. 





PRODUCTION OF ASBESTOS IN CANADA. — The only 
asbestos at present produced in Canada is mined in the 
eastern district townships, in the Province of Quebec, at 
Black Lake, Thetford, East Broughton, and Danville. 
Since 1878, when asbestos was first mined, the output has 
grown considerably, being valued in 1908 at 2,573,000 
dols., whereas in 1880 it was only worth about 25,000 dols. 
A portion of the output is sufficiently good to be shipped 
as crude, but the greater part has to be crushed, so that the 
fibre can be extracted by machinery. The crude asbestos 
is divided into two classes, and the mill fibre into three 
grades. The short fibred, asbestic, and sand are classed 
separately. The shipments of 1908 were the largest in 
tonnage and value that have, up to the present, been made. 
The following table is interesting, as giving the output 
and price during the last six years :— 


| 








| Crude. | Mill Stock. 
— : a 
Year. | Tons, Value. ton | Tons | Value. qo, 
| dols. | dols. dols. ols. 


1903 3134 361,867, 115.46 | 27,995 554,021 19.70 
1904 | 4410 = 534,874 | 121.28 | 31,201 678,628 , 21.75 
1905 | 3767 472,859) 125.53 | 46,902 | 1,013,500 21.61 
1906 3841 635,345 165.41 | 56,920 | 1,401,083 24.61 
1907 4327 830,632 191.97 | 57,803 | 1,654,135, 28.62 
1908 33454 669,232 200.04 | 63,202 1,886,129 29.84 








LarGE TUNNEL Provect in StockHoLM.—The natural 
conditions of the country in and around Stockholm, with 
its many water inlets and mountainous heights, whilst 
helping to make the Swedish capital one of the most 
picturesque in Europe, place very serious obstacles in the 
way of the increasing traffic. Several plans for bringing 
about improvements in this respect are under considera- 
tion, amongst them that of tunnelling under the waterway 
between the city and the neighbouring island of —_— 
for the accommcdation of an electric railway, &c. The 
railway will, according to this scheme, proceed from the 
open space east of the Dramatic Theatre to the Kippala 
harbour in the Island of Lidingéd. The railway will 
naturally be divided into four sections: a tunnel under 
Ostermalm (a somewhat elevated portion of Stockholm), 
the railway across the Ladugardsgiirdet (a flat expanse of 
land), a tunnel under ratienbechen (a hill), Viirtan (the 
waterway between the Island of Lidingé and Stockholm), 
and Gangsiitra Klack (another hill) and the line across the 
southern portion of the island of Lidingé to Kiippala 
harbour at the outer mouth of the Halfkaks Sound. The 
Stockholm terminus of the projected line will have a 
singularly convenient central position. The total length 
of the railway, from the terminus in Stockholm to Kap- 

la, would be 9300 metres (about 31,000 ft.). At the 

tter place there is a splendid natural harbour, with eas 
and convenient access to the waterways of the Skiirgard, 
and it is proposed to construct at this point quays capable 
of cotuninatating a considerable amount of traffic. It 
has also been suggested that the new naval station might, 
with advantage, be located here. 
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A YEAR’S TRADE IN HONG KONG. 


Hone Kone is the most important British outpost 
in the Far East, not only from a naval, but also from 
a commercial point of view, and its future will be 
watched with much interest, as the great evolution 
which is going on in the Pacific area will probably 
affect it more than any other port. With the Americans 
at Manilla, the Germans at Kiaochau, and the Japanese 
at Formosa, and with the development of other open 
ports and the construction of railways leading to all 
parts of China, at least the relative, if not the actual, 
importance of Hong Kong may diminish. On the 
other hand, the construction of the Kowloon-Canton 
Railway opens up great possibilities, and the new 
territory on the mainland, which was, some years ago, 
annexed to Hong Kong, gives room for many develop- 
ments, which may ouaihe Hong Kong to hold her 
position relatively to the other ports in the Far East. 

The report which was recently issued on Hong Kong 
in 1908 by the Colonial Office shows that, in some 
respects, the effects of the developments which have 
been mentioned are already being felt. We need not 
enter into the finances of the colony, as these are of 
little interest to the majority of our readers, but the 
following table shows that during the year 745 indivi- 
dual ocean vessels of European construction entered the 
harbour—being 365 British and 380 foreign. Thus :— 























Number 
Steamers. of Total Tonnage. 
Flag. Entries. 
i907| 1908. 1907) 1908. | 1907. 1908. 

British { Steamers 355| 358 1867) 1923 | 3,586,510 | 3,730,927 
ritish \ ailing ..| 7| 7 9} 10 19,431 21,697 
Austrian aad ¥. 96 «C9 30; 26 106,523 97,789 
Belgian a9 oa 1 1 1 1 2,903 2,903 
Chinese 20; 16 214; 229 7,789 291,416 

Corean ba ‘ ws 21,298 
Danish + a 9 6 21 15 41,122 34,211 
Dutch .. 18} 15 69, 97 142,100 | 201,014 
French 33| 39 | 202) 169 294,461 | 289,222 
German 137, 129 790) 745 | 1,246,053 1,188,100 
Italian “ ‘ 3} 4 12; 12 31,704 31,400 
Japanese 111; 98 534; 434 | 1,126,517 | 1,049,540 
Norwegian .. 59| 39 290; 181 265,728 192,278 
Portuguese .. os 2 5 59 = «8&7 19,128 23,487 
Russian 10 7 13 13 30,912 34,326 
Swedish = oa 3} 8 ll ll 12,970 | 18,099 
United Steamers 20 13 45 38 251,590 245,280 
States { Sailing.. 1 1 1 1 72 809 
Total .. .. 800, 745 4182, 3991 | 7,466,811 | 7,452,498 





Compared with 1907, 55 fewer ships, of 36,008 tons, 
entered in 1908, and the collective tonnage de- 
creased by 15,013 tons. Since Hong Kong is a free 
pert, no accurate returns based on Customs entries can 

given of the exports, imports, and goods in transit ; 
but there are certain items of cargo dealt with in the 
colony of which substantially accurate returns can 
be given, either from their nature and the circum- 
stances under which they are imported, or from the fact 
that they are required by law to be specially reported. 
These items are coal, kerosene oil (which includes all 
products of petroleum), opium, morphine, compounds 
of opium, and sugar. During the year 1,018,753 tons 
of coal were imported. Of bulk oil 61,818 tons arrived, 
an increase of 17,938 tons, or 40.8 per cent.; 40,018 
tons of case oil arrived, being an increase of 3289, or 
8. per cent., over 1907, the increase probably being 
due chiefly to cheap freights, which were taken advan- 
tage of to fill up stocks. Liquid fuel increased from 
3272 tons in 1907 to 13,832 tons in 1908, probably on 
account of an increased demand for this product, 
owing to more steamers using liquid fuel having 
visited the colony during the year. 

Hong Kong is now the centre for a number of im- 
pres industries, and when the colony is connected 
vy railway with the mainland of China they are 
certain to develop. During 1908 the conditions of the 
sugar-refining industry of the colony were more favour- 
able than those of 1907, owing to the curtailment of 
supplies of Java white sugars and of Japanese refined 
in tie China market. As a consequence of this, prices 
advanced during the year, and the local refineries were 


able to market their sugars under improved conditions. 
In ‘he rope-manufacturing industry the conditions 
ha\« not altered much during the year; although prices 
hav~ been reduced to customers, there was a arger 
demand, with increased output. The same was 
true of the cement industry. Engineering and ship- 
building was carried on under adverse circumstances 
during the year. The great trade depression, from 
which the local shipping suffered severely, made its 
iniivence felt in this industry, and the amount of new 
construction turned out by the local companies was 
not very encouraging. In regard to new vessels, the 
acti‘e operation of the floating docks at Tsingtau 
and at 


longapo, in the Philippine Islands, installed 
y ‘ne German and United States Governments re- 
spectively, was responsible for the continuance of a 
very large falling-off in the docking and repairing of 


oreign war vessels. Competition within the colony 
aS Very much increased, for, in addition to the exten- 


sive and old-established docks and workshops of the 
Hong Kong and Whampoa Dock Company, Messrs. 
Butterfield and Swire have opened a new dock 787 ft. 
long, 88 ft. wide at the top of the entrance, and 
81 ft. 8 in. at the sill, and in connection with it there 
are extensive workshops, all fitted up with the latest 
appliances. A considerable proportion of the boat 
population of Hong Kong supports itself by deep-sea 
fishing, in which pursuit a large number of junks are 
engaged. Attention is paid to the development of 
forestry and agriculture, so far as is possible within 
the limited area of the colony, and public works of 
various kinds have been carried out. 

During the year 1908 considerable progress was 
made in the British section of the Kowloon-Canton 
Railway. About 40 per cent. of the reclamation for 
a site for Kowloon Station yard was completed, and 
a very large amount of earthwork and a considerable 
amount of tunnelling were done. Nearly all the bridges 
were completed with the exception of the iron-work, 
which, however, is all in the colony. The Chinese 
section of the Kowloon-Canton Railway made con- 
siderable progress during 1908, under the able direction 
of Mr. Grove, C.R.E., who has stated that there is 
every prospect of opening a length from Canton of 
30 miles by April, 1910, and anticipates that he will 
be able to run through trains for traffic with the 
British section on or before July 1, 1911. When that 
has been connected to the main Chinese lines to Pekin, 
and again with the Trans-Siberian Railway, it will be 
—— to make the journey from London to Hong 

‘ong in about fourteen days. 








YEAR-BOOKS AND ANNUALS. 

Year-Book of Scientific and Learned Societies,— 
Messrs. Charles Griffin and Co., Limited, Exeter- 
street, Strand, have just published the twenty-sixth 
annual issue of this pabieh, which gives general 
data on the scientific and learned societies of Great 
Britain and Ireland, and on the work done by them in 
science, literature, and art during the session 1908-9. 
The societies are divided under fourteen headings :— 
General Science, Astronomy, Chemistry, Mechanical 
Science and Architecture, Law, &c. The book gives 
their addresses, the names of their officers, time of 
meetings, conditions for membership, and a list of the 
latest series of papers read. It covers over 350 pages, 
and is published at 7s. 6d. 





Hazell’s Annual.—We have received a copy for 1910 
of this well-known annual, which is edited by Mr. 
Hammond Hall, and is published at the price of 3s. 6d. 
net, by Messrs. Hazell, Watson, and Viney, Limited, 
52, Long Acre, W.C. The present edition forms the 
twenty-fifth Ye of issue, and contains in its 600 
pages a considerable amount of useful and interesting 
information on practically every topic. Reference is 
simplified by an admirable index of yee | pages. There 
are signed articles on ‘‘ The Present and Future of our 
Indian Empire,” ‘‘ The Colour Problem of the Empire,” 
** Radium,” ‘‘The Peace of Europe,” &e. We should 
call the book a handy encyclopedia rather than an 
‘‘annual,” and the statement on the cover, to the 
effect that it is a book of reference indispensable for 
every one, is no exaggeration. 





Post-Office London Directory, with County Suburbs, 
for 1910.—We have received from Kelly’s Directories, 
Limited, 182 to 184, High Holborn, W.C., a copy of 
their Post-Office London Directory, with County 
Suburbs, for 1910, which forms the 111th annual issue. 
This publication is so universally known and appre- 
ciated that it requires no special comment on our part. 
The London Directury proper contains 2538 pages, 
divided up into the familiar sections, “streets,” ‘‘com- 
mercial,” ‘‘ trades,” and so forth. That dealing with 
the London County Suburbs has 928 pages, with similar 
divisions. The publishers state that all corrections 
have been brought down to the latest possible moment 
compatible with the appearance of the directory about 
the middle of December. The care they give to every 
annual edition is revealed by the constant popularity 
of the book. It has for very many years past become a 
familiar object in every office. 





The Companies’ Diary and Agenda-Book, Edited 
by H. W. Jorpanx. London: Messrs. Jordan and 
Sons, Limited, 116 and 117, Chancery-lane, W.C. 
[Price 2s. 6d. net.}—The 1910 edition of this foolscap 
diary and agenda-book has been received, the present 
being the twenty-seventh annual edition. This book 
contains in some seventy pages a great deal of infor- 
mation of interest in connection with companies’ busi- 
ness. In the first twenty or so pages there are noted 
the principal requirements under the Companies (Con- 
solidation) Act, 1908. Further is given information on 
business matters, such as stamping, &c., of documents, 
and returns required of companies. Postal regulations 
find, as is natural, a prominent place in what is a desk- 








number of plain pages are bound in at the end for 
general memoranda. 





The Practical Engineer Pocket-Book, 1910. London : 
The Technical Publishing Company, Limited, 55 and 
56, Chancery-lane, W.C. [Price, net, ls. cloth, 1s. 6d. 
leather: |—The edition for the new year of this pocket- 
book is to hand. Little is needed in way of commen- 
dation of this book, which is now so familiar to prac- 
tical men. ‘The new edition has had fresh information 
added to it in various sections, as, for instance, those 
on grinding, fuel-testing, pyrometry, suction-gas, &c. 
The information in this compilation covers a very 
considerable range, and is of such variety that an 
adequate summary is scarcely possible. ‘The little 
volume contains 684 pages of matter besides a full 
index, while in the leather-bound edition pages of 
squared paper are inserted at the end. 


The Practical Engineer Electrical Pocket-Book and 
Diary, 1910. London: The Technical Publishing 
Company, Limited, 55 and 56, Chancery-lane, W.C. 
[Price, net, ls. cloth, ls. 6d. leather.}—In the 1910 
edition the ‘‘ Practical Engineer Electrical Pocket- 
Book and Diary” has undergone several changes in 
the direction of bringing the information contained in 
the book into line with modern electrical practice. 
New matter is included this year on metallic filament 
lamps, wiring, international units, and other subjects 
which have formed subjects of discussion during the 
past year or so. We regret to notice that in binding 
and cutting the same care does not appear to have 
been exercised as has been given to the selection of 
thematter. In some cases the print runs right off the 
page, and as this happens to occur also in the index- 
pages, many references are rendered valueless by the 
mutilation of the pages. 





Diaries, Pocket-Books, &c.—The Gloucester Diary 
for 1910 comes to hand from the Gloucester Railway 
Carriage and Wagon Company, Limited. This is the 
fifteenth year of issue of this little book, which, in 
addition to providing diary s » gives a great deal 
of local information of considerable interest.—A use- 
ful vest-pocket diary comes from Messrs. Hayward- 
Tyler and Co., Limited, 99, Queen Victoria-street, 
E.C. This has diary space, and also contains many 
tables, &c., of matter likely to be of service to engi- 
neers dealing with water supply, pumping, &c.— 
Messrs. Cammell Laird and eS. Limited, Cyclops 
Works, Sheffield, issue a useful diary. — Messrs. 
Glenfield and Kennedy, Limited, Kilmarnock, N.B., 
send a book of hydraulic and other memoranda 
indexed. This gives not only tables of data, &c., 
but particulars of standard fittings, and _ illustra- 
tions of plant made by the firm, as well as diary 
space for each day of the year.-The Campbell Gas- 
Engine Company, Limited, Halifax, have sent us a 
small pocket-diary containing illustrations of some of 
their types of gas-engines.—A ‘‘ thumb ”-sized diary 
comes to hand from Messrs. Johnson and Phillips, 
Limited, Charlton, 8.0., Kent ; while from Pitman’s 
School we have received a desk blotter provided with 
memorandum tear-off slips for each week.—Messrs. W. 
F. Dennis and Co., 49, Queen Victoria-street, K.C., send 
us a small card and stamp case containing tables of 
data relating to wire and a small diary. 








ALMANACKS, CALENDARS, &c. — We have received 
almanacks, &c., from the following firms :—Messrs. 
Henry Simon, Limited, Manchester; the United States 
Metallic Packing Company, Limited, Soho Works, 
Bradford; Messrs. Dewhurst’s Engineering Company, 
Limited, Sheffield; Messrs. Cammell Laird and Co., 
Limited, Sheftield ; Messrs. Holden and Brooke, Limited, 
West Gorton, Manchester; Messrs. W. V. Bowater and 
Sons, 159, Queen Victoria-street, E.C.—A stamped copper 
almanack representing the interior of a smith’s shop comes 
from the Atlas Metal and Alloys Come, Limited, 52, 
Queen Victoria-street, E.C.— Messrs. J. A. Wilson and Co., 
8, Duke-street, Adelphi, W.C., send us a calendar, as do 
also Messrs. Robert Park and Co., Limited, 91 and 93, 
Clerkenwell-road, F.C.; Messrs. Nalder Brothers and 
Thompson, Limited, 34, Queen-street, E.C.; Messrs. John 
Smith and Co., Grove Works, Carshalton, Surrey ; 
Messrs. J. Halden and Co., Limited, 8, Great Chapel- 
street, Victoria-street, S.W.; Messrs. William Wilson and 
Co., Lilybank Boiler Works, Gl w; and Messrs. J. and 
P. Hill, Ordnance Works, Sheffield.—An almanack from 
the Harvey Engineering Company, Limited, 224, West- 
street, Glasgow, is ornamented with a view of Fujiyama. 
—Messrs. Alfred Herbert’s almanack is illustrated with 
various patterns of their machine-tools.— A Shakespearean 
almanack comes to hand from Messrs. Ashwell and Nesbit, 
Limited. Messrs. Merryweather and Sons, Limited, 
London, send us, as usual, their bright calendar.—A tear- 
off with bold figures is to hand from the Campbell Gas- 
Engine Company, Limited, Halifax.—Others come from 
Messrs. R. +: Rios and Co., Limited, Wishaw, 
near Glasgow; Messrs. Arnold, Goodwin, and Son, 





Sumner-street, Southwark Bridge, S.E.; Messrs. George 


- . . - | Cradock and Co., Limited, Sheffield.—A desk calendar. 
diary, while a large amount of miscellaneous informa- | with tear-off leaf 


tion also finds a place in the book, concluding with | each day, has reached 
tables of weights and measures, &c. The diary portion | Electric and Manufacturing Company, Limited, Norfolk- 
is arranged with a week on two pages, while a large | street, Strand, W.C. 


iving s for memoranda, &c., for 
us from the British Westinghouse 
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WAYGOOD’S ELECTRIC AND HYDRAULIC 
LUFFING WHARF-CRANES. 

Many large luffing-cranes have from time to time 

been erected on the banks of the Thames by Messrs. 

R. Waygood and Co., Limited, of Falmouth-road, 


London, 8.E., but a oe a from their usual design | 
e by the firm. This departure | 
is embodied in two cranes of a novel description, con- | 


has recently been m 


structed under a patent they have acquired, one for the 
British and Foreign Wharf Company, Limited, at the 
British and Foreign Wharf, Stepney, which is elec- 
trically driven by current supplied from the mains of 


the Ste ay Borough Council ; and the other, which is | 
raulic type worked from the mains of the | 


of the hy 
London Hydraulic Supply Company, at Hope Wharf, 
Rotherhithe. The cranes are of the — form, 
with power to lift, slew, and luff. They are shown 
in perspective in Figs. 1 and 4, on this and the follow- 
ing page. These figures are reproductions from photo- 
graphs, the former being the electric crane, and the 
latter the hydraulic. The cranes are also shown in 
outline in Figs. 2, 3, and 5, Figs. 2 and 3 being a side 
elevation of the electric crane, and Fig. 5 a side 
elevation of the hydraulic crane. 

The chief features of these cranes are, first, that the 
jib is of the cantilever type, and projects at the back 
end beyond the point on which it is pivoted, this back 
extension being weighted until the jib is perfectly 
balanced, or even slightly overbalanced, so that the 
front end of the jib has a tendency to rise rather than 
fall if left free on its trunnions. Our illustrations 
clearly show this overhang. Secondly, a number of 
sheaves are carried by this back extension of the jib, 
and a corresponding number by the bottom plate on 
which the pedestal stands, the lifting rope bein 
passed first over the sheaves on the jib-head, an 
thence over the sheaves just referred to. These sheaves 
are set at such a distance from the point at which the jib 
is pivoted that as the jib is luffed up or down the load 
on the rope remains practically at the same level. The 
arrangement will be understood on reference to Figs. 2 
and 3. The effect of this is that whatever load may 
be raised by the crane, it is exactly balanced by the 
pull of the ropes over the back sheaves, and there is no 
tendency for the load to bring down the jib-head, and, 
so long as the stay-rods of the jib are whole, the jib 
cannot fall; or, in other words, it is self-sustainin 
whether the load is being lifted or not, the actua 


breaking of the jib being the only possible accident 
that could cause it to fall habespadiekthy of the whole 
crane. 


Another advantage gained by the back sheaves is 
that in luffing the only power necessary is that 
required to overcome the friction of the jib on its 
trunnions and the friction of the rope over the sheaves, 
as well as the small amount that the jib may be over- 
balanced or underbalanced as the case may be. The 
economy in power in luffing is therefore considerable. 
In addition to these there are other incidental ad- 
pene gr claimed for this type of crane. For instance, 
the jib is carried on the top of the pedestal, and this 
enables the cabin to be placed where the attendant 
can always command a good view of his work. The 
centre of gravity also is very low, and is generally 
within the roller-path, which, of course, lessens the 
stress on the pedestal. 

The electric crane, shown in Fig. 1, is much larger 
than the hydraulic one, as it has a maximum rake 
of 80 ft., with a minimum rake of 30 ft., and is 
capable of raising loads up to 30 cwt. at a speed of 
about 240 ft. per minute, with the jib at the fullest 
rake, while with the rake of the jib about 32 ft. as 
much as 6 tons can be lifted, the speed of lift being 
about 60 ft. per minute. The lifting is done by a 
series-wound motor, the current required when lifting 
either the 30-cwt. load or the 6-ton load being prac- 
tically the same. As the motor is series wound, lighter 
loads can be raised at high speeds. 

Double gearing is ats all the teeth are of steel, and 
are machine-cut. There are two separate drums for 
the wire ropes, the one for the heavy load being 
driven at one-quarter the speed of the other, there 
being clutches arranged to throw one set of gearing 
out, and the other in, depending on whether a light or 
a heavy load has to be raised. The arrangement of 
the sheaves at the end of the short arm of the jib is 
shown in Fig. 3. The motor for the slewing-gear is 
placed near the top of the pedestal. 

The luffing or derricking of the electric crane is done 
by a shunt-wound motor, and the jib can be luffed in or 
out about 50 ft. in about 17 seconds. The jib, being of 
rectangular type, lends itself well to the two loads, for 
at 32-ft. rake it is of ample strength to carry the 
6 tons. This crane was erected under the supervision 
of Mr. P. A. Sharman, M. Inst. C.E., 120, Cannon- 
street, E C., consulting engineer, With regard to the 
power required by this crane, some tests have been 
carried out recently, and gave the following results :— 

When raising a load of 30 cwt., 62 amperes at 446 
volts were required, and when raising 6 tons at the 
lower speed, 68 amperes at 448 volts. When slewing 
with or without a load the motor consumed 5 amperes 
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at 480 volts, and when luffing with loads of 30 ewt., 
6.5 amperes at 480 volts. When luffing with 6 tons on 
the chain, 6 amperes at 480 volts were consumed. 

The hydraulic crane was erected for Messrs. Gar- 
diner and Son, and is capable of raising a load of 
lton. It has a maximum rake of 41 ft. and a mini- 
mum rake of 9 ft. Our illustration, Fig. 5, shows it 
with the jib at the maximum rake. The lifting and 
luffing cylinders are carried at the back on an exten- 
sion of the jib and serve to balance the jib. The usual 
multiplying sheaves are carried on the ram-head of 
the lifting cylinder, but the bottom sheaves, instead 
of being carried, us usual, by the bottom of the cylinder, 
are carried on the bottom plate on which the pedestal 
stands, the balancing being done in this way without 
any extra sheaves. All this is clearly shown in Fig. 5. 


he luffing is done by a bored cylinder provided 





with a piston and rod, the bottom end of the rod being 
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attached to the pin which carries the bottom sheaves, 
so that the two cylinders are always held in the same 
position, linable with each other. Fig. 6 is a lonz'- 
tudinal section through the lifting and luffing eylin- 
ders, and Fig. 7 a transverse section through the 
same, A being the lifting cylinder, and B the lufling 
cylinder. The two cylinders are connected togeth«! 
by the casting C, having a trunnion D at each side. 
The lifting ram is restrained from turning round by 
means of the steel bar E. The slewing is done } 
two cylinders, which are attached to the sides of the 
pedestal, the chain passing round a fixed drum whic! 
is cast on the bed-plate that forms the path for the 
rollers. The crane is controlled by three verticu: 
levers in the cabin. a 
The special advantages which the makers claim for 
these cranes are : economy of working ; perfect balance 


of jib in all positions, when loaded as well as unloaded; 
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that the load remains level at any height during luffing operations ; if 
any portion of the luffing gearing should break down, the jib will 
not fall, as in the case of an ordinary crane, and the jib can, in conse- 
quence, be made considerably lighter than the be al type. The jib 
can also be fitted with permanent stops, to prevent over-winding if 
the automatic limit-gear on the electric machine should become 
deranged. In addition, the great accessibility of all the parts renders 
their inspection easy. These cranes are made under a patent granted 
to Messrs. R. Waygood and Co., Limited, and Mr. R. C. Carey. 
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Tuer Roya. InstituTion.—On Tuesday, January 18, at 
3 p.m., Professor W. A. Herdman will commence a course 
of three lectures at the Royal Institution on ‘* The Culti- 
vation of the Sea;” on Thursday, January 20, the Rev, 
C. H. W. Johns delivers the first of two lectures on 
** Assyriology ;” and on Saturday, January 22, Dr. H. 
Walford Davies begins a course oi three lectures on 
“*Music in Relation to other Arts,” with musical illus- 
trations. The Friday evening discourse on January 21 
will pe delivered by Professor Sir James Dewar, on 
**Light Reactions at Low Temperatures ;” on January 28, 
by the Rev. Canon Beeching, on ‘‘The Spiritual Teach- 
ings of Shakespeare ;” and on February 4, by Professor 
William Bateson, on ‘‘ The Heredity of Bex.” 





Tuer TemMPomMeTER.—A time chart, published under the 
name of the ‘‘ Tempometer,” has reached us from Messrs. 
James Munro and Co., Limited, Tradeston, Glasgow. 
This chart is arranged to give the local mean time, the 
latitude and longitude of a Jarge number of places scattered 
over the globe, while a perpetual calendar below gives 
the day of the week of any date in years ranging from 
1753 to 2000 a.p. The dost is provided with a lar 
rotating disc, on which are marked the names of the 
various places. This chart is rotated until one pointer 
on it corresponds with the correct time marked on the 
clock-face of the chart, when the mean time for ail other 
places will be shown exactly opposite their names. 
The perpetual calendar is provided with a sliding-bar, 
which is quickly set to any year, and the day of the week 
of any date easily read off. 
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WORKMEN’S COMPENSATION CASES. 


Payment of Insurance Premiums.—The danger to em- 
ployers in delaying the payment of premiums due to in- 
surance companies for insurance under the Workmen’s 
Compensation Act was strikingly shown in a case decided 
by a jury at the Manchester Assizes. The plaintiff was 
Mr. Joseph Williams, engineer and pattern-maker at 
Ancoats, and the defendants were the United Legal 
Indemnity Insurance Society, Limited. The plaintiff, as 
an employer, had insured inst risks under the Work- 
men’s Compensation Act, but his premium was eight 
months overdue when, according to his evidence, a news- 

aper paragraph and a conversation with a business 

riend reminded him of the danger of his neglect, and he 
thereupon made out a cheque for the premium and posted 
it. That was on February 25. By a strange coincidence 
aserious accident happened to a workman, who lost an 
arm in the plaintiff's workshop on the following day. The 
defendants declined to pay insurance because the pre- 
mium had not been paid t before the accident happened. 
The plaintiff's cheque was dated February 25, and the 
defendant’s receipt the 27th. There was some doubt 
raised by the defendants as to the exact date of the post- 
ing of the cheque, and their defence was that the policy 
provided that the society should not be liable for any 
accident before the actual receipt of the premium by the 
society or its authorised agent. 

The plaintiff's cheque was banked by the insurance 
agent on the afternoon of February 26, the day of the 
accident. The onus of proof as to the precise time of 
posting the cheque was on the plaintiff, who did not 
satisfy the jury. They, therefore, gave their verdict for 
the insurance company. 

Had it been proved that the cheque was actually posted 
the day before the accident, the plaintiff must have suc- 
ceeded. But the evidence of the agent and of the bank 
that it was received and lodged on the afternoon of 
February 26, the same day as the accident, presumed in 
favour of the defendants, for, of course, before the receipt 
of the cheque the plaintiff was not insured. 

In Course of Employment.— Workers and their ‘‘ depen- 
dants” appear slow to learn thatin order to justify a claim 
for workmen’s compensation it must be proved that the 
accident wasthe cause of injuries received by the worker 
in the course of his employment, and arising out of it. The 
Halifax County Court Judge has just had before him the 
application of the father of a lad who met his death in the 
factory of his employers, Messrs. Omerod Brothers, spin- 
ners, Brighouse. At the meal-hour he went toa vat of 
hot water to heat his dinner; he fell in and was killed. 
He had no business to be there. A foreman was present, 
but the lad did not belong to his department, and was 
not under his orders. It was contended that the em- 
ployers were responsible for the lad’s action. The firm 
provided the convenience of a large steam stove with 
shelves, into which the workers were accustomed, if they 
did not go home, to place their dinners to be heated. On 
the day of the lad’s death one of the shelves of the stove was 
out of its place ; | in waiting at the stove was conse- 
quently increased, and the lad, who had only half-an-hour 
for his meal, was impatient, and, leaving the stove, went to 
a vat of boiling water to hold his can there, and unfortu- 
nately fell in and met his death. The case was on all 
fours with the recent action against Messrs. Lloyd’s, where 
a workman in their paper factory at the dinner-hour, con- 
trary to orders, rest upon a hot-water tank, and the 
Court of Appeal held the employers were not liable. The 
risk of doing a rash thing that did not arise in the course 
of his employment was entirely the worker’s affair. 
The Halifax case was eee | decided against the appli- 
cant, who claimed as a dependant. 

Engagement of Old Men.—A workman aged seventy- 
eight was employed at the Lancashire Lock and Hinge 
Works, Ashton. He was really too old for his job, and 
was continued in it out of kindness, being allowed to 
come and go as he liked. His employers had required 
him to sign an agreement that in the circumstances of 
his advanced age and proneness to accident, there should 
be no claim under the Workmen’s Compensation Act. 
The old man met his death by a fall, and his widow 
claimed compensation ; but as the evidence showed that the 
accident did not arise in the course of the employment, 
she got nothing. It should be noted that in this case the 
agreement entered into between the deceased and _his 
employers, that no claim for compensation for accident 
should ever be made on his account, did not at all affect 
the decision. It is not legal to contract out of the Act. 
The County Court Judge in this case remarked that it 
was an instance where contracting-out might, in the 
interests of old workers, be desirable. It would, in a 
host of cases, open the gates of employers to infirm work- 
men whose services might be engaged for what they are 
worth if they were free to contract out of the Act, and 
so save employers a risk which they now rarely care to 
undertake. 

Travelling Workmen.—The question frequently arises, 
when a workman is sent on his master’s business to a 
distant place and an accident happens, is the master 
liable for compensation? Of course the test is: Was the 
workman the victim of an accident which arose out of, 
or in the course of, his employment? The County Court 
Judge at Reading, on December 10, had an application 

inst Messrs. Dunlop and Co., contractors, of Reading, 

who had sent Alfred Simms, carman, to work at a distant 
village with instructions to lodge overnight. He stayed 
the evening with a friend from 7 till 10, when he pro- 
cecded to the local inn to sleep, and on the way met with 
a fatal accident. Thus it will be seen the accident did 
happen to the unfortunate man in the course of his em- 
loyment, but as it did not arise out of such employment, 
fis work having actually ceased at 7 o'clock, it was, 
therefore, not the kind of accident for which the Work- 





men’s Compensation Act provides. It was not due to an 
accident reasonably incidental to the man’s employment, 
against the risk of which the employer should have pro- 
vided. The arbitrator was therefore reluctantly forced 
to decide against the widow, who made the application. 

Responsilility of Outside Parties.—A case before the 
County Court at Chesterfield a few days ago shows the 
scope of Section 6 of the Workmen’s Compensation Act. 
This section, it will be remembered, provides that where 
the injury for which compensation_is payable under the 
Workmen’s Compensation Act was caused under circum- 
stances creating a legal liability in some person other 
than the employer, the workman may take proceedings 
both against thet person for damages and against his em- 
ployer, who is liable under the Workmen’s Compensation 
Act, but the workman is not entitled to recover da 8 
from the outsider as well as compensation from his 
employer. Also if the workman has recovered compensa- 
tion under the Workmen’s Compensation Act the em- 
ployer, by whom compensation has been paid, shall be 
entitled to be indemaiied by the person who is liable to 
pay damages for the accident. In the Chesterfield case 
a workman was sent by his employer to do some work at 
a railway goods yard, and there, through the shunting of 
wagons, he was killed. His widow, to make sure of 
compensation, applied for compensation and got it under 
the Workmen’s Compensation Act. Had she taken an 
action against the railway company, who were not re- 
sponsible under the Workmen’s Compensation Act, not 
being the man’s employers, she would have had to prove 
at common law that the railway company, or their ser- 
vants, were negligent, and that d ad not himself 
contributed to the accident by his own negligence. The 
widow having recovered compensation from the employer, 
the common-law right, which is preserved in Section 6 of 
the Workmen’s Compensation Act, belongs to the em- 
ployer, who in this case sued the railway company for 
indemnity, and succeeded, because he proved that the 
fatal accident was due solely to the railway people’s negli- 
gence. It should be noted that had negligence against the 
railway company not been proved, the employer would 
have had no remedy, although responsible, in any event, 
for compensation under the Workmen’s Compensation 
Act 


ct. 
Apportionment for Infants.—When the sum of 300/., to 
whe widow, with her children, is entitled under the 
Workmen’s Compensation Act, is paid into Court, it does 
not follow that the widow can claim to withdraw the 
entire sum. She might use it unwisely, and therefore its 
apportionment for the ultimate benefit of young children 
rests with the County Court Judge. At Rotherham, on 
December 10, a collier’s widow asked for an order in 
respect of 300/. paid into Court by the Rother Vale 
Collieries. She Ys a to use the money as long as it 
would last, as she had some children who in a few years 
would be able to work. The Judge declined to adjourn 
the apportionment, for he might thus deprive the young 
children of their rights. He therefore allowed the widow 
10/7. for the eldest child and 15/. for each of the other 
seven, and authorised the payment to the applicant of 
7s. 6d. a week out of the amount remaining to her credit, 
with 2s, 6d. per week from the sums allocated to the five 
elder children, thus making 1/. a week altogether. 

Insectsin a Mine.—Asa rule, compensation for injuries 
is only granted to a workman when the accident arose 
from a risk reasonably incidental to the employment and 
Was in some sense due to it. The sting of a poisonous 
insect in a mine, it was contended, was not such an acci- 
dent as the employers should take the risk of, for an 
insect’s sting might injure any person under any circum- 
stances. Circumstances sometimes, however, do involve 
the employers in the risk, as was found by the New 
Hucknall Colliery Company in an arbitration in the 
County Court of Mansfield on December 10. A miner 
was working in a warm corner of the pit, and when 
sitting and chatting during ‘‘snap time” was stung on 
the forehead by a fly or gnat. He did not feel anything 
more at first than a pain in the face, and worked away ; 
a few days passed before he reported it to a deputy 
who was in the pit. At length, after some six weeks, 
blood-poisoning ensued, and he was incapacitated for a 
fortnight. For the employers, it was argued that he had 
not pe timely notice, and that the accident did not occur 
in the course of the miners’ employment. 

The evidence, however, showed that in the stall where 
applicant worked the air was foul; it was the last to get 
any ventilation. The exceptional heat caused the place 
to swarm with insects, and refuse was unavoidably left 
there to decom The vermin thus generated some- 
times settled on the pit ponies that had sores. The 
peculiar circumstances showed that the miner was in a 
position of danger exceeding that of his miner’s occupa- 
tion, and the County Court Judge awarded him compen- 
sation with costs. 

Com tion Runs on while Workman is in Prison.— 
The Sheriff of Hamilton gave judgment on December 12 
on a novel point, which fon rarely arises in Work- 
men’s Compensation Cases. A workman in May last was 
awarded 18s.a week compensation, and some ten weeks 
later was sent to prison for an assault and breach of the 
peace. He was in gaol six weeks, and during this 

riod his employers, the United Collieries Company, re- 
used to pay the weekly compensation, and claimed to 
have the weekly charge suspended while the workman 
was maintained 4 the State. Such objection, however, 
has no relevant bearing on the workman’s right to the 
compensation during incapacity for work as a conse- 
quence of the accident. is punishment for the breach 
of the peace he could endure, although he was physically 
incapacitated for work. It cannot be read into an 
award or a contract to pay weekly compensation during 
incapacity that the payments are suspended during the 
days or weeks that the workman is maintained by the 





State in prison. The Sheriff, in a reserved judgment, 
decided in favour of the workman. 


APPEAL CASES. 

Among the appeals recently heard in the High Court 
there is one that may be noted. Although it involves no 
novel point of law, it is interesting to many workmen as u 
lesson or a warning. The workman—a Rhondda miner— 
claimed compensation from his employers, the Ocean Co!- 
liery Company, because he had his hand crushed and 
fingers maimed in an accident at his work. After paying 
weekly money compensation, the Colliery Company, when 
his hand was healed, at once found him other employment, 
for which he was fitted, as a haulier, and for this his wages 
were more than he had received before. After a time 
he was reduced to the position of a shackler at lower 
wages. The law, of course, gives compensation for dimi- 
nished earning capacity arising from the accident, but 
the employers alleged that this man’s reduced earning was 
his own fault—that he absented himself without reason, 
which he denied. The County Court Judge was emphatic 
that the lower wages complained of were not due to the 
accident, and refused him any further compensation. The 
point of interest is, of course, that when suitable work is 
eng and the man is not paid lower wages, but 

igher, the arbitrator may consider him sufficiently com- 
pensated by the weekly payments during his disablement 
and a job at . wages as soon as he was fitted for 
other work. is subsequent absence and alleged 
drunkenness, and not the accident, were, in the estimation 
of the arbitrator, the reason of his loss of work, and not 
diminished capacity in consequence of the accident. In 
this view the Court of Appeal concurred. 

The principle that a man is debarred from claiming 
further compensation if, through his own misconduct, he 
loses the occupation given him at higher wages, after an 
accident, generally goes against the workman, as in this 
case. But it should be noted that the Court of Appeal, 
although they dismissed the appeal, held the man was 
not disentitled to claim compensation if, in the future, he 
could adduce proper evidence. Under the head of full 
wages after an accident, the law has decided that even 
if the workman is, in spite of his accident, continuing 
work at his former wages, he is still entitled to claim com- 
pensation, should it turn out at any future time that his 
wage-earning capacity has been diminished by the accident. 

In the High Court in London ail the appeal cases under 
the Workmen’s Compensation Act have been disposed of 
for this term. The following appeal cases in the Irish 


‘and Scotch Appeal Courts heard on December 9 present 


interesting points :— 

Before the Lord Chancellor and the Lords Justices in 
Dublin the widow of a mill-hand in Navan Mills was the 
respondent, and Messrs. F. and J. Clayton and Co. the 
appellants. 

Messrs. Clayton appealed from the award of the County 
Court Judge. The deceased, a workman at the mills, was 
employed for a fortnight wading the river adjoining the 
mill to clear it of stones which obstructed the water- 
wheel. This caused an illness (acute nephritis), from 
which the workman died. The County Court Judge held 
his death arose out of, and in the course of, the man’s 
employment, and awarded compensation to the widow. 

he ye in their — contended this was con- 
trary to the Act, and that there had been no “accident.” 
The chill of the cold water for a fortnight had brought 
on the fatal disease, but at no moment of that time could 
it be said that anything in the nature of an accident had 
ee pg time when the man caught the chill could 
not be fixed. It is true that there is no case exactly on all 
fours with this, but the doctor said the man worked in 
the water, and this employment caused his death. The 
County Court Judge was therefore right in concluding that 
the illness was an accident within the meaning of the Act, 
and the Court of Appeal unanimously agreed that this 
was an unlooked-for mishap in the course of the work- 
man’s employment, and the employer’s appeal was 
therefore dismissed. 








THE TELEPHONE AT THE Farok IsLtanps.—The com- 
— of the Faroe Islands telephone system has been 

indered by the fact that the cables between the different 
islands have suffered considerably from electrolytic effects, 
which were especially harmful in the case of cables at the- 
bottom of the sea in the vicinity of coal deposits. The 
attempt has therefore been made to place the islands in 
telephonic connection with each other by means of lines 
suspended between elevated points. Whilst the normal 
distance between telephone poles is some 200 ft., a distance 
of 1} miles is considered sible at the Faroe Islands. 
The difficulty is to keep de whee so high that they will 
not interfere with shipping, for the wire must not be 
suspended toc tightly. 





RatLway EARNINGS IN THE Unitep States.—Figures 
issued by the Bureau of Railway News and Statistics, 
Chicago, show that the railroads of the United States earned 
2,437,385,841 dols. in 1908-9, compared with 2,424, 640,657 
dols. in 1907-8. Net earnings showed a greater increase 
viz., from 645,678,243 dols. to 736,496,600 dols.—owing to 
decreased operating expenses. The ratio of expenses ‘0 
revenue now stands at 66.13 per cent., against neary 
70 per cent. in the previous year, when trade in the 
country was so upset and railways took some time to 
adjust themselves to changed conditions. Maintenane:- 
of-way expenses have fallen from 13.69 per cent. of tle 
total in 1907-8 to 12.81 per cent. in 1908-9; maintenance of 
equipment, from 15.35 per cent. to 14.97 per cent.; and 
transportation expenses, from 36.28 per cent. of the total 
to 33.79 percent. These and other changes result in tie 
net operating income having risen from 26.63 per cent. of 
the gross income to 30.22 per cent. 
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ComPILeD By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated, 
Where inventions are communicated from abroad, the Names, dc., 
of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the unifurm price of 8d. 
The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Ofice of opposition to the grant of a 


Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


28,092. Verit panties, Santen and Aston, and 
W. G. Pipkin, lectric Switches. [4 Figs.) 
December 24, 1908.—This invention relates to small regulating 
electric switches, and to the type in which the switch-arms, re- 
sistance stops, the terminals, and stop connections are arranged 
upon a single carrier of porcelain, adapted to be attached toa 
casing or support. The base-plate is represented at a, and the 
casing atc, the said casing enclosing the porcelain carrier d and 
the parts it carries, and being attached to the base-plate a. The 
carrier dis in the form of a disc, and has across the middle of 
each of its faces an outstanding web d2, through the outer one of 
which the pivot-pin e? passes for the pivoting of the switch-arm e 
to the carrier, the inner web d2 being cut away in the middle to 
permit of the moving of the switch-arm. The carrier is rigidly 
attached to the base-plate by pins which pass transversely through 
the web d@? and screw into the base-plate, so that the inner face of 
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the carrier, except the web, stands clear of the base-plate. The 
switch-arm is disposed between the inner face and the base-plate. 
The circuit terminals g and the resistance-stop terminals / are 
provided upon the outer face of the carrier to facilitate the wiring 
by the simple removal of the casing c. Diametrically across the 
faces and over the ends of the carrier d are provided a number of 
grooves i, wherein the resistance coils are placed, these grooves 
lying within recesses provided in each face of the carrier between 
the web d2 and bars » of the carrier. These recesses provide an 
effective insulation of the resistance wires from the pivot-pin e2 
and the terminals and stop-connections. By this construction, 
immediately the casing ¢ is removed the wiring terminals and 
connections are presented, making the connecting-up and inspec- 
tion easy and quick. The operating handle of the switch-arm is 
outside the casing ¢, and is connected to the switch-arm. (Accepted 
November 3, 1909.) 


GUNS AND EXPLOSIVES. 


W. G. Armstrong, Whitworth, and Co., 
Limited, E. W. Lloyd and F.G. D. Johnston, New- 
castle-on- e. Gun-Mountings. [1 Fig.) January 13, 
1909.—The object of this invention is to enable a gun to be 
brought to a fixed loading position by a single movement of a 
handle, the movement being the same whether the gun chances 
to be above or below the loading position. The invention is 
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Ye to pressure through a pipe c®, this pressure tending to hold 
the stop out of operation—i.e., in the dotted position—while liquid 
under pressure can be admitted to the other end of the cylinder 
through 2 pipe c* by the movement of a valve d actuated in a 
valve-chamber d! by a handle d®. Liquid can also pass by the pipe 
c® to a second valve-chamber ¢ in communication by the pipe e! 
with the elevating-cylinder f. In this valve-chamber e¢ is asecond 
valve g connected to and moving with the piston ¢, and so 
arranged that when the valve d is placed in the position shown, 
and the piston ¢ accordingly moves the loading-stop into posi- 
tion, the valve g puts the elevating-cylinder to exhaust, thus 
allowing the breech of the gun to descend ; but should the load- 
ing-stop not be able to move, owing to the breech being below the 
loading position, the valve g will be over to the right, and liquid 
will eae from the valve-chamber e to the elevating-cylinder /, and 
the breech will be raised until the stop b can move beneath it. 
Liquid under pressure is admitted to the chamber d! by the pipe 
@, and the vere d may be made to control the entrance of liquid 
to the pipe h, by which liquid is supplied to the main elevating 
valve, so that when the valve d is moved to actuate the loading- 
stop it will cut off pressure from the main elevating-valve. An 
exhaust port i should also be provided in the valve-chamber d! in 
order that when the handle d@2 is moved to its inoperative posi- 
tion the right-hand end of the cylinder c! may be put to exhaust, 
so as to ensure the piston c being moved to the right to withdraw 
the loading-stop. A non-return valve e2 may also be fitted in the 
entrance to the valve-chamber e to prevent the return of any 
liquid from the cylinder f when the loading-stop is out of action. 
It will be seen that this arrangement allows the gun, whether 
above or below the loading-stop, to be moved on to the stop by 
oo movement of the handle d®, (Accepted November 3, 
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HYDRAULIC MACHINERY. 


16,041. K. C. Edmunds, London. Hydraulic Tur- 
bines. [2 Figs.) July 9, 1909.—This invention relates to tur- 
bines of the type in which a jet or jets of fluid impinge upon cups 
or buckets. In such turbines, the cups or buckets placed around 
the periphery of the wheel have been given a variety of different 
forms ; moreover, in some cases the cups or buckets have heen 
arranged to project to a greater or less extent one within another. 
Thus, in the latter type, for instance, a form of pointed pocket 
projecting from the rotor drum has been suggested, of more or 
less J or Y shape in cross-section ; but in such pocket-like forms, 
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unless the water-jet acts unsymmetrically on the buckets, there is 
a difficulty in disposing of the spent fluid. To overcome this 
difficulty, according to = invention, such pocket-like 
forms of bucket are dispensed with, and instead the buckets are 
constructed as a series of complete cones. Mounted on the drum 
a are three rings of buckets, each bucket consisting of a hollow 
cone h, and having its apex inserted a certain distance within the 
hollow of an adjacent bucket, as shown. Nozzles i are suitably 
disposed, one to cach ring of buckets, and are connected to a 
common junction-piece provided with « spigot m for the attach- 
ment of a hose. (Accepted October 27, 1909.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


22,684. A. Herbert, Kenilworth, and P. V. Vernon, 
Coventry. Machine-Tools. (3 Figs.) October 26, 1908.— 
This invention relates to clutches, particularly for use on machine- 
tools, which are disengaged by the actual power transmitted 
through them. Clutches of this type are used where easy disen- 
gagement is required of a clutch which is under considerable 
load, without great exertion on the part of the operator. The 
sleeve A carrying the driving gear B is formed with driving-clutch 
teeth at ©. These teeth are engaged by similar teeth on the 
driven clutch member D, which is free to slide on a key-way on 
the driven shaft E. The shape of the clutch teeth will be gathered 
from Fig. 3, and it will be seen that these are angular, so that the 
teeth tend to separate under rotation in either direction, and the 
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illustrated in the diagram, in which a is the gun-slide shown in 
the loading position upon the pivoted loading-stop b, which is so 
arranged that it can move into position beneath the slide so long 
as the breech of the gun is above the loading position; but if the 
brcech be below that positon, the stop is prevented from move- 
ment. The stop is connected by a link b! to a piston ¢ in an 
hydraulic eylinder cl, and the smaller face of the piston is always 


the shape of the teeth. To disengage the clutch, the pinion O is 
actuated, moving the sleeve K tothe right. The conical part K2 
and the inclined portion of the catch F er , rocking the catch 
F aboutits pivot and disengaging the shoulder from the flan; 
D?. The clutch teeth are now free to separate in the manner de- 
scribed. It will be seen that the withdrawal of the clutch member 
is effected by the continued rotation of the clutch. Should the 
clutch teeth, for some reason, not separate, the pinion O can 
be further moved, bringing the end of the sleeve K up against 
the stop P, which positively draws back the sleeve D and withdraws 
theclutch. Movement of the operating pinion O in the opposite 
direction brings the left-hand end of the sleeve K up against the 
flange D2, positively engaging the clutch teeth, and in per- 
mitting the catch F to engage with the shoulder, It willbe seen 
that the tendency of the clutch members to separate axially is 
not transmitted to any of the other parts owing to the hooking 
of the parts together by the catch F. There is therefore no un- 
necessary thrust or friction when the parts are in operation, 
(Accepted October 27, 1909.) 
Glasg 


6926. A. Kelly and C. D. B. Hansen, ‘ow. 
Clutches, (2 Figs.) March 23, 1909.—This invention relates 
to dog clutches for coupling shafts, and, more particularly, to 
devices of the kind in which one member of the clutch is pro- 
vided with a resiliently mounted projection adapted to engage 
the other member of the clutch, so as to prevent the movable 
member of the clutch from being actuated unless the clutching 
faces are in proper position for engagement. The device con- 
sists of a sleeve A fitted on the movable clutch B, havinga notch 
C in its circumference, which will pass freely over a projecting 
pin D on the clutch face of the adjoining shaft E, when the shaft 
is in correct position for coupling up, but which, when the shaft 








is inany other position, will present an obstruction to the end- 
wise movement of the movable clutch B owing to the sleeve A 
striking against the pin D. The pin D is bevelled at its sides and 
pre outwards by a spring F, so that the pin may be depressed 
sufficiently to let the sleeve A pass over it freely to prevent any 
damage being done should the shaft E start before the clutch is 
engaged. In bringing the clutch faces into proper relative 
position for engagement, the shaft H carrying the clutch B and 
the sleeve A may be turned by gearing I, I! operated by hand, the 
clutch being operatively engaged with the hand-gear shaft ; and 
when the pin D is opposite the notch C in the sleeve A, the 
movable clutch B is shifted into engagement with the shaft E. 
(Accepted November 3, 1909.) 


23,860. A. Drummond, Guildford. D -Ma- 
chines. {3 Figs.) November 7, 1908.—This invention relates 
to drilling-machines, and consists in the application thereto of 
mechanism, of known kind, wherein a rotary disc formed with 
volute projections on its face is arranged at such an angle to a 
rack as will enable the projections at one part of the disc to 
engage with the rack teeth, and the projections at the other part 
to clear the rack teeth. The disc A is provided with an inclined 
portion A! on which is formed the volute projections A!*, and 
such disc is mounted upon a spindle A2, which is suitably carried 
by the table, or in the radial arm of the drilling-machine, accord- 
ing to the type of machine to which it is to be applied, and on 
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the outer end of such spindle is a hand-wheel A* for operating 
u es. The rack B is preferably formed with curved teeth, 
aving u nd horizontal surfaces and lower inclined surfaces, and 
is carried by the upright pillar of the drilling-machine, upon which 
the table or radial arm is slidably mounted. The spindle A2 is 
arranged at an rr to the rack for enabling the volute projec- 
tions at one part of the disc to engage with the rack, and the pro- 
a at the opposite part to clear the rack, the projections 
ing formed inversely to the rack teeth, and so arranged as to 
gear with the latter accurately. The arrangement above described 
will securely hold the table or arm at any adjusted position, it 
also enables a very sensitive adjustment of the table or radial 
arm to be effected, and provides plenty of power for obtaining the 
movement of the arm or table. ype Boe! November 8, 1909.) 


MOTOR ROAD VEHICLES. 


28,117. A. C. King and J. King, Southgate, and 
Hamer, Hayes. Petrol-Electric Drive. {1 Fig.) 
cember 24, 1908.—This invention relates to power transmission 
systems or mechanisms in which the prime mover is connected 
with, or is geared to, the load through the intermediary of a 
dynamo-electric ope ee | device and epicyclic, or sun-and- 
planet, gearing, the planet wheels of the gearing being carried by, 
or t 


F. 
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sleeve D to move to the right, directly any torque is tr itted 
through them. The driving member A is provided with one or 
more pivoted catches F, each formed with a shoulder and an in- 
clined part. The shoulder is adapted to hook over a flange D? on 
the sleeve D as illustrated, and the inclined portion to engage a 
the conical part K2 on a sliding sleeve K. The catch F is held in 
engagement as illustrated by means of a spring L. The sleeve 
K is mounted upon the sleeve D, and is formed with circular rack 
teeth N engaged by an operating pinion O. A ‘stop P limits the 
movement of the sleeve K to the right. It will be seen that, with 
in the position shown in Fig. 1, although the clutch teeth 


to, a rotary member of the dynamo-electric trans- 
mitting device, and the central, or sun, wheel being connected to, 
or carried by, a ber or part cc ted with the load, and the 
braking or retardation of a part of the gearing being effected by 
the dynamo-electric transmitting device. In carrying this in- 
vention into effect, the dynamo-electric transmitting device com- 
prises a pair of stationary field-magnet structures 1, 11, arranged 
side by side ; 2, 12 are the armatures, and 3, 4 are two shafts which 
are co-axial and connected with the prime mover and the load 
respectively. The armature 2 is carried by the driving and driven 
shafts 3, 4 in such wise that it can rotate relatively thereto. The 








the _—_ 
tend to separate under load, they are prevented hy the catch F. 
Thus the power can be transmitted through the clutch in spite of 
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second armature 12 iscarried by thedriven shaft 4, and is mounted 
thereon, so as to be capable of rotation relatively thereto ; 6 is a 
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shaft that is mounted:at its ends in the discs 5 of the armature 2, 
so as to be parallel with the co-axial shafts 3, 4, and carries 
three spur-wheels 7, 8, 13. The first, 7, of these spur-wheels 
gears with a sun-wheel 9 connected with the driving-shaft 3, 
the second spur-wheel 8 with a sun-wheel 10 mounted on the 
driven shaft 4, and the third spur-wheel 13 with a sun-wheel 
14 that is fixed to a sleeve 15 attached to a disc 5 of the 
second armature 12, The sleeve 15 is such that the disc 5 of 
the armature 2 which would be mounted on the shaft 4 is mounted 
thereon, and so that the armature 2 can rotate relatively to the 
armature 12, The sun-and-planet trains 7, 9, and 8, 10 are arran 

within the armature 2, and the sun-wheel 14 is mounted on the 
sleeve 15, so that it is also contained within the armature 2, and is 
in proximity to the sun-wheel 10, The number of teeth on the 
planet-wheel 13 is either greater than or less than the number of 
teeth on the planet-wheel 8. The operation is as follows :—The 
load is to be driven in a forward direction. The prime-mover is 
started up, the sun-wheel 9 imparts rotary motion to the planet- 
wheel 7, which in turn imparts rotary motion to the planet-wheels 
8 and 13. The planet-wheel 8 gears with the sun-wheel 10 on the 
shaft 4, and rolls idly round this wheel owing to the load con- 
nected therewith tending to hold this wheel stationary. As the 
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planet-wheel 8 must revolve around the sun-wheel 10, this causes 
the armature 2 to rotate. When the field-magnet structure 1 is 
energised, the armature 2, rotating in a magnetic field, is retarded 
more or less. This retardation causes the sun-wheels 9, 10 and 
planet-wheels 7, 8 to bind or form driving-couples and rotary 
motion to be imparted from the shaft 3 to the shaft 4. When a 
reverse drive is required to be imparted to the shaft 4, the field- 
magnet structure 1 is de-energised, and the fleld-magnet structure 
ll energised. The armature 12, which is rotated by the gearing, 
is thus retarded, more or less. The sun-wheel 14 is thus pre- 
vented from free movement, and nt Ep Maa 13 is compelled 
to rotate round it. The planet-wheel 8 is also rotating round the 
sun-wheel 10 on the shaft 4, and as the number of teeth on the 
planet-wheel 8 is different to the number of teeth on the planet- 
wheel 13, for every revolution of the shaft 6, which is moving 
round in the opposite direction to that in which the shaft 3 is 
rotating, the sun-wheel is pulled round a certain distance. To 
obtain a direct forward drive the armature 2 and shaft 3 are con- 
nected together by means of a clutch, the armatures 2, 12 revolve 
as one solid mass with the shaft 3, the field-magnet structures 1, 
11 being, of course, de-energised, and the armatures free to re- 
volve, no gear-wheels running. (Accepted October 27, 1909.) 


RAILWAYS AND TRAMWAYS. 


16,037. W. Gatwood, Pendleton. Spring Buffers. 
[16 Figs.| July 9, 1909. — According to the present invention, 
which relates to spring buffers for railway vehicles, the weakening 
of the buffer shank by screwing or grooving is obviated, and the 
buffer plunger is secured by a flanged plate divided into two parts 
to clip the end of the buffer shank inside a large collar forged 
solid with the end of the shank. The washer-plate a is formed in 
two parts, and has a central hole, round which the plate is flanged 
to any required depth to form an inside sleeve. The buffer 
plunger e is forged with a collar c at the extreme end, and that 
part of the shank } behind the collar is swaged or turned down to 
receive the two halves of the flanged washer-plate a. The internal 
diameter of the spring o having to be large enough to permit the 
spring to be easily over the end of the collar ¢ of the buffer 
shank b, a special washer must be used to enable the spring to 
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take up the thrust of the buffer plunger ¢. This special washer is 
made in three parts—viz., a w t washer / in two parts, witha 
flange g and an outer washer A. "““he flange g round the hole of 
the washer / is made of sufficient depth to pass through the hole 
in the washer A in order to form a boss or sleeve, on which the 
front end of the spring o fits. The flange g thus forms a support 
and guide to keep the spring in position. When the complete 
buffer is attached to the underframe of a railway wagon or car- 
riage, and the paw is forced home to its full stroke, the end 
bar or headstock of the frame holds the two parts of the flanged 
washer-plate ain place. The only way of taking the plunger out 
of its case is by detaching the buffer from the underframe, = 
back the plunger e, compressing the spring o to a sufficient exten 
to es = = ot the oS washer-plate a to be removed, 
and unboltin e -plate from the case 1. (Accepted 
October 27, 1909.) . . : 

22,314. J. Murray, Peckham. Tramway-Conduit 
Points. [3 Figs.) October 21, 1908.—This invention relates to 
points or switches employed in conduit systems of electric tram- 
ways, and more particularly to cases where facing-points or 
switches are employed, and the shifting or setting of the facin - 
switch is effected simultaneously with the setting of the rail-poin 
or switches by suitable connection with the mechanism by which 





the latter are operated. The invention consists im directly operat- | 
ing the shifting arms of the facing-switch from the track-point 
shifting without intervention of any slip or follow-up gear or 
links and pin-joints. The conduit facing-switch or centre tongue a | 
is adap to be set in the required position by shifting-arms b 
which are connected by rods ¢ to cranks d rigid with the yoke e 
connecting the two track-points f. The yoke e is adapted to be | 
operated by a lever g as usual. e ¢are connected to the 
shifting-arms b in such relation to the points of connection of the 

















yoke e with the track-points f that the correct movements will 
be given to the arms ) whenever the track-points are shifted. 
It will thus be understood that the arms b are directly operated 
from the track-points instead of being operated through lost 
motion or ‘‘slip” devices as hitherto, thus —e less compli- 
cated mechanism to be employed and considerably lessening the 
liability to derangement due to wear and tear. It is preferred to 
»rovide stops to limit the travel of the tongue a, these stops being 
in the form of eccentric heads upon bolt, so as to provide simple 
means of adjustment. (Accepted October 27, 1909.) 


W. R. Preston, Deptford, and J. F. 
McIntosh, G ow. Locomotive Spark-Arresters. 
(12 Figs.) October 29, 1908.—This invention relates to smoke- 
boxes of locomotive boilers and has for object the provision of a 
deflector or arrester to prevent the emission of live sparks or 
cinders, and to eject such cinders or ashes when they are dead, 
thus preventing the accumulation of ashes or cinders in the 
smoke-box. a is the deflector, which is of V-shape in plan, and 
is interposed between the smoke-box tube-plate b and the blast-pipe 
ce. The deflector extends from the bottom of the smoke-box toa 
level just above the top row of tubesd. The deflector a is fitted 
at its upper end with an angle-iron e, forming wings on each side, 
which project all round at an angle offabout 90 deg. to the planes 
of the sides of the deflector, and at the apex the wings reach 
very nearly to the tube-plate b. The deflector is provided with 








Fig.t. 


























Fig.2. 





two rectangular brackets f, f riveted thereto, each having a 
hole in the middle to pass over the vertical pintles g, g rising 
from brackets h and i mounted near the top and bottom respec- 
tively and at the rear of the blast-pipe c. The latter has further 
fixed thereon at the front a lateh plate k having a vertical slot 1 
near each end, into which hook two hooks m, m respectively, 
the hooks being formed with eyes at their other ends, which 
are mounted in eyes, each one of which is riveted to each of the 
two opposite ends of the deflector, and in such a manner that 
when hooked up to the latch-plate the deflector is held central 
with its apex aye to the tube-plate b; but when the hooks 
are released from the latch-plate, the deflector may be swung to 
one side or the other, in order to give access to or to facilitate the 
cleaning of the tubes, or the deflector may be lifted bodily off the 
oe g and removed from the smoke-box, if required. (Accepted 
November 3, 1909.) 


SHIPS AND NAUTICAL APPLIANCES. 


20,537. W. D. Whyte, ow. Mariners’ Com- 
passes. [3 Figs.) September 8, 1909.—This invention relates 
to mariners’ com In spirit or liquid compasses the card is 
apt to be disturbed, to a greater or less d , when the ship’s 
course is being changed, by the drag of the fluid on the compass 
card. It is found that the region of disturbance does not extend 
very far from the inner surface of the bowl, and consequently it 
has been ape cer oe to use a com tively small card, so that it 
shall not be affected by the disturbance. Owing to the card bein 
small, in order to obtain exact readings, it has also been p 
to use a special lubber’s line or wire at some little distance from 
the inner surface of the bow], and in ximity to the card, or to 
use a special pointer projecting from the interior of the bowl hori- 











zontally;in'‘the"plane of the card. According to this invention, a 
small card is . yo but instead of using a special lubber’s line 
or a pointer, the bowl a is made with an inwardly-projecting 


annular flange b, which extends inwardly to such an extent that 
the diameter of its inner edge is about equal to the diameter of 
the card. This flange is provided with a thin depending indicator 


Fig.1. 



































d, having a vertical saw-cut or slot ¢ therein, which constitutes 
the lubber’s line, this indicator being arran; so as to project 
downwards near to the edge of the card. To make the lubber’s 
line show up distinctly, a part of the internal surface of the bowl 
may be bl d. A depending indicator of smaller size may be 
made or secured to the flange at a point diametrically opposite the 
lubber’s line. (Accepted November 3, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c_ 


13,779. The Stirling Boiler Com , Limited, 

estminster. (HZ. H. Wells, Montclair, a ) Super- 
heaters. [2 Figs.) June 11, 1909.—This invention relates to 
superheaters for water-tube boilers of the “Stirling” type. 2, 3, 
and 4 are the upper transverse steam and water-drums, and 5a 
lower transverse mud-drum, which is connected with the drums 
2, 3, and 4 by the respective banks of inclined heating tubes 6, 7, 
and 8 13 is a furnace. 15 is an arch over the front portion of 
the grate. The gases are directed among the tubes of the front 
bank by the baffle 16, thence descending among the second bank 
of tubes 7, around the lower end of a baffie 17, and thence up- 
wardly through the tubes of the third bank to the stack outlet 18, 
a horizontal baffle-wall 19 being provided at the rear of the tubes 6 
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near their upper ends. 20 is the superheater, which is shown as 
arranged between the banks of tubes 7 and 8. This superheater 
consists of a series of J-shaped tubes lying side by side in ver- 
tical planes and connected at their ends to the two inclined 
headers 21 and 22, which are secured in the side wall of the fur- 
nace. 23 is the steam connection from the steam space of the 
middle top drum 8 to the lower end of the header 21, and 24 is a 
steam take-off connection at the upper end of the header 22. In 
the position shown, the superheater is adapted to give a high 
degree of superheat, while burning out is avoided by the extrac- 
tion of heat in passing through the front bank of water-tubes. By 
arranging the superheater-tubes in a vertical plane their tendency 
to sag when overheated is entirely avoided. (Accepted November 3, 


1909.) 
MISCELLANEOUS. 
11,307. W. B. H. Drayson and J. lor and Sons, 
ited, London. uid Meters. tt November 


12, 1908.—This invention relates to means for inserting the strainer 
into, and removing it from, the inlet passage for liquid entering a 
liquid-meter. A dirt-chamber a is provided at the inner end of 
the inlet e b of the meter, which chamber is open at one side 
and is provided with grooves, into which the strainer e¢ is fitted, 
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more or less water-tight, and into which it can be slid through 
the opening ¢ and be retained in place by means of an external 
plate f bolted with elastic jointing material against the body of 
the meter and against the edge of the strainer, so as to make a 
water-tight joint therewith. When it is required to clean, examine, 
or renew the strainer ¢, it is only necessary to remove the plate / 
and to draw out the strainer through the opening ¢. (Accepted 
November 3, 1909.) : 








Russ1an Rattways.—The Minister of Means of Com- 
munications, in his budget for 1910, lately, to the Duma, 
applies for a credit of 62,282,000 roubles for the construc- 
tion of new lines, or 4,988,000 roubles more than in 1909. 
Of the 62,282,000 roubles desired for 1910, 387,000 
roubles: are to be applied to surveys, and the balance 
is to be devoted to the establishment and improvement 
of Siberian lines—viz., Amur, 22,923,000 roubles ; Tumen 
and Omsk, 4,960,000 roubles; and Trans-Siberian, 
5,947,000 roubles for certain changes, and 19,937,000 
roubles for the establishment of a second line of rails. 
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THE RANKINE-GORDON AND EULER'S 
FORMULZ FOR COLUMNS. 
By W. E. Lity, D.Sc. 


In a previous article on this subject,* the 
author showed that Euler’s formula only considered 
bending, and did not take into account the area 
required to transmit the load on the column. It 
is now proposed to show wherein the Eulerian 
analysis fails, and then to consider the derivation 
of the Rankine-Gordon formula from the analysis 
when it is extended to include the case of eccentri- 
cally-loaded columns. 

The error involved in Euler’s analysis is that the 
value of R,, the radius of curvature, is obtained on 
the assumption that the central and neutral axes of 
the column coincide. This is only true for- pure 
bending. Actually the direct stress due to the load 
causes the neutral axis to shift to some distance 
from the central axis ; the value of R—the radius 
of curvature of the neutral axis—is not then equal 
to Ry, the radius of curvature of the central axis. 
The correct solution, allowing for this variation of R 
and R,, seems to have been first given by Neville, 
and is as follows :— 

On Fig. 1 consider the cross-section DE FG of 
a column (for convenience taken rectangular) carry- 
ing a load P, the variation of stress on a cross- 
section would be similar to that shown by the figure 
HIJK, the position of the horizontal base I J 
varying parallel to itself according as the bending 
and direct stresses varied on each cross-section. 
Let MM be the central plane through the centre of 
gravity of the cross-section, and N N the neutral 
plane, and m the distance between them, then the 
moment of inertia I about the axis MM = A p? 
and I, about NN = A (p? + m?*). From the 
figure the following equations obtain :— 


P= cd mA (1) 
and 
EI 
P +y)= 0 2 
(m + y) R (2) 
where 
P = the load on the column, 
A = the area of the cross-section, 
and 


E 

Solving between these two equations and substi- 
tuting for I, the following equation is obtained :— 
my =P . . ° (3) 
In Euler’s analysis the fundamental equation is 

ry. % 
EIR’ sas 
but R = Ry + m. Hence it should be 
Py 1 


EI Ry+m™ 


Young’s modulus of elasticity. 


(5) 


2 
Substituting from equation (3) for m the value? 


and P = p A, the equation for R, becomes 


i = Re. » —9 a = Py (6) 
Ro @ E-p dx? 
giving, as previously, 
By +ay=0, 
d x 
where 
ae 
. pE-p 


Proceeding to the solution of this differential 
equation gives 


r_l p 
2 2p K-p 
or 
2= FE , and P = EA (7) 
B fe 
1+— 1+ —— 
x? p2 7p 


lt will be observed that in Euler’s formula p 
becomes infinite as 1 vanishes, whereas in the cor- 
rected expression the limiting value of p is E. This 
formula, like Euler’s, can only be considered as 
having an academic interest ; nevertheless, it is of 
great importance from the theoretical point of 
view. It considers the strength to compression of 
the ideal short column to be E, and that the outer 
fibre bending stress is 





It shows that there is a definite value for the de- 
flection of the column under the load which pro- 
duces failure, in contradistinction to the idea of 
indifferent equilibrium and a critical load as obtained 
from Euler’s formula, the enunciation of which has 
had a retarding influence on the investigations re- 
garding columns. 

Reverting to Fig. 1, consider the equilibrium of 
the central cross-section of the column. . From the 
theory of bending the following relation obtains 

M _ 7m 
age ®) 
where p, is the stress due to bending on that fibre 
at the greatest distance h from the neutral axis, M 
the bending moment, and I the moment of inertia 
round the central axis, at the centre y = 6 and 
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M = P 8, put A equal to the total area of the cross- 
section, then I = A p? and P = pA, and on substi- 
tution the relation obtained is 
pm, oh 
tok ie (9) 
Instead of putting P = pA it may be put equal 
to p,A,, and I equal to A, »*, then the equation 
obtained is 
Ag < Pr — ) h 
A, pp 
This last relation obtains because any alteration of 
the breadth of a given cross-section does not alter 
the value of p. The relation obtained in equation 
10 is true whether considered with reference to the 
central or neutral axes of the column. 
Reverting to Neville’s formula, the following 
relations obtain :— 
Ao = 4 h = E-p os PF 
A p FP pp sf ° 
A remarkable result, showing that the ratio of 
the bending and direct stresses does not depend 
on E. 
It also shows that Euler’s formula does not take 
into account the area required to transmit the load, 
as already stated. From equation (11) 


a= 


- (10) 


(11) 


Rp 


the interpretation of this is 

sa Eup FL pe. 

E-—prh E, rh’ 

that is, in this hypothetical column the value of the 
modulus of elasticity changes with the load, and 
that the fibre-bending stress is always equal to its 
new value E,. It is to be remembered that the 
analysis only applies to those columns in which the 
deflection is small compared with the length. 

The foregoing investigation, although of interest 
from a purely theoretical point of view, is of little 
use for the practical design of columns. The limit- 
ing value of p is not E, but f, the strength to com- 
pression of the material, and the results already 
obtained, require modification in this respect. 

A means of making this modification will now be 
considered. On Fig. 2 let the load P be applied to 
the column-with an eccentricity of loading « from 
the eentre of -the column. SQ = y the deflec- 


tion at 8, where OQ =z, OA=OB= : Nee 


P(y + «) = M, the bending moment at S, hence the 
differential equation is 


Piy +e) 1. Oy (1 


2) 


EI R dz 
which can be written 
>» 
My , ny + ne = 0, 
d x 
@ P : j » 
where n? —., Or, more rigorously, ——/ , 
El p(k - p) 
The solution of this differential equation is 
y= —¢€+Acosnz + Bsinnz. 
Since y has the same value for + x or — 2, 
y= -e+ Acosna, 
when x = 0, y = 8 — ¢, giving A = 38, hence 


vy = — €+ dcosnza, 
1/2, y = 0, giving 
oe 6 


cos nl/2 


when x 


(13) 


for the case when the eccentricity of loading is zero 


0 = 500s nt/2 = deosa/ P J 


EI 2’ 
or, more rigorously, 
P .. 
(E- p) #2’ 
bs : _wkEI 
giving Euler’s formula P = 2 
or Neville’s formula P = K . 
1+ La 4 
1? p? 
It is usually stated in obtaining this result that 
when the value of ¢ is put equal to 0 that the 
column is perfectly straight, and the critical load 
as given by Euler’s formula follows. This has been 
shown to be incorrect ; irrespective of this a per- 
fectly straight column has no real existence. It is 
purely an abstraction in the same way as one may 
speak of a straight line, which can only be con- 
ceived and never drawn; for this reason it is prefer- 
able to consider the central axis of a column as 
being made up of a wavy line. A load applied to 
a column of this kind, whether centrally or eccen- 
trically, will cause it to deflect. Experimentally, 
the approach to the so-called critical load has never 
been pets crf and it may be asserted with 
confidence that it never will. For the purpose of 
the diseussion in what follows the amount of the 
eccentricity of loading is immaterial, provided it is 
conceded that it exists, and that it is very small 
compared with the dimensions of the column. 
Substituting the value of 8 in equation (13) in 
equation (10), the relation obtained is 


As. Moth eh 1 eh 
A, p pf p* 


0 = 6 cos 


1 
enh Bt. SE 
EI 2 
Let p + p, =f, the strength to compression of 
the material ; then 
Pp = 
1 


ni 2 
cos — e” 
9 


eh 1 


he (16) 


i: 
El2 
This formula, derived from the extension of the 
Eulerian analysis, has long been known; it was 
given in 1878 by Smith, and has recently been dis- 
cussed in America by Marston (Trans. Am. Soc. 
C.E., 1897, vol. xxxix.) and by Pritchard (Engi- 
neering News, February 25, 1909). 








* See Enouvgenine, July 2, 1909, page 1, 





Considered from the purely theoretical point of 





_34 


ENGINEERING. 





[JAN. 14, IQIO. 








view, the assumption of p + p, = f is illegitimate, 
since it has been shown to be equal to E, and the 
more rigorous form of the formula should be 


(17) 


(E - p)p?2 

Reverting nowto Smith’s formula, equation (15), to 
use it the value of « must be assumed or known; and 
even then it can only be solved by trial. For these 
reasons it has never found favour among engineers 
as a practical formula for columns ; nevertheless, 
the formula is very valuable, as it gives a means of 
approximating in a logical way to the majority of 
the formule that have at different times been put 
forward for the design of columns. 





If now the cos m2 eI . is expanded by the | 
formula | 
ree. | 
2Rz ff 


and as a first approximation all the terms after the | 


cos 8 = 1 — 
} 


second are discarded, then equation (15) becomes | 
— _€h 1 a 
ee 8 ee Se | 
8EI 8 Ep 
giving 
- 35% ; (18) 
lady aes ale 
Pe 8EP 


Tt will be noted that when 8 is put equal to zero , 


Fug.3. 


in this expanded form of Smith’s formula, that it 
does not return to Euler’s formula, but to the form 
of the Rankine-Gordon formula. The assumption of 

utting p + p, =f, as was done in deriving Smith’s 
onal in equation (16), is really only making a 
substitution, by virtue of which the area required 
to carry the load on the column is allowed for. 


Now if the term 7 is considered to be very 
, 


small, it may be discarded in comparison with the 


other terms, and the formula may be written 
jo a (19) 
1+ 2 a 
8Ep 


The form of the Rankine-Gordon formula is ob- 
tained by putting p, equal to f in this expression, 
and if 7? is substituted for 8, as being more nearly 
the correct value, the formula becomes | 

p=-—£ (20) 

14+ 

rw? K p? 

The assumption made in deducing this formula is 

that the proof deflection of the column is the same 

as that of a beam subjected to a load proportional 

to the ordinates of a sine curve, and the author 

showed in the previous article the kind of column 

for which it could be considered to hold true. 
The author’s formula 


is immediately deduced from equation (19) by put- 
ting 

ss eel a en 
= EF 
1+ FP 

it assumes that 
deflection of beam_ 
deflection of column 


m2 Ep? 


=1+ Se 





The manner of deriving it has been subjected to 
some criticism. Whatever may be the views regard- 
ing it, it is at least as reasonable to assume some 
function for the deflection of a column, which is a 
near approximation to the truth, as to assume some 
value for the eccentricity of the column, as is advo- 
cated by those who prefer the formula given by 
Smith. Also, as can be shown, the assumed deflec- 
tion is really the same as assuming an eccentricity 
of loading of a particular kind. 

The question now arises as to what extent the 
values obtained by the different formuls differ from 
one another. On Fig. 3 are plotted curves derived 
from the different formule, for which E = 30,000,000 
and f =60,000 pounds per square inch, the columns 
being supposed to be of solid circular section 
throughout. For Smith’s formula the value of the 
eccentricity e has been taken equal to ;}, diameter. 
Some fraction of the diameter is the assumption 
that is usually made when plotting curves derived 
from this formula ; it is obviously an incorrect one, 
as the amount of eccentricity « due to imperfections 
of workmanship and material in a column will 
depend on the length as well as the diameter ; it is 
necessary to remark on this, as in the curve as 





u 


plotted the limiting value of p when / is nothing is 
not f, but 
f 


eh 

p? 

giving a starting-point of nearly 56,600, instead 
of 60,000. Two curves derived from the Rankine- 
Gordon formula are shown ; for the lower curve 


1+ 


= 00 
t+ >. © 
SUOU p? 
and for the upper curve 
00,000 
re a. 
1+ . 
3000 p2 


The lower curve gives a value of one-half the 
Eulerian value when //p is nearly 70 ; this value is 
too low, and the upper curve has been drawn to 
show the way in which it can be made to approxi- 
mate to the values given by Smith’s formula by 
altering the constants. The author’s formula also 
shows how closely these values can be approxi- 
mated to. 

In conclusion, the advantages of the Rankine- 
Gordon formula as a practical formula for the de- 
sign of columns may be summarised as follows :— 
The simplicity of its form, which must always re- 





| commend it to engineers. It gives the first approxi- 


= | ae 21) | 
“ Oe. rt @H) /mation as derived from theory. For long columns 
wk py wtp? experiments show that it is nearly correct ; for 
re !eolumns of medium length, which comprise the 





majority of columns in practice, it gives values 
somewhat less than the experimental values—an 
error on the side of safety ; also when it is remem- 
bered that the effects of eccentricity of loading are 
most marked in columns of medium length, it is 
desirable that the formula mostly used should err 
on the safe side. For short columns it is nearly 
correct, although the value of the constant f is 
taken above the yield-point of the material, be- 
cause experiments show that the strength to com- 
pression of short columns always rises above this 
value. It gives a method* by which the shear 
stresses in a column can be evaluated, and thus 
determines the bracing or web in compound columns. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS, 

An extra general meeting of this Institution was 
held on Friday last, the 7th inst., at Storey’s Gate, 
Westminster, the chair being taken, in the absence 
of the President, by Mr. Henry Davey, Vice- 
President. The formal business of the meeting 
was first transacted, and subsequently the two fol- 
lowing papers were read :— 


1. Testinc ImpuLtsE WaATER-WHEELS WITH THE 
Prrot Tuse. 
2. OntTaRIO Power Company’s PLANT AT 
Nracara Faris. 


In the unavoidable absence of the authors the 
papers were read in abstract by the Secretary. The 
first to be taken was entitled ‘‘ The Application of 
the Pitot Tube to the Testing of Impulse Water- 
Wheels,” and was by Mr. William Rankine Eckart, 
Associate Member, Associate Professor of Mecha- 
nical Engineering at the Leland Stanford Junior 
University, California, U.S.A. The second paper 
was ‘‘An Account of a Visit to the Power-Plant 
of the Ontario Power Company at Niagara Falls,” 
by Mr. C. W. Jordan, Associate Member, of Cardiff. 
The papers were illustrated by lantern-slides. In 
addition, a diagram illustrating the form in which 
the Pitot tube was applied in 1730 was shown on 
the wall of the room. Mr. Worthington explained 
that, with small modifications, the original form of 
the instrument had been preserved. 

Mr. Davey, in putting the usual votes of thanks 
to the authors before the meeting, observed that 
the papers dealt with two most interesting modern 
hydraulic problems. The votes were passed with 
acclamation. “The first portion of Mr. Eckart’s 
paper is reprinted elsewhere in this issue. Mr. 
Jordan’s paper was a description of the power 
plant of the Ontario Power Company. This com- 
pany has a station with plant which, when com- 
pleted, will be capable of developing 200,000 horse- 
power. The intake works are situated some 
distance above the Falls-—in fact, just above the 
Rapids. From the head-gates three conduits, 18 ft. 
and 20 ft. in diameter, laid below ground under 
the Victoria Park, convey the water to a point at 
the top of the cliff, just below the Falls ; thence it 
passes by penstocks in shafts and tunnels to the 
power-house at the water’s edge. The installation 
in the power-house comprises horizontal Francis 
turbines driving direct three-phase generators of 
10,000 and 12,000 horse-power, working at 12,000 
volts and 25 cycles. Six generating sets are at 
present installed. The distributing-station is on the 
top of the cliff, and the leads up to it are anchored 
at frequent intervals, as they rise in places at an 
angle of 60 deg. The head obtained at the power- 
station is one of 175 ft. Several particulars of this 
and of other power plants at Niagara were given in 
a lecture delivered by Dr. W. C. Unwin before the 
Graduates’ Section of the Institution of Mechanical 
Engineers in 1906, which we reported at the time.t 

Dr. W. C. Unwin was the first speaker in the dis- 
cussion. He dealt with the papers rp He re- 
garded Mr. Eckart’s paper as a valuable contribution 
to the subject of hydraulics, as it dealt with a matter 
which had not before been properly investigated. 
Quite ordinary hydraulic methods had been em- 
ployed by the author, but he had shown extra- 
ordinary skill in adapting these perfectly well- 
known methods to the particular circumstances 
with which he had to deal. The author had 
completely investigated the hydraulic conditions 
and action of the so-called Pelton wheel. It had 
been suggested to the speaker that people in this 
country were not altogether well acquainted with the 





oe Design of Columns.” Messrs. Chapman and Hall. 
+ See ENGINEERING, vol. Ixxxi., page 218. 
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conditions obtaining in California, so that a little 


explanation might not be out of place. In Cali-| 


fornia a system of hydraulic mining, as it was 
called, had long been in use. In that State there 
were enormous gravel- beds which contained a 
small percentage of gold. If the gravel could 
be washed down cheaply enough, and then 
washed along wooden flumes, the gravel would 
be washed away and the gold obtained. For 
this work canals were constructed on the moun- 
tain sides, about 500 ft. above the mines to be 
washed, and water brought down and applied, 
through nozzles, to the gravel cliff, thus bringing 
down the gravel. Some of these monitors delivered 
as much as 2000 horse-power against the face of the 
cliff. 

Having obtained a supply of water at an ele- 
vation for hydraulic mining purposes, they next 
endeavoured to use these high falls in developing 
power for other purposes connected with the mines. 
At first a crude form of impulse wheel was adopted, 
called the ‘‘hurdy-gurdy.” In this arrangement a 
jet of water flowed against wheel-blades like the 
paddles of a steamboat. A carpenter, he believed, 
in California was the first to realise that this plan 
involved a good deal of waste, and by merely altering 
the form of the bucket into a kind of double concave 
cup very much improved the efticiency of the wheel. 
This bucket-wheel became known as the Pelton 
wheel, after the designer. This wheel was used to a 
very great extent in the Western States of America, 
and had some great advantages. It was extremely 
simple, consisting of comparatively rough cast 
buckets placed round the rim of a wheel. A single 
jet, or perhaps two or three jets, played on to the 
buckets, and there was very little mechanism indeed. 
One defect of the wheel, however, was the difficulty 
of regulating the power, and initially the only way 
of doing this was by deflecting the jet of water, so 
that a good deal of water escaped without touching 
the buckets at all. The plan was extravagant, but 
there were certain circumstances in which extrava- 
gance was not of much a. It would be 
seen from the drawings in Mr. Eckart’s paper that, 
in the particular case under notice—probably a 
pretty good installation—the deflecting nozzle was 
still used, but a second contrivance had been added. 
Inside the nozzle was a needle-plug, by means of 
which the area of the jet could be constricted. 
This needle was regulated by hand whenever the 
attendant on the wheel found that the nozzle was 
too much deflected by the governor. As the needle 
was forced forward, reducing the area of the jet, 
of course the governor brought up the nozzle, and 
the deflection was reduced. 

Very little was really known about the efficiency of 
Pelton wheels. In the Western States engineers 
believed that there was nothing so satisfactory. 
Under the conditions in which the wheels were 
used, as described in the paper, it was not easy 
to measure the water they were using, and Mr. 
Kckart therefore had recourse to the Pitot tube 
in order to measure the velocity of the water 
going through the jet. To complete the data 
required to give him the discharge, Mr. Eckart 
had to measure the diameter of the jet at its con- 
tracted part, using what he called a ‘‘ a contraction 
gauge.” The velocity varied greatly at different 
parts of the jet, but by making a traverse of its 
diameter with a Pitot tube, in order to find the 
velocity of the water at different radii, it was easy to 
split it up into a series of concentric rings, and the 
exact discharge could thus be calculated. Dr. Unwin 
had come to the conclusion that the efficiency of 
the Pelton wheel in these experiments was not as 
high as it was usually reputed to be. One important 
point brought out by the experiments was that at 
full power the efficiency fell off considerably. If, 
however, the rough character of the machine were 
taken into account, the efficiency might still be 
regarded as remarkable. The speaker had never 
been able to persuade himself that the older forms 
of inpulse turbines, such as the Girard partial-flow 
impulse turbine, and the still earlier turbine known 
a; the tangent wheel, were not better forms than 
the Pelton wheel. Of these earlier forms, however, 
oie had entirely, and the other very largely, 
dr))ped out of use, while the Pelton had attained 
considerable success. 

‘urning to Mr. Jordan’s paper, Dr. Unwin said 
that he had himself had something to do with the 
early history of the enterprise at Niagara. The 
faci that within a comparatively short period there 
had been developed there hydraulic plant which 
Was capable of producing something like 600,000 











horse-power, in a district in which initially there 
was little industrial work to be done, was a great 
tribute to the courage of the United States and 
Canada in such matters. The first large installa- 
tion was dominated by the consideration that 
nothing put down should damage the beauty of 
the Falls. To comply with this condition, the 
generating station had been built above the 
Falls ; and the tail-water led away by a tunnel, 
discharging below the Falls. That system in- 
volved placing the turbinés in a wheel-slot or pit 
some 200 ft. deep. That entailed the use of vertical 
shafts for the turbines. When the first installa- 
tion, aggregating at the present time 200,000 horse- 
power, was commencing operations, engineers and 
the financial public of the United States were 
disturbed by the prospect of Canadian competi- 
tion, to forestall which they obtained a con- 
cession on the Canadian side. That concession 
had been duly developed, and the Canadian 
Niagara Power Company had built a power-house, 
intended for about 200,000 horse-power, which was 
modelled on the same principles as the works on the 
United States side. . this case also the turbines 
had vertical shafts, and were placed at the bottom of 
a pit, the tail-water being discharged by.a tunnel at 
a point below the Horseshoe Fall. Another com- 
pany had proceeded on the same lines a little higher 
up the bank of the river, but in this case a 
tunnel was made to a point right under the Horse- 
shoe Fall, and the tail-water discharged there. 
The next company, having been forestalled, were 
unable to work on the same lines, and therefore 
carried their intake higher up than the other com- 
panies. They brought the water in underground 
pipes, 18 ft. or 20 ft. in diameter, behind the other 
eager yo to a point below the Horseshoe 
‘all, and there carried the water down through 
penstocks to the generating station, which was near 
the water’s edge. 

In Mr. Jordan’s paper there was a good deal 
said regarding the relative advantages of vertical 
and horizontal turbines. The footstep bearing 
used in the former was said to be objectionable, 
but in practice it had given no trouble, because 
the weight of the machinery was water - borne, 
and was not carried on the footstep at all. In 
the horizontal arrangement, on the other hand, 
journals 2 ft. in diameter were run at nearly 
200 revolutions, and carried a very large load. 
These were not altogether pleasant things to deal 
with, but engineers succeeded in managing them 
all right, and both the horizontal and the vertical 
arrangements worked well; in fact, the speaker 
did not believe that there was any real difficulty in 
either. 

One matter in the Ontario Power Company’s 
station that had to be anticipated was the pos- 
sible flooding of the generating station by the 
water in the lower river. The company believed 
that safety had been secured by placing the station 
20 ft. above the ordinary lower river level. The 
fluctuation of level was usually very small, but, 
unfortunately, an exceptional ice-block had occurred 
in 1909, the provision made proved insufficient, and 
the station was consequently flooded. This necessi- 
tated shutting down, and the installation had not yet 
re-started. Doubtless the difficulty would be over- 
come. Ice was certainly a difficulty in all power- 
stations at Niagara. This ice appeared in two 
very different forms: there were large masses of 
floating ice which came down the river from Lake 
Erie, and which could be dealt with with compara- 
tive ease; but under certain conditions in the 
winter ice particles mixed with water—known as 
frazil, or mush, ice—came down the river; this ice 
was formed largely by the freezing of the spray at 
the rapids, and partly of ground ice. This was 
very difficult to deal with. All the Niagara com- 
panies experienced trouble with ice, but they 
managed to go through the winter without stopping 
the plant. 

Dr. Hele-Shaw, who spoke next, said that it 
appeared to him that there should be no difficulty 
in operating the nozzle-needle by a governor, 
instead of having a governor-operated deflecting 
nozzle and hand-operated needle. No doubt the 
author of the paper (Mr. Eckart) would, had he 
been present, have been able to explain why this 
had not been done. Mechanically it appeared 
quite possible, and was the natural way of regulat- 
ing the discharge—much easier, in fact, than de- 
flecting the nozzle itself. He would therefore ask 
whether this had been done, and if not, what was 
the particular difficulty in the matter? With regard 








to Dr. Unwin’s remark that the vertical turbine- 
shafts were really water-borne, that, of course, was 
the case if the water was used in a particular way. 
But he had latelyseen an interesting case of a vertical 
pivot which had been running for some two years— 
the horse-power developed being considerable—in 
which a pump maintained a pressure of water under 
the end of the shaft. Thus it was absolutely water- 
borne in the sense that the pivot itself was carried by 
water pressure ; asa result, all evidence of wear was 
absent. One conclusion in Mr, Eckart’s paper that 
interested the speaker—which, he imagined, had 
been arrived at for the first time, as he had not 
seen it elsewhere—was that the proportion of the 
jet to the whole width of the bucket which gave 
maximum efliciency was 0.3: 1. He had not pre- 
viousiy seen any statement concerning the best 
dimensions and width of jet in relation to the width 
of the bucket, though it was quite obvious that 
there was some form which would give maximum 
efficiency. The author had apparently arrived at a 
width of three-tenths of the bucket width. 

Mr. Mark H. Robinson referred to the governing 
by the direct action of the governor on the needle. 
It appeared to him that a kind of secondary 
governor might be employed to act upon the 
needle after the deflecting nozzle had responded 
quickly to the main governor. The handling of 
the needle, in an enormously powerful stream of 
water, would absorb a good deal of power, and could 
hardly be done with the suddenness the actual 
requirements of the governing might call for ; but, 
as had sometimes been arranged in the case of 
steam-engines, a relay governor might conceivably 
operate on the needle after the immediate need had 
been met by deflecting the jet; in fact, doing the 
same thing as had been referred to in the paper as 
having been done by hand. 

Dr. Unwin, at the requestof the Chairman, replied 
to the question put by Dr. Hele-Shaw. With 
regard to the governor to regulate the needle with 
a fixed jet instead of a deflecting one, he saw no 
practical difficulties in the suggestion. The present 
arrangement wasted a little water, but that, under 
the conditions, did not much matter. There was no 
difficulty in constructing a governor to act on the 
needle. He might remark in conclusion that, in 
the great installations at Niagara, there were, of 
course, many details, without which success could 
not have been achieved. Perhaps the most criti- 
cally important of all these was the relay governor, 
in which a very sensitive governor had no other 
ag than to open a small valve one way or 
the other, and so put in action a powerful hydraulic 
relay. 

Mr. Davey then announced that the next meeting 
would be held on Friday, the 21st inst., when the 
Ninth Report to the Alloys Research Committee 
on the ‘Properties of Some Alloys of Copper, 
Aluminium, and Manganese,” by Dr. W. Rosen- 
hain and Mr. F.C, A. H. Lantsberry, of the National 
Physical Laboratory, Teddington, would be read 
and discussed. At that meeting also the nomina- 
tion of officers would be made for election at the 
annual general meeting on February 18. 
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The Elements of Machine Design. Part I: General Prin- 
ciples ; Strength of Materials, Rivets, Bolts and other 
Fastenings, Journals, Shafting, Couplings, Pedestals ; 
Transmission of Power by Gearing, Belting, Ropes, and 
Chains. By W. Cawrnorng Unwin, LL.D., F.R.S. 
New Edition, revised and enlarged. London: Long- 
mans, Green, and Co. [Price 7s. 6d. net. 

For some thirty years Professor Unwin’s ‘‘ Machine 

Design ” has been one of the standard English text- 

books on mechanical engineering. Indeed, within 

its own field, it has hardly had a competitor. This 
has largely arisen from the rational lines on which 
the work was originally planned. On the one 
hand, it was not the mere pocket-book of formule 
which, highly convenient as it may be in the draw- 
ing-oftice, often gives no indication whatever of the 
data on which the formule in question are based 
or of the reasoning on which they have been de- 
veloped. On the other hand, the treatise, though 
affording the student an insight into the principles, 
gave also results immediately applicable to practice 
in a digested form, and in units such as the engi- 
neer is accustomed to use in practical work. Very 
many valuable investigations have failed in fruition 
for years simply and solely because their authors 
were too superior or too lazy to reduce their final 
conclusions to a readily assimilable form. At 
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times it would almost appear as if, of set pur- 
pose, such authors had determined to prevent the 
use of their results by anyone who was not pre- 
pared to wade through sheets of mathematical 
analysis to find, somewhere near the end, the for- 
mula of which he might have immediate need, and 
even then he was likely to get it expressed in 
poundals, dynes per square centimetre, or some 
other fancy unit of the physicist, requiring refer- 
ences to tables and some arithmetical manipulation 
to transform it into the language of the shops. Of 
course, with physicists writing for physicists this 
procedure requires no justification ; but certain pro- 
fessors of engineering have also been notorious for 
publishing the results of their- investigations in 
forms quite unsuitable for the immediate uses of 
the engineer. For instance, the theory of the 
critical speed of shafting.Has been developed almost 
entirely in these islands, yet those who have wished 
to apply it in the offi¢g-have been found using trans- 
lations of German formule based on the aforesaid 
British investigations, simply and solely because 
those responsible for the latter took no pains to 
express themselves and their results in forms imme- 
‘iately useful and intelligible to those needing them. 
't would, in fact, be of very great advantage if 
\uthors of such investigations would start their 
‘escription of them with a statement of their final 
‘esults and formule. Those interested could then 
see at once whether, from their point’ of view, the 
paper was worthy of detailed study. 

From the outset, however, Professor Unwin 
realised the immense practical importance of givin 
his final equations in a form from which numerica 
results could be deduced, with the least possible 
emount of arithmetical manipulation. In other 
words, his formule are finished articles of direct 
and immediate applicability, and it is to this in no 








small degree that the popularity of his work is to 
be attributed. 

After so many years of proved success a detailed 
review of ‘* Machine Design ” would be out of 
place, although the new edition has been largely re 
written. The main interest attaches to the new 
matter. Machine design is, and will remain, in 
a state of growth. New materials and new methods 
in machine-shop practice constantly demand the 
inclusion of new matter in a treatise on the subject 
which shall be really up to date. Some care is, 
however, necessary, lest the author should appear 
to give authoritative sanction to devices and ideas 
still on their trial, and in this regard Professor 
Unwin has shown himself conservative. Thus in 
the section devoted to tests of the quality of materials 
no mention is made of the notched-bar test, probably 
because, in spite of its present popularity and 
future promise, there is as yet no really general 
agreement as to standard methods of making the 
test. On the other hand, the ordinary tensile test 
is discussed in some fullness, and the necessity, in 
estimating in this way the quality of a material, of 
taking into account the proportions of the specimen, 
is duly emphasised, and much in the way of valu- 
able data will be found in the tables showing the | 
properties of steel and wrought iron suitable for | 
various purposes, and of the usual tests by which 
the desired quality is secured. 

The chapter on ‘‘Straining Actions” in this 
volume has always been a model of clear expo- 
sition, and has now been considerably amplified, in 
particular by embodying the results of recent experi- 
ments on alternating stresses, It is extremely 
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convenient to have these, collected from scattered 
papers, thus grouped together. In the next chapter 
the tables of ordinary working stresses have been 
much amplified, and there are now four tables of 
such stresses, giving values based upon the range, 
as well as on the intensity, of the stress. The 
portion of this chapter relating to the strength 
of columns has been very considerably amplified, 
and contains some convenient tables based on the 
work of Claxton Fidler and Tetmajer. There is 
also a distinctly up-to-date section on the strength 
of tubes exposed to external pressure. 

As to criterions of strength, Professor Unwin 
seems inclined to accept the theory that in cases of 
compound stress failure depends on the maximum 
shear, so that in cases of combined bending and 
torsion the equivalent twisting moment is given by 


T = ,/M?+ T*®. Since, however, experience has 


not yet settled the safe working stress in cases of 
shear arising from combined stress, he suggests 
that when the bending moment is greater than the 
twisting moment, the old formula should be used ; 
whilst if the torque is the greater, the new one 
should be adopted. 

Some important additions have been made to the 
discussion of lubrication in the chapter dealing with 
c— and crank-pins, but, curiously enough, 

rofessor Unwin seems to have failed to notice 
Dr. Lasche’s experimental work, to which there is 
no reference whatever, though this series of tests 
is much the most comprehensive of which data 
have as yet been published. The new matter in 
the chapter on bearings is not large in amount, and 
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illstrations of ring-lubricated bearings and typical 
high-speed forced-lubrication bearings would have 
been interesting. Details of good examples of the 
latter have, however, only been published com- 
paratively recently, and practice is not yet defi- 
nitely fixed, particularly as to whether such bearings 
should or Eigse not have spherical seats. The 
latter appear to be in course of abandonment in 
the case of large steam-turbines, though some con- 
sulting engineers still insist on their use. 

A welcome addition to this chapter is a discussion 
of the ball-bearing. In this the defects of the 
common bicycle bearing are clearly pointed out. 
In fact, in such bearings the balls do not merely 
roll, but also twist, and in consequence a grinding 
action is established which ultimately injures the 
bearing surfaces. In bearings of the Hoffmann 
type, on the other hand, the motion of the balls is 
a pure rolling, and such bearings are, therefore, 
able to carry very great loads with little or no wear. 

The chapter on wheel-gearing has undergone con- 
siderable amplification, and, so far as ordinary 
gears are concerned, will meet all the requirements 
of the draughtsman. Data as to the proportions 
adopted in motor-car work are, however, missing. 
The advent of the motor-car, indeed, constituted a 
new era in the history of gear-wheels, and the only 
thing more remarkable than the pressures put upon 
the teeth has been the extraordinary absence of 
wear. This is due mainly to the care taken to 
secure thoroughly efficient lubrication, the time of 
tooth contact being so short that the lubricant is 
not squeezed out. Thus, on one well-known car 
developing 42 horse-power at 1000 revolutions, the 
wheels have teeth of No. 5 diametral pitch, the 
number of teeth on the pinions being 17, and on 
the wheels 31. If the full power be developed at 
low gear, the pressure at the pitch-line of the last 
pair of wheels will be about 2800 lb., which is taken 
on an effective width of 1} in. The material used 
here is chrome-vanadium steel case-hardened. 

The chapter on gearing-chains has been brought 
up to date by the inclusion of data as to the 
Renold silent chain, with which very remarkable 
results have been attained. 

The new volume, we may add in conclusion, is 
printed on a larger page, and the typography is 
excellent. In its new form the work appears 
likely to more than maintain its long-established 
popularity. 





The Force of the Wind. By Herbert Cuatiey, B.Sc. 
(Engineering), Professor of Civil rs a Tong 
Shan Engineering College, North China. ondon : 
Charles Griffin and Co., Limited. [Price 3s. net. | 

Tue importance of a correct knowledge of the pres- 

sure exerted by the wind, as affecting the degree 

of stability to be given to structures, is evident ; 
but we imagine in the large majority of cases the 
problem is decided by previous experience, and little 
attention is paid to theoretical considerations. 
Occasionally somebody blunders, and there is an 
accident, like the terrible disaster at the Tay Bridge, 
thirty years ago. Then comes an inquiry, expert 
evidence is taken, imperfect information or com- 
plete ignorance is disclosed, disagreement is mani- 
fested, dissatisfaction expressed, and, after a while, 
the matter is forgotten. At other times new pro- 
blems arise, in which experience can render little 
assistance. Such are many of the problems con- 
nected with mechanical flight, the stability of aero- 
planes, and the resistance that moving objects offer 
to the wind. Asa rule, it is found that the want of 
accurate knowledge delays the progress of construc- 
tion. This can proceed only tentatively, gradually 
acquiring boldness as facts accumulate by trial. 
Confidence is gained only by practice and experi- 
ment. Theory and analysis, mainly from the want 
of experimental data, have done little to advance 
practical constructions where knowledge of wind 
pressure, is required. Among those who have done 
useful work in this field of exploration is the author 
of this little book, who on many points raised here 
may be regarded as an authority. Our only quarrel 
with him is that he has not done himself justice. 

By confining his attention to the effects of wind 

— as the subject presents itself to engineers, 
e necessarily considers only a small part of a com- 

plicated question, and thus gives to his book the 

appearance of incompleteness, his treatment failing 
to command the contidence it would have done if pre- 
sented with that greater detail which he is so well 
qualified to provide. Formule applicable under 


certain conditions, and employed with reservations, 
may be satisfactory, but it seems to us that engi- 





neers who accept the results would like to know and 
weigh the evidence upon which they are founded. 
In recent times much has been done, particularly 
under the direction of the National Physical Labora- 
tory, by specially-devised apparatus, to test the 
value of the formule in general use, and to substi- 
tute new constants derived from observations 
made over large areas for those that have been 
determined from less secure data. The late Pro- 
fessor Langley, interested in the possibility of accom- 
plishing mechanical flight, instituted a quite different 
set of experiments, by which he demonstrated the 
want of homogeneity in the structure of the wind. 
Mr. Dines’ and Mr. Eiffel’s experiments are well 
known, and on allied topics there have been theo- 
retical investigations without number. Conse- 
quently, when we read Mr. Chatley’s book we 
expected to be able to trace some improvement, 
from the elimination of empiricism and of untrust- 
worthy observations, and to learn what advance 
had been made towards placing the science on a 
satisfactory footing. This is precisely the point at 
which the author fails us. Naturally, there are 
references to the results of recent investigations, 
but no adequate discussion of them, no discrimi- 
nating inquiry into the relative values of different 
methods. One might think that the problem of 
wind pressure was solved with the same complete- 
ness, and the results accepted with the same con- 
fidence, as in the case of a problem in celestial 
mechanics. We submit that the possibilities of 
error affecting the accuracy of the conclusions drawn 
should be more distinctly pointed out, and mention 
made of the discrepancies perceptible in inquiries 
conducted by different methods, To take a par- 
ticular instance : Mr. Chatley states, in reference 
to the National Physical Laboratory work, that the 
experiments at Bushey have failed to show any 
great differences in the mean pressure per square 
foot on a small structure, and on a similar, 
but much larger, one; and from this statement 
draws the inference that the formule are appli- 
cable to structures of any size. This may be a 
correct interpretation of Dr. Stanton’s work, and 
the conclusion drawn may be justifiable, but 
it should have been accompanied by statements of 
all the circumstances which may affect our confi- 
dence in the result. For on the other side is to be 
placed Sir Benjamin Baker’s experiments on the site 
of the Forth Bridge, where wind-pressure plates 
differing much in size were exposed. These ranged 
from 300 square feet in area to only 1} square feet, 
so constructed as to measure maximum pressures 
only. The observations proved that the small- 
plate indications were 50 per cent. greater than 
those of the large gauge per unit area. Further, in 
Mr. Eiffel’s experiments, in which plates were let 
fall from the second stage of the Eiffel Tower, it 
was clearly seen that the size of the plate was not 
a negligible factor. Very different results were 
obtained with a plate of 10 square feet in area from 
those given by one of a sixteenth the size. If we 
look at Dr. Stanton’s own work, it will be seen 
that there are discrepancies which cannot be 
ignored. Mr. Chatley is relying solely on the ex- 
periments made on square plates with sides varying 
from 5 ft. to 10 ft., and over this range it is stated 
clearly that any purely dimensional effect in the 
wind resistance was negligible. But the general 
result from these large plates does not coincide 
with that obtained by the same physicist on much 
smaller plates, and he was obliged to adopt the 
explanation that the dimensional factor in the 
resistance of plates gradually increased up to some- 
thing like 10 square feet and then became prac- 
tically constant. Whether this is the correct ex- 
planation each must decide for himself, but as it 
is one that affects the reliability of the conclusion, 
we submit the evidence should have been stated. 
Unfortunately, there is a much earlier question 
which might have been discussed with advantage. 
Are we in possession of a satisfactory anemometer 
that will measure with accuracy either velocity or 
pressure, and how far from the recording instru- 
ments are the results to be trusted? Since the 
author has not raised the point, perhaps it is not 
desirable to discuss it here. But those who have 
had to give evidence in courts of lawas to the force 
of wind know that their position is not unassail- 
able, and those who have had to inquire into the 
records of wind instruments know that they must 
allow a considerable margin for error. In some 
forms of anemometer the direction of the wind 





affects the record, and in all cases the force of the 
wind is a troublesome factor, causing the pressure | 


instruments to read too high and the velocity instru- 


ments too low. Faced with this uncertainty in the 
absolute velocity of the wind, it is a question how 
far rigorous treatment, except in symbolic form, i 
warranted in the practical applications into whicl: 
the author enters, such as the effect of wind in 
building construction and windmills, on train and 
motor resistance, and on fluid surfaces. One per- 
ceives clearly the nature of the forces that are 
acting, but the introduction of numerical constants 
may be misleading, though probably not to any 
mischievous extent, for the results would always lx 
checked by the teaching of experience. 





Steam-Turbines: A Book of Instruction for the Adjustment 
and Operation of the Principal Types of this Class of 
Prime Movers. By Hupert E. Corzins. New York 
and London : Hill Publishing Company. [Price 4s. (id. | 

Tue title of this little treatise precisely defines its 

scope, and it can conscientiously be recommended 

to station engineers concerned with the operation 
rather than with the design of turbo-generators. 

The section devoted to the Curtis turbine is par- 

ticularly interesting, as very little, indeed, has been 

published as to the nature of the difficulties which 
may at times interfere with the operation of this 

type of plant, though the observation made in a 

casual visit to an American power-station some 

three or four years ago, that no less than thirteen 
spare footsteps were held in reserve to meet the 
needs of five machines, conveyed a fairly broad 
hint that this bearing was then a weak point. It 
is claimed, and, we believe, correctly, that these 
troubles of infancy have now been overcome, and 
that they arose mainly from the station engineers 
failing to realise the importance of maintaining the 
cleanliness of the lubricant. This is fortunate, as 
the position of this bearing is most inaccessible. It 
can only be reached from below, and a fitter who 
has to work for any length of time at parts situated 
above his head is inclined to express somewhat 
revolutionary views as to the ultimate destina- 
tion of the drawing-office. The construction of 
this bearing is described in detail in Mr. Collins’s 
little treatise, and full directions are given as to 
the best procedure to .be followed in removing 
it for inspection or renewal. An equally full de- 
scription is given of the valve-gear employed with 
these turbines, which constitutes a very pretty piece 
of mechanism indeed. It provides for the succes- 
sive closing of the nozzles of the turbine should the 
speed tend to rise; and should one be held open 
forcibly when it is its turn to close, the next in 
succession takes up the running in a fashion most 
interesting to observe. Full directions as to the 
adjustment and setting of this gear are given. 
ollowing the section dealing with the Curtis 
turbine are others relating to the Parsons type as 
built by the Allis-Chalmers Company and by the 

Westinghouse Company. In each case detailed 

instructions are given as to starting up and shut- 

ting down the turbine. The Westinghouse Com- 
pany recommend that every turbine should be 
opened up three months after it is first started, to 

clear out the accumulation of red lead, gasket, &c., 

and other stray particles liable to be carried from 

new steam-piping into the turbine, in spite of the 
strainer fitted tostop them. Afterwards an inspec- 
tion every twelve months is generally enough. The 
section on testing the steam-turbine contains de- 
tailed directions as to the setting of the dummy 
clearances. The immense importance of a good 
vacuum, if the turbine is to work with reasonable 
steam economy, makes imperative a careful exami- 
nation and testing of the condenser and the exhaust 
connections. Detailed directions for testing the 
air-tightness of the exhaust system are given by 

Mr. Collins, whilst the various auxiliaries to a 

turbine station are discussed in the concluding 

chapters. 
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The Shot-Firer’s Guide: A Practical Manual on Blasting 
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Hitt-Cuimpinc Motor Firre-Encing ror Baru.—A 
new Merryweather motor fire-engine, specially constructed 
with a view to readily negotiating steep hills surrounding 
the city, has just been received at Bath. It includes in 
one machine a tender for carrying men, hose and ap- 
pliances, a ‘‘kemik,” or first-aid fire-engine, and a fire- 
escape, and is driven by a 55-horse-power four-cylinder 
water-cooled petrol-motor. It can travel at over 30 miles 
an hour on the level, and has been fitted with special 
braking-power, in view of the hills with which it will 
have to contend. The engine was subjected to severe 
tests Immediately on its arrival in the city. Witcombe- 
hill was successfully negotiated, and the return journey 
made vié Bathwick-hill, demonstrating the effectiveness 
of the brake-power. Other hills around Bath were also 
tried, and all were easily and successfully taken by the 
engine, with a full complement of men and gear. The 
Bath Corporation is to be congratulated on its adoption 
Ol up-to-date methods in regard to fire-protection. 





REINFORCED CONCRETE ON THE 
VANDALIA RAILROAD, U.S.A. 


By E. R. Matruews, A.M. Inst. C.E., F.R.S.E., F.G.S8., 
Borough Engineer of Bridlington, 

REINFORCED CONCRETE has been used very exten- 
sively on the Vandalia Railroad, U.S.A., and it is the 
author’s intention in this brief article to describe a few 
typical structures which have been built of this 
material. 

As prices of materials in England and in America 
differ so considerably, the author gives the following 
as a unit for prices of materials, which will help in 
comparing the cost. The crushed stone used cost 
about 65 cents per cubic yard, the gravel 25 cents per 
cubic yard, the Portland cement 1.80 dols. per barrel. 
Corrugated bars cost 2.10 dols. per cwt. 

The few structures here described by no means 
represent the whole of the reinforced-concrete work 
carried out by the above-named railroad company, but 
all structures built of this material have been of one 
or another of the designs here described, and the cost 
was approximately the same in each case. 

Vandalia Railroad Company ; Typical Reinforced- 
Concrete Structures.—The Eagle Creek arch bridge, 
shown by Figs. 1 to 6, page 36, has three spans, 55 ft. 
each, and carries three tracks. The foundations rest 
on slate, and the bridge spans a stream which has very 
little water in or | times, Pat which has reached a level 
in time of a fl a little above the springing line of 
the arches. In order that the flood-water should be 
obstructed as little as possible, the arches were given 
but little rise. For the same reason the piers were made 
quite slender, and reinforced to resist the bending 
stresses resulting from the thrust of the arch when 
the live load covers only one span. The arches are de- 
signed to carry on each track a train-load of 5000 lb. 
per lineal foot plus 60,000 lb. concentrated on a 
single axle, both uniform and concentrated loads so 
placed as to produce maximum stresses when combined 
with dead-load and temperature stresses. 

The uniform load is assumed to be distributed by 
embankment and ballast over a length of arch equal to 
the length of a tie plus one-half the depth of the em- 
bankment and ballast. The concentrated load is 
assumed to be distributed over the same length of arch 
and over a width equal to the width of three ties, and 
the intervening spaces plus one-half the depth of the 
embankment. 


The bridge was built of concrete throughout, a 


1: 3:6 mixture being used in abutments and piers, 
and a 1 : 2: 5 mixture in arch ring and parapet walls. 
The longitudinal rib method was used in depositin 
the concrete in the arch ring, each arch being dividec 
into three ribs, and each rib being monolithic. The 
extrados of each arch and the inner face of the parapet 
wall were covered with a four-ply felt and pitch water- 
proofing. 

The Srid e was built by contract, the railroad com- 
pany furnishing to the contractor all cement, broken 
stone and gravel for the concrete, and all reinforcing- 
bars. Johnson corrugated bars having an elastic limit 
of 55,000 lb. to 65,000 Ib. per square inch were used 
for reinforcement. 

The cost of structure, not including back-filling, 
filling over arch, or temporary run-around trestle for 
carrying traffic during construction, was as follows :— 


4785 cubic yards, wet excavation, at Dols. 
2.375 dols. ... we He: _ : 11,364 
2273 cubic yards, dry excavation, at 
0.41 dol. . ‘ 932 


6248 cubic yards of concrete at 6.48 dols. 40, 487 
100 squares of waterproofing at 4.54 dols. 454 


Total ... oe ea pst 53,237 

The cost of the reinforcing-bars is included in the 
cost of the concrete. 

The undergrade crossing of the Indianapolis Coal 
Traction Company’s Railway, illustrated in Figs. ‘7 
to 12, page 36, consists of a single-span skew arch, 
through which the single track of an electric railwa 

sses under the tracks of the Vandalia Rail \ 

his arch is intended to carry ultimately two tracks 
upon an embankment considerably higher than the 
present one. This accounts for the apparently un- 
necessary length of the barrel of the arch. 

The Vandalia Railroad has at the present time a 
single track at this point of crossing. This track is 
shown on the plan, crossing the arch near its north- 
westerly end. The alignment, as well as the grade, 
is to be changed, and when this is done there will be 
a double track crossing the arch, and the centre line 
between tracks will be at the centre line of the arch, 
as shown. 

The live loads assumed in the design of this arch 
were the same as those assumed in the design of the 
Eagle Creek arch, hereinbefore described, and the 
same assumptions were made as to distribution by the 
embankment and ballast. The foundations rest on 
hard clay ; 1: 2: 5 concrete was used throughout. The 
reinforcement consists of Johnson corrugated bars 
having an elastic limit of 55,000 lb. to 65,000 Ib. 





This structure was built by the railroad company, ' 


at the following cost, exclusive of cost of maintaining 
traffic, back-filling, and filling over arch, which would 
vary with circumstances :— 


: Dols. 
Excavation for foundations ua as 1118 
1012 cubic yards concrete at 8.37 dols. ... 8475 

Total 9593 


The cost of the reinforcement is included in the 
cost of the concrete. 

The cy crossing of highway, west of Seely- 
ville, shown by Figs. 13 to 15, page 37, is a single-span 
arch, through which a highway passes under five tracks 
of the Vandalia Railroad. The extrados of the arch 
was water-proofed, and the highway under the arch 
was paved with brick. 

The assumptions as to the live load and its distribu- 
tion over the arch by the embankment and ballast were 
the same as those made in the design of the arches here- 
inbefore described. Johnson corrugated bars, having 
an elastic limit of 55,000 lb. to 65,000 lb. per square 
inch, were used for reinforcement. The structure was 
built by the railroad company. 1:2:5 concrete 
was used throughout. 

The cost, exclusive of maintenance of traffic, back- 
filling, and filling over arch, was as follows :— 





Dole, 

Excavation for foundations pa i ae 
1342 cubic yards of concrete at 7.69 dols. 10,319 
Paving highway under arch sl Ae 381 
Hand-railing for sidewalk... : ; 110 
Waterproofing ¥e ne on ies 225 
Total 13,, 81 


The cost of reinforcing-bars is included in the cost 
of the concrete. 

The double-box culvert at Station 3343, east of Seely- 
ville, is illustrated by Figs. 16 to 21, page 37. This cul- 
vert carries a small stream known as Grinslade Creek, 
under the embankment of the Vandalia Railroad. A 
great many culverts of this type have been built by 
this and other railroads. The span of each of the two 
openings is 20 ft. This is about the economical span 
limit for this type of structure. For any greater span 
the arch form is preferable. This type of structure 
is also adapted to, and is frequently used for, highway 
undergrade crossings. 

It will be noticed that there is a 30-ft. embankment 
on the top of thisculvert. Withso heavy a bank there 
is a very much greater load at the centre of the culvert 
than at. the ends, and consequently a very much 

reater pressure on the foundation. Should the 
oundation not be perfectly unyielding, this produces 
heavy bending stresses at the centre of the culvert 
longitudinally, and a tendency to break in two trans- 
versely. While this does not destroy or especially 
injure the efficiency of the culvert, making it in effect 
a culvert with a transverse joint immediately under 
the centre line of the road-bed, yet the irregular crack 
is unsightly to one who for any reason walks through 
the structure. 

A good many breaks of this kind have occurred in 
culverts under 30-ft. to 50-ft. embankments, built by 
different railroads, and this is one of the number. 
Attempts have been made to overcome this tendency 
by making openings in the culvert floor under the 
embankment slope, these openings increasing in size as 
the end of the culvert is approached. By this means 
the soil pressure is more nearly equalised. This 
method has proved successful in some cases, but not in 
all. Another method is to put sufficient longitudinal 
reinforcement in the floor to take care of the bending 
moment produced by the unequal loading. This 
method is effective, but so expensive as largely to 
neutralise the advantage of this type of structure. 

This structure was reinforced with Johnecn corru- 
gated bars, having an elastic limit of 55,000 lb. to 
65,000 lb. 1:2:5 concrete was used throughout. 

The assumed live load was the same as that assumed 
for the arches previously described, and. the same 
assumptions were made as to distribution of this load 
by the embankment and ballast. All labour, includin 
form work, and all material for forms, was contrac 
at, 3.65 dols. per cubic yard of concrete. 

The railroad company furnished to the contractor 
all material for the concrete and all reinforcing-bars. 

The cost of the structure was as follows :— 


1307 cubic yards, dry excavation, at 
0.40 dol. ... — ss vite ‘is 

1418 cubic yards, wet excavation, at 
1.20 dols, ... as aed at aos | ee 

2255 cubic yards of concrete at 8.82 dols. 19,898.47 


Total ... 22,122.87 


The cost of reinforcing-bars is included in the cost 
of concrete. 

The overhead crossing of the highway west of Seely- 
ville is shown by Figs. 22 to 29, page 40. This is 
a reinforced-concrete structure with hollow reinforced 
abutments, built to carry a highway over four tracks 
of the Vandalia Railroad. The structure was designed 


Dols. 
522.80 





to carry a live load of 125 lb. per square foot, and a 
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dead load equal to weight of structure and ballast ; 
1 : 2: 5 concrete was used throughout. 

The expansion joint shown in Fig. 22 was put in 
the structure, and is a vital point in construction. 
Experience shows that without it temperature cracks 
are likely to develop in the tops of the main girders, 
unless special heavy reinforcement is put in to prevent 
it. With the expansion joint there is no trouble in 
this respect. 

This structure was built by the railroad company, 


and the cost was as follows :— 
Dols. 
Excavation for foundations a ne 467 
535 cubic yards of concrete at 10.69 dols. 5717 
Refilling and making roadway hes : 


Total = is 7531 
The author ‘would express his indebtedness to the 
chief engineer to the Vandalia Railroad Company, Mr. 
F. T. Hatch, for the whole of the interesting par- 
ticulars here given, and for permission to uce 
the drawings. 


THE NEW QUEENBOROUGH AND 
FLUSHING MAIL STEAMERS. 

Among the many varied types of vessels which we 
illustrate from time to time. in our pages, not the 
least interesting are vessels of the poly ello class, 
in which a high speed and a maximum amount of 
passenger accommodation have to be obtained upon 
limited dimensions and draught of water. In relation 
to ship length, the speeds obtained by cross-Channel 
steamers are about 30 per cent. greater than the best 
on the Atlantic, and are only surpassed by the records 
of torpedo craft. This high-speed-length ratio is made 
possible mainly by the shortness of the passage, and by 
the fact that Channel steamers do not require to be so 
heavily constructed as ships intended to cross the high 
seas. For these reasons the weights of fuel and hull 





are comparatively small in relation to the size of the 
vessel, 
On the opposite page we illustrate the three latest 








additions to the cross-Channel class. These are the | 


new twin-screw steamers Prinses Juliana, Oranje 
Nassau, and Mecklenburg, which have been built by 
the Fairfield Shipbuilding and Engineering Company, 
Limited, for the accelerated night service of the Stoom- 
vaart Maatschappij Zeeland, of Vlissingen, better 
known in this country as the ‘ Zeeland Steamship 
Company, of Flushing, Holland.” Since the formation 
of this company in 1877 all the vessels of their fleet 
have been built at Fairfield, and the Mecklenburg is 
the thirteenth link in the chain of association. All 
previous vessels on the Queenborough-Flushing route 
have been paddle-steamers, which have been very 
popular, both with their owners and the public, on 
account of their steadiness and quick-stopping power, 
and the resulting comfort and safety. The last of the 

idle-steamers-—the Koningin Wilhelmina, Koningin 

egentes, and Prins Hendrik—were vessels of 21 knots 
speed on the measured mile, and have been exceedingly 
useful vessels. So popular, however, was the Flush- 
ing route becoming that it was felt that larger and 
swifter vessels were required, and designs were pre- 
pared for dle-steamers, twin-screw steamers, and 
turbine craft. It was finally decided to adopt recipro- 
cating machinery and twin-screws as affording the 
best aggregate of the qualities of speed, absence of 
vibration, and manceuvring power. It has been for 
some years the wise policy of the Zeeland Company to 
have three steamers for each of their day ak: night 
services, although two only are at work together. 
Each vessel runs for two weeks and lays up for one 
week, an arrangement which enables the company to 
keep the vessels in first-class condition, and their 
crews always at their maximum efficiency. 

The contract for the new vessels stipulated for three 
steamers about 360 ft. in length, each having two sets 
of quadruple-expansion four-crank balanced recipro- 
cating engines, capable of driving the vessel at a mean 
8 of 21 knots over the 120 miles of shallow North 
Sea which lie between Queenborough and Flushing. 
Starting with these conditions, the Zeeland and Fair- 
field mpanies worked out the very satisfactory 
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and successful design illustrated. Modern passenger 
steamers are often referred to as ‘‘ floating hotels ” 
or ‘‘ palaces,” but in no hotel is a guest expected to 
share his room with another traveller, and in the 
experience of the Zeeland Company it was found that 
there was a steadily increasing demand for ‘‘ a room 
for myself.” In arranging the accommodation, there- 
fore, special attention was given to obtaining as many 
single-berth state-rooms as possible. As may be seen 
from the deck plans on the opposite page, there are no 
less than 64 one-berth cabins out of a total of 145. 

The vessels are each 363 ft. in length over all, 
45 ft. 4 in. in extreme breadth, and 25 ft. 10 in. in 
depth to upper deck, and of about 3000 tons gross. 
There are five decks—lower, main, upper, prome 
nade, and boat—and ten water-tight bulkheads ex- 
tending to the height of the main deck. There are 
two funnels, which, with a fore-and-aft rig, give the 
vessels a smart appearance, as is shown by Fig. 1, on 
the opposite page. 

Other features in the design, besides the large 
number of one-berth cabins, are the minute sub-divi- 
sion of the hull by water-tight compartments, and the 
provision of submarine signalling and wireless-tele 
graphy apparatus. The submarine signal receiver 
works in conjunction with submarine bell-sounding 
apparatus installed at Flushing Harbour and on the 
North Sea lightships, and enables the vessel to ascer- 
tain her true position and to enter harbour with abso 
lute safetv and certainty in foggy weather. 


PASSENGER ACCOMMODATION. 

The main passenger entrance may be either on the 
upper or the ovmiennie devk (F igs. 2 and 3) according 
to the state of the tide at the landing-stage. From 
the entrance the first-class passengers turn towards 
the hall (Fig. 3), which, by means of an easy stair, 
gives access to the dining-saloon, the ticket-office, 
and all the other rooms on the main deck (Fig. 4). 
The second-class entrance is aft. For the first-class 

ublic rooms special decorations and fittings have 
Sess designed and supplied by Messrs. Mutters and 
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THE NEW QUEENBOROUGH AND FLUSHING 


MAIL STEAMERS. 


CONSTRUCTED BY THE FAIRFIELD SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GLASGOW. 











Fig.2. PROMENADE DECK. 





























Fig.3. UPPER DECK. 
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Sons, of Amsterdam. The dining-saloon is on the | a bath-room, {allZfurnished fand finished with excep- 
main deck (Fig. 4). It extends the whole width of | tional taste and skill by Messrs. Mutters and Sons. 
the ship immediately abaft the engine casing, and | There are also two suites on the upper deck amid- 
has seating aecommodation for 9: rsons. The | ships, each consisting of sitting-room, bedroom, and 
smoking-room at the fore-end of the houses on the | lavatory (see Fig. 3). 
upper deck is accessible from the dining-saloon by | There is, in all, accommodation for 244 first-class 
two alley-ways and a stair. It has specially large passengers, of whom 64 will have single-berth, and the 
windows, and is finely upholstered and furnished. | majority of the others two-berth cabins. A se te 
The large entrance hall on the upper deck is fitted | group of two-berth cabins forward on the main deck is 
with settees and tables, and forms a lounge. reserved for ladies, with a handsome sitting-room, 
immediately abaft, and opening off the entrance | ample lavatory accommodation, and stewardess's cabin 
hall, is the ‘‘Imperial Suite” of rooms (Fig. 3). | immediately adjacent. 
These consist of a large sitting-room, a bedroom, and' — Aft there are berths for 110 second-class passengers, 





in cabins for two, four, or six (Figs. 4 and 5). The 
second-class dining-saloon will seat 28. The second- 
class wmoking-room is in a house on the poop-deck. 
The promenade-deck, which is 195 ft. in length, forms 
@ spacious promenade for passengers, while the boat- 
decks afford protection in inclement weather. 


AUXILIARY MACHINERY AND APPLIANCES. 

The installation of auxiliary machinery for sundry 
pu in these ships is of the most complete 
modern description. The electric generating plant, 
described later, provides current for a number of pur- 
poses besides lighting. As mentioned in connection 
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with the propelling machinery, the forced-draught 
fans are electrically driven. otor-driven fans are 
also fitted for exhausting air from the smoking-rooms, 
and from the cabins in the lower decks’; special indi- 
cating lights are freely fitted throughout the ship, so 
that passengers may have a minimum of remem. 4 in 
tinding their way about the vessel, a provision which 
is rendered doubly useful by the shortness of the 
time during which the ngers are aboard. The 
sleeping-cabins are all fitted with duplex electric lamps 
giving, at will, full and brilliant illumination, or a 
subdued glow suited for use as a or. Cur- 
rent is also supplied to a complete outfit of navigating 
lights provided with automatic safety and warning 
devices, in case of any failure of these vitally im- 
portant lights. A search-light is also fitted for use 
when entering or leaving port. The equipment of 
electric bells is complete. 

Loud-speaking telephones are fitted for communica- 
tion between the bridge and the engineer on watch. 
For the purposes of communication with the shore 
an installation of radiotelegraphic apparatus is fitted 
in a house on the promenade-deck, so that the ship’s 
officers are able to keep in communication with the 
shore staff and to report any incidents which it may 
be deemed necessary to pass on to head-quarters. The 
installation is also available for wireless messages to 
or from passengers. 

Electricity is also employed to transmit from the 
receivers in the hold to the instruments on the bridge 
such warnings as are received from the submarine 
bells, fitted at the harbour entrance and on the light- 
ships. In connection with submarine signalling it may 
be noted that a passenger who has access to any por- 
tion of the outer hull structure below the water-line 
may convert himself into a receiver of submarine 
signals by placing his ear in contact with the shell or 
frame of the ship, or, better still, by holding in his 
teeth a slip of wood or a lead-pencil, one end of which 
he presses against the shell-plates while he stops his 
ears so as to keep out extraneous sounds. 

The cargo capacity of these new vessels is, consider- 
ing their passenger accommodation and speed, very 
large, and the outfit of powerful silent winches and 
derricks provided for handling this is remarkably 
efficient, and will undoubtedly make for rapid despatch, 
which, in view of the perishable nature of much of 
the merchandise carried on this route, is a matter of 
much importance. Cargo is carried in holds both for- 
ward and aft, as well as in special spaces underneath 
the forecastle-deck, where are also situated large and 
conveniently-arranged mailand baggage-rooms, together 
with a complete postal-sorting office. 

Other auxiliaries include a powerful windlass forward 
for dealing with the stockless anchors, which are drawn 
up into the hawse-pipes when the ship is at sea. The 
windlass is also used for manipulating the heavy 
hawsers required for mooring and warping the ships. 
Aft these is fitted, in the steering-gear house, a winch 
having warping -Larrels projecting in a convenient 
position through the sides of the house. The steering 
machinery consists of a steam-driven gear for regular 
use, and a screw-gear for hand use in case of a break- 
down. The installation is of Messrs. Hastie’s design 
and make, and consists of a large-toothed quadrant on 
the rudder-stock, driving the latter through stiff springs 
fitted so as to minimise shocks to the gear through 
blows of the sea ; this quadrant gears into a pinion 
driven through the agency of a worm and wheel by a 
pair of inverted direct-acting steam-engines. Tele- 
motor gear controls the direction and amount of move- 
ment of the gear by operating a steam-valve which 
allows steam to enter and leave by one or other of two 
sets of passages, according to the direction of motion 
required and indicated by the movement of the wheel 
on the bridge. 

Safety appliances are provided on an ample scale, 
and in the unlikely event of it becoming necessary to 
abandon the ship, each person would find to hand a 
cork life-belt capable of supporting him in the water 
for many hours. Eight life-boats are fitted on the 
boat-decks, each in chocks underneath a set of davits 
of the Welin pattern and make. The Zeeland Com- 

ny’s officials, foreseeing the difficulty of getting a 
fifeboat into the water in case the ship had taken a 
considerable list either way, have devised and have 
had fitted an arrangement of rails and trollies by 
means of which the life-boats on either side can be 
taken to the davits on the other side, and thence 
launched into the water. 


PROPELLING MACHINERY. 


The twin-screws are each driven by a set of four- 
crank triple-expansion engines, balanced on the 
Yarrow, Schlick, and Tweedy system. A view of the 
twin sets of engines is given on page 48. Each set of 
engines has one high-pressure cylinder, 28 in. in dia- 
meter ; one intermediate cylinder, 434 in. in diameter ; 
and two low-pressure cylinders, each 49 in. in dia- 
meter, all arranged fora stroke of 2 ft. 9in. All the 
cylinders are fitted with se te cast-iron liners. 


The high-pressure cylinders are each fitted with one 
piston slide-valve ; 


the intermediate-pressure cylin- 





ders each have two piston slide-valves, placed side 
by side, and connected to one common valve-rod 
by a crosshead within the valve-casing, while each 
low-pressure cylinder is fitted with a Sutiooutel 
flat aide valve. Each set of cylinders is supported on 
four cast-iron columns and six round polished forged- 
steelcolumns. The former, which carry the crosshead 
guides, are on the inboard side next the starting- 
platform. Each crank-shaft is in two lengths, con- 
nected by a flange coupling ; the cranks are forged 
solid with the crank-shafts. The propellers are built- 
up ; the three blades on each are of manganese bronze, 
and the bosses of cast steel. On each set of engines there 
isa steam-driven reversing-engine, with gear of the all- 
round type, and a separate steam-driven turning engine. 

The starting position is on the centre line of the 
ship between the engines, and the hand-gear has been 
so disposed that one engineer has entire control of the 
handling of the engines when manceuvring. The main 
steam is conveped to each high - pressure receiver 
through wrought-iron lap-welded pipes, and is regu- 
lated at the starting position by a double-beat valve 
fitted with bronze Ketible discs, while between this 
valve and the receiver a throttle-valve is fitted, to 
which is connected an Aspinall’s patent governor. If 
desired, the governor can be disconnected, and the 
throttle-valve worked by means of a hand-lever. 

The main condensers are separate, circular in sec- 
tion, and built of steel plates, the end doors being of 
brass, They are placed in the wings of the vessel, 
supported on brackets built out from the ship’s frames. 
The circulating pumps, one to each main condenser, 
are of Drysdale’s ‘‘ Bon-accord ” centrifugal type, with 
brass pump-cases, the suction branch being connected 
to both a high and low-level inlet-valve. In case of 
breakdown in either of these pumps, a cross-connec- 
tion pipe is fitted between them on their discharge 
sides, so that either pump may supply circulating water 
to either condenser. Two independent steam-driven 
twin air-pumps, by Messrs. Weir, are fitted, one for 
each condenser, each discharging through a feed-water 
filter of the List and Munn type to the float-control 
tank of the feed-pumps. 

There are two Weir feed-pumps, each capable of 
feeding the boilers when developing full power. These 
draw the feed-water from the float-control tank, and 
discharge to the boilers through a feed-water heater. 
The heater, also of Messrs. Weir’s manufacture, is of 
the exhaust, surface type, the necessary heat being 
obtained from the exhaust steam of the auxiliary 
machinery, which steam, having performed its duty 
in the heater, is drained back to the main condensers. 

The auxiliary machinery, with the exception of the 
forced-draught fans, is all situated in the engine-roum, 
and, besides the foregoing, includes two pumps for 

eneral service, one for sanitary purposes, and one for 
resh-water supply, and also a duplex pump for the 
supply of water to the ash-ejectors. 

At the aft end of the engine-room, in the thrust 
recess, are situated three powerful electric generating- 
engines for the lighting of the ship, for supplying 
current to the fan-motors, and for other purposes. 

On certain parts of the service route the water is 
shallow and the bottom sandy, and to prevent this 
sand, when stirred up by the propellers, finding its 
way into and damaging the stern-tube bearings, a 
Cedervall’s patent gland is fitted on each shaft 
between the aft flange of the stern-tube and the 
forward face of the propeller boss. In this case the 
usual gun-metal liners on the propeller shaft, which 
run in lignum vite bearings, are omitted, and the 
shaft, unlined, runs in stern-tube bearings lined with 
white metal, and the stern-tube is kept full of oil by 
means of a small pump fitted in the tunnel. 

There are four double-ended cylindrical boilers de- 
signed for a working pressure of 190 lb. per square 
inch. Each is 14-ft. 6 in. mean diameter and 20 ft. 
long, with six corrugated furnaces. The four boilers 
are arranged in two separate water-tight compart- 
ments. As it wasof the utmost importance to mini- 
mise weight, the boilers have been constructed of 
special high-tensile steel, while all the machinery has 
been designed of as light a nature as possible con- 
sistent with efficiency and strength. The furnaces are 
supplied with forced draught on the Howden system, 
four fans being installed in the funnel hatches on the 
level of the promenade-deck. To secure freedom from 
noise and vibration these fans are each driven by an 
electric motor, the s being controlled from the 
engine-room. A See's ash-ejector is fitted in each of 
the two boiler-rooms. 

On the measured mile at Skelmorlie, the mean speed 
attained in the case of all three steamers was over 22} 
knots, while on the service runs in the North Sea 
22 knots—or one sea mile per hour in excess of that 
contracted for—was easily maintained for a period of 
six hours. Atall speeds the entire absence of vibra- 
tion was specially remarked, it being possible to write 
with absolute steadiness in _ part of the vessel. 

During construction the work was superintended by 
Mr. T. H. de Meester, = manager of the Zee- 
land Company, and Mr. J. Kromwijk, superintendent 
engineer, with Mr. H. J. Voorloop as resident over- 





seer, and at the conclusion of the trials of each vessel 
these gentlemen exp their entire satisfaction. 
On the runs round from the Clyde to Flushing an 
opportunity was afforded of judging of the sea-going 
qualities of the new vessels, and the latter were found 
to be exceedingly steady and comfortable. 








“GAS OR OIL-ENGINES FOR MARINE 
PROPULSION.” 
To THE Eprror oF ENGINEERING. 

Sir,—Electricity, when applied to the propulsion of 
ships, can apparently produce startling results. It is 
generally understood that the power required to propel a 
— varies as the cube of the speed, but it is not gene. 
rally understood that the power required for different 
peters varies as the cube root of the number of revo. 
utions. That, however, seems to have been the basis on 
which Mr. William P. Durtnall has made the comparison 
of a propeller running at 80 revolutions with a propeller 
running at 500 revolutions. 

If on that basis a propeller running at 500 revolutions 
requires twice the horse-power for an equal effect com- 
pared with a propeller running at 80 revolutions, then a 
propeller running at 1000 revolutions will require two-and- 
a-half times the power. 

It was stated in your issue of July 10, 1903, that the 
triple-screw turbine-steamer Queen Alexandra on her 
trial trip attained a mean —_ of 21.43 knots; the 
revolutions of the centre shaft were 750, and of the side 
shafts 1090. The total estimated horse-power was 4400. 

Had this steamer been fitted with Mr. Durtnall’s 
system of electric transmission between the turbines and 
propellers running at 80 revolutions, only 1760 horse- 
power would have been required, and a saving of 3 lb. 
out of every 5 Ib. of coal at present consumed would have 
been effected. 

Does Mr. Durtnall really believe that by his or any 
other electric system such a saving can effected ? 
Does he believe that Mr. Parsons or Messrs. Denny 
would foist upon ashipowner such an inefficient installa- 
tion of propelling machinery as his method of demon- 
stration would prove this installation to be. 

Until I read Mr. Durtnall’s letter it never occurred to 

me that the speed of a reciprocating engine was likely to 
be unsuitable for a propeller. My experience of recipro- 
cating engines has been that for similar pur similar 
8 s have been used, independent of the fact that 
steam, gas, or oil may have been the operating medium. 
In marine practice piston speed is practically a constant. 
If Mr. Durtnall can demonstrate that a difference in 
revolutions will make such a difference in the weight of 
two engines of equal power that the combined weight of 
the high-speed engine, an electric generator, and an 
electric motor will less than the weight of the slow- 
speed engine alone, then I would like very much to see 
his calculations. I would, however, stipulate that his 
calculations include no law discovered by himself. 
_ There is little wonder Mr. Durtnall should be exercised 
in his mind regarding the reversibility of or oil- 
engines when it is understood that his conception of such 
engines for marine purposes is a hybrid construction, in 
which the crank-shaft is purposely set off the cylinder 
centre line. There is probably not one engine in ten 
thousand of all the gas or oil-engines made that has its 
crank-shaft set off the cylinder centre line. To cite such 
an engine as a reason for declaring that gas or oil-engines 
cannot be made reversible, except by considerable diffi- 
culties of construction and manipulation, is certainly a far- 
fetched expedient. 

It may surprise a great many more than Mr. Durtnall 
to know that if a gas or oil-engine is provided with any 
suitable means, such as a barring-engine, for turning its 
crank-shaft two revolutions in whichever direction it is 
desired to run, the engine can be made to run in that 
direction without any reversing gear whatever ; that is to 
say, a four-stroke cycle engine can be made to reverse 
automatically. 

The means used to turn the crank-shaft of the combined 
internal-combustion and fluid-pressure engine described 
in your issue of the 17th ult. is, of course, the compressed 
air available in the “closed circuit.” 

Regarding compressed air and air-compressors, Mr. 
Durtnall’s experience seems to have been rather unfortu- 
nate. He writes of troublesome and inefficient air-com- 
pressors. Probably he means the use of compressed air 
in the combustion ends of a gas or oil-engine is trouble- 
some and inefficient. If so, I with him entirely. 
There is always more air wasted in the clearance spaces 
than is used to produce useful work in the starting of the 
engine. As regards the air-compressor, however, that 
may be a fairly efficient machine, most modern air-com- 

ressors are, the inefficiency of compressed air transmission 
the usual methods being due to the methods, and not to 
the machines. The possible efficiency by my ‘‘closed 
circuit” method is quite beyond the possibility of any 
electric system, as may be understood from the following : 

1. When air is compressed, the generation of heat, and 
consequently the possibility of losing heat, is in direct pro- 
portion to the ratio of compression, which, it is to be noted, 
1s quite a different matter from the range of pressure. 

2. If air is comp from atmospheric pressure to 
200 lb. gauge pressure—the ratio of compression is 


215 _ 14.33, 
15 


3. If air is compressed from 50 lb. gauge pressure to 
250 lb. gauge pressure—i.e., through the same range ol 
pressure—the ratio of compression 1s 


265 _ 4.07. 


4. As the possibility of losing heat is dependent on 
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these ratios, it is evident that by “ closed circuit ” opera- 
tion this possibility is reduced in the ratio of 
14.33 _ 3.52 to 1, 
4.07 

5. For the same reason the capacity of air compressor 
required for any given effect is reduced in the same ratio. 

6. By operating adiabatically the possibility of losing 
heat remains merely a possibility when use is made of 
the exhaust heat of the gas or oil-engine, whereas in open- 
circuit isothermal operation the possibility of loss becomes 
a certainty, limited only by the comparatively inefficient 
cooling apparatus of the air-compressor. = 

7. In open-circuit operation further possibilities of loss 
occur through incomplete expansion due to regulation of 
the output of the air-engine, and to avoiding freezing. 

8. In “ closed-circuit ” operation expansion is complete 
at all times, quite independently of the regulation of the 
output of the air-engine, while freezing is impossible. 

9, A ‘‘closed circuit” contains a definite invariable 
quantity of air. Gempression of any part of that air can 
only take place simultaneously with expansion of the 
other part. Expansion is therefore complete before trans- 
mission of power takes place. That is to say, any power 
not developed by expansion in the air-engine is de- 
veloped by expansion in the air-compressor. 

In pte fe I would state my opinion that a gas or 
oil-engine for marine pu should be of the simplest 
possible construction. I do not consider the land type of 
engine, with its cams, rollers, levers, springs, collars, and 
cotters, is any more likely to meet a marine engineer’s 
requirements than a land-type Corliss engine, with its 
wrist-plates, rods, levers, trip-gears, and di ts, does at 

resent. As my letter in your issue of the 17th ult. indicates, 
Fteveur the tandem single-acting four-stroke-cycle engine, 
for the reason that it can be made Yat amp / double-acting 
by the simple addition of a piston valve distributing air 
to the undersides of the top pistons. These piston valves 
would be operated from the crank-shaft by a link motion, 
as in the steam-engine. The valves for the combustion 
ends of the cylinders should also be piston valves, as one 
valve for admission and one valve for exhaust is all that 
is needed for the two cylinders of a single-acting tandem 
engine. These valves would be driven by eccentrics on 
independent valve-shafts, and, as already stated, require 
no reversing gear. Such an engine would make a severely 
plain type, and quite in ar page | with the ideas of the 
marine engineer as expressed in the marine type of steam- 
engine. It would act in all essentials likea steam-engine, 
and, along with the economy of internal-combustion opera- 
tion, Ido not think any marine engineer will require more 
from the engine. f 

The compressor half of the engine could, of course, be 
placed in any convenient position in the ship, and not 
necessarily alongside the propelling half. 

Yours truly, 
Jas. DUNLOP. 
69, Armadale-street, Dennistoun, Glasgow, 
January 8, 1910. 








‘*“COMPOUND STRESS EXPERIMENTS.” 
To THE Eprtor OF ENGINEERING. 

Sir,—I have to thank Mr. C. A. Smith for furnishing, 
in his last letter, certain of his stress-strain curves. 
Perhaps it isnot yet too late for them to be appended to his 
paper; if samples of curves of simple compression tests 
were also added (he gave a reference to one only in a 
former paper), the value of his paper would be consider- 
ably enhanced. The accuracy of the determination of the 
yield-point can only be gauged from the stress-strain 
curves, and it is especially necessary to have the curves 
when the test-pieces are solid specimens. In this connec- 
tion I may as well correct your T. /'- Mr. A. G. 
Warren (a student or assistant of Mr. Smith’s). Mr. 
Warren says :—“ ee Sa steel has yielded, the 
stress required to continue plastic flow is very much less 
than that required to start yielding.” Mr. Warren would 
have been more accurate if he had said :—‘‘ When plastic 
flow at yield has begun, the stress required to continue 
the flow, at a less rapid rate, is rather less than that 
required to start the yielding.” Let Mr. Warren consult 
the recognised authorities on this point. 

Now, in combined stress experiments what we want to 
determine is the point of commencement of this flow. 
All the later experimental work on tension, compression, 
and torsion of tubes does not show a drop in the stress- 
strain curve immediately beyond the yield-point. Indeed, 
it appears to be a fair inference, even from the published 
autographic stress-strain curves, that the flow—at rather 
less stress—really occurs when the yield-point, properly 
so called, is passed. 

Even if it were conceded (which one one not, in view 
of the facts, to do) that the flow at rather less strain com- 
mences at the yield-point, my contention holds that the 
Variation of stress in the torsion test of solid bars would 
cause the yield of the whole to be gradual. It is therefore 
& tuatter for surprise that the torsion curves given last 
week by Mr. Smith show the yield-point as the meeting 
of two straight lines—the “elastic line” and the “ yield 
horizontal line. This circumstance is so interesting that 
one wonders why Mr. Smith so far hid his light under a 
bushel as not to publish several typical examples of his 
torsion curves in his paper, and make oe mention of it. 

With ogee to the intensity of the ing stress under 
the ends of the set-screws of his sphingometer, Mr. Smith 
might have settled the point by showing that the force on 
the screws divided by the bearing area was so small as to 
Me negligible. Certainly it does not appear that it would 


Mi. Smith says nothing more ‘about lateral flexure of 
tubes, but proceeds ve” the correctness of his 


** proving” is done in one peragragh of random and in- 
erewit 


correct quotations, which I put in the pillory. 
Mr. Smirn’s Quorations. aa seated 


‘* Various lengths of specimens * Various lengths of specimens 
of each of these (tubes) were of each of these” (sizes of tubes) 
tested, the lack of uniformity “were tested, the lack of uni- 
noticeable in the lengths being formity in the lengths being due 
due,” &c, to the circumstance that it was 

difficult to cut, from the same 
piece, the required lengths of 
exactly ht tube.” 

“They (the tubes) could not “ They undergone some 
be considered isotropic.” degree of annealing, but not so 

far that they could be con- 
sidered isotropic for the purpose 
of the tests.” 

Note :—This was the explana- 
tion why further thorough an- 
nealing was done on the r 
number of specimens. 

“Variation in thickness of “The maximum variation in 
wall of the tubes used in the thickness of wall of the tubes 
tests was 0.007 in.” used in the tests was 0.007 in., 

means being taken (see descrip- 
tion of apparatus for compres- 
sion tests) to obtain uniformity 
of compressive stress,” 

* The readings. . . cannot. be “In the simultaneous axial 
used to. calculate the “elastic and hoop-compression tests, 
constants.” the len on which it was at- 

temp' to measure the strain 
was about 1} in. It was found, 
however, at the readings 
of the compressometer were 
affected by some elastic dis- 
tortion of the apparatus con- 
necting the compressometer 
with the (inside of the) tube. 
The readings, and the curves 
plotted therefrom, show the 
yielding of the specimens, but 
cannot be used to calculate the 
elastic constants.” 
Note :—These difficult tests— 
hydrostatic pressure on the out- 
ie of the tubes with simul- 
taneous longitudinal compres- 
sion—were three in number. 


“The yield stresses in simple “The yield stress in simple 





tension and simple P and simple com on 
do not agree well .... the donot agree well, especially (as 
reentage difference varies might perhaps be ex ) for 
rom 15 to 234 per cent.” the tubes tested without further 
annealing ... the percen’ 
difference. . . varies from 15 to 
23 per cent.” 


The random misquotation of these sentences is not 
criticism, but misrepresentation. It is thus that Mr. Smith 
proves his contention ; rather is it demonstrated what, in 

r. Smith’s mind, constitutes a proof. 

Yours faithfully, 
Ww. SON. 
The University, Liverpool, January 11, 1910. 








‘““THE DISASTER AT THE ALEXANDRA 
DOCK, NEWPORT.” 
To THE EpiTor OF ENGINEERING. 

Srr,—I am reminded by the letter of “J. R. B.,” in 
your issue of the 24th ult., that we should “never sacri- 
fice accuracy for the love of brevity,” and yet in these 
days we must have some respect for your valuable s 7 
** J. R. B.” alludes to several points which should have 
been amplified in my letter in your issue of the 10th ult., 
and to which I may be allowed to refer. 

With reference to his statement that there were 
“plenty of struts” in the timbering, I would say that 
the practice of timbering trenches may regarded as 
entirely the result of practical experience, different firms 
having their own systems, which vary slightly, whilst in 
different countries again the systems vary still more so, 
and in some cases are piectately different. 

The system which I have always adopted (and under 
which I was brought up) is to have the upper frames of 
timber 3 ft. 6 in. centres at the top and 3 ft. at the bottom, 
and in very extreme cases even less, and I have never 
known a case of failure—not even in the case of the Fleet- 
wood Docks, which were constructed in ‘‘ running sand,” 
and where the pumping was so excessive that 12,000,000 
gallons of water were pumped per day. 

I have occasionally known young engineers amuse them- 
selves with calculating the required size of our struts, 
which they have generally proved to be too large ; but 
when the struts began to set up their backs with the ex- 
treme pressure, we conclusive Vw that they were 
none too strong for their work. Indeed, the theory of 
the elongation of struts, about which so little is known, 
mes involved in such cases, and every wise man will 
be on the safe side. 
“J. R. B.” rightly calls attention to the inefficient and 
careless manner in which the king-piles were dealt with 
when the excavation of the trench had ed the ballast 
and as this was the weak spot in the = of timbering, 
it was im ible to be too careful. I stated in my letter 
that the difficulty should have been provided against by 
the insertion of two raking struts to each pile, to hold it 
down before its foot was disturbed. 
In this case it is not supposed that with the bottom in 
ballast there would be any ‘‘ spewing upwards,” but we 
may fairly assume that when the feet of the whole-timber 
sheeting Ee were exposed, and so released from their 
hold in the ballast, an enormous increase of pressure on 
the timbering would take place from the lower portion of 
the “‘ bungum.” The inefficient king-piles would resist 
for a time, but would ultimately rise, and the timbering 
collapse. If it was impossible to drive the wap 
h the ballast, it is clear a difficulty would have 
to be met and overcome in the manner above indicated, 


exercised when excavating in the ballast to have the 
timbering absolutely tight (as well as sufficient) to meet 
any tendency on the part of the sheeting piles to come 
forward ; certain witnesses proved that this actually 


a 
e deposit known as ‘* bungum” is a soft and trea- 
cherous material to deal with at the best of times, but it 
would be rendered much worse by pumping wet sand over 
it to the depth of from 5 ft. to 20 ft. This may have been 
an expeditious, but certainly not a wise, procedure. 
T am, Sir, your obedient servant, 
Joun James Rosson, M. Inst. C.E. 
Staple Inn Buildings, High Holborn, W.C. 





ROLLING-STOCK FOR HEAVY GRADIENTS. 

AT the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 11, Mr. R. Elliott- 
Cooper, Vice-President, in the chair, the yg x! read was 
“The ign of Rolling-Stock for Smooth-Rail Workin 
on Heavy Gradients,” by Mr. F. W. Bach, M. Inst. C.E. 
The following is an abstract of the paper :— : 

The author points out the lack of literature dealing with 
the pe involved in the design of economic rolling- 
stock for such service, and the comparatively small value 
of data hitherto given; the latter being, in fact, only 
applicable to particular cases. 

the result of many years of experiment, the author 
sets forth a formula for calculating the work which may 
confidently be expected from locomotives engaged in 
pears genes working, their probable consumption of 
uel, &c. 

The relative merits of tank and tender-engines, of two- 
cylinder engines of ordinary type and of desi 
and of four-cylinder locomotives of Fairlie and let 
design, are all examined ; and on account of the evennéas 
of thé torque of engines with three cylinders enabling -a 
much better use to be made of their adhesive weight, and 
also because of their superior economy in fuel, the author 
favours the adoption of three-cylinder engines for moun- 
*“o maleanet peed-limits for both up and down gradients, 

uestions of 8) -lhmits for up own len 
of type and power of brakes, of the limits of axle-load, 
my many details of practical construction, are referred to 
at length. 

In connection with the design of passenger-coaches and 

wagons, the very great economic importance : of 
ight tare is insisted upon, and designs are given showing 
that it is quite possible to combine modern luxury of pas- 
senger equipment with very light tare. Similarly, that 
pon of good cubic engamts can be designed with 
ow axle-loads and as low a ratio of tare to total weight as 
1 to 4; also that the use of timber for light underframes 
cannot by any means be considered obsolete. 

Many ae Soe are given showing the financial 
returns obtainable from the use of exceptionally light 
stock on heavy ients. ‘ 

The paper is illustrated by six diagrams and by illus- 
trations of the locomotives, coaches, and wagons advo- 
cated by the author. 





Tue Instirvorion or Crvin Enoinxerrs: StTupEents 
Meetincs.—At the Students’ Meeting held at the Insti- 
tution on Friday, January 7, at 8 p.m., Mr. Henry R. J. 
Burstall, M. Inst. C.E., in the chair, Mr. Donald South- 
well Richardson, Stud. Inst. C.E., read his paper on 
“‘Oil-Fuel.” The author, having described the various 
oil-fuels, proceeded to discuss the economic advantages of 
oil over coal. He concluded with a description of the 
various methods of burning the oil, and illustrated his 
remarks with a number of lantern.slides of oil-fuel burners. 
In the discussion which followed Messrs: G. I m, 
F. W. Cockshott, H. V. Hutt, 8. Lacy, and J. L. Tann 
took part. 





University oF Lonpon, University CoLirce.—A 
special post-graduate course on ‘‘ The Ideal Arch, Metal 
and Masonry, Theory and Design,” will be delivered by 
Professor Karl Pearson, M.A., LL.B., F.R.S., in the 
Lecture Room of the Department of Applied Mathe- 
matics. The first meeting will be at 9 a.m., January 21; 
butif other arrangements permit, another hour, which may 
fit better with the opportunities of those desiring to attend 
the course, will be selected. This course will consist partly 
of lectures and partly of drawing demonstrations. The 
fee for the course will be 2/. 2s. Applications for tickets 
of admission are to be made to the secretary, Mr. W. W. 
wat at University College, London (Gower-street, 


Prrsonat.—Mr. R. E. Lambert, Alpha Tube Works, 
Walsall, has converted his business into a company ; all 
communications, &c., should in future be addressed 
‘Lambert Brothers (Walsall), Limited.”—The Newall’s 
Insulation Company, Limited, state that Mr. Charles 
Bishop, who has been connected with since they 
took over the business of the Armstrong Cork Com- 
pany, has now ceased to re t them ; they have de- 
cided to close their office at 10, South-street, E.C., owing 
to a change in the lease, and all corres lence, &c., 
should, in future, be addressed to their head-office, at their 
Newcastle-on-Tyne address, Scottish Provident-buildings, 
Mosley-street.—Mr. Arthur P. Haslam, M.I.E.E., has 
commenced iness on his own account, and opened an 
office at Suffolk House, Laurence Pountney Hill, Cannon- 
street, E.C., where he is prepared to act as London 
representative for manufacturers of electrical or engineer- 
ing specialities.—Electrometers, Limited, have found it 
necessary to remove their London office to more commo- 
dious premises, and all communications for this office 
should be addressed to 49, Queen Victoria-street, E.C. 


The telegraphic address and telephone numbers remain as 








contention as to the lack of accuracy of tests on tubes. The 








and, in addition, the greatest care should have been | bef 
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BOOT AND SHOE-MAKING MACHINERY. 
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THE GROWTH OF THE BOOT AND SHOE- 
MAKING MACHINERY.* 
By A. Cuap.in, Leeds. 
(Concluded from page 15.) 
NAILING-MACHINE. 

I WANT now to direct your attention to a section of 
machines which, to my mind, are a distinet class, a class 
which comprises many forms and distinctions, but are 
still practically for the same kind of job. These are nailing- 
machines for all classes of nails, whether those used in 
riveting or making fast the soles, or those that are put in 
for wear, and are known in the trade as surface nails. 
In the machine for driving rivets in as fastening devices, 
the great difficulty that fret presented itself to the in- 
ventor of this class of machine was the getting of the 
rivets to flow out of a receptacle into an inclined race or 
shoot, in such a way as to insure a continuous supply. 
This for a long time baffled the inventor, until he 
conceived the idea of having a revolving hopper or bowl 
with vanes or lifting shelves on it. When such a bowl 
was partially filled with rivets and rotated, it took up and 
round with it some of the rivets on the shelves or vanes, 
until that vane was in a perpendicular position. As soon 
as this occurred the rivets dtopped off, but they did not 
drop down in to the bottom of the bow] but on to an 
inclined shelf or plane, which was attached to the side of 
a raceway, and fixed in such a position and inclined at 
such an angle as would cause the rivets to slide down it 
toward the raceway. In fact, to be clear, the raceway is 
a continuation of the shelf. Although a great number of 
rivets fall right down the slide and roll off the raceway 
and drop down to the bottom of the bow] again, yet some 
in sliding and rolling come down to the raceway in such a 
position that their stalks or points drop into it. As soon 
as this happens, the rivet is suspended by its head and 
is thus prevented from falling through and gradually 
proceeds on its way down the inclined raceway, ready for 
insertion in the boot. The point I want to make clear is 
that there is no mechanism here to take each rivet by 
itself and place it in a correct position in a raceway ; we 


* Lecture to the Glasgow Technical College Scientific 
Sooiety. 
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have to rely on the chance of a nail or rivet happening to 
fall in a given position. If you were to mark a particular 
rivet it might travel round the bowl many thousands of 
times before it landed on the shelf and dropped in the 
race correctly, or, on the other hand, this marked rivet 
might do the correct thing the first time. All we, as 
mechanics, can do in the matter is to make this likely to 
oceur by the shape of our lifting-devices and the shelf on 
which the nails drop. We have demonstrated that we 
cause this, what shall I say, accident to occur by 
keeping the bow] running so frequently that we can ensure 
a continuous supply of nails to keep the raceway well 
filled. This principle of supply is to-day common to all 
classes of machines that run a loose nail. 

The first loose-nailing machine I have any knowledge 
of was a machine brought out by the old ¥nglish and 
American Machinery Company, and was the work of an 
inventor of the name of Mr. Bowral a Stafford gentle- 
man; it was a double-raceway machine, with the object 
of driving one length of nail in the waists of the shoes, 
and another longer one for the forepart, and as the 
operator worked it and came to the joint, he was obliged 
to stop to ewe over the raceway to bring either the long 
or short nail into action. As there was no mechanism to 
throw these raceways over at the correct time it sometimes 
happened that an operator tried to get them over when a 
nail of either leneth Sen half in and half out of its re- 
spective raceway, with the result that the raceways 
jammed. As this machine was fitted with a horn, it was 
thought at that time that it would be preferable to con- 
struct a machine to do the work and still keep the last in, 
so here, again, a change was made on a path previously 
untrodden. Mr. Dorman brought out a machine to 
achieve this purpose. It was built on a column, and the 
head of it had on each side complete mechanism to feed 
and deliver nails into a common throat or delivery hole 
from both sides of the head. The operation was as 
follows :—The boot with the last in was placed in a form 
of jack with a “last pivot,” on which the hole in the last 
went. The toe of the boot was cradled in a corresponding 
rest on the other end of the jack, all the weight of last 
and jack being balanced by a large weight at the other 
end of the lever on which it was mounted ; the operator 
would then start and run to the joint, then stop and 
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switch a clutch out of the nail-delivering mechanism on 
the short nail side. The action of withdrawing this clutch 
from one side made it enter the other side and start the long 
nails to feed, and vice versd. This machine was on the mar- 
ket about sixteen years ago ; but the difficulties met with 
were great, and it soon became apparent that perfect 
riveting was not going to be obtained by this type of 
machine. Let me just point out one or two of these 
difficulties, for this is essential if you are going to see 
clearly how they were overcome. One was the holes in 
the iron lasts, they were of all sizes (necessitating con- 
stant changing of last pegs in the jack and consequent 
stoppages), the last holes were in all directions and at all 
angles. Some shoes were brought to us in the different 
factories with holes so awkward in the iron lasts that it 
was impossible to get them on the jack at all; others 
went on but tilted the toe so that it was im ible to 
lock the jack, and woe betide the operator who attempted 
a shoe unlocked. It is no joke to get an iron last 10 or 
11 size on your toe. Again, in some of the lasts the shoe 
was inclined over on one side, so that the rivets were 
deflected out on the leather on one side and too far in on 
the insole on the other. Above all these difficulties was 
the one that, as all shoes do not come through a factory 
exactly the same thickness, we were constantly in danger 
of using too short a rivet on one hand, failing in making 
a solid job ; or we used too long a rivet, which, coming 
squarely in contact with a last, would have its head 
knocked off. 

Just about fourteen or fifteen years ago there came 
from America a machine that claimed to have solved 
the problem, and I must confess that, when I handled 
the first machine of this class, which was installed in the 
factory of Messrs. Hanger and Chatterway, of Leicester, 
| I was sceptical as to whether its claim was well founded. 
Time has proved that the boast of its inventor was 
justified, it did solve the problem and do. what it 
claimed, its title is well known as the ‘‘ American locse 
| nailer,” it never had any name given it other than this, 
| and its title is a household word to-day where shoes are 
|made. This machine is illustrated by Figs. 10 and 11, 
above. I consider that its remarkable success is due in 
a very great measure to the way its inventor avoided the 
pitfalls and difficulties of the past. For instance, he 
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realised that the iron-last and jack-machine was wrong, 
and he set to work and constructed his machine on the 
horn principle, and one of his best points in the horn prin- 
ciple was that he could put in the extreme end of this 
horn a small hardened cupped tip on to which to drive his 
nail and get a perfect clinch, practically turning a driven 
nail into the form of a letter J. He thus got a greater 
solidity than ever could be obtained by hand, for in hand- 
driving the point of a nail cari only be got to spread when 
it touches the iron bottom of the last, and, if it is slightly 
longer than is uired, there is always a danger of the 
barrel, or stalk, of the nail buckling. Another important 
item in this machine, which ensured its successful opera- 
tion, was what is known as a clearing-wheel, placed just 
at the exit where the nails come out of the hopper in their 
passage down the raceway. Previously, although we 
could get a full supply of nails coming down, there would 
now and again happen to be a nail so placed that it lay 
across the raceway, and. by the pressure of nails behind 
it would remain in this position until it came to the outlet, 
when it would block the way and would have to be picked 
out by hand. But the inventor of the American loose 
uailer (who, by the way, I believe, was a man called ‘‘ Van 
Wagener,” at any rate, he brought the machine across 
from the States) placed a small toothed wheel at this out- 
let, which was kept continuously revolving slowly, and 
when this nail reached this wheel the teeth of the same 
picked it up, and dropped it on one side, and so removed 
the obstruction. This wheel was so made that when the 
nails came down in the proper way it did not come in 
contact with them. When the nails are in the raceway 
they are one behind the other, and at.the extreme low end 
of the inclined raceway there is what we call a divider or 
nail separator, operated by suitable mechanism, and 
whose sole object is to come between the first and second 
nail, and with its wedge-like shaped end to part or sepa- 
rate the first nail from its fellows. As it just inserts its 
pvinted-shaped end between these two adjacent nails, and 
continues forward, its gradually thickening portion pushes 
the first nail off the raceway until it falls of its own weight 
into a throat, and is then driven into the shoe by the 
driver, While this divider pushes off a nail on one side, 
it does not push back the nails on the other side, but 
ieaves them as they are, so that the moment one is gone 
the next has only a nail-head distance to travel down 
before it becomes pushed off in turn. The shape of the 
divider enables this to be done. If this divider had been 
made in the shape of a cold chisel, it would push at both 
sides naturally, but it is in shape like a joiner’s chisel, 
having the bevel on one side, so that the push is only 
delivered on one side, and the nails behind it on the flat 
Side are undisturbed. 
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Such was the nailing machine which was the fore- 
runner and the pioneer of all the existing machines used 
in the trade to-day for delivery and driving loose nails 
(I say loose nails, because that term differentiates from 
nails that may be cut from a continuous roll of wire 
or strip) and, although we are using in our nail-driving 
machinery many ty and shapes of nails for different 
ew agra Babe with the exception of having suitable parts 

e to handle their peculiar shapes and arranging them 
in their required process, all the loose nails are treated in 
the above-described way. 

The latest chapter in the nailing-machinery section of 
the trade is an improved American loose nailer, which 
has a double hopper and a double raceway put upon it, so 
that the machine automatically will bring into operation 
and cause to be delivered any nail of given length that is 
required for the work. It will run one for the waist of a 
shoe say 7,ths, and then on reaching the joint automatic- 
ally change over and bring, say, ;sths, or §ths nails into 
action. The success of this double-raceway invention 
lies, I think, almost entirely in the fact that it does not 
leave it to an operator to choose the exact moment on any 
particular shoe to bring either short or long nails into 
operation as the old machines did. The lines on which 
this is accomplished are very ingenious. If the machine 
is doing ae say, }-in. thick, the horn of the machine 
will be depressed 4 in. down, but when it runs on toa 
8 in. substance down goes the horn to § in. depth. It is 
this altering position of the horn (which is, of course, 
entirely regulated by the substance of work) which is used 
to get a throw over of one raceway to another, the horn 
being coupled up by suitable mechanism to the raceways, 
and thus bringing short or long nails automatically into 
position. 

Looking back and comparing the increased output 
which is possible from the machine of to-day, compared 
with the early type, the progress made in this direction is 
apparent, when t tell you we have had 68 dozen pairs of 
women’s boots from our present machine in a day of ten 
hours against 10 to 15 dozen from the old machine work- 
ing with the last and jack. The work, too, has been much 
more solid. 

LASTING-MACHINE. 

In telling the story of shoe machinery briefly, I cannot 
omit a slight history of a class of machinery that, quite as 
much as any other, has called for great cour a great 
skill, and persistent effort to achieve a tan "le result, 
and that is the class known as “‘ lasting machines.” As 
in your trade you section off your help into departments— 
a clickers, lasters, and finishers—so do we to-day 
speci ise ‘with our help. We have metallic experts, 
Goodyear experts, and lastingexperts. It was notalways 

















so; and as we were always expected to do a little ‘in 
every section, I have in the past had a very good oppor- 
tunity of watching progress in the way of all sections, 
and have thus been able to note the remarkable 
strides made in lasting machinery during the last twenty 
years. 

My earliest recollections of lasting-machines are con- 
nected with a machine which was known as the Copeland 
McKay laster, which was more suitable for heavy shoes. 
Its operation was as follows :—An upper was laid into a 
kind of cradle and held suspended by being inserted in 

incers which caught hold of it around its edges ; an iron 
ast was then placed into the upper, and a travellmg ram 
or plunger was drawn forward, and, descending, drove the 
last into the suspended upper. As soon as this was 
driven down sufficiently tight the pincers loosed their 
hold ; a number of wipers or fingers then wiped the edges 
of the shoe upper over the last. Next the de pressed ram 
was released, and flew upwards and backwards out of the 
way of the operator, who then got his tacker-boy to tack 
down by means of a hand-tacker (feeding tackson a paper 
strip) the edges of the wiped-over upper. 

Although a heavy upper of a kip, or split, type would 
stand the rough hcndiine of a machine of this class, it 
was not at all suitable for a glacé or light French calf (1 
do not think box calf had appeared on the scene then). 
About the same time there appeared a laster of a different 
type altogether ; in reality it was a tack-driving device, 
and not really a laster. The operation of this ‘machine, 
which was more suitable for ladies’ and light leather boots, 
was as follows:—A “hand pulled-over upper” with the 
wooden last in, was placed on a suitable jack, and the 
operator ther took his pincers and lasted-in the upper in 
the usual way, inserting’ the tack by poous the shoe 
under a “* magnetic driver-bar,” which, by its magnetism, 
had picked up a tack from the raceway. By the depres- 
sion of a foot-treadle the operator caused the magnetic 
bar, with the tack adhering, to descend, and drive the 
tack into the desired position in the shoe. 

Following close on this there came a machine called the 
‘* Boston Laster,” which still left the lasting to be done 
by the pincers of the operator, and drove home the tack 
only. In this case the shoe when being lasted was 
pressed up to, and in a slightly inclined position to, a 
serrated nozzle, through which the tack was driven.. One 
of the claims Of this machine was that by its serrated 
nozzle it dragged the upper tightly on to the last at each 
drive of the tack. 

But in all this class of machines the actual] lasting was 
done by the pincers in the hands of an operator. About 
twelve years ago there was an attempt to utilise a pulling 
or scraping foot applied to the magnetic tacker, and ex- 
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periments were continued on these lines, but were never 
successful. 

It was not until the appearance from the United States 
of a machine called the ‘*consolidated hand-method laster” 
that the problem was in the way of being solved. This 
would be about fourteen years ago. Now, this machine 
was the invention of a negro, and, after many vicissitudes, 
and the expenditure of a great deal of money, it became 
apparent tothe thinking minds of the shoe-machine world 
that it was on the lines of the ‘‘ consolidated laster” that 
the problem of lasting was to be solved. Those who took 
up the invention, after the death of its original inventor, 
made up their minds that it was possible, by the aid of 
suitable mechanism, to get the upper of boots and shoes 
lasted as if they were manipulated by a pair of pinchers 
in the hands of a laster, an a events have quite 
justified their faith in that possibility. 

The consolidated lasting-machine, illustrated in Figs. 12 
and 13, on page 45, is rightly called the ‘‘ hand-method 
laster.” ‘The last and upper is presented to the machine 
in such a way that the actual pincers on the machine per- 
form their work of a in precisély the same way as if 
hand-controlled, and as the original conception of what a 
lasting-machine ought to be grown year by year, so 
fresh developments and improvements have been made 
on the machine. For instance, the first machines used 
straight pincers, and had only one raceway. 

To-day we have whatis called ‘‘ twist pincer-machines,” 
so as to give the desired pull or draught to the upper cut 
in and pleat any toe perfectly, by causing the pincers to 
twist either right or left at the will of the operator. Two 
lengths of tacks can also be run. All waste is therefore 
obviated. : 

Sometimes the success of an invention brings in its 
train other inventions for which the need might have 
been overlooked but for the initial success. It was so in 
the case of lasting-machines, for, although success was 
assured for the “‘ consolidated laster,” we had to pull 
over or to get ready for the lasting-machine by hand. A 
comparatively recent invention to achieve this end fol- 
lowed on the lasting, and although this machine is com- 
paratively new it has already made its mark on the 
trade. The operator takes a last, which has already an 
upper tacked on by one tack at its seat ; he then presents 
it. to the machine and inserts the edges of the upper into 
suitable pincers, which, on the first movement of a foot- 
treadle, close and pull up the upper. Here the machine 
will stay until the operator has assured himself that the 
position of the upper is correct, when a second depression 
of the treadle causes the upper to be wiped over the edges 
of the last, and supplies tacks to be driven simultaneousl 
into the shoe—namely, one at the toe and two on eac 
side. The shoe is then in a properly prepared state for 
the laster. 

The need of other devices, following on the use of a 
lasting machine, a me apparent, and machines 
suitable for knocking or pounding-up appeared on the 
scene. When a hand-laster has finished his work of 
simply lasting, he takes his knife and cuts off the super- 
fiuous leather of the pleats he has made round the toe, 
and with his broad-faced hammer he beats the shoe all 
round, while at the toe he uses his toe-beater, so that all 
is even, and a true line is seen all along the feather. Now 
two machines have come to do this; one trims off the 
leather by a cutter, so that no knifing by hand is required, 
and another performs the beating-up operation. The 
first machine which we had for this purpose operated a 
hammer, which descended very rapidly on to the jacked 
shoe, and, in descending, delivered its blow so as to drag, 
if possible, the upper more tightly to the last. Althoug 
this machine is a recent invention (about three or four 
years old, I think), there is already a machine for this 
purpose, which starts out on a hitherto untrodden path, 
and which is an application of a method undreamed of 
before. In the latest machine there is no necessity to 
stop to lock the lasted shoe on to a jack ; therefore time 
issaved. The operator takes his shoe and presses it on to 
a rapidly-revolving drum which has fitted to it a number 
of steel bars pl around the circumference. Imagine a 
large drum on the principle of one of the small wheels 
you sometimes see in a mouse-cage, and on the drum 
eighteen bars with washers which do not fit the bar, the 
bales in them being much larger than the bar. As the 
drum is revolved at & speed of 2000 revolutions per minute, 
the washers fly outwards by rege force until they 
are only checked in their effort to fly outwards by the 
barsof steel on which they are mounted. Given one dozen 
washers on each of the eighteen steel bars on the wheel, 
and this wheel spinning at 2000 revolutions per minute, 
you get 36,000 taps or knocks - minute on a given spot, 
and seeing that each tap is only caused by the weight and 
centrifugal force of each washer the lightest of leather can 
be beaten up without — Owing to the enormous 
number of taps delivered, the heaviest of leather can be 
operated on with entire success. A wheel of this oP 
tion gives an astonishingly peculiar cushioning effect. The 
result we get on the boot surpasses anything yet obtained. 
After the boot has been passed through this machine, all 
irregular places: have been litera!ly tapped out, and the 
true line of the feather shows unbroken as a profile. 
Another point which this machine shows us, and one 
which, perhaps, was not expected, is that as the 
number of knocks are delivered at a high speed they 
develop heat, and develop it just at the point that is being 
tapped, so that the heat generated has a softening effect 
upon the glucose or saccharine matter which is sometimes 
used in the manufacturing of 1} r, and when this sets 
a little after, the leather iscloser moulded to the last than 

sreviously. With this type of machine the shapes of the 

t and upper stiffener are immaterial. It will handle 
any with equal facility. But its chief success is due to 
the enormous number of taps it can give, and the peculiar 


dragging little blow that is delivered, for when there is 





no shoe on the machine, the washers or rings fly out in a 
circle, which, on contact with the shoe, is broken only at 
the point of contact. 


EYELETTING MACHINE. 


One of my last indications of recent p is asso- 
ciated with the upper Snes, with eyeletting 
machines. The eyelets in boots and shoes were 
formerly inserted singly by the aid of pliers, one pair of 
pliers punching the hole and another pair clinching the 
eyelet. Then came the bench machines which were 
— by a treadle, and still required two processes. 
he next step onward was a small self-feeding eyeletting 
machine which, at that time—about twenty-four years or 
so was thought to be a wonderful achievement. The 
chief difficulty in such ines was to get the eyelets 
into the required position, and in such numbers that there 
would be sufficient to feed, and not enough to choke up, 
the outlets. It was not until it was discovered that when a 
number of eyelets were shaken up in a box, the majority 
find a resting place on the flange, use it is the 
heaviest part, that success to be attained. Then 
to the eyelet-box a false bottom was put with a hole in it, 
so as to allow’only a certain number of eyelets to pass 
through from a full upper portion of the box. Thus the 
difficulty of choking was mastered, and from that time we 
have moved on step by step. 

Following the self-feeding bench-machine came the twin 
eyelet machine, which, having two treadles placed closely 
together, after the first hole been punched, enabled 
the operator to depress both treadles and thus punch and 
eyelet at the same time. This was a step onwards ; but 
the next move was a good one. A power combined 

unching and eyeletting machine was brought out, and 

y its success it settled the question as to whether eye- 
letting could be done by power, and this particular 
machine is being used to-day although, of course, man 
improvements have been added to it, notably noe 
which was the Siting of a rotary box instead of a shake 
box, which, under a igh rate of speed, had a nasty knack 
of flying open and spilling all the eyelets. This is entirely 
obviated by the rotary box. When we had got our auto- 
matic power machine for the heavy work, and our rapid 
eyeletter, which was an American-built machine, for the 
lighter class of shoes, and both running at a high rate of 
speed, one would have thought the story of eyelettin 
machines wastold. It was not; the unceasing, y Reser. | 
spirit of the inventor still kept pondering how he could 
make a further move, and now we are putting on the 
market a duplex machine which my | halves the time 
occupied in eyeletting. This machine does the two sides 
of the shoe or upper simultaneously, and I need not tell 

ou what t means, especially to a manufacturer of 
adies’ work, where the long leg of a lady’s boot has to be 
run on. 

I could continue the story of how machine after machine 
has passed through the same period of thought (possibly a 
passing thought) germinating into an action and an 
attempt, which, as time went, even after passing through 
a period of apparent failure, has finally eme trium- 
phant, demonstrating how, if the human mind and the 
necessary mechani skill are closely and diligently 
— apparent impossibilities change into possibilities, 
and from these into probabilities, and, finally, into accom- 
plished facts. What a lesson for some of us younger ones 
there is in the a of these efforts of the sturdy 
pioneers of shoe machinery! Out of nothing theirs was 
the task of creating something, and well have they 
appar themselves. We may, I think, profitably turn 
and contemplate what they had to contend with, when 
we are prone to think that we can do no better. The 
final word in invention in regard to shoe machinery has 
by no means been said, although it may be by the process 
of trial and discarding useless methods pa appliances, 
by a process of elimination, we have reduced the main 
features of shoe manufacture by machines to certain clear 
and well-attested lines. Yet there is still great room for 
improvement in matters of detail. 

ow just a word or two on the effect, the direct effect, 
of all this labour of mind and strenuous effort on the 
people e in it. You all know that the old crafts- 
man was the old hand-sewing man, and as his was a 
sitting-down job he could both talk and work, and I knew, 
in years gone by, one or two such men who were pretty 
hard nuts to crack, and who were |p roqecs consulted on 
knotty points, With the passing of the method, however, 
the man has gone, and a new type has arisen, a man who 
is not so much of an all-round man as a specialist, and, 
as Sir Christopher Furness said the other day, ‘‘ Experi- 
ence has shown that the highest success in any manufac- 
ture can only be obtained by specialised production in large 
quantities under expert management.” This is, to my 
mind, particularly true and appteble to the shoe trade. 
We must specialise with our help until the workmen get 
as expert as possible on their job, and, in order to do their 
own particular portion in the best of all possible ways, it 
is necessary that they should have some knowledge at 
any rate of the processes either preceeding or succeeding 
the immediate process =e | are responsible for. It is this 
which has called for and demonstrated the need of tech- 
nical schools, where, for example, the clicker may learn 
something of lasting, and the laster of finishing, so that 
all departments may work in intelligent unison, with 
knowledge of the requirements of the other. I would go 
further and say that the n of technical schools has 
been accentuated by the use in all trades of mechanical 
methods. We know, as machinery people, when we get 
the technical-trained brain on one of our machines by the 
quick grasp of the capabilities of it, 

It is only by slow and laborious steps, by increasing 
energy, and by the utilization of our opportunities of study, 
that we have risen from the sinew-sewn skin to the ma- 
chine-made work of art of to-day, and in conclusion, I 
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would like to say that a man’s discontent with the exist- 
ing conditions of things is sometimes a first step towards 
the effort which may bring to him his reward, yet carries 
with it benefits to the community at large that he never 
dreams of. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a strong tone. The business 
consisted of 6500 tons of Cleveland warrants at from 
51s. 3d. to 51s. 5d. cash, at 51s. 6d. fourteen days, 5ls. 84d. 
one month, and from 52s. 2d. to 52s. 34d. three months. 
Closing sellers were firm at 51s. 5d. cash, 51s. 94d. one 
month, and 52s. 5d. three months. In the afternoon the 
market was fairly ag and 2500 tons of Cleveland war- 
rants were done at 51s. 5d. cash, with sellersover that figure. 
For the other positions the closing quotations were a 
shade easier at 51s. 9d. one month, and 52s. 44d. three 
months sellers. Hematite was quoted at 64s. 9d. 
three months sellers, and buyers offered 3d. less. On 
Friday morning the market was stronger, and Cleve- 
land warrants were put through at 5ls. 74d. cash, 
51s. 1ld. one month, 52s. 2d. February 28, 52s. March 3, 
and 52s. 7d. and 52s. 64d. three months. The turnover 
was 4000 tons, and sellers’ closing prices were 51s. 74d. 
cash, 51s. 11d. one month, and 52s. 6d. three months. 
One lot of hematite changed hands at 64s. 6d. March 17, 
with closing sellers at 65s., and buyers at 64s. 6d. three 
months. In the afternoon the tone was again firm, and 
after being done at 51s. 7d. cash, 51s. 10d. seventeen 
days, and from 52s. 54d. to 52s. 74d. three months, 
Cleveland warrants closed with sellers at 51s. 9d. cash, 
52s. 1d. one month, and 52s. 8d. three months. The busi- 
ness was limited to 3500 tons. On Monday morning there 
was a good demand for Cleveland warrants, and prices 
The dealings amounted to 7000 
tons at 51s. 1l4d., 52s. O}d., and 5ls. 114d. cash, 
52s. 1d. fourteen days, 52s. 4d. one month, 52s. 94d. 
March 28, 52s. €d. April 4, and 52s. 114d. three months ; 
and closing sellers quoted 52s. cash, 52s. 4d. one month, 
and 52s. 11d. three months. In the afternoon there was 
a slight reaction, and 7000 tons of Cleveland warrants 
were done at 51s. 11d. and 51s. 10d. cash, 51s. 114d. six- 
teen days, 52s. 14d. twenty-eight days, 52s. 7d. March 21, 
and 52s. 10d. three months. At the close the quotations 
were 51s, 104d. cash, 52s. 2d. one month, and 52s. 10d. 
three months sellers. On Tuesday morning the market 
was quiet and the tone easier. Cleveland warrants—3500 
tons—were dealt in at 51s. 84d. cash, 51s. 11d. seven and 
twenty days, 52s. one month, and 52s. 74d. April 6; and 
closing sellers quoted 51s. 94d. cash, 52s. 1d. one month, 
and 52s. 84d. three months. The afternoon session was 
steady in tone, and 5000 tons of Cleveland warrants 
changed hands at 51s. 9d. cash, 52s. twenty - seven 
days, 52s. 1d. one month, 52s. 4d. March 10, and 52s. 6d. 
March 31. Sellers at the close quoted 51s. 94d. cash, 
52s. 1d. one month, and 52s. . three months. When 
the market opened to-day (Wednesday) an easier tone 
prevailed, and about 2500 tons of Cleveland warrants 
were done at 51s. 8d. cash, 51s. 114d. one month, and 
52s. 6d. three months. Closing sellers quoted 51s. 8d. cash, 
52s. one month, and 52s. 64d. three months. Sellers of hema 
tite quoted 65s. three months, but buyers named 6d. less. 
In the afternoon there was a little more business doing, 
but the market was still weaker. The turnover con- 
sisted of 5500 tons of Cleveland warrants at 51s. 74d. cash, 
51s. 104d. and 51s. 10d. one month, and 52s. 7d. three 
months. When the session closed sellers were quoting 
51s. 7d. cash, 51s. 10}d. one month, and 52s. 6d. three 
months. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 63s.; Calder, Gartsherrie, 
and Langloan, 63s. 6d. ; Summerlee, 65s. ; and Coltness, 86e. 
(all shipped at Glasgow) ; Glengarnock (at Ardrossan), 
64s. 6d.; Shotts (at Leith), 63s. 6d.; and Carron (at 
Grangemouth), 64s. 6d. 


Sulphate of Ammonia.—A fairly good demand for 
sulphate of ammonia has prevailed since the resumption 
of business, and the market is strong. The price quoted 
to-day, for prompt delivery, Gl w or Leith, is 11/. 
12s. 6d. per ton, and sellers are firm at that quotation. 
eae shipped from Leith Harbour last week totalled 

tons. 


Scotch Steel Trade.—With the holidays now over and 
business beginning to resume its normal condition the 
Scotch steel-makers are preparing for the brighter times 
which have been prophesied. The yy | of the works 
opened this week, but plant will not be fully eve 
for some little time yet. A fairly large amount of book- 
ing of new orders has taken p lately, notably in ship- 
plates and boiler-plates for local requirements ; but with 
raw material so dear and higher wages for the work- 
men, producers are not disposed to sell ahead, as 
the margin on present prices is so bare. An advance 
in current quotations is looked for at an early date. 
Continental buyers are also in the market for boiler- 
plates, but -inquiries from all sources for angles are 
reported as rather poor. Within the last few days speci- 
fications have come to hand more freely, and the prospects 
of better employment are certainly a little brighter. 
With regard to structural material, a steady demand 
exists. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade 
during 1909, with the exception of two periods, August 
and | Rrwes aay was rather uneventful. The buying 
movement, which started in August, continued until 
about the middle of September, after which it eased off, 
but was again renewed during the last month of the year. 
Right on until closing for holidays the various producers 
were well employed, and with the resumption of business 
a good demand is reported. Business in hematite has 
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been quite satisfactory lately, and makers have been 
in receipt of inquiries which out the statement that 
we are on the eve of better times. The current price is 
65s., which is something like 8s. better than it was this 
time last year. 

Mallcable-Iron Trade.—Work has been resumed in the 
malleable-iron trade of the West of Scotland, but it cannot 
be said that there is much sign of improvement. Inquiries 
are on a limited scale, and specifications are not over- 
plentiful yet ; indeed, many of the makers are finding 
them decidedly scarce. Prices, especially for export lots, 
are extremely poor, but the general tone in this direction 
is certainly of an upward tendency. 


Advance in Steel-Workers’ Wages.—It was lately an- 
nounced by the Board of Conciliation and Arbitration 
for the DMaautactured Steel Trade of the West of 
Scotland that the wages of the operatives were to be in- 
creased by 24 per cent. The price of ship-plates for 
delivery in this district was increased on November 9, 
1909, from 5l. 17s. 6d, to 6/. 2s. 6d. per ton, and in 
accordance with the agreement between the representa- 
tives of the employers and the representatives of the 
operatives, the above advance came into force as from 
Slonday last, January 10. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron. Trade.—The trouble in the fuel 
trade and the General Election are having a disturbing 
influence upon the’ Cleveland iron market, but on the 
whole a satisfactory account can be given of the pig- 
iron industry. The short supply of coke due to the 
labour difficulty in the coal trade compelled pig-iron 
producers to run furnaces on slack blast, with the results 
that the make has been reduced, and the additions of 
pig iron to the stocks checked. Shipments of pig 
iron continue excellent, and as the home consump- 
tion promises to grow, the output of pig should be 
fully absorbed before long. Up to 52s. has this week 
been realised for early f.o.b. delivery of No. 3 g.m.b. 
Cleveland pig, but now the general quotation is 
5ls. 9d. Producers, however, are not keen sellers at 
the latter figure. No. 1 is 54s. ; No. 4 foundry, 50s. 3d. ; 
No. 4 forge, 50s. ; and mottled and white, each 49s. 6d. 
Demand for East Coast hematite pig iron is improving, 
and values are moving upward. Several Sheffield cus- 
tomers have visited the Cleveland market this week. 
The price of mixed numbers of hematite is fully 65s. for 
early delivery, and any inquiry on forw: account 
elicits a quotation of at least 67s. 6d. Foreign ore shows 
a further upward tendency. Rubio, of per cent. 
quality, has sold at 19s. 9d. ex-ship Tees, and many 
sellers will not now entertain offers below 20s. Contracts 
over the first quarter of the year can still be made at 18s, 
for average blast-furnace coke delivered here, but 20s. and 
upwards is named for early delivery. .There are rumours 

of sales of German coke for consumption in this district. 


Iron Trade Statistics.—The trade statistics of the 
Middlesbrough Chamber of Commerce, just published, 
show that, at the end of last year, of 80 blast-furnaces 
built within the port of Middlesbrough, 57 were in blast, 
as compared with 81 built and 55 in blast twelve months 
ago. The production of pig iron by the Middlesbrough 
furnaces during the three months ending December 31 last 
is given at 550,000 tons—355,000 tons Cleveland pig, and 
195,000 tons hematite, spiegel, basic, and other special 
irons. For the previous quarter the output was 530,000 
tons—345,000 tons of Cleveland, and 185,000 tons of hema- 
tite, &c. ; and for the corresponding —— of the pre- 
vious year the make was 540,000 tons—340,000 tons Cleve- 
land and 200,000 tons hematite, &c. The imports of 
foreign ore into Middlesbrough last quarter reached 
533,367 tons, as compared with 517,547 tons during the 
previous quarter, and 518,263 tons during the fourth 
quarter of 1908. The total value of goods other than coal 
and coke exported to foreign and colonial destinations 
from Middlesbrough during last quarter amounted to 
1,867,371/.—an increase, as com with the correspond- 
ing period of a year ago, of 258, 181/. . 

Manufactured Iron and Steel.—More satisfactory and 
encouraging accounts are given of most branches‘of the 
manufactured iron and steel industries. A good deal of 
work has been given out, and quotations all round show 
a strong upward tendency. Steel ship-plates and angles 
have each been advanced by 5s. per ton. Common iron 
bars are 7/. ; best bars, 7/. 7s, 6d.; best best bars, 7/. 15s.; 
iron ship-plates, 6l.; iron ship-angles, 7/.; iron ship-rivets, 
71. 3s. 9d.; steel bars, 6/.; steel ship-plates, 6/. 5s; steel 
ship-angles, 51. 17s. 6d. ; steel strip, 6/.- 2s. 6d- to 6/. 5s. ; 
stecl hoops, 62. 5s. to 6l. 7s. 6d.; and steel joists, 5/. 178. 6d. 
t)6/.—all less the customary 2} per cent. discount. Cast- 
iron railway chairs are 3/. 10s. ; cast-iron columns, 6/. 10s. ; 
light iron rails, 6. 7s. 6d.; heavy steel rails, 5/. 5s. ; 
and steel railway sleepers, 6/. 10s.—all net cash at works. 
Tron or steel galvanised corrugated sheets, 24-gauge, in 
bundles, uae a 11. 5s. f.o.b.—less the usual 4 per 
cent. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The returns issued by the Hull 
Chamber of Commerce and Shi ping show the past to Le 
the second best year on too o surpassed by the 
record year of 1907, when over 64 million tons were dealt 
with at the port, and nearly million tons exported. 
The total tonnage dealt with during 1909 was 6,100,640 
tons—an increase of 193,760 tons compared with 1908. 
The tonnage exported abroad totalled 3,212,250 tons— 


an increase of 339,093 tons over the traffic of last year. 
Nearly the whole of this extra tonnage is due to the 
increased buying of Germany and Holland, who together 
took over a million tons during the year, or 200,000 tons 
in excess of the trade done in 1908. The Baltic ports of 
Sweden and Russia took well over another million to 
but trade with these countries showed no expansion. 
Coastwise 853,456 tons were sent during the year—27,000 
tons less than 1908. The increased traffic came wholly in 
the latter part of the vear. At the end of the frst 
quarter the tonnage was 320,000 tons less than in the pre- 
ceding year; by the end of June the decrease had been 
brought down to 235,000 tons, and at the end of September 
quarter the deficit was reduced to 52,000 tons. e close 
of October saw a slight balance on the right side, and the 
activity of the closing months has brought the increase, as 
stated, to nearly 200,000 tons. 


The French Tariff.—An examination of the new French 
tariff shows the following in rates upon various 
articles in which Sheffield is specially interested :— 
circular saws the duty has been raised from 22 francs to 
35 francs per 100 kilogrammes; files, 14 in. or more, 
22 francs to 30 francs; files under 14 in., 22 francs to 
40 francs; screw. spanners, 3 kilogrammes and above, 
22 francs to 25 francs ; screw spanners, under 3 kilo- 
grammes, 22 francs to 35 francs ; engineers’ tools, such as 
drills and taps, 25 millimetres or more, 22 francs to 
50 francs ; 10 to 25 millimetres, 22 francs to 100 francs; 
less than 10 millimetres, 22 francs to 150 francs; other 
engineers’ tools, such as turning and planing-tools, 22 
francs to 40 francs. 


South Yorkshire Coal.—There is every sign that the 
steam-coal market will continue to show the steady 
advance which marked the closing months of last year. 
Prices for forward business are 9d. per ton ahead of last 
season, and owners are by no means anxious to book at 
these rates, the opinion holding that a substantial increase 
may be looked for. ep f points to a still better 
demand for shipment, and with the industrial demand 
rapidly improving, it would be far from surprising if 1910 
surpassed the record year of 1907. ly prices are 
hardening, and are at present based on a contract rate of 
9s. 6d. per ton. Slacks, notwithstanding the set-back 
caused by short-time working in Lancashire, are steady. 
Supplies are plentiful, but a confident tone prevails. 
Domestic fuel is moving with freedom. Best Barnsley 
softs, for which there is a big demand from London and 
the eastern counties, are quoted up to.13s. 6d. per ton at 
-_ pits. Secondary qualities are selling locally at a slight 

uction. 


Iron and Steel.—The iron and steel trades of the dis- 
trict have not been seriously interfered with by the General 
Election. Both employers and employed are anxious to 
take full advantage of the improvement brought with the 
new year in the home and foreign trade. All round there 
is a stiffening in the price of raw material. The pig-iron 
market is brisk, and there has been heavy buying of 
hematites. East Coast hematites (mixed numbers) are 
making 72s. in Sheffield, and at this rate makers will only 
book for delivery during the first six months of the year. 
Both Lincolnshire and byshire iron makers are doing 
a fair business. The former have fixed the premium on 
basis price of foundry and basic at 1s. 6d. and 2s. .No 
change is noted in the quotations issued by the South 
Yorkshire Bar-Iron Association, these being the same as 
those which obtained last year. The steel trade shows a 
steady improvement, especially in export business. _Ger- 
many is taking large supplies of crucible steel, and a brisk 
business is being done with Russia and Italy. - The de- 
mand from the United States is heavy, especially for high- 
speed qualities. 








LANTERN-SLIDES OF ELEcTRIC PLANT.—Messrs. Siemens 
Brothers, Caxton House, Westminster, have re-issued 
their list of lantern-slides, showing that considerable 
additions have been made to their collection, which now 
covers subjects ranging from small supplies to complete 
electric installations. e slides are primarily intended 
for use by lecturers, to whom Messrs. Siemens will be 
pleased to lend them free of charge. 





Liverroo. EnGingerinc Socrety.— An interesting 

per, under the title, “‘The Power Equipment of a 

odern Shipyard,” and dealing with Messrs. Cammell 
Laird and Co.’s Tranmere Works, was read by Mr. J. H. 
Collie before the ring. ae Engineering Society on the 
12th inst. The paper describes the power-station and 
the general system of distribution throughout the works. 
The station contains plant for generating electricity at 
440 to 220 volts direct current for power and lighting, and 
in addition contains compressed-air units and plant for 
the hydraulic supply. The station is gas-driven, con- 
taining’ in al] nine engines, ranging in size from 400 
horse-power to 80 horse-power. e average cost of 
current generated, during four weeks at the end of 
1909, works out at about 0.32d. per unit. Mr. Collie 
states that the repairs required by the gas-engines have 
proved to be less than would have been necessary with 
steam-engines of similar size, and that no breakdowns 
have occurred, the only trouble experienced being a few 
hot bearings in the early stage. The tools are in 
general separately driven; but in the case of small 
machines, which are not a to be required to be run 
singly, group driving is employed. Shunt motors are 
used for most of the machines, field regulation for varying 
the speed being eK 4 on where necessary. Many of the 
shipyard tools, which have heavy a 
a considerable amount of power when starting, are fit 
with compound motors; while for plate-rolls series motors 
are used. The paper gives tabular lists of the horse-power 





of the motors fitted to the various machines. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has exhibited a good 
tone, both for prompt and future loading. A good deal 
of attention is being directed to the course taken by the 
labour question in the North of England, but no exports 
directly traceable to Northern labour difficulties have at 
present been reported. The best large steam coal has 
made 16s. 9d. to 17s. per ton ; secondary qualities have 
ranged between 15s. 3d. and 16s. 6d. per ton. The output 
of coal since the Christmas holidays is stated to be barely 
sufficient to meet current consumption. The best ordinaty 
household coal has arene, 15s. 6d. to 16s. 6d. per ton ; 
No. 3 Rhondda large has been quoted at 17s. 3d. to 17s. 6d. 

r ton; smalls have made 7s. 3d. to 7s. 9d. per ton. 

‘oundry coke has been quoted at 19s. to 20s., and furnace 
ditto at 17s. to 17s. 6d. per ton. As regards iron ore, 
Rubio has brought 18s. 6d. to 19s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, in- 


On | Surance, &c., to Cardiff or Newport. 


The Swansea Valley.—There are fewer steel-smelting 
furnaces in operation than there were at the close of 1908. 
The tin-plate trade appears to be fairly prosperous, but 
some new mills which were expected to be now at work 
are not at present in operation. The bituminous collieries 
are turning out a good tonnage. 


Dowlais.—Work has been partially resumed at the iron 
and steel establishments, but the output has been below 
the usual average. The Goat Mill has been working 
principally upon light tram-rails. 

Swansea.—A monthly meeting of the Swansea Harbour 
Trust was held on Monday, Sir Griffith Thomas presid- 
ing. Mr. Glyn Price, in moving the adoption of the 
Finance Committee’s report, said the trade of the port 
for the past month had been satisfactory, showing an 
increase in the aggregate of 13,000 tons. The improve- 
ment in the import trade was marked, and reached 20,000 
tons, or 30 per cent., the | re py increases being in pig 
iron, 6000 tons ; pitch, tons ; copper ore, 1900 tons ; 
zinc ore, 5000 tons ; iron ore, 6700 tons ; and wood goods, 
2000 tons. There was a decrease in grain of 4700 tons, 
and in cement of 1200 tons. - In the exports coal and coke 
showed an increase of 3000 tons, but patent fuel a decrease of 
9000 tons. The exports of tin-plates and galvanised sheets 
were practically the same as in the corresponding month. 


South Welsh Coal and Iron.—The exports of coal from 
the six principal Welsh ports—Cardiff, Newport, Swansea, 
Port Talbot, Neath, and Llanelly—last year attained the 
following importance :—Cardiff : Foreign, 17,054,031 tons ; 
coastwise, 2,879,302 tons; total, 19,933,333 tons. New- 
port : Renae 3,824,167 tons; coastwise, 775,488 tons ; 
total, 4,596, tons. “Swansea: Foreign, 2,856,452 tons ; 
coastwise, 273,604 tons; total, 3,130,056 tons. Port 
Talbot : Foreign, 1,243,486 tons ; coastwise, 191,628 tons ; 
total, 1,435,114 tons. Neath: Foreign, 147,822 ‘tons ; 
coastwise, 192,373 tons; total, 340,195 tons. Llanelly : 
Foreign, 187,317 tons; coastwise, 40,407 tons; total, 
227,724. tons. - The te shipments for the year 
were, accordingly, 29,666,077 tons, showing an increase of 
63,014 tons compared with 1908, 





Mopern_ Exxcrriciry.—On Saturday last Mr. W. 
Duddell, F.R.S., concluded a course of six lectures on 
modern electricity, delivered on alternate afternoons at 
the Royal Institution, commencing December 28. The 
lectures were adapted to a juvenile auditory, and were 
illustrated a ape number of successful demon- 
strations. hough fully assisted, Mr. Duddell per- 
formed all the experiments himself. In the last lecture, 
for instance, he conducted a series of photometric measure: 
ments with simultaneous determinations of the volts and 
amperes in order to elucidate the merits of various types 
of lamps. The titles of the lectures were :—-‘‘ First’ Prin: 
ciples,” ‘‘ Electrical Instruments,” ‘‘ Réntgen Rays,” 
‘The Generation of Electricity,” ‘Electric Oscilla- 
tion,” “ Electric Lighting.” 


Tue Copper Market.—In their report dated the 3rd 
inst., Messrs. James Lewis and Son state that advices of 
increased consumption and decreased production in the 
United States, in conjunction with a more active demand 
on the part of European manufacturers and consumers 
and considerable sales of manufactured copper to India, 
have stimulated the speculative demand for standard 
copper, the value of which advanced from 58/. 5s. to 
61/. 15s. for cash—or 3. 10s. per ton—during the month 
of December. Opening values on the 3rd inst. were 
621. 1s. 3d. cash and 63/. three months prompt, but 
they closed at 61/. 13s. 9d. and 62/, 12s. 6d. respectively. 
With the exception of the absorption of the Boston Consoli- 
dated Company of Utah. by the Utah Copper Company, 
no definite results of the negotiations for the contem- 
plated merger of American producing interests are re- 
ported up to the present time. The Enginecring and 
Mining Journal of New York is “ inclined to think that 
the much discussed Copper Consolidation will fail of 
consummation, although the project has not yet been 
abandoned.” At the annual meeting of Tanganyika Con- 
cessions, Limited, held on the 17th ult., it was stated 
that the railroad was expected to reach the Star of Congo 
Mine next June, and that in twelve months’ time this 
mine and the Kambove will be ready to produce 2500 
tons of copper per month. In three years it is expected 
that these mines will be producing from 60,000 to 90,000 
tons of copper per annum, and that the company will be 
able to re steadily on that output by further deve- 
lopment of other mines. At the Kansanshi Mine there 
are already 1000 tons of copper ready for shipment, and 
the shipments will come regularly and increase steadily 
from this mine until they are followed a little later by 
2500 tons monthly from the Katanga Mines, 
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Burlington House, Piccadilly. The following be read :— 
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and 19. Programme of Proceedings :—Tuesday, January 18, at 
10.30 a.m., General Meeting. in the Hall of the Institution of 
Mechanical Engineers, Svorey's Gate, 8.W., at which the Report 
of the Council will be presented, the Presidential Address delivered, 
and papers read and discussed. In the afternoon visits will be 
made to the Royal Mint, Sir John Cass Technical Institute, &c. 
The Annual Dinner és arranged for 7.45 p.m. . the Criterion 
Restaurant, ene! Circus, W.— Wi January 19, 
10.30 a.m,, General Meeting, in the Hall of the’ Institution of 
Mechanical Engineers, at which Pap rs will be read and discussed. 
For the afternoon alternative visits have been arranged to the 
Royal Arsenal, Woolwich, or the owe of the Morgan Crucible 
Company, Limited, Battersea, 8.W. The followin pers have 
been submitted 1) “The Use of Oarbonaceous Filters in the 
Smelting of ate as Employed in the Hopkins Fumeless Zinc Pro- 
cess,” by Mr. 0. Bannister ; (2) ‘The Properties and Con- 
stitution of Cot r-Arsenic Alloys,” by Mr. G. D. Bengough ; 
(3) “‘The Failure in Practice of Non-Ferrous Metals and Alloys, 
with a Reference to Brass Locomotive-Tubes,” by Mr. T. 
Vaughan Hughes ; (4) ‘‘ A Contribution 4 = Lana | of Pheapher- 
Bronze,” m" by flesre O. F. Hudson and E. “ Notes on a 
Si sted Record of Analyses,” by ur, ow A. Re (6) * The 
Analysis of Aluminium or its Alloys,” by Dr. Richard Seligman and 
Mr. F. J. Willott ; (7) “The Assay of industrial Gold Alloys,” by 
Mr. E. A. Smith. 

Tue Koval Meteoro.oaicaL Socirty.—Wednesday, January 19, 
at 7.30 p.m., at the Institution of Civil Engineers. The annual 
general meeting will be he held at 7.45 p.m. Business :—1. Report 
of the Council for 1909. 2. Ejection of the Council for 1910. 3. 
Presentation of the Symons Gold Medal to Dr. W. N. Shaw, 
F.R.S. 4. Address on ‘‘Some Relations of Meteorology with 
Agriculture,” by Henry Mellish, F.R.G. 8., President. 

Tue Concrete LystiTv 8.—Thu , January 20, at 8 p.m. 
at the bore United Service Institution, Whitehall, 8.W., when a 
ye will be presented by Mr. Ernest R. Matthews, A.M. Inst.C. E., 

8.Ed. (Borough Engineer of Bridlington), on “Reinforced- 
Concrete Chimney Construction.” Mr. W. T. Hatch, M.Inst.C.E., 
Engineer-in-Chief, Metropolitan Asylums Board, in the chair. 

iE INSTITUTION or MINING AND METALLURGY.—Thursday, 
January 20, at 8 p.m., at the rooms of the Geological society, 
Burlington House, Piccadilly, London, W. The following papers 
will be discussed :—‘‘ Copper Leaching Plant in the Ural : 
tains,” by Mr. A. L. Simon, Member. (Adjourned discussion.) 
“Some Analyses of Copper Blast-Furnace 8 and Determina- 
tion of their’ Meltin, ‘oints,” by Mr. A. T. nch, Associate. 

“The Detection of Minute Traces of Gold in Country Rock,” by 
Mr. Arthur R. Andrew, Associate. ‘‘ Errors Due to the Presence 
of Potassium Iodide in Testing Cyanide Solutions for Protective 
Alkalinity,” by Mr. Bede Collin; ige- 

Tue Royat Institution oF Great Brrraty.—On Friday, January 
21. at 9 p.m., Professor Sir James Dewar, M.A., LL.D., D.S8c., 
F.R.S., M.R.L, on “‘ Light Reactions at LowTemperatures.” After- 
noon lectures next week at 3 o'clock. Tuesday, January 18, Pro- 
fessor W. A. Herdman, D.Sc.. F.R.S., on ‘‘ The Cultivation of = 
Sea.” (Lecture L) Thursday, January 20, the Rev. H. 
Johns, M.A., on “‘ Assyriology. ” (Lecture I.) Saturday, January 4 
Mr. H. Walford Davies, Mus. Doc, LL.D., on “ Music in Relation 
to other Arts.” (With musical Diaseakines } ) Lecture L) 

Tar INSTITUTION OF MECHANICAL ENGINEERS. — lay, January 21, 
at 8 p.m., the nomination of officers for a at the annual 
general meeting on February 18 will take — Paper to be 
read and discussed :—‘‘ Ninth Keport to the Alloys Research Com- 
mittee: on the Properties of some Alloys of Copper, Aluminium, 
and Manganese.” (With an Appendix on the “‘ Corrosion of Alloys 
of Copper and Aluminium when Exposed to the Sea ”), by Dr. Ww. 
Rosenhain and Mr. F. C. A. H. Lantsberry, of the Nationa: Physi- 
cal Laboratory, Teddington. 

THE PuysicaL Society or Lonpon. —Friday, January 21, at 
5 p.m., at the Imperial College of Science, Imperial Institute- 
road, South Kensington. (1) “‘ Saturation, Specific Heats, &c., 

with van der Waals’ and Clausius’ Characteristics,” by Mr. R. E. 
Baynes, M.A. (2) “‘The Polarisation of Dielectrics in a Steady 
Field of Force,” by Professor W. M. Thornton, D.Sc., D.Eng. 3. 
“On the Use of Mutual Inductometers,” by Mr. Albert Campbell, 
B.A. 





Tue Junior InstiTUTION oF ENGINERRS.—Saturday, January 22, 
at 3 p.m., visit to the new generating station of the Westminster 
Electric Supply Corporation, Horseferry-road, Westminster. 
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MEDICAL EXAMINATION AND 
WORKMEN’S COMPENSATION. 


WEEK by week in the law courts of this country 
the confines of employers’ liability for accidents to 
workmen are being staked out with assiduity and 
much labour, yet “considerable time must elapse 
before the perfect definition of boundary lines 





NORTH-EASTERN RAILWAY. 





has been reached. The region which offers most 


difficulty to sharp delimitation is occupied with 
those cases in which “natural cause” co-operates 
with ‘accident ” in bringing about the result out 
of which legal action springs. In fact, the very 
first case which came before the House of Lords 
under the Workmen's Compensation Act, 1906, was 
of this nature.* A brass-finisher from this country, 
having gone to New York in the hope of betteri 
himself, and having failed in his endeavour, foun 
himself in a very fragile physical condition, half- 
starved and destitute, and desired to return home. 
He obtained a passage in the White Star liner 
Majestic, shipping as a trimmer. During his third 
shift he wey ad ina faint, and died within two hours 
of leaving the stokehold. The House of Lords held 
that the workman died from personal injury by 
accident arising out of and in the course of the 
employment. Lord Macnaghten strongly dissented, 
being of opinion that the death was due to the 
physical state of the man and the nature of his 
employment, and therefore was a death frem 
disease rather than from-accident. But meantime 
the other view stands authoritative. 

On the other hand, and in contrast to this 
case, it happens frequ ently that the contribution 
from ‘‘ natural cause,” although a material element 
in the result, may seem to 5 no direct causal 
relation with the ‘‘ accident,” and possibly even 
may be so separated from it in time as to escape 
consideration. Where ‘‘ natural cause” and “ acci- 
dent” working together can be considered with 
regard to their separate contributions, the difficulty 
of determining the relative influences of the two 
elements is extremely great, and accordingly the 
employer frequently finds it no easy matter to 
demonstrate that the injury in question has not 

‘arisen out of theayemployment.” Instances*of 
this kind will be readily recalled, and.a reference 
to our reports on special cases will supply details. 
For example, a riveter who fell dead at his work, 
after the severe strain of tightening up a nut, was 
found on post-mortem examination to have suffered 
from aneurism of the great blood-vessel from the 
heart in such an advanced condition that it might 
have burst in his sleep, and very slight exertion or 
strain would have been suflicient to rupture it.t 
Yet the Court of Appeal found the employer liable 
in full. ; 

Accordingly, if-an employer engages a workman 
thus afflicted, he takes a risk which an insurance 
office would refuse. In such cases the medical 
position may be a very obvious one, based on in- 
disputable technical opinion, or it may be the find- 
ing ofa specialist expert when the ‘‘ natural cause ” 
is somewhat obscure. No doubt there are cases in 
which expert evidence, although entirely concor- 
dant, gives a suggestion of conflicting probabilities; 
yet even apart from such doubtful cases, the deci- 
sion ‘is usually against the employer. Here the 
services of the medical assessor are of paramount 
importance in sifting the technical evidence and 
adjudicating upon it. For instance, the recent case 
of Roberts v. Pilkington Brothers, Limited (St. 
Helens County Court, April 21 and December 8, 
1909), contained apparently conflicting proba- 
bilities, but these vanished before the medical 
assessor, and the facts observed having been dis- 
entangled, the only possible finding was given. 
The applicant, seen a few hours after an acci- 
dent to his eye, was found to have some recent 
superficial abrasions as the only signs of an injury ; 
and in addition there were observed by the surgeon 
in attendance at Pilkington’s works evidences of 
long-past inflammation in the deeper tissues of 
the eye. After a few days all traces of injury had 
gone. Yetthe workman would not return to work, 
and after an absence of some months he applied 
for, and received, an award for compensation at the 
county court. An application for revision of the 
award under a medical assessor was made by the 
employers, when the apparently conflicting medical 
evidence was brought under review. The medical 
expert for the workman, having examined him some 
four months after the accident, could strongly urge 
that the condition might have been caused by an 
injury received then, and the medical witnesses 
for the employer, being cross-questioned, must 
admit the reasonableness of that probability. 
But in testifying against that inference the latter 
ave a conflicting opinion, and, accordingly, the 
ia ay mind again discovered that ‘‘ doctors differ.” 


rs See ENGINEERING, vol. nits page 181, 








t Ibid, vol. \xxxviii., page 233. 
Ibid, page 685. 
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Yet the testimony was almost mutually confirma- 
tory and the inference beyond discussion, for the 
old-standing troubles found four months after the 
accident were also found within four hours of it, 
and were therefore of some antecedent date. An 
award terminating the payment of compensation 
was accordingly made. This decision in the em- 
ployer’s favour is noteworthy in that it demon- 
strates the necessity for a medical assessor in a 
case hanging on such specialist detail, and, likewise 
from the employer's point of view, it shows the 
need for very thorough and competent surgical pro- 
vision for their injured employees. 

Accidents, like the above, involving the eye are 
particularly troublesome from the fact that the 
pe roe sie has to reckon with the very large 
number of people who have reached a working 
age quite unconscious of vision defects. In the 
future the medical inspection of school children is 
bound to prove of great service in this regard, both 
to employer and workmen, with, as a consequence, 
an avoidance of litigation. But to-day, as it is said 
in ophthalmic cliniques, ‘‘ defect in an eye usually 
passes unnoticed by the patient until chance places 
that eye under special review, or the other one out 
of action ;” and so the intelligent, observant man, 
who nevertheless did not know that for many years 
he had been practically blind of an eye, has been 
very acct met with. The difficulty in justly 
assessing the responsibility when, in such a case, 
the ‘‘ good” eye gets permanently injured is 
obvious, and consequently in the great majority 
of occasions the employer is found liable in full. 
Such is the present interpretation of the Act. The 
case to-day is :—‘‘ Before the accident this man was 
able to work ; since then he has been unable to 
work.” And, with like simplicity, the verdict— 
‘*full compensation.” Small’ regard is paid to the 
coincidence of ‘‘ natural cause ”’ and ‘‘ accident ;” 
and, whatever may be in the future, medical subtle- 
ties have, as yet, played only a small part in court 
decisions. No doubt, the case of Roberts ». 
Pilkington Brothers, to which we have made special 
reference, will have a far-reaching effect. 

Taking everything into consideration, it is no 
exaggeration to say that at present the Act 
gives little protection to the employer who en- 
gages the physically unsound or the subject of 
latent disease. A bruise, a crush, a fall, may in 
such a one be followed by most serious results— 
may, in fact, so exhaust the subnormal vitality 
as to precipitate the end. The rapidity with 
which a child recovers from a fall out of bed is 
a familiar example of what recuperative powers 
can do. But equally well-known is the frequency 
of fatal result from a like accident in a debili- 
tated adult. The critical feature of an accident 
is the suddenness of the call for succour made 
upon the vitality of the victim. It may be that 
only one finger is crushed, but the patient’s whole 
system is under call. The immediate shock makes 
a big demand on heart and brain, and some 
cannot respond. In the convalescent process the 
nutritive and ove powers fix the rate of 
healing. A child may nurse his mangle-crushed 
finger in his mouth mostly, or the healthy plough- 
man similarly hurt may resort to a spider’s web 
with cobbler’s wax, and all may be well, and the 
recovery complete. The other type a — for weeks 
on end in the compensation list. e man may be 
willing and anxious to get back to work, but he 
is manifestly unfit for resuming his employment. 
He recovered very slowly from the initial shock, 
which left him severely shaken ; in his own words, 
he ‘‘ went off his food,” ‘‘ became proper miserable,” 
and felt himself to be ‘tin his own road.” Mean- 
while the wound progressed very slowly, and after 
some weeks we find the patient aware of pains in 
his elbow. He remembered some swelling of 
the elbow some time ago, but it certainly never 
troubled him until after the accident. The elbow pre- 
sents unmistakable evidence of tubercular disease. 
Treatment of this condition continues for months 
after the finger has got well, but full compensation 
runs on all the time. It is not possible to deny 
that there might have been a very direct associa- 
tion between the crushed finger-tip and the tuber- 
cular elbow, yet, as the patient continues to be un- 
able to work, the verdict follows naturally enough. 

Employers have to decide what risks they are 
prepared to meet, and in that decision the result 
of the medical examination of the workman is 
If a workman is the subject 
pete position to a condition 

eclared absolutely to be dis- 


an essential factor. 
of any condition or 
which could not be 





sociated from or hastened by an ‘“‘ accident,” then 
the firm engaging him must reckon with the proba- 
bility of a heavy claim sooner or later. Our social 
history affords full evidence that the great em- 
ployers of labour are the working-man’s help in 
time of necessity, but it is apparent that business 
and philanthropy must be clearly differentiated. 
The only protection is in medical examination. By 
limiting this to new applicants any hardship on the 
workman is reduced to a minimum, and the per- 
sonal feelings between employers and their present 
employees is made better through the granting of 
this exemption. 

The ‘‘ labourer” seeking employment is a candi- 
date of whom one might be inclined to demand no 
very careful examination. Yet it is in this class 
that the greatest variety in cause of rejection is 
found. To many it has become the latest of suc- 
cessively downward stages. These are often men 
of experience of military or naval service, with its 
examinations and rejections, of foreign countries 
and tropical diseases, of workhouses and their 
medical officers, &c. They have, therefore, been 
peculiarly liable to the assaults of time and 
circumstance, and they are correspondingly skilful 
in concealing the evidences of these assaults. 
Behind the sprightly carriage of such an applicant 
there may lie unsuspected the encumbrance of an 
‘* ague-cake ”—i.e., the big, hard spleen resulting 
from attacks of malarial fever. is large and 
brittle organ is liable to rupture from even a slight 
blow on the abdomen—e.g., from a fellow-workman’s 
elbow. The rupture may lead to fatal internal 
hemorrhage. Accordingly the presence of increased 
risk has to be considered. As a contrast, the 
examination of the healthy young labourer from 
the country may reveal nothing as a reason for re- 
jection, except a reduced keenness of vision. The 
opaque areas on his eyes tell the history of inflam- 
matory disturbance in childhood, but to-day the 
render him an ‘‘increased risk” for, e.g., suc 
an occupation as wheeling a barrow along an ele- 
vated plank. Even granting that acquired dex- 
terity overcome much of the physical handi- 
cap, experience shows that, after any accident, 
confidence is so shaken that the former ability is 
slowly, if ever, regained, and the workman looks to 
the employer for support in the future. These 
widely differing types, while indicating the extent 
of the field of examination of employees, afferd 
examples of the unsuspected points from which 
unsatisfactory claims are likely to spring. 

The difficulty which the subject of a ‘‘ compen- 
sated ” injury experiences in resuming, or attempt- 
ing to resume, work is frequently very great ; and 
if previous defects are present, although they may be 
unknown to the patient, he very often gets to believe 
that the task of re-educating his latest broken 
finger or his other defective eye is quite beyond 
what can be expected of him, for now the other 
weak parts are brought for the first time into 

rominence. Many factors arise to perplex the 

t-intentioned workman in such cases, and of 
these the physical difficulty is usually of least 
account, for, of course, the type of work offered is 
advised by the surgeon with regard to the type of 
the incapacity. It is the mental condition suggested 
above which, having been engendered, calls for 
careful treatment. ‘his disability has been recog- 
nised as ‘‘ traumatic hysteria,” and as ‘litigation 
neurasthenia,” and needs no further elaboration for 
the present purpose. 

In the past, employers of labour have naturally 
preferred to engage healthy men. To-day, in view 
of this Act and its interpretation, they have no 
choice. The character and extent of the liability 
resting on their shoulders compels them to make 
sure at the outset that each recruit is organically 
and functionally sound so far as expert medical 
inspection can declare, and it is only in the 
adequate examination of candidates for employ- 
ment that industrial firms can look for protection 
from the misapplication of, if not an ideally good, 
at any rate a well-intentioned, statute—the Work- 
men’s Compensation Act, 1906. 








AEROPLANE ACCIDENTS. 

Tue death of Delagrange, through the falling of | 
his aeroplane, to which we referred last week, has 
two special features of technical interest. In the 
first place, it is the first fatal accident which has 
= gy with an aeroplane of the monoplane type, 
and, in the second, it is the first which appears to 





be distinctly due to a failure in the main structure 


of the machine used. The first. of the. points 
just named is of considerable interest, from the 
fact that it seems to be generally assumed that, 
whatever other disadvantages it has, the biplane is 
a safer machine than the monoplane. Yet it is un- 
doubtedly a fact that the greater number of acci- 
dents have — to the biplane. Previous to 
the death of Delagrange there had been four fatal 
accidents with modern flying-machines—viz., Lieu- 
tenant Selfridge was killed when making an ascent 
with Orville Wright on a Wright machine in America ; 
Lefebre lost control of his Wright machine, which 
therefore fell ; Lieutenant Ferber had a fall in his 
Voisin machine, from which he died soon after ; 
and Fernandez was killed when flying in a biplane 
of his own design. 

One at least of these—namely, Lieutenant Self- 
ridge’s death—appears to have been due to the 
failure of the machinery, a broken propeller having 
been the primary cause of the fall. It is also 
possible that Lefebre’s mishap was caused by the 
control-wire breaking, and the machine becoming 
unmanageable in consequence. It is, however, 
inevitable that in case of a fall the machine should 
be so damaged that it is impossible to tell what 
orgy from the broken parts ; and if the pilot is 
killed, it is difficult to ascertain how the accident 
took place. In the cases of Captain Ferber and 
Fernandez there is no evidence that any part of the 
machine failed, and in the cases of Lieutenant 
Selfridge and Lefebre the main framing did not fail. 
In the case of Delagrange’s accident, however, there 
seems good reason to suppose that the main framing 
forming one of the wings gave way altogether, the 
machine falling in consequence. 

Curiously enough, Santos Dumont had an accident 
the very next day from an almost exactly similar 
cause. In thisinstance the good fortune which has 
followed this experimenter throughout his aerial 
career continued, and he did not lose his life; but 
there is no doubt that the machine fell completely. 
In his case it is definitely stated that the accident 
was caused by the fracture of one of the wires which 
take the upward thrust of the wing. 

We dealt with the principles of construction of 
the framing of both monoplanes and biplanes in our 
issue of November 5, showing that in both cases the 
general construction was that of a trussed girder 
constructed of wood and steel wire. In the 
case of the biplane the top and bottom members 
are both of wood with wood struts, the whole being 
braced with very numerous ties of wire. In the 
case of the monoplane, however, the main spars of 
the wing are trussed to a strut below by a com- 
paratively small number of wires. The structure of 
each wing is, in fact, very much like that of the mast 
and rigging of a sailing-boat, the main spars taking 
the place of the mast, while the wire stays take 
that of the shrouds. A very important difference, 
however, is that the mast of a sailing-boat is 
almost invariably provided with a forestay to take 
the longitudinal pressure when going head to wind, 
while the wing of an aeroplane often has no such 
provision, the longitudinal pressure due to the air 
resistance being taken entirely by the spar. 

It is possible that this had something to do with 
the recent accident with which we are especially 
dealing, for the monoplane on which Delagrange 
met his death had been fitted with an engine 
of double the power originally provided by the 
maker, who is reported to have given this as the 
probable reason for the failure of the machine. As 
the new motor was of a very light type, the extra 
weight, if any, was quite a negligible proportion of 
the total weight of the machine. The vertical 
stresses on the wings and their supporting wires 
would therefore not be materially increased ; but 
as the more powerful engine drove the wings a 
great deal faster through the air, the stresses brought 
upon them by air resistance would be very con- 
siderably increased, and unless provision was made 
to meet this, the factor of safety would be very 
materially reduced. Whether the failure of the 
wing was actually from longitudinal stress or from 
the supporting wire breaking, as in the case of 
Santos Dumont, will probably never be accurately 
known ; but it is quite clear that the question of 
ample strength to resist longitudinal stresses should 
be very carefully considered, especially when putting 
more power into an existing machine. . 

The question of the most suitable material and 
fastenings for the supporting wires is, moreover, ® 
matter which requires very careful consideration. 
In the case of biplanes the wires are so numerous 
that the failure of one or even more may not en- 
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danger the whole structure, but those of the mono- 
plane are so few that failure of even one wire 
may mean a broken wing. In this respect, as in 
others, the position is, in fact, exactly the same as 
the mast of a sailing boat, and one would expect, 
therefore, that the same materials would be suitable. 
At present, however, the stays of the aeroplane 
wings are almost invariably solid steel wire or ribbon, 
while the shrouds of a sailing boat are invariably 
of stranded rope, solid wire not having been found 
satisfactory. There is no doubt that, weight for 
weight, the solid wire will carry a heavier strain 
than the stranded rope when tested in a machine, 
but it is found in practice that it is not so re- 
liable. The stranded rope seldom breaks without 
warning, but several strands go before the whole 
gets unsafe. As the breakage of these is very easily 
seen, an unsafe rope can always be replaced before 
actual breakage ; whereas in the case of the single 
wire there is nothing whatever to show whether it 
has deteriorated or not. 

It does not, of course, necessarily follow that 
what is most suitable for a boat is also the most 
suitable for an aeroplane, but as the conditions are 
so very similar, it seems very doubtful policy to use 
in an aeroplane what is not good enough for a boat, 
as the consequences of failure are so much more 
serious. 

Incidentally the Delagrange accident shows what 
may be the evil effects of striving after ‘‘ records.” 
What is wanted to make the aeroplane of practical 
use is that it should be reliable and safe. The ten- 
dency of record-breaking machines is the exact oppo- 
site of this, as the weights of all the essential parts 
must be cut down to the finest limits possible in 
order to provide enough engine-power, petrol, &c., 
forthe record run. It is, in fact, generally found 
in engineering that the design and materials which 
will give the best results for a short time are 
essentially different to those which are the most 
reliable, and striving after records consists simply 
in neglecting reliability and safety to the utmost 
extent to which the pilots can be persuaded to risk 
their necks. 





WHITE-LEAD AND THE FRENCH 
PARLIAMENT. 

THERE is at the present time in many countries 
a tendency to surround industrial enterprise with 
a large number of legislative prohibitive measures 
dealing with working hours, wages, class of manu- 
factured products, and so forth. As an example, 
one of our French correspondents states that a 
campaign was started some time ago by French 
Socialists against the use of white-lead, the result 
of which will be the suppression by one stroke of the 
pen, and with the sanction of Parliament, of an 
important branch of industry, one which afforded 
work toa large portion of the community. There 
is no mention whatever of an indemnity to be piid 
to the injured manufacturers, and this is a charac- 
teristic feature of all Socialistic enactments. A 
month after the passing of the French law against 
the use of white-lead a similar law was passed in 
Belgium. 

The French law is dated July 20, 1909, and it 
establishes that after five years from that date the 
use of white-lead, and of linseed oil containing lead 
oxides, is to be prohibited in all repair work and 
new work, both inside and outside buildings. The 
law applies to all painting work ; its operation is 
under the jurisdiction of the inspecteurs du travail, 
who, however—and this is an exception in the 
present case—will not be allowed to enter private 
dwellings in order to inspect the painting opera- 
tions which are being carried out inside them 
should the tenants not allow the inspectors to do 
so. The law makes no mention whatever of the 
manufacturers of white-lead; the fact that these 
are to lose their trade appears to have been com- 
pletely ignored. 

The Belgian law dealing with the same class of 
manufacture is less stringent, since it has only 
a the sale, transport, and use of white- 
ead in powder, pieces, or cakes for painting work ; 
the same products destined for use apart from 
painting work are to be subject to legislative mea- 
sures, which so far have not been -finally settled. 
White-lead for painting work is only to be sold and 
used in the form of a paste mixed with oil, a form 
in which it has long been manufactured and sold. 
The Belgian law also prohibits the dry scraping 
and dry pumice-stoning of surfaces covered with 
white-lead paint. 





When after sing the Lower Chamber, the 
French law idl ou 4 the Senate, the latter decided 
to vote compensation in favour of the manufac- 
turers ; the Lower Chamber, however, struck out 
this provision at the request of the Minister for 
Labour, who thus established as a principle the 
right of Parliament to destroy private property. 
The Senate endeavoured to obtain the re-insertion 
of an indemnity clause, but finally abandoned the 
attempt owing to the insistance of the Lower 
es 8 and the Ministry. 

The campaign against the use of white-lead com- 
menced in earnest in 1900, when a professional 
agitator, a member of the Confédération Générale 
du Travail, which is at the bottom of all strike 
movements and acts of violence in France, took 
up the matter in the name of the Federation of 

ouse-Painters. Since that date, inquiries have 
followed one upon the other, and reports have been 
multiplied, with the very evident object, by pro- 
hibiting white-lead, of closing the works of white- 
lead manufacturers. The use of this chemical was 
restricted as early as 1902, and before any precise 
information could be derived from a series of ex- 
periments which were being carried out, and in 
spite of a very detailed report made by Senator 

reille, in which abundant proofs were adduced to 
show that white-lead was perfectly harmless when a 
few elementary precautions were taken in its use. 

The manufacture of white-lead, as above stated, 
was left out of consideration. This is no longer 
carried out on the dry process, which process was 
abandoned without any interference or recommen- 
dation on the part of the law-makers of the 
country. The wet process is now the one ex- 
clusively followed, and the change has been a bene- 
ficial one. But this improvement has not been 
referred to, and in order to further the campaign 
against the use of white-lead a number of terrible 
details were published on the dangers to which a 
painter and house-decorator was exposed. He was 
constantly, so it was stated, absorbing lead salts 
into his system. A painter, so to speak, carried 
his life in his hands, and was under a constant 
sentence of death. In a very short time, the report 
continued, the strongest men became incurable 
invalids. A Socialist Member of Parliament certi- 
fied that in Paris alone white-lead caused the death 
of 150 painters and house-decorators, and tempo: 
rarily incapacitated 1500 others every year; the 
Confédération Générale du Travail said the same. 
It is an easy matter to contradict such statements, 
and they have been duly refuted. Thus Mr. 
Armand Gautier, a Member of the Institut, who 
for the last thirty years has made a study of lead- 
poisoning, found that the number of deaths 
caused in Paris in four years by lead-poi- 
soning amounted to 53 only, 33 only of which 
applied to painters and house-decorators, equal to 
eight per year. Mr. Treille found that in the 
French provinces and Algeria there were in 12 years 
97 deaths due to lead-poisoning, and this number 
did not apply to painters only ; in a total of 153 
hospitals not one registered a single death through 
this cause, and the number included the hospitals 
at Rochefort and Toulon, in which seaport towns a 
rge amount of painting work is done. Dr. 
Laborde also made observations in the French 
hospitals, and found that they contained no house- 

inters ill through lead-poisoning. On the other 

and, this sickness has been very prevalent among 
the men occupied in accumulator and storage- 
battery works, in which the new legislation has not 
interfered to prohibit the use of lead. Dr. Ber- 
tillon, an expert in all matters which concern 
sanitary conditions, found that painters were no 
more liable than men of other crafts to lead-poison- 
ing ; the death rate among painters was practically 
equal to the general death rate, except after fifty- 
five years of age. Painters, therefore, are not 
exposed to any special danger due to white-lead. 
Personal habits of cleanliness have, fortunately, 
become more customary, and one of the most deter- 
mined opponents of white-lead—Dr. Letulle—has 
stated that the deaths due to its use were now 
decreasing every day ; that the risks run by manipu- 
lating it were gradually becoming less, and that 
the number of painters and house-decorators run- 
ning such risks had been also gradually decreasing. 
Mr. Yves Guyot stated that in 1905 the Minister 
of Commerce was unable to prove from data 
obtained from the hospitals that lead-poisoning was 
causing deaths among painters and house-decorators. 

When the painters’ trade union at Geneva endea- 
voured to obtain the prohibition of the use of 





white-lead, they could only put forward three 
cases of lead-poisoning to justify their demand. 

The French law in question, therefore, the direct 

consequences of which are of a very grave nature, 
has been on the basis of a danger which 
did not exist in fact, and it has established the 
pa that any given trade can be ruined by 
egislative measures without the granting of any 
compensation in return. From the point of 
view also of the preservation of public and private 
property, its results cannot be satisfactory either, 
since no material has been proposed as a suitable 
one to replace white-lead. Demonstrations have 
been carried out with a view to prove the practical 
worthlessness of white-lead as a protective covering, 
and competitive trials have been made, using both 
white-lead and zinc-white. The results obtained 
did not afford a sufficient proof, and seven out of the 
thirteen members of the committee appointed for 
the trials in question were of opinion that zinc-white 
could not replace white-lead in paints. The French 
Roads and Bridges Government Service also made a 
number of experiments at the request of the Minister 
for Public Works ; they used zinc-white paint on 
the Garabit Viaduct, in the South of France, and 
found that this gave very bad results. An engineer 
of the said service announced these results to havo 
been deplorable, and the painting, which had cost 
2000/., had, in a comparatively short time, to be 
done afresh. Competitive trials with both sub- 
stances at the St. Etienne railway station showed 
that zinc-white paint scaled off rapidly, whilst that 
made with white-lead was holding out satisfac- 
torily. These experiments and others made in 
France, also trials carried out in Holland, Switzer- 
land, and Germany, have not proved that there is 
any substance which can as yet take the place of 
white-lead as a pigment for paints. 

Our French correspondent adds that in reporting 
as above he is not losing sight of the various papers 
dealing with corrosion which were read at the last 
spring meeting of the Iron and Steel Institute, and 
in which it was stated that an ideal method had to 
be discovered for treating in a lasting way the sur- 
face of steel and other surfaces so as to make them 
incorrodible. White-lead was so far the best pig- 
ment. All accounts proved that—so far as the 
painters were concerned—its use was now com- 
paratively without danger, and it should not, he 
maintains, have been prohibited on the basis of 
such lame excuses as those which had been brought 
forward. 





INTERNAL COMMUNICATION IN 
CHINA. 

THE immense potentialities of China from the 
commercial point of view has been a theme of 
speculation for a long time, and although the pro- 
mises from time to time of a great industrial 
awakening have not been fulfilled to any marked 
extent, there seem convincing indications that 
advance will be more rapid in the future than in 
the past. The prejudice of the East against those 
influences which mark the progress of the West is 
dying out. The example of the Japanese is stimu- 
lating the Chinese. The late Empress-Dowager, 
in her latter days, inculcated in her successors 
counsels of reform and | or gene Perhaps the most 
significant suggestion of the change is to be found in 
the driving of a tunnel through the hard solid rock 
under the Great Wall. This was for the Pekin-Kalgan 
Railway, opened three months ago. Only those who 
have any acquaintance with Chinese character, and 
with the immense importance attached to the 
cherished isolation against Western ingress, against 
even influence, which the Chinese Wall was sup) 
to give, can form an idea of the change of attitude of 
the Oriental mind regarding modern innovations 
proved by this tunnelling work. This railway, too, 
indicates the development in knowledge of modern 
engineering of the Chinese, because the work of 
construction was carried out entirely by Chinese 
engineers and workmen, and it is to be remembered 
that one of the bridges had seven spans of 100 ft., 
that one of the tunnels was 3580 ft. long, and, 
with four others and cuttings 90 ft. deep, had to be 
made through the famous Nankau Pass, and that 
concrete arch bridges 40 ft. span, some at an 
angle of obliquity of 45 deg., had to be made. 
Evidences, however, indicate that there is just now 
a tendency on the part of the Chinese to assume 
a knowledge of engineering conditions beyond his 
experience, and trouble may arise unless the 
authorities seek the ripe experience of consult- 
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ing engineers in the coming great development, in 
respect not only of railway construction, bridge- 
building, and other engineering works, but also of 
mining operations, all of which promise to in- 
fluence considerably the industrial situation in 
China. 

Internal communication is the dominant need of 
the country, in order that the resources of the im- 
mense“interior, notably the mineral wealth, may 
be developed and transmitted to the seaboard. 
In addition to the railway development, there 
is the possibility of interior waterways, and it is 





interesting to note the institution of a new regular 


beyond Ichang. With one exception, these were 
all British steamers, and the case of the exception 
—a German steamer—was unfortunate, as the 
vessel was totally wrecked at one of the rapids. 
The principal pioneer in this, as in so many other 
Chinese undertakings, was Mr. Archibald Little, 
who, on two separate occasions, successfully made 
the voyage. The other vessels were British gun- 
boats constructed by Messrs. Thornycroft. Now, 
for the first time, there has been inaugurated a 
regular service, and it is indicative of the suc- 
cessful interpretation of requirements, as a conse- 





quence of experience, that the maiden trip made by 


‘* flat,” to be towed by the Shutung. The vessels 
were built in sections, and shipped to the East, 
where they were completed at the Kiangnan 
Arsenal Dockyard. 

Fig. 1 on this page shows the steamer, and Fig. 2 
the flat lashed alongside of the Shutung for 
towing. The steamer is 150 ft. long and 15 ft. beam, 
with a depth of 6 ft. 6 in. Her general appearance: 
is well shown in the photographs. The propelling 
machinery includes two sets of Thornycroft com- 
= surface-condensing engines, developing col- 
ectively 550 indicated horse-power, and these drive 
The speed on 


twin screws working in tunnels. 
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Fic, 2. Tue ‘‘SuHutune” Towrne Passencer AND CarGco BaRGE. 


service on the Upper Yangtse Kiang. There has 
been a steady progress in the shipping as far up 
the river as Ichang, whick is 1000 miles from the 
sea. The river is navigable for vessels of 2000 tons 
thus far—along a wide stretch through great alluvial 
plains, and the steamship service has conduced to 
the prosperity of these regions. Beyond Ichang, 
however, the navigation has hitherto been entirely 
carried on by junks, which have taken from four 
to five weeks for the passage to Chungking, 
owing to the rapids through several gorges. The 
passage of steam vessels has hitherto been regarded 
as a serious undertaking, and as a consequence 
the trade development has not been commensurate 
with the resources of the fertile regions of Sze- 
chuan. Indeed, up to the beginning of this cen- 
tury only seven steamboats had attempted to steam 


| this, a Thornycroft, vessel took only one-third of 
| the shortest time hitherto required for the voyage. 
The time taken was 65 steaming hours, as com- 
a with the four or five weeks by the junks. 

e average speed was only 6 miles per hour ; but 
one has to consider the difficulties of the e: 
in one of the gorges the current is sometimes of 12 
knots speed, and in the distance of 400 miles the 
difference in level is 500 ft. 

This new enterprise has been entered upon by 
the Szechuan Steam Navigation Company, and the 
first steamer to inaugurate the service is the 
Shutung, which was built by Messrs. John I. 
Thornycroft and Co., Limited, of Southampton, 
from a by, and under the supervision of, 
Captain Plant, marine superintendent of the com- 
pany. At the same time there was constructed a 





trial was 123 miles per hour. The flat which is 
towed by this steamer is of the same length and 
depth, but the beam is 16 ft. 

On the first voyage, which has just been accon- 
plished, the flat carried 50 tons of cargo and about 
60 ngers, her accommodation being for 12 first 
ond 68 second-class passengers. In some of the 
earlier voyages by gunboats it was found necessary 
to use hawsers for hauling the boats through some 
of the gorges, either by manual labour or by the 
use of capstans, and often by both, in addition to 
the driving power of the machinery. It was thought 
that the separation of power and cargo into two 
light-draught hulls would simplify the passage 
through the rapids ; on this first voyage there was 
no need to separate the two vessels. The condi- 





tions are, of course, dependent on the season, the 











Jan. 14, 1910.] 


ENGINEERING. 


53 








early autumn rains causing a rise of 50 ft. above the | engines were opened out at the crossing of the 


normal level at Ichang. 


The Shutung, towing her accompanying barge 


us the velocity at the | rapids—that is, with 325 to 340 revolutions. 
rapids is enormously intensified at flood seasons. | 


e experienced no trouble whatever with our 


| boiler or auxiliary engines, and the success of our 











Fic. 3. Tae **SHutune’ 


AND 


alongside, made the passage under easy current con- 
ditions. Entering the Yaochaho, a 14-mile stretch 
of wild, turbulent river through a rocky wilderness 
between the Ichang and Niu-kan-mafel gorges, 
considerable difficulty was experienced, especially 
in two of the series of rapids, where, owing to 
their turbulence, much water was shipped over 
the fore-decks. The Niu-kan-mafel Gorge, about 
3 miles long, between precipitous cliffs, was easily 
negotiated, but at the Yehtan Rapids, 54 miles 
from Ichang, the Shutung, like all her prede- 
cessors in the navigation of the Upper Yangtse, 
experienced the greatest difficulty. The current 
there is exceptionally strong, being about 12 knots 
for 150 ft. of the rapids. Asa rule, the gunboats 
which had steamed up the river in previous years 
had to resort to the use of rope tackle, hawsers, 
&c., to augment the driving power of the pro- 
pelling machinery; even then the progress was 
almost inappreciable. In the case of the Shutung 
it became necessary to let the ship drift back- 
wards, so that the fires could be cleaned; the 
difficulty was surmounted entirely by careful 
management in the stokehold to maintain full pres- 
sure on the engines. The photograph which we 
reproduce in Fig. 3 affords some idea of the diffi- 
culties of navigation at this point. The view is 
taken from the bridge of the flat which was being 
towed, and shows the bows of the two vessels when 
entering the rapids. The conditions were not con- 
ducive to an effective photograph ; but a clear idea 
can be formed of the swirling turbulence of the 
water, and the difficulty of steering. 

The other rapids are not perhaps so serious, 
either as regards current or turbulence, but at 
Futan, a little above Wanhsien, where there is a 
long stretch of river with a perpendicular rocky 
coast, the dangers were increased, as the rising 
water covered some of the rocks on the left bank 
of the river, so that care had to be exercised to 
prevent the vessels going over the submerged rock. 
It was, however, here also a case of maintaining 
the steam pressure and driving through the rapids. 
Indeed, throughout the whole passage from Ichang 
the chief necessity was to maintain full pressure in 
order to overcome the rapids and to ensure a steerage 
way. The marine superintendent of the company, 


Captain Plant, in his reporton the voyage, states that | bee 


the little vessel manceuvred admirably all through 
the turbulent swirling waters—the flat being towed 
alongside—and reached Chungking in seven days 
from Ichang, a distance of 400 miles, as compared 
with from thirty to fifty days by native craft. He 
adds: ‘*We experienced no trouble at all with 


the engines throughout the whole cored though | 


the strain on them at times must have been very 


severe, on account of the racing of the propellers | 


in the violent swirls below the rapids. We kept 


149 Ib. pressure easily with the local coal, and the | 
engines worked at 300 revolutions, but we found | 
some difficulty in keeping pressure when the 











BARGE IN THE YEHTAN RapIps. 


first trip bids fair for future developments on a 
large scale.” The inauguration of this service is 
regarded with very great interest in China. 








THE LATE SIR W. LLOYD WISE. 

By the death, on the evening of Thursday, the 6th 
inst., of Sir William Lloyd Wise, there has 
away, to the great regret of a wide circle of friends, 
private and professional, one who has worked for the 
improvement of our Patent Law for over thirty years. 
As in the prosecution of his schemes we have often 
been intimately connected, we find it impossible to 
express due appreciation to his labours without refer- 
ring to successful work in a manner which would be 
out-of-place in these columns. Fortunately, Sir Lloyd 
Wise had se wide a circle of friends in the engineering 
world that there is less need for us to dwell on his 
personal qualities, and we may content ourselves with 
a more brief account of his life than our feelings 
would otherwise prompt us to write. 

The late Sir Lloyd Wise wae bern at Manchester in 
1845, and he was therefore, at the time of his death, 
in his sixty-fourth year. He was the eldest son of the 
late Francis Wise, who was, when a young man, chief 
draughtsman and designer to the firm of which the 
late Sir Joseph Whitworth was the head. It was 
therefore natural that young Wise, at the close of his 
scholastic career in Ghent and London, should seek to 
follow in his father’s footsteps and adopt engineering 
as a profession. He received his professional training 

rtly in the works of Messrs. Siebe and Co., of 

NVestminster, and partly in the office of his father, 
who had previously become a consulting engineer and 
patent agent in Westminster. 

Owing to his father’s death, the subject of our 
memoir found himself at an early age in a responsible 

sition as professional adviser to many well-known 
inventors and large business concerns. The reform of 
our Patent Law was a subject to which his attention 
was early attracted, and when only twenty-five years of 
age he entered the field against Mr. Mactie, M.P., and 
others who were agitating for the abolition of patents. 
This action introduced him to the notice of the late 
Mr. Thomas Webster, Q.C., F.R.S., father of Lord 
Alverstone, and the two became closely associated in 
the campaign against abolition and in favour of 
reform, and worked together until the death of Mr. 
Webster. 

In the advocacy of reform we have been associated 
for over thirty years with Sir Lloyd Wise, and it has 
nm an open secret that many of the articles on 
patent law which have appeared in our columns were 
penned by the deceased. It is satisfactory to know 
that the necessity for improvements in patent proce- 
dure so advocated has been duly recognised, and in 


| particular it is pleasing to remember that one reform, 


which was first promulgated by Sir Lloyd at the 
International Law Con at the Hague in 1875, 
became law in 1902, and that its author lived to see it 
in operation. It is the fate of many reformers to die 
before their work is accomplished ; but, happily, this 
has not been the case in the present instance. 

Sir Lloyd Wise was one of the founders of the 
Institute of Patent ts in 1882, which was incor- 
porated by Royal Charter in 1891, and he was the 





first president. He occupied the presidential chair at 
the Chartered Institute for over seven years, and con- 
ducted during this period the negotiations, of a par- 
passa | difficult and delicate character, between the 
grant of the charter and the acceptance of the bye-laws. 

Outside his professional practice, Sir Lloyd, seem- 
ingly by way of recreative c , devoted much time 
to public business. In the ’eighties he was a member 
of the Southend-on-Sea local governing body, and took 
a prominent part in the movement for the erection of 
the new pier, with its electric railway. In 1889 he was 
elected the first county councillor for the Southend divi- 
sion of Essex, an office he retained for nine years, and 
for many years of his councillorship was chairman of 
the Parliamentary and Local Government Committees. 
He was a deputy-lieutenant of, and a J.P. for, the 
County of Essex, and also a J.P. for the Borough 
of Southend-on-Sea. 

Sir Lloyd Wise received his knighthood on the King’s 
birthday of 1904. For some years before his knight- 
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hood he had taken the greatest possible interest in 
Conservatism in South-Kast Essex, and in 1899 it was 
thought that he would have succeeded Sir Carne 
Rasch in the representation of the division. U 

to within a few weeks of his death Sir Lloy 

had been working, heart and soul, in the cause of 
Tariff Reform. He also took great interest in the 
defence forces of this country ; but though his leaning 
was. towards compulsory military training, he threw 
himself into the business of raising the necessary men 
when the Territorial forces came into being, and advo- 
cated the service by pen and voice. 

The deceased retired partly from active business 
some two or three years ago, as the painful internal 
malady, which operations could only partially relieve, 
and to which he ultimately succumbed, rendered it 
essential for him to take life’more easily. 

Sir Lloyd Wise was a Fellow of the Royal Geo- 

raphical Society; the senior Past-President of the 

artered Institute of Patent Agents; a member of 
the Royal Institution, of the Institution of Mechanical 
Engineers, and of the Iron and Steel Institute, and an 
Associate of the Institution of Civil Engineers and of 
the Institution of Naval Architects. e married, in 
1876, Catherine Adeline, daughter of the late William 
Fullard, of Thorney, who survives him. 








Our Coat Aproap.—Last year’s shipments of coal 
from the United Kingdom were not up to the figures for 
1907 and 1908, but exceeded those for many years previous 
to these. The exports for the ten years ending with 
1909 inclusive, and their yearly value, were as annexed :— 
Year. Tons. Value. Year. Tons. — 

r ; 


409,614 1905 .. 47,476,707 24,850,129 
744,984 1906 .. 66,599,771 30,069,307 
1902 .. 43,159,046 26,307,351 1907 .. 68,600,947 40,170,296 
1908 .. 44,950,057 26,086,308 1908 .. 62,547,175 39,646,169 
1904 .. 46,256,547 25,491,414 1909 .. 63,076,799 35,819,070 
Our largest coal exports last year were made to Germany, 
France, and Italy. 


1900 .. 44,089,197 36. 
1901 .. 41,877,081 28. 
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NOTES. 


Tue PuysicaL Aspects OF CYRENAICA. 

Cyrenaica is the country lying to the south of 
the Mediterranean, between Tripoli and Egypt. It 
forms part of the Turkish Empire. In view of the 
nearness of the country to Europe, and its long 
Mediterranean sea-board, the lack of information 
in regard to it is remarkable. To the world in 
eneral it is an unknown land, whose very existence 
is hardly realised. In the days of ‘‘ the glory that 
was Rome,’’ Cyrenaica formed part of the world- 
empire, and is ee to have supported a great 
and teeming population, this idea doubtless being 
supported by the story of the massacre of 220,000 
Greeks by the Jews of Cyrenaica in the early years 
of the Christian era. A recent survey and investiga- 
tion of the country, however, appears to discount 
the idea of the country ever having supported a 
large population. This investigation was carried 
out last summer by a Commission pene by 
the Jewish Territorial Organisation—the so-called 
‘‘TTO”—in connection with a proposal for the 
colonisation of the country by Jewish immi- 
grants. The Commission consisted of Professor 
J. W. Gregory, of Glasgow; Mr. John Trotter, 
B.Sc. ; Mr. Matthew B. Duff, M. Inst. C.E. ; and 
Dr. M. D. Eder, B.Sc., and its conclusions are 
embodied in a series of reports published a few 
months ago, which are of some —— interest. 
The Commission concerned itself largely with the 
nature of the soils, the geology of the country, and 
the question of adequate water supplies, and its 
final opinions are adverse to the ye gr colonisa- 
tion. Records* of the rainfall at Benghazi, a 
town on the coast in the extreme west, are in 
existence for the period from 1891 to 1904, and 
give an average of 10.56 in., the maximum for 
any year being 20.98 in., and the minimum 


4.38 in. The whole of the supply falls in the 
winter. ~ The greater of this rainfall is 
wasted, owing to the geological formation of the 
country. It had been hoped that the conditions 


would make it possible to formulate a scheme of 
irrigation by means of storage reservoirs, but the 
whole country is found to consist of a practically 
solid mass of porous limestone, which rises gradually 
from the coast to a height of some 2500 ft. inland, 
and through which the’ rainfall percolates to the 
sea. It is always possible to obtain a water-supply 
on the coast by means of wells, but immediately 
any attempt is made to increase the supply by 
sinking, the sea breaks in and brackish water is 
obtained. Even with the present supply at Beng- 
hazi it is difficult to obtain sweet water. A certain 
number of wells and some springs exist inland 
which are fed from natural catchment areas formed 
by thick beds of loam or marl. Professor Gregory 
estimates that the present population of the coun- 
try, which is mostly Arabs, is well over 100,000, 
and ibly 200,000, and is of opinion that the 
possible population for at least the next fifty years 
could not exceed half a million, this estimate 
being on the assumption that the proposed sinking 
for water in the marl beds at Merj, a town about 
60 miles from Benghazi, proved successful. The 
soils of the country are excellent and the climate 
healthy, and crops of barley and most of the Medi- 
terranean fruits are now raised in the districts in 
which water for agricultural purposes is available. 


Tue Erosion oF Bronze PrRopetiers in HiGu- 
Speep STEAMSHIPS. 


The high speed of rotation of turbine-driven 
propellers, combined with the action of broken 
water under high pressure on the surface of the 
blades of such propellers, has resulted in consider- 
able erosion of the Cones blades of which these pro- 
pellers are made. The determination of the cause, 
and the provision of a remedy, is rendered the 
more difficult because of variation in the inten- 
sity of erosion under apparently corresponding 
conditions, and also in the position of the eroded 
area on the blade. In some cases it has been 
found near to the root, in others nearer to the 
edge, of the blade. Thus, in the case of some de- 
stroyers and exceptionally high-speed vessels, the 
maximum damage is at the base, where the helical 
velocity is at a minimum ; in the case of the larger 
ships it is nearer the tips. The primary cause, it 
has been accepted, is the high speed of rotation, 
since the water under such conditions becomes ‘‘ a 
very rough file for any alloy to withstand.” But 
the variation in degree and location s secon- 
dary causes, and into this question . Oswald 





Silberrad, M.R.S.A., F.C.S., has been making ex- | 
tensive research at his laboratory at Buckhurst Hill, | 
Essex. He discards, after inspection, the idea of dirt | 
in the castings having any effect, as ‘‘ seldom did the | 
maximum concentration of oxide or dirt coincide 
with the area of maximum damage.” With regard 
to the question of galvanic action, he states that 
analysis rendered it evident that no large concen- 
tration of copper had occurred on the eroded sur- 
face, so that if galvanic action entered into the 
problem and tended to cause the concentration of 
a softer alloy much richer in copper, this effect 
appeared to more than counterbalanced by ttre 
erosive action of the water, as it swept over the 
surface. At the same time, the areas of maximum 
deterioration did not coincide with the view that 
erosion was alone the primary cause, for in no case 
did these areas occur at the extreme tip of the 
blades, where the helical velocity was greatest. 
The problem has been tackled by manufacturers of 
special alloys, and it would seem, according to Dr. 
Silberrad, that Parsons’ new ‘‘ turbine alloy ” over- 
comes the difficulty. The efficiency of this alloy 
depends not only upon the addition of a new ele- 
ment, but upon certain treatment of the alloy. 
The laboratory tests made show that whereas 
the time taken to produce standard deterioration 
under standard conditions was, in the case of the 
standard high-tension bronze by various makers, 
24,700 hours, it was in the case of the Parsons new 
alloy 117,200 hours. The ultimate strength was 
little changed, being 33 to 34 tons per square 
inch. The elastic limit of the Parsons alloy 
is 18 tons per square inch, instead of 16 to 
18 for the standard bronze; the elongation 12 
to 15 per cent., as compared with 12 to 20 per 
cent., while the hardness, according to the Brinell 
standard, was 131. This alloy, it may be added, 
has been utilised in the case of several of the high- 
speed destroyers with remarkably good results. The 
new wing-propellers of the Mauretania, fitted some 
months ago, after six months’ high-speed steaming on 
the Atlantic, showed no evidence of erosion, whereas 
the earlier propellers, after three months’ steaming, 
were considerably eroded; the area of erosion in 
the latter instance—about 2 ft. from the root and 
towards the after edge of the blade—extended, 
according to Dr. Silberrad, to from 3 to 4 square feet 
in area, and in depth from } in. to 24 in. in places. 





Nava. ExuIsition AT OLymMpiA.—As we announced 
in our issue of November 26 last (page 724), there is to be 
held in September of this year, at Olympia, London, a 
naval, mercantile marine, and general engineering exhi- 
bition, and later reports now indicate that a pronounced 
success is probable. The intense interest which has 
been crea recently in our naval strength will invest 
the exhibition with considerable importance, apart alto- 
gether from the fact that shipping and engineering 
appeal to such a large proportion of the public. As is 
shown in an announcement in our advertisement pages, 
an influential list of patrons, and a ge J honora: 
advisory council, has been organised, with Mr. F. Ww. 
Bridges, 119-125, Finsbury Pavement, E.C., as organising 
manager, so that there is promise of a widely representa- 
pate display of probably the greatest of British in- 

ustries. 


A Batriesuie Gravinc-Dock FoR THE CLYDE.—A 
special committee of the Clyde Navigation Trust, ap- 
pointed to consider the advisability of providing a large 
new graving-dock, have, after a year’s inquiry and delibe- 
ration, decided, a the Glasgow Herald, to recom- 
mend that a dock should be constructed. This dock, they 
agree, should have an inside length of 1020 ft., an 
entrance width of 100 ft., and a depth on the sill at aver- 
age high water of spring tides of 36 ft. It would be in 
two divisions, one of 420 ft. in the inner end, and one of 
600 feet nearest the entrance. It would be parallel to 
the river, and would be entered from a large canting 
basin adjacent to the harbour workshops. This basin 
would have a wharf 1150 ft. in length, running at about 
right angles to the river, and available for ordinary 
harbour and traffic purposes. In order to make sure that 
a dock of the size pro would be ~~. + enough to 
accommodate any warships likely to be built in the 
future, the scheme was laid before the Lords of the Ad- 
miralty. There were at first some suggestions to the 
effect that the Admiralty should be asked to contribute 
towards the cost of the work, because the dock was 
required as much for large warships as for merchant ship- 
ping, but these did not find favour with the committee, 
who were almost unanimous in the opinion that if a dock 
was to e the scheme should, while anticipating 
Government requirements, be carried out wholly by 
Trustees. After considerable delay, a reply was received 
from the Admiralty stating that, in their opinion, a dock 
of the dimensions pro’ would be quite capable of 
accommodating _— likely to be built for many 
years to come, committee propose that powers 
should be obtained not only for the construction of the 


the | lead 





=. but of very extensive commercial docks. 
© new graving-dock will be the largest in the world. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 5. 
RENEWED activity has just set, in in the steel trade. 
During the month of December the average tonnage of 


| daily orders booked by the United States Steel Corpo. 


ration was 50,000 tons. This will aa be con- 
tinued, and represents a volume of business in excess 
of the capacity of that concern. Other large concerns 
are likewise accumulating business for forward delivery, 
and smaller plants are favoured with sufficient busi- 
ness to be assured of maximum activity for an in- 
definite period. In addition, inquiries for additional 
supplies are now being received daily from widely- 
separated places. A quiet January was anticipated 
as the result of extraordinary dealings during 
the last quarter of the year, but this belief is with- 
out foundation. The larger consumers still favour 
buying for forward delivery. The upward tendency 
is not so marked as two months ago, but prices are 
firm, and makers could readily dispose of all the iron 
they can make up to early spring. The year just 
closed was a phenomenal one in many respects. The 
current year promises to exceed the past year in the 
volume of business. The railroad companies contem- 

late much ex ion. A conference has just been 

eld with President Taft relative to the recommenda- 
tions he will make concerning additional restrictive 
legislation over. railroads. It is believed that the 
wishes of the railroad interests will not be respected. 
Higher rates are contemplated, and organised opposi- 
tion to such proposed action is presented at various 
centres. The very best that railroad interests can do 
is to bring about a postponement of action until a 
future Session of Congress. The subject of irrigation of 
semi-arid lands is receiving much attention. Exten- 
sive purchases of agricultural lands have been made in 
Mexico, and colonies of farmers are being established 
on these lands, which are being irrigated where such 
is necessary. There is quite an outflow of agri- 
cultural labour into the British provinces and into 
Mexico, which is being encouraged by the railroads. 
This activity is reflected in the agricultural implement 
industries, which are all well sold up, and this again 
is reflected in the merchant steel mills. Season con- 
tracts are now being made for next year’s supply 
of those who have to buy in the open market. The 
coke supply is barely equal to the demand. New 
sources of supply willbe available early in the summer. 








THE INSTITUTION OF MECHANICAL ENGINEERS: GRA- 
DUATES’ ASsocIATION.—The fourth meeting of this Asso- 
ciation for the session took place at the Institution of 
Mechanical Engineers, Storey’s Gate, S.W., on Monday, 
January 10, at 8 p.m., the chairman being Mr. Henry 
Davey (vice-president). A paper entitled ‘‘ Artesian 
Water Supplies ” was presented and read by Mr. A. D. 
Salway, Graduate. The paper was fully illustrated by a 
number of lantern-slides. An interesting discussion was 


opened by Mr. H. C. Hodgson, and the following 
raduates took part :—Messrs. H. W. Jeffreys, A. B. 
Symons, W. A. , S. A. Smith, and M. G. Duncan. 





Tuer Coat Trapr.—In their report on the coal trade, 
dated the 6th inst., Messrs. D. M. Stevenson and Co., 
Glasgow, state that the fear of labour troubles caused 
temporary advances in several coal-producing districts 
during the year, and prices in South Wales were much 
higher at the close of 1909 than those ruling in December, 
1908. In other districts, however, they were about the 
same as a year ago, except for domestic coal. In view of 
the general industrial depression, the price of coal — 
to have been maintained on a relatively high level, yet 
the year just closed has been an unsatisfactory one for 
colliery proprietors, on account of the high cost of pro- 
duction. At the end of every year many contracts 
expire, and at the beginning of 1909 coalowners ceased 
to benefit from ere contracts entered into twelve 
months earlier. @ pithead average price fell so much 
that the Scottish colliery owners claimed and obtained at 
the end of February a reduction of 3d. per day on the 
standard wage, which then became 6s. An attempt was 
made to obtain a further reduction, in terms of the 
sliding-scale agreement under which the miners were 


worki This was strenuously op) by the miners, 
who firmly resolved to estab a minimum wage of 
6s. per day. Fortunately for the trade of the country 


the strike threatened in the summer was averted, thanks 
to the intervention of the President of the Board of 
Trade. The coalmasters acquiesced in the 6s. minimum, 
and both parties agreed to the appointment of an arbiter 
to adjust the upward scale. The Mines’ Eight Hours 
Act came into force in Northumberland and Durham on 
the 1st inst., and six months previously in the other coal- 
producing districts. As it makes little change in the 
system of working in Scotland, its introduction has been 
carried through without serious friction. In Northum- 
berland and rham the coalowners and the miners 
ers succeeded in arranging conditions to come into 
force on the 1st inst. ; but the miners at many of the 
collieries are dissatisfied with these, and have refused to 
abide by them. A number of pits are consequently 
standing idle, the curtailment of output causing t 
inconvenience and delay to shipping. In South Wales 
the miners have given notice that. their contracts will be 
terminated when the existing agreement expires—namely, 
on March 31. 
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FOREIGN ENGINEERING PROJECTS. 


We give below a list of foreign engineering projects, for 
several of which tenders are asked. Further information 
concerning these can be obtained from the Commercial 
Intelligence Branch, Board of Trade, 73, Basinghall- 
street, 1.U. :— 

Canada : The Electric Steel Company of Canada pro- 
pose to establish a plant at Welland (Ontario). It is 
stated that work is to be n on the billet-mill at once. 
Additional mills will probably be erected next year for 
making finished products in iron and steel. Apparently 
United States capital is interested in the project.—The 
Imperial Trade Correspondent at Toronto, has forwarded 
a copy of a pamphlet, issued by a Canadian company, 
containing several specimen specifications, of about the 
usual standard, dealing with bridge-building, steel cast- 
ings, steel splice-bars, steel rails, telegraph-wire, Port- 
land cement, &c. 

Morocco: Tenders are invited by the Special Committee 
of Public Works for the construction of a road at Tan- 
gier, 860 metres (about 940 yards) long, with side branches 
of a total of 133 metres (about 145 yards). The esti- 
mated cost of the work is 51,000 francs (2040/.) ; a deposit 
of 500 franes (20/.) will be required with each tender, to 
be increased by the successful tenderer to 1900 francs (76/.). 

Russia: The Prefect of Nicolaieff has confirmed a re- 
solution of the Town Council with respect to the conclu- 
sion of a loan for 9,500,000 roubles (about 1,000,000/.), to 
be applied to various municipal undertakings and works, 
incloding electrical tramway construction and buying 
up horse-tramways, 2,000,000 roubles (about 211,0007.) ; 
canalisation works, 1,100,000 roubles (about 116,000/.) ; 
port works 1,100,000 roubles (about 116,000/.): new 
slaughter-houses, 350,000 roubles (about 37,000/.) ; market 
premises, 300,000 roubles (about 32,000/.): extension of 
the town electric generating station, 200,000 roubles (about 
21,000/.); school and municipal buildings, 350,000 roubles 
(about 37,000/.). According to an agency telegram from 
Tsaritsin, published in the St. Petersburg newspapers, 
that town has concluded with British capitalists a loan 
for 1,500,000 reubles (about 158,000/.). @ money is to 
be applied to the erection of town edifices and to canali- 
sation works. 

Switzerland : The Feuille Fédérale Suisse contains par- 
ticulars of railway concessions granted to (1) Mr. Arthur 
Bider, of Langenbruck, and Mr. E. Jenny, of. Walden- 
bourg, for a period of eighty years, for the construction 
and working of an electric railway from ba ca | to 
Balsthal, with a branch from St. Wolfgang (Balsthal) to 
Miimliswil, the total length being 94 miles ; (2) Mr. F. 
Manatschal, of Coire, for a period of eighty years, for 
the construction and working of a steam railway from 
Zernez to the frontier near Miinster (Ofenberg Railway), 
the total length being 33 miles; (3) Messrs. Schirer and 
F. Luder, of Koppigen, for a period of eighty years, for 
the construction and working of an electric railway from 
Herzogenbuchsee to Kirchberg vid Koppigen, and from 
Koppigen to Lyss by way of Utzenstorf. @ same issue 
of the Feuslle publishes the terms of a concession granted 
to the *‘ Société des Tramways Lausanois” for the con- 
struction and working of an electric tramway from 
Georgette to Port de Pully. The Feuille also contains 
particulars respecting (1) an eighty years’ concession 

anted to Messrs. Daucourt, avannes, Ceppi, and 

Jallat, of Porrentruy, for the construction and working 

of a railway from Damvant to Lugnez vid Porrentruy, 
having a total length of 16 miles; and a similar conces- 
sion granted to Mr. A. Jordi, of Bienne, Mr. Jean 
Stebler, of Safnern, and Mr. F. Kunz, of Meinisberg, for 
the construction and working of an electric railway from 
Bienne to Meinisberg ; the length of the line will be 
64 miles. 

Spain: The Compajiia de los Caminos de Hierro del 
Norte de Espafia for tenders for the construction of 
a section of the railway from Huesca to France, vid 
Canfranc. The section, which is 5746 metres (about 6280 
yards) long, extends from Castiello-Villania Station to 
the Barranco de Longas. The upset price is placed at 
1,454,218 pesetas (about 52,000/.), and a deposit of 5000 
pesetas (about 180/.) will be required with each tender. 
The work must be begun within two months, and com- 
pleted within two years, from the conclusion of the 
contract.— The Direccién General de Obras Publicas, 
Madrid, invites tenders for the carrying out of the 
various works for improving the channel at the mouth 
of the rene in the harbour of Santa Maria, Pro- 
vince of Cadiz; the upset price is put at 140,800 tas 
(about 5000/.), and a deposit ef 1 per cent. of this 
amount will be requi to qualify any tender.—An 
application has been presen by m Juan a 
y Calvo, Barén de Hortega, to the Direccién General de 
Obras Publicas, Madrid, for a concession for the construc- 
tion and working of railways from Valladolid to Toro by 
way of Tordesillas, and from this point to Cubo del Vino, 
and that a period of sixty days from the date of the 
Gaceta is allowed for the presentation of competing offers 
at the above-mentioned Direccién.—A similar applica- 
tion has been presented to the above-mentioned Direc- 
cion by Don Luis Sanchez-Blanco y Sanchez for the con- 
Struction and working of a railway from Cala Mocha to 
Vivel, and that a period of 60 days from the date of the 
Guveta is allowed for the presentation of competing offers. 
_ #ortugal : Tenders for the construction of the Vallo do 
Saco line, and for the completion of the section from 
Barreiro to Cacilhas must be presented by the applicants 
or by their attorneys at the offices of the Council of 
Acininistration of the State Railway (Conselho de Ad- 
mnistragéo dos Caminhos de Ferro do. Estado), Lisbon, 
at 1 p.m., on March 30, when they will be opened. A 
deposit of 55,000 milreis (about 11,0007.) will be required, 
to be increased by the successful tenderer to 110,000 milreis 
about 22,0007. ), 





Mexico: The Diario Oficial publishes the terms of a 
contract between the Mexican Legislature and the Mexican 
Tramways Company, empowering the latter to construct 
and work a double line of tramway along the street, which 
will be opened as an extension of the Calle Gante, and 
also to double the existing lines in the Avenida del 16 de 
Septiembre and in the Calle Zuleta. 

ili: The Diario Oficial publishes laws declaring of 
public utility the tg required for the construction 
of the Lindres-Colbun + bony and for the construction 
of the Melipilla-San Antonio line between El Sauce and 
San Antonio. 

Argentine Republic: The Boletin publishes a decree 
authorising the Direccién General de Obras de Salubridad 
to extend the sanitary works of the capital of the Province 
of Salta at a cost of 837,789 pesos (about 73,300/.). Italso 
publishes a decree, issued by the Public Works Depart- 
ment, Buenos Aires, authorising a supplementary credit 
of 940,000 pesos currency (about 82,000/.) for various 
harbour and dredging works in the port of Buenos 
Aires, and 200,000 pesos gold (about 40,000/.) for the 

urchase of —s outfits for the rivers Parand and 

ruguay and for the Barra Punta de Indio. — An 
agreement has been made between the Mayor of 
Buenos Aires and the Anglo-Argentine Tramway Com- 
pany for the construction of a series of underground 
tramways, to run in various directions under the city of 
Buenos Aires, in connection with the present above- 
ground system. The following lines may be constructed, 
viz.:—(1) Between Plaza Mayo and Plaza Once de 
Septiembre, running underneath the Avenida de Mayo; 
(2) between Retiro and Plaza Constitucién, running under 
Calle Maipti or Calle Florida, and the continuations of 
these on the south side of the Avenida de Mayo ; (3) be- 
tween Plaza Mayo and P talia, Palermo. Each of 
these is to have a double line, and is to have direct con- 
nection with the above-ground lines. The first line is to 
be completed before June 1, 1913; the second before 
December 31, 1914; the construction of the third line 
depends upon whether the municipality finally carry out 
the project of making a diagonal avenue. e stations 
are, if possible, to be placed at every three blocks. The 
cars are to be larger than those at present , and are 
to be fitted with modern arrangements for security. The 
8 is to be higher.—The Empresa del Ferrocarril 

entral Argentino is authori to construct a railway 
30 kilometres (about 184 miles) long from the Canada de 
Gomez-Villa Maria line towards the south-west. The 
Empresa Lacroze Hermanos y Cia is also authorised to 
construct a railway from Rojas to Villa Maria. 








Tue Stratus Prize.—The Civil and Mechanical Engi 
neers’ Society, Amalgamated, have published a circular 
to the effect that the above prize will be awarded by them 
each year for the next four years ending 1913 (if papers 
of sufficient merit are received) for the best paper written 
by any person on the subject of ‘‘How to Improve the 
Status of Engineers and Engineering, with Special Refer- 
ence to Consulting Engineers.” e@ prize will consist 
of books and (or) instruments, of the value of three guineas, 
selected by the author of the accepted essay. The essay 
must be written in the third person, should contain not 
fewer than 4000, nor more than 6000, words, and be typed 
on one side only of foolscap paper. Essays sent in for 
competition must be received by the secretary, 17, 
Victoria-street, Westminster, on or before May 31 in 
each year. 





ALMANACKS, CALENDARS, &¢.— We have received 
almanacks from the following:—The British Westing- 
house Electric and Manufacturing Company, Limited, 
Trafford Park, Manchester; Messrs. Head, rightson, 
and Co., Limited, Teesdale Iron Works, Thornaby-on- 
Tees; Messrs. Mavor and Coulson, Limited, 47, Broad- 
street, Mile End, G w; Messrs. Thwaites Brothers, 
Limited, Bradford ; Messrs. W. H. Willcox and Co., 
Limited, 23, Southwark-street, S.E.; Messrs. Peckett and 
Sons, Atlas Locomotive Works, Bristol ; Messrs. Urqu- 
hart, Lindsay and Co., Limited, Blackness Foundry, 
Dundee; the Glacier Anti-Friction Metal Company, 
Limited, 1124, Queen Victoria-street, E.C. ; Messrs. 
Everett, Edgcumbe, and Co., Limited, Collindale Works, 
Hendon ; Messrs. William Clowes and Sons, Limited, 
translators and printers in every known language, Duke- 
street, Stamford-street, S. E. 





ScrencE AND TECHNOLOGY SCHOLARSHIPS AND EXui- 
BITIONS.—The London County Council is prepared to 
award in 1910 :—(i.) Not more than fifteen scholarships in 
science and technology, consisting of free education at 
recognised polytechnics, technical institutes, or institu- 
tions of university rank, together with, in cases where the 
Council thinks fit, maintenance grant,to be fixed after 
consideration of the circumstances of each candidate, but 
not to ex 50/. a year in any case, and to be tenable 
for a period of two years, with a ible extension for a 
third year. The scholarships will be open to persons 
e in industrial pursuits who have attended even- 
ing classes at polytechnics, technical institutes, or colleges 
of university rank. (ii.) Not more than 180 evening ex- 
hibitions in science and technology, to be open to persons 
engaged in, or intending to engage in, industry, each ex- 
hibition to consist of payment of tuition fees together with 
a grant of 3/. a year, and to be tenable for two years, with 
a possible extension for a third year. The examinations 
by the City and Guilds of London Institute will be held 
between Saturday, April 16, and Saturday, May 7, 1910. 
Full particulars of the Council’s Scholarships, &c., ~ 9 
in the Council’s Scholarships Handbook, published by 
Messrs. P. 8. King and Son, 2 and 4, Great Smith-street, 
Westminster, 8.W., price 1d., by post, 3d. 





MISCELLANEA. 


TITANIUM-STEEL rails, manufactured by the Titanium 
Alloy Manufacturing Company, Niagara Falls, have been. 
in service on the timore and Ohio Railroad since 
October, 1908, on a 9-deg. curve, situated at Kessler’s 
Curve on the Cumberland Division—a sestion under con- 
stant and heavy traffic. The rails are still ina very good 
condition, while Bessemer-steel rails at this place, put in 
at the same time, have had to be removed and replaced. 
The loss of weight of the latter per yard is stated to 
have been 294 per cent. greater than the loss of the tita- 
nium-stee] rails. 


The Civil Service Commissioners announce that an open 
competitive examination for not fewer than three situa- 
tions as cartographer in the Hydrographic Department 
of the Admiralty will be held in July next. Copies 
of the regulations and syllabus may be obtained at 
once from the Secretary, Civil Service Commission, Bur- 
lington Gardens, London, W. Forms of application for 
admission to the examination will be y for issue 
towards the end of January, and will then be obtainable 
on request, by letter, addressed to the Secretary of the 
Civil Service Commission. 


A considerable check is reported to hydraulic mining in 
California — to the California Débris Commission 
having decided that all dams for holding back the gravel 
and debris resulting from the operations-are to be built of 
stone or concrete. In California, as in parts of Australia, 
crib, and log and brush dams have hitherto been employed 
for this purpose, which is purely a preventive measure 
against Goaestien of the land below. The cost of 
erection of stone or concrete dams, for many undertakings, 
is prohibitive, and there are prospects of the smaller 
operators being forced to close down. In fact, some are 
already said to have done so. 


The use of nickel wire for electric furnaces is not pre- 
ferred to platinum, because, although much cheaper, the 
nickel becomes brittle when exposed te high temperature. 
Professor H. C. H. Carpenter found this brittleness to be 

y due to the geeeeet escape of the occluded . 
rofessor M. Le Blanc, of Leipzig, on the other hand, 
found nickel wire suitable in experiments in which the 
furnaces were heated to 1300 deg. Cent., and Nernst men- 
tioned during the discussion of a iw! read by M. Le Blanc 
in the Deutsche Bunsen ft, that he wound his 
nickel wire on a copper tube (instead of clay or porcelain), 
and insulated the copper with asbestos and sodium sili- 
cate; the wire itself was finally coated with a mixture of 
sodium silicate and soapstone. These copper-tube furnaces 
cannot be heated above 1000 deg. Cent. 


With reference to a statement which was made a few 
weeks ago to the effect that large iron-smelting works 
were to be established at Salangen, in the Tromsé district, 
and at Sydvaranger, in Finmark, the British Vice-Consul 
at Bergen reports that he is assured that there is no 
question of erecting, at Sal m, anything more than 
ordinary crushing works for briquetting. As regards 
Sydvaranger, the British Vice-Consul at Vadsi states 
that large works are to be established at Kirkenzs, 
in Sydvaranger, and that the yearly productive capacity 
there will be more than 1,500,000 tons. He adds, how- 
ever, that the iron ore cannot be smelted, but must be 
exported in the form of briquettes. Before deciding 
whether to erect smelting works, the company concerned 
propose to await the result of experiments with the 
electric smelting process at Tysse near Odda, in Har- 
danger. 








Licut Rattways Act, 1896.—The Board of Trade 
have recently confirmed the undermentioned Order made 
by the Light ilway Commissioners :—‘‘ Crewkerne, 
South Petherton, and Martock Light Railway Order, 
1909, authorising the construction of a light railway in 
the County of. Somerset, from Crewkerne to South 
Petherton and Martock.” 





BRUSSELS CONGRESS ON RADIOLOGY AND ELECTRICITY. 
—The Board of Education, Whitehall, S.W., have 
received through the ee ee a notification that an 
International Congress on wen Ay Electricity will 
be held at Brussels in 1910 (September 13-15). The work 
of the Congress will be organised in three sections, the 
first dealing with terminology and radiometry, the second 
with physical science, and the third with biological 
sciences, with a sub-section for medical radiology. e 
following English scientists are members of the general 
committee :—Sir W. Crookes, Sir W. Huggins, Sir O. 
im. Sir W. Ramsay, Lord Rayleigh, and Professors 
Rutherford and Schuster. For further details applica- 
tion should be made to Monsieur I’Ingr. Dr. J. iel, 
Secrétaire Général, 1, Rue de la Pré-°+4, Bruxelles. 





WotseLey Moror-Sieich ror THE SourH Poie.— 
For Captain Scott’s next expedition to the South 
Pole there are being manufactured motor-sleighs by the 
Wolseley Tool and Motor-Car Company, Limited. These 
sleighs are of somewhat unusual design. ey are driven 
by chains, upon which are mounted a series of small plat- 
forms carrying the spuds. The chains carrying these 
platforms run over wheels attached to the ends of the 
axles, and slide under runners, so that the weight of the 
sleigh on the ground is taken on the platforms attached 
to the chains, which, in turn, bear on the runners mounted 
on the sleigh. The chains are driven by the rear axle, 
which contains , and thus the sleigh is propelled. 
It will be seen that this method "eye a@ very powerful 
grip on the snow, which enables the sleigh not only to 
propel itself, but also to draw a heavy trailer, even under 
the worst snow conditions met with. The engines are of 
12 horse-power. 
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THREE-CYLINDER SHUNTING LOCOMOTIVE; NORTH-EASTERN 


RAILWAY. 


CONSTRUCTED AT THE COMPANY’S WORKS, GATESHEAD, FROM THE DESIGNS OF MR. WILSON WORSDELL. 








On our two-page plate with this week’s issue of ENat- 
NEERING, and on the present page, are given, through 
the courtesy of Mr. Wilson Worsdell, chief mechanical 
engineer of the North-Eastern Railway, illustrations 
of a powerful shunting-engine built for use in mar- 
shalling-yards. A modern marshalling-yard, built on 
the hump principle, necessitates, for efficient work- 
ing, the use of a heavy and powerful locomotive to 
work mineral and goods trains up the hump gradient. 
On the far side, of course, the wagons run down and 
are marshalled into trains, &c., without recourse to 
locomotive power. Cylinder power is therefore a 
prime essential of a locomotive intended tor this work, 
and, of course, the boiler must be commensurate, 
though this latter need not be of such exceptional 
size, en account of the somewhat intermittent 
character of the work. Ample adhesion must also 
be arranged for. 

Reference to Figs. 1 and 2, on Plate V., which 
give respectively sectional elevation and half plans, 
and to Fig. 3, annexed, which is an illustration repro- 
duced from a photograph, will show to what extent 
these requirements have been met inthis new engine, 
recently turned out at the company’s Gateshead works. 
The engine is provided with eight coupled wheels and 
a leading bogie, the weight on the coupled wheels 
being 65 tons 17 cwt. hree cylinders, 18 in. in 
diameter by 26 in. stroke, are provided. The working 
pressure is 175 lb. per square inch, and the driving- 
wheels are 4 ft. 7} in. in diameter. From these figures 
it will be seen that the engine is a powerful one, while 
a boiler with 1310 square feet of heating surface and 

rate area of 23 square feet may be expected, in this 
work, to keep the cylinders well supplied. 

The cylinders are arranged with piston-valves with 
end admission. One cylinder is placed between the 
frames, and the others outside, one on either side. 
The piston-valves and steam-chests for all three are 
between the frames, two between the cylinders, and 
one above the central cylinder. The three cylinders and 
steam-chests are all in one casting. The three front 
ends of the steam-chests communicate, and have one 
common steam supply, and the same arrangement is 
provided at the back ends, which also have one common 
steam-chest. The steam-chests lie close together, of 
course, so that this arrangement is not a very com- 
plicated one. They have one common exhaust-chamber 
and blast-pipe. The engine is provided with a variable 
blast, arranged for by a by-pass, and with an ash- 
ejector system. 

The outside cylinders are set on an incline of 1 in 
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25.79, and drive on to the second pair of coupled 
wheels. The inside cylinder is set on an incline of 1 
in 16, and. drives on to the leading coupled axle. 
The cranks are set at 120 deg. The eccentrics are 
all on the leading driving-axle, the ordinary link- 
valve gear being used. One weigh-bar shaft is pro- 
vided, and lever reversing-gear. The piston-valves 
are 8? in. in diameter, working in short bushings. 

The dimensions and other particulars of the boiler 
are given in the table below. A patent ‘‘ Servo” 
regulator valve is fitted in the dome. In this valve, 
the movement of the regulator first withdraws a 
needle-valve from a hole, and allows steam to enter 
the regulator-pipe, from the underside of the large 
piston shown in Fig. 1, the space below this piston 
being in communication with the boiler by means of a 
small hole shown. On the pressure in this space 
falling, the whole valve is forced down, owing to the 
difference in total pressure on the upper and lower 
side of the piston. On closing, the needle-valve cuts 
off the escape from below the piston, and the pressure 
there thereupon increases up to boiler pressure, and 
the valve tends to keep closed on account of the 
difference in total pressures on the upper and lower 
sides of the piston. 

The bogie is fitted with spring side-control and 
radial slide. Steam and hand brakes are provided, 
the two 8-in. cylinders for the former being situated 
just behind the trailing axle. Central equalised brake 
gear is adopted. The tanks have a capacity of 2500 
gallons of water, and the bunker 4} tons of coal. 

The chief particulars of this engine are as follow :— 





Cylinders—diameter 18 in. 
Pa stroke See ad oP oe 
Piston valves—diameter ... : 83 ,, 
travel a ; i i 
Width of ports oF 
Lap of valves... Si sas gt 
Wheels, bogie—diameter ... 3 ft. 1} in. 
m coupled—diameter iF eS 
Thickness of tyres ... : 3 in. 
Boiler—length of barrel 11 ft. 
"i diameter of barrel 4 ft. 9 in. 
Firebox—outside length ft. 

Bs » Wem ... 3 ft. 11 in. 
Tubes—length between plates u. Sa 
;, Outside diameter ... 1} in. 

»»  mumber ’ 225 
Heating surface—tubes .. 1169 sq. ft. 
ss ‘al fire-box ... Bi. « 

Total 1310 ,, 





EASTERN 








Grate area ... a me! 23 sq. ft. 
Working pressure ... ... 175 Ib. per sq. in. 
Wheel-base, driving é 15 ft. 3in, 
pt bogie ... ae ahs pe, 
je total ... : ‘ 29 ft. 
Total length of frame 38 ft. 3 in. 
Tank capacity 2500 gallons 
Bunker capacity... i 4} tons of coal 
Weight on bogie-wheels_... 17 tons 16 ewt. 
ie leading coupled a ae 19 ,, 
Me second es a ee a 
° third nee eo ne oe 
* trailing ,, a Fhe ae 
Total weight of engine a. Oe. 








INDUSTRIAL NOTES. 

THERE are many signs which seem to indicate that 
during the present year, after the turmoil and strife 
of the General Election is over and men settle down 
to industrial and social life, there will be movements 
of more or less influence all converging to one point— 
the betterment of the young with the view of fitting 
the rising generation better to equip themselves for dis- 
charging their duties than heretofore. There is already 
the recognition, more or less general, that human beings 
are a great—one may say the greatest— asset that any 
nation has to rely upon ; but in order to make it a 
realisable asset, in case of need, the children should 
be healthy and strong ; this is the first condition. It 
applies to all, up to the age when they are exempt 
from compulsory attendance at school. The State has 
by legislation recognised this great fact by the pro- 
vision which empowers the proper local authority to 
see that the children who are underfed shall be pro- 
vided with meals. The administration of that Act 
may be faulty, but there it is. Never before was the 
necessity and responsibility so widely recognised. 
And yet it is, after all, only an expansion of the poor- 
law system, but, it is to be hoped, on more humane and 
sensible lines. 

So far the legislative provisions apply mostly to 
children under fourteen years of age; but after that 
they enter upon a more critical stage in many respects, 
with little or no statutory control. This is the period 
when, for all practical purposes, the work of training 
the young for the business of life begins. If they are 
neglected, then the benefits of previous attention and 
help are almost, if not wholly, lost. The Lord Mayor's 
idea of apprenticeships on an extended scale comes in 
at this — 9 But the apprenticeship system can never 
be revived on a sufficiently wide scale to meet the difli- 
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CONSTRUCTED AT THE COMPANY’S WORKS, GATESHEAD, F.0M THE 





3 -4-5. 
| 


Linddts 


eS A ae an 


ey 


CYLINDER EIGHT-WHEEL COUPLED SH 





re 


THREE 


. ' 
| ' 7 * - 
‘ 
| ° ’ - : > 
‘ 
- 
‘ 


<--wanog Jo a.4guag 07 


oe 


1910. 


EZ 


eg nn - — 





ENGINEERING, January 14, 











PLATE V. 





ING -OCOMOTIVE; NORTH-EASTERN RAILWAY. 


INS OF “R. WILSON WORSDELL, CHIEF MECHANICAL ENGINEER. 
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IMPULSE WATER-WHEELS AND THE PITOT TUBE; DEER CREEK POWER-HOUSE. 
(For Description, see Page 59.) 
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ImputsE WHEELS. IMPINGING ON THE WHEEL. 
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Fic. 5. Invreriorn or Power-Houst, showing TRANSFORMERS, XC. Fic. 6. 5500-Ktrowarr WestincHousre GENERATOR WITH 
Two Inputse WHEELS. 





ty. The conditions of work and employment have , velop skill of an adaptable kind, capable of being of , League, founded by one who, as long ago as 1865-6, 
changed. The conference at the Mansion House has| use in a variety of ways in after life. The South | urged technical education upon the Education Depart- 
brought to light two bodies some time in existence, one | Kensington Museum ,has done much in the last fifty | ment, and led to the first Commission on the subject. 

the East of London and one in the West. These have| years or so by its Schools of Art. Polytechnics | Its objects are non-sectarian and non-political. There 
been working for years, and have doubtless done good, | have also developed, and now there is a demand for | is no room for either in technical training. 
but only on a limited scale. The most, if not the only, | greater facilities. Some voluntary bodies have been 
practicable way to deal with lack of skill is by pro-| formed to press forward a national remedy. One| The three great central bodies representing labour 
viding technical education of such a kind as will de-, of the latest is the National Industrial Education | have lost no time in taking action with regard to the 

‘ 
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Lords’ decision on the subject of compulsory payment 
of levies by the members of trade unions for Parliamen- 
tary representation. The Parliamentary Committee 
of the Trades Union Congress, the General Federation 
of Trade Unions, and the Labour Party have issued 
instructions to all the unions to interview candidates 
with the view of getting them to pledge themselves 
so to amend the Trade Union Acts, 1871-6, that such 
levies shall be legal and lawful by statute law. This 
is following the precedent of 1868, when the question 
of the protection of the funds of trade unions was to 
the forefront, and it resulted firstly in the passing of 
the Temporary Act of 1869, and then of the Trade 
Union Act, 1871. The persevering policy at that date 
led to many sudden conversions, though there was 
then no great central organisation to direct the opera- 
tions in the various constituencies. In 1874 the same 
policy was pursued, with the result that many more 
sudden conversions took place, and in 1875 the Labour 
Laws were passed by the then Conservative Govern- 
ment. On each occasion there were several great 
political questions at issue, but labour combined came 
to the front, and was successful. The organisation 
of labour was weak in 1868, but it had greatly im- 
proved in 1874. In the present instance labour 
is more completely organised than ever before, 
and it is possible—nay, even probable—that candi- 
dates will feel impelled to pledge themselves so to 
amend the Acts that levies shall be permissible if the 
rules so provide. There may be differences of opinion 
as to the policy of such amendment of the law, but 
pressure will probably prevail during the election. 


The Amalgamated Engineers’ Journal for the 
current month prints the authorised list of Labour 
candidates as finally agreed upon by the Labour 
Party; in all, 78 seats are to be contested, the 
names of constituencies being given. Of the total, 
26 are miners’ candidates. It is explained that the 
list would have been larger but for lack of funds. The 
note on the South African Labour Party is most 
encouraging. It says: ‘‘ The way in which previously 
contending forces have been working together in 
South Africa for the pacification and future welfare 
of that country since the war has occasioned uni- 
versal admiration.” This is not the expression of a 
mere politician, but of a social and industrial worker. 
A oata tribute is paid to the Boers for their part in the 
pacification, A Labour Party is being constituted to look 
after purely labour interests. The unemployed chart 
shows that unemployment of the engineers has declined 
steadily from the end of September until date of 
report. The membership then stood at 107,552—an 
increase in the month of 293. There was a reduction 
of 714 in the number on donation benefit, leaving still 
7886 on the funds, as compared with 8600 in the pre- 
vious month. The proportion is now reduced from 
nearly 13 per cent. to 7.7 per cent. 


The report of the Ironfounders is not quite so re- 
assuring. There were forty more members on donation 
benefit or otherwise out of work, but there were forty- 
five fewer on strike benefit. The total on the funds 
was 4392; previous month, 4314; increase, 78. The cost 
of benefits was at the rate of 1526/. 12s. 4d., or 2s. 14d. 
per member per week. The total membership was 
18,304, at the close of 1908 it was 19,109 ; decrease in 
the year, 805. The total funds in hand at the end of the 
year was 31,722/. 03, 2d., showing a further decrease in 
the month of 1195/. 4s. 9d. It is explained, however, 
that all management expenses of the past quarter had 
been paid, and the interest on overdraft at the bank 
secured, The henner sy | levy is returned as volun- 
tary, so as to come within the decision of the House of 
Lords. A hitch has occurred in respect of the federa- 
tion of the Moulders and collateral trades. The pro- 
hae was that the card of one union should be accepted 
»y the others without question. Butit was found that 
the members of the Welsh union only paid 6d. per 
week, while the ironfounders paid nearly 2s. 6d. per 
week, and the moulders of Scotland nearly as much 
in proportion to benefits. The question of admitting 
the Welsh moulders on equal conditions -is therefore 
to be decided by ballot. A grant of. 100/. to an injured 
member was made at Sheffield last month, as he was 
no longer able to follow his employment. 





Reports state that preparations to start the Labour 
Exchanges are being pushed forward with commend- 
able zeal in order to = ready, as far as possible, by 
February 1. The central exchange for London is said 
to be in a very forward state, and also the one for 
Manchester, which is the centre for a very wide and 
a district. The buildings are, it is stated, to 
ve painted green, so that they can be readily recog- 
nised. That in Manchester is reported to have 
attracted wide notice. 

It is now officially announced that Mr. Richard 
Bell, late M.P. for Derby, is appointed an official 
under the Labour Exchanges Act, 1909, at a salary of 
400. a year, to rise to 500/. His position will be in 
the Central Exchange in London, and his work will 
presumably be doubtless mostly consultative, as he is, 





perhaps, the only one who knows thoroughly and prac- 
tically what may be needed and essential in the ad- 
ministration of these exchanges, so as to secure the 
maximum of benefit for those whom the exchanges are 
established to help—namely, the unemployed of both 
Sexes. 





The trouble in Durham and Northumberland over 
the Mines Eight Hours Act continues. Thousands of 
men refuse to work, in spite of the temporary agree- 
ment entered into by their representatives and the 
coal-owners. As a result of negotiations, arrangements 
were made whereby at several collieries the men 
agreed to start on the two-shift and three-shift 
systems, to give it a trial, the time being for three 
weeks only. At other collieries the coal-owners 

reed to give 2d. per score extra to the putters, who 
also resumed work. At other pits arrangements were 
made as to the time at which the pits should respec- 
tively start, so that by the end of last week work was 
re-started, but it was said that several thousands of 
men were still idle. In Northumberland the employés 
at many pits demand a ballot of all the men, as they are 
dissatisfied with the proxy votes upon which their 
representatives relied at the conference, when they 
agreed upon the terms now flouted by the men. 





The great strike of switchmen in the United States 
is extending all along the lines, and it is feared that 
some 150,000 men will be involved, besides those 
indirectly affected. There does not appear to have 
been any approach towards conciliation, or any negotia- 
tions as to a compromise. 


It appears that the first inquiry under the Trade 
Boards Act was opened in the chain-making industry 
in the Staffordshire districts last week by Mr. Askwith. 
There was no ofticial report of what took place, but 
evidence was taken from witnesses representing em- 
ployers and workpeople. In few trades has the sweat- 
ing system been more disastrous than in the chain- 
making trades of Staffordshire. 

The wages of the West Cumberland iron-trade 
workers were advanced 4} per cent. last week under 
the sliding-scale arrangement, which shows a better 
result than audit returns of the South Wales iron and 
steel workers. 





The voting of the Stafford branch of the Amalga- 
mated Society of Engineers on the question of a Par- 
liamentary levy was not atallfavourable. The branch 
contains 280 members ; of these only 28 voted, only 
three of whom were in favour of the compulsory levy. 
The Lords’ decision would seem to be welcome in that 
branch of the society. 





In the Blastfurnacemen’s Society the proportion 
of unemployed members fell last month from 9 to 
2.8 per cent., showing that there is an under current 
of increased activity in the iron and steel trades. 





A better tone was manifest at last week’s markets 
and on ‘Change as regards the iron and steel trades. 
Inquiries were more numerous, but the business done 
was small. Producers and users were not able to agree 
as to prices for the current quarter, but doubtless 
terms will be arranged at the quarterly meetings in 
the present week. That improvement has set in is now 
certain, but the political crisis has caused hesitation in 
concluding bargains. 





At a meeting of the South Wales Iron and Steel 
Workers, Mechanics, and Others’ Sliding-Scale Com- 
mittee, held last week at Abergavenny, the men’s 
wages were reduced 7} per cent. as from January 1, 
on the report of the auditors as to selling prices for the 

t three months. The reduced rate will remain in 
erce for three months, so that any revival in trade 
will not be of advantage to the men till that period 
has expired. But then they will have the advantage 
when prices fall as compensation. 





It is reported that the American Federation of 
Labour is preparing for a huge fight against the great 
Steel Trust in the United States. It is to be a con- 
centrated attack by the workers affected, supported by 
all the federated unions in the States. It is expected 
that this will be the greatest strike ever attempted in 
the Old or the New World. 








*““KALENDER FUR ELEKTROTECHNIKER, 1910.” — This 
German pocket-book for electricians is in two parts, pub- 
lished at the price of 5 marks, by Mr. R. Oldenbourg, 
Munich. It is edited by Mr. G. Dettmar, General Secre- 


tary of Associations of German Electrical Engineers. | 


Part I., which is bound in pocket-book form, contains the 
usual conversion and calculation tables, data on mag- 
netism, electricity, electric machines, accessories and 
plant, distribution, and the rules and regulations in force 
in Germany in regard to all classes of electric installa- 
tions. Part II. deals with electric railways and auto- 
mobiles, telephones, telegraphs, electro-chemistry and 
metallurgy. Tt also contains a large number of data on 
hysics, mathematical formule, stress calculations, and so 
orth. The two books are carefully got up and printed. 


ARGENTINE RAILWAY AFFAIRS. 


Tue general tone of Argentine railway affairs is 
scarcely so buoyant or so confident as it was twelve 
months ago. This is due, first, to the less abundant 
crops secured this year in the Argentine Republic, the 
falling off in wheat being estimated at somewhere 
about 750,000 tons; and, secondly, to the possibly 
undue haste with which the construction of new lines 
has been pushed forward. This last remark especially 
applies to the Buenos Aires and Pacific Railway, the 
directors of which appear to think that there is not a 
moment to lose in completing all the concessions 
obtained by the company. The effect of a too rapid 
construction of extensions is, of course, to load even a 
prosperous undertaking with a sudden growth of 
capital charges, a growth which may very possibly 
exceed the development of business and revenue. No 
great harm has, however, been done at present. Even 
the Buenos Aires and Pacific Railway increased its 
revenue from 3,655,772/. in 1907-8 to 4,134,487/. in 
1908-9, while the working expenses grew from 
2,300,782/. to 2,775,943/. The profit for 1908-9 came 
out, accordingly, at 1,558,544/., as compared with 
1,354,990/. in 1907-8, so that the ratio of the 
working expenses to the traffic receipts stood in 
1908-9 at 62.30 per cent., as compared with 62.94 per 
cent. in 1907-8.. Some 255 miles of new line were 
opened by the Buenos Aires and Pacific Railway in 
1908-9, and Argentina must possess great  tratftic 
resources to enable matters to come out so well. For 
all this, there is undoubtedly a feeling that prospects 
are not looking so bright with Argentine railways, 
and that a policy of prudence—that is, a policy of 
moderately rapid construction—is essential. 

The tendency to new construction is not confined by 
any means to the Buenos Aires and Pacific Railway, 
but extends to all the other Argentine systems which 
have been developed with English capital. Thus the 
Buenos Aires Great Southern Railway has recently 
obtained concessions from the Argentine Congress for 
256 miles of line, although other previous concessions 
have been cancelled to the extent of about 50 miles. 
The Buenos Aires Great Southern Railway is also con- 
templating an extension from Neuquen to the Chilian 
frontier. This last is a formidable extension, 
and difficulties have arisen in connection with the 
surveys upon the mountain section, which will also 
involve works of some difficulty. Meanwhile it is 
proposed to push forward a first section of 106 miles 
from Neuquen, on this Chilian extension. The 
Buenos Aires Western Railway has also obtained two 
new concessions, representing about 125 miles of line, 
while other extensions, representing 140 miles more, 
have recently been completed. Apart also from actual 
new lines, the Argentine companies have had to carry out 
a great many costly improvements upon sections which 
have been in operation bor some years. As an instance of 
this, we may state that during the past year the Buenos 
Aires Great Southern Railway completed high-level 
access into Plaza Constitucion at Buenos Aires, grain- 
elevator moles at Bahia Blanca, a new goods-station 
at Sola, and a doubling of track at many points where 
the increasing density of traffic has rendered such dupli- 
cation necessary. Argentine railway companies have 
also found it advisable to purchase a great deal of 
additional rolling-stock. Their very prosperity has 
undoubtedly brought with it considerable responsi- 
bilities. 

It may be well to enter into further details in illus- 
tration of current Argentine railway working. Upon 
the Canuelas and Azul section of the Buenos Aires 
Great Southern Railway 70 miles have bzen ballasted 
with stone, but it has not been possible to complete 
the remainder of the final ballasting, as all the stone 
ballast available has been required for more urgent 
renewals. Upon the Gonzalez Chaves and ‘lres 
Arroyos section, 27 miles have been renewed with 
100-Ib. rails upon steel sleepers, and the embankments 
are being strengthened where necessary. Stone bal- 
lasting of 80 miles upon the Maipu and Mar del 
Plata section has been vigorously pushed forward and 
will: be finished shortly. Upon the Las Flores and 
Tandil section 100-lb. rails upon steel sleepers have 
been laid for a distance of 29 miles, and the replacing 
of the earth ballast with stone ballast, where necessary, 
has been commenced. Upon the Neuquen line some 





rogress has been made with the substitution of native 
joe erate sleepers for karri-wood sleepers ; similar 
| work has been proceeded with upon the Pringles 
|line. A bridge over the Salado River at Bonne- 
|ment has been renewed and extended, and the 
|renewal of another bridge over the same river at 
'Guerrero has been commenced. ‘The latter work 
|consists of the substitution for an existing structure 
of 20 spans of 40 ft. each, of one of 11 spans of 73} ft. 
each ; new approaches are also to be provided.  -\ 
number of smaller bridges are being renewed upon 
other sections. Locomotive, running expenses upon 
the Buenos Aires Great Southern Railway were re- 
duced in 1908-9 to the extent of 5 per cent. A saving 
of 28,215/., or 10 per cent., was effected in the coal 
bill ; this was mainly due to the cheaper market price 
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of coal, but it was also, to some extent, attributable 
to more economical consumption. 

During the past year the Central Argentine Railway 
has relaid 185 miles of track with 85-lb. rails, and 
sleeper renewals have been made over a total length 
of 633 miles. The stone pen of the Las Conchas 
branch has been continued ; nearly 92 miles of double 
line have been dealt with during tite past year, as well 
as 284 miles of the mainline between Villa Ballester 
and Rosario. New 70-ft. turntables have been fixed 
at seven stations. The water supply throughout the 
line has received great attention, and new windmills 
have n erected where necessary. Additional 
signalling has been provided at sixty-six stations. The 
doubling of the line between Villa Ballester and 
Rosario has been proceeded with, and similar work 
has been going on between Rosario and Soldini, and 
between Berez and Casilda. During the past year 
eight new shunting engines were provided, 1440 two- 
axle-box cars were built, and the stock of combined 
cattle and sheep bogie-trucks and cattle bogie-trucks 
was increased by twenty-nine and seventy respectively. 
Upon the Buenos Aires Western system 11 miles of 
single track have been relaid with 80-lb. rails and new 
hard-wood sleepers, simultaneously with the ballasting 
of the line between Moron and Moreno ; 22} miles of 
single track were ballasted with burnt city-refuse and 
4} miles of single track with black earth. Some 90 
miles of ordinary fencing have also been strengthened 
by the addition of two barbed wires on the Bagual 
branch ; 20 miles of siding have been constructed at 
various stations, and 158 miles of single track have 
been strengthened by the addition of two sleepers per 
rail-length. Works connected with the enlargement 
of the Liniers workshops have been progressing satis- 
factorily ; new sheds for boiler fittings and engines 
awaiting inspection have been completed, as well as 
extensions of the wheel-shop, the locomotive erecting- 
shop, and the engine-pits. 








RIGHTS OF FOREIGN WORKMEN UNDER 
WORKMEN’S COMPENSATION ACT. 

Tue rights of foreign workmen under the Workmen’s 
Compensation Act of 1906 were stated in a complicated, but 
very interesting and important, case, which was decided on 
the 30th ult., at Hull Constr Court. The applicant was 
the widow of a Dutch subject employed by a German firm 
who have the contract of the dredging and other engi- 
neering work in the River Humber. The workman met 
his death at a winch on board one of the contractors’ 
barges. The facts were admitted, but it was contended 
there was no legal liability, since the workman and his 
employers were foreigners, and the barge on which the 
accident occurred was not a registered English vessel. 
From their point of view it might not appear that the 
Workmen’s Compesestion Act affected them at all. It 
will be remembered that the Act of 1906 has no force out- 
side the United Kingdom, and in case of workmen on 
board ships the Act only applies to British ships—t.e., 
those registered in Great Britain or whose owners have 
their residence or place of business in Great Britain. 
In the case of this Dutch mechanic working on the 
barge in the Humber, he could not el as 
a seaman, therefore Section 7 of the Act did not 
apply, and the objection that the accident did not 
occur to a member of a crew in a British ship did not 
hold. The case was outside the scope of Section 7. It 
was not, as represented by the German contractors, an 
accident to a foreign seaman on board a foreign ship or 
navigable barge in tidal waters. This case of the 
German employers involved the proposition that if 
the workman had been an Englishman at work for a 
foreign contractor in the English river near his own home, 
he would be denied the protection of the English Act. 
The County Court Judge held this Dutchman was killed 
on the dredging-ground where he worked as a workman 
of contractors employed by the Humber Conservancy. 
On this work in the Humber all nationalities were 
employed, including English, and all alike have the 
protection of the f lish law—the work being per- 
formed” within British jurisdiction. Were this not 
so, aid the German contractors correct in their de- 
fence, then Parliament would seem to be giving a pre- 
ference to foreign barges and their owners. The question, 
the Judge in this case decided, involved the rights of 
English workmen, and he did not see that the Dutch 
applicant’s case differed from that of an English appli- 
cant if her husband, an Englishman, had been killed in 
the same harge. Leave to appeal was granted on pay- 
ment of the award—261/.—into court. 

‘This decision recalls the case mentioned in ENGINEER- 


INs early in April, 19099—Tomalin v. Pearson—which, 
when compared with this Dutchman’s case, might appear 
to make the Workmen’s Compensation Act extend a pre- 
ference te the foreigner. Tomalin had been a fitter em- 
yl ved by Messrs. Pearson on the Dover Breakwater. 


le was sent by his employers to similar work at Malta, 
and while there he was accidentally killed, and his widow 
was refused compensation by the Court of Appeal, 
because the Act has no force outside the United Kingdom. 
It was hard in Tomalin’s case, for both he and his 
employers were English, but the contract, although made 
in England, was being performed abroad. 

_It should be remembered British Jaw has no force out- 
side the United Kingdom, and also that British law 
within the United Kingdom equally protects British and 
foreign workmen alike. Therefore the Workmen’s Com- 
pensation Act is not limited to British subjects, but 





applies to all workmen actually serving under contracts 
within the United Kingdom, irrespective of the place 
where the contract of service was entered into. The case 
of the English workman working for an English firm in 
Malta is not then in contradiction to the case of the 
Dutch workman working for foreign contractors in the 
United Kingdom ; both were decided strictly in accord- 
ance with the Act of 1906. If lish workmen con- 
tract for service abroad, they can, of course, secure the 
benefits of the Workmen’s Compensation Act by pro- 
viding a condition to that effect in their contract with 
their employer. 

Referring to the rights of foreign workmen, we may 
remind readers of the Aneio Wena. Convention (Work- 
men’s Compensation) Act of 1909, which has just come 
into operation. By this it is provided that the King, by 
an Order in Council, may make such modifications of the 
Workmen’s Compensation Act of 1906 to workmen who 
are French citizens as may appear necessary to give effect 
to the Convention between France and England. 

The Order in Council applies to all accidents which 
happen after the date when the Convention takes effect— 
t.e., November 22, 1909—and it provides that workmen 
who are French citizens, or so recognised by French law, 
cannot obtain compensation (a) if their employer’s 

rincipal place of business is in France, and the workmen 
ve m detached or sent into the United Kingdom 
for temporary employment in the United Kingdom, and 
at the time of the accident such employment has lasted 
less than six months; (b) they are en in transport 
service, and are employed at intervals in the United 
Kingdom. The position, therefore, of the French 
citizens is that they cannot avail themselves of the Work- 
men’s Compensation Act, 1906, unless their employers’ 
(of any nationality) have a principal place of business in 
France, and even then they are not precluded if they 
have been detached, and sent to the United —— for 
permanent employment, or they have been employed in 
the United Kingdom for six months or more, at the time 
of the accident, and they have not been engaged in trans- 
port service in the United Kingdom. Agreements made 
with French citizens for weekly payments and lump 
sums as compensation can be entered into as readily as if 
the workmen were British subjects. 

All questions as to liability to pay compensation under 
the Act, 1906, to a French citizen must be settled by the 
County Court Judge, as in every British case of work- 
men’s compensation. It will be seen that the object of 
this convention is that British subjects who meet with 
accidents arising out of their employment in France shall 
enjoy the benefits of workmen’s compensation secured by 
French law to French citizens, and that, reciprocally, 
French citizens in similar circumstances in the United 
Kingdom shall enjoy the benefits of the English Work- 
men’s Compensation Act. 1906. 








Tue ‘ Foam” Frre-Extineuisuer.—A_ portable fire- 
extinguisher, bearing the above title, has recently been put 
upon the market and appears to be capable of putting out 
burning petrol or gasoline in bulk. fn form it resembles 
many other hand chemical fire-extinguishers: in common 
use, but acts on the principle of the exclusion of air from 
the surface of the burning liquid by means of a covering of 
foam which is ejected from the apparatus. This foam is 
capable of spreading over a ~ area, a two-gallon extin- 
guisher probasinet about 12 gallons of foam, which is said 
to be absolutely harmless to flesh orfabric. To use the appa- 
ratus, it isnot necessary to strike any knob or button on the 
ground, all that is required being to turn the extinguisher 
upside down, and direct the jet on the fire. It can 
be turned back again if the whole of the contents should 
not be required, and the remainder of the contents can be 
kept for future use, or applied to a fire in another part of 
a building. It is claimed that the charge does not de- 
teriorate and may be kept for several years. There is no 
intricate mechanism to get out of order ; and the extin- 
guisher contains no glass tubes to break. The appliance 
has been tested by the Fire-Prevention Committee, who 
have certified that it is effective in extinguishing petrol 
fires of considerable severity. It is made by Messrs. E. 
and A. Levetus and Co., Stone House, 55 and 56, Bas- 
inghall-street, London, E.C. 





An Etxorric OrcGan-BLower.—An ingenious organ- 
blower, operated by an electric motor, is being introduced, 
under the name of ‘‘ The Rotasphere,” by the Kinetic 
Company, Limited, of Kinetic Works, Lincoln, and 
84, enhall-street, E.C. The apparatus is adapted 
for attachment direct to the bellows-handle of an ordinary 
organ. It consists of a’ bicycle wheel fitted with pneu- 
matic tyre, which drives a crank through a chain and 
sprocket gear. The crank is connected to the bellows- 
handle by a connecting-rod, and the rotation of the crank 
gives the necessary reciprocating motion to the handle. 
The bicycle wheel is driven by the friction of an aluminium 
hemisphere bearing on its tyre, the hemisphere a | 
mounted on the spindle of a shunt-wound constant-spee 
electric motor. Variation in the rateof pumping isobtained 
by swinging the motor with its hemisphere round a ver- 
tical pivot, so that the arc of contact of the hemisphere 
with the tyre is altered, and a variable-speed drive is 
obtained. The variable speed is obtained automatically by 
means of a chain connection between the organ reservoir 
and the swinging motor. The motor, with its hemi- 
sphere, is constrained in one direction on its pivot by a 
spiral spring, so that the hauling-in or letting-out of the 
chain, due to the rise or fall of the reservoir, alters the 
arc of contact with the tyre, and varies the speed of 
pumping. The apparatus is fitted with ball-bearings 
throughout, and is a constructed of standard 
bicycle parts, so that replacements should be easy. The 
wear on the pneumatic tyre is said to be small. 





IMPULSE WATER-WHEELS AND THE 
PITOT TUBE. 


The Application of the Pitot Tube to the Testing of 
Impulse Water-Wheels.* 


By Witi1am Rankine Ecxart, Associate Professor 
of Mechanical Engineering, Leland Stanford Junior 
University, California, United States. 
Introductory.—Throughout the Pacific Coast of the 

United States there have been installed many hydraulic 

power plants using impulse water-wheels. These plants 

obtain the water necessary for their operation from the 
watersheds of the Sierra Nevada mountains, and utilise 
the high heads available throughout this region for the 
generation of electrical energy, which is finally trans- 
mitted through long distances to the | r cities of the 
coast and there used for power and lighting purposes. 

All of these plants, without exception, are provided with 

the instruments and appliances necessary for the measure- 

ment of the electrical output of the station, but few of 
them are provided with any means of determining the 
hydraulic put. Elaborate logs are generally kept of all 
the electrical switchboard readings by the station ope- 
rators, but seldom is there any record of the quantity of 
water used to generate that power, by which the operatin 

efficiency might become known. The importance of aeak 

a record can be realised from the facts that the water- 

supply of these mgs is not unlimited, that during 

certain months of the year the supply falls short of the 
demand, and that in order to meet this shortage it is 
necessary to construct, at considerable expense, on suit- 
able reservoir sites, dams to impound and conserve the 
excess run off during the wet season, or to provide auxi- 
liary steam or gas-power plants to make up the deficiency. 

The economical use of the water at the power-house under 

these conditions will readily be seen to be an important 

consideration. 

The regulation of the plant is generally effected by 

means of a deflecting nozzle, which is operated by a 
overnor to prevent the change of speed with varying 
oads. With the nozzle partially or fully deflected there 
is a waste of water in proportion to the amount of the 
deflection, and unless this is for a very short duration, 
the loss becomes important. To guard against this waste 
the nozzle is provided with tips of different sizes, or is 
made of the needle form, the latter being a much more 
convenient type, as the nozzle opening can be varied at 
will without shutting down the wheel to change the tip. 
However, these needles are under hand control, and 
unless the station operator gives the matter his attention 
as the load varies throughout the day, a loss of water and 
efficiency will result. That is, the operating efficiency 
of the plant depends, to a great extent, upon the effi- 
ciency of the operator, and without a record of what is 
being done by the hydraulic end of the plant, no informa- 
tion is available to disclose whether the plant is being ope- 
rated at its highest economy or not. The reasons for not 
properly — xing the plants with some means of obtain- 
ing this valuable information may be attributed to two 
main causes—namely, the expense involved, and to the fact 
that, in ene cases, the general methods in use are not 
entirely feasible. 

General Methods and Difficulties of Measuring Discharge. 
—There are three general methods available for measur- 
ing Se discharge from large nozzles under high heads. 

he first is the use of a Venturi meter in the supply- 
pipe, where the only question involved is one of the initial 
expense. Not one of the present plants on the coast has 
been provided in the original installations with meters of 
this type, and the cost to install them after the plant is 

erected and in operation naturally prohibits such a 

method. 

The second and most general method is the use of weirs 
in the tail-race. Here the question is one of the adapta- 
bility to the conditions. In plants where the discharge 
from the wheels is comparatively small, where it can 
brought under control, and where the location of the plant 
will permit of the proper design of the channel of ap- 
proach and weir-box, no trouble is involved in the use 
of this method. But most of the power-houses are con- 
structed directly on the banks of the stream into which 
the water is to be discharged, and in order to get the 
benefit of the test possible head they are so located, with 
reference to the high-water mark of the stream, that there 
is little fall between the tail-race and the surface of the 
stream. Then, owing to the trouble and inconvenience of 
trying to control the discharge from the nozzles, when 
deflected from the wheels, it is allowed to shoot directly 
out through the tail-race and waste its energy on the bed 
of the stream or the opposite bank. Fig. 1, page 57, 
shows the streams from two nozzles when deflected and 
not striking the buckets. Figs. 2 and 3 show the stream 
from one of these same nozzles and its action after strik- 
ing the bed of the creek. From these photographs, which 
are characteristic of other plants me the one in ques- 
tion, it will readily be seen that the use of weirs in the 
tail-race is impracticable in a case of this kind. 

The third method is that of rating the nozzles by some 
means. In some cases it has been possible, previous to 
starting the plant under operating conditions, to calibrate 
or rate the nozzle-tips, one at a time, by controlling the 
discharge and passing it over a weir, which was after- 
wards removed. In one particular instance, where this 
was done, provision had been made in the design of each 
of the nozzle-pipes for a piezometer-ring, located just 
back of the nozzle, consisting of a bronze bushing accu- 
rately bored and a number of holes drilled through 
it leading to a surrounding annular space connecting 
with the pressure-gauge. The discharge of each tip was 


* Paper read before the Institution of Mechanical 
Engineers, January 7, 1910. 
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IMPULSE WATER-WHEELS AND THE PITOT TUBE; DEER CREEK POWER-HOUSE. 
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then determined under different effective pressures, as 
this would vary with the number of nozzles in use, the 
plant having at that time ten. By means of curves plotted 
from this data, a reading of the pressure-gauge at the 
nozzle and the size of the tip gave all the additional infor- 
mation necessary for the determination of the discharge 
and the energy input at that time. However, this method 
of rating the nozzle is not seg feasible from the 
facts previously noted as to the difficulties met with in 
the installation of the weir. 

The Pitot tube has also been used asa means of rating 
nozzles. This method was first developed by Mr. John 
R. Freeman and recorded in his paper on ‘‘ Experiments 
Relating to Hydraulics of Fire Streams.”* With nozzles 





* Transactions of the American Society of Civil Engi- 
neers, vol. xxi., 1889, page 303, 


having contraction, this involves a measurement of the | to this classof work, and are offered as such in this paper. 
minimum cross-section and adetermination of the mean; The only preparation necessary for the work was per- 
velocity by a transverse of the jet with the Pitot tube at this | formed before going to the plant, and consisted in the 
section, from which the discharge can be calculated readily. construction of the Pitot tube, the iron framework to 
Object of Experiments.—Many experiments have been | support it on the nozzle, and the contraction gauge or 
carried on in laboratories with the Pitot tube, exploiting calipers for getting the contraction of the stream. 
this method, ‘where the velocity, contraction, and dis- Description of Plant.—The hydro-electric installation at 
charge of jets from orifices and small nozzles under low | the plant under consideration may be briefly described as 
s were successfully determined. In these experi- | follows:—The water supply is brought by a system ot 
ments the conditions, facilities, instruments available, | flumes and ditches to a small reservoir (Fig. 4, e 57) 
&c., permitted of the test accuracy and refinement. | having a capacity of 880,000 cubic feet ; from this the 
In order to determine the practicability of this method | water is carried through a riveted -steel pipe-line, 48 in. 
under actual power-plant conditions, and the difficulties | and 42 in. in diameter and 5589 ft. long, to = oe 
to be encountered in practice when dealing with such | house (Fig. 5), where it branches to supply two impulse 
large discharges and high heads, the experiments herein | water-wheels, driving between them a 5500-kilowatt gene- 
described were carried out. They are considered to be | rator (Fig. 6). ~ d 
preliminary to a development of this method as applied| The water-wheels (Fig. 7, above) have a guarante¢ 
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normal output of 3500 horse-power each, at an efficiency 
of 88 per cent., and an overload capacity of 5225 horse- 
power for each wheel. The data relating to the wheels are 
as follow :— 


Number of buckets... ao Be 15 
Width of buckets (inside of lips) ... 194 in. 
Projected area of buckets... ... 252.5 sq. in. 
Radius of dises ... a was oe 27 in. 

o pitch circle ... a es 334 5 

EM outside centre tipof bucket 404 ,, 


Revolutions per minute 


The two water-wheels have at present buckets of 
slightly different design, one set being defective as to the 
proper entrance of the bucket-tip into the stream ; the 
other set is of a remodelled form, and it was upon this 
wheel that the efficiency tests were carried out. The 
nozzles are of the deflecting, needle type (Figs. 8, 9, 
and 10, page 60), the deflection being under the control 
of the governor, and the needle operated by hand. At 
the time of the tests the nozzles were provided with 
tips of 74 in. diameter. The speed of the wheels is 
regulated by a Type Q, Lombard governor (Fig. 11, 
»age 60), the oil pressure control of which is maintained 
. a motor-driven triplex oil-pump (Fig. 12, page 61). 
In the branch pipes leading to the two wheels are elec- 
trically-operated gate-valves, 24 in. in diameter (Fig. 13, 
page 61), by means of which the water supply can be 
shut off from the nozzles, the time of closing being about 
coven minutes, Each of these valves is provided with 
a by-pass. 

The generator is of 5000 kilowatts cmgeely, three-phase, 
60 cycles, 2300 volts, a oon of revolutions = 
minute, with a specified efficiency of 97 per cent. at full 
load, 96 per cent. at three-quarter load, and 95 per cent. 
at half load, not including friction and windage. The 
small exciter unit, Fig. 14, is so arranged as to be driven 
either by a water-wheel or an electric motor. . 

Description of Apparatus: The Pitot Tube.—The Pitot 
tube used during the tests was designed and constructed 
by Mr. William Roberts Eckart, M.I. Mech. E. It was 
made from a steel plate ,4; in. thick and 24 in. wide. This 
offered very little obstruction to the steam and at the 
same time secured the necessary stiffness, A hole ;}; in. 
in diameter was drilled from A to B (Fig. 15, page 61), 
and along the back of the plate from C to D a groove 
was cut, in which was soldered in place a }-in. diameter 
steel tube. This tube curved at C to intersect dually 
the hole AB, and the other end D termina in a re- 
ceiver E, to which was attached a cock and a pressure- 
gauge. To provide for cleansing the tube in case of 
obstructions in the way of dirt, &c., getting lodged 
therein, a plug was fitted at B and another in the re- 
ceiver E, opposite the end of the tube CD. By the in- 
sertion ofa fine wire any dirt or sediment could be removed 
from the instrument, a precaution, however, which was 
not found necessary in any of these tests. The tip of the 
tube at A was brought to a finely-finished tapering edge 
4 in. outside diameter. The plate from A to F was 
faced to a knife-edge to present as little obstruction to 
the stream as possible. The tube proper was made to 
slide back and forth in the grooved plate GH, and could 
be —— to any position by the screw I, and locked 
there by the nuts K and L. The edge of the plate from 
N to O was graduated in }-in. divisions, and by means 
of the index fr the tube could be located in any exact 
position in the stream; F was a clamp to prevent the 
raising of the tube from the plate GH. 

Support for the Pitot Tube.—An iron frame-work was 
constructed which could be bolted to the nozzle-castin 
at three points, and was made of such stiffness as to hol 
the Pitot tube securely and accurately in a plane passing 
through the axis of the jet. The Pitot tube was fastened 
to this frame (Fig. 16) by three tap-bolts, and a series 
of holes was drilled in the plate of the frame, spaced a 
distance of 14 in. apart, so that the tube could be moved 
different distances from the nozzle-tip corresponding as 
near as possible to the minimum cross-section of the jet. 

The Contraction Gauge.—The gauge for measuring the 
diameter of the jet was one designed by Mr. J. H. Wise, 
hydraulic engineer of the comer. and had been used 
on some previous work. As shown in the perspective 
view, Fig. 17, and in Figs. 18, 18a, and 18), it was made 
of wrought iron, and consisted of the pieces A, A bolted 
to the nozzle-casting and supporting the gauge proper, 
which was formed from the side-plates B, B, the heav 
oke G, the measuring screw-points F, F, and the yoke E. 

he plates B, B were bolted to the supporting-pieces A, A, 
so that they could swing about ©, C as centres, and were 
drilled, and one of them tapped for the measuring points 
F, F at intervals of 14 in., the holes being directly oppo- 
site in each case. A yoke E, bolted to the plates B, B so 
as to hinge at the points D, D, served to connect the 
outer ends of the plates B, B, so that they could be moved 
as a unit, and gave a convenient means of handling the 

uge, while raising or lowering it to caliper the stream. 

he measuring points F, F screwed into the heavy yoke, 
which was of sufficient stiffness to prevent spreading. At 
H H were lock-nuts to fix the setting of the gauge after 
the adjustments of the points to the diameter of the jet. 
The points of F, F were filed off, so that the tips were 
about in. in diameter. : 

Calibration of Apparatus.--The pressure-gauges used 
during the experiments were test-gauges made by the 
Crosby Gage and Valve Company, and were calibrated by 
comparison with a dead-weight gauge-tester. Gauges of 
the Bourdon type were adopted on account of the high 
pressures involved, their portability, and their conveni- 
ence in handling. The gauges could easily be read to 
within 1 Ib., and with readings running from 160 lb. to 
350 Ib, the ible percentage of error lies well within the 


limits to be expected or obtained in this class of work. 
Gauge No. 1, which was used on the first three tests, was 





TaBLE I.—Data and Results of Tests. 





Test Number oF i ae ee} &L 


Data and Results of Measurement of 
Contracted Area. 
Position of needle .. “a ne ee S¥e Gh | 998 
Pressure at nozzle* Ib. per sq.in. 348 | 350,5 343.3 | 350.5 
34 ee 


2. 3. 4. 








Pressure at main pipe* ‘ 9.2 350.2 352.3 
Position of minimum section of jet | 
from nozzle-tip .. ¥ -  ™) 1.3 9 6 
Diameter of minimum section .. » | 483 | Sig | 68 | Gaz 
Area 5 oe sq. in.| 14.93 | 24.71 | 33.98 | 36.45 


; > 33. 

vi “4 - _, Sq. ft.| 0.104 | 0.172 | 0.236 | 0,253 

Area of nozzle-opening .. .. Sq. in.| 15.01 | 25.96 | 38,13 | 43.02 

Coefficient of contraction om ..| 0.994 0.951 | 0.891 | 0.847 

Pressures—Traverse of Jet with Pitot 

‘ube. 

Position of Pitot tube from nozzle-tip ; E ee 
in. 1248 | lly, | Sy. | Syre 

Pitot tube on axis of jet Ib. per sq.in.| 180 | 185 | 160 304.5 


am } in. from axis a a 285 | | 

” ” ” 325 | 345) 347 | 351.8 
” 1 ” ” 349 | 351 | 348 | 353.9 
” 1} ” < 350 | 351 | 348 | 353.9 
” 2 * os 337 | 351 348 | 355.9 
*» 2 ” i ee 350 | 349 | 355.9 
” | ” * 220 

” 3 ” * a7 349.2 
” 3k ” ee 335 

” 3t ” ” 348.3 


Velocities Corresponding to Pressures 
Read from Pitot-Tube Gauge. 


Pitot tube on axis of jet ft. per sec.) 163.5 = | 154.2 | 212.7 


” in. from axis pe | ; ee 

ss a va 219.8 | 226.4 | 227 | 228.7 
% 1 9 a 227.7 | 228.3 | 227.4 | 229.3 
9 1} rr Pa 228 | 228.3 | 227.4 | 229.3 
9° 2 es Az 223.8 | 228.3 | 227.4 | 229.9 
* 2 es -- | 228 | 227.7 | 229.9 
” 3 ” ” 180.8 * | “- 

pa 3 9 - .. | 287 | 227.8 
” 3h ” ” Mm -. | 228.1) .. 

” 3} ” ” ee o* “ 227.5 


Power of Jet per Square Inch of Area, 
corresponding to Pressures read from 
Pitot-Tube Gauge. | | 
Pitot tube on axisof jet ft.-Ib. per sec.|29,200/30,680 ‘a 64,770 
.. |58,660) | 


_ in. from axis pa | ESR er 
71,420 |78,100 78,720) 80,520 
79,380 |80,030) 79,140) 81,140 


” 1 ” ” | 5 

x a # ‘79,740 |80,030| 79, 140| 81,140 
¥ 2 3 ;, {75,890 |80,030| 79,140) 81,790 
2 x “i 179,740 79,380) 81,790 
” 5 | ” o9 ee eee 
” 3 ” * | 78,720) 79,570 
4 — = re re aera +” 
” 3} ” ” oe os .. | 79,250 


Mean Velocities, Pressure and Power 
in Jet, from Curves. 
Mean velocity .. ft. per sec.) 221.4 | 222.8 | 224.2 | 227.4 
Mean pressure x Ib. per sq. in.| 330.9 | 336.4 | 339.4 | 349.5 
Mean power, foot-pounds per second per| | 
square inch of jet area... “a . .| 74,120) 75,670) 76,760) 79,760 
Total power in jet .. .. horse-power| 2,012) 3,400) 4,743) 5,286 
Re es .. ae kw.! 1,501) 2,586) 3,538) 3,943 


Nozzle Discharge. 
Discharge in cubic feet per second _..| 22.9 | 38.2 | 52.9 | 57.6 
Weight of discharge persecond.. Ib., 1430 | 2382 | 3297 | 3586 


Coeficients, Velocity and Discharge. | 
Maximum velocity of jet ft. per sec.| 228 | 228.3 | 227.7 | 229.9 
Coefficient of velocity .. ee --| 0.971 | 0.976 | 0.984 | 0.989 
Coefficient of discharge .. a ..| 0.965 | 0.929 | 0.877 | 0.838 


Power in Water entering Nozzle. | 
Maximum pressure in jet = pressure due) | 
to total effective head Ib. persq.in.| 360 | 351 | 3849 | 355.9 
Corresponding effective head . ft.) £08.4 | 810.7 | 806 | 22 
Power in water entering nozzle h.-p.| 2101 | 3512 | 4832 | 5360 
kw.| 1567 | 2620 | 3604 | 3398 


” ” 


Nozzle Efficiency. 
Nozzle loss, in horse-power ” --| © | 138) O | % 
Nozzle efficiency, per cent. x --| 95.8 | 96.8 | 982 | 98.6 


Data and Results; Output at Switch- 
board. 


Revolutions per minute .. % .-| 802] 300| 801 | 299 
Cycles. . ee = if e. ..| 60.2 | 59.6 | 60 | 60.4 
Output in kilowatts, watt-meter No. 1 475 | 872 | 1148 | 1063 


” ” No.2 | 487 | 852 1148 | 1464 
oe Total .. ee} 962 | 1724 | 2296 | 2527 
Segregation of Losses of No | 
ransformation. loadt | 
Power input to nozzle... kw. | 263 | 1567 | 2620 | 3€04 | 3998 
»» loss in nozzle ve »| 66) 66 84 66 55 
» in jet -» es 59 | 197 | 1501 | 2536 | 3538 | 3943 
» losses, hydraulic .. » | 43) 384 )| 655 | 1083 1256 
»» supplied to shaft .. »» | 154 | 1117 | 1881 | 2455 7 
»» losses, friction and wind.| 


112} 112] 112] 112 


kw. 112 
42 | 1005 | 1769 | 2343 2575 


age.. as ae “a 
Power input to generator af 
» losses, generator, iron 
andarmature .. a kw. | 42; 43| 45/ 47) 48 
Power output we ee » ive 962 | 1724 2296 | 2527 
Determination of Bucket Losses Due to 
Friction and Kddies. 
Velocity of bucket at pitch circle, 
feet per second 89.8 §9.3 89.6 8 
Relative velocity of jet entering bucket 
feet per second 132.1/134 135.1 138.9 
Relative velocity of jet leaving bucket 
eet per second 77.5) 79.2 65.1 63.9 
Velocity head at entrance os ft. 271.4 279.4 284 300 
oe » | 93.4) 97.4 66 63 





” » ex ee 

Loss of head across bucket . » 178 (182 218 | 237 
Power loss in kilowatts due to friction 

and eddies ‘ -_ - .. 845 588 979 1151 





* Pressures corrected for elevation and error of gauges. 

t No load data taken from the straight-line law relation between 
input and output. 

! This has since been determined by an actual test, made by Mr. 
C. F. Adams and Mr. McDougall, to be 91 kilowatts. ’ 


Bucket Angles, 


= 4° 41’ 35.17” angle a = 166° 
= 0.9968 cosa = - 0.9703 





TABLE I.—Data and Result of Tests—(continucd). 


Test Number os on on oat & 2. 3. 4. 





Determination of Power Lost in 


harge. 
Absolute velocity of discharge :ft.p.sec. 23.8 22.8 30.7 31.1 
Velocity head lost in discharge. . ft. 88) 81) 14.7 5 
Discharge loss in kilowatts a --| 17.1) 262) 65.6) 73.2 
Other hydraulic losses : kilowatt (by dif- 
ference) .. ; sy se --| 21.8] 41.1) 388) 31.3 


Distribution of Power in Percentage 
of Power in Jet. 


Loss in bucket friction and eddies .. 23 28.2; 27.7) 29 
Loss in residual velocity of discharge 1.1 1 1.8 1.9 
Loss, other hydraulic... 9 --| L5 16 Ll 0.8 
Loss in friction and windage, generator 

and wheels “i om - --| 7.6 4.4 3.2 2.8 
Loss in generator, iron and armature.. 2.8 1.8 1.3 1.2 
Delivered to switchboard er .. 64.1) 68 64.9 64.1 


Total .. ee ra --| 100; 100; 1 100 
Ratio of bucket velocity to jet velocity* 0.406 0.401 0.400 0.391 


Ratio of Jet Dimensions to those of the 
Buckets. 


Projected area of bucket. . .-8q. in. 252.5 | 252.5 | 252.5 | 259.5 
Ratio of jet area to bucket area .. 0.059 0.098 0.135 0.144 
Inside width of bucket .. - in. 19.5) 19.5) 19.5) 19.5 
Ratio of jet diameter to width of bucket 0.224 | 0.288 0.337 | 0.349 


* Pitch circle of bucket, from drawing .. 5.58 ft. diameter. 
* asmeasured .. 5.69 ‘i 





nominally a 300-lb. gauge, but for the pu of this 
the scale was continued and sdeltel Gatenetely 
by reference to the gauge-tester, so that readings could be 
made up to 360 lb. Between tests Nos. 3 and 4 the hand 
on this gauge worked loose, and gauge No. 2 was sub 
stituted. This latter gauge was tested for accuracy again 
after the tests. The proper corrections have been applied 
in working up the results. The watt-meters were tested 
by the meter department of the company by comparison 
with their standard Weston instruments, and all electrical 
readings have been corrected accordingly. The instru- 
ments were general electric, indicating watt-meters, be- 
longing to the switchboard equipment of the plant. 

There being no facilities at hand for rating the Pitot 
tube, especially under the conditions of the tests, in 
making the calculations for the velocities the constant for 
the tube was taken as unity. A very good check on this, 
however, is afforded by a comparison of the maximum- 
pressure readings of the Pitot tube, and the pressure 
readings directly back of the nozzle, when corrected for 
velocity of flow at that point. From the great amount of 
recent experimental work upon the Pitot tube in all 
different forms and under all kinds of conditions, it 
would seem that it can be accepted without question that 
for a tube of a design similar to the one used in these 
tests, and especially where no tube is used for measur- 
ing the static pressure, the coefficient in the formula 
V =c AJ 2gh can be taken as unity. In the Appendix, 
to be published later, will be found a list of some of the 
recent papers bearing upon this point. 

Method of Making Tests.—During the time of making 
the tests it was necessary, for the benefit of other users 
of the water supply, to pass a certain amount of water 
through the nozzles at all times. This was done by 
regulating the ; gg of the idle nozzle, so as to make 
up the proper flow. Owing to a shortage of power at 
other stations of the company at the time of performing 
the experiments, the time available for making and com- 
pleting them was very short, and did not allow of as ex- 
tensive a field as was desired, nor did it permit of the 
repetition of any of the work, or the checking of the 
results as the tests P ed. 

The tests themselves were divided into three sections :— 

1. Measurement of velocity. 

2. Measurement.of the contracted area of the jet. 

3. Measurement of the output. 

As these three sections could not be run simultaneously, 
it was necessary to be able to reproduce the exact condi- 
tions for each of them. This could be done by exact 
measurements of the needle position, the regulation of 
the pressure in the main pipe, and in the branch pipe to 
the nozzle being tested, by controlling the flow through 
the idle nozzle. 

Measurement of Nozzle Openings.—In order to be able 
to determine the coefficient of contraction before com- 
mencing the tests proper, a series of measurements were 
made of the normal opening of the nozzle for different 
positions of the needle from closed to fullopening. These 
measurements were taken as a check on a previous set 
made by Mr. J. H. Wise. On the stem of the hand- 
wheel for opening and closing the nozzle is a thread fitted 
with an index for indicating the position of the needle. 
In order to get the positions as exact as possible, a steel 
machinist’s scale was fastened over the regular scale, the 
O of the scale being set for the closed position of the 
nozzle. The needle was then brought to the 1-in. posi 
tion, and measurements taken of the exact normal dis- 
tance from the tip of the nozzle to the curve of the 
needle. These were taken at four places—top, bottom, 
and both sides. The needle was then brought to the 
2-in. ition, and the measurements repeated, and so on 
to full opening. The readings for each position were 
averaged, and a large drawing carefully and accurately 
made, from which the area of the normal nozzle-opening 
was determined for each position (Fig. 19, page 63). 
This normal area is that of the surface of the frustum 
of a cone, of which the side is the normal distance as 
measured above, and the diameters of the bases are those 
of the nozzle-tip (74 in.), and the section of the needle 
at the point of intersection of the needle curve and the 
normal as measu The areas so determined are tabu- 





lated in Table I. (annexed). 
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IMPULSE WATER-WHEELS AND THE PITOT TUBE; DEER CREEK POWER-HOUSE. 


Fig.19. DIAGRAM SHOWING SHAPE OF NEEDLE & TIP 
& RELATIVE POSITIONS DURING TESTS. 
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Fic. 20. Tuspe 1n Postrion Fic. 22. MrasureMENT oF CONTRACTION OF A 
(PHoTO, FROM ABOVE). 74-In. Jet (PHoTO. FROM ABOVE). 





Fig.23. RELATIVE POSITIONS OF PITOT-TUBE TRAVERSES, 
CONTRACTION GAUGE & NEEDLE-TIP DURING TESTS. 
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Measurement of Velocities.—The frame for supporting | position of the Pitot-tube tip (Fig. 20, above). Read- 
the Pitot tube was placed in position, and the Pitot tube | ings were then taken of the following items :— 


located so that the tip was on the centre line of the Position of the needle. 

Stream. The index M was then set to an exact division Position of the Pitot tube with reference to the nozzle- | 
of the scale. The needle was drawn back until the | tip. 

nozzie-opening was of such a size as to bring tke con- Position of Pitot tube from the centre of the stream. 


tracted section of the stream as near as possible to the! — Pitot-tube pressure. 


Fig.21 CROSS - SECTIONS OF JETS, INDICATING 
‘G-" THE DIFFERENT POSITIONS OF THE PITOT TUBE. 





TEST N°? 














(as 0) —_ 


Pressure back of nozzle-tip. 

Pressure on main pipe-line, 
| A traverse of the stream was then made, maintaining all 
the conditions constant, the Pitot tube being moved by 
4-in. increments until near the outside edge of the jet, 
when readings as close as possible to that edge were 
taken. 

For Test No. 2 the position of the Pitot tube was 
changed to bring it closer to the nozzle-tip, the needle 
was drawn back until the contracted diameter of the 
stream again corresponded with the Pitot-tube position, 
and then the traverse of the stream was repeated for these 
| conditions, readings being taken as above. Four tests 
were made in this manner, the last one being made at as 
near full opening as could be obtained. Fig. 21 shows 
sections of the various sizes of jets traversed, and 
the different Pitot-tube positions with reference to the 
| axis of the jet. At the centre of the stream and close to 
| the outer edge the pressure fluctuated considerably, and 
| it was necessary to throttle the gauge somewhat to get 
|a fair reading. At all other points of the traverse the 
| pressure was steady with the cock wide open. It was 
| ifficult to get a reading in all cases as close to the outer 





edge as desired, as there was a slight swinging motion to 
the jet, which seemed to be rotative in character, and 
| amounted to a movement of about ,; in. The cause of 
| this action might be attributed to the fact that the water 
| enters the nozzle on a curve ; and where it encounters the 
| needle-stem and support, eddies may be set up tending 
to vibrate the needle. 
|, Measurement of Contraction.—The tests for velocit 
having been completed, the Pitot tube and framewor 
for the same were removed and the contraction gauge 
attached to the nozzle. The nozzle was then opened 
until the needle position corresponded to that of Test 
| No. 1 for velocity. The pressures in the main pipe-line 
| and at the nozzle were then brought to the same point as 
| in that test by regulating the flow through the idle nozzle. 
| The diameter of the jet was then measured as near to the 
| former Pitot-tube position as the holes spaced in the con- 
| traction - gauge would allow (Fig. 22, annexed). In 
| Fig. 23 the relative positions for the four tests, of the 
needle-tip, Pitot-tube tip, and ae ey eon are 
shown. The possible error in determining the area of 
| the jet, due to the swinging motion above mentioned, 
| would amount to 1.8 per cent. of the area for the largest 
diameter of the jet measured, and to 2.75 per cent. for the 
} smallest. In Table I. (page 62) will be found the results 
| of these measurements. 
| Location of Instruments, dc., with Reference to Centre 
Line of Shaft.—In order to correct for the different eleva- 
| tions of gauges, and the nozzle position when deflected 
from the wheel, and when in operating position, the dis- 
tance of the various gauges, &c., were measured by means 
of a surveyor’s level from the centre of the water-wheel 
shaft. These measurements were as follows :— 


| Gauge on main pipe-line . 5,54 ft. above C.L. 
of shaft. 
| Gauge back of nozzle ... .. 3.17 ft. below C.L. 
of shaft. 
Nozzle position deflected and 
Pitot-tube gauge... . 372 - “ 
Nozzle position, operating ... 2.84 ae ae 


Measurement of Output.—The tests for the output of 
the plant were made under the same conditions as the 
previous tests for velocity and contraction, and were 

| carried out the next morning. From these the following 
additional data were obtained :— Readings of watt-meters 
| at switchboard ; and cycles and revolutions per minute. 

The three main divisions of the test, relating to the 

| measurement of the mean velocity of the jet, the minimum 
cross-section, and the output all having been made under 
identical conditions, complete data were afforded for the 
determination of the velocity of the jet, the coefficients 
of velocity, contraction and discharge of the nozzle, the 
efficiency of the nozzle and the plant. 


(To be continued.) 
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“‘ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFT 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated, 

Where i tions are ted from abroad, the Names, «c., 
of, the bye oa are oe in ats, he Patent Office, Sale 
‘opies of Specifications may be obtained at the en ce, Sa 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 

the uniform price of 8d. 

The date of the advertisement of the ‘ance of a Complete 
pay ee is, in each case, given after the abstract, unless the 

atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the t of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


RAILWAYS AND TRAMWAYS. 
5 tterw Great Cros’ and E. 
Saree, Ml iss m4 








Veevers, Liverpoo oally: Points. 
(6 Figs.} November 4, 1908.—This invention has reference to de- 
vices for electrically-operating tramway or like points under the 
control of the car-driver. According to the present invention, 
instead of conveying the energising current from the car to the 
point actuating and releasing mechanism through rubbing contact- 

ieces on the trolley-head and corresponding contact-strips carried 
= the trolley wire, a series of surface-contact studs are embedded 
in the roadway and a corresponding series of conducting wheels 
or other contact devices are carried by a frame under the car- 
body. aand a! are surface-contact studs in advance and in rear 
respectively of the point-tongue 3 of the branch track 2, and 4 is 
the mechanism for actuating and releasing the point-tongue. Itis 
desirable to make these studs in the form of electro-magnets, which 
are energised while contact-blocks on the car are passing over them, 
so that they are adapted to draw the latter down into contact. a 
is the stud of iron or steel with acore 5 and energising coil6. 7 is 
a box of non-magnetic metal which encloses the coil, the flange 
of the stud a being jointed tightly to the flange of the box by set- 
screws with inte jointing and insulating material. The 
whole is seated in the earthenware socket 9 bedded in the 
roadway. 10 are the coil terminals, and 11 is the terminal 
of the stud. The car contact-blocks A, B, C, D are carried 
by steel wires 12 in the frame 13, which is carried by the 
axle-boxes, so as to be unaffected by the varying level of 
the car body. The wires 12 are insulated from the frame 
13. The lateral itions of the blocks A, B, C, D across the 
track correspond with the lateral positions of the contact- 








Feg.1. 


























studs with*which they*are intended to co-act. 17 is a multiple- 
way switch located adjacent to the main controller 18, with as 
many way as there are blocks, to which the ways are respectively 
connected by the wires 20 The terminal 11 of the stud a is 
connected to the point-tongue actuating solenoid O by a wire 28, 
and the stud a! is similarly connected to the point-tongue, releas- 
ing solenoid R by the wire 29, both solenoids being earthed as at 
30. 31 is a short insulated section in the trolley-wire 32, and the 
terminals 10 of the stud coil 6 are connected respectively to the 
insulated section 31 and to the trolley-wire 32 by the wires 33 and 
34. When the car is in position to bring its contact-block A over 
the surface-contact stud a, the trolley-wheel is on the insulated 
section 31, and if the corresponding way through the multiple- 
switch 17 be closed, as also the cut-out switch 36, the current will 
then by the wire 34, coil 6 (thus magnetising the stud a), 
wire 33, insulated section 31, trolley pole, wire 23, switch 36, and 
wire 87 and resistance 38 to earth, the motor being generally cut 
out when taking a point. The nagnetised stud will then draw 
down the block A into contact, and will so establish a second path 
of lower resistance to earth, through the switch 17, wire 20, car- 
contact block A, stud a, wire 28, point-tongue actuating solenoid O, 
and wire 30, so operating the point-tongue 3, and opening the 
branch 2 to the car. The arrangements for the stud a) are 
similar, and when the car reaches this stud, the releasing sole- 
noid R is energised and the point-tongue is released, so t it 

rings back, so closing the branch 2 and re-establishing the main 
through track. It will be seen that the driver, having set his 
multiple-way switch for any particular branch or branches, has 
only to close the switch 36 as he approaches and takes the branch, 
and that the action is selective. ecepted November 10, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


5019. H. Lentz, Mannheim, Germany. Turbines. 
(2 Figs.) March 1, 1909.—This invention relates to turbines, In 
turbines, it is generally the custom to duct the actuating fluid, 
such, for example, as the initial supply of steam, through a 








single circular ce opening direct into the turbine, so that 
the variations @ the ~y on the turbine induce in this channel 
variations of pressure and of temperature prejudicial to good 
working, and to the preservation of the mechanism. According 
to this invention, the flanged end on the casing of a turbine is 
fitted with two annular concentric passages b and ¢c, which have 
an intermediate common wall d between them. The freshly 
generated steam which is brought through the connecting-tube e 
travels along the exterior annular passage, and passing through 
the channel f reaches the regulating chamber g, in which is 
placed the controlling valve h. From there, the distributed or 
throttled steam is carried through the channel i’to"the interior 




















annular ec, and thence is brought by directing nozzles 
k on to the moving wheel of the turbine, not shown. is con- 
struction ensures a symmetrical conformation of the steam feed 

, to which the regulator can be easily connected in a 
compact structure. As one of these passages is always being 
traversed by fresh steam, which is almost constantly under the 
same working conditions, and uniformly heats the other pas- 
sage, the variations of temperature, even with large variations in 
the load, are thus practically compensated. In this manner, 
dangerous tensile strains due to the working or to the heat in the 
admission chamber of the actuating fluid are avoided. (Accepted 
November 10, 1909.) 

9978. T. Sugéen, London. Superheaters. [6 Figs.) 
April 27, 1909.—This invention relates to steam superheaters. A 
are the superheater boxes, B the superheater tubes, and C the re- 
movable cover-plate eoverng Is space between the superheater 
boxes. The superheater tu are arran, to pass completely 
through holes J in the upper and lower walls of the superheater 
boxes, and communication is made between the interior of the 
tubes and the interior of the boxes by piercing the tubes with a 
single lateral aperture D, or with two or more such apertures. 
The tubes are secured in place by external nuts F, which are closed 
at their outer ends, and the ends of the tubes are reduced in dia- 
meter to provide bearing shoulders E, as is well known. A 
bearing is provided for the shoulders E and the nuts F to rest 
against by tooling the boxes externally at G and H, after the holes 
J, through which the tubes pass, are drilled. Preferably the 
reduced parts of the superheater tubes are made a good fit in the 
holes J, so as to relieve the steam pressure on the joints formed 
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by the shoulders and nuts. With this construction, no ex- 
panding of the ends of the tubes in the superheater boxes is needed 
to ensure a good joint. When a superheater tube fails, it is 
desirable that ready means should be available for shutting off 
such tube temporarily. According to this invention, such means 
comprise a pair of flanged caps or closing plates N adapted to be 
placed in the apertures D, and a slightly taper mandrel P adapted 
to be placed between the caps, to force the same tightly against 
the opposite inner walls of the tube, and thus effectually close the 


apertures D. er | the caps N are slightly tapered, to fit the |, 
i 


taper mandrel. To facilitate the ae of the caps N in position, 
handles Q, which are hooked at their upper ends so that they can 
be hooked into notches R, R cut in the end of the superheater 
tubes, are provided. The ends of the notches R may sloped 
outwardly, as shown, to afford the hooks abetter hold. The man- 
drel P is provided with a screw-threaded extension S, to allow of 
the screwing thereon of an extracting tool or nut to facilitate the 
withdrawal of the mandrel. (A November 10, 1909.) 


TEXTILE MACHINERY. 
2780. W. M and F. Watson, Oswaldtwistle. 
(2 Figs.) February 5, 1909. 


—This invention relates to apparatus for automatically locking 
the door or cover of carding-engine cylinders whilst the driv- 
ing-strap or belt is on the fast or driving pulley, and also 
after its transfer to the loose pulley until the rotation of 
the cylinder has ceased, also to Fg the strap or belt being 
transferred to the fast or driving pulley until the door or 
cover is closed. According to this invention, the cover 1 is 
made as ordinary, and on one side is a short finger 2, which, 
when the cover is closed and the machine is in motion, lies in a 
recess 3 in a disc 4 mounted on a bracket 5 fixed to the frame of 
the hi C ted to the disc 4 is a link 6, on the opposite 
end of which is mounted an eccentric 7, which is almost in contact 
with the ved pulleys 8 on the driving shaft 9 of the cylinder. 
Fixed to the cover 1 is a stud 10 on which is mounted a curved 
arm 11, the opposite end of which is supported by a bracket 12 








a 

fixed to the frame‘of the machine“and carries a blocking-piece 12, 
which, when the belt 14 is on the fast pulley 15, lies inside the be}, 
and close to the pulley 15, and constitutes a guard for the pulley 
and belt, preventing the hand or clothing nee drawn into or 
nipped between the belt and pulley. The blocking-piece 13 j 

bolted on the arm 11, and can be moved or adjusted thereon, so 
that it ean be arranged as a safety device with a driving-belt o 

the right or left-hand of-the shaft 9. When the belt 14 is tran- 

ferred to the loose pulley, the cover 1 cannot be opened, becaus 

the finger 2 on the cover 1, and in the recess 3 in the disc 4, wil! 
givea jal turn to the latter, and the connecting-link 6 wi! 
move the eccentric 7 into contact with the still revolving groov« 
pulleys 8,.and the frictional contact therewith will cause the ecce::- 
tric 7 to make a partial revolution as indicated by the dotted lines 
and bring a projecting portion 16 into line with a pin 17 in the 
connecting-link 6, preventing further movement of the link 6. The 























WY 


5 Lys de 
(2780.8) 


finger 2 is revented from leaving the recess 3, and the cover 1 is 
locked. If the cylinder has ceased to rotate, the cover 1 can be 
opened, as the eccentric 7 is not rotated when brought into con- 
tact with the stationary grooved pulley 8, and full movement of 
the link 6 is allowed, so that the dise or eccentric 4 may turn 
until the finger 2 can escape from the recess 3. When the cover 1 
is opened the curved arm 11 is drawn forward and the blocking- 
iece is brought into contact with the belt, ana the latter cannot 
transfe: to the fast pulley until the door is closed and the 
blocking-piece shifted by the closing operation. The closing of the 
cover withdraws the eccentric 7 from contact with the pulley 8 
owing to the finger 2 striking the side of the recess 8 in the disc 4. 
The eccentric 7 is carried in a block 20 in a slot 21 inthe link 6, 
and is retained in a normal ition by the spring 22, the resist- 
ance of which is overcome when the cover 1 is opened, when the 
pulley 8 is stationary. (Accepted November 3, 1909.) 


3912. Sir James Farmer and Sons, Limited, Sal- 
ford. (J. Spenle, India.) Calen es. [3 Figs.) 
February 17, 1909.—This invention relates to calendering and like 
machines of the type in which the material is opera upon on 
both sides in the one machine and whilst travelling continuously 
therethro' The invention comprises essentially the provision 
of four bowls or rolls. The outer bowls a, } are heated chilled iron 
or steel bowls, and the inner pair c, d cotton or paper bowls. The 
bowls all run in contact with one another, but the outer bowls 
rotate at a faster rate than the inner bowls, which are usually of 
larger diameter to allow for wear, in order to glaze the material 
eas it passes through the machine. Energy is transmitted to the 
iron or steel bow] a directly by means of 5 oo ae J and g from 
the main driving shaft h, and the other bowl b is driven at the 
same or a different speed through an intermediate spur-wheel ¢. 
The cotton or paper bowl d is driven through an intermediate 
spur-wheel j from the iron or steel bowl a, the other cotton or 
apd bowl ¢ being rotated by frictional contact with its fellow. 

e cotton or paper bowls are rotated at a slower rate than the 


> 




















iron or steel bowls in the manner usual in calendering machines. 
The spur-wheel k, which drives the paper bowl d, is coupled 
thereto by a coupling, preferably of the Oldham type, which 
permits of the movement of bowl and spur-wheel shafts 
slightly out of line, but mutually parallel. e shaft of the 
bowl d has preferably no bearing in the frame-piece of the 
machine, but rests on the roll b. The shaft.on which the whee! « 
rotates is adjustably supported in a bracket rigidly braced to the 
frame of the machine.  spur-wheels for driving the iron or 
steel bowls and those for driving the cotton or paper bowls ar 

at opposite ends of the machine. The intermediate 
spur-wheels j and i driving the cotton or paper bowl d and thr 
iron or steel bowl b, as before described, are adjustably mounte:! 
in position so as to be capable of movement for compensating for 
any wear of the cotton or paper bowls. The material ¢ to be 
operated upon first between the cotton or paper bow! 
and the iron or steel bowl , whereby it is glazed an one side, then 
between the two cotton bowls c, d, and, lastly, between the iron 
or steel bowl a and the cotton bowl c, whereby the other side of 
the material is glazed. (Accepted November 10, 1909.) 




















JAN. 21, 1910.] 


ENGINEERING. 





65 








THE BRAZILIAN BATTLESHIP 
* MINAS GERAES.” 


Tue Brazilian battleship Minas Geraes, which 
was handed over to the Brazilian Commission 
on January 5, having fulfilled every condi- 
tion of the contract, is interesting primarily 
as a further proof of the efficiency in design, 
as well as of construction, attained by our great 
naval construction firms. In the production of 
warships leading British firms achieve an invari- 
able success, alike in rapidity of building, con- 
structional strength, and trial performances, which 
has enabled Britain to maintain for so many years 
the first place in naval construction. The Admiralty, 
except on rare occasions, are responsible for the 
design of British warships, and have generally led 
the way, although it must be admitted that as 
the principal requirement of our strategists involves 
the constant recognition of the principle that ‘‘ the 
enemy’s coastline must be regarded as our frontier,” 
there must be allowed for in the displacement ton- 
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| worth, and Co., Limited, so ably guided in its 
|high ideals by Sir Andrew Noble, who is perhaps 
|our greatest authority on ordnance and explosives, 
while under him is a staff with broad experience of 
naval architecture, a fact well established, notably 
by the efficiency of the Japanese ships during the 
recent war. With the Elswick firm there is asso- 
ciated in this contract Messrs. Vickers Sons and 
Maxim, Limited, who supplied all the machinery. 
The difficulty of accommodating such extensive 
gun equipment, while affording the maximum arc of 
training for each gun, falls upon the naval architect. 
The weight involved for a pair of 12-in. guns— 
approximately 500 tons—exclusive of the 9-in. 
armoured walls of the barbette, which add 100 
tons, makes it imperative that in action the guns 
should be of the greatest service. This is the more 
essential when one also reflects upon the cost of 
training and maintaining the gun-crews. The 
engine-designer, on the other hand, makes great 
demands upon the deck space for his boiler uptakes 
and engine-room ventilating-shaft. The ultimate 
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member of the tripod mast. On this mast there is 
carried the gun-control station, with yards for 
signalling and the aerial telegraph wires. The 
superstructure’ essential to boilers and machinery 
to give a maximum of about 25,000 horse-power 
thus occupies less than one-third of the length of 
the ship, and a like proportion of the width. 


Tue Disposition or THE GuNs. 


Forward, as well as aft, it has therefore been pos- 
sible to fit two gun-houses in the centre line of the 
ship, these each accommodating two guns of 12-in. 
bore and 45 calibres in‘ length. Amidships, on 
each side, there is a similar gun-house, and in order 
to allow the immense armour-hood protecting the 
ordnance machinery to rotate through 180 deg., the 
deck structure is cut away in a semi-circle, as 
shown by the dotted line on the plan, Fig. 2, 
annexed. Otherwise the upper deck of the ship is 
free of obstruction. This freedom from obstruction 
is one of the notable features of the ship, as is 





shown by nearly all our engravings. 


TOWER IZ” 


; te. 3°NICKEL BULKHEAD | | 
~—~-6" ARMOUR =< = ~ 4° ARMQUR -—+- 

~-L. 6 aRMOUR +} ~~-rhe | _4° anmpur -+-. 

| Bie BOBS aS uk Me 
i ! i i 

——— i 





ad meee 

















4-7°@.F. GUNS 47 @.F GUNS 








408.A 


| 
a 


Le 


Nk Ke, s <|> ra Keak i* «, 
a ---- 9° ARMOUR ---— 





> AH | 
> ie 


| 





Fies. 1 tro 3. Tue Brazitian Batriesuip *‘ Minas GEerags.” 


nage of British vessels weights due to claims which 
are not so imperative in equipping foreign ships. 
Thus comparisons on paper do not always carry 
conviction of the superiority of British Admiralty 
design over foreign warship design, unless regard 
is paid to such special conditions. In the absence 
of the crucial test of war, it is, therefore,not always 
easy to convince foreign critics of our successes, 
although we have had time and again the flattering 
compliment of imitation in all essential features. 
But, in the design of warships for other fleets, 
under conditions analogous to those which guide 
foreign interpretation of the compromises charac- 
terising the best all-round warship, our great naval 
construction firms can command recognition of 
their ability from all the world. 

‘he Minas Geraes is a notable example. She 
embodies the principle of uniformity of calibre in 
primary armament which distinguishes all modern 
ships of the line, and as, with moderate displacement 
tonnage, she has a more powerful armament than any 
ship afloat, combined with other equally important 
desiderata, she affords proof of great constructive 
ability and experience. This is what one would 
expect from the firm which is responsible for her 


test of efficiency rests upon the compromise made 
between the two claims. In the Minas Geraes, the 
two boiler uptakes occupy the minimum of deck 
area, and the after one is ingeniously arranged in 
order to overlap, toa certain extent, the two engine- 
room shafts. Around the uptakes is built a super- 
structure, on the lower platform of which there is 
arranged, forward, adequate latrine accommoda- 
tion for the men whose quarters are in the main 
and middle decks below, and aft the cuisine depart- 
ment, with its extensive stores; the upper platform 
serves as an officers’ promenade, and around it are 
hammock - stowing cases, which afford protection 
against small gunfire. The boats are housed on 
the top of this superstructure, with the exception 
of the two ‘‘sea” boats, which must always be 
slung for immediate lowering, as shown on the en- 
graving, Fig. 4, on Plate VI. These boats are carried 
on one heavy double-derrick structure on each side, 
built up of channels, and braced with transverse 
channel irons and diagonal bars. These derricks 
are pivoted at their base, and, by means of the 
boat-hoists, can be canted outwards to enable the 
boats to be lowered. The ordinary boats are shipped 
and unshipped by hydraulic hoists on the super- 








design and construction, Sir W. G. Armstrong, Whit- 


structure deck and derricks fitted to the vertical 


Four of the gun-houses are on the upper deck 
level (Fig. 1), but the. after of the pair of turrets 
forward, and the forward of the pair of turrets aft, 
are on a level some 12 ft. above these, so that the 
guns in this case may fire over the guns in front of 
them (Fig. 4). The centres of the turrets of each 
wef are about 36 ft. apart. Thus eight guns may 

re forward, including the four amid+hips (Fig. 4), 
eight aft, and ten on either broadside. In this 
way, it will be recognised, an unusually high pro- 
portion of gun-power is utilisable under any con- 
ditions of warfare, while the higher elevation of 
four of the guns gives them a very considerable 
advantage. 

The central superstructure in the ship has been 
utilised for housing at the forward end, on two 
different levels, four 4,7-in. guns—two on each 
side of the bridge—firing forward in line with the 
keel, with a considerable angle of fire abaft the 
beam, while aft there are also four such guns simi- 
larly arranged (Fig. 1). Six three-pounder guns 
have been housed in the superstructure, and two 
others are placed one on the top of each of the 
higher 12-in. gun-houses, forward and aft (Fig. 2). 
In addition there are on the main deck, and, there- 
fore, within the citadel of 9-in. armour, seven 4.7-in, 
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guns on each side of the ship (Fig. 3). The upper 
works forward and aft are indented, as shown in 
both Figs. 2 and 3, in order that the forward and 
aft 4.7-in. guns on each side may fire ahead or 
astern in line with the keel as well as on the beam. 
There are in all twenty-two 4.7-in. guns. 

The broadside fire, therefore, aggregates ten 
guns firing 850-lb. projectiles, eleven guns firing 
45-lb. projectiles, and six guns using three-pounder 
srojectiles. As in each case great rapidity of fire 
as been ensured, the armament constitutes the 
most formidable attack yet provided for in any 
battleship afloat. 


Tue Gun-MountTInes. 


The mountings for the 12-in. guns follow the 
most recent Elswick practice, with the exception 
that, to conform to the desire of the Brazilian 
authorities, electricity is utilised for the training of 
the turrets ; otherwise hydraulic power is applied, 
and for every operation there is emergency gear, 
either of the hydraulic type or for manual working. 
In accordance with the latest Elswick practice, air- 
blast is fitted for clearing the gun immediately 
after each round has been fired; and there is a 
water-spray on the rammer, which plays upon the 
obturator-pad immediately the breech is open, to 
ensure that any sparks then remaining may at once 
be extinguished. 

The guns are arranged to be operated through 
18 deg. of elevation, and the gear is so designed 
that the guns must be loaded at 5 deg. of elevation. 
The hydraulic power for elevating each gun is 
normally under the control of the captain of the 
turret, but for loading operations the main valve is 
thrown out of gear, so that the gun at once returns 
to the 5 deg. of elevation, and, having been loaded, 
is again placed under the control of the captain of 
the turret for elevation to suit the objective. The 
recoil is taken up by hydraulic cylinders in the usual 
way. 

The loading machinery has been worked out with 
the care characteristic of the Ordnance Department 
at Elswick, and is on the two-stage system, so that 
there is no possibility of the magazine being jeopard- 
ised by any accident at the gun-platform. The shell- 
rooms under each turret are subdivided, and in this 
connection it may be stated that a shell-chamber 
has been arranged between the two engine-rooms. 
The shells are traversed from their bins by an over- 
head hydraulic traverser, using toggle-jaw clips, and 
arrangements have been made so that this traverser 
can be worked by hand. A circular traversing rail 
is arranged round the hoist-trunk, and the tray for 
loading the projectile into the hoist-cage travels 
with the trunk when the turret is being trained. 
The door admitting the shot into the cage is inter- 
locked with the cage itself. The charges of ammu- 
nition are loaded by hand on the level above the 
shell-rooms. The charge is put into a hopper in 
the central portion of the trunk, and falls into the 
upper tray of the hoist-cage. The cage is elevated 
by an hydraulic ram working through rope gear to 
the working-chamber level, where the charge and 
projectile are driven by an hydraulic rammer into 
the upper or gun-loading hoist-cage, which travels 
to the gun-loading position on guide-rails, set to the 
required curvature. The breech of the gun having 
been opened, the upper travel of the cage tilts a 
loading-tray into the breech of the gun, in order to 
protect the screw-thread of the breech. The 
rammer in use is of the usual chain type, and its 
first motion locks the cage, which must conse- 
quently remain in position until the gun has been 
loaded. When the chain-rammer is withdrawn from 
the breech, the cage falls, and the tilting-tray is 
then automatically withdrawn. The tilting-tray 
has a locking-bolt fixed to a slide-arm, which locks 
the valve of the breech opening and closing motor, 
so that the breech-block c:nnot be operated during 
the process of loading. It will thus be seen that 
from first to last every action must follow the 
proper sequence from the moment the charge is put 
into the hoist at the base of the turret until the 
gun is loaded and the breech closed again. The 
lower and upper cages can be worked by two dis- 
tinct hydraulic systems, electricity being used to 
supply the emergency hydraulic power. 

e turret is trained by a variable-speed motor, 
a separate installation of motor-generators being 
provided in each turret to supply the current, and 
there are suitable resistances to compensate for the 
variable speeds required. The worm-wheel is fitted 
with friction-plates, which are kept up to their work 
by Belleville springs, so that there can be no shock 





upon the motor should the training-gear come 
hard back against the stops on the turn-table 
roller-path. On the worm-shaft two bevel wheels 
are fitted for transmitting, through chain gear, the 
manual power for training the turrets. The electric 
current for training the turrets is supplied from the 
main electric installation on board the ship, which 
includes six generating sets, consisting of Elswick 
engines and dynamos, the collective electric power 
being 3600 amperes at 220 volts and 400 revolu- 
tions. 

There are three hydraulic pumps, in separate 
engine-rooms—two forward and one aft—connected 
with one system of pipes, the pressure being 1000 Ib. 
to the square inch. One of these pumps is practi- 
cally sufficient to operate the six turrets. Great care 
has been exercised in connection with the cooling 
of the magazines, and four of Hall’s CO, machines 
are provided, with a collective capacity of 300,000 
cubic feet of air per hour—a capacity greatly in 
excess of that hitherto fitted. This is due to the 
hot climate in which the ship will usually be serv- 
ing. Part of this cooling capacity may be utilised 
in connection with the food stores. 


THe ARMOUR PROTECTION. 


A special feature of the turrets is the large space 
allowed for the operations. The gun-houses seem 
larger than usual. The side plating is in one piece, 
while the tops are in two pieces only, with a 
junction down the centre. The front, being 12 in. 
thick, has had to be made in three pieces, to form 
the gun-ports. The broadside armour amidships, 
as indicated on the elevation of the ship (Fig. 1, on 
page 65), is 9 in. in thickness for a depth of over 
22 ft. 4 in., 5 ft. of which is below the normal load 
water-line. Forward and aft there is a transverse 
bulkhead, 9 in. thick, enclosing the barbettes 
(Fig. 3). Forward and aft the water-line belt is 
reduced first to 6 in., and then to 4in. at the ends. 
The upper strake amidships, extending to the 
top deck, is also of 9-in. armour, and within the 
citadel thus formed are the 4.7-in. guns on 
each side (Fig. 3). There are two protective decks, 
the water-line deck being 2 in. thick and the upper 
one 1} in. thick. 

The whole of the armour was manufactured at 
the Openshaw Works of Sir W. G. Armstrong, 
Whitworth, and Co., and the 9-in. plates on their 
trial were subjected to three rounds, the striking 
energy in each case being 9300 foot-tons. So 
satisfactory was the resistance to this attack that 
it was decided to fire a supplementary round, with 
a striking energy of 10,300 foot-tons. The result 
of this was exceptionally satisfactory, the penetra- 
tion in no case exceeding 2} in. As, in our issue of 
August 10, 1908, page 245, we gave the full results 
of the tests of these armour-plates, there is no need 
here to say anything further regarding the resisting 
power of the plates used in the ship. 


ACCOMMODATION FOR THE PERSONNEL. 


Mr. J. R. Perrett, F.R.S.N.A., the naval con- 
structor of the Elswick firm, who has been respon- 
sible for the design of the Minas Geraes, and who 
therefore deserves great credit for the increase in 
gun-power, propulsive efticiency of the vessel, and 
satisfactory disposition of the ordnance, must also 
be congratulated on the arrangement of the accom- 
modation for the personnel, for which large provision 
had to be made. 

A study of the complement of the new Brazilian 
warships shows that the ratio, as compared, for 
instance, with British ships, is as 7 to 5. Although 
this increase may not be proportionately so large in 
the case of ofticers, there is the fact that cabins are 
provided for a larger number of petty officers in the 

razilian Fleet than in the British and other navies. 
As a consequence, a greater number of state-rooms 
have had to beprovided. All the officers are accommo- 
dated aft on the main and middle deck ; and, in view 
of the large range of temperature experienced in 
South America, special care has had to be exercised to 
ensure healthy conditions. On both the main and 
middle decks there is a range of cabins on each 
side of the ship, and in the middle deck an inno- 
vation in warship design has been introduced by 
the adoption of double cabins, inner and outer. 

The public rooms, too, occupy the whole of the 
intervening space, the cabins opening direct on 
these public rooms. This was arranged at the 
instigation of the Brazilian authorities. There are 
obvious disadvantages with such an arrangement, 
notably the fact that the officers in the public rooms 
enjoying social intercourse may disturb the rest of 





their colleagues in the state-rooms ; while it is un- 
avoidable that the companion-ways must lead direct 
into the public rooms. On the other hand, there 
is better ventilation, which in the hot climate of 
Brazil is an undoubted advantage. In addition 
there has been introduced the thermo-tank system 
of ventilation, ensuring a constant supply of air, 
heated or cooled, according to the atmospheric 
temperature prevailing, to every room and living 
space inthe ship. Another feature is the adequacy 
of lavatory and bath-room accommodation ; indeed, 
so extensive is this that there is a probability that 
when the vessel is on service all the ordinary wash- 
tank basins will be dispensed with, as they are 
more or less a source of danger to health if the 
dirty-water tanks are not immediately emptied. 
There is to be added also the luxury of the barber's 
shop, with its equipment for chiropody, &. The 
sailors’ quarters are also in advance of modern prac- 
tice, and the sick-bays have had very great care 
bestowed on their location and equipment. 


THe PRopettinc MAcHINERY. 


The machinery, which, as will presently be shown, 
developed a high degree of propulsive efficiency on 
the trials, has been designed and constructed by 
Messrs. Vickers Sons and Maxim, of Barrow-in- 
Furness, who are now completing the sister-ship, 
named the Sio Paulo. The main engines are of 
the reciprocating type, and their adoption, notwith- 
standing the experience of the firm concerned 
with turbine machinery, is a fact to be noted. It 
is probably due to the desires of the Brazilian naval 
authorities. A view of the port set is reproduced 
on page 68. The economy obtained on trials has 
been high, the rate on the eight-hours natural- 
draught power, when the speed was 20} knots, being 
1.6 lb. per indicated horse-power hour. As the 
Minas Geraes will most frequently be run at low 
power, the cost of maintaining the ship in service 
will be very low. As regards vibration, the per- 
formance of the vessel at all speeds was very 
satisfactory, a consequence of the long experi- 
ence of the builders of the machinery. The 
engines are of the four-cylinder triple-expansion 
type, and the working parts have i propor- 
tioned to balance the couples. The diameters 
of the cylinders are:—39 in. in the case of the 
high-pressure, 63 in. the intermediate, and 73 in. 
for each of the low-pressure cylinders, all having a 
stroke of 3 ft. 6 in. The distribution of steam is 
controlled by a single piston-valve in the case of 
each high-pressure cylinder, double piston-valves 
being provided for each intermediate cylinder, and 
flat triple-ported slide-valves for each low-pressure 
cylinder ; the whole of the valves are actuated 
by valve gear of the double-bar Stephenson type, 
and the low-pressure valve-gear is titted in addi- 
tion with Joy’s patent assistant cylinders. Double- 
cylinder steam-engines working ‘‘all round” gear 
are fitted for reversing purposes, and similar 
engines are provided for turning the main engines. 
All the cylinders are separate and independent 
castings, each being fitted with a separate liner 
and steam-jacketed. The cylinders are supported 
at the front by wrought-steel pillars, and at the 
back by cast-iron columns carrying the guide- 
faces. The bed-plates are of cast steel, the shaft 
bearings being of gun - metal, lined with white 
metal, and secured by wrought-steel keeps. The 
crank and tunnel shafting is of forged steel, and 
hollow. 

The propellers are three-bladed, the bosses and 
blades being of manganese bronze. The propellers 
are shown in the stern view, Fig. 13, page 67. The 
engines are arranged to run inwards when going 
ahead, the starting-platform being in the centre of 
the ship. One condenser is placed on the wing side 
of each engine-room.. The total cooling surface is 
24,000 square feet. The air-pumps are of the in- 
dependent twin type, and are placed one in each 
engine-room in the wings. This gives a very roomy 
compartment, with access to all the parts. This is 
the more satisfactory as a large shell-room and 
magazine is placed between the engine-rooms. 

The boilers, eighteen in number, are of the 
Babcock and Wilcox latest type, and are arranged 
in three boiler-rooms, the total heating surface being 
58,370 square feet, and the grate area 1686 square 
feet. The supply of air to the stokeholds is pro- 
vided by ten steam-driven fans. Weir's pumps 
supply the boilers with feed-water. Ash-ejectors 
and the usual ash-hoists are fitted in each boiler- 
room, and there are air-compressors for sweep- 
ing the boiler-tubes and other services. A 
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complete installation of evaporating and distilling revolutions. During this run in the North Sea 
plant is provided in each engine-room ; while in a|the weather was extremely rough, and very heavy 
separate compartment, on the deck above, two-|seas were experienced. On more than one occa- 
cylindrical return-tube boilers provide steam for | sion the spray washed the upper bridges, notwith- 
the auxiliary machinery throughout the vessel when | standing that they are 60 ft. above the water-line ; 
the ship is in harbour. but throughout the trial the ship behaved excel- 
lently, and proved her sea-going capabilities. The 
Brazilian naval ofticers were free in their expres- 
The following are the general particulars of | Sions of admiration at the steadiness of the ship 
in this severe weather test. The mean indicated 


THe DIMENSIONS OF THE SHIP. 


the ship :— 

seal — Le ~ ; 543 ft | horse-power for the thirty hours was 16,177, and 
, _ between pefpendiculars .. 500 ,, | the mean revolutions 126.9. 

Breadth, moul i 83 ,, | _ After a short interval a further trial of six hours’ 

Depth, moulded 42 ft. 3 in | duration was made to test the oil-fuel installation 

Draught __... 2 ft under working conditions. All the boilers were 

pede = c i oo |used and coal was burnt with the oil. 

Normal coal capacity on this Fog prevented the vessel from going to sea again 
oe 800 tons until September 26. On that day the ship proceeded 

Total bunker capacity 2360 ,, to St. Abb’s Head, where six runs were made on 


the measured mile, with the following results :— 
Tue Steam Truats. | Mean speed, 20.863 knots ; ess wen 4 138.5 per 

A basin trial was made on May 19, 1909, and pre- | minute ; indicated horse-power, 20,948. The trial 
liminary trials of all the auxiliary machinery were was continued until the expiration of the eight 
also made, all with entirely satisfactory results. | hours, the mean speed for the whole of the time 
The official sea trials commenced on September 14, | working out at 20.762 knots, the mean indicated 
when a further preliminary trial of the engines and | horse-power being 21,265, and the revolutions 
boilers was made under the conditions prevailing | 137.85 per minute. These results more than ful- 
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Fic. 13, Stern View or THE Brazmian Barriesnip ‘* Minas Gers.’ 

filled the conditions of the contract, although the 
limitations were exceptionally severe, alike as 
regards piston speed and air pressure. Heavy 
penalties were associated with any failure on this 
as on the other trials. 

The vessel completed her steaming trials on 
September 29. This last trial consisted of six runs 
on the measured mile, the pressure at the boilers 
being limited to 250 lb., with two subsequent runs 
using steam at 280 lb. pressure. This, however, 
was the only limit placed upon the performance of 


TABLE I.—Results of Steam Trials. 


at sea. The freedom of the engines from vibration 
was also thoroughly tested at various powers during 
these trials, 

The forty-eight hours’ trial was commenced on 
September 14, and was finished on September 16. 
The ship had to steam at about 10 knots for forty- 
eight consecutive hours, during which the coal con- 
sumption and the radius of action were to be deter- 
mined. The radius of action was to be not less 
than 10,000 knots. Six consecutive runs on the 
measured mile were also to be made—three with 
and three against the tide—in order to ascertain 
the speed of the vessel, and the revolutions corre- 
sponding to that speed. The evaporators were to| 








be used for making up the loss of feed-water. The — | Speed, | Revolu- — 
steam pressure to be maintained at the engines tions. | Power. 
during the trial was to be about 150 lb. The " one 
trial was run in the North Sea, and the six-mile | 4s hours’ trial at 10 knots... 10.468 | 66.8 2,495 
runs on the measured mile at St. Abb’s Head. The Average ot six tame OT ate 7 aneh 
mez R on 10-knots trial .. an i . 63 67.28 68: 
coll bo a2 speed was 10.623 knots, the MAN | 3o-hours’ trial.. .. .. .| 1913 | 126.9 16,177 
evolutions 7.28, and the mean horse-power 2683. | Six measured-mile runs on this ht 
The speed during the 48 hours was 10.468 knots, ie et enaei's “| ae | en | eee 

pm... ; ° as -hours’ natural-drau rial .-| 20. 7.85 1268 
— mean revolutions 66.3, and the mean indicated | Mean of six runs on this trial |. 20.868 138.6 20/948 
lorse-power 2495, Full-power forced-draught trial at 

The thirty hours’ trial was commenced on Septem- | 50-Ib. pressure, mean of sixmile) | | | 14 7 | 95 sag 
ber 20, there being two days’ delay owing to fog. | rorced-draught trial at290-Ib. pres-- Pe: ss 
During this trial three-fourths of the total power—| sure... «. +» «| 21-482 | 147.47 | 27,212 





the proportion necessary to give a speed of 20 knots |} ———————___— 5 
—was to be maintained. All the boilers were in|the machinery. The results of the six runs were 
use. Six runs on the measured mile were made, |as follow :—Mean of means speed, 21.189 knots ; 
when the mean of means speed was 19.35 knots, on | mean indicated horse-power, 25,519 ; mean revolu- 
4 mean indicated horse-power of 16,353, and 128.26 tions, 146.07. On the subsequent trials, with 


280 lb. pressure, the mean speed was increased to 
21.431 knots, the power to 27,212 indicated horse- 

ower, and the revolutions to 147.47 per minute. 
Mable I. gives the results of the various trials. In 
each of the trials the coal consumption was measured, 
and in all cases came within the specified limit of 
2 lb. per indicated horse-power per hour. 

Stopping and starting and circling trials were 
next carried out to the complete satisfaction of the 
Brazilian officers. Throughout the trials the ship 
answered her helm well, two degrees having a 
marked effect. From first to last the perform- 
ances showed that, alike in regard to the lines 
of the vessel, the thermo-dynamic efficiency, and 
particularly the propeller efficiency, most satisfac- 
tory results were realised, the designed speed of 
21 knots being got under most economic conditions. 
An eight-hours’ completion trial at progressive 

wers was run off the mouth of the Tyne on 

ovember 30, 1909, and everything was found 
most satisfactory. 

The three engravings on Plate VIT., Figs. 5 to 7, 
and the upper view on Plate VIII., Fig. 8, are in- 
teresting as showing the wave-lines at full speed, 
Fig. 6 being a view from the gun-control station 
looking forward, and showing the bow wave, and 
Fig. 7 a view from the same position looking aft, 
showing the wake, the smoke from the after funnel 
partly obstructing the view. 


Gun-Firina TRIALs. 


The gun-firing trials were somewhat delayed by 
foggy weather. When at last the weather cleared 
they were commenced by firing 3-pounder and 
4.7-in. guns. The ship carries twenty-two of the 
latter, fourteen of which are on the main deck, 
well protected behind armour, and the remaining 
eight are on the upper deck and superstructure, 

rotected by large shields. After each gun had 
ann separately fired twice, broadsides were fired 
from each side. There was no hitch or difficulty of 
any description ; the breeches were easy to work, 
and the loading was very quickly performed. 

The trials of the 12-in. guns were afterwards 
carried out, two rounds being first fired from each 
gun in succession. A view taken when the port 
beam guns were being fired is given in Fig. 9, on 
Plate VIII. This illustration is specially interest- 
ing, as it shows the wings of the navigating bridge 
removed for action, and the boats discarded, and 
the davits swung back out of the way. This view 
should be compared with Fig. 4, Plate VI. 

Afterwards five turrets were all trained on the 

rt beam, each gun being given an elevation of 
Fae. and loaded with full charge. These guns 
were all fired simultaneously, which constituted the 
heaviest broadside ever fired by a warship. When 
it is recollected that each gun fired a shot of 850 1b, 
weight, and a charge of 285 lb. of cordite, it will be 
readily understood what an imposing sight this 
broadside was. This is the first occasion of the 
simultaneous firing of ten 12-in. guns on the 
broadside, as this is the first ship upon which 
such a performance was possible. The illustration, 
Fig. 10, on Plate IX., is therefore unique ; it isa 
view looking forward.* 

The sixth turret was used for firing with rapidity 
and accuracy. Excellent shooting was made in 
very creditable time. 

Another trial of great interest was the firing of 
one pair of 12-in. guns immediately over another 
12-in. turret. Some little apprehension existed in 
the minds of gunnery men as to the effect that the 
blast might have on the crew of the lower turret, 
but the experiment clearly showed that the crew 
might have remained in their turret, and have 
suffered no inconvenience whatever, in spite of the 
large guns being fired at a distance of only 4 ft. or 
5 ft. above their heads. The heavy roof of the 
lower turret was proved to be an ample protection, 
and in no way suffered from the explosion above it. 
This trial evoked so much interest that representa- 
tives from foreign countries had obtained special 
permission to come on board and witness it. 

Fig. 11 will be studied with care by those who 
thought that the placing of the two pairs of guns 
at the forward and after end, within 3 ft. of each 
other, on the same fore and aft, would result in the 
flash from the forward pair interfering with the 
aiming of the after pair. The view on Plate IX. 
shows the four guns at the after end firing in the 





* In part of our present issue, in the sub-title under 
Fig. 10, Plate IX., the word ‘‘twelve” is erroneously 
printed instead of “‘ ten.” 
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same bearing astern. In the foreground there is 
the smoke from the after funnel, but the port gun 
in each pair is easily seen. The views in Figs. 11 
and 12 afford sharp contrast between war and 
peace conditions. 

In the Minas Geraes a new sytem has been fitted 
to ensure that the guns cannot be fired into any of 
the fittings of the ship. A careful test of the 
system was carried out, and it was proved to be 
thoroughly efficient. 


THE ConsTRUCTION OF THE VESSEL. 

These results establish what we have said at the 
beginning of our article, and prove the success of 
the design, since the conditions specified by the 
Brazilian Minister of Marine have been fulfilled in 
every respect, with a large margin. Nor must the 
period of construction be omitted. In this work 
the two firms of Sir W. G. Armstrong, Whitworth, 
and Co., Limited, and Vickers Sons and Maxim, 


Limited, have combined, and the Brazilians in 
obtaining this co-operation have secured a profes- 
Sional experience which is without parallel. The 
two firms have done more work in the building of 
modern battleships than any other two estab- 
lishments in the world, and, moreover, have the 


capacity for the construction of every unit which | Brazil. ) 
|mission was presided over by Admiral Proenca, 
as occupied about | who was succeeded by Admiral Bacellar, an officer 


goes to make up the battleship of to-day. It is 


true that the Minas Geraes 








Fig. 4. 


which is being completed at the Vickers Sons and 
Maxim Company’s Works at Barrow-in-Furness. 
It has to be borne in mind, moreover, that this 
performance has been achieved notwithstanding 
that there have been in process of construction 
simultaneously in these two works five ships of the 
line, of the Dreadnought type, a record, which has 
no parallel with any two other firms. At the same 
time, also, the two firms named have been engaged 
in the building of the guns and gun-machinery, 
not only for these ships, but for several others for 
the British and foreign Governments, and yet their 
resources have not been taxed to anything like their 
full capacity. At the present time, when the rela- 
tive capacity of Great Britain and certain foreign 
countries for the construction and equipment of war 
vessels is deservedly attracting so much attention, 
these facts have a very special interest. 


Tue Brazit1an ComMISSION. 
The work of supervising the construction of these 


vessels, as well as two scout-cruisers at Elswick and 
| Barrow, and twelve torpedo-boat destroyers by 


Messrs. Yarrow and Co., of Glasgow, has been 
carried out by a Commission of experienced naval 
officers appointed by the Minister of Marine of 
n the early stages of the work, the Com- 


two years and six months to build, but within that| of very considerable experience and judgment. 
period there was on the Tyne a strike of five months’ | Since Admiral Proenca relinquished this work to 


duration, which greatly delayed the work, so that if| fill an important post at 
|his Government, the Commission has had for ! 
A similar performance has | President Admiral Maurity, senior officer of the’ Mucius Scevola, Horatius 
Admiral Maurity’s appointment | others of classic fame, and in conclusion regarded 


we reckon working time alone, the vessel has been 
built within two years. 
en 


hieved in connection with the Sio Paulo, | Brazilian Navy. 


aris on behalf of 








Fig, 23 


to this position was a much eee compliment 
to this country, because he is the most distinguished 
officer in the Brazilian navy, and is looked upon 
as the Nelson of the fleet, a title which is well 
merited, not only for his ability as a strategist, 
but also for his courage and activity. Moreover, 
he has fought in many fights, and, like the greatest 
of British Admirals, lost an eye in action. Admiral 
Maurity was present at the trials of the Minas 
Geraes, and accompanying him were the whole of 
the members of the Commission, including Captain 
B. de Mello, who was the chief of the electrical 
department ; Commander A. Ferraz, chief of the 
gunnery department ; Commander B. da Silva, the 
chief engineer inspector ; Commander Rosaiiro de 
Almeida, chief constructor ; and Commander Gomes 
Pereira, the Naval Attache in London. There were 
also present the officers of the ship, including 
Captain das Neves and Commander Americano 
Freire, Captain J. d’Oliveira Gomes, chief engi- 
neer, and Ciauhenent J. B. de Menezes Ferreira, 
second engineer. 

Mr. G. J. Carter, of Sir W. G. Armstrong, 
Whitworth, and Co., Limited, who were responsible 
for the building of the ship, represented his firm, 
while Mr. James McKechnie, director of Vickers 
Sons and Maxim, Limited, was present on behalf 
of his company. 


Tue Horstine or THE Braziuian Fac. 


At the ceremony of handing over the vessel to 
the Brazilian Naval Commission, and the hoistin 
of the Brazilian flag, on the Sth inst., Admira 
Maurity, chief of the Commission, had the officers 
and men lined up on the main deck of the ship, and 
delivered an eloquent oration befitting the occa- 
sion. He drew a distinction between the daily 
salute of the national flag on board each ship, and 
that day’s ceremony of hoisting the national Brazi- 
lian flag at the top of the mast for the first time, 
far from their native country. This action con- 
firmed the possession of the battleship Minas Geraes, 
from now effectively manned by the Republic of the 
United States of Brazil, whose supreme Govern- 
ment entrusted to them the honourable mission of 
immediately countersigning the respective docu- 
ments associated with the delivery of the ship. 
‘* Heaven grant,” he said, ‘‘ that the Minas Geraes, 
with the motto of its young and glorious flag, may 
for ever be a fraternal harbinger of love om peace 
under the present-day civilising international agree- 
ment, and never be an hostile instrument in the 
homicidal and cruel orgy of war, and the desolator 
of nations and of humanity.” The gallant Admiral 
| next passed in review the stirring incidents in the 
history of Brazil, paying eloquent tribute to the 
heroes of many fights, and sought to inspire the 
officers and crew with a reference to the glorious 
deeds of such warriors and patriots as Leonidas, 
cles, Nelson, and 
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the flag—‘‘ the gold and green national image, and 
with the stars of the sacred cross ’’—as the symbol 
of the sentiments which inspired them, and of 
the duties which imposed upon them—‘‘To live 
for their country, and for their country to die.” 








FOUNDRY PLANT AND MACHINERY. 
No. I. 


By Josevn Horner. 


Untit comparatively recent years the plant in most 
foundries was of the poorest, and machinery was a 
negligible quantity. The foundry has been termed 
the ‘‘ unprogressive ’ department of the works, and 
the trade has been deemed an undesirable one to 
bring a lad up to. Nothing too bad can be said 
about the old type of shop, where the men and lads 
—the ‘‘ sand-rats,” in the slang of the craft—have 
suffered the miseries of frost_and draughts-in the 
mornings, and the suffocating fumes of-sulphur and 
hot iron all the afternoons ; have workéd~ by arti- 
ficial light through the dull days, and been choked 
with dust and: parched with heat through blazing 
summer days. - Ventilation and light were not con- 
sidered then; neither were adequate means_ of 
handling either the work or the appliances and 
materials in daily use. Kconomy, save that of 
accelerated iuscular effort effected by driving and 
hard swearing, was disregarded. Such hoisting 
tackle as existed was generally poor and trumpery, 
and so boxings and castings were dragged along on 
trolleys over the uneven sand floor, on which con- 
fusion reigned, its area being littered over with 
box-parts containing work in progress. In the semi- 
darkness one might easily happen to step into a 
mould or stumble over a box. Boys and men alike 
were ruled by terror, and so between one thing 
and another the foundry became a by-word even 
among the hard-handed men of the other shops in 
the factory. 

Happily, this picture is rapidly becoming one of 
the past, and the modern foundry is rivalling the 
machine-shop in whatever makes for manufacturing 
economy po altruistic arrangements. The advances 
that have taken place are hardly realised outside 
the limits of the modernised works. But what 
has been accomplished in a comparatively short 
period is, perhaps, less striking than the great 
promise of the future. Very much attention is 
now being devoted to every branch of foundry 
service and equipment ; from the shop buildings 
to the work, from the metal to the methods of 
moulding, from the character of the castings to 
the numerous foundry machines. Never, hitherto, 
has so much study been given as at the present to 
the design and manufacture of plant and machinery 
to suit all classes of foundries, and all groups of 
castings, both general and special in character, 
from the light work of the brassfounder to cast- 
ings of considerable dimensions and weight. New 
agencies have been pressed into service, notably 
compressed air and electricity, displacing older 
ones, or fulfilling tasks for which the older ones, 
steam and pressure-water, were ill-adapted. Besides 
plant and machinery of a more or less novel 
character, the older types have been improved and 
their utilities extended. We have better cupolas, 
better cranes and systems of hoisting, adapted to 
all conditions ; tracks and trolleys, ladles, boxes, 
moulding-machines in some dozens of designs, and 
operated by hand, steam, water, and air. 

The growth of special manufacturing is responsi- 
ble for many of chess changes and improvements, 
as it is in the developments of other departments. 
But it is, besides, a part of the great movement 
which is going on in all manufacturing countries, 
as the result of international rivalry. Firms in 
England, America, Germany, France, Belgium, 
Italy, and Russia are compelled to march to the 
same music. To mark tine simply means industrial 
ruin; and so progressive foundries, in whatever 
part of the worid located, have many developments 
in common. 

Our subject naturally divides itself under four 
great sections :—The shops themselves, the plant, 
the machinery, and the lesser appliances. In this 
and the articles immediately succeeding we propose 
to consider the foundry buildings and their general 
arrangements. 

In the first place the arrangement of any foundry 
must obviously depend on the nature of the work 
which has to be done in it. Unfortunately for 
many old’ firms, they are committed to buildings 


which were constructed fora condition of things now is to build a low wall, not excceding 3 ft. or 4 ft. 





passed away, and are now surrounded and blocked 
in by cramping environments. In such cases the 
best must os made of unfavourable circumstances. 
This explains the present boom in new factory- 
building in suburban districts, which applies to 
other departments alike with the foundry. 

An ideal foundry is of rectangular form in plan, 
and of equal cross-section throughout, for the effi- 
cient use of overhead travellers all the way down. 
Buildings that are bounded by roads or waterways 
laying at angular relations to the buildings, should, 
nevertheless, be built parallel, and the angular 
spaces left uncovered, or be utilised for sand-sheds, 
or stores of various kinds, or for small sub-depart- 
ments. 

The best plan arrangement for a foundry cannot 
always be adopted, due to the conditions of environ- 
ment. But where space is available the question 
can be considered on its merits. A problem that 














high between columns, and use this to store sand 
and light flasks against. If a communication is 
desired between bays, sufficient openings can be 
left at intervals in the walls. 

The way in which the character of the work done 
affects the foundry arrangements is as follows :— 

The number of spans in a foundry usually varies 
from one to three ; occasionally more than three in 
broad buildings. Two parallel spans may be of 
equal height and width, or one be lower and 
narrower than the other. Three spans generally 
include one central bay, wide and high, and two 
side-bays, lower and narrower. These differences 
are obviously controlled entirely by the character of 
the work produced. Heavy work all goes in the 
main bay, served with the largest overhead traveller 
or travellers; the light all goes into the smaller 
bays, served either with light travellers or, as in 
many shops, with overhead trolley tracks. This 
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arises is, Should a foundry approximate to the 
square or the oblong form? Many examples of 
each occur, and something might be said in favour 
of each. Work can be sub-divided and arranged 
equally well in an oblong or in a square shop. In 
the former it can be divided in successive longi- 
tudinal areas, in one or in two adjacent bays ; in 
the latter, in as many separate bays as the shop 
width can be divided between. Supervision can 
be carried on under equal conditions whether the 
shop be very long or very broad. There is no dif- 
ference in the carrying of materials and metal over 
— or breadth ; but the advantage generally lies 
with length, when the question of hoisting-tackle 
comes up. The multiplication of bays multiplies 
the number of overhead travelling cranes required, 
while a long shop can be served with one or two 
high-speed cranes. Breadth also multiplies the 
tracks and turntables, when such are used, and the 
facilities for intercommunication generally. 

In a building forming a parallelogram in plan, 
whether large or small, there should be no internal 
separation of bays or departments by means of 
walls, even though the width of the area covered 
should involve more than one span of roof, or spans 
having different heights of roofs. Iron or steel 
columns alone should separate the spans, so leaving 
an unobstructed way all across the building. A 
plan which might be frequently adopted with ad- 
vantage in foundries divided by columns into bays 
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is the first great division therefore made—that into 
heavy and light castings, which must be observed 
in all shops where both classes are done. 

The next great subdivisions are those of loam, 
core-making, and dried-sand work, from that of the 
green-sand departments. The last named, except- 
ing chiefly in some marine-engine and large cen- 
trifugal-pump works, forms the largest department 
by far of any foundry. Loam in some shops is 
scarcely represented, in others not at all. But 
core-making, to a greater or lesser extent, 15 
always going on in any foundry, and some propor- 
tion of moulding in dry sand. For each of these 
wroximity to the drying or core-stoves is essential. 

oam-work also, if deep, must be done close to the 
pit or ne in which the moulds are struck up, or 
into which they are lowered to be cast ; and in the 
same pits also some deep green and dried-sand 
moulds are deposited for pouring on end. For 
these reasons the departments just named are 
located apart from the green-sand work, not neces- 
sarily in a separate building, but in a separate span, 
or at one end of a span otherwise devoted to work 
in green sand. The core-making is properly kept 
distinct from loam, and dry sand from both. Small 
core-making also is separated from the heavy, just 
as in some shops heavy and light loam-work are 
kept distinct. 

The next great subdivisions—which, however, do 
not exist in all shops—are those which result from 
the manufacture of specialities. These include the 
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division, in some cases, between day-work and piece- 
work, or between ordinary moulding and plate- 
moulding, or, in its higher differentiations, between 
hand-work and machine -operating.. In several 
foundries cylinder-moulding ‘is kept apart in a 
separate shop ; railway-chair casting usually appro- 
priates an area to itself; and the increase in 
specialities with extension of business always 
favours subdivisions of this character, often in- 
volving a separate cupola for melting special mix- 
tures. Plate-moulding should invariably be done 
in a department away from the ordinary work. 
Machine-moulding is of such a special character 
that machines, plates, carryingand pouring systems 
require, as the system extends, a department quite 
away from the rest, in a separate bay, or occupying 
a section of one, according to the relative volumes 
of the classes of work done. 

The last great department is that of the fettlers. 
This must be kept away from all moulds, on account 
of the flying chips. It is frequently located in a 
separate room. A modern fettling-shop contains a 
fair amount of machinery, including tumbling- 
barrels and emery wheels for the smaller castings ; 
some also have saws and cutters for removing 
runners, pneumatic chisels for chipping off fins 
and stumps of runners. A weighbridge is required 
to take the weights of the trimmed castings. 

The question of hoisting tackle must be deter- 
mined solely with relation to the work of the 
separate departments. Examples suitable for dif- 
ferent conditions will be given in due course, so 
they will not be discussed here. The modern 
foundry is rather omnivorous in this respect, 
demanding both overhead travelling-cranes for the 
bays, with powers suited to the mass of the work 
done, overhead tracks with dependent hoists, and 
fixed jib-cranes to serve localised areas, and so 
avoid holding up the travellers too long. 

The cupola blower-house is properly situated at 
the centre of one wall of the foundry, either to one 
side, or one end, and either located within the 
main building or forming a wing to it. Almost 
invariably the cupolas are placed to one side rather 
than at one end. There is no objection to putting 
them at one end if there is room to clear the end 
doors, and if a system of tracks is laid down. 
Having tracks, the time occupied in transit of 
metal counts for little by comparison with that 
required when hand-shank ladles have to be taken 
about by labourers. The placing of a cupola 
centrally is doubtless a survival of the practice of 
hand-carrying, at a period when even overhead 
travellers were unusual, and tracks unthought of. 
If tracks are used with central cupolas, then turn- 
tables are necessary to connect the short cupola- 
tracks with the main line, running down the 
foundry to right and left. If the cupolas are set 
at one end, the turntables are not required, and so 
—the case of very long buildings excepted—the 
economies are about equally balanced. 

Again, locating cupolas centrally, and within the 
building, they occupy a considerable area, which 
can be better given up to moulding ; or placing 
them without, they are of the nature of an excres- 
cence on the main building, which might often 
interfere with freedom of movement of material, 
or encroach on other shops. We conclude therefore 
that the location of a cupola can only be deter- 
mined on these general lines, settled by the con- 
ditions existing in each special case. 

Close to the cupolas, or within easy access to 
them, is the iron-store. Also closely adjacent to 
the foundry buildings are the ladle-store, the sand- 
sheds, and the moulding-boxes. Many of the small 
boxes are kept within the foundry. A stores for 
sinall appliances isrequired, and lavatories. Finally, 
the foreman’s oftice should be situated centrally to 
one side, or one end, in order to command a view 
of the entire area. In a foundry of great length 
or large area the office may be elevated a few feet 
with advantage. 

The grouping of the allied departments of the 
foundry is a matter of much importance in the 
economies of transport and labour. But it is of the 
highest importance in the absence of tracks. Ina 
well-planned works it is possible by the use of 
tracks to avoid that unnecessary handling of work 
which, with heterogeneous arrangements, so often 
Seen, adds heavily to the expenses for unskilled 
labour. An ideal works is that in which materials 


come in at one end or side, are handled but once, and 
in which the successive operations of manufacture 
are performed in a regular sequence and in one 
Tracks favour this ideal, and the 


main direction. 








nearer it is approximated to the better. The choice 
lies between light railways and overhead tracks. 

Illustrations of typical foundries will be given in 
this, and the articles immediately succeeding, for 
iron, steel, and brass. In concluding the present 
article, two illustrations of foundries of average 
size are shown, both of recent construction. 

The foundry of the Campbell Gas-Engine Com- 
pany, Limited, of Halifax, shown in Fig. 1, page 70, 
has its locations and dimensions rigidly environed 
by — roads and buildings. Heavy and light 
work is done in two adjacent bays, while a third bay 
covers the core-stoves, cupolas, engine and blower, 
the coke and sand-sheds, and the brass foundry. 
At the right-hand end there are two-storied 
erections, used for various purposes, for pattern- 
work and store-rooms. 

An important point to note in this design is its 
compactness. All the aids to the moulders’ work 
are ranged down wholly on one side ; and offices, 
fettling area, and weighbridge at one end—that 
which faces the machine-shop. Behind the sand 
and coke-sheds, the brass foundry, the engine and 
the cupola houses, there is a gangway running 
within the low boundary wall on that side, which 
permits of bringing the materials for each of those 
departments outside the shop. The whole of the 
shop area is thus left available for moulding on. 

A considerable amount of gas-engine work is 
cored and dried, hence the large proportional sizes 
of the core-stoves. The leading dimensions given on 
the engraving will enable a satisfactory idea to be 
gathered of the extent of this foundry and of its 
details. 

Fig. 2, page 70, gives a plan of the foundry of the 
Wolseley Tool and Motor-Car Company, Limited, 
at Adderley Park, Birmingham, designed as part 
of an absolutely new lay-out of the firm’s factory, 
which occupies an area of 11 acres. The foundry, 
like all the other departments, is long in propor- 
tion to width, and is connected with the other 
shop, and served throughout with a light railway. 
The total length of the building is 230 ft. The 
iron foundry is divided into two bays, for heavy 
and light castings respectively. Both are served 
with overhead travelling cranes, the centre lines 
of the girders for which are indicated at A, A, A, A. 
At the farther end of the foundry a rather large 
shop is devoted to the casting of brass and alumi- 
nium, the weekly output of which totals up to 
about 2 tons, this large quantity being explained 
by the requirements of motor-car work. In passing, 
we may mention that the aluminium alloy—the 
firm’s own special mixture—has a tensile strength 
of 14.15 tons per square inch, with an elongation 
of 14 per cent. in a test-piece 2 in. long by 0.798 
square inch of section. 

There are eight crucible furnaces in this shop. 
The light railway runs into it, so that it is both 
served with materials, and castings are removed 
readily. A snug design is that of the core-stoves 
for heavy and light cores, and for brass, which are 
all closely adjacent, and heated from one grate. 
Turntables serve the iron stoves ; the brass cores 
are too light to need core-trucks. 

The principal foundry details are named on the 
drawing ; the following letters refer to the smaller 
articles :—B is a mill for grinding sand, C a sand- 
sifter, D a gate-cutter, E a band-saw, also for 
severing runners and risers; F a pair of emery 
wheels, and G atumbling-barrel. These are located 
next the wall by the fettling area, and close to 
off-set tracks served by turntables from the main 
track. At the opposite end of the foundry, next 
the entrance, is a dresser’s bench for trimming 
castings, and also the cupolas, with engine and 
blower. The combined capacity of the cupolas is 
10 tons per hour. Round cast-iron columns support 
the roofs midway between the walls, and the 
lighting is on the saw-tooth design, a matter which 
will be considered in a further article. 





THE LIAO RIVER RAILWAY BRIDGE, 
MANCHURIA. 

THE Imperial Railways of North China have recently 
completed an extension from Hsin-min-fu to Mukden, 
which crosses the Liao River at a point about 30 miles 
north-west of the latter town by the bridge illustrated 
on page 69 of our present issue, and of the erection of 
which we are able to give some details. 

In the neighbourhood of the railway the river runs 
through a plain about 40 miles wide. The gradient is 
flat, and from long neglect of training works the river 
is more or less choked, and during the rainy season, in 
July and August, rises from 10 ft. to 12 ft., flooding the 








adjacent country. There are no reliable maps of the 
river-basin, and not a single rain-gauge in the upper 
valley, while there is no regularity about the rains, as 
in the monsoon areas; typhoons at sea bring heavy rain- 
storms, which are driven inland until they reach the 
hills, and it is largely a matter of chance which parti- 
cular district will be affected. Floods have occurred 
with no rain falling at the railway, and with very 
local effect. On the older part of the railway 
falls of 10 in. per day have occurred, and “have 
continued for two days; it is impossible to say, 
however, what the fall in the hills is. The size of the 
bridge was therefore determined from local records 
of high-water mark and other local conditions, and 
was fixed at twenty spans of 100 ft. each. Eighteen 
of these are deck spans, with the roadway on top, the 
remaining two being half-deck spans, with the roadway 
carried on the lower chords, to give more headway for 
boats during high water, the Liao being the great 
highway for the bean trade of Manchuria, which em- 

loys annually thousands of river-boats to convey 
Sones to Newchwang for shipment. The completed 
bridge is shown in Fig. 1. 

During the autumn the channel is reduced to about 
200 ft. wide and about 8 ft. deep at most, and in 
winter is frozen solid, navigation extending only from 
April to October inclusive. The winter, therefore, 
though presenting difficulties owing to cold, is the best 
time for construction work. In September, 1907, as 
soon as the bulk of the flood-waters had passed, an 
embankment was made in the river-bottom to give a 
dry place to work on, while at the middle of the river, 
in the low-water channel, islands of rubble and quarry 
rubbish were made. The ground on the eastern side 
of the river is higher than on the western side, and 
there the construction siding was laid on the river-bed. 

It was decided to sink the foundations by means of 
compressed air, that method having been frequently 
adopted with success on the railway, and a number 
of men trained to the work. The railway owns a con- 
siderable air plant, and as soon as the construction 
sidings cual be laid into the river-bed, this was set 
up in two sets, one on the east and the other on the 
west side of the winter channel, and in such a position 
that each set could operate on about half the bridge. 

The air-lock was made in the railway “% some 
time ago, from designs by Mr. C. W. Kinder, C.M.G., 
engineer-in-chief. ‘I'he lock complete is 13 ft. long by 
4 ft. 4 in. wide, and weighs 4 tons 7 cwt., but is 
divisible into three sections for ease in transport, the 
heaviest section weighing 1 ton 5ewt. When in posi- 
tion the centre section is situated over the shaft, one 
side section is the actual lock, while the other forms 
the working place for the men. In the floor of this 
latter there is a chute for disposing of the excavated 
material; on the top is a steam-winch and auxiliary 
chute used for passing in concrete. 

Each pier was started by building on the construc- 
tion bank, or island, a steel working-chamber, of }-in. 
and j-in. ry: 7 ft. high. The inner plating was 
slo to form the usual cutting edge at the bottom, 
and roof over the warktuns chanson, To the roof was 
attached the 3-ft. diameter air-shafting. The dimen- 
sions of the working-chamber, and of the pier below 
water-level, were ft. long by 12 ft. wide, with 
rounded ends and slightly elliptical outline. The 
space between the inner and outer skins was filled 
with concrete, 1-2-4 in the toe, and 1-3-6 to 3 ft. above 
the working-chamber roof. Above this level the con- 
crete was all 1-4-8. A shaft-hole 8 ft. by 6 ft. was left 
in the centre of the pier, partly for economy and 
partly to enable the 3-ft. diameter air-shafting to be 
afterwards drawn up. No steel plating was used above 
the working-chamber level. 

The sinking procedure was the same throughout. 
As the sinkers excavated the pier sank; at no time 
was it necessary to use any kentledge. When the 

ier had sunk down nearly to the ground line or water- 
ine, sinking ceased, and the sinkers were transferred 
to another pier. Another. section of concrete, 8 ft. to 
10 ft. high, was then added, and allowed three days 
to set, when the moulds’ were taken off, and sinking 
resumed, the round operation, in sand or silt, takin 
six days for 8 ft. of sinking. In hardpan or cook 
the time was very much extended. The material sunk 
through was mud, silt, sand, to hardpan or rock. At 
the eastern side of the bridge rock was found at from 
25 ft. to 40 ft. depth, and eight piers founded on rock. 
At the western side hardpan was got at about 50 ft. 
below low- water level; at the centre there had evi- 
dently been a small valley or river-bed in past ages, 
and four piers were founded in clean sand at 53 ft. 
below low-water level; it not being necessary to go 
down farther, as that was reckoned a safe depth from 
scour. The works proceeded slowly at the start, as, 
until material arrived from abroad, only six working 
chambers could be made. These were sunk in October 
and November, and in December, 1907, and in January, 
1908, the remaining working chambers were set up, 
and most of the sinking done in January, February, 
March, and April, 1908. The total amount of sink. 
ing done was 1092 lineal feet. The dee 
was 57 ft. below water-level, and 63 ft. 
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LENTZ “SHORT-BUILT” COMPOUND ENGINE. 
CONSTRUCTED BY MESSRS. STORK BROS. AND CO., ENGINEERS, HENGELO, HOLLAND. 


level. When the full depth of each pier was reached, 
the working-chamber was filled with concrete, the 
shaft with clean sand, and a cap of concrete put over 
the shaft. 

In April and May the plinths and upper piers were 
made, They are of concrete throughout, and were 
each —s at one making of concrete, 1-3-6 being 
used with a little 1-2-4 under the girder seats. The 
piers for the two half-deck spans were made with the 
same underground dimensions as the others, and the 
extra length at the top gained by corbelling out, so as 
to make the pier length 25 ft. instead of 16 ft. 6 in., 
as in the deck-span piers. The thickness of all piers 
is the same—6 ft. 6 in. at the top. All have semi- 
circular ends and a slight batter all round. Twelve 
old rails were placed in the-corbelled-out piers for re- 
inforcement. Fig. 3, page 69, shows the concrete 
mould for one of the corbelled piers. 
_ All conerete was made by hand, cheap labour mak- 
ing the use of machinery for scattered works unecono- 
mical. The cement and sand were first mixed dry, 
and then mixed again with the stones, the mixture 
being slightly wet, and cut by spades in the mould to 
make aface. Much concrete was made during winter, 
which was colder than the average. For two months 
the temperature was below zero Fahrenheit every 
night, the lowest being 21 deg. Fahr. below zero. The 
day temperatures were always freezing, in the shade. 
The water for making concrete was kept lukewarm by 
fircs under the iron water-tubs. The sand was warmed 
by spreading on hot iron plates. The ballast was clean 
ani dry. Salt was added to the water to prevent freez- 
ing, and about 4 Ib. of salt per cubic foot of concrete 
used at coldest time. None of the concrete was frozen. 
Much trouble, however, ensued from freezing up of 
Pipes, winches, &c., and several men pete A of 
frost-bite. The piers were frequently frost-bound in 
January and February, and would not sink until the 
fro en ground and ice around them had been cut aWay. 

in November, several snowstorms occurred, causing 
much drifting round the works, which had to be three 
times cleared of snow-drifts to enable work to proceed. 
The sinking continued day and night, but the night- 
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shift men, above ground, very often beat a retreat 
from the blizzards. Although there was much delay 
from cold, there is no doubt that delaying the work till 
spring would have cost very much more, as the spring 
freshets would have damaged the construction bank, 
and left the place a sea of mud, besides rendering it 
impossible to finish the piers before the regular rise in 
the river commenced. 

When the spring then was well advanced, a consider- 
able flood took place. The ice in the river was 3 ft. to 
4 ft. thick, and much snow lay in the gullies in the 
upper valley of the river. At first a thin stream com- 
menced to fiow over the top of the ice, this stream 
gradually increasing to 3 ft. in depth, coming down in 
waves. The ice then broke up, and a big ice-jam 
occurred against the temporary bridge, bulging it out 
of line, and almost destroying it by pressure and by 
scour, which washed out holes 15 ft. deep round the con- 
struction islands. A liberal supply of rubble thrown 
in in train-loads saved the temporary bridge. When 
the flood commenced, work was stopped, and pipes 
disconnected in the engine-house; but the installation 
having been put on a piled foundation in view of such 
contingencies, no damage was done in the engine- 
house. The pipe-lines were disarranged, and two sets 
of shearlegs undermined and knocked down. No 
material or plant was lost, the only damage being 
delay owing to the washing away of the construction 
bank, and wash-out of the siding in the river-bed, 
which was left either hanging in loops, or covered by 
ice-floes. 

The rails, which are 4 ft. 84in. gauge, are 28 ft. 
above low-water level, and the deck girders were 
hoisted into position by gantries, as shown in Fig. 2. 
This view also shows the temporary bridge to the left. 
Nine of the deck-girder spans were built on the ground, 
and nine on piled staging. They were constructed at 
the rate of one a week, and weighed 38 tons each. 
The two centre spans of half-deck girders could not be 
erected until after the rainy season of 1908, when a 
piled stage was made in the river channel, wide enough 
to take a line of track, and the lifting gantries. Each 
span weighs complete 100 tons, and each girder, with 





lifting tackle, about 40 tons. In order to get as much 
riveting work done as possible in the bridge shops 
these girders were sent out on cars in three sections. 
On arrival at the river side the sections were erected 
and riveted on the cars, thus saving all unloading and 
handling. When ready the cars were pushed out on 
to the stage, and the girder hoisted to place by the 
gantry. e gantry uprights were 14-in. by 14-in. 
timber, and the horizontal beams 12 in. by 12 in., one 
over the other. On top of the horizontal beams a 
traveller ran on a piece of rail, so that after hoisting 
the girder it was traversed to exact position very 
quickly. The gantries were easily dragged along from 
span to span, and proved convenient for the work. 
e bridge decking is of sleepers, laid direct on the 
girder tops, with timber guard-rails outside the run- 
ning rails. Fig. 4, page 69, illustrates one of the half- 
deck girders being lifted from the cars on to its piers. 
All the concrete work was done by day labour. The 
sinking, machinery-running, and girder-erecting was 
done by contract. The cost of work in China is not 
expensive for labour, hut materials are dear, owing to 
the distance from Europe or America. Concrete 
averaged 18s, per cubic yard, and excavation under 
the Seberionat it. per cubic yard, including steel 
working-chamber and air supply, &c. The girders, 
buying the materials in England and constructing 
them in China, cost about 14/. per ton complete in 
railway shops, and about l/. per ton to erect. The 
training banks at each end of the bridge are not exten- 
sive, as the current is not rapid. Excluding the cost 
of the temporary timber bridge, but including all labour 
and material of every kind, the cost per lineal foot is 
14/. 4s. The bridge was tested on October 31, 1908, 
thirteen and a half months after field-work started. 
The whole of the work was carried out by Chinese 
workmen, who make excellent railway-men, the office 
work and foremen duties being looked after by Chinese 
also ; the only white man on the works, or for many 
miles around, was the resident engineer, Mr. W. 0. 
Leitch, M. Inst. C.E. The Imperial Railways of North 
China is a Government line, administered by the Board 
of Posts and Communications in Pekin, with Mr. C. W. 
Kinder, C.M.G., as engineer-in-chief. The two centre 
spans of half-deck girders were made in London to the 
designs of Messrs. Baker and Hurtzig, and riveted up 
on site. 
We are indebted to Mr. W. O. Leitch, who carried 
out the work, for the information and illustrations 
utilised in this article. 








LENTZ SYSTEM OF SHORT-BUILT TANDEM 
COMPOUND STEAM-ENGINES. 

Tue general attention of engineers was first drawn 
tothe Lentz valve-gear for steam-engines at the Paris 
Exhibition of 1900, as this was the earliest occasion on 
which it was shown in public. At that time the valve- 
gear was applied only to large-sized engines, but since 
then the inventor has introduced some important con- 
structional alterations, so that, more recently, the gear 
has been applied to engines of small power. In addi- 
tion to the Lentz valve-gear one of the most striking 
features of these engines, which are now generally 
known as ‘‘short-built” engines, is that the two cy- 
linders are cast in one ; which arrangement, combined 
with a short stroke, permits a great curtailment in 
over-all length. The piston-rod runs through a stuffing- 
box which is fitted with metallic packing-rings, which 
are placed in a removable partition between the two 
cylinders. 

We illustrate one of these engines on the opposite 
and present pages, Fig. 1 being a longitudinal vertical 
section through the cylinders and air-pump, Fig. 2 a 
plan, while Fig. 3 is a transverse section through the 
high-pressure cylinder. In Fig. 4 is given an enlarged 
transverse section through one of the cylinders, which 
shows very clearly the construction of the valve-gear. 
The way in which the two cylinders are cast in one 
will be understood on reference to the section, Fig. 1. 
The combination of the two cylinders in one, of course, 
makes the casting of the cylinders rather a complicated 
one, but great care has been taken to equalise as much 
as possible the distribution of the metal. It will be 
noticed that the high-pressure cylinder is placed in 
front of the low-pressure cylinder. This arrangement 
allows the cover, pistons, and partition to be easily 
taken out at the back end, thus enabling an internal 
examination to be easily and quickly made. 

Although short-built Lentz engines have in some 
cases been made with single cranks, preference has 
latterly been given to the double-crank type, as 
being of stronger construction and giving greater 
stability, which, with the high speeds customary with 
this type of engine, is of great importance. As may 
be seen from our illustrations, the high-pressure 
admission-valves are placed on the top, and are thus 
easily accessible. From the high-pressure exhaust- 
valves the steam is led through a peripheral parsage to 
the low-pressure admission-valves, also situated at the 
top, while the steam is exhausted at the bottom. 

e valve-gear of the high-pressure cylinder is con- 
trolled by a shaft-governor, which is placed on the lay- 
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shaft between the two high-pressure admission eccen- 
tries, as will be seen in the plan, Fig. 2. It is claimed 
that this arrangement gives great sensitiveness, and 
ensures very regular running. The lay-shaft is driven 
from the main shaft by mitre-gear. If the engine 
should show any inclination to increase or decrease 
in speed, in consequence of any alteration in the 
load, the governor will adjust the load of the high- 
pressure eccentrics in such a way that the cut-off is 
adapted to the power required at the moment. The 
governor is provided with a heavy wheel, which 
encircles the governing mechanism, the wheel being 
fitted loose on the shaft. On each side of the 
wheel are two lengthening bushes carrying pins, and 
forming part of the wheel. These are connected 
by short rods to the slipping device of the high- 
ressure admission eccentrics, and a flat spiral spring 
orms the connection between the wheel and a lever 
forming part of a bush keyed on the shaft. To this 
bush both the weights are swivelled. A lengthening 
piece of the weight-arm is also swivelled to the wheel. 

For each spring tension the centrifugal force work- 
ing on the weights will balance this tension for a 
definite number of revolutions, and the speed of the 
engine can thus be increased or reduced within certain 
limits by changing the spring tension. This is effected 
ina simple way. A wedge-shaped bar is introduced 
into the hollow lay-shaft end, and may be moved 
forward or baskwend by means of a screw-thread and 
hand-wheel. This hand-wheel is shown at the end of 
the lay-shaft in Fig. 2. The wedge-shaped end of the 
bar presses against a small rod arranged at right angles 
to the shaft, the opposite end of the rod being in con- 
tact with the spiral spring. If the hand-wheel is 
turned while the engine is running, the tension of 
the spring will be changed, and with it the speed 
of the engine. In the case of electrical installations 
the speed may be adjusted from the switchboard, the 
hand-wheel previously referred to being replaced by 
a small electro-motor with worm-gear. 

These short-stroke engines are arranged for speeds 
varying from 140 to 200 revolutions per minute, accord- 
ing to the size of the engine. They are built in seven 
sizes, from 120 to 1500 horse-power, and are specially 
adapted for using highly superheated steam. The 
makers of the engine are Messrs, Gebroeder Stork, 
and Co,, Maschinenfabriek, Hengelo, Holland. 








‘*THE EROSION OF BRONZE PROPELLERS 
IN HIGH-SPEED STEAMSHIPS.” 

_To THE Eprtor OF ENGINEERING, 
Sir,—With reference to the Note headed as above in 
our issue of the 14th inst., I notice itis stated that Dr. 
). Silberrad, M.R.S.A., F.C.S., has nm carrying out 

extensive research, which showed that a special bronze 
had taken 117,200 hours to produce standard deterioration 
under standard conditions, whilst other standard bronzes 
produced standard deterioration under the same condi- 
tions in 24,700 hours. As 117,200 hours represents a period 
of over thirteen years, I should be glad to know how this 
number of years was arrived at. 

Yours truly, 

JAMES STEVEN, 

11, Beaumont-gate, Glasgow, January 17, 1909. 

[We forwarded Mr. Steven’s inquiry to Dr. Silberrad, 
who has replied as follows :—*‘ The material to be tested 
for erosion is submitted for a very considerable period to 
conditions closely resembling those it is called upon to 
withstand in practice. The conditions are completely 
under control and absolutely constant. At the expiration 
of the test the amount of material worn away is deter- 
mined by weighing the specimen. From this the time 
ner to produce standard erosion is calculated.”— 

p. E. 





“GAS OR OIL-ENGINES FOR MARINE 
PROPULSION.” 
To THE EpiTor oF ENGINEERING. 

Sir,—In reference to Mr. Dunlop's letter on page 42 of 
our last issue, might we point out that an engine such as 
e describes—t.e., with piston-valves—was shown in a 

form suitable for a motor-car at the last Olympia Exhibi- 
tion, on our stand ? 

The engine is the invention of Mr. J. M. Hewitt, a well- 
known Manchester engineer, and is, in our opinion, ideal 
for marine work. We shall be very glad to let Mr. 
Dunlop have further particulars if necessary. 

Yours truly, 
Davy EnotnerrinG, Liwirep. 

Blake-street, Hulme, Manchester, January 18, 1910. 





To THe Eprror or ENGINEERING. 

Str,—Your correspondent, Mr. Dunlop, appears to be 
quite correct in some of the paragraphs in his letter 
appearing in your last issue, although ethee do not seem 
quite so soundly b 

He reminds your readers that, if an oil-engine “is 
provided with any suitable means, such as a barring- 
engine, for turning the crank-shaft two revolutions in 
whichever direction it is desired to run, the engine can 
be made to run in that direction without any reversing 
gear whatever ; that is to say, a four-stroke-cycle engine 
can be made to reverse automatically.” He omit to 


point out, however, that, with a single-cylinder two-cycle 
oil-engine, it would be necessary to turn the crank-shaft 





through one revolution only. while with a two-cylinder 
two-cycle engine half a revolution might suffice. ; 
The ‘“‘barring-engine” is, however, out of the question 
for anything above, say, 100 horse-power. The imagina- 
tion boggles at the possible mental condition of a sea- 
going engineer who has been on watch from, say, Graves- 
end to Victoria Dock, on engines whose manipulation 
entailed the use of the turning-gear with every reversal. 
There are, fortunately, other and better ways of giving 
the crank-pin an impulse in the desired direction at the 
psychological moment. The best of all is that which 
—- an accurately-timed pre-ignition. = 
t is upon this principle that the reversibility of the 
Bolinders motor depends. Your readers will find a full 
description of this engine in your issue of December 10, 
and for the purposes of the present letter it will suffice if 
it is stated that, instead of a barring-engine, a simple 
attachment gives a pre-ignition in one cylinder, which 
drives the piston back, bringing up the other piston to 
receive an impulse in the ordinary manner. The engine 
continues to revolve till again reversed. Moreover, this 
motor has far less moving parts than the ordinary non- 
reversible engine ard, a fortiori, than the motor described 
by your correspondent. ere 
If simplicity is one of the most important characteristics 
of an oil-engine intended for marine propulsion—with 
which, we think, no reasonable man would fail to agree— 
Mr. Dunlop appears to have been forestalled. 
Yours truly, 
JAMES PoLLocK, Sons, AND Co., LiMiTED. 
Water Po.iock, Director. 
3, Lloyd’s Avenue, London, E.C., January 18, 1910. 








“THE FORCE OF THE WIND.” 
To THe Eprror oF ENGINEERING. 

Str,—In the review of Professor Chatley’s book on 
‘The Force of the Wind,” in your issue of January 14, 
I notice that your reviewer is apparently under the im- 
pression that the results of M. Eiffel’s experiments are 
quite at variance with those obtained in the experiments 
at the National Physical Laboratory, since, in a com- 
parison of the results of different experimenters, he 
writes of those of M. Eiffel as being ‘‘on the other side” 
from those obtained at the National Physical Laboratory. 
Will you allow me to point out that the agreement 
between these two sets of experiments is exact, as will 
be seen from the curve shown in the short article which I 
contributed to your issue of May 8, 1908, on “The Air 
Resistance of Plates,” and which your reviewer has 
evidently not seen. Both M. Eiffel’s experiments and 
those we have made here agree in indicating that, in a 
uniform current of air, the resistance of square plates in- 
creases with the linear dimensions up to a length of side 
of 5ft., beyond which the National Physical Laboratory 
experiments show that the resistance per unit area is 
practically constant, which result is independently 
evident from an inspection of the curve of M. Eiffel’s 
results, ‘ 

It is difficult to believe that, among engineers, the 
vagueness as to the present position of the wind-pressure 
problem which the reviewer seems to suggest, really 
exists, but perhaps I may be allowed to state shortly 
what I believe to be the existing state of knowledge on 
the subject :— ; 

(1.) If the velocity of the wind were everywhere the 
same in magnitude and direction at the same instant, the 
pressure per unit area on square plates, whose planes are 
normal to the wind direction, would be, at the same 
instant, the same for all plates exceeding 25 square feet 
in area. 

(2.) As actual winds do not possess this uniformity—z.e., 
at two points distant, say, 40 ft. apart—the velocity at one 
point may be quite a small fraction of the velocity at the 
other, and vice versd. It is at present impossible to 

redict the value of the mean pressure of the wind on a 
sete he hi from a knowl of its value over any 
square foot of its surface. All that we can say is that 
during a gale the maximum mean pressure on a structure 
has been less than the maximum indicated pressure at 
any point of the surface of the structure (a fact which 
was brought out clearly in Sir Benjamin Baker’s ex- 
periments), but how much less is not known. 

It is hoped that the experiments now in progress at the 
National Physical Laboratory on the lateral variation of 
the velocity of the wind will enable the approximate 
value of the ratio of the maximum mean pressure over a 
lenge area to the maximum indicated pressure at a point 
to be predicted. 

Yours truly, 
T. E. Stanton. 

The National Physical Laboratory, Bushy House, 

Teddington, Middlesex, January 19, 1910. 





THe Work or Lorp Kevin IN TELEGRAPHY AND 
NaviGation.—Professor J. A. Ewing, C.B., F.R.S., deli- 
vered on the 13th inst., before the Institution of Electrical 
Engineers, the second Kelvin lecture, under the above 
title. It contains a large amount of very interesting 
notes on the great scientist. 





Contracts.—During the past year the Maschinenfabrik 
Augsburg-Nurnberg have supplied to the Bargoed Col- 
liery, near Cardiff, one M. A. N. Nuremberg gas-engine 
of 2400 brake horse-power running on coke-oven ; 
this is the third engine which they have built for this 
colliery, making a total of 6000 brake horse-power. They 
also sent out to South America during the last month of 
the year a gas-engine of 1050 brake horse-power, driving a 
ay pn alternator built by Messrs. Dick, Kerr, and 
Co., Limited, London, together with complete producer 
plant (using coke) and all piping and accessories, 


gas ; | steel ship-angles, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


South Yorkshire Coal.—There continues a strong market 
for all classes of steam fuel. Business with the ports is 
brisk, the export trade showing a substantial increase on 
last year’s figures. Sales on contract account are heavy, 
and any supplies available in the open market are readily 
taken up. Prices are firm, and higher rates are offered 
for immediate delivery. The demand for slacks has 
appreciably increased, and stocks have been cleared. 
Consumers find it difficult to book far ahead at present 
prices, coalowners looking forward to higher rates in the 
immediate future. Shipments coastwise are steadily in- 
creasing. Manufacturing fuel is in brisk demand locally. 
In house coal a good winter sale has been experienced in 
London and the Southern markets, and the Eastern 
Counties are taking full supplies. Prices are very firm, 
and in several qualities advances of 6d. per ton have been 
recorded. Generally speaking, however, contracts are 
— made at old rates, though any accentuation of the 
trouble in the North would result in a smart rise. 


Iron and Steel.—The election campaign has had a dis- 
turbing influence on the iron and steel trades of the dis- 
trict during the past week, but the steady improvement 
which set in with the new year is maintained. Both raw 
material and fuel are advancing in price, owing, it is 
stated in some quarters, more to the action of speculative 
buyers than to the actual demands of trade. Hematites 
have been heavily bought, and makers in both East and 
West Coast are stated to be fully sold to the end of 
the half year. Quotations are very variable, up to 
76s. having been asked for West Coast and from 73s. 
to 74s. 6d. for East Coast brands delivered in Shef- 
field. Local consumers, however, are fairly well booked. 
Both Lincolnshire and Derbyshire irons are up in price. 
No change is reported in finished iron, South Yorkshire 
bars remaining at the same price as last year. A steady 
recovery is taking place in the steel trades of the city, 
and there is generally a hopeful feeling among manu- 
facturers. The rolling-mills have more work on hand, 
and the engineering branches report more favourably. 
Increased work from the shipbuilding yards, however, 
would be heartily welcomed. The export trade is brisk— 
largely ahead of last year. This is especially the case in 
tool steel, the demand from the United States and the 
Continent showing a marked increase. Good orders are 
anticipated shortly from the home railway companies. 
Rolling-stock has been kept in the past at a low limit, 
and the improvement in traffic returns is bound to neces- 
sitate increased supplies. The file trade is steady. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The short supply of coke 
due to the-trouble in the fuel trade, and the elections, 
continues to have a detrimental influence on the pig-iron 
industry, but the ill-effects are likely to be very tem- 

rary, and a general opinion prevails that in the near 
uture the staple industry will be characterised by con- 
siderable activity. The shortage of coke has greatly 
reduced the make of pig iron, but the production appa- 
rently falls very little short of meeting current needs. 
Small withdrawals of Cleveland pig from the public 
warrant stores have been recorded, but they are trifling 
to what might have been expected with a curtailed output. 
Values of pig iron tend upward. No.3g.m.b. Cleveland 
pig has this week been dis d of at 52s. for early f.o.b. 
delivery, but sellers now hold out for 52s. 3d. No. 1 is 
54s. No. 4 foundry, 51s. ; No. 4 forge, 50s. 9d. ; and 
mottled and white, each 50s. 3d. East Coast hematite 
pig-iron makers take a very firm stand. They have good 
contracts made, and are in no hurry to do further 
business at present. Mixed numbers are quite (5s. 
for early delivery, and nothing below 67s. 6d. is named 
on forward account. Foreign ore continues to move 
upward. Sales over the first half of the year have been 
made on the basis of 20s. ex-ship Tees for Rubio of 50 per 
cent. quality, but sellers now name higher rates. From 
20s. 6d. to 21s. is quoted. High prices have been paid for 
coke for immediate delivery, 20s. having been realised for 
average blast-furnace kinds delivered at Teesside works, 
but contracts over six months can be made at 18s. to 
18s. 6d. 

Tron Shipments.—Official returns show shipments of pig 
iron to be on an excellent scale. To date this month they 
average over 4300 tons per working day, as compared with 
just under 3100 tons to the same date last month, and 
2500 tons for the corresponding part of January last 
year. 

Manufactured Iron and Steel.—Many of the manufac- 
tured iron and steel works have been stopped for want of 
coal, but some firms have managed to keep going. The 
huge Middlesbrough works of Messrs. Dorman, Long, 
and Co. managed to lay in a sufficient stock of fuel to 
more than meet all their requirements. Quotations all 
round are steady. Principal market quotations stand :— 
Common iron bars are 7/.; best bars, 7/. 7s. 6d. ; best 
best bars, 7/. 15s.; ae. Sem, es. —~ 5 # 

.; iron ship-angles, 7/.; steel ship-plates, 6/. 05 ; 
on chip BL 7s 6d.; steel strip, 62. 7s. 6d.; steel 
hoops, 6/. 10s.; steel joists, 5/. 17s. 6d. to 64. 5s. ; ~er 
railway chairs are 3/. 10s.; light iron rails, 6. 7s. 6d. ; 
heavy steel rails, 5/. 5s.; and steel railway sleepers, 6. 10. 
—all less 2} per cent., except railway material, which +s 
net cash at works ; whilst iron or steel galvanised —_ 
gated sheets, 24 gauge, in bundles, remain at 117. 5s. f.0.b. 
—less the usual] 4 per cent. 
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CENSUS OF SHIPBUILDING AND ENGINEERING Factories (INCLUDING ELEcTRICAL ENGINEERING), 
ENGINEERING PRODUCTION. (1 = 10001.) 

Tue Board of Trade have issued preliminary tables | Be ‘ By 
summarising the results of the returns received under the Saghnd Scot- | Ire- | * Dated Rngtand Scot. | Ire. | * Dnieed 
Census of Production Act, 1906, from the establish- ~s land. | land.) 5'"8 and | land. | land. « 

. A Pe * * * | Wales. dom. Wales. dom. 
ments concerned with ——’ marine engineering, SRY Ree oh a 
general engineering (including electrical), cycle and A.—General Engineering. £ £ £ £ B.—Electrical Engineering. £ £ £ £ 
motor factories, leather factories egg pay See Steam-engines :— Electrical machinery and parts 
dressing), and eee factories [C.D. 5005. Price Agricultural . ; 1,283 thereof :— 
4d.]. These tables include the results recorded in 13,000 a = Pan | ‘= eae oe peiing - cur- — 
: : = a. oe p ye, ic £ 37 ee - 
schedules, the industries concerned es ing, in 1907, steam rollers). > * * * Direct and alternating - cur 
an average of over 750,000 Se, and producing a Pumping 1,479 rent motors .. . ‘ . ° ° 1,592 
total output which represen an addition of over Winding 764 Motor generators, converters, 
s0,000,0002, sterling to the value of the material used. Other descriptions | 3,969 and transformers .. : 494 
The general table, summarising the results, gives the : — - Switches (starting and con , 
selling value of the  o~ output, material used, the work Total—Steam-engines .. 9,231 | 3,103 21 | 12,355 ‘ ere ete a 
ws . . veaant —_—— — -— Swite rds .. ; at 
given out and, paid for by the beast pres firms, the net Internal combustion-engines (ex-, 1,729 109 1,838 Other descriptions \ 80 
output (deducting the two last-named items), the number | “cept motor vehicles). SPD STOR arrears 
of persons employed, and the net output person | Hydraulic prime movers .. 402 14 416 Total—electrical machinery 4056 99 1 4,156 
— The general figures applying to shipbuilding | Other prime movers 453 87 | — 540 Me ——|—— = 
i i llow :— whi . Pe Electrical instruments of ali 
a ‘au agen buslds Bend . a sy (other than electri kinds (meters, measuring in.| on 
reneral Results oj tpbuilding, Engincering, Es it | . a , struments, &.) .. : F . * 
and other Industries. an machinery 1 = 1 Bi = — Primary batteries .. se : " . 109 
sa ein > Ne a ’ rend \’sy2 | Secondary batteries i m 434 | 434 
(1 = 10007.) Hydraulic machinery 1,056 | 357 | .. 1,413 ¢ | 
; ae ae Machine-tools .. oe 2,306 | 409 oe 2,715 | Lamps and parts thereof (except) ° 
. - : Mining machinery ca 933 190 “~ 1,123 carbons) :— 
, 2 |¢8 S 3 - Textile machinery .-| 12,031 596 | 297 | 12,924 Glow lam ‘ se — . 235 
= z s a a | ps | 
o Oo {© : Sod = = Other descriptions ; 8,219 | 4,003 | 22 | 12,334 Arc-lamps and searchlights. . | * « 296 
RQ . = a = —_— | » — 
s z eg x ia § = £3 Total—machinery (other| | Total—lamps and parts 
ag 5 2 E _ =o sy 33 than electrical) 27,404 | 7,200 | 342 | 34,955 thereof .. Me ..| 460 1 461 
— 4 moe | } 
B= S |\Oek BBE | , &= | Implements and tools and parts Telegraph and telephone cables :— 
a = 2 E 4 I 
a> Ee 43s! 68 & &§4 Et thereof :— } | ubmarine .. is a REP: 1,102 
Su «S (£5) S°s | FS | Se Agricultural 1,136 | 93] 24 | 1,953 Land a wei. | Si) 
EE 8 <5 $s5 | se 8 Other sorts 667 | u0| 2 | ‘669 —— | — 
ef es A 2 ES Bc Mt - PSE, Total — telegraph and 
1. 2. 3. i“ 5. 6. Total—implements and| ae telephone cables 1,911 | | 1,911 
ani ee ee ee ee tools 3 7H 7 1,608 | 203 26 1,922 Electric power and lighting 
£ 2i\2 £ £ at PON ete aces ECS, cables : 
Shipbuilding yards — : ee ee - cycles, | 938 eo | 8 | 1,006 Paper and bitumen insulation \ { | 1,822 

and marine engi- Machine apes antl : "| 9168 | 990 | 38 4196 Rubber insulation . a * 4% 4 1,300 

neering works — I inery accessories e069 | 302 51 | 2'692 Other & unclassified insulation J \ 729 

private firms 41,660 17,895 6,087, 17,678 184 | 96 — = a 178 ei 7| em il } [a | 
Engineerin fac- Steel nantes 241 | 98 : | 260 || Total — electric power 

tories (including 8 el i a 1,242 BT > 30 and lighting cables 3,983 | 68 3,351 

electrical engineer- teel forgings oSES | oe 2 1,301 aE! Pen 

ing).. ee .. 101,599 48,323) 3,851 49,425 455 | 108 | Ordnance :— Transmission apparatus and 
Cycle and motor fac- Guns, gun-mountings and) | || plant(including insulators, con- 

tories - ..| 10,643 5,063 181 5,399 46) 115 carriages, and partsthereof! 2,763 2,763 || duits, poles, &c.).. oe : . 539 
Shipbuilding — Go- A ition and Pp ts, in- Electrical accessories ny : B92 

vernment yards cluding torpedoes and mine |Telegraph and telephone acces- em 

and _ lighthouse mF - 2 - agplienoes, . ae | 753 sories ie “ + hi . . 307 

authorities om 6,450 3,961 2,489 25 ik — es — —_ Contract work in United King- 

i ] ’ oan — c ges, wagons, | sees 144 1.479 1] dom (exclusive of materials 

The general results are commented upon in our leading | Tanks, cisterns, &.  .. |) 255 54 309 Gre above? Pe eae 
article on page 80, and here we propose only to give the] Brass and copper alloys and - ‘Teeeee works — a & . s 47 
principal tabulated results :— manufactures “s “e 645 88 9 742 | Electric power or lighting 

Yh a Nida ‘ y All other products :— | works .. os as , . “ . 1,200 
eering. 
igang and Maries Shytewe Semi-manufactured .. 1,066 | 145; .. | 1,211 ||Repairs and maintenance work 
(A) Private Firms. (1 = 1000/.) Finished ..  .. . «| 1,869 | _ 184 | 8 | 1,501 || for customers een . . 391 
] Iron and steel structural work ++ 3,793 1,063 | 21 4,877 || — 
England, | — Work in progress .. in 6,126 1,166 49 «6.340 || Total value of goods made 
| Wales. & | Scotland United | Repair and Jobbing work.. 5,429 | 625 | 136 | 6,190 || and work done .. - 
Ireland. | * Kingdom. ‘is ig i} B. Electrical engineering, 13,410 864 8| 18,782 
‘ : Total value of output and/ | | | — 
ides. } £ £ £ work done.—A. General i | Grand total.—General and | | 
ieee 2 7 te 2,342 1,170 3,512 engineering .. 71,471 | 15,628 | 718 | 87,817 electrical engineering ..| 84,881 | 15,992 | 726 | 101,599 
Steamships, other ‘than War ; ‘ DS a ee ee Se ES 
\ — > Bt 1 * In order to avoid the possible o_o ! pies relating to certain firms, figures can only be shown 
ron or Steel :— for the Uni Kin, vhole. 
Hull and fittings 11,485 7,708 19,198 gtom oso whele 
inery 2,267 865 4,129 . ‘ 
—" at nis Cycle and Motor Factories. Tue Royat Sanitary InstiruTe.—A course of lectures 
Hull and fittings 174 59 233 (1 = 10007.) to assist students entering for the examinations on 
_ eee. we 56 45 101 | —— ——___—___——- —_———_———. |hygiene in its bearing on school life, and for women 
Sailing Ships, other than War Bestend United | health visitors and school nurses will be given in the 
bi hg 85 98 183 er | an Scot- | Ire- | King. | Royal Sanitary Institute and Parkes Museum, commenc- 
oC eee 58 2 80 | Wales, and. | land. | “Gom. | ing on Monday, March 14 next, at 7 p.m. The course will 
3oats (including Barges) :— aE Eee eas : . : . consist of lectures and practical demonstrations on 
Ironor steel .. =... 162 115 277 | Motor vehicles(otherthan motor £ t | physiology, personal hygiene, and the sanitation of school 
Wood .. a Bs i 121 27 148 cycles) . . . = = uildings and dwellings; on the eens of child-life 
a aoe — and educational meth A fee of 12. 1s. will be charged 
(Made for other Ipbullders):— A | anal Z . ; 
Steam-engines 4 ba ..| 2,297 2,494 4,791 Totai—motor vehicles and aos — on course. —_ various ——— Ng eee ee = 
Internal-combustion engines 9 18 27 chassis ne ..| 3,382 19 | .. 3,577 a we sng aut gan Ny a * A. pes — i 
Other ships’ machiner; 41 219 260 , m i . 9, eS oe lagrams, drawings, models, and lantern- . A ° 
Engineering, other than ‘arin oe ” “vans % sce 7 ag — onium should be sent to the Secretary of the Institute, 
engineerin, a a 86 67 153 | Motor parts and accessories (in- 90, Buckingham Palace-road, 8. W. 
Floating docks, stages, and other ‘cluding lamps)....—«.|_— 461 12 47% 
Shi eyo work .. °° “* 140 13 = Cycle and motor-cycle parts and 
ships’ fittings “ 118 145 2 . +e ifliee 
All other products. . 129 24 153 ae 72 72 Tue InstituTe or Marine Enoingers.— The ad- 
Repair work... 6,593 1,111 8,004 Saddles we ad 8L 81 |journed discussion on Mr. H. Ruck-Keene’s paper on 
: Other parts and accessories 1,472 6 1,478 | **The Treatment of Marine Boilers on Long Voyages,’ 
T an ee of goods made and nen 15.197 41,660 All other products - oe 97 _3 es 100 |took place at the Institute of Marine Engineers | on 
hx ce af , ii “ epairs  .. es °° oe] _ = | 21 4 Monday, the 10th inst. In roplyis to the various points 
sa - —_—— —_—_—__—— Work in progress .. de o~ which had been raised, Mr. Ruck-Keene said it would be 
(B) GOVERNMENT DEPARTMENTS. (1 = 10000. ) Total value of goods made preferable to have feed-water filters on a in oe 
. United and work done | 10,258 359 | 26 | 10,643 | Soda was very good to use under some conditions, but i 
Ships :— Kingdom. | should be put in on the engine side of the filter, to pre- 
"st be a vessels :- , ~~ =r to void the possible disclosure of particulars relat vent the oil and other matter being carried —- 
steamships, other an war vesscis :— * In order a a 4 . . . iti . Bad “ jon 
iron and steel -— ing to certain firms, figures can only be shown for the United the cloth in a saponified a hi circulati 
Hull and fittings... rd id _ - 35 Kingdom as a whole. assisted the collapse of furnaces. In his opimion zinc 
Boats, including barges and lighters : plates were very essential as a safeguard against cor- 
ORGIES gs inet on! Stas 19 rosion, but studs should be used, and care taken to 
Wanc's: Repairs, reconstruction, and refite .. —.. 2220 Trcunics or BLAck-SMITHING.—The Verein Deutscher | secure a good metallic contact. He did not think 
ork carr out by dockyard employees on contract- - Maschinen-Ingenieure offers a prize of 200/. for the best | any boiler should be worked at a density of gy in., 
ps .. . . . “ “ “the P: t State of the Technics of Black-| because at that density sodium chloride began to de- 
All other products :— essay on “the Present of the techn a if Stak either that the water could 
we ee ee ee ee 10 Smithing.” The offer is made in view of the fact that, — He did not think cither e water co 

Furniture A as et ene 2 while great progress has recently been made in tool too fresh, with a view to secure freedom from aeration. 

beaae cl. Se eee 39 machinery the ordinary black-smith continues to work | The a cleaning out of the boilers was the onl 

Miscellaneous work for other Navy Departments 1” very mach as of old; improvements have at any rate| treatment he could suggest as effective after roug 

Miscellaneous work done for other Departments 29 | not yet | me common property, and the waste of fuel | conditions of working. e considered it advisable to 

Total value 5907 and of muscular strength practically remain unchecked. light the fires in all the furnaces at the — time. 
Dockyard workshops: good rad Sti a aie 56 Essays should be written in German, and be sent to the | Forced draught, if not used carefully, ane rm a lency to 
Lighthouse authorities capalee sige open sale "98 office of the above Association, Berlin, S.W., Lindenstr, | cause collapse through the danger o . e heat md y oo 
‘ Pigs 2" Or 80, before April 1, 1911. The author can reserve to him- centrated in one spot ; collapse was also sometimes due 

6450 self the right of publication of his work, to the rigidity of the stays. 
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STEAM-YACHT WITH BOILER FOR OIL FUEL. 


CONSTRUCTED BY MESSRS. T. A. SAVERY AND CO., 


Fig4. 


























870. 


AmoneG the great advances made in almost Jevery 
direction in the engineering world of late years, there 
is, perhaps, no more striking instance than that made 
in small marine machinery. “his is particularly true 
as regards internal-combustion engines, but consider- 
able advance in steam practice has also been made, 
and we have before us particulars of a set of steam 
machinery recently supplied by Messrs. T. A. Savery 
and Co., Birmingham, ee a steam-yacht of nearly 
20 tons displacement, which we illustrate above, and 
which goes far to substantiate the above statement. 

This yacht, illustrated in Figs. 1, 2, and 3, is 50 ft. 
in length over all, 8 ft. 6 in. beam, and 4 ft. 6in. draught, 
with a moulded depth of 7ft. It has been designed for 
cruising and general service on the west coast of Scot- 
land, and is capable of withstanding heavy weather. 
As it is intended that the vessel shall always be in 
commission, winter and summer, except only when laid 
up for painting and overhauling, and as her conditions 
of service are severe, a cheap fuel was essential ; also, 
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as the greatest possible cabin accommodation was de- | 
sired, the machinery space had to be kept as small as 
possible. Again, owing to the dangerous coast, strong 
currents and tides, steam was specified, owing to its 
flexibility and great reliability. To meet these various 
conditions it was decided to fit a set of the makers’ 
standard C.S.C. machinery and a straight-tube water- 
tube boiler, fired with their patent system of crude-oil 
firing. There was aclear space fore and aft of 7 ft. 4 in. 
between the water-tight bulkheads, and the machinery 
was satisfactorily installed in this small space, includ- 
ing the oil-tanks, of 200 gallons capacity, and various 
auxiliary gear, still leaving comfortable s for 
driving, &c. The machinery is not of a special type, 
but is an embodiment of good marine engineering prac- 
tice. The whole of the work is of the highest quality 
throughout, and of great durability. 

The boiler, shown in Fig. 4, is of the firm’s standard 
straight-tube type, so arranged that any one tube can 





be renewed without disturbing the others, The tubes 

















are divided into nests or elements, the number of such 
elements varying to suit the power desired. Ever) 
joint is arranged with a metallic facing, so that it can 
re-made with ease and certainty, doing away with 
the old, troublesome, and slow gasket or soft-jointing 
material. This feature is particularly noticeable on 
the main lid joints. : 
A steam-dryer and a feed-water heater are fitted in 
the boiler casing, as may be seen in the illustration. 
The principle of the patent system of firing is that 
comp air is used at the burner, instead of steam, 
for atomising the oil, a small air-compressor being 
fitted on the low-pressure rod for this purpose ; and i 
is claimed that by using air a very great economy !* 
obtained. When the machinery slows down or 's 
stopped, the air-supply pressure to the burners is auto- 
matically supplemented by superheated steam, 50 
maintaining the pressure uired to continue the 
atomisation of the oil at the burners. An automatic 
regulator is fitted to effect this change-over from air to 
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THE SIMPLON COMBINATION DRAFTING-MACHINE. 


CONSTRUCTED BY THE SIMPLON MANUFACTURING COMPANY, LTD., CARLISLE. 
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Fig. 1. 




















Fig. 2. 


steam, and this regulator is so sensitive and quick that, 


a variation of ¢ lb. pressure will set the regulator in 
action. This fitting can be seen on the port side of the 
boiler in Fig. 6. An adjustment is arranged so that 
the regulator can be set for any desired pressure. Of 
course, the steam for the burner is only required when 
running very slowly, or when the vessel is working 
into dock ; hence the increased consumption of oil for 
the short space of time, at the low powers during these 
periods, is immaterial. Ordinary crude oil or fuel oil 
can be used, or any of the refuse oils generally known 
as crude oils. or this yacht oil costing 1d. per 
gallon is being used, this being obtainable almost 
anywhere in Great Britain. Upon emergency, paraffin 
may be used, but is, of course, more costly. 

The engine, which may be seen in side and end 
elevation in Figs. 5 and 6, is of the usual open type, 
having cylinders 4 in. and 8 in. in diameter, with a 5-in. 
stroke. Solid balanced cranks and hardened piston- 
valves are used for both cylinders, and all the valve- 
gear is hardened and ground to dead sizes. The 
air-pump, feed-pump, and air-pressure pump for the 
crude oil are driven at a uced speed by means 
of a worm drive and cross-shaft at the forward end of 
the engine. This arrangement gives great accessibility 
to the engine on both sides. These engines are prac- 
tically silent-running and very free from vibration, 
the sound of the air-compressor valves and the 
slight hum of the burners being all that is audible 
when standing by the engine-room hatchway. 

Juring the works trials 44.21 brake horse-power was 
obtained when running non-condensing for a two-hours’ 
trial, but it is claimed that this is not the maximum 





output of the boiler. On the measured mile in the 
Gareloch, 55 indicated horse-power was recorded with 
a steam consumption of 17.72 lb. per indicated horse- 
power hour. 

The makers’ system of condensing machinery calls for 
particular attention. The condenser is of the ordinary 
outboard ‘*D” tube type, but is so arranged that, by 
using a special air-pump of their own design, an abso- 
lutely steady vacuum is always maintained, this 
usually ranging above 28 in. ; being, in the case of the 
trial, 284 in. 

Great speed was not aimed at, neither would the 
yacht’s lines permit of it; but in view of the dis- 
placement, the speed of 9 knots, as obtained on the 
measured mile in the Gareloch, may be considered 
satisfactory. The total weight of the machinery, in- 
cluding all the gear, condensers, stern gear, shafting, 
and propeller, but not including the fuel or fuel-tanks, 
is 31 ewt. 

After completing her trials on the Clyde the vessel 
was handed over at Gourock and steamed straight 
away from there to her destination, a distance of some 
120 miles, and the average speed throughout was 
9 knots, the machinery being run at practically full 
power for the whole journey. The consumption of 
oil was slightly over 4 gallons per hour, or, in other 
words, at the exceptionally low figure of under 8d. 
per hour. The oil was checked at Gourock and again 
at the finish of the journey, so that all waste and loss 
due to stopping and starting while passing through 
the Crinan Canal were taken into account. e 
amount of oil required for raising steam was also 
included. 


THE SIMPLON COMBINATION DRAFTING. 
MACHINE. 

THE handy drawing instruments which have during 
the last few years been brought out by the Simplon 
| Manufacturing Company, Limited (several of which 
we have already described), are now well known to 
draughtsmen, and, to judge from the numbers that 
have been sold, are much appreciated. ‘here is, 
however, one, which has quite recently appeared, 
which will, we think, not long remain behind its 
| predecessors in public favour. This is a combina- 
‘tion drafting - machine, illustrations of which are 
| ee. As will be seen from these illustrations, 
the apparatus consists of a special type of board, at 
each end of which is fixed a fine machine-cut brass 
rack, into which a pinion meshes, the pinions being 
connected together by a steel spindle attached to a 
celluloid straight-edge. ‘The construction of the board 
itself will be better understood by the help of 
Fig. 2. It is made of the best seasoned pine, 
and is rather thicker than drawing - boards are 
usually made. It is also not cut and grooved on the 
back and ends, as is usually the case, for it is held by the 
makers that this cutting and grooving only weaken 
the board. At each end of the board is a stout shield 
of |. section, made of mahogany, which, besides form- 
ing a convenient working-edge for a T -square (when 
one is used) also serves as a stiffening batten. At the 
back of the board, as will be seen in Fig. 2, are two 
mahogany tapered shoes, or slopes, which are designed 
to give the usual tilt to the board when required, 
Being hinged, however, they can be folded up to allow 
the board to lie perfectly flat if necessary. 

The mechanism which relates to the actual drawin 

art of the machine is shown in Fig. 1. The usua 
Fcsmats is replaced by a celluloid straight-edge 
having carefully-bevelled parallel edges, and on the 
under side of this straight-edge, at convenient places, 
are attached very thin transparent slippers, which 
serve to minimise the amount of friction which would 
otherwise occur at the surface of the paper. ‘The 
straight-edge is controlled by means of a steel spindle, 
which runs in gun-metal bearings fixed to the blade, 
To each end of this spindle is attached an accurately 
cut pinion, which engages with the rack before alluded 
to. By this means a very sensitive and perfect 
parallel motion is obtained, even though the draughts- 
man should hold the blade at the extreme end for 
adjustment. At the centre of the spindle is a split 
bearing provided with a locking screw and nut, 
whereby the straight-edge may be securely locked in 
any position. This is naturally a great convenience, 
because it allows the operator to have both hands 
at liberty to apply to the set-square or other 
instrument. Electro-plated steel brackets are fitted 
to the ends of the blade, and overhang the racks. On 
these brackets’ are placed adjustable rollers which 
travel along the undersides of the racks, the purpose 
of the rollers being to maintain a regular and con- 
tinuous meshing of the pinions with the teeth of the 
racks. The straight-edge can be removed by simply 
slacking the right-hand roller-nut and running the 
blade down to near the bottom edge of the board, 
where it can easily be detached. The spindle is fully 
enclosed in a fluted black celluloid shield, and all the 
bearings and other parts are electro-plated. These 
boards can be conveniently used in an upright posi- 
tion, if required, by merely fixing cords to the ends of 
the blade, the cords being carried round pulleys at 
the top corners of the board, weights sufficient to 
balance the straight-edge being attached to the free 
ends of the cords. We understand that many engi- 
neering firms throughout the country are now having 
their upright boards fitted with the *‘Simplon ” com- 
bination parallel arrangement, and special balance 
arrangements are supplied by the makers. 

The set-square shown lying on the board in Fig. 1 
is adjustable, and is made of transparent celluloid. It 
is a combined set-square and protractor, the degrees 
on the latter being carefully engine - divided, and 
figured on the under side so that they can be read 
through the celluloid, by which means perfect accuracy 
in setting is easily obtained to 4deg. Equally inclined 
lines and right angles, to any + erygesenne aet, may 
easily be produced without either reversing or re- 
setting the set-square. No other set-squares or addi- 
tional instruments are required when drawing straight 
lines. When the square has been set to the desired 
angle, it can be locked by the small nut at the outer 
edge of the slotted quadrant. The transparent blade 
of the straight-edge can be used over several thick- 
nesses of paper by Se meer the rollers that hold the 
pinions in gear with the racks. 

The apparatus is manufactured by the Simplon 
Manufacturing Company, Limited, late of Barrow-in- 
Furness, but whose address now is Londsdale-street, 
Carlisle. 











THe RANKINE-GORDON AND EUvuLER’s FoRMULA FOR 
Cotumns: Exrata.—In Professor Lilly’s article on the 
above subject on page 34 of our last issue, first column, 
lines 21 (equation 18) and 30, for ‘‘5” read “‘¢,” 
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THE CHARPY IMPACT-TESTING MACHINE. 


In one ot our preceding issues (vol. lxxxviii., page 
439), when reporting upon the Copenhagen Congress of 
the International Association for Testing Materials, we 
gave in detail the discussion which was raised in regard 
to the Charpy impact-testing machine. Mr. Charpy 
is engineer to the Compagnie des Forges de Chatillon, 
Sommentry et Neuves-Maisons, at Montlucgon, France. 
The machine is built by this company, and we illus- 
trate in Figs. 1 to 7 on page 80 the No. 1 type. This 
nas a power of about 200 kilogrammetres (1445 foot- 
pounds), and a maximum striking velocity of 7.8 metres 
(25 ft. 7 in.) per second. ‘The principal part of the 
pendulum consists of a hammer M. shaped flat so as to 
pass within the space between the supports carrying 
the test-specimen, the hammer being further grooved 
out in order that the axis of the striking edge be the 
vertical through the centre of gravity. The hammer 
is suspended on a light and strong frame formed of 
weldiess tubes, connected together by stays, as shown 
in Figs. 1 and 2; the latter are of steel wire, and 
their tension is adjustable. The suspension is so 
designed that the centre of percussion arrives prac- 
tically on the axis of the test-specimen, so as to 
reduce vibrations and reaction upon the centre of the 
pendulum suspension. The suspension is illustrated 
in Fig. 3. An index-hand A, shown in this and in 
Fig. 4, is mounted with an easy frictional fit on the 
centre, and is drawn with the suspension frame when 


this rises after fracture of the test-piece ; the division b 


at which the hand stops indicates the maximum 
height at which the hammer has risen. 

The test-piece supports are movable in their steel 
bed-plate, the whole Seine carried on a cast-iron anvil 
and held fast by wedge-keys ; the arrangement makes 
it possible to test notched specimens resting on 
two supports, the shape and the bearing length of 
which can be varied. Figs. 2 and 5 show the arrange- 
ment for impact bending tests of notched bars. 

The machine can be ps Baar for impact tensile tests 
by making use of the device shown in Figs. 6 and 7. 
For these tests, the test specimen is screwed at one 
end in the rear of the hammer, and at the other in a 
cross-piece, which, when the pendulum is at the lowest 
point of its travel, strikes two squares E keyed to the 
anvil in place of the supports for the bending test. 

The hammer is raised by means of the traveller B 
(Fig. 1) and the small hand-winch D ; the hammer and 
traveller are connected together for raising the former 
by a lever and catch C. The maximum height of drop 
counted at the centre of gravity is 3.10 metres 
(10 ft. 2in.). The circular path is designed so as to 
form a brake, and to stop the oscillations of the 
hammer after fracture of the test specimen. For this 
purpose it is jointed at top, and is connected at its 
lower part with a lever, which raises it and brings 
it in contact with a metallic brush fitted at the 
bottom of the hammer. 

The radius of the pendulum is 4 metres (13 ft. 14 in.), 
and that of the centre of gravity 3.672 metres 
(12 ft. O4 in.). 

We illustrate the smaller type of machine in Figs. 8 
to 12. It has a power of about 30 kilogrammetres 
(217 foot-pounds), and a maximum striking velocity of 
5.28 metres (17 ft. 3}$ in.) per second. It is of a similar 
design to that of the larger type of machine. The 
principal part of the pendulum consists of the hammer 
M, shaped as shown in Figs. 8 and 11, and suspended 
at the end of a light hollow bar. The centre is sus- 
pended on _ball-bearings (Fig. 10), and an index-hand, 
as in the larger machine, is mounted with an easy 
frictional fit, and travels over a graduated semi- 
circle with the hammer when this rises up after frac- 
turing the test specimen. ‘The latter is held, as shown 
in Figs. 8 and 9, in cast-iron supports in the two 
uprights, which are bolted down to a cast-iron bed- 
plate. Figs. 11 and 12 illustrate the device fitted for 
impact tensile tests; it is similar to that used with 
the larger type of machine. 

The ld is raised up for action by hand, and is 
held up by a catch operated direct by a small lever D. 
The drop is constant, and 1.420 metres (4 ft. 72 in.) in 
height. A band-brake B, Fig. 8, worked by the hand- 
lever C, enables the hammer to be stopped rapidly 
after fracture of the specimen. 

The weight of the falling part of each machine, the 
— of the centre of gravity, and the heights of 
drop, counted from the centre of gravity, are all deter- 
mined experimentally, and are marked on the machine. 
The heights at which the pendulum rises back after 
fracture of the specimen are calculated from the radius 
of the centre of gravity, the angle of rise being read 
on the graduated semi-circle. The difference between 
the height of fall before fracture and rising back after 
fracture gives the work absorbed. In order to have 
an exact value for this it is necessary to take into 
account the vis-viva absorbed by friction and that 
absorbed by fragments of the test-specimen. In order 
to. determine the work absort by friction, the 


pendulum is caused to oscillate freely, and the de- 
crease in the oscillations due solely to friction is noted 
down ; this gives a table of corrections. The required 





correctioas can also be arrived at by noting the angle of 
rise of the pendulum in the oscillation following that 
which caused fracture. Thus, calling H the height at 
which the pendulum rose after fracture, and H!' the 
height after the following oscillation, the work to be | 
deducted from that calculated in order to take | 


—_ Fy 
friction into account, is P = — When thecentre | 
is correctly adjusted, the necessary correction is very 


slight. 

4 regard to the work absorbed by fragments of the 
test specimen these fragments may be considered to 
take the same velocity as the pendulum itself ; the 
weight of the test specimen being very light compared 
with that of the pendulum hammer, the correction 
would be very slight, and it can be neglected in current 
practice. 








Tue InpusTrRtIAL Epucation or CHILDREN.—It is pro- 
to constitute a National Industrial Education 
ue, whose object will be to secure such changes in 
the methods adopted in primary schools during the last 
two years of a boy’s education—that is, from 12 to 14 years 
of age—as shall render him better fitted to enter into in- 
dustrial life. For instance, it is proposed that the 
present problems and examples set in arithmetic, which 
are now mostly of an academic or supposititious character, 
shall be replaced by others taken from the actual every- 
day requirements of shops, offices, and factories. It is 
suggested that lectures shall be given, dealing in the 
roadest and most elementary way with the nature of mate- 
rials used in manufacture and sold in commerce. The 
idea is to bridge the gulf which separates the artificial 
atmosphere of the school from the gam life of busi- 
ness, and to render boys—and possibly girls—acquainted 
in a general way with the names and qualities of the 
materials with which they will have to deal. It is 
thought that in this way their entrance into commercial 
life will be facilitated, and that the proportion who grow 
up without learning any trade will be reduced. It is not 
desired that any specialisation should be attempted, but 
that all boys should attain some smattering of practical 
knowledge of business and manufacture. The scheme 
has received the approval of large numbers of educa- 
tionalists and trade-union leaders, and it is proposed to 
hold a meeting after the present political turmoil has 
In the meantime the offices of the organisation 

are at Craig’s-court, Charing Cross, 8. W. 





PERSONAL.—Messrs. Hickman Batchelor and Co., 
Limited, Broad Street House, E.C., have been appointed 
by Messrs. Wright, Bindley, and Gell, Limited, of 
Birmingham and Sheffield, their sole agents for London, 
as concerns export to Japan and China of umbrella-rib 
wire, paragon wire, ribbon steel, and tempered wires.— 
Messrs. H. J. Skelton and Co., offices at Royal London 
House, Finsbury-square, E.C., have decided, owing to 
the increasing growth of their trade, and for greater 
convenience of management, to transfer toa separate com- 
pany their business in broad-flange beams, The name 
and address of the new company will be: R. A. Skelton 
and Co., Moorgate Station Chambers, Moorfields, E.C.— 
Messrs, A. Reyrolle and Co., Limited, Hebburn-on-Tyne, 
have a large number of lantern-slides, illustrating their 
various manufactures in connection with mining, power 
installations, central station-work, &c. They will be glad 
to lend sets for use for lectures at colleges, engineering 
society meetings, &c.—Mr. T. G. Howes Thomas, Assoc. 
M. Inst. C.E., for ten years in the Engineering Department 
of the London and South-Western Railway Company, 
and formerly with the late John Anstie, Assoc. M. Inst. 
C.E., of 17, Victoria-street, has now set up in practice as 
a consulting and civil engineer, at 47, Vistisle cureih. 
Westminster.—Mr. Verdon O. Cutts, Town Hall Cham- 
bers, 87. Fargate, Sheffield, is starting business in his 
own name as an electric power and lighting engineer for 
supplying the requirements of steel works, mills, and 
collieries. —Messrs. Walters and Co., engineering agents 
i and lighting experts, Ocean Chambers, Bir- 

am, desire to give notice that they now hold the 
sole agency in Birmingham and the Midland Counties 
for Messrs. Greenwood and Batley, Limited, of Leeds, 
for the whole of their manufactures in dynamo electric 
machinery and De Laval steam-turbine plants. The 
also represent Messrs. Bergtheil and Young, Limited, 
London, for their patent ‘‘ Bandy ” single-phase repulsion 
motors.— Messrs. Hulse and Co., Limited, Ordsal Works, 
Salford, Manchester, have appointed Messrs. Hartley and 
Hopper, 21, Mosley-street, Newcastle-on-Tyne, their 
representatives for the North-East Coast.—The Stern- 
Sonneborn Oil Company, Limited, Royal London House, 
Finsbury-square, E.C., inform us of the death of their 
senior managing director, Mr. Julius Wallach. The 
company’s business will continue to be conducted as 
hitherto.—-We are informed that the board of directors 
have thought it expedient to change the title of the Simms 
Manufacturin Nagy pd to that of the Simms Magneto 
Company, and for this pu it has been necessary to 
mer the present Magneto Company into a purely formal 
iquidation in order to secure the change of title. The 
Simms Magneto Company, Limited, will then be in 
exactly the same position as to status and capital as the 
Simms Manufacturing Company, Limited, at present. 
Any account with the Simms Manufacturing Company, 
Limited, will, in future, be with the Simms Magneto 
Company, Limited.—Messrs. Buck and Hickman, Limited, 
of London, Birmingham, Manchester, and Glasgow, state 
that they have severed their connection with the Hales- 
owen Steel Company, Limited. 
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RECONSTRUCTION fl THE TYNE NORTH 
PIER. 


4 

Art the ordinary warns of the Institution of Civil 
Engineers, held on Tuesday, January 18, Mr. James 
Charles Inglis, President, in the chair, the paper read 
was ‘‘ The nstruction of the Tyne North Pier,” by 
Ivan Collingwood Barling, M. Inst. C.E. The following 
is an abstract of the paper :— 

Prior to the constitution of the Tyne Improvement 
Commission in 1850, the conservancy of the River Tyne 
was in the hands of the Newcastle Corporation, which, 
although claiming to ‘‘maintain its condition,” seems to 
have hesitated to carry out any marked improvement. 
The first act of the newly-constructed Tyne Improve- 
ment Commission was to obtain advice as regards a com- 
prehensive scheme of dealing with the river as a whole. 
‘The opinions of the experts differed, and at the sugge: 
tion of the Admiralty the late Mr. James Walker, Past 
President of the Institution of Civil Engineers, was asked 
to consider the various schemes, and to amalgamate them 
with such modifications as he thought desirable, his 
decision to be taken as final. As regards the entrance 
to the river, Mr. Walker recommended the construction 
of two piers, and the work of building these was let by 
contract in September, 1855. Owing to serious disputes 
the contract was dischar in 1862, and from then until 
the completion in 1895 the work was carried out depart- 
mentally. : 

The piers throughout, with the exception of a very short 
length at the root of the north one, were built upon rubble 
mounds which were brought up to levels varying from 
1 ft. to 31 ft. below low-water of spring tides. Below the 
mounds was a stratum of sand the thickness of which did 
not as a rule exceed 10 ft., and below this again was firm 
shale in some places and boulder clay in others. The 
north pier alone forming the subject of this paper, no 
further reference is made to the south one. The pier 
seems to have withstood the storms well until the winter 
of 1893-4, on the termination of which it was found that 
certain of the foundations had been disturbed ; from this 
date until the breach was formed in January, 1897, an in- 
cessant fight with the sea was carried on, the repairs 
effected during each working season being rendered abor- 
tive by the storms of the succeeding winter. 

Sir John Wolfe Barry, K.C.B., and Messrs. Coode, 
Son, and Matthews were called in to advise, and upon 
their joint recommendation the works described in the 
paper were carried out. It was evident that it would 
be necessary to lower the foundations considerably, 
and, further, that when this was being done it was 
useless to found on anything ome the hard material 
underlying the sand and the rubble mound; but the 
length of work to be treated was by no means so 
easily settled. The shoreward end of the breach, at the 
time when these matters were under discussion, was 
situated at a point some 500 lineal feet from the centre 
of the roundhead, and the breach itself was about 300 ft. 
in length. It was ultimately decided that rather than 
rebuild, on the existing site, the outer 750 lineal feet of 
the pier, it would be better to carry out double this length 
of new work under shelter of the remains of the old pier, 
the latter course being possible without making an un- 
sightly job owing to the curved plan of the old structure. 
The new pier consists of blockwork throughout from foun- 
dation to quay-level, and the preparation of these blocks, 
together with the erection of the temporary staging to 
carry the cranes, by means of which practically the 
whole of the foundations were prepared and the blocks 
set, first claimed the attention of the contractor. 
Although the}; use of goliaths, as opposed to over-end 
machines, involves the erection of costly staging, an 
enormous advantage in the rate of progress is secured. 
The external blocks throughout are faced with granite, 
and both these, and such as constitute the hearting, are 
com of 6 to 1 Portland-cement concrete. A header- 
bond was adopted, all blocks being 6 ft. wide, the length 
varying and the depth being one or other of a limited 
ber of sizes to suit the different courses. The 


num 
staging consisted of trestles, each ae of six 
to eight Oregon piles braced together with old double- 


headed rails, the space between two adjacent trestles 
being spanned by latticed girders. To protect the neigh- 
bouring foundations of the old work while the new 
junction was being made, a transverse dam of cylinders 
was put down as near to the old work as was thought 
safe. The cylinders were sunk partly by grab and partly 
by hand labour under air pressure. In preparing the 
foundations for the new work, large grabs were used for 
excavating the bulk of the material, and the final levelling 
up was done by bell-divers. : 

As regards the upper work in the original pier, a raised 
promenade, occupying almost half the width of the pier, 
was provided, and beneath this, at a uniform distance 
apart of 50 ft., were alcoves. Provided the wind be from 
the north or east, even in very moderate weather, the 
sea breaks over the pier, and as the alcoves under such 
circumstances had been found to provide inadequate 
protection to the light-keepers when passing between 
the lighthouse and the shore, a tunnel has been substi 
tuted for these throughout the whole length of the new 
work, the raised promenade being retained. The floor of 
the tunnel is about 6 in. above the level of the quay, and 
access is obtained from one to the other by openings at 
intervals of 100 lineal feet. ; 

According to the original contract, it was provided that 
the old lighthouse should be taken down and re-erected 
on the new roundhead, but during the progress of the 
work it was decided that the old light was by no means ot 
sufficient power for so important a position, and, in 
addition, it was thought desirable to install a fog-signal. 
The Trinity Brethren were asked to advise as to the best 
light and signal, and they recommended that a white- 
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group flashing light, giving three flashes every 10 seconds, 
would meet the case as regards the light, while a reed- 
horn, giving a single blast every 10 seconds, would 
form a suitable fog-signal. It was further recommended 
that the light should be of the third order, and that 
the focal plane should be at a level of 85 ft. above 
high water of spring tides. hese recommendations 
were carried out. The tower is faced with Cornish 
granite, and as the exposure of the site rendered a strong 
and wide shaft imperative, a second-order lantern was 
provided, thus giving plenty of room in case of repairs to 
apparatus, and allowing for the ready replacement of the 
apparatus with a more powerful one should such a course 
atany time become desirable. The fog-signal is operated 
by air at 15 lb. per square inch, the compression being 
effected by one or other of two machines, the motive 
power in one case being electricity, and in the other an 
oil-engine. 

The portion of the old pier co-extensive with the new 
length was demolished down to the level of low-water, 
the debris being deposited between the new and the old 
sites. The length of the pier immediately shoreward of 
that above dealt with had for many years shown signs of 
movement; and as this movement was increasing year 
by year, an investigation as to the cause was made. It 
was found that the lime with which the structure had been 
built was decomposing, and the movement was solely due 
to the swelling incident upon such decomposition. It was 
decided to rebuild such work as was found defective, 
observations having indicated that the defect did not 
extend much, if at all, below the quay-level. The length 
of pier thus found to be defective (about 600 lineal 
feet) was of much the same section as that farther sea- 
ward, but in this shoreward part the ‘‘ pockets ” between 
the cross-walls were filled with quarry débris in place o 
the concrete subsequently adopted. As the quarry débris 
would not form asuitable foundation for certain portions 
of the upper work to be renewed, each ‘‘ pecket” was 
arched over below the quay-level. When the work was 
opened out the defects were found to accord exactly with 
what was indicated by the investigation. The work of 
making good this inner length was let as a supplementary 
contract, and both it and the original contract have been 
carried out at a cost of about 450,000/., a figure well below 
that of the estimate. 








PRINTING, STATIONERY, AND ALLIED TRADES’ ExuIBI- 
vioN.—The fourth international Exhibition of the print- 
ing, we and allied trades will take place at the 
Royal Agricultural Hall, Islington, London, N., from 
May 25 to June 9'next. The president is Sir Henry H. 
Bemrose, J.P., and the organising manager Mr. Frederic 
f Bridges, whose offices are 119, Finsbury-pavement, 

LC, 


Moror-LireBoats.—The Wolseley Tool and Motor- 
Car Company, Limited, have received orders from the 
National Lifeboat Institution for a number of engines 
for lifeboats. In these engines, which are of 40 horse- 
power, no aluminium whatever is used. The bearing 
surfaces are large, reducing repairs to a minimum, 
and allowing the engines. to run for very long periods 
without attention. The engines are enclosed in a water- 
tight hatchway, and cannot be adjusted in any way 
while at sea. A duplicate system of lubrication is pro- 
vided, and the engine is started and controlled entirely 
from the outside of the hatch. The ignition and the 
carburettor have been specially arranged for the work, 
and the engines will run perfectly satisfactorily even 
when the boat is tilted on the alipway, or is being heeled 
at great angles by the waves. 





Our Rats ABRoaD.—The exports of rails from the 
United Kingdom amounted last year to 583,127 tons, of 
the value of 3,370,861. The corresponding totals for the 
ten years ending with 1909 inclusive were as annexed :— 


Year. Tons. Value. Year. Tons. Value. 
£ £ 
190) 373,956 2,366,785 1905 .. 546,569 2,731,854 
1901 .. 466,607 2,736,264 1906... 460,328 2,591,363 
1902 583,543 3,173,203 1907 .. 429,161 2,806,096 
1903 604,076 3,212,700 1908 .. 452,521 2,769,344 
1904 .. 525.371 2,544,289 1909 .. 583,127 3,370,861 


It will be observed that although last year’s rail exports 
were scarcely up to the mark as compared with those 
made in 1902 and 1903 in the matter of value, the past 
twelve months record show a higher figure than previous 
years. The greatest improvement noticeable last year 
occurred in the shipments made to the Argentine Re- 
public, which amounted to 175,827 tons, as compared with 
107,244 tons and 68,156 tons in 1908 and 1907 respectively. 

ELectricaL Equipment OF Ro.iiinc-MiLis.—The fol- 
lowing is a record of running tests made with the electric- 
ally-operated 28-in. cogging-mill equipment recently put 
down by Messrs. Dorman, Long, and Co., Britannia 
Works, Middlesbrough. On November 26 last, during a 
hight-shift of twelve hours, it cogged ninety-two ingots 
l4 in. by 12 in. down to both 6-in. and 5-in. billets in 
4 hours 41 minutes actual cogging time, the total weight 
cogged being 105 tons. The which was built by Messrs. 
Taylor and Farley, West Bromwich, and the electrical 
sguipment, designed and built by the British Thomson- 

ouston Company, Limited, Rugby, gave complete satis- 
faction, The output for which the mill and equipment 
were originally designed was 15 tons per hour, with a 
Possibility of dealing with 224 tons per hour for two hours 
continuously if required. It will be noted that during the 
shift referred to the output of the mill was 22 tons per 
hour for 4 hours continuously. An ingot of from 22 cwt. 
to 25 ewt., 14 in. by 12 in., can be cogged down to a 5-in. 
billet in 2} minutes. This is claimed to be the fastest 
cogging plant in the North. 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, and 3000 tons 
of Cleveland warrants were done at 51s. 64d. cash, and 
51s. 103d. one month. The market closed with sellers at 
51s. 7d. cash, 51s. 11d. one month, and 52s. 64d. three 
months. In the afternoon a stronger tone prevailed, 
and Cleveland warrants were put through at 51s. 9d. and 
51s. 94d. cash, 52s. 7d. March 28, and from 52s. 7d. to 
52s. 84d. three months. The turnover was 5000 tons, 
and closing sellers quoted 51s. 10d. cash, 52s. 14d. one 
month, and 52s. 84d. three months. Hematite was 

uoted 65s. sellers, and 64s. 7jd. buyers three months. 

nm Friday morning the upward movement continued, 
and about 5500 tons of Cleveland warrants were put 
through at 52s., 51s. 11d., and 52s. cash, 52s. 3d. and 
52s. 4d. one month, 52s. 3d. twenty-eight days, 52s. 5d. 
March 2, and at 52s. 11d. three months. Sellers’ closing 
prices were 52s. 04d. cash, 52s. 4d. one month, and 
02s. 114d. three months. Hematite was stronger at 
65s. 3d. sellers, and 65s. buyers three months. At 
the afternoon session the tone was again firm, and 
Cleveland warrants were dealt in at 52s. 04d. cash and 
52s. 114d. three months, with buyers over for each 
position. The turnover of 4000 tons included dealings at 
52s. 24d. twenty-four days and 52s, 104d. April 6, and 
closing prices were 52s. id. cash, 52s. 44d. one month, and 
53s. three months sellers. Hematite—1500 tons—changed 
hands at 64s. 6d. cash and 65s. 6d. three months. On 
Monday morning Cleveland warrants made further 
progress upward, but the market was quiet, and only 
2000 tons were dealt in at 52s. 54d. one month, and 


f | 52s. 94d. twomonths. Closing sellers quoted 52s. 2d. cash, 


52s. 6d. one month, and 53s. 14d. three months. In 
the afternoon the market was steady, and 4000 tons of 
Cleveland warrants were done at 52s. 14d. cash, 52s. 54d. 
one month, and 52s. 94d. two months. There were buyers 
over at the close at 52s. 14d. cash, and sellers at 52s, 2d. 
cash, 52s. 6d. one month, and 53s. 14d. three months. 
Buyers of hematite offered 65s. 6d. three months, but 
there were no sellers. On Tuesday morning the market 
was weak in tone, and 4500 tons of Cleveland warrants 
were dealt in at from 52s. 1d. to 51s. 114d. cash and at 
52s. 10}d. three months. Closing sellers quoted 52s. cash, 
52s. 34d. one month, and 52s. 104d. three months. In 
the afternoon there was another slight fall in prices, 
and the dealings consisted of 2000 tons of Cleveland 
warrants at 51s. 104d. cash and 52s. 94d. three months. 
At the close there were sellers at 51s. 104d cash, 
52s. 24d. one month, and 52s. 10d. three months. 
When the market opened today (Wednesday) the 
tone was flat, but it became firmer, and 7500 tons 
of Cleveland warrants were done at 51s 9d. and 5ls. 94d., 
cash, at 5ls. 114d. five days, and from 52s. 14d. to 
52s. 3d. one month. The close was firm with sellers 
at 51s. 114d. cash, 52s. 34d. one month, and 52s. 10d. 
three months. Standard foundry iron was quoted at 
51s. cash sellers. In the afternoon there was little doing, 
and the business consisted of two lots of Cleveland 
warrants at 51s. 114d. cash with buyers over, and 52s, 4d. 
one month. The market closed with a strong tone, the 
quotations being 52s. 04d. cash, 52s. 44d. one month, and 
52s. 114d. three months sellers. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde and 
Langloan, 63s. 6d.; Calder and Gartsherrie, 64s.; Sum- 
merlee, 66s.; and Coltness, 86s. (all — at Glasgow) ; 
Glengarnock (at Ardrossan), 65s.; Shotts (at Leith), 
64s.; and Carron (at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia continues strong and makers’ prices are firmer, 
the quotation “e being about 11/. 15s. per ton for 
prompt delivery, Glasgow or Leith. A fairly good in- 

uiry is reported for forward lots. t week the amount 
shipped from Leith Harbour was 61 tons. 


Scotch Steel Trade.—A somewhat quiet tone has pre- 
vailed in the Scotch steel trade during the past week 
owing to a scarcity of specifications. The local ship- 
builders seem to be placing their orders very slowly, and 
as a consequence a number of rolling-mills have only been 
partly employed this week. A little general buying has 
taken place in anticipation of higher values. Structural 
sections for prompt delivery have been in fair request, 
but the forward inquiry is rather limited. In light steel 
plates and sheets a good demand exists, both on home 
and foreign account, and there are some good orders on 
hand for shipment during the next few months. Prices 
all round are firm, but the official quotations remain 
unchanged. 


Malleable-Iron Trade.— The malleable-iron trade is 
perhaps a little better this week, and there seems to be 
rather more inclination to place orders. Foreign billets 
have risen in price, and local makers who use these have 
firmed their quotations. The West of Scotland Malleable- 
Iron Makers’ Association have resolved to advance the 
minimum selling prices, but so far the amount of the 
increase has not yet been intimated. The current quota- 
tion for crown bars is 6/. 10s. per ton. 


Scotch Pig-Iron Trade.—There has been no falling-off 
in the demand for Scotch pig iron, and makers of the 
ordinary qualities have lately been in receipt of some 
good orders. Local buyers have been placing orders for 
their requirements rather more freely, and at the 
same time a large export business has also been fixed. 
Prices have firmed up, and forward transactions will 
not be considered except at advanced quotations, and pro- 
ducers are experiencing no difficulty in obtaining their 
own terms. Messrs. William Baird and Co., Limited, 
have intimated that they have raised their Gartsherrie 
and Eglinton foundry pig iron by 1s. per ton. Hematite 








just rather high, with the result that no great amount of 

siness is being fixed up. Before this year began a fair 
tonnage wa3 booked for delivery during the first quarter 
of the year, and dealing for the second quarter is reported 
at 66s. per ton delivered at the steel works. Makers are 
now unwilling sellers under about 67s. 6d. per ton de- 
livered, and even’more may yet be asked. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown a firm tone, 
and it is expected that there will be a strong demand 
when business is more fully resumed after the elections. 
The best large has made 16s. 9d. to 17s. 3d. per ton, 
while secondary qualities have ranged between 15s. 6d. 
and 16s. 9d. per ton. House coal has shown little change ; 
the best ordinary qualities have made 15s. 6d. to 16s. 6d. 
per ton; No. 3 Rhondda large has brought 17s. 3d. to 
17s. 6d. per ton. Foundry coke has been quoted at 19s. 
to 20s., and furnace ditto at 17s. to 17s. 6d. per ton. 
As regards iron ore, Rubio has made 19s. to 19s. 3d. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardifi or Newport. 


Devonport Dock Extension.—Good progress is being 
made witht the widening and lengthening of No. 4 Dock, 
south yard, Devonport. The length of the dock along 
the central line is to be increased by 10 ft., and it is to be 
proportionately extended at the sides. 


Llanelly. — New cold-roll plant erected at the Old 
eal Tin-Plate Works, Llanelly, have been formally 
started. 


The “‘ Petroleum.”—The Petroleum, oil transport ship, 
now in No. 2 Dock at Devonport, for repairs to her 
bottom plating and an overhaul of her under-water 
fittings, is attracting a good deal of attention. She is 
rather less than 400 ft. long and can carry 6000 tons of 
oil-fuel, stowed in six tanks, each holding about 1000 tons, 


Rapid Coaling.— A record naval coaling feat was 
achieved at Portsmouth on Saturday, when 1530 tons of 
coal were loaded into the bunkers of the battleship 
Britannia in four hours 10 minutes, making « rate of 367 
tons per hour. 


The Ne t Coal Trade. — The thirteenth anoual 
dinner of the Monmouthshire Colliery Officials’ Associa- 
tion was held on Saturday evening at Newport. Mr. E. 
Coleman, in proposing “* The Trade of the District,” 
referred to the growing appreciation of Monmouthshire 
coal, A good deal of importance, of course, attached to 
shipment, and he was sure local colliery proprietors were 
interested in the great enterprise of the Alexandra Docks 
Company. 








Tue Copper Market.—Messrs. James Lewis and Son 
state in their report, dated the 17th inst., that the New 
Year opened with great buoyancy, and with an active 
demand a large business in standard copper was trans- 
acted on the 3rd inst., at 62/. 1s, 3d. for cash and 630. for 
three months prompt. Weakness of the New York Stock 
a caused a fall next day to 61/. and 62/. respec- 
tively, but this was followed by an advance on the 
5th inst. of 12s. 6d. on better advices from Wall-street, 
and a decline to 61/. 2s. 6d. on the 6th inst. The execu- 


*! tion of two large buying orders from New York and 


Paris—one for 1500 tons and the other for 1000 tons, on 
the announcement of favourable American producers’ 
statistics on the 11th inst., showing a decrease of 5016 
tons in the stocks—was met by equally large sales on the 
t of holders desirous of securing profits, and the open- 
ing ag of — 17s. ee = — 6d. were a _- 
tained, the market su uently falling awa ua 
until 607. 12s. 6d. for cash and 61/. 11s. 3d. for ~ won 
months were accepted on the 17th inst., although the 
increase in the English and French stocks was very slight 
—only 185 tons. The English and Continental Semand 
for refined copper has been limited, but good sales of 
electrolytic were reported to have been made in the 
United States, chie' he wire-drawers. American ship- 
ments to Europe for the past fortnight were 12,652 tons. 





Luorp's Returns or Vessets Lost.—The returns of 
vessels lost during the quarter ending September 30, 1909, 
have just been issued by Lloyd’s Register of British and 
Foreign Shipping. During this period a total of 96 
vessels, each over 100 tons, and aggregating 114,041 gross 
tons, were lost, and of this number 7 were abandoned at 
sea, 10 foundered, 8 were broken up, 6 destroyed by fire, 
15 in collision, and 50 wrecked through stranding, striking 
rocks, &c. The total number of steam vessels lost was 47, 
having a gross tonnage of 86,528, and of these, 18 vessels, 
with a combined tonnage of 52,020, were owned in the 
United Kingdom. Of this home tonnage lost, 12,952 
tons, or nearly 25 per cent., are accounted for by the 
Lucania, which, it will be remembered, was badly 
damaged by fire at Liv 1 in August last, and was 
subsequently sold to be broken up. The Colonies lost 
only two small steamers, having a total ton of 235. 
Of the 49 sailing vessels lost, the United Kingcom owned 
2, making 325 tons, and the Colonies 4, of 1273 tons ; and 
of the remainder, 11 vessels, with a combined tonnage of 
6764, were owned A the United States; and 11 vessels, 
totalling 8626 tons, by Norway. Of the total tonnage of 
steam and sailing vessels lost, the United Kingdom heads 
the list with 52,545 tons in 20 vessels; Norway is next, 
with 16,148 tons in 16 vessels ; and the United States 
follows with 12,994 tons in 14 vessels, these quantities 
being respectively 0.3, 0.81, and 0.46 per cent. of the total 





iron is strong, but buyers consider the present quotation 
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THE CHARPY IMPACT-TESTING MACHINE. 
CONSTRUCTED BY THE COMPAGNIE DES FORGES DE CHATILLON, COMMENTRY ET NEUVES-MAISONS, ENGINEERS, PARIS. 


(For Description, see Page 78.) 
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FOREIGN ENGINEERING PROJECTS. 


Wks give below a list of nn engineering projects, for 
several of which tenders are asked. Further information 
concerning these can be obtained from the Commercial 
a Branch, Board of Trade, 73, Basinghall- 
street, E.C. 

Costa Rica; A concession, including a lease of about 
25,000 acres of national land, n n to an 
individual for the cultivation of textile plants and for the 
establishment of works for the manufacture of textile 
products. The carrying out of this contract will involve 
the importation from abroad of construction material, 
iron, steel, cement, machinery, and light railway material. 

Bolivia: The Bolivian Government propose to raise a 
loan abroad for 1,500,000/. Of this 300,000/. will be applied 
to sanitary and water-supply works in the capitals of the 
departments, and a furthersum to surveys for the proposed 
illus from La Paz to Yu from Cedhtieate to 
Chimoré, — —_ —— to Santa yy me - 

Keuador : jaw nm passed the Congress o' 
Ecuador authorising the municipal authorities of Guaya- 

uil to construct a railway from that place 
the bathing resorts on the coast, and the 





to any one of | 
unicipal | ra 


Council has fixed upon the town of Playas. It is esti-| 


mated that the total length of the line will be about 
51 miles. 

Egypt : Special credits are provided for (1) completing 
the lunatic asylum at Khanka, which should be finished by 
the end of 1910, £32,825 ; (2) the continuation of work on 
the new bridge between Bulac and Gezira, £E180,000 ; the 
construction of a road along the Bahr el Aama, £E29,000 ; 
quay construction at Bulac, £E50,000 ; (3) the construc- 
tion of a new Summary Tribunal in the Attarin district | 
of Alexandria, of a parcels post-office in Cairo, &c. ; the 
construction of a telegraph-line to the oasis of Siwa, | 
= Credits on the reserve fund are apportioned 
as follow :— 


| 


£E 
Irrigation rae 694,000 
Drainage of Cairo 180,000 
Railways... son , 
Ports and lighthouses... ... ... 28,000 
Sudan (extension of the railway 
south of um) iaiemadh 354,000 | 
Total ... . ‘ 1,656,000 


The provision for irrigation includes work on the Esna Bar- 
and a and on 
ddle Egypt. 


in ing 1910 it is hoped that the surface- , 
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water drai 
Tenders are shortly to be invited for the machinery for 
the main pumping-station at Kafr el Gamus, and for the 
compressed-air system throughout Cairo. Of the credit 
granted for railways for 1910, the following items are the 
most important :— 


Construction of a line from Ashmun 
to the Barrage ie je = 
Construction of a line from Zifta to 
agazig a - a pee 
Extension of the Cairo-Marg line to 
Khanka and Abou Zabel ... tee 
Improvement of the signalling sys- 
tem on the main line ne ce 
Reconstruction of Alexandria Station 
Reconstruction of Talkha Bridge ... 


Argentine 





e of Cairo will be practically completed. 


£E. 
86,000 
14,810 
42,000 
74,000 


25,000 
45,000 


ic: The Boletin Oficial publishes 4 


decree authorising the Direccién General de Irrigacién 


to 

at Punt 
approving the estimate of 948,520 
for carrying out the work. The 


the vicinity. 


for the immediate construction of a new dam 
de Ullum across the River San Juan, and also 


dam. 


(about 83,000/.) 


0 I is intended to 
basin conversion works | facilitate irrigation operations connected with the land in 
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NOTICES OF MEETINGS. 


Tue INstiruTION OF MECHANICAL ENGIngERS.—Friday, January 21 
at 8 p.m., the nomination of officers for election at the annual 
general meeting on February 18 will take . Paper to be 
read and discussed :—‘‘ Ninth Report to the Alloys Research Com- 
mittee : on the Properties of some Alloys of Copper, Aluminium, 
and Manganese.” (With an Appendix on the “‘ Corrosion of Alloys 
of Copper and Aluminium when Exposed to the Sea ”), by Dr. Ww. 
Rosenhain and Mr. F. C. A. H. Lantsberry, of the National Physi- 
cal Laboratory, Teddington. 

Tue Roya Society or ArTs.—Monday, January 24, at 8 p.m. 
Cantor Lectures.—‘Textile Ornamentation,” by Mr. Alan 8. 
Cole, C.B. (Lecture II.) Wednesday, January 26, at 8 p.m. 
Seventh ordinary meeting, ‘‘ Goldsmiths’ and Silversmiths’ Work,” 
by Omar Ramsden. Sir George Birdwood, K.C.LE., C.S.1., M.D., 
LL.D., will preside. 

THe Surveyors’ Instirurion.—Monday, January 24, at 8 p.m., 
when the adjourned discussion on Mr. Davidge’s paper, “‘ Town- 
Planning Systems,” and Mr. John Willmot’s ron “The 
Housing, Town-Planning, &., Act, 1909,” wil continued. 
Mr. William Woodward will open the discussion. 

Tue INstTiITUTION OF CiviL ENGiNEERS.—Tuesday, January 25, 
at 8 p.m. Paper to be discussed:—‘* The Reconstruction of the 
Tyne North Pier,” by Mr. Ivan Collingwood Barling, M. Inst. C. E. 
Students’ meeting, Friday, January 28, at 8 p.m. Second lec- 
ture on “Some Uses of Mechanical Power in Engineering Con- 
struction,” by Mr. H. F. Donaldson, C.B., M. Inst. C. Dr. 
W. CO, Unwin, F.R.S., Vice-President of the Institution of Civil 
Engineers, will occupy the chair. Members of all classes of the 
Institution are invi to attend this lecture. 

LiverPoo, EN@INEERING Society.—Wednesday, January 26, at 
8 Py at the Royal Institution, Colquitt-street, when a paper 
will be read by Professor H. 8. Hele-Shaw, LL. D., Wh.Sc., F.R.S., 
M. Inst. C.E., M.I. Mech. E., F.R. Met. Soc., on “‘ Aeronautical 
Engineering.” 

Legps Locau Secrion or THE InstiruTION OF ELECTRICAL ENe@l- 
NEERS.— Wednesday, January 26, at 7.15 p.m., at the Department 
of Applied Science, The University, St. George’s-square, Sheffield. 
Paper to be read: “‘ Equitable Charges for Tramway Supply,” by 
Mr. H. E. Yerbury. 

Tue Instrrvrion or ELvecrrica, Eneinsers.—On Thursday, 
January 27, at 8 p.m., at the Institution of Civil Engineers, a 
ed will be read on ‘‘ Equitable Charges for Tramway Supply,” 
»y Mr. H. E. Yerbury. 

Tue Roya InstiruTion or Great Brirain.—On Friday, January 
28, at 9 p.m., the Rev. Canon Beeching, M.A., D, Litt., on ‘*The 
Spiritual Teaching of Shakespeare.” Afternoon lectures next 
week at 3 o'clock. Tuesday, January 25, Professor W. A. Herd- 
man, D.Sc., F.R.S., on “‘ The Cultivation of the Sea.” (Lecture 
11.) Thursday, January 27, the Rev. C. H. W. Johns, M.A., on 
** Assyriology.” (Lecture Il.) Saturday, January 29, Mr. H. Walford 
Davies, Mus. Doc., D., on ‘‘ Music in Relation to other Arts.” 
(With Musical Illustrations ) (Lecture II.) 





READING - CasEs.—Reading-cases which will hold twenty-six 
numbers of ‘‘ ENGINEERING ” may be had of the Publisher or of any 
newsagent. Price 6s. each. 


NOTICE.— Immediately foliowing the Index to our last volume, 
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THE SHIPBUILDING AND ENGI- 
NEERING CENSUS. 

Tue preliminary results of the first census of 
production of shipbuilding yards and marine engi- 
neering works throughout the United Kingdom 
have just been published. When the schedules con- 
nected with this census were issued to the various 
firms some year and a half ago, with the request 
for information, we ventured to suggest* that the 
industry was so complicated in its nature, and the 
firms contributing auxiliaries for the completion of 
a ship so numerous and so intimately connected 
with other industries, that definite detailed analyses 
of the results would be difficult, if not impossible. 
The preliminary tables just issued, a selection of 
which we publish on page 75 of our present number, 
confirm this view, since the whole of the labour 
expended in the construction of ships, for instance, 
cannot be debited to the tonnage. Some ship- 
builders do a much larger amount of work then. 4 
the completion of the vessels than is the case with 
other firms. Asa rule, the auxiliary engines and 
machinery are made by firms who specialise in this 
department of engineering ; but beyond this there 
are a hundred and one details which are ‘‘ bought 
in.” Some firms, too, prefer to get much of the 
cabinet work done by specialists in such handicraft. 
We are not concerned o with the reason for this 
method of conducting business, but there is some- 
thing to be said for it. Indeed, one successful 
shipbuilder has prided himself on the fact that he 
nano nothing that he can advantageously purchase, 
because, in times of depression, the amount of unre- 
munerative capital involved in plant is thereby con- 
siderably reduced. Thus we find that one-seventh 
part of the total selling value of the production by 





* See ENGINEERING, vol. lxxxv., page 819. 








shipbuilding firms is made up of work given out to 
sub-contract. There is no trace of the net labour 
value of this, and much of it, too, may be, indeed 
is, included also in other returns, so that the value 
of production is to such extent inflated under one 
or other heading, and the net output per workman 
per annum inaccurately stated. 

If such work done by firms other than ship- 
builders and niarine engineers were in all cases de- 
fined in the schedule as ‘‘ for marine engineering,” 
it might be possible—although with a considerable 
amount of labour—to apportion between material, 
labour, &c., the selling value of the gross output. 
Pump-makers, for instance, make pumps not only 
for marine, but for land service, and it might not 
always be easy for them to separate the work done 
in the two departments, especially where they sell 
through agencies or make for stock. Again, in regard 
to the materials actually used by shipbuilders and 
marine engineers, there is the great difficulty of 
appraising the value of the work done upon the 
material. A‘shaft may be bought as it leaves the 
forging-press, or it may be rough turned, or it may 
be finished ; it would, in either of these cases, still 
be classed as ‘‘ material used,” without reference to 
the amount of labour already expended upon it. 
Again, a marine engineer may purchase the con- 
stituents for the production of castings—the pig 
iron, fuel, &c.-—or he may buy the rough casting 
unmachined, or a casting ready for erection. It 
would, in either case, indiscriminately be included 
as ‘* material used.” 

These points depreciate the value of the deduc- 
tions which may be made from the figures of any 
one year, especially in the case of an attempt to 
arrive at the total value of the labour expended 
on the material used to produce any finished 
product. In the returns now under considera- 
tion, the cost of material and the sum paid to 
sub-contractors for auxiliaries, &c., are deducted 
from the selling value of the gross output, and the 
resultant figure is regarded as the net output— 
representing ‘‘ the value added to the raw materials 
in the course of manufacture,” and constituting ‘‘for 
any industry the fund from which wages, salaries, 
rents, rates, taxes, depreciation, and all other 
similar charges, as well as profits, have to be de- 
frayed.” From this figure of net output there is 
deduced the average ‘‘net output per person em- 
ployed.” This estimate must, therefore, be a very 
rough approximation, and on no account can it be 
accepted as any basis of comparison with the 
average wage actually paid. 

We may take the case of shipbuilding yards 
and marine engineering works, excluding those 
owned by Government and Lighthouse rds, 
to exemplify the point of view. We find here 
that the total selling value of the gross output 
is given as 41,660,0001., which is supposed to 
represent the value of warships aggregating 63,000 
tons displacement, of merchant steamers totalling 
1,578,000 tons gross, and of sailing ships of 19,000 
tons, as well as floating-docks, repair-work, &c. 
From the detailed figures, which may be found 
on page 75 of this issue, it might be deduced that 
the average cost of warships was nearly 56. per ton 
displacement, which is too low; of iron or steel steam- 
ships, nearly 15/, per ton gross, which seems high ; of 
wooden steamships, 31/. per ton, which is much too 
high ; and of sailing-ships, about 14/. per ton, also 
too high. But the census authorities have found 
it difficult to debit the tonnage with the whole of the 
machinery. Thus, from various sources they find 
that machinery, &c., was made by engineering firms 
for other shipbuilders to the extent of 5,341,0001., 
and a part of this may have been for new ships, 
although it can only be included in the value of 
the production of engineering factories. The next 
statement in the general summation of the returns 
is that the material used in the production of 
these ships, of a selling value of 41,660,000/., 
totalled 17,895,0001., while the value of work 
given out to other firms, and paid for, made up 
6,087,000/. Deducting these two amounts from 
the selling value of the gross output, we have it 
stated that the net output was 17,678,0001. As a 
general statement, this, of course, is interesting, 
and must be accepted as the value of the year’s 
work done in shipbuilding and marine engineering 
works giving employment to 184,557 men. When 
it becomes possiite to compare such a result in one 
year with another, the progress of the shipbuilding 
trade may be generally indicated. According to 
the law of averages, it may be that there will be 
the same proportion of error from year to year as 
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regards the subsidiary work contributed by other 
firms, and the amount of work done on material 
used. 

There are several features about the shipbuild- 
ing work done in privately-owned establishments 
which are of themselves interesting. Accepting 
41 millions odd sterling as the total value of 
work done in the year under review— 1907— it 
is remarkable to note that nearly one-half, or 19 
millions sterling, is accounted for by the hull and 
fittings of merchant iron or steel steamers. Only 
4 millions is placed against the machinery of the 
same ships. There are, however, steam-engines to 
the value of 4,791,000/. made by various firms for 
other shipbuilders. It is difticult to say how much 
of this latter total was for the propelling machinery 
made by contractors for warships built in the dock- 
yards. 

Another very interesting item is the fact that 
8 millions sterling were spent in this particular 
year on the repair of ships and their machinery. 
Few indeed can have realised the enormous volume 
of such repair work. It constitutes nearly 20 per 
cent. of the total shipbuilding and marine engi- 
neering work. Another suggestive item is the 
expenditure of 27,000/. on internal-combustion 
engines. There has been steady progress in this 
department of work, and as this total is for 1907, it 
will be accepted that the industry is one of pro- 
mising importance, as there has since been con- 
siderable development. A further point is that of 
the 41 millions sterling, 15 millions (or 36} per cent. ) 
was earned in Scotch establishments. Again, of 
the 41 millions sterling of production, 38 per cent. 
—and of the tonnage 34 per cent.—are accounted 
for by exports. This, it must be admitted, is an 
exceptionally large proportion, and herein lies one 
of the grave defects of the return as made. The 
value of exports are exact, the production of 
establishments can only be approximately accu- 
rate, because of duplication and difficulties of ap- 
portionment under the separate headings. 

The record of the work of the dockyards is likely 
to be accurate, because there are not the same 
complications as in commercial business. The work 
included warships of 37,300 tons displacement, 
of a value of 3,355,48Ll., equal to about 901. 

x ton; but this did not include machinery. 
Ihe other work includes 2} millions for repairs, 
and this, with other miscellaneous items, brings the 
total to 5,900,000/., which is, of course, in addi- 
tion to the 41,660,0001. for private shipbuilding 
work. When the work done by the lighthouse 
authorities is added to this dockyard work, the total 
is 6,450,000/. The statisticians, eager for deduc- 
tion, might say that the ratio of the cost of material 
to the total value of the production was, in the 
case of Government work, 61.4 per cent., as against 
43 per cent. in private factories ; but, for reasons 
stated, any such comparison would be injudicious, 
if not of a certainty inaccurate. Much of the material 
was armour, most costly of manufacture. The 
figures thus may be accepted only as indicative of 
the volume of the year’s work. 

We now turn to the details of the production of 
engineering factories generally. Here also the 
principal utility of the figures will be for comparing 
one year with another. The engineering figures 
exclude marine work as far as it is possible to do 
so, cycle and motor work, and locomotive build- 
ing by railway companies. The selling value of the 
gross output was, for the year under review, 
101,599,000/., of which 48,323,0001. is due to 
material used. Here, again, one must allow for 
the extent of work done on the material, as in 
the case of the shipbuilding industry. The work 
given out by engineering firms is represented by 
3,851,0001. paid to other firms, and there is there- 
fore left nearly 494 millions sterling, representing 
the net value of work expended in order to produce 
the 101} millions sterling of output. It would be 
distinctly erroneous to assume that the work done 
in the production of these various engines was only 
half their selling value, as might be deduced from 
the general results we have indicated. 

ere are, however, many interesting features 
about the detailed returns, and the figures which 
we publish on page 75 will be studied with interest. 
Thus, as regards general engineering, it is found 
that steam prime movers account for about 12} 
millions sterling. Locomotives occupy the first 


place with 4.4 millions sterling, although the 
engines built by the respective railway com- 
panies are not included, the intention being that 
they should form part of the report dealing with 





railway work. Pumping plant comes second, and 
agricultural machinery third. Again, it is indi- 
cative of the advance of the internal-combustion 
engine that in the year under review (1907) these 
engines, excluding those for motor vehicles, and 
presumably also the few made for marine pur- 
poses, made up a total of 1,838,000). Of machi- 
nery other than prime movers, a total of nearly 
35 millions sterling is recorded. This excludes all 
electrical appliances. The most notable figure is 
the value of the textile machinery made, which is 
close upon 13 millions sterling, while machine 
tools form also an important item, amounting to 
2,715,000/. Among the other figures given, interest 
must be awakened by the fact- that ordnance 
accounts for 2} millions sterling of the total, and 
ammunition and other implements of warfare for 
753,000/. The engineering repair and jobbing bill 
is a notable one ; although totalling 6,190,000/., it 
still falls short of that in the marine industry. 

The output of machinery for the generation of 
electricity seems small, being valued at 4,156,000/., 
but the year in question was one of severe de- 
pression, which, unhappily, has continued. The 
full significance, indeed, of the low electrical 
engineering production is brought out when it 
is stated that the value of cycles made is 
more than three-fourths of the total electricai 
output, especially when we remember that cycling 
has ceased to be a fashionable exercise. Motor 
vehicles and chassis, excluding motor-cycles, repre- 
sent 3,577,0001. If, however, cycles and motors 
and their parts are included, we have the remark- 
able output of 10.6 millions sterling, as against 
13,782,0001. for all electrical engineering. No doubt 
the latter has, as we have said, experienced keen 
depression in trade ; but, on the other hand, the 
motor industry is a fast developing one. 

No importance can be attached to the record of 
castings and forgings made ; the total of the former 
is 2.9 millions sterling, and of the latter 14 millions 
sterling. Many engineering firms who do their 
own castings have, no doubt, included them in the 
work actually done in machinery. Thus the figures 
included in the general tables, and reproduced on 
yage 75, are, so far as this item is concerned, 
incomplete. This, indeed, applies to many of the 
items, ‘and, as we have said, the figures, although 
interesting as they stand, are of little value, so far 
as the study of industrial economics is concerned. 
For this we must await the accumulation of corre- 
sponding records in years to come. It would be 
well, however, that the complete returns when 
they are issued should be carefully examined, not 
only by the practised statistician, but by the indus- 
trial economist, in order that a more definite basis 
may be formulated at once, so as to secure that 
future returns may be arranged in such a way as to 
enable greater precision to be obtained in the com- 
parison of the results of one year with another. 








OIL-ENGINES FOR AGRICULTURAL 
PURPOSES. 

Ir is rather curious that, although there has 
been a very great development in the internal-com- 
bustion engine for many kinds of road work, there 
has been com tively so very little for agricultural 

urposes. The number of motor-cars in use has 
increased by leaps and bounds, and commercial 
vehicles of all kinds, for the transport of both 
passengers and goods on the roads, propelled by 
internal-combustion engines, are increasing rapidly. 
But, although certain prominent firms have for some 
time past been devoting much attention to the 
problem, there is at present no corresponding 
movement in the case of agricultural engines. Yet, 
from many points of view, the advantages of the 
oil-engine seem in many respects greater in the case 
of agricultural machinery than in any other. 

The great practical advantages of the oil-engine, 
which have caused it to be so largely used for road 
vehicles, in place of steam, are :— 

1. That the boiler, with its attendant troubles, is 
done away with. 

2. That it consumes far less fuel. 

3. That it takes practically no water. 

As regards the first, the advantages of mechanical 
simplicity are just as great in the case of the agri- 
cultural engine as in any other ; in fact, possibly 
more so. Here the internal-combustion engine has 
a ee theoretical advantage in the fact that the 
only part under pressure is the combustion cham- 
ber, and that the joints which can give trouble by 
leakage are therefore very few. 





In the steam-engine, on the other hand, the 
whole of the boiler, piping, valves, &c., are all 
under pressure, and the number of joints which 
may leak is very great. In fact, there can be no 
doubt whatever that the power plant of an oil- 
engine is very much simpler than that of a steam- 
engine. In a motor-car it is sometimes claimed 
that the transmission gear of the steam-engine is 
so much simpler as to set off this to a large extent, 
as it need only have one speed ; but the ordinary 
traction engine has more than one speed, and there- 
fore its transmission is little, if any, simpler than 
that of an oil-engine. 

In addition to simplicity the two great practical 
advantages of the oil-engine are the small quantity 
of fuel and water required. In all cases the cost of 
running an engine of any kind consists not only 
of the actual cost of the fuel, but also of the cost of 
carriage to the place where it is to be used. Hence, 
if two engines use fuel of the same value, but the 
actual weight used by one is less than that used 
by the other, that one will be the more economical, 
because it will cost less in carriage. The oil- 
engine uses a far less weight of fuel per horse- 
power than the steam-engine, so that, even if the 
fuel is so much more expensive per ton that the 
total cost per horse-power is the same, reckoning 
the price delivered at the railway station, it will 
cost less to lead it to the place where it has to be 
used. This is not a very great matter to vehicles 
used in road transport, for it can generally be 
arranged that they shall pick up their fuel near the 
station, but it is one of very great importance on a 
farm, as, in many cases, this is a long way from a 
station, and often the road, over which everything 
has to be led, is far from good. 

Roughly speaking, the oil-engine will not con- 
sume more than a fourth the weight of fuel which a 
steam-engine of equal power does, and hence, even 
if all the fuel is led the same distance, the amount 
of leading will only be a fourth. In many cases, 
however, it could be arranged that the oil-engine 
should actually pick up enough fuel at the station 
to last it till it called there again, as, owing to the 
small weight of the fuel and absence of large water- 
tanks, the engine could be arranged to carry fuel 
for a considerable amount of work. 

The. question of water supply is often still more 
serious than that of fuel in agricultural work. 
The ordinary traction engine can only carry water 
for a comparatively short distance, and hence is 
very limited in its range of action, and has to use 
any sort of water it can get in most cases. This 
either entails washing out the boiler at very fre- 
quent intervals or else the liability to heavy boiler 
repairs, both of which are expensive. Where the 
engine is only used for leading on a road, however, 
it can generally be arranged that it shall pick up its 
water from some place it passes ; but when it has 
to work at a farm, or on the land, it generally has to 
have the water led to it, and this is very expensive 
indeed. If actually used in a farmyard, as, for in- 
stance, in the case of a thrashing engine, there will 
probably be a water-supply of some sort available, 
though even here it may entail considerable labour 
to supply enough for an engine. In the case of 
work on the fields, however, the difticulty of sup- 
plying enough water becomes more serious. Thus 
we may take the case of steam ploughing as an 
example. Here, in most cases, all the water required 
for the engines has to be led some considerable 
distance, usually in horse-drawn water-carts. Now 
the object of steam ploughing is to do the work by 
steam instead of by Coosa, but if horses have to be 
used to take water to the steam-engines, a certain 
proportion of the advantage of this is lost. Many 
of the fields most suitable for steam ploughing are 
also badly situated for water. In order to make 
steam ploughing a success, it is necessary that the 
fields should be large, or the time spent in moving 
along the headlands is greater than that spent 
ploughing. But large fields are often those in which 
the question of water supply presents the greatest 
difficulty. 

In this respect the oil-driven engine would have 
a most enormous advantage. It would only use 4 
fourth the fuel of the steam-plough engine and 
practically no water at all. Taking the water 
evaporated at eight times the weight of coal burnt, 
that means that the oil-engine would only want 
about a thirty-fifth of the leading of supplies which 
the steam-engine requires. This might in many 
cases make an enormous difference in the cost of 
mechanical ploughing, and, in fact, put it on an 
entirely diferent leeel altogether. A subsidiary 
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advantage of no small importance is the fact that 
an oil-engine throws out no sparks, and therefore is 
not likely to cause fires, as a steam-engine some- 
times does. 

There seems primd fucie, therefore, a very large 
field for agricultural engines with internal-combus- 
tion motors, but as yet there has been compara- 
tively little effort on the part of English agricultural 
implement makers to put suitable engines on the 
market. In America the possibilities of the oil- 
engine appear to have been far more fully grasped, 
and many agricultural implement makers are willing 
to supply engines driven with either steam or petrol, 
as desired. It may, however, be doubted whether 
petrol is a suitable fuel for usein this country. It 
costs more than twice as much as paraffin and gives 
no better result, except that it saves a small 
amount of time in starting, which is a matter of 
little importance. As paraffin is used almost en- 
tirely in the larger sizes of marine motors, there 
is obviously no difficulty in using it on land. 

Possibly one of the reasons why the internal- 
combustion engine has been little applied to agricul- 
tural work is that the makers of agricultural engines 
have been imperfectly acquainted with engines 
light enough for the purpose. They have usually 
been makers of stationary oil-engines of various 
sorts, the weight of which is, of course, as far in 
excess of that permissible in any self-moving 
machine as that of a Cornish boiler set in brickwork 
exceeds that of the locomotive pattern. 

The only other type of oil-engine which is pro- 
minently before the public is the motor-car engine, 
in which weight iscut down to such an extent that 
it is quite unfit for hard work, though excellent for 
the purpose for which it is intended. There is, 
however, no difficulty in making an engine which, 
while heavier than the motor-car engine, is still 
lighter per horse-power than the ordinary agricul- 
tural traction engine. Such engines are in exten- 
sive use for marine work, and it was such an engine 
which won the War Office competition for tractors.* 
The engine of this tractor was capable of maintain- 
ing 50 brake horse-power for any time desired, 
while the weight of the whole vehicle was only 
7 tons. It, therefore, was capable of maintaining 
as great a power as the average agricultural engine 
on avery much less weight, and there seems no 
reason why in future engines, with more experience, 
better results still should not be obtained. 

What precise form an agricultural oil-engine 
should take is still a matter for consideration. 
The tractor above referred to was built on the 
lines of a motor-car with a vertical four-cylinder 
engine in front. This has many advantages, as the 
vertical engine is most familiar to both automobile 
and marine engineers. There would, however, be 
many advantages in using a horizontal engine, in 
which case it could be mounted on a tank taking 
the place of the usual traction-engine bojler, and 
the well-tried traction-engine transmission gear, 
&c., could be employed. , 

There is no doubt, however, that practically a 
new type of machine will have to be created, as 
distinct from anything else as the agricultural 
steam-engine is. Here, as compared with the 
ordinary stationary steam-engine, weight is reduced 
by the use of forced draught and faster running 
engines, &c., though this latter expedient is not 
carried to the extent it would be if weight were of 
more importance than durability, as in the case of 
high-speed boats, for instance. So in the case of the 
agricultural oil-engine, it will be necessary to make 
something very 1nuch lighter than the stationary 
oil-engine, but not nearly so light as the motor- 
car engine; and with a very little experience a ty 
would probably soon be developed which would 
prove a most valuable aid to the farmer. 

There is no doubt that the most suitable persons 
to develop this type are the agricultural engineers, 
as they are aware of the conditions under which 
the engines have to run, and already one of our 
most important firms is devoting considerable 
attention to the matter. To make a satisfactory 
job it will, however, be necessary to be thoroughly 
familiar with both agricultural and also motor-car, 
or, still better, marine-motor work, as, in order to 
get moderate weights, it will probably be neces- 
Sary to use multi-cylinder engines of the general 
design of the motor-car or marine type, but, of 
course, run at fewer revolutions, and more sub- 
Stantially constructed. No doubt considerable ex- 
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perimenting will be required to secure such a 
thoroughly satisfactory design; but our agricul- 
tural engineers are certainly not wanting in enter- 
prise, and we feel sure that they are not likely to 
neglect the demand which is certain to arise for 
the new type of agricultural motor. 








THE INSTITUTE OF METALS. 

THE annual general meeting of the Institute of 
Metals was held on Tuesday and Wednesday, the 
18th and 19th inst., at the Institution of Mecha- 
nical Engineers, Storey’s Gate, St. James’s Park, 
S.W. The proceedings on Tuesday opened with 
the usual formal business, Sir William H. White, 
K.C.B., being in the chair. When the minutes of 
the preceding meeting had been disposed of, the 
Secretary was called upon to read the report of the 
Council for the last year. 

The report presented was of an eminently satis- 
factory character for so young an institution. It 
showed that membership had increased during the 
year from 355 to 505, and that the balance in hand 
at the bank was over 751l., compared with one of 
4301. a twelvemonth ago. The report made men- 
tion of the meetings held in Birmingham and Man- 
chester, and of the papers read at them. The 
change of offices necessitated by the rapid growth 
of the work of the Institution, to a suite of rooms 
where there is provision for a members’ room and 
library, was also chronicled. The report also recorded 
the appointment of Professor T. Turner, Mr. F. W. 
Harbord, and Mr. W. Murray Morrison to repre- 
sent the Institute upon the Committee of the 
English Ceramic Society ; and of Sir Gerard Muntz, 
Bart., and Professor W. Gowland to represent the 
Institute at the International Congress of Mining, 
Metallurgy, Mechanics, and Geology, to be held at 
Diisseldorf in May, 1910. The Hon. Treasurer, 
Professor T. Turner, also presented a report ex- 
pats the financial position of the Institute. Sir 

illiam White, in moving that the reports should 
be adopted, remarked that the publication of their 
Proceedings represented some of the heavy expen- 
diture of the year. In future the Proceedings 
would be published half-yearly, and would contain 
abstracts of papers and articles, appearing else- 
where, of interest to members. The earns Ri on 
been adopted, the meeting proceeded to consider 
the matter of the incorporation of the Institute. 
The articles of association had been prepared and 
aa 4 circulated among the members, and the 

resident, Sir W. White, after asking if anyone 
present had suggestions to offer on the subject, and 
no points being raised, put the matter to the 
meeting in the form of a motion. This motion, to 
the effect that the Institute be incorporated under 
the Companies Act, 1908, was then carried 
unanimously. 

The ballot for the Council for the present year 
was then declared. The following gentlemen were 
elected :—President, Sir Gerard Muntz., Bart. ; Vice- 
Presidents: Professor A. K. Huntingdon; Engineer 
Vice-Admiral H. J. Oram and Sir H. A. Wiggin, 
Bart.; Members of Council : Mr. T. A. Bayliss: Mr. 
Clive Cookson, Mr. Summers Hunter, Mr. J. T. 
Milton, Mr. C. H. Wilson, and Mr. W. H. Johnson. 
In a few felicitous words, Sir William H. White then 
introduced the new President, Sir Gerard Muntz, 
to the meeting, and vacated the chair. Before 
further proceedings, a vote of thanks was then 
proposed by Mr. W. H. Johnson and seconded by 
Mr. Phillips, to Sir W. H. White for his services as 
President since the inception of the Institute. Mr. 
Johnson drew attention to the fact that Sir W. H. 
White’s term of office had covered a period of 
considerable difticulty—viz., that in which the some- 
what crude embryo y had to be developed into 
a working organisation. The vote was passed with 
acclamation, and Sir W. H. White briefly replied, 
expressing the hope that the newly-formed body 
might prove itself fully equal to the work before 
it, and that a spirit of progress, frankness, and 
confidence might so be established that members 
would be eager to impart, as well as to receive, 
knowledge through the channels it provided. 

The new President, Sir Gerard Muntz, then read 
his address. As this was the first anniversary 
general meeting, the address somewhat naturally 
dealt with the possible lines of activity open to 
the Institute. This past year, the President 
said, was one which promised great things in the 
future. The Institute had already more than ful- 
filled the hopes of its founders. In order to 
increase its utility Sir G. Muntz suggested the for- 





mation of a library, in which ancient and modern 
knowledge on non-ferrous metals might be collected 
and properly coded, and asked the members to 
support such a movement. The small beginnings 
at Caxton House would, he hoped, grow even- 
tually to be a valuable collection of useful in- 
formation arranged in an accessible form. With 
regard to research, he felt that at present the 
Institute was not in a position to launch out 
in this direction, and that as yet research 
must be left to members, with such help as 
the Institute could give in the way of putting 
investigators in touch with each other or with 
recorded information on the subject they were 
attempting to deal with. Sir Gerard classified the 
members of the Institute as scientists, manufac- 
turers, and users, and hoped that such confidence 
and generosity would be established inside the 
Institute that the interchange of ideas would not 
suffer any restraint. He hoped that the makers 
would contribute papers, &c., to the Proceedings 
equally with the scientific members. He trusted 
that members desiring assistance in work would get 
into touch with the Secretary, who would, if possible, 
put them into communication with members con- 
versant with the line of work on which they desired 
information. Perhaps, later, a monthly periodical 
could be started, and circulated among members 
for this purpose. In the growth of the Institute 
it might be ound possible to organise local centres, 
which would also help to bring members of all 
classes together. He hoped the day would shortly 
come when the honour of Fellowship of the 
Institute of Metals conferred on any one for good 
work undertaken in the cause would be considered 
asa high and distinguished one. The President 
finally referred to he kindly interest that had 
been shown to the new body by the older insti- 
tutions, and especially by the Institution of Mecha- 
nical Engineers, who had so generously given them 
the use of their hall and had allowed their Council 
meetings to be held in the building. Sir Gerard 
Muntz concluded with references to the work of Sir 
William H. White, stating that his wide experience 
had carried the Institute in its early days through 
its business in such a manner as to compel success. 

A vote of thanks to the President, for his ad- 
dress and the advice contained therein, was pro- 
posed by Professor W. Gowland, seconded by Mr. 
A. E. Seaton, and heartily carried. 


CopPrEeR-ARSENIC ALLOY, 


The meeting then turned its attention toa paper 
entitled ‘‘The Properties and Constitution of 
Copper-Arsenic Alloys,” by Mr. G. D. Bengough, 
M.A., and Mr. B. P. Hill, M.Sc. Owing to the 
short time available for discussion, Mr. Bengough 
summarised the chief points in this paper, which 
dealt with alloys intended for use in locomotive fire- 
boxes, dynamos, &c, Compared with pure copper, 
the alloys are of greater strength and rigidity and 
greater resistance to the action of the flames. The 
alloys tested contained from 0.04 to 1.9 per cent. 
arsenic, and were tested in three conditions ; (1) as 
rolled, (2) after being heated for various lengths of 
time in an oxidising atmosphere, and (3) after being 
heated for similar lengths of time in a reducing 
atmosphere, such as coal-gas, hydrogen, or carbon 
monoxide. Asa result of the tests, it was found 
that alloys containing from 0.04 to 1 per cent. 
arsenic were ruined by the action of reducing gases 
for three hours at 700 deg. Cent., in some cases 
600 deg. Cent. being sufficient. Similar alloys were 
not harmed by identical treatment in an oxidising 
atmosphere at a temperature of 900 deg. Cent. 
Alloys containing 1.9 per cent. arsenic were not 
harmed under either of these treatments. The 
authors considered that up to 2 per cent. the arsenic 
tends to increase the tensile strength and elongation 
of the metal, as also its homogeneity and its resist- 
ance to reducing gases. Mr. Bengough spoke of 
the work of the Engineering Standards Committee 
on Material for Railway Rolling-Stock, drawin 
attention to the fact. that in the British Stan 
Specifications adopted for locomotive copper fire- 
box sheets they had laid down limits for two 
alloys: Class A, in which the arsenic was to be 
present to the extent of from 0.35 to 0,55 per 
cent., with 99 per cent. of copper; and class B, 
with 0.25 to 0.45 per cent. arsenic and 99.25 per 
cent. Cu. German and French railways, accord- 
ing to the first report of the International Com- 
mittee now sitting, allowed no arsenic. The 
tensile tests of the Engineering Standards Com- 
mittee demanded 14 tons tensile strength, with an 
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elongation of not less than 35 per cent. A cold 
double-bend test was also insisted upon. For 
stays the tests were practically the same. Accord- 
ing to the results given in the paper, the per- 
centage of arsenic in these specifications might be 
considerably extended while still complying with 
the tensile tests, but he could not: say whether in 
that case it would be possible to comply with the 
bend test. 

Mr. Bengough added a few remarks on the 
effect of gases in the plates of locomotive fire- 
boxes. CO was present to a considerable extent 
in locomotive fireboxes, but as the plate, as a rule, 
was kept well below the necessary temperature, 
no reducing action took place. Stays, on the 
authority of the late Mr. Webb, seldom rose in 
temperature higher than 200 deg. Cent., though he 
recorded an instance in which 615 deg. was reached. 
In such a case it might be expected that the re- 
ducing action would commence and cracks might 
develop, the life of the material being consequently 
shortened. With regard to two micro - photo- 
graphs illustrated in the paper, Mr. Bengough 
drew attention to what were apparently slip- 
bands. These two photographs showed the struc- 
ture of two bars heated for three hours in car- 
bonic oxide. The apparent slip - bands, if such 
they were, should not have been present after 
what was ean ay? annealing, and he considered 
the markings to be pseudomorphs, or a special 
crystalline form due to the displacement of the 
metal. 

The discussion was opened by Professor A. K. 
Huntingdon, who said that he felt compelled to 
traverse a statement at the commencement of the 
paper to the effect that copper-arsenic alloys gave 
good tensile results at high temperatures. This 
was not so. The paper did not bear much on the 
point, as all the authors’ tests had been made cold, 
so he would not go further into it. The authors 
stated that the breaking down of the alloys under 
treatment with reducing gases seemed to be due to 
the sudden evolution and subsequent expansion of 
steam or carbon dioxide formed in the interior of 
the metal. This he did not think borne out by 
the results recorded in the paper. The authors 
had recorded several instances of alloys treated 
with reducing gases, at high temperatures, which 
showed no signs of breakdown, and the authors’ 
»osition was not tenable. In 1906, he (Professor 
luntingdon) had made several experiments on 
copper and arsenic alloys, some with 0.5 per cent. 
of arsenic and electrolytic copper melted under 
borax, and others with copper arsenate fused under 
glass. He considered that a definite arsenite 
of copper dissolved in the copper was obtained in 
these cases, and this, on cooling, separated out, and 
surrounded the crystals. When heated in a reduc- 
ing gas this became, to some extent, reintroduced 
into the crystals, and planes of weakness thus de- 
veloped round the crystals. The arsenite did not 
seem to come out altogether clear of the crystals, 
but appeared to be fused into the metal for some 
distance. 

Dr. W. Rosenhain was the next speaker. He 
referred to the work of the International Com- 
mittee, of which he was a member, and said that 
the French and German delegates were now pre- 
pared to accept arsenic in plates for locomotive 
p es. He considered that more evidence was 
needed than was given in the paper before the allow- 
able percentage was raised. This he considered 
necessary because of the bend tests demanded, 
while there was no evidence as yet of the behaviour 
of the higher percentage alloys under shock. The 
authors’ tensile tests were not altogether sufficient to 
work upon. With regard to the extent of the 
authors’ work, he might ask whether they con- 
sidered that tests carried out on bars taken from 
a single ingot of each alloy selected were sufficient 
to justify their statements with regard to the non- 
homogeneity of the alloys high in arsenic. Professor 
Huntingdon’s arsenite theory appealed to him. 
He would point out, however, with regard to the 
pseudomorphs, that similar instances of rearrange- 
ment occurred in high nickel steels. He thought 
the slip-phase somewhat analogous to the crystallis- 
ing out which occurred on scratching a beaker 
containing a saturated solution. 

Mr. E. Rhead spoke on his experience of arsenic- 
‘copper alloys with from 0.5 to 1.1 per cent. arsenic 
which he had prepared in work on which he was 
engaged some two or three years ago. He had 


found that in the 0.5 per cent. arsenic alloys segre- 
gation took place at the edge and corners of the 





crystals, a copper-arsenic compound separating out. 
A similar condition of affairs obtained with copper- 
antimony alloys. In the paper the authors showed 
a micro-photograph of a cast alloy containing 1.8 
per cent. arsenic. He (Mr. Rhead) had obtained a 
similar structure on adding antimony to metallic 
manganese, the crystallising substance being the 
antimony. The crystals took a hexagonal form, 
and not that usually taken by arsenious oxide. 
With regard to rearrangement along the slip-bands, 
he thought it ible that in re-crystallisation the 
direction or disposition with regard to the original 
crystal might be different. Arsenic-copper alloys 
were seriously corroded by gases containing CO, 
&c. Charcoal and coal fires contained reducing 
gases of this nature which removed the arsenical 
compound leaving the copper, thus breaking up the 
surface with cracks. 

Mr. Bengough was asked to send in his reply to 
the discussion in writing. : 


GoLp ALLoys. 


The next paper was one by Mr. E. A. Smith, and 
was entitled ‘‘The Assay of Industrial Gold 
Alloys.” This paper, which, in the absence of the 
author, was read by the Secretary in abstract, 
gave descriptions of the methods in general use for 
the assays of gold alloys, and of the results of 
experimental work at the Royal School of Mines 
and the Metallurgical Department of the Univer- 
sity of Sheffield. The alloys dealt with were 
‘*standard ” alloys, and examples of composition 
were given. The proper proportion of lead to be 
used for the cupellation of gold alloys was con- 
sidered, and the necessity pointed out of using a 
larger proportion in the case of gold alloys contain- 
ing both copper and silver, in order that the copper 
may be completely removed. Attention was also 
drawn to the importance of using check assays. 

The discussion was opened by Professor Gow- 
land, who said that the paper brought absolutely 
for the first time information hitherto scattered or 
unrecorded, and never before published. He con- 
sidered Mr. Smith, as the son of Mr. R. Smith, of 
the School of Mines, well fitted for such a piece of 
work. Professor Gowland then proceeded to give 
his opinion on the quality of industrial alloys, and 
spoke of alloys used in Japan. In alloys of gold, 
copper, and silver, when rich in gold, no segregation 
took place, and there was no difficulty in sampling 
to get a fair representation of the whole mass. 
But when poor in gold the alloy could not be 
assayed from the ingot, but by dip assay only. 
He agreed with the suggestion for dividing the 
lead and adding it in two separate charges. Pro- 
fessor T. Turner subsequently made a few remarks 
on the value of the paper, and Mr. Vaughan Hughes 
emphasised the necessity of the use of checks, and 
drew attention to the fact that in British Columbia 
assayers were required to have hada definite train- 
ing before undertaking work. He considered that 
some such regulations might, with advantage, he 
adopted here. 


ALUMINIUM AND ITs ALLOYs. 


The morning meeting concluded with the reading 
of a paper entitled the ‘‘ Analysis of Aluminium 
and its Alloys.” This was by Dr. R. Seligman and 
Mr. F. J. Willott. This paper commenced with a 
brief discussion of the impurities present in com- 
mercially ‘‘ pure aluminium.” Such aluminium 
contains from 0.2 to 0.7 silicon; 0.15 to 0.6 iron ; 
0.02 to 0.06 sodium ; and traces of copper, carbon, 
oxygen, and nitrogen. The methods adopted in 
analysis were then described, tests being given for 
silicon, graphitic silicon, iron, sodium, and copper, 
the purity of the metal being calculated by sub- 
tracting the amounts so obtained. Subsequently 
the alloys of aluminium containing copper, zinc, 
nickel, magnesium, and lead, were dealt with, and 
the tests for their constituents, rare alloys, such as 
those containing titanium and tungsten, were briefly 
discussed. 

The discussion of this paper was postponed until 
Wednesday morning, at 10.30 a.m., the Tuesday 
morning meeting adjourning at 1 p.m. In the after- 
noon of Tuesday visits were paid by members to 
the Royal Mint and to the Sir John Cass Technical 
Institute. The first annual dinner was held on 
Tuesday evening at the Criterion Restaurant, Picca- 
dilly Circus, Sir Gerard Muntz in the chair. The 

ests included Mr. J. A. F. Aspinall, Professor 

. B. Dixon, F.R.S., Professor G. Kapp, the Right 
Hon. William Grey Ellison-Macartney, Sir Walter 
S. Prideaux, Mr. A. Hopkinson,-K.C., Vice-Chan- 





cellor of Manchester University, Sir W. Tilden, 
F.R.S., Dr. Glazebrook, F.R.S., and others. 

Members again assembled at 10.30 a.m., on Wed- 
nesday, the 19th inst., at the Institution of Mecha- 
nical Engineers, for the reading and discussion of 
papers. 

ALUMINIUM AND ITs ALLOoys. 

The discussion on the paper by Dr. Seligman 
and Mr. F. J. Willott on the ‘‘ Analysis of Alu 
minium and its Alloys,” which had been read in 
abstract on the previous day, was opened by Mr. 
G. A. Boeddicker, who made numerous compli 
mentary remarks about the paper. He considered 
it important to examine, for estimating the amount 
of silica or silicon present in the alloy, with hydro 
chloric acid. It was never found to be pure, how 
ever carefully the tests were carried out, some 
alumina always remaining with the silica. 

Dr. G. H. Bailey, who followed, was disappointed 
with the paper; it did not come up to his ideal. 
The authors said it was desirable that standard 
methods of analysis should be arrivedat. For this 
two considerations were important. In the first 
place, the methods must be representative of good 
—— and, in the second, they must needs be 

cked by authority. The methods described in 
the paper he took to be representative only 
of those in use by the British Aluminium Com- 
pany, and it would have been better, he thought, to 
have made mention also of those in use in other 
works, not only here, but also in other countries. 
He thought that, as it was a statement of methods 
at these particular works, the fact that this firm 
used them should also he recorded as adding to the 
weight of recommendation. There was no mention 
in the papers that the methods described were in 
actual use to any great extent at the present day. 
In the paper the authors stated that the amount 
of oxygen in aluminium powder was 2.3 per cent., 
and that in bars and sheet metal it was less than 
this, implying that the surface of metal presented 
affected the oxygen present. This was not a true 
statement of the case, the oxygen being really in- 
cluded in the metal and independent of the surface 
exposed. In aluminium powder he thought there 
would often be found more than 2.3 per cent. oxygen, 
as it was undoubtedly the fact that in this form 
superficial oxidation was present. Several practical 
inconveniences mentioned in the paper, such as 
the foaming over of the liquid on the addition of 
the acid in the silicon test, and the risk of using 
too much acid in the silica determination, had 
now been entirely overcome, and were no longer 
practical difficulties. The authors spoke of 
silicon remaining even after the treatment 
for determining the amount of silica present. 
His experience agreed with this, for he had 
found that silicon to the extent of 25 per 
cent. of that which appeared to be present, 
as determined by the acid test, remained. The 
brown, dark-coloured precipitate obtained confirmed 
this. With regard to the amount of silica obtained 
from 1 gramme of aluminium, he would point out 
that this was exceedingly small, amounting only to 
from 3 to 5 milligrammes. This in the tests was 
associated with 1000 times its weight of sulphate of 
aluminium, and was difficult to wash out. He had 
made a practice of tipping all samples into a bottle, 
and analysing this at definite periods ; in this work 
he often found 10 per cent. still remaining in this 
residue. With regard to filtering, he made it the 
practice to use the smallest possible filter-paper to 
retain the precipitate. The paper should be 
properly fitted to the funnel, and the solution 
should pass up over its edge. In washing, the liquid 
should pass up to the top of the funnel. There was 
no difficulty in using small papers if properly fitted, 
and sizes of one-third the usual area might well be 
employed. 

Mr. T. Vaughan Hughes followed, and agreed 
with the previous speaker that the authors’ methods 
were not by any means ‘‘standard.” With regard 
to the variation of silicon and sodium present 1n 
aluminium, he would give some figures from his own 
experience, of tests made in 1908 by the methods 
recommended by Moisson and others. These 
showed the following amounts for a series of 
samples :— 


Sample. .. 2. 3. 4. 5. 
Silicon present 0.7 0.58 0.87 0.68 0.66 
Sodium ,, 0.09 0.17 0.16 0.28 0.14 


These showed very great variation in the amount 
of silicon and sodium present. In testing for 
silicon by the method of evaporating down with 
hydrochloric acid, the residue was highly con- 
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taminated with alumina. Instead of using filter- 
papers, he had employed, with success, small paper- 
pulp filters. In certain figures given in the paper 
of the silicon determinations for five samples, it 
might be merely a coincidence, but he thought it 
worth while pointing out that the silica remaining 
amounted, fairly consistently for all the samples, to 
about 5 or 6 per cent. of the silicon dissolved. 

The next speaker was Mr. E. L. Rhead, who did 
not recommend the use of small filter-papers. In 
skilled hands these were quite difficult to use satis- 
factorily, and where there was lack of experience 
they would lead to errors. He thought pulp filters 
better, as they adhered to the funnel sides better. 

The discussion was continued by Mr. W. M. 
Morrison. The aluminium industry had, said this 
speaker, made rapid strides of late years, and the 
analyses given by the authors were now no longer 
typical. For, instance, the ‘‘ Extra Pure” quality 
was shown as having 99.6 per cent. aluminium. 
A percentage of 99.75 and over was now often 
obtained. The figures of the authors for ‘‘ Ordi- 
nary English” gave something like 99.26 per cent. 
aluminium. Actually this quality metal had alu- 
minium percentages of from 99.5 to 99.6 at the 
present day. It was also stated that 0.04 per cent. 
of sodium was found in ‘‘Ordinary English” quality. 
He doubted this, as he knew that percentages for 
sodium of no more than 0.008 to 0.01 were now 
quite common. He wished to draw attention to 
the way in which the iron and silicon varied in 
different makes of the metal. In foreign practice 
more silicon was present than iron by from 0.2 
to 0.3 per cent. In English practice the preponder- 
ance was the other way, more iron being present 
than silicon, also by about 9.2 or 0.3 per cent. 
This was an important point, as silicon was much 
more deleterious than iron in aluminium. 

Dr. Seligman, in reply, said that where special 
accuracy was necessary they had, in the paper, advo- 
cated special precautions in connection with the de- 
termination of silicon. As several remarks had been 
made with reference to the British Aluminium Com- 
pany, he wished to point out that he had no connec- 
tion with the company, neither was he authorised to 
speak for them. Mr. Vaughan Hughes had wanted 
more standard methods ; but the paper was brought 
forward with the object of forming a sort of intro 
duction to this very question of finding some stan- 
dard methods suitable for general adoption. At 
present there were no standard methods at all. 
With regard to Mr. Hughes’ figures for sodium 
present, he was inclined to think these too high. 
Mr. Morrison went to the other extreme, and he, 
in practice, had come across neither one nor the 
other extremes given by these speakers. He con- 
sidered Mr. Morrison too sanguine. Metal of the 
purity that speaker had mentioned certainly had 
been prepared, but not in very large commercial 
quantities. He did not consider the figure of 99.26 
purity too low for ‘* Ordinary English” quality, 
and he knew that metal of 99.6 per cent. purity 
was now being supplied as ‘‘ Extra Pure.” 


Tue Srupy or PHospHor Bronze. 

The second paper taken on Wednesday was one 
by Mr. O. F. Hudson, M.Sc., and Mr. E. F. Law, 
entitled ‘‘ A Contribution to the Study of Phosphor 

‘ronze.” This commenced with a brief consideration 
of the copper-tin and copper-phosphorus alloys and 
then passed on to the ternary alloys. In this section 
of the paper it was pointed out that copper and phos- 
phorus combined to form phosphide of copper, and 
this, with copper, formed an alloy having a binary 
eutectic. Phosphide of copper and Cu,Sn, the 8 
constituent in copper: tin a. formed a ternary 
vutectic if more than 4.5 per cent. tin was present. 
"his eutectic had a composition of 81 per cent. 


Analysis. 





I nets ield-Point. Elongation. 
per Square fons per Per Cent. 
Cu. Sn. P. —_ square Inch' on 2 In. 
9, 52 0.00 0.48 3.8 pe 3 i, 3.5 
4.65 6.00 | 035 14.5 7.1 17.5 


»pper, 14.2 per cent. tin, and 4.8 per cent. phos- 
phorus, with a melting-point of 620 deg. Cent. The 
‘sper dealt with the practical aspect of these alloys, 
‘viding them into two classes—viz.: (1) the malle- 
«ble phosphor bronzes used for the manufacture of 
plate, bar, wire, &c., and (2) the cast, used for 
wearing surfaces, &c. The first contain not more 
than 6 per cent. tin and 0.3 per cent. P., and the 
second up to 12 per cent, Sn and 1.5 per cent. P. 





The former consist of a homogeneous solid solution 
of tin and phosphorus in copper, or may contain 
some phosphide of copper evenly distributed 
throughout the alloy in the form of small globules. 
The influence of tin was shown by the comparative 
tests given in the annexed table. 

The cast alloys contained the ternary eutectic 
and some phosphide of Cu. It was to the eutectic 
that the resistance to wear of these alloys was due. 
This eutectic was very hard, and was embedded in 
softer matrix, which was soon worn down, Jeaving 
the hard particles of the eutectic to carry the load. 

This paper was summarised by Mr. Law, and 
illustrated by means of a large number of auto- 
chrome lantern-slides (made by the Lumiére pro- 
cess), of micro-photographs of the alloys examined. 
Although the hall was unfortunately too light for 
these slides to be seen to their best advantage, the 
exhibition was thoroughly appreciated by the mem- 
bers present, their variety and the effect of the 
colouring being most interesting. 

Mr. A. Philip was the first speaker on this paper, 
and congratulated the authors on the Lumiére 
slides shown. His chief point of difficulty with 
regard to the paper arose with regard to the justifi- 
cation of the existence of a triple eutectic. e did 
not think the existence proved. If there were an 
alloy of two metals A and B, the possible con- 
stituents found in the alloy would consist of pure A, 
pure B, and a compound A B. With alloys of 
copper and phosphorus there was found copper, but 
the pure phosphorus was not present; the Cu, P 
(copper phosphide) was present. The binary eutec- 
tic referred to in connection with this alloy had 
a definite composition, and contained 8.2 per cent. 
phosphorus. This had the well-known striated 
appearance, and Dr. Dace and Professor Hunt- 
ingdon had both arrived, by different methods, 
at results in close agreement with regard to the 
composition of this eutectic. If a third metal were 
introduced, it would be possible to find five con- 
stituents, but not all these had been proved to 
exist as yet. He wished to point out, with regard 
to the tinting, that the tints were really no more 
than films, and that owing to the conductivity 
differing, on account of the difference of the con- 
stituents, various tints were obtained. The results 
of such tinting were therefore not conclusive evi- 
dence, and corroborative proof was necessary before 
they accepted the authors’ assertion with regard 
to the presence of the triple eutectic. 

Dr. W. Rosenhain also considered that the 
evidence was not quite sufficient to support the 
authors’ conclusions. He did not say that the 
conclusions were not correct, but that the proof 
was not forthcoming in the paper. The im- 
portance of the point lay in the fact that whereas 
conclusions were fallible, facts were incontro- 
vertible, and for that reason he would like to see 
more data embodied in the paper. He considered the 
paper as a kind of first approximation of what 
might be expected in phosphor bronzes. He thought 
that the existence of the triple eutectic could not 
be accepted as fact until the liquidus had been 
examined. This contained phosphorus which was 
volatile, and would make the examination difficult ; 
but without such examination he thought the 
examination of ternary combinations of little value. 
He asked the authors what degree of accuracy was 
supposed to attach to their equilibrium diagrams 
re bronze given in ak 

r. nce Thomas continued the discussion, 
stating that he hoped the authors’ work would 
enable manufacturers to provide users with better 
bronzes. In hot mill-rolls he had known some 
phosphor-bronze bearings last for fifteen months, 
and others last no more than one month under the 
same conditions. Such great difference should not 
be ible in bronzes supplied for a specific purpose. 

rofessor T. Turner spoke of the usefulness of 
the paper. The term ‘‘ phosphor bronze ” covered 
a great range of alloys and materials, and manufac- 
turers would be indebted to the authors for much 
information regarding the treatment of such alloys. 
He was inclined to doubt the presence of the triple 
eutectic, but there was evidently a constituent that 
could be recognised, and which made its appear- 
ance and disappeared according to the heat treat- 
ment. Many of the methods of analysis supposed 
to be satisfactory for phosphor bronzes were in 
reality far from being so. 

Mr. Law, in replying to the discussion, said that 
with the knowledge of the possibility of the exis- 
tence of only a certain number of constituents, and 
by accumulated evidence, they had come to the 





conclusions as stated in the paper. In reply 
to Dr. Rosenhain, if they had postponed the 
paper until the complete establishment of the con- 
stitution of the series of alloys, it would never have 
reached the Institute, nor would it ever have been 
published if it had been loaded with all the data 
demanded by Dr. Rosenhain. A selection only 
was possible. With regard to Mr. Spence Thomas's 
remarks it might be that the triple eutectic was 
actually the cause of his trouble. It would not 
stand at high temperatures, but a bronze containing 
it might be quite satisfactory at low temperatures. 

Mr. Hudson added a few remarks also in reply. 
The equilibrium figure given for the pangs system 
was not really a true equilibrium diagram, but only 
illustrated the constitution of alloys slowly cooled, 
and was merely a guide or map. The efficacy of 
heat tinting had been well established by other 
workers, and the Lumiére slides shown were pre- 
pared from heat-tinted specimens. However, he 
might say, for the information of those who objected 
to this process, that all the micro-photographs 
given in the paper had been prepared by etching in 
the ordinary way, and were not heat-tinted. 


Tue Fartore or Brass Locomottve TusBEs. 


The next paper taken was one by Mr. T. Vaughan 
Hughes, entitled ‘‘ The Failure in Practice of Non- 
Ferrous Metals and Alloys, with Particular Refer- 
ence to Brass Loco-Tubes.” This paper we print 
on page 96 of the present issue. The discussion was 
opened by Dr. W. Rosenhain, who found it difficult 
to accept the theory advanced in the paper to the 
effect that a film of scale ,, millimetre thick should 
retard the heat flow through the metal sufficiently 
to raise the temperature of the metal of the 
tube to the 850 ee. Cent. necessary to account 
for breakdown on this theory. If this theory were 
correct, it should follow that overheated structure 
would be found to be present at the fire-box end of 
all the other tubes as well. Evidence on the con- 
dition of the other tubes was thus important. He 
doubted the scale theory, because he had found 
brass condenser-tubes which had failed from vibra- 
tion showing signs of overheating. Manifestly 
such overheating could not occur in the condenser, 
and must have happened during manufacture or 
application of the tubes. It was local, and some- 
times more in evidence on one side than on the 
other. He thought the analysis of the tubes should 
be given, as the presence of lead had a bearing on 
the failure. 

Professor T. Turner said that the failure of 
locomotive-boiler tubes was a difficult matter to 
settle definitely. In many cases the surface of the 
tube in contact with water was unaffected, while 
the interior sometimes became so corroded that 
the thickness of the tube was frequently reduced 
to that of a piece of notepaper, which was, of 
course, a dangerous state. e thought one cause 
of this thinning was the high blast-pressure, or 
draught, which caused the cinders to have a most, 
deleterious abrading effect on the tubes. Another 
influential factor, he thought, was to be found in 
the presence of chlorine in the gases. It was a 
very common habit for everything to be put down 
to sulphur ; but the greyish surface-films found on 
tubes showed chlorine to be present. Thus chlorides 
were found which were either volatile in nature, 
or partly volatile, and easily abraded by the passing 
cinders. He thought that in the case of coal con- 
taining much chlorine there would undoubtedly 
be a great deal of corrosion. With tubes high in 
lead—by ‘‘high ” he meant something about 0.35 per 
cent.—the corrosion would be worse. But it was 
also known in the case of pure tubes. He considered 
that local overheating affected the matter con- 
siderably. The tubes were cold-drawn in finishing, 
but as the ends had to be expanded, they were 
annealed, sometimes in an = fire, and then ex- 
panded and annealed again. If this annealing were 
unskilfully done, it might affect the tube consider- 
ably. He had tested some tubes for this, and had 
found that, starting in the middle of the length and 
working gradually towards the ends, the s‘ructure 
became coarsely crystalline towards the ends, 
proving that local overheating had occurred. 

Professor A. K. Huntingdon regretted that the 
paper was almost wholly a statement of fact which 
did not help the matter one stage further. He 
thought annealing was probably the cause of the 
trouble, as it was very often badly done. 

Mr. E. Hesketh, who followed, drew attention 
to a statement recently made at a meeting of the 
Society of Chemical Industry, to the effect that if 
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oil got into the feed-water and on to the metal, it 
was often sufticient to cause such a rise in the tem- 
erature of the metal that globules of copper would 
o found to have been formed on the fire side of 
the plate. This would mean a temperature of 
above 1000 deg. Cent., which would be well above 
that suggested by the author as necessary to pro- 
duce a breakdown of the metal. 

Mr. C. A. Klein continued the discussion, re- 
marking on the importance of paying attention to 
the chlorine in coal. It was frequently not con- 
sidered, but its presence in some circumstances 
was very harmful. In a Mond gas plant the 
washer they had erected three years ago was now 
completely corroded away, while crystals of ammo- 
nium chloride hung from the remaining portions. 
The large amount of chlorine present in coal was, 
as arule, not realised. 

Mr. G. D. Bengough said he did not think over- 
heating could occur during expanding. Unless the 
tube was heated to a very great degree, the strength 
in the cold again would be )ut little impaired. If, 
of course, the metal was strained while at a high 
temperature, then it would be greatly affected. 
He thought that, broadly speaking, corrosion 
occurred on the water side where sea-water was 
used, and on the fire side where fresh water was 
used. Mere traces of slag had a great deal of in- 
fluence in providing loci at which the corrosive 
action could commence. Such presence of slag 
also had a great influence on failure under vibra- 
tion. He thought the author should have given 
the total sulphur in the coal, and not only that 
remaining in the ash, as then it would have been pos- 
sible to form some estimate of the amount of SO, 
which could affect the tube. He thought that the 
temperature of 800 deg. Cent. would never be 
reached in the metal of the tube, but it was well 
known that a short heating at high temperature 
could be imitated by a long period at a lower tem- 
perature with comparable results. 

The last speaker in the discussion of this paper was 
the President, Sir Gerard Muntz. He stated that 
he was not inclined to accept the author’s theory. 
He thought the failure was rather caused by over- 
heating, which might occur either in the boiler or in 
manufacture. That overheating did occur was 
well known, but it happened, as a rule, in circum- 
stances where the boilers were carelessly attended 
to. It might also, and did sometimes, occur during 
the annealing stages in the course of manufacture. 
The corrosion had been said to start from the inside, 
and Professor Turner had implied that corrosion 
from the outside was not present in locomotive- 
boiler tubes. He knew of plenty of cases where, with 
alkaline water, tubes had been so corroded from the 
outside as to be riddled with holes. The two forms 
of corrosion were, however, totally different. Bad 
water had a great influence. Fresh water was not 
necessarily satisfactory, and the railways had a 

reat i | of trouble in getting suitable water. 
he presence of chlorine was fully studied by the 
locomotive engineers, and was not overlooked, as 
was imagined. Much of the corrosion was due to 


scori y cinders. An examination of the tube 
end » A two spots at which corrosion was 
excessive. One of these was just inside the ferrule 


on the lower part of the tube, while the other was 
3 in. or 4 in. further in, on the upper half. It was 
quite obvious what produced these. The cinders 
entering the tube became deflected, struck it 
on the lower half, and then glancing off, as they 
were carried along, struck it again in the upper 
half. He considered that lead had really not so 
much influence as was supposed. He had known 
quite pure tubes to corrode as badly as 
tubes containing lead. He thought it advi- 
sable, in view of the remarks made in the 
discussion, to add a warning that under no circum- 
stances should the corrosicn of locomotive tubes 
be likened to that of condenser tubes. The con- 
ditions of the two were absolutely distinct, and 
should not be mixed up under any circumstances. 
Mr. T. Vaughan Hughes, in reply, said that the 
fuel used in the case investigated had been coke. 
The question of chlorides been gone into, but 
no chlorides, either of copper or of zinc, had been 
found in the deposits. e analysis of the tube 
was as follows :—Copper, 70.65 ; zinc, 28.66 ; iron, 
0.056 ; lead, 0.2. The question of abrasion by the 
clinker had been considered in his investigation. 


Suacestep Recorp or ANALYSES. 


The next paper was in the form of a short note 
contributed by Mr. C. A. Klein, on a proposal that 





the Institute should keep records of analyses of 
brands of metals with the object of providing con- 
venient reference for such brands and metals with 
regard to purity, &c. The eo was put forward 
with the idea of eliciting the views of members on 
it as regards advisability and practicability. Several 
ee joined in the discussion. Mr. A. E. Seaton 
thought the idea a good one, and years ago had 
had in view something of the kind himself in 
connection with mild steel. He had then found 
that many makers were recommending steel of 
different analyses, all as the ‘‘ best mild steel.” 
There was no final judge or authority as to what 
was the ‘‘ best.”: The matter extended further than 
steel and affected the purchasing of copper and 
many other lines of business. Some final authority, 
to which reference could be made by purchasers or 
sellers with regard to matters of purity of metals or 
the constitution of metal alloys, &c., would prove, 
he thought, of great utility. 

All the speakers did not consider the suggestion 
practicable. The naming of brands would be objec- 
tionable, it was held; and if they were unnamed, the 
records would be valueless. On the whole, how- 
ever, the discussion seemed favourable to the 
suggestion, both Mr. Seaton and Mr. Arnold Philip 
mentioning instances where an analysis having, so 
to speak, the imprimatur of the Institute would 
greatly assist in commercial matters. An additional 

int was made in this connection with regard to 
improvements in purity. It was pointed out that 
text-books gave analyses that could not be claimed 
as up to date in view of continual progress. Even 
that morning at the discussion on a previous paper 
analyses given of aluminium had been said to be 
below present standards. A yearly record by the 
Institute would keep members and others informed 
on all such points. 


CARBONACEOUS FILTERS IN THE HopkINS FuMELESS 
Zinc PRocEss. 

The last paper to be read was on ‘‘ The Use of 
Carbonaceous Filters in the Smelting of Zinc, as 
Employed in the Hopkins Fumeless Zinc Pro- 
cess.’ This was by Mr. C. O. Bannister, who 
summarised the paper, owing to the short time re- 
maining. The process consisted, he said, in the use 
of carbonaceous filters, of some such substance as 
coke, used at the retort end of the condenser, 
while an additional filter of carbon was used at the 
outer end of the condenser. The process was used 
for the manufacture of pure spelter ; it prevented 
or reduced the zinc fume, and by its means higher 
yields were obtained. The increased yield averaged 
about 5 per cent., while the cost of the modifica- 
tion necessary to existing zinc furnaces was very 
small. The process was in operation at Swansea. 

Mr. H. M. Ridge said he thought the volume 
of the condensers used at Swansea too small. 
Abroad much larger ones were used. The regu- 
lation of temperature in condensers was a matter 
of some trouble. If the temperature were too 
high, the zinc went off through the end; and if 
too low, there were other troubles. The carbon 
nozzles allowed of some regulation, but if the fur- 
nace were too hot, the difficulties would not be 
overcome by the use of the nozzle, because time 
and area were necessary factors in effecting con- 
densation. He was sorry that no details were 
shown as to how the laboratory experiment had 
been developed into the system of actual practice. 
The sketches in the paper were inadequate. He 
considered the manufacture of spelter low in lead 
desirable, but there was an economical limit to this. 
With ores containing much lead the lead might be 
sent over with the zinc. If this were done, it was 
possible then to recover lead to the amount of 99 
per cent. 

Owing to the time for adjourning the meeting 
having arrived, no further discussion on this paper 
was possible, and the author was asked to reply in 
writing. 

Vores or THanks, &c. 

The President proposed votes of thanks from the 
Institute to the following, for facilities extended to 
members during the meeting :—To the Institution 
of Mechanical Engineers, for the use of their build- 
ing ; to the Deputy-Master of the Royal Mint ; the 
Governors and staff of the Sir John Cass Technical 
Institute ; the Chief Superintendent of the Royal 
Arsenal, Woolwich ; and the Directors of the Morgan 
Crucible Company, Limited. Professor T. Turner 
seconded the a which was carried unani- 
mously. Mr. W. H. Johnson subsequently pro- 
posed, and Mr. A, E, Seaton seconded, a vote of 





thanks to Sir Gerard Muntz for presiding at the 
meeting. This was carried with acclamation, and 
Sir Gerard Muntz in a few remarks responded. 

In the afternoon visits were paid by members 
to the Royal Arsenal, Woolwich, and to the 
works of the Morgan Crucible Company, Limited, 
Battersea, S.W. 








THE WORLD'S NAVAL AND MERCHANT 
SHIPBUILDING. 

TuE circumstances of the moment attach, perhaps, 
more importance to the warship-building figures in 
Lloyd’s return than to the record of merchant tonnage 
launched in 1909. No excuse need therefore be made for 
referring first to the significant facts brought out in this 
official record, which shows that in the twelve months 
just concluded there were launched for the respective 
navies throughout the world 151 fighting ships of various 
types, each exceeding 100 tons, with a collective dis- 
placement of 404,475 tons. This total is nearly 100,000 
tons more than in the preceding year, and 50,000 
tons more than the average of the four preceding years. 
In 1901, however, 123 vessels, of 467,547 tons, were 
put into the water, and in 1904, 435,006 tons was the 
complete displacement of the 102 vessels of that year. 
It is to be remembered, however, that the fighting 
efficiency, as well as the cost per unit of displacement, 
has enormously increased in recent years, the prin- 
cipal cause being in the number of guns in the primary 
armament in each ship. Thus the totals of recent 

ears indicate a greater degree of destructive power. 

e superior armament, the higher speed, and 
other additions to fighting efficiency influence the cost ; 
but we are not concerned with this, since relative 
strength is measured not so much by a comparison 
of the present with the past output, as by the com- 

rative figures for Britain and other first-class 

owers. The figures which are tabulated show that 
the additions to the British fleet in 1909 constituted 
less than one-fourth of the total for the world. More- 
over, a greater tonnage has been added to the German 
fleet, while the tonnage of the new French ships 
launched comes within 3000 tons of the British output, 
the figures being :—For Germany, 27 vessels, of 99,116 
tons; for Britain, 35 vessels, of 98,790 tons ; for France, 
19 vessels, of 95,740 tons ; and for the United States, 
which comes next, 15 vessels, of 48,639 tons. . 

It is unfair, however, to take one year for com- 
parison, for manufacturing exigencies and other con- 
siderations affect the results. It is preferable to com- 
pare the production in, say, one quinquennial period 
with another. Doing this, we find that between 1900 
and 1904 there were launched for His Majesty’s Navy 
vessels of a collective displacement of 611,852 tons, as 
compared with vessels of 463,960 tons in the succeeding 
five years terminating with December last, showing a 
decrease of 148,000 tons. This is partly explained, no 
doubt, by the increased concentration of attack with 
its larger gun-power per unit of displacement. But the 
same argument is applicable to other powers, and we 
find that Germany in the first five years from 1900-04 
launched vessels of 242,614 tons, as compared with 
310,741 tons in the succeeding period, which shows an 
increase of 68,000 tons, as compared with our decrease. 
It is to be remembered, too, that we had a lead in respect 
of Dreadnoughts while Germany was considering the 
—— of design, so that the situation is likely to 

intensified, unless our rate of production is aug- 
mented ; in other words, the ratio of output in the 
first five years was 2.5 for Britain to 1 for Germany, 
whereas in the second period it was 1.5 to only 1 for 
Germany. France, after waiting for a long-delayed pro- 
gramme, last year made up considerable leeway, her out- 
ae being equal to the preceding four years combined ; 
ut when compared with the five years between 1900 
and 1904, it is seen that the output in the later period 
is little less than in the former, being 194,728 and 
199,892 tons respectively. The rate of production in 
France in the past five years is thus only about 624 per 
cent. of the German total. America had her trouble 
with Spain in the earlier period, which tended to 
swell the total of new warships, so that their output 
for the first five years was 317,007 tons, and for the 
second five years 256,720 tons. ; 

As regards the building of warships, Britain still 
holds a favourable position, because during the past 
year the output for foreign countries was quite up to 
the average. The ratio of British-built ships to the 
total, however, is a decreasing quantity, partly 
because the British-owned warship tonnage bears 4 
smaller ratio to the total warship production than for 
the first five years of the decade, when the British- 
owned tonnage was nearly equal to one-third of tle 
total ; whereas in the more recent quinquennial period 
the ratio was 26.3 per cent. of the total. Our average 
annual output for foreign Powers is between 25,((0 
and 30,000 tons displacement. 

As regards merchant shipbuilding, Lloyd’s return 
shows that in the United Kingdom there were launched 
526 vessels, of 991,066 tons. This is 86,000 tons less 
than the aggregate tonnage made up from the returns 
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sent to us by the various shipbuilding firms through-|every country; and this decrease is, in respect of 
out the United Kingdom, and reviewed in our issue of | merchant work, especially marked in the case of 
December 31 last, page 899; but Lloyd’s take no | France, where the total shows a reduction of 49 per 
cognisance of vessels under 100 tons, and of these | cent.; in Germany, where the output is 40 per cent. 
there were included in the reports sent to us by the | less ; and in the United States, where the total is 
various shipbuilders over 500 tons ; moreover, we in- | 31 per cent. less. In the case of the United Kingdom, 
cluded floating structures which do not come under | however, there is actually an increase of 6.6 per cent. 
Lloyd’s purview. Lloyd's also are able to get exact| Of the tonnage launched throughout the world 
measurements, whereas in many cases the builders | during 1909, Great Britain acquired nearly 47 per 
forward tous estimates. In view of these facts, Lloyd’s | cent., which suggests that our shipping industry is 
in large measure corroborate the figures published in holding its own, while of the total tonnage of vessels 
ENGINEERING, not only in this, but in other respects. of over 100 tons, the United Kingdom launched 62 
The foreign tonnage, including warships, is, according per cent. If, however, only sea-going merchant 
to Lloyd’s, 24 per cent., and in our tables it was steamers of over 3000 tons gross be taken into 


TABLE I1.—Tasie SHOWING THE TONNAGE OF VESSELS OF 100 Tons Gross AND Upwarbs (EXCLUDING 
WaARrsHIPS) LAUNCHED IN THE UNITED KINGDOM AND ABROAD DURING THE YEARS 1893-1909. 








United Austria. | British 























| 
f n- | Ger- ! ei | United Other | 
Year. | Kingdom. Hungary. | Colonies. | mark. France. many. Holland) Italy. — Borwag) States. (Countries. | Totals, 
~ tons tons tons tons tons tons tons tons tons ‘tons tons | tons No.| tons 
1893 836,383 7,435 17,089 10,719 | 20,337 60,167 1,339 [10,626 3,173) 16,552 | 27,174 17,788 846) 1,026,741 
1894 | 1,046,508 1,708 6,803 7. 19,636 | 119,702 | 15,360 | 5,396| 2,296) 17,169 | 66,804 13,804 932) 1,323,538 


fy 
1895 | 950,967 7,871 | 10,381 10,982 | 28,851 | 87,786 8,292 | 5,603) 7,849| 12,873 | 84,877| 7,881 880! 1,218,160 
1896 | 1,159,751 6,246 11,124 11,814 | 44,565 | 103,295 | 12,405 | 6,779) 6,740] 12,059 | 184,175 7,820 |1113, 1,567,882 
1897 952,486 6,601 | 12,431 13,539 | 49,341 139,728 | 20,351 |12,910|11,424| 17,248 | 86,838 990 

1898 | 1,367,570 5,432 25,021 12,703 | 67,160 | 153,147 19,468 |26,530' 6,775| 22,670 | 173,250 8,968 /|1290, 1,893,343 
1899 | 1,416,791 9,248 8,464 | 26,613 | 89,704 | 211,684 34,384 /49,472| 4,543 | 27,853 | 224,278 16,382 (1269) 2,121,738 
1900 | 1,442,471 14, 889 9,563 | 11,060 | 116,858 | 204,731 45,074 |67,522 37,208| 32,751 | 333,527 21,174 |1364 2,304,163 
1901 | 1,524,739 20,013 28,134 | 22,856 | 177,543 | 217,593 29,927 |60,526 27,181| 36,875 | 433,235 | 28,890 (1538) 2,617,539 
1902 | 1,427,558 15,192 | 28,819 | 27,148 | 192,196 213,961 69,101 |46,270 /34,514| 37,878 | 379,174 38,277 (1650) 2,502,755 
1903 | 1,190,618 | 11,328 34,690 | 28,609 92,768 184,494 59,174 50,089 132969 41,599 | 381,820 | 35,928 /[1650) 2,145,631 
1904 | 1,205,162, 16,645 30,965 | 15,859 | 81,245 202,197 55,636 |30,016 '31,725| 50,469 | 238,518 | 28,254 (1643) 1,987,935 
1905 | 1,623,168 16,402 10,798 17,557 | 73,124 255,423 44,135 |61,629|42,489/| 52,580 | 302,827/ 25,554 1576) 2,514 
1906 | 1,828,343 18,590 26,042 24,712 | 35,214 318,230 66,809 |30,560 66,254 | 60,774 | 441,087 | 26,9138 /|1836) 2,919,763 
1907 | 1,607,890 8,717 46,443 | 28,819 | 61,635 | 275,003 68,623 | 44,666 |59,725| 57,556 | 474,675 37,807 + |1788) 2,778, 
1908 929,669 , 23,502 34,181 19,172 | 83,429 207,777 | 58,604 |26,864'52,319| 52,839 | 304,543 32,981 1405) 1,833,286 









































1909 | 991,066 25,006 7,461 7,508 | 42,197 | 128,696 59,106 |31,217 52,319) 28,601 | 209,604 19,276 1068 1,602,057 
| ! ! 
TABLE II.—Zonnage of Ships Launched (including TABLE III.—Number and Tonnage of Warships 
Warships) in each Maritime Country. Launched, 1893-1909. 
aa | 1906, 1907. | 1908 1909. British. Foreign. 
— fae —_— —" — a Year. ” 

Austria-Hungary... 21,350 | 10,311 39,115 47,223 
Belgium ... ..,_~—«5,813.| 16,542 | 16,300 6,316 = oe | Some. 
British Colonies .. | 46,603 | 34,181 7,941 | 1893 .. a 18 45,898 33 33,635 
Denmark ..  .. 24,712 | 28,819) 22,764 | 7,508 |igqg | ||| Sg 32,956 27 "37,050 
France..  .. —.|__ 58,502 | 96,924 | 105,455 | 187,987 | 1995 ©) ||| og 148,111 23 100,614 
Germany = | 384,614 ea 305,977 — GSS. ac 55 163,958 37 167,833 
Greece .. a -+| - bas | a ’ 1897 .. a 48 | 95,465 42 133,435 
Holland bf ‘| 72,489 | 68,724 59,156 65,522 | g98 || . 41 191,555 50 175,318 
Italy .. ..  «-| 34,719 | 69,820 | 56,264 | 33,405 | 599 ©) | gs 168,590 56 176,170 
Japan... --| 85,806 | 127,354 | 62,085 | 52,694 | 1999 | | 9 68,364 70 192,100 
Norway i ..| 60,874 | 57,756 53,389 28,601 | 1901 .. ei 41 211,969 82 255,578 
Portugal A ne 302 400 | i902 |) ||) (3 94.140 7 183,966 
Russia .. .-| 59,060 37,340 9,720 4,331 | 1903... 41 151,890 78 239,210 
Spain er a 3,966 5,210 2174 | 3908) ||| 87 127,175 6h 307,831 
Sweden 1» ef 11,579 | 12,206 | 10,804 | 7,487 | 1905 |) 28 129,801 90 233,410 
United States. . ..| 486,650 | 486,265 357,393 | 258,243 | 1906 |. “h 29 108,450 119 254,522 
Other countries va * 778 | 670 ° 846 — 1907 .. a 36 134,475 106 186,736 
san eae ‘ mae: oe ak 74,186 91 235,503 

otal foreign anc 1909 .. a 42 126,230 106 278,245 

colonial .. __... 1,845,942 | 1,356,984 | 1,139,120 | 889,236 ‘ — 
Total for the United a iechiaihaescl icinimahi nnn secrete eae eae 

aa 793 | 1,742.5 008,855 | 1,117,26 : . 

Biagio .. | «| RAED | renee | Lee | Le account—and in this category we have 180 steamers, 

Total for world ..| 3,282,735 | 3,099,299 2,142,975 | 2,006,532 | of 892,078 tons—nearly 75 i cent. was launched in 

ca ae the United Kingdom. hatever, therefore, the 


TABLE IV.—Tasie SHOWING THE NUMBER AND DISPLACEMENT OF WARSHIPS OF 100 Tons AND Upwarps 
LAUNCHED FOR THE VARIOUS NAVIES DURING THE YEARS 1893 To 1909. 


























American | ‘ | Cie 
Year, British. (United French, German. Italian. | Japanese. Russian. | FIL | Total. 
States). mo. 
tons tons tons tons tons | tons tons tons | No, tons 

1893 40,278 40,200 62,055 8,100 5,785 47 18,505 14,610 } 61 179,533 
1804 82,088 ae 28,690 5,070 3,290 | 868 34,850 15,150 | 87 | 120,006 
1895 139,145 12,084 42,071 5,490 | 6,500 | 2,800 4,114 36,571 | 82 | 248,725 
1806 117,445 16,302 57,110 11,100 || 6,500 | 24,780 30,281 | 68,273 | 92 | 331,791 
1897 66,740 3,000 15,185 44,214 35,906 18,070 2,200 43,585 90 | 228,900 
1898 140,120 57,900 25,096 10,648 2,836 | 45,275 28,650 56,348 91 | 366,87: 
1899 121,140 6,400 52,912 29,240 18,120 | 61,656 37,230 | 18,062 | Ol } 344,760 
1900 35,050 | 12,330 40,730 45,330 1,280 26,210 61,840 37,694 | 99 | 260,464 
wi 209,774 | 47,903 | 40,663 59,400 | 27,833 1,125 54,680 } 26,169 | 123 | 467,547 
1902 92,840 | 20,449 44,139 32,324 | 8,724 8,350 | 48,485 | 22,795 | 102 278,106 
1903 147,813 | 66,140 | 30,760 60,590 Ea 13,917 | 38,430 33,450 | 119 | 391,100 
1904 126,375 176,185 43,600 44,970 | 25,932 60 | 1,750 | 21,586 | 102 | 435,006 
1905 96,505 | 98,200 28,611 36, 14,490 50,633 | 16,721 22,564 | 118 363,211 
1906 85,700 | 45,443 15,183 62,678 | 3,039 41,277 82,204 | 27,448 148 | 362,972 
1907 133,405 11,590 33,594 14,800 | 25,154 57,200 | $5,317 | 10,151 142 $21,211 
1908 49,560 52,850 21,600 97,660 | 29,400 2,245 | 8,800 | 47,574 | 197 309, 

1909 98,790 | 48,639 95,740 99,116 2,088 375 1,246 | 58,481 161 | 404,475 








25.3 per cent.; the difference is probably due to the | future may have in store, our position so far is fairly 
large number of small craft sent for river traffic in | satisfactory. 
South America and other parts. Lloyd’s, in their} The total of merchant shipping launched is 1063 
return, make special mention of the vessels for river | vessels, of 1,602,057 tons, practically all of which 
and harbour purposes shipped abroad in pieces. They | was steam craft, the sailing tonnage being represented 
also point, as was done in ENGINEERING, to the de- | by only 64,487 tons. This aggregate total is 231,000 
crease in vessels of large tonnage, stating that during | tons less than in 1908, and 1,175,000 tons less than in 
the years 1893-96 the average number of vessels of | 1907; indeed, the output is the lowest for twelve 
6000 tons and upwards constructed in the United | years, when there was a recovery from four years’ 
Kingdom was 10; in the four following years the | world-wide depression in the shipping trade. 
average rose to 32, at which it stood Le the four! If warship tonnage is included, the total output 
years 1901-4; it was 30 for the four years 1905-8. | becomes 1214 vessels, each exceeding 100 tons, with a 
During 1909 only 19 such vessels were launched. total tonnage of 2,006,332, which is 136,000 tons less 
Lloyd’s return, however, is principally important be-| than in the previous year, the decrease in the mer- 
cause it is an official record of the shipbuilding work | chant tonnage being partly compensated for by the 
done in all countries, with a comparison of the | increase in the warship tonnage. 
British output reckoned on the same basis. From the! Amongst foreign countries the United States takes 
tables given it is seen that there has been a consider-| first place as regards the output of merchant 
able decrease in the production of new shipping as| work, the total being 209,604 tons, which is 95,000 
compared with the P acne for 1908, in practically|tons less than in the previous year. The de- 

















crease is most marked in respect of coasting ships, 
of which 78,000 tons less were produced, while 
the reduction in the case of the Great Lakes ton- 
nage was only 17,000 tons. The figures for the 
Great Lakes include fifteen steamers, of over 5000 
tons, the largest of which was the Shenango, of 8407 
tons, launched by the Great Lakes Engineering Works 
of Detroit, Michigan. The largest of the ocean 
steamers was the Wilhelmina, of 6975 tons, built at 
Newport News ; this, indeed, was the only merchantman 
exceeding 5000 tons launched on the coast. But there 
was a somewhat unique ship for the year in the form 
of a wooden six-masted schooner the W yoming—of 
3730 tons ; only one other sailing vessel exceeding 1000 
tons was launched in the States. The tigures do not 
include river and harbour craft, the total of which 
amounted to over 33,000 tons. 

As regards Germany, the output, which was 84 
vessels, of 128,696 tons, shows a decrease of 79,000 tons 
on the total of the preceding year. In the four years 
from 1900-4 the average tee annum was 204,000 
tons. In 1905 the total was ,000 tons ; in 1906, 
318,000 tons; but since then there has been a con- 
siderable decrease, the present figures being consider- 
ably less than half those of three years ago; but 
Lloyd’s do not take into account vessels launched on 
the upper rivers, which would have added 27,000 tons 
to the total output. Of the vessels built, seven were 
of 5000 tons and upwards, the largest being 6742 tons. 
A training-ship of thew 1600 tons is included, the only 
sailing-ship of any importance launched during the 
twelve months. 

Next in point of total is Holland, where 52 vessels, 
of 59,106 tons, were launched, exclusive, again, of 
river craft, of which 19,000 tons were completed. 
There were three steamers exceeding 5000 tons, the 
largest, built at Flushing, of 7442 tons. 

apan takes fifth place amongst the countries of the 
world—of itself a significant fact—and here the output 
of 75 vessels, of 52,319 tons, is only slightly less than 
in the two preceding years, and considerably above 
those of any preceding ang The principal vessel 
completed was the Kiyo Maru, an oil-carrying steamer, 
of 9300 tons. 

In the case of France the upward tendency of recent 
years has been checked, and the output of 51 vessels, 
of 42,197 tons, is only a little more than half that of 
the preceding year. The year, however, is in a large 
measure redeemed by the building of the largest 
merchant steamer constructed outside of Great Britain 
—the Espagne, of 11,000 tons. 

As regards Italy, the output of the preceding year 
has been improved upon, although the total—31,217 
tons—is less than in 1905 and 1907. Here three 
vessels exceeded 7000 tons—the largest, the Oceana, 
being of 8996 tons. 

As to the other countries little need be said. 
Austria-Hungary has produced 15 vessels, of 25,006 
tons, which is 15,000 tons more than in 1908, and 
greater than in any preceding year. The decrease in 
the Colonies is very marked, the output being little 
more than one-fifth of the previous year. In Denmark 
the total is about one-third; in Norway it is only 
about one-half the average of the preceding five years, 





THE LATE MR. ARTHUR GREENWOOD. 

THE engineering profession will learn with keen 
regret of the death of Mr. Arthur Greenwood, of 
Leeds, who was an influential agent in the extension 
of British engineering supremacy abroad, and also a 
most serviceable worker towards the development of 
amicable relations between employers and employed. 
In this latter respect he did valiant work during the 
pe of the great engineering strike. Firm in what 

e considered right, he was, nevertheless, always con- 
ciliatory towards the men. It was thus no surprise 
when a short time ago he was chosen as chairman of 
the Engineering Employers’ Federation, a post for 
which he was admirably fitted by ee, expe- 
rience, and tact. His death, which will be most widely 
regretted—especially ashe had only reached the age of 
sixty-four years—was quite unexpected. He was com- 
bining political work with business at the beginning of 
the week, and retired on Tuesday night, apparenly in 
sound health, but early in the morning he had a cardiac 
seizure. Shortly after one o'clock the sound of knock- 
ing was* heard, and when his bed-room was entered 
he was found sitting in a chair in his dressing-gown, 
suffering from complete ootag. Medical aid was 
summoned, but Mr. Greenwood was beyond recovery, 
and died very soon after the first seizure, 

Born on October 2, 1845, the son of Mr. Thomas 
Greenwood, himself an engineer of high repute, the 
subject of our memoir was educa privately in 
Leeds, and later in France, where he became a perfect 
French linguist. Indeed, he there acquired fluency in 
several languages, which enabled him later in life to 
develop the foreign connections which his firm had 
made in earlier _. His father, many may re- 
member, commended himself by his skill to the late 
Sir Peter Fairbairn, and in 1843 entered Fairbairn’s 
service, becoming ultimately a partner along with Mr. 
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Batley. In 1856 the firm of Greenwood and Batley 
was founded. Three years later the eldest son of the 
former partner, Mr. Arthur Greenwood—the subject 
of our memoir—was articled to the new firm, an 
passed through the ordinary course of instruction in 
the various shops, as well as in the drawing-office. 
When twenty-one years of age, he became foreman in 
one of the shops, not only by reason of his special 
aptitude for mechanics, but for his diligence in work. 

wo years later he was appointed under-manager, 
and in 1870, when twent: Bee ears of age, he was 
admitted a partner of the firm. This was a period of 
great development. The firm, having found their 
original works too small, began the erection of the 
Albion Works, Leeds, which have since been very con- 
siderably extended. Three. years after Mr. Arthur 
was admitted to partnership his father died, and he 
became the general managing rtner, his brother, 
his cousin, and his brother-in-law being the other 

rtners ; Mr. Batley had retired from the business a 
ne years earlier. 

Mr. Greenwood was an engineer who combined the 
qualities of the sound mechanic with those of the pro- 
gressive man of affairs, and it was not surprising that 
under his management new departments should have 
been added to the business. In these earlier years of 
general managership he was occupied in the design 
and construction of highly specialised machinery, 
notably machines for the manufacture of nearly all 
descriptions of munitions of war, and machine-tools 
for all kinds of mechanical work—for the produc- 
tion of sewing - machines, for wood - working, for 
dressing, preparing and spinning silk, &c. Indeed, 
there were few operations in industry where mechani- 
cal methods could be applied which did not come under 
his active influence. By greatly extending the busi- 
ness of the firm in foreign countries he raised it to the 
first rank in international repute. In 1888 it was 
decided to convert the co-partnery into a limited lia- 
bility company, with a capital of 400,000/. This, 
however, involved no change in the control of the 
business, Mr. Arthur Greenwood being chairman, and 
having as co-managing directors his brother, Mr. 
George, his cousin, Mr. Henry, and Mr. J. H. Wurtz- 
burg—who had been closely identified with the design- 
ing and —— departments. There is little need 
to write of the continued progress of the company, as 
that is well known; but as indicative of its enterprise, 
it may be added that steam-turbine manufacture is 
one of the later departments. 

Mr. Greenwood was elected a member of the Insti- 
tution of Mechanical Engineers in 1878, and last year 
became a member of the Council. He had rendered 
many services to the Institution, although he had not 
contributed any papers. He was the chairman of the 
Reception Committee at Leeds, in connection with 
the meeting of 1903, and a large part’ of the success of 
this meeting was due to him. He was elected a 
member of the Institution of Civil Engineers in 
December, 1881; and tothe Engineering Conference 
in 1899, he contributed a paper on machine-tools, 
with special reference to American and German 
practice compared with English (see ENGINEERING, 
vol, Ixvii., pages 800 and 827). He took a consider- 
able part, too, in the meeting of the British Asso- 
ciation at Leeds in 1890, and contributed one of 
the articles in the ‘‘ Hand-Book.” . Although it can 
scarcely be said that he took a large part in the public 
proceedings, he made several contributions to engi- 
neering literature ; a notable one had reference to the 
metric system, which he strongly advocated, his ac- 
quaintance with the practices in foreign markets 
enabling him to emphasise, from stanal Wieertiediaps 
the importance of British firms adopting the system, 
because of its acceptance in foreign countries. 

Mr. Arthur Greenwood was specially noted for the 
happy relations which he cultivated with his work- 
people. In this, indeed, he followed his father, 
who was one of the earliest employers to introduce 
the Saturday half-holiday and to concede the nine- 
hours day to his employees. The subject of our 
memoir strongly recognised the importance of en- 
couraging the education of his workpeople, and was an 
active agent in many of the social movements in the dis- 
tricts of Armley and New Wortley, which constituted 
his sphere of influence as an employer. In the affairs 
of the community, too, he layed well the part of 
a captain of industry. He was a Justice of the Peace 
for the city of Leeds, and from 1887 was a life 
governor of the infirmary. He was an active sup- 

rter of the Yorkshire College, which has since 

me the University of Leeds, and his knowledge 
of engineering requirements made him a_ most 
useful guide in the arrangement not only of the 
laboratories, but also of the curricula. For a number 
of years he was a member of the Council of the 
Chamber of Commerce and of the Board of Concilia- 
tion, which included representatives of the former, as 
well as of the trade on labour councils of the city. 


He took an active part in politics, and in 1892, when 
the Conservatives of the city wished to have a strong 
local champion of their cause 
Gladstone, 


inst Mr. Herbert 


r. Arthur Greenw was persuaded to 





enter the lists, but although he enormously reduced 
the majorities, he failed in his main object. The 
Unionist workers and supporters in the district, 


d | however, marked their approval of his straightfor- 


ward and plucky fight by presenting to him an illu- 
minated address and silver epergne. In 1895 he again 

to contest the city, but a shooting accident 
deprived him of the sight of one of his eyes, and this, 
together with a family bereavement, led to the aban- 
donment of his candidature. His interest in politics, 
however, continued right up to the end. 

Mr. Greenwood had for some years lived at 
Greenholme, Burley-in-Wharfdale. e was twice 
married, but had no family, and his second wife died 
five or six years ago. 








THE LATE MR. JAMES WALKER, 
NEWCASTLE-ON-TYNE. 

Tue death is announced of Mr. James Walker, 
M. Inst. C.E., who, since 1897, has been engineer-in- 
chief of the River Tyne Commission, and as such has 
been identified with recent improvements in the navi- 
gable part of the northern river. His death was some- 
what sudden, for although he had a severe illness 
about a year ago, he recovered and attended to his 
duties up to Friday of last week. He went on a week- 
end visit to Leeds, and on Saturday was seized with 
an acute illness ; an operation became necessary, and 
on Sunday, the 16th inst., he succumbed. 

Mr. Walker, who was unmarried, was fifty-six years 
of age, having been born on June 20, 1853. He was of 
Scotch descent, and after being educated at Edinburgh 
University, became a pupil of the late Mr. John 
McConnochie, M. Inst. C.E., who was then engineer 
of the Bute Docks, in Cardiff. From August, 1871, 
to midsummer in 1874, Mr. Walker had full oppor- 
tunity of acquiring a sound knowledge of dock works, 
and at the end of his pupilage he became assistant 
engineer on the dock works, continuing until the end 
of 1878. He was occupied not only on the mainte- 
nance of the east and west docks, but also on the con- 
struction of the Roath basin, the entrance-lock, and 
the graving dock, the cost of these new works being 
about half a million sterling. 

At the beginning of 1880 he became resident engi- 
neer on the Brading Harbour works, in the Isle of 
Wight, for which the late Mr. Richard B. Grantham, 
M. Inst. C.E., was consulting engineer. The harbour 
is small, but the works offered sufficient variety and 
difficulties to afford much experience. He super- 
intended the construction of two quays, a short rail- 
way line, a new river-channel about a mile long, and 
a large concrete tidal sluice and the dredging of an 
entrance channel three-fourths of a mile long. 

In November, of 1883, Mr. Walker was appointed 
engineer to the Government and Harbour Commis- 
sioners of the Isle of Man, the late Sir John Coode 
being the consulting engineer. During his fourteen 
years’ residence at Douglas he was responsible for all 
the harbours of the island, with their bustling activity 
in commercial and fishing traffic, especially during the 
holiday season, and the varied demands were met 
with thoroughness. Upon the death of Mr. P. J. 
Messent, the engineer-in-chief of the River Tyne 
Commission, Mr. Walker was appointed his successor 
in 1897, Partof the north honcbanater at the entrance 
to the river had collapsed during Mr. Messent’s 
illness, and Sir John Wolfe Barry and Messrs. 
Coode, Son, and Matthews had been called in to 
advise regarding the reconstruction of the work. This 
undertaking has only now been completed, principally 
under the direction of Sir William Matthews, so that 
Mr. Walker’s friendship with Sir John Coode’s 
partners continued to the end—for over twenty-six 
years. During his twelve years’ work on the River 
Tyne Mr. Walker did much to deepen and straighten 
the channel, and, first, the launch, and subsequently 
the safe and quick passage down the comparatively 
narrow river, of the leviathan Atlantic liner Maure- 
tania, and of such great warships as the Superb, 
Minas Geraes, Invincible, and others, afford testimony 
to the success of this work. He was elected a member 
of the Institution of Civil Engineers in 1885, and was 
a Fellow of the Royal Society of Edinburgh ; but he 
took little part in the proceedings, being of a retiring 
disposition. He had many friends in the Tyne dis- 
trict, who paid their last respects by attending his 
interment at Edinburgh on the 20th inst. 








THE LATE MR. JOSEPH QUICK. 

By the death, suddenly, of Mr. Joseph Quick, 
M. Inst. C.E., at Groveside, Teddington, on the 19th 
inst., there has passed away an engineer who took an 
active part in the development of works for the supply 
of water for the Metropolitan area—first in association 
with his father, and su uently in succession to him. 
Mr. Quick, who retired many years ago, was trained 
in his father’s office, which he entered in 1853, after 
having passed through a course of study arranged 
specially to pre him for the profession of a civil 
engineer. His ather was then prominently known 
in connection with the provision of water works, 





and the son was sent in 1854-5 to the Berlin Water 
Works, which were then being constructed by 
Messrs. Aird. Returning to this country, he entered 
his father’s office, and was occupied on the new 
works of the Grand Junction Water Works Company 
at oo Hill, Kensington, and at Kew, as well as 
on the Hampton and Battersea Works of the South- 
wark and Vauxhall Company. In 1858 be became 
assistant engineer to the latter company, and at the 
same time was permitted by his agreement to practise 
on his own account. In this way he was able to give the 
advan of his experience to many companies and 
communities owning water works. In 1863 he became a 
partner with his father, and, in conjunction with him, 
carried out many extensive works, not only for the 
two London companies already named, but for Ports- 
mouth, Amsterdam, and other communities. He was 
elected a member of the Institution of Civil Engineers 
in 1870. As we have said, he retired some years ago, 
and lived at Teddington, where he died very suddenly 
on Wednesday of this week, at the age of seventy-two 
years. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 12. 

THE general tone of the steel industry throughout 
the United States is exceptionally strong. It was 
supposed that the dulness that usually prevails 
during the early part of January would manifest 
itself as usual at this time. Such is not the case. 
A surprising demand for basic and Bessemer pig 
has presented itself, and there is not enough avail- 
able material to supply it. This demand must re- 
main unsatisfied for the present. The productive 
capacity of furnaces producing those products is 
sold far ahead. The incoming capacity will afford 
some relief, but the necessities of consumers make 
the inevitable delay a serious inconvenience. The 
people who are now in the market require deliveries 
during the present quarter, and there is very little 
prospect for the rope | supplies. The railroad 
companies are again in the market for material to 
build new mileage and to equip existing mileage. 
Another source of railroad demand arises out of the 
removal of grade crossings. There are a great many 
crossings at grade, and it is the desire and intention of 
all of the greater systems to remove as many of these 
crossings as possible. The Pennsylvania Railroad Com- 
pany has been at work along this line for the past ten 
years, and during that time has removed 673 crossings 
east of Pittsburg and Erie. On the line between New 
York’and Washington 256 e crossings have been 
removed. This has involved enormous expenditure. 
Between Jersey City and Philadelphia, a distance of 
90 miles, 78 crossings have been abolished. Between 
Philadelphia and Altoona all but 73 crossings out of 
218 have been eliminated. This takes no account of 
the very general revision of grades made necessary 
where tracks were elevated or depressed. All of the 
greater railway systems are engaged in this work of 
improvement, and it means an enormous drainage upon 
the steel-making of the country. 

A connectin ‘ee is being built in Western Pennsy]- 
vania, and, although only 42 miles in length, will con- 
nect several trunk lines, and will shorten the distance 
from Pittsburg to territory reached by the New York 
Central Railroad as much as 60 miles. Three tunnels 
will be constructed, one 400 ft. in. length, one 1200 ft., 
and one 2200 ft. Valuable beds of coal underlie, aggre- 
gating 16 ft. in thickness, and preparations have been 
completed to open one mine which will supply 5000 
tons of coal daily. The St. Louis, Brownsville, 
and Mexico Railroad in Texas has completed plans 
involving the nditure of 25,000,000 dols., part 
of which will laid out in the construction 
of a road from Brownsville, Texas, to Tampico, Mexico, 
thence through a rich valley to Laredo (125 miles), 
and an additional line leading to San Antonio (160 
miles). The money is available for this purpose. All 
conditions are now decidedly favourable to the prose- 
cution of railway construction. The steel industry 
will be called upon to supply material during the 
summer and. autumn for a host of enterprises for which 
capital is ready and anxious. What the year will 
bring forth in the way of prices is problematical, but 
it is safe tosay that, so far as the purposes of the great 
steel interests are concerned, there will be no changes 
that will discourage the spirit of constructive ente! 
prise. 








British Coat Propuction.—The extent and value of 
the coal production of the United Kingdom for the ten 
years ending with 1908 inclusive were as annexed :— 


Year, Output. Value. 
Tons. £ 
1899 220,094,785 83,481,137 
1900 225,181,300 121,662,596 
1901 219,046,945 102,486,552 
1902 227,095,042 93,521,407 
1908 230,034,469 88,227,547 
1904 232,428,272 83,851,784 
1905 236,126,936 82,038,553 
1906 251,067,628 91,529, 264 
1907 267,830,862 120,527,378 
1908 261,528,795 116,598,848 
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THE “DISCUS” 


ORGAN-BLOWERS. 


CONSTRUCTED BY MESSRS. WATKINS AND WATSON, ENGINEERS, LONDON. 
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Tue mechanical blowing of organs is a problem in- 
volving difficulties peculiarly its own. Any apparatus 
devised for the purpose must work as nearly as pos- 
sible silently, since in many cases it may have to be 
installed in such positions that any considerable noise 
would be so objectionable as to render its use impos- 
sible. Further, the apparatus must be capable of con- 
siderable flexibility of arrangement, so that it may be 
adapted for installation in awkward or cramped situa- 
tions, while it must be of a simple nature, requiring 
little attention and capable of being run by compara- 
tively unskilled labour. The ‘‘ Discus” organ-blower, 
which is manufactured by Messrs. Watkins and Watson, 
of 16, White Lion-street, Islington, N., and illustrated 
page, would appear to meet these various con- 

itions, . 

The machine is a fan-blower, consisting of a number 
of fans and chambers in series, the soulier depending 
on the pressure to be developed. An arrangement of 
two blowers, driven in tandem by an electric motor, is 
shown in Fig. 1, while a cross-section through a two- 
stage blower is shown in Fig. 2. The general con- 
struction of the apparatus will be seen from these two 
views. The body is built up of a series of cast-iron 
caphragme, held together by longitudinal bolts, and 
Provided with lugs, to which the sheet-iron casing is 
Secured. The fans are made of galvanised sheet-iron 











Fig. 
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riveted to cast-iron discs, and to obtain perfect 
balancing the shaft is rolled on knife-edges before 
the sheet-iron annuli, which carry the impellers, are 
riveted to them. The sides of the fans which run next to 
the cast-iron diaphragms are provided with hard type- 
metal rings, which are faced and run against corres- 
ponding faces on the diaphragms with a clearance of 
about 0.01 in. Additional sheet-iron annuli, formin 
fixed diaphragms, and carrying guide-vanes, are secu 

in position small iron brackets. One of these 
diaphragms will be seen in chamber | in Fig. 2. The 
bearings are arranged for ring lubrication and pro- 
vided with oil-throwers, while nuts are fitted at the 
ends of the shaft, so that the running clearance between 
the fans and the fixed diaphragms may be accurately 
adjusted. 

The features of special interest in the blower are 
the two pressure discs C D and G H, which are mounted 
at each end of the shaft. These discs run against 
faces on the outer diaphragms in a similar way to the 
fans, and have their outer areas exposed to atmo- 
spheric pressure, and their inner ones to the chamber 
pressures. They serve to balance the internal pres- 
sure against the external atmosphere, and entire An 
away with the necessity for a thrust bearing. is 
feature is largely responsible for the success of the 
machine, since small thrust-bearings, unless carefully 
attended to, are apt to be noisy, as it is impossible 





to obtain careful or skilled attention for this class of 


plant, the elimination of such bearii is very advan- 
tageous. Although the two discs C D and G H each 
serve to balance thrust pressures, they are not neces- 
sarily used together, and are, in fact, the subject of 
different patents. 

The arrangement of blower shown in Fig. 2 is in- 
tended for use as a booster—that is, a blower receiving 
air at some pressure greater than atmosphere from an- 
other blower, and stepping it up to a still higher pres- 
sure.© If the blower shown in Fig. 2 were taking in 
air direct from atmosphere, it is obvious that the 

ressures on the two sides of the dise CD would 
balanced, and that it would serve no purpose. In 
many cases, indeed, the chamber O could be omitted 
and air be taken in centrally around the shaft. In 
the case of such a blower—that is, one drawing in 
air from atmosphere, and arranged similarly to Fig. 2, 
but without the dise CD or the chamber O— 
it is obvious that the thrust pressure in a left- 
hand direction on face F of the fan disc EF would 
be balanced by an equal right-hand pressure on 
the face G of the fan-diso G H, while the atmo- 
spheric pressure on face E would be balanced by 
that on face H. Similarly, the pressures on the two 
sheet-iron annuli forming the outer portion of any fan 
would be equal and opposite, so that the whole arrange- 
ment would be balanced for end-thrust, This balancing 
would take place in any blower, no matter how many 
fans might be fitted, as the pressures on the two faces 
corresponding to F and G in anys would always be 
equal and opposite. In the case of a booster blower, 
as shown in Fig. 2, the disc C D has to be introduced, 
since, as the pressure in chamber O is greater than 
atmosphere, the thrust on area H cannot balance that 
on area E, With the introduction of disc C D, how- 
ever, the pressure on E is balanced by that on D, and 
the pressure on H by that on C. 

The blowers can be made with any number of fans 
and stages ; they are made with five or six ; but it is 
clear that mechanical considerations come in, limiting 
the length of the apparatus. In such cases a booster 
arrangement, as shown in Fig. 2, is used, air being 
taken at some pressure above atmosphere from one 
blower and fed to a second, in which its pressure is 
further increased. An arrangement of this sort is 
frequently very convenient for cases in which supplies 
of air at different pressures are required. The majo- 
rity of large organs are arranged in this way, two or 
more air reservoirs being installed, and the various 
stops supplied at the most suitable pressures. In 
addition to the use of boosters, different air pressures 
may be obtained from the blowers by tapping off a 
certain portion of the supply at any stage. 

A blowing installation constructed for St. Patrick’s 
Cathedral, Dublin, is illustrated in Figs. 3 to 5. The 
plant consists of a two-stage blower with fans 3 ft. in 
diameter, giving 1200 cubic feet of air per minute at 
a pressure equal to 74 in. of water, and a four-stage 
blower with 3-ft. fans, giving 600 cubic feet of air 
per minute at a pressure of 15in. of water. These 
two blowers are coupled together and belt-driven by 
a 12-horse-power alternating-current motor at 825 re- 
volutions per minute. In addition, a three-stage 
booster with fans 2 ft. in diameter is installed. This 
receives air at 15 in. pressure from the four-stage 
blower and — 300 cubic feet of air per minute at 
a pressure of 23 in., stepping up the supply pressure 
by 8in. It is belt-driven at 1100 revolutions per minute 
by a 3-horse-power motor. Three supply pressures 
are thus given by the plant, the air being led to suit- 
able reservoirs, which are simply large Setlows, con- 
structed of wood and leather, and weighted for the 
correct pressure. 

The plant shown in Figs. 3 and 4, taken in conjunc- 
tion with Fig. 1, well illustrates the flexibility of 
arrangement of the apparatus. The blowers may be 
either direct-driven or belt-driven from any source, 
while two or more blowers may be installed and inter- 
connected in various ways to give supplies at dif- 
ferent pressures. If space were very limited, different 
pressures could be obtained by tapping off from any or 
all of the chambers of a four or five-stage blower, 
while the motor or other driving source could be 
laced above or below or on either side of the plant. 
t is difficult to give any general figure as to the 
amount of power required for each cubic foot of air 
supplied by these machines, since their efficiency varies 
considerably at different pressures and outputs ; but it 
may be roughly said that each inch-foot of air required 
about 0.5 of a watt for its generation. The aim in 
plants of this class is, however, reliability and quiet- 
ness rather than economy, and the power used is in 
any case small. We had an opportunity of seeing the 
St. Patrick’s Cathedral plant running under test con 

ditions in the shops of the constructors, and its 
quietness was very noticeable. 





H.M. Torpgrpo-Boat Derstroyer.—Messrs. Cammell 
Laird and Co., Limited, Birkenhead, launched on the 
15th inst. the second of three torpedo-boat destroyers 
being built for the British Navy. This vessel, named 
Wolverine, is 266 ft. long, 28 ft. te 


oad, and 16 ft. deep, 





and is designed to steam 27 knots, 
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INDUSTRIAL NOTES. 


Tuis is the first time in British electoral history that 
trade unions, trades councils, and other labour organi- 
sations have officially taken part in political contests, 
and, indeed, it might also be said in the history of the 
world. In 1868 the trade-unionists took sides 
upon one issue alone—namely, on the question of the 
protection of trade-union funds. Candidates were 
canvassed in nearly all the constituencies, and many 
great meetings were held, with the result that goo | 
converts were rapidly made in the ranks of both 
parties. This resulted in the Temporary Act, 1869, 
passed in the first session of the new Parliament, and in 
the Trade Union Act of 1871. In 1874 the unions took 
a more active part under the — of the Parlia- 
mentary Committee of the Trades Congress. The result 
was the labour laws of 1875. In the present General 
Election nearly all the trade unions, trades councils, and 
other labour organisations have officially thrown them- 
selves into the contest, both on special and general 
grounds, with what result remains to be seen. 

For weeks past the whole country has been flooded 
with election pindten, and the newspapers find room 
for little else. If ‘‘ the man in the street” reads the 
views on both sides, he ought to become well-informed. 
That portion of the literature which deals with the 
relative conditions of the working classes in different 
countries is the most relevant to matters dealt with in 
‘Industrial Notes.” .A close examination of rates of 
wages and cost of living in the chief countries would 
seem to show that the British workman is better off 
than the others mentioned. The hours of labour are 
shorter, the wages are higher, and the purchasing 
power of the wages is greater by reason of lower prices 
at home. The great stagnation in trade, which hap- 
pily is slowly passing away, * ors to have been 
very general in all commercial and manufacturing 
countries. A wider knowledge of all the facts must 
be useful, for such knowledge will help to opr! dis- 
content. The Socialists praise what they call ‘‘divine 
discontent ;” but we ought to be very sure that the 
discontent is divine before we extol it. If discontent 
stimulates a man to greater exertion or greater excel- 
lence in his work, the effort is good ; if it leads to more 
loafing, it is bad. Mere discontent is not a healthy 
attitude of the mind in any man. 


The report of the Steam-Engine Makers’ Society for 
this month is the most hopeful and encouraging for a 
considerable time past. It says: ‘‘ Entering upon the 
86th year of the society's existence, a period of time 
and with a record that few unions can lay claim to, 
we are pleased to note that the prospects for the 
present year are far brighter and more hopeful than 
we were able to record twelve months ago, the imme- 
diate outlook being at that time black indeed, when 
notices of reductions in wages were well nigh general. 
Happily, these and many other difficulties have been, 
with few exceptions, successfully met by sound judg- 
ment, finance, and organisation, so that we can loo 
upon the immediate future with at least some confi- 
dence that there will be a sure and certain decline in 
the number of unemployed.” The report goes on to 
quote figures that prove a decrease of unemployed, 
which is pretty general in the engineering trades, 
though in some districts the decrease is smaller than 
in others, as compared with conditions a year ago and 
a month ago. e engineering trades show a slow 
revival on the North-East Coast, where the obstinac 
of the members of the Amalgamated Society of Engi- 
neers led to a lock-out. It is complained that some 
of the members of the Steam-Engine Makers’ Society 
**are continually throwing up situations of their own 
accord.”’ They are cautioned not to come on the funds, 
nor do eanldes to injure the society’s influence ; 
branch officers are urged to have men ready to take 
the places of those who thus leave theirsituations. The 
loss of jobs by neglect is censured, and rightfully so. 
Such conduct is a loss to employers and an injury to 
the men. 





The report of the Amalgamated Society of Car- 
penters and Joiners expresses the hope that the year 
1910 will be more favourable than was the last ; 
the season is too early for any material improvement 
to be accepted. The total membership of the 
society was at date 56,920 Of these, 6284 were un- 
employed, of whom 5032 were on donation benefit. 
There were also 1742 on s:ck benefit, and 3023 on 
superannuation allowance. The aggregate constitutes 
a big army to be maintained by the contributions of 
the working members. A number of firms in twenty- 
four manufacturing centres are named in the list as 
not available for members of the union, as they do not 
fulfil all the conditions of the society. One large firm 
in Glasgow has been removed from this list, having 
agreed to employ union members and to work under the 
trade-union rules of the district.. This is the jubilee 
year of the society’s establishment and the event 
will be celebrated as circumstances permit, generally 
and locally. Some of the advantages gained in the 
last fifty years are enumerated. e report gives a 





synopsis of the Lords’ judgment in the levy cases, and | voluntary. The society has a considerable balance in 


it urges the members to do their best by a voluntary 
levy to make up the necessary amount to continue 
Parliamentary representation. 





The report of the Associated Blacksmiths is some- 
what more reassuring, but the dark cloud of depression 
is not yet depend The silver lining is, however, 
visible. The report states that the year 1909 was one 
of trial and suffering ; the anticipations raised in the 
early part of the year were not realised. The pros- 
pects at present are brighter than for the last two 
= but the list of unemployed continues large. 

he total cost of benefits, grants, and management 
amounted to 755/. 7s. 9d. in the month, while the 
income wa3 925/. 63.; leaving a balance of 169/. 18s. 3d. 
This shows the turn of the tide, and, as ‘‘ compared 
with recent experience, is most welcome and gratify- 
ing,” the report says. The new rules have now come 
into force, the contributions being raised from 
January 1, 1910, and the benefits payable are increased 
from the end of 1909. The union dislikes the system 
of levies, and therefore the regular contributions have 
been increased. The report contains an account 
of the meeting of the Federation of the Engineer- 
ing and Shipbuilding Trades in respect of demarca- 
tion of work, in order to avoid disputes. The meeting 
resolved to request the Home Secretary to sign the 
Draft Order compelling the employers to furnish 
piecework particulars under the Factory Acts. The 
employees suggested amendments to the employers’ 

roposals for the establishment of general demarcation 
rds were considered and agreed to, and proof copies 

of the proposed alterations are to be sent to each of 
the societies named. Since the date of the report the 
ex-general secretary has passed away. He was one 
of the ‘‘old brigade,” staunch to his society, and 
trusted by employers ; as a consequence, few severe 
labour disputes occurred during his long term of office. 





The report of the Cotton-Spinners’ Association is 
not quite so favourable, as many were on the funds 
through non-employment. It is hinted that the 
methods adopted in some cases in the short-time move- 
ment have the effect of causing the operatives to come 
on the funds. There were 10.17 per cent. of the full 
membership on the funds from all causes, as compared 
with 5.91 per cent. in the month previous; but of that 
proportion only J.23 per cent. were entirely out of 
work—last month, 1.21 per cent. Details are given 
of the other causes of unemployment, such as break- 
downs, accidents, short time, &c. The united member- 
ship of all grades was 19,468, showing a decrease of 
25 in the month, but a gain in twelve months of 751. 
The number of accidents reported to the central office 
was 38—previous month, 42 ; same month a year ago, 
53. There were 52 claims for compensation sent in to 
employers on behalf of injured members—previous 
month, 60; same month a year ago, 99. Since the 
Act came into force 3641 claims have been sent in to 
employers, to which last year contributed 765. The 
report contains some criticisms of insurance companies 
whose efforts are said to have been to relieve them- 
selves of liability under the Compensation Act. The 
complaint is not against the employers, who appear to 
have done their part by insurance. There is an inti- 
mation of possible action if such tactics are repeated. 
The report states that there is no desire for anything 
beyond what is right, but the Association will see that 
the members are not deprived of the compensation 
provided by the Act when injuries occur to render 
claims under it rightful in nature and extent. 


The report of the Associated Iron-Moulders of Scot- 
land shows that trade is better in the districts where 
branches exist. It is said that the prospects for 
the present year are more hopeful in most districts. 
There was a decrease of 35 in the membership, but that 
merely means that the members had not cleared their 
cards by the last quarterly night in 1909. Most, if 
not all, of these will pay up probably within the cur- 
rent month. Theincome Porthe month was40104/. 8s. 11d. ; 
the expenditure was 3934/. 19s. 8d.; so that there was 
a balance to the good of 75/. 9s. 3d. The total funds 


at the end of the year were 44,670/. lls. 4d. In the % 


income were included interest on investments, rents, 
and abatement of income tax, otherwise the income 
would have been below the expenditure, as for a long 
time past. On the other hand, there are items in the 
expenditure which only occur occasionally, such as 
100/. to the General A of Trade Unions, 
85/. to the Labour Party, and 100/. accident benefit 
to an injured member. Idle benefit cost 1343/, 17s. 7d.; 
superannuation benefit, 1557/. Os. 4d.; funerals, 
428/. 6s. 8d.; quarterly salaries, 2607. 13s. 3d.; and 
the ordinary month’s expenditure, 344/. 16s. 10d. 
In another part of the report there is a retrospect of 
the past year, in which details and proportions are 
given of income and expenditure, including the cost 
of the chief benefits paid to members. It contains 
also a statement of the case as to Parliamentary levies. 
The society steered clear of the compulsory levy from 
the date of the first injunction by making the levies 





hand. 


The Ironworkers’ Journal for this month, ‘‘represent- 
ing the Associated Iron and Steel-Workers of Great 
Britain,” contains a complete schedule of sheet-mill 
worker’ wages, in all its details. Every worker can 
see for himself what is due to him in every depart- 
ment, and in all cases inclusive of daymen’s wages 
in cases of breakdown. Here is to be seen the full 
results of the work of the Conciliation Board for the 
North of England and the Midland Wages Board, 
with the modifications of the Welsh Committee to suit 
the conditions in Wales. If the cotton trades could 
only work out a similar schedule. there would be an 
end to serious disputes, resulting in strikes and lock- 
outs. The Journal also contains a report of the twenty- 
first anniversary of the establishment of the Wigan 
Rolling-Mills. The directors’ staff, and the workmen 
belonging to the company, about 300, and 80 boys, 
enjoyed a — dinner and spent’ a social evening 
together. The chair was occupied by the chairman of 
the company, who is the Deputy-Lieutenant of the 
county, Chairman of the County Council, and a Justice 
of the Peace. He spoke highly of the good feeling 
that existed between the company and the workpeople. 
The toasts to the company and to the workmen were 
spoken to by representatives of each. This is the 
result of conciliation in the iron and steel industries. 
There is also given a report of the South Durham 
Steel Company’s annual meeting, presided over by 
Sir Christopher Furness, when there was reported 
gratifying results of the year’s working, and also of 
meetings of the Wages Boards, and of the North of 
England Conciliation Board. In each case the rates 
of wages remain unchanged. 





The state of affairs in the Durham and Northumber- 
land coal-fields causes, at date of writing, consider- 
able anxiety. A number of pits are idle, and the men 
on strike have been endeavouring to induce the workers 
at other collieries to cease work. The fact is, the 
negotiations were unduly prolonged, so that by the date 
on which the Mines Eight-Hours Act came into force 
no definitely satisfactory agreement had been arrived 
at. The arrangement between the owners and the 
representatives of the men in Durham was repudiated 
as soon as it became known. In Northumberland the 
a? gg agreement had to be ratified by the men 

fore acceptance, and the men did not feel inclined 
to accept it. It was then too late to take a ballot before 
the Act came into force. It is said that at fort 
collieries the men started work, but were dissatistied. 
In Durham the men are in a quandary, for before a 
general stoppage of work could take place it would 
have to be authorised by a large majority of the men, 
and this would take considerable time. In the Notting- 
hamshire coal-fields the men are still out at several 
pits, and it is stated that the discontent is such that 
many more pits will be closed. 





Sir William Crossman, the ex-Lord Mayor of Cardiff, 
whom the King so significantly knighted, when His 
Majesty visited the city to open the new Bute Docks, 
has been appointed superintendent of the Labour Ex- 
change at Cardiff and district at the modest salary of 
350/. a year. This will enable him to live in com- 
fort and do efficient work. It will be remembered 
that his society failed to pay him as member of the 
City Council, so that his living was precarious. This 
is the second labour representative appointed under 
the Act. 





The quarterly meeting of the iron and steel trades 
last week was unusually well attended, but very little 
business was done. e General Election and the 
prospects of political parties appeared to absorb most 
of the interest. Prices were not disturbed, but the 
tone was better. The stocks on hand are in most 
cases almost nil, and yet buying is held back. It is 
— generally that there will be a busy spring 
trade. 


The South Wales Coal Conciliation Board has agreed 
meet twice a week to discuss the questions involved 
in the differences between the coal-owners and the 
miners in respect of the scale and other matters, so 
that all differences may be set right before the present 
agreement expires on February 28. This looks like 
true conciliation—taking time 4 y the forelock. One 
or two preliminary matters will have to be lifted out 
of the way before the scale can be discussed, such as 
the operation of the Mines Eight-Hours Act, &c. 





Tue Kirton Frrro- Concrete CULVERT: ERRATA.— 
We — to learn that when describing the Kilton 
Ferro-Concrete Culvert in our issue of the 31st ult. (page 
887), My bce ee as to the ou x of -— 

und through which the culvert passes. is groun¢ 
Sahel only, not shale and clay, as stated. The Teight 
of the embankment also is 150 ft., the length of the 
culvert 450 ft., and the test load applied to the arch of the 
culvert was 5 tons per square foot. These figures should 
replace those given in the article, 
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IMPULSE WATER-WHEELS AND THE 
PITOT TUBE. 


The Application of the Pitot Tube to the Testing of 
Impulse Water-Wheels.* 

By Witu1am Rankine Ecxart, Associate Professor 
of Mechanical Engineering, Leland Stanford Junior 
University, California, United States. 

(Concluded from page 63.) 

Calculation of Results.—The velocity for each position of 
the Pitot tube in the stream was calculated from the for- 
mula :— 

Vze J/2 gh, 
where 
V = velocity in feet per second. 
ce = coefficient of Pitot tube, taken in these calcula- 
tions as unity. 





length 2 rr, and area 2 rrdr, throughout which the | multiplied by the total area of the jet gives the total 
velocity V was uniform, and the volume of discharge for | discharge. 


the same would be 2 rrdr V, 


or 
dQ=27rVrdr, 
and 


R 
Q= 2x{ Vrdr=V; a, 
» 
where 
Q = discharge in cubic feet we second, 


V; = mean velocity of jet in feet per second, 
a; = area of jet in square feet = A / 144, 


from which 
R 
2 “| Vrdr 
Vis 0 


= -_ 


aj 


Q = V; x Aj /144. 

The mean velocities as obtained from these curves wili 
be found in Table I. (page 62 antc), and in the same 
table is given the quantity of discharge from the nozzles 
for the different tests. 
| (The graphical method outlined above is also used and 
| explained by Professor R. Burnham in his paper, ‘‘ Experi- 

ments with the Pitot Tube in Measuring the Velocities of 
Gas in Pipe.”* 
Determination of Mean Pressurc.—This graphical 
method was also used in finding the mean pressure of the 
| jet, and the values thus derived are given in Table I., page 
62 ante., and the curves for same in Fis. 28, page 92. The 
pressures in pounds per square inch throughout the jet, 
as determined by oh only the traverse with the Pitot 
tube, were plotted as a curve, and for any elementary 





If we plot a curve, Fig. 26, having for its abscisse the | annular ring throughout which the pressure was uniform 
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g = acceleration due to force of gravity = 32.14 ft. 
per second per second (the elevation of the 
power-house being 3663 ft. above the sea-level, 
and the latitude 39 deg. 17 min. 36 sec.). 

4 


h = head in feet of water = ? * ‘ 
w 


where 
p = pressure in pounds per square inch. 
w = weight of a cubic foot of water at temperature 
of tests (68.9 deg. Fahr.) = 62.32 lb., 
from which 
V = 8.018 /2.31 p = 12.19 Wp. 


Determination of Mean Velocity and Total Discharge 
of Jct.—The velocities for each traverse are presented in 
Table I. (page 62 ante), and are plotted in the form of 
curves in Fig. 24 (above). In order todetermine the mean 
velocity and the total discharge of the jet for each of the 
tests, the following method was pursued :—The velocity 
as determined by the Pitot tube is assumed to be uniform 
in all points equidistant from the centre of the jet, so 
that at any distance r, Fig. 25 (above), from the centre 
we would have an elementary annular ring of width d r, 











_* Paper read before the Institution of Mechanical 
Engineers, January 7, 1910. 
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values of r, and for its ordinates the corresponding values 
of 24rrV, the area under this curve will be equal to 
R 


29 Vrdr, the total volume of discharge of the jet, 


from which the mean velocity may be obtained by divid- 
ing by the area of the jet. This curve of values of 
2marV may be obtained graphically from the curve of 
velocities as follows:—Having drawn the velocity curve 
with ordinates equal to the velocities as determined by 
the Pitot tube and abscisse equal to the distance from 
the centre of the jet at which the measurements were 
taken, Fig. 27, we may construct the curve of 277 V 
upon the same base, and may use the same scale for 
ordinates if we take the value of 27R at the outer edge 
of the jet as equal to unity, so that 27 R V = V, then 
the length of the ordinate for the curve OP V for any 


int A; on the velocity curve, where the velocity equals | 


}, would be found graphically. by the intersection of 
the diagonal OV and the ordinate through A,;. The 
other points on this curve being found in the same manner, 
the mean volume of discharge and the mean velocity 





we would have a total pressure for the elementary area 
equal to 
adP=2xrprdr; 


and if P = total pressure for the whole jet, 


R 

2 r | prar=p Aj; 
0 

where pj = mean pressure per square inch throughovt jet. 
A; = area of jet in square inches. 


Pp 


i] 


then py = : 


Aj 
The curve for 2 7 pr was then plotted, and the area 
under same measured, and the mean pressure in pounds 


per square inch determined by finding the altitude of a 
triangle of equal area and the same base. 

Determination of the Power of the Jet.—The total power 
of the jet will be the sum of the kinetic energies per 
second of all the elementary portions of its cross-section. 
The kinetic energy per second of any jet or portion of the 
jet throughout which the velocity is uniform is 

E = W V; 2/29 = way V; */2g, 
where 
) = power in foot-pounds per second ; 
W = weight of water passing per second=way V; ; 
w = weight of a cubic foot of water ; 
a; = area of jet or portion of jet in square feet ; 
’ = velocity of jet in feet per second taken as 
uniform throughout the section ; 
g = acceleration due to force of gravity in feet 
per second per second ; 
then if 
¢ = power in foot-pounds per second per unit of 
area, 
we have 
e = E/a = w V; */ 2g, 
and the total power for any elementary annular ring 
would be 
dK=c2rrdr, 
and for the whole jet 


R 
Baar | vdr=yq 4, 


where ¢ = mean power of the jet in foot-pounds per unit 
of area. 
as; = total area of jet. 

This may be treated graphically, as shown in Fig. 29 
Page 92), the results for the same being given in the 
table in the next column. 

It is interesting to note in this connection the difference 


may be found by measuring the area under the curve | in the results as obtained by this method, which gives the 


by means of a planimeter and finding the altitude of a |—— 


triangle of equal area and the same base. The mean 
velocity or mean volume of discharge thus obtained 








* Engincering News, vol. liv., December 21, 1905, No. 25, 
page 660. 





eer eer - 





| 


Sernaem atte 


92 





ENGINEERING. 





(JAN. 21, 1910. 








true power of the jet, and those which are obtained by 
the application of the formula 

R=waVy*/% . . « »- SQ) 
where Vy, is assumed to be uniform throughout the jet, 
which assumption is not true for any stream of flowing 
water. 


| Total Horse-Power in Jet. 





es egg 
Test “PSH Cigna Differ- iow 
Number. By Summation on ence, | True 
Method By Formula | Power. 
True Power. (1) 
/ 2012 1983 20CU|:~SsC«d4 
2 3400 3343 57 | 1.676 
3 4743 4684 59 1,244 
4 5286 5243 43 0.813 


28. Centre Tine of Jet 
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and support, eddies were liable to be set up affecting the 
results. In order to compensate as much as possible for 
this the gauge was attached to a pipe connected with the 
nozzle-casting at three different points 120 deg. apart, 
forming a piezometer ring. The area of the section was 
calculated from the drawing of the nozzle-casting. ) 
However, it was thought that the maximum velocity 
obtained in each of the traverses could be accepted as the 
theoretical velocity with a greater degree of accuracy 
and with less question. That these velocities are equal 
has been found by various experimenters to be true in 
the case of plain nozzles and orifices.* As a matter 
of interest a comparison has been made in Table II. 
(page 95). The very close agreement under the circum- 
stances would not only indicate that the above was true in 
this case, but also that the acceptance of the constant of 
the Pitot tube as unity without sling was not unwar- 
ranted. For the purpose of the tests, then, the coefficient 
of velocity has been taken as the ratio of the mean velo- 


lesz We, 


eh 


N?4. 


120 140 160 180 200 220 240 


(1829.4) Pressure — Pounds per Square Inch. 
of Jet 


Radius of Jet —Inches. 


0 10000 20000 


(iseat) Power - Foot Pounds per Second, per Square Inch. 


(A discussion of this question may be found in a paper 
- L. F. Harza, on ‘The Kinetic Energy of Flowing 

Yater.”)* 

Determination of Nozzle Cocfivients.—The coefticients of 
the nozzle were determined as fol'ows :—The coefficient of 
velocity is the ratio of the actual mean velocity of the 
jet to the theoretical velocity. The usual method of 
obtaining the theoretical velocity is by a measurement of 
the pressure-head at a point where the water enters the 
nozzle, adding to the same the velocity-head of the water 
at that point, the result being the total effective head, 
from which the theoretical velocity is readily obtained 


from the formula V = J/2@H. In the tests under con- 
sideration the pressure of the water entering the nozzle 
was thus obtained, but the gauge had to be attached at 
& point on the curve of the nozzle-casting, where it was 
impossible to obtain the exact cross-sectional area, and 
where, on account of the obstruction of the needle-stem 





* Engineering News, vol. lvii., March 7, 1907, No. 10, 
page 272, 








the nozzle is the ratio of the power in the jet to that in 
the water entering the nozzle. The power in foot-pounds 
per second in the jet has already been determined, and 
that entering the nozzle was determined from the formula 
E,=WxH 
HP, = W x H/550, 

— Ww ds discharged d 

= pounds disc per second, 
H = total effective head as determined from 

Pmax. in jet. 

The results are given in Table I., page 62 ante, and the 
data relating to the efficiency of the nozzle will be found 
in Table I., and the eurve of nozzle efficiency in Fig. 30, 


3. 

and Results of Tests for Output.—In Table I., page 
62 ante, are tabulated the data and results of the tests for 
output. In this table the proper corrections for the watt- 
meters have been applied, and in Fig. 31, page 93, will be 





260 280 300 320 340 360 





30,000 40,000 58,000 6Q000 70.000 80000 


‘city of the jet to the maximum velocity of the same. The 


coefficient of contraction is obtained from the ratio of the 
area of the jet at the contracted section to the area of the 
nozzle opening. 

The coefticient of discharge is the product of the coefti- 
cient of velocity and the coefficient of contraction. The 
above coefficients are tabulated in Table I. (page 62 ante), 
while in Fig. 28 (above) are shown all the coefficients of 
the nozzle plotted in the form of curves. 

Determination of Nozzle Efficiency.—The efficiency of 





* “Hydraulics of Fire Streams,” by John R. Freeman. 
Transactions of the American Society of Civil Engineers, 
vol xxi., July to December, 1889, pages 414 and 415. 
‘* Pitot Tubes with Experimental Determinations of the 
Form and Velocity of Jets,” by James E. Boyd and 
Horace Judd. Zngineering News, vol. li., March 31, 
1904, No 13, page 318. “‘Some Experiments on the 
Frictionless Orifice,” by Horace Judd and — King. 
Engineering News, vol. lvi., September 27, 1906, No. 13, 
page 326. 





found plotted the curves of power supplied to the nozzle, 
that in the jet and that delivered to the switchboard for 
different needle positions and the corresponding nozzle- 
openings. 

Efficiency of the Plant.—On wales up the data for the 
efficiency of the plant, and plotting the same in the form 
of a curve, it was found that after the second test, which 
was at about 72 per cent. of the rated normal output of 
the wheel, there was a decided dropping off in the 
efficiency, and the following study was made with what 
data were at hand or obtainable to determine if possible 
the reason for such loss. Had this been foreseen at the 
time of making the tests, additional data might have 
been secured, which would have greatly facilitated the 
analysis and made the results obtained absolute instead 
of only relative. For instance, it would have been desi- 
rable to have determined the exact ‘‘power input” to 
overcome the no-load losses with and without excitation, 
the armature current, &c., so that the segregated losses 
from the input at the nozzle to the output at the switch- 
board would have been possible of exact determination. 
However, at the time of the tests the water-wheels were 
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not so much under investigation as the application of the 
Pitot tube to that class of work. ? 

In connection with the testing of hydro-electric plants, 
it has been found and noted by Professor L. M. Hoskins, 
in a published communication,* that ‘‘ When each ex- 
periment is plotted as a point having one co-ordinate | 
‘ power output,’ and for the other ‘ power ——- the | 
points lie very close to a straight line; and this is true | 
throughout the entire range, from the no-load test to the | 
75 per cent. overload. In other words, equal increments 
of ‘power supplied’ give equal increments of ‘power 
ontput,’ the latter being always about 85 per cent. of the | 
former. It would appear that the sum of the friction, | 
windage, and electrical losses in the combined unit varies 


CURVES OF NOZZLE COEFFICIENTS 

















any “case is a comparatively small loss, with resulting 
inappreciable deviation of the total load from a straight- 
line law. The nperenie losses of the water-wheel would 
consist of those due to the friction and eddy losses of the 
bucket, which would be represented by a practically 
constant loss of head across the same ; and the loss due to 
the residual energy of disch which would also 
amount to a constant loss of h for any given “~ of 
rotation, and with a constant frictional loss o' head 
across the bucket. The nozzle losses would be practi- 
cally constant for all flows, but where the energy in the 
jet is determined, the power input may be based upon 
that. Thus it will be seen that with all the ted 
losses following ‘straight-line laws within negligible 





straight line y =a’ + ba, then “power input at no 
load was found to be 197 kilowatts. , This loss includes that 
of friction and a for both wheels and generator, the 
hydraulic losses of the wheel, and the iron losses of the 
generator. The latter, together with the additional arma- 
ture copper losses for the load tests, have been estimated 
on the basis of data available from tests of other gene- 
rators of about the same capacity, and operating under 
about the same conditions. e difference between these 
losses, Table I. (page 62 ante), and the total losses gives 
the friction, windage, and hydraulic losses. To separate 
these, an approximation was first made by consi ering 
that these losses, at no load, were all friction and wind 

losses, ‘which: would remain constant throughout the load 
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comparatively little with the load,’and that the hydraulic 
losses amount to a nearly constant percentage of the 
power represented by the jet.” 

That the above should be true for a properly-designed 
plant would seem to be shown from the nature of various 
losses. The friction and windage of both water-wheels 
and generator would be a constant quantity for any one 
Speed. The generator losses, the machine being sepa- 
rately excited, would only consist of the iron-losses and 

© armature copper losses, the former of which would be 
constant for any given voltage, and the latter would 
mcrease as the square of the armature current, which in 





* Contained in article, “ Pike’s Peak Hydro-Electric 
” Electrical World, vol. xlviii., No. 4, page 184. 





Plant, 


would do the same. 

When the relation of “ power input” to “power output” 
is plotted, the intersection of the straight line so derived 
with the axis of “power input” will give the power 
required to overcome the no-load. losses. Upon thus 
plotting the data from the tests under consideration, the 
result was found to be a broken line, Fig. 32, the points 
for Tests Nos. 2, 3, and 4 falling upon one straight line, 
and those for Tests Nos. 1 and 2 upon another, which cut 
the axis of power input at a point = gene closely the 
amount of no-load losses that might reasonably ex- 
pected in a case of thiskind. The indications were that 
the losses up to and including Test No. 2 were normal, but 
that from there up to Test No. 4 there was a constantly 
increasing additional loss of some kind. . 

Starting with this assumption, and taking the power in 
the jet as the basis of ‘‘ power input,” by making the 
proper substitutions of values in the equation for a 








then determined for Tests Nos. 1 and 2, and from these 
an estimation was made of the probable no-load hydraulic 
loss. Subtracting this from the combined no-load friction, 
windage and hydraulic losses gave the probable amount 
to be charged to friction and windage alone. These 
results, while not absolute, are relative for the four tests 
and are sufficiently close for the present purpose. Having 
the relative values of the power supplied to the shaft in 
the four tests, it was then possible to further segregate 
the hydraulic losses. ’ 
Friction and Eddy Losses of Bucket.—In an impulse 
water-wheel the relative velocity of the water about to 
strike the bucket may be computed from the following 
formula :— 
v2, = Vy? + uw — 2 V; u cos 8, 
where , 
v, = relative velocity of water about to strike the 
bucket ; 
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V; = absolute velocity of the jet ; 
u = velocity of bucket at point of impingement of 
the jet (all in feet per second); 
6 = angle between the radial line to the point of 
impingement and the vertical ; 
= it ay be found graphically from the vector triangle, 
rig. 33. ; 
As the power of the wheel in foot-pounds per second is 
given by the formula 





E = “(V cos 0 - u - 1008 a) u, 
g 











Fig. 35. EFFICIENCY CURVES. 
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| drop in the wheel-speed during Test No. 2. In Tests 


Nos, 3 and 4 there is a larger loss, owing to the fact that 
the increased bucket-losses in these tests lowered the rela- 
tive velocity of the water leaving the bucket. In Table I. 
(page 62 antec) the segregation of the hydraulic losses 
is given, which shows that the hydraulic losses are not 
covered completely by these formule, due to the fact that 
they are on the most favourable position of the 
bucket with reference to the jet, and do not allow for the 
constantly-changing, angle between bucket and stream, 
nor for the resistance offered to the bucket upon entering 
the jet, &c. This difference seems to be a constantly- 





would seem certain that the trouble was within the 
bucket, and a question of design and proportions, and 
further evidence was sought along those lines. 

Ratio of Bucket Velocity to Jet Velocity.—This ratio is 
tabulated in Table I. (page 62 ante), and shows that it was 
practically constant, the variation being due to the 
slightly increasing jet velocity with the larger nozzle- 
openings. The bucket velocity was determined at a 
radius measured to the point of impingement of the jet, 
when the face of the bucket was perpendicular to the 
axis of the same. 

Ratio of Jet Dimensions to those of the Buckets.—To 


Fig.36. RELATIVE AREAS & POSITIONS OF BUCKET & JET DURING TESTS. 









(WHEN FACE OF BUCKET IS PERPENDICULAR TO JET.) 











Fig.57. CURVE SHOWING RELATION BETWEEN HYDRAULIC EFFICIENCY 


OF WHEEL & RATIO OF CONTRACTED AREA OF JET TO PROJECTED 


AREA OF BUCKET.’ 
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where 
E = power in foot-pounds per second ; 
W = weight of water discharged in pounds per 
second ; 
vy = relative velocity of water about to leave the 
wheel, in feet per second ; 
a = angle of deflection of the jet ; 
9g = acceleration due to force of gravity, feet per 
second per second ; 


Eg 
me... 


from which 
— Vj cos @u + u 


Vy - 
u cos a 





Having the relative velocities of the water entering and 
leaving the buckets, the loss of head due to friction and | 
eddies across the bucket will j 

| 


1-4 _% 
. 29 29 

The results of these calculations are given in Table I., | 
and show that the loss of head in Tests Nos. 1 and 2 is | 

ractically a constant quantity, while in the case of Tests 
Kos. 3 and 4 there is a considerable increase. 

Loss Due to Residual Power of Discharge.—From the 
relative velocity of discharge from the bucket and the 
bucket velocity, the absolute ve'ocity of discharge may be 
calculated ; and from the absolute velocity the head and 

wer lost in residual motion may be determined. From 
Fig. 34 (page 93) it will beseen that 


V.2 = (u—v, cos )? + (resin ¢)*, 
where 

V. = absolute discharge from the wheel ; 

@ = (180deg. —a)= angle of discharge of bucket; 
and the loss of head due to residual velocity 
V2 


Ag= —+. 
29 


Table I. (page 62 ante), where these results are tabulated, | boa: 





shows that the loss is about the same for Tests Nos.1 and 2, 
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Fig. 38. 
RATIO OF MAXIMUM JET AREA TO PROJECTED AREA OF BUCKET. 
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increasing one from no-load, where it is zero, up to load 
No. 2, when it drops off somewhat. 

Distribution of Power in Percentage of Input.—The 
power balance for the different tests, upon the 
power in the jet being equal to 100 per cent., is presented 


in Table I., while in Fig. 35 the curves for the| 
same are plotted to the ‘“‘ power output” at the switch-| will be found in Table IIT. ( 
rd. he dotted extensions of these curves show the | will be found a projection of the face of the bucket and 


250 300 350 400 450 


100 150 200 
Projected Area of Bucket - Square Inches 
| determine, if possible, whether the bucket dimensions 


were of the proper proportion for the size of the jet em- 
ployed, comparisons were made between the contracted 
area of the jet and the projected area of the bucket, and 
also between the diameter of the jet and the width of the 
bucket for the different tests. The figures for the same 
95), while in Fig. 36 


probable trend of the same had the results been normal the comparative sizes of the jets indicated thereon. !t 


the small difference being due principally to the slight | and followed a straight-line law. From the analysis it was found that the highest efficiency of the plant was 
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obtained during Test No. 2, when the ratio of areas was 
0.0979, and that the efficiency my ae off after this 
point was reached; or considering the ‘ 3 
it remained practically constant up to this point, when 
there was a sudden decrease, as shown in Fig. 37. 

In order to determine the general practice in this 
regard, information was gathered from various sources 


concerning the relative dimensions of buckets and the | 


sizes of jet for which they were designed, and is presented 
in Table IIT. (below), and plot in Figs. 38 and 39 
(pages 94 and 95). It will be seen from these data that 
the general ratio of jet area to the projected area of the 


bucket is about 0.10, taken from the average of ten dif- | 


ferent plants of various sizes. As the ratio obtained 
during Test No. 2 was 0.0979, it may be inferred that the 
trouble was due to the crowding of the bucket after this 
ratio was reached. A comparison of the diameter of the 
jet and the width of the bucket leads to the same con- 
clusion. Professor Jos. N. Le Count found and reported 
in a paper entitled ‘‘ Efficiency Tests of an Impulse Water- 
Wheel,” * that “For a given head the efficiency is the 


ydraulic efficiency, | 


General Conclusions.—In general it may be stated, as a 
result of these experiments, that the use of the Pitot tube 
and a contraction-gauge for the determination of the dis- 
charge from large nozzles under hi s is not only 
practicable, but accurate, within the limits of experi- 
mental work of this nature by other methods. The appa- 
ratus itself is inexpensive and has the distinct advantage 
of —!, and therefore being available for the testing 
of different plants. The only parts necessarily differing 
for various plants are the frames for supporting the Pitot 
tube and the contraction-gauge in proper positions on the 
nozzle-castings. There is no reason why one frame should 
not be made to serve the purpose of both these gauges at 
any particular plant. 

A few changes in the arrangement of the means of ad- 
justing and ws the Pitot tube, both with reference 
to the centre of the stream and the distance from the 
nozzle-tip, would add tothe convenience and facilitate 
the work of obtaining readings. The contraction-gau 
could be improved by making a carriage, which could 
moved back and forth by means of a screw or a rack and 


Fig. 39. 
RATIO OF MAXIMUM DIAMETER OF JET TO WIDTH OF BUCKET. 


(COMPARISON WITH EXAMPLES 


FROM GENERAL PRACTICE.) 
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TABLE II.—Comparison oF MAximuM VELOCITY MEASURED IN JET WITH THE THEORETICAL VELOCITY. 




















No. Pressure Pressure , oe | Velocity Theoretical Maximum on OF 
of at Head Discharge. | V ae at Head at — Head Veiocity Due Velocity in Ratio : Vinax. 

Test. Gauge.* at Gauge. | a. 7 Gauge. at “ange. — to Total Head Jet. to Ve. 

Ib. p. sq. in ft. cub. ft. ft. per sec. ft. ft. ft. persec. feet per sec. 
per second = Vt. = Vmax. 

1 348.2 804.34 22.94 12 2.24 806.58 227.68 228 1.0613 

4 350.7 810.12 38.23 + 20.02 6.23 816.35 229.08 228.25 0.9965 

3 343.5 793.6 52.91 | 27.69 11,92 | 805.52 i 227.53 227.7 1.0007 

4 350.7 | 810,12 57.65 | 90.13 | 14.12 824.24 230.17 229.9 0.9983 


* Corrected for difference in height of nozzle gauge and Pitot-tube gauge. Net area of nozze-pipe at point of gauge 
attachment = 1.91 square feet. 


TaBLe III.—Relation between Jet and Bucket Dimensions 
in General Practice. 
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7] Su / eo =e She| s2@eke Bvooks 
iA AS 47 ER F<) Zo kee peace 
kw in. sq.in.) in. sq. in 
1 5000 28.274, 21 284.16) 0.2855 0.0995 
2 000 | 7 38.485 25 385.60 0.28 | 0.0998 
3 5000 38.485 264 406.72) 0.264 | 00,0946 
4 5000 | 7} 41.282) 24 408.00| 0.2965 | 0.1011 
) 2000 12.556 158 144.64) 0.25 | 0.0861 
6 4000 6} 30.68 | 21 291.52) 0.2975 0.1050 
7 5000, 7 38.485) 22} 339.20) 0.3145 0.1134 
8 5500 7 44.179 26} 446.4 | 0.28 | 0. 
9 | 90/| 5 193, — | 0.253 
10 2000 3 7.068 104 61.1 | 0.2855 | 0.1156 
1l* 5500 6} (35.785 194 252.5 0.3462 0.1417 


* Plant under consideration. 


highest when the diameter of the stream is about three- 
tenths the width of the bucket.” From the data as 
gathered from plants in operation, it would appear that 
the average value of this ratio as used in the design of 
buckets is about 0.282, which agrees closely with Pro- 
fessor Le Count’s findings. The ratio obtained on Test 
No. 2, where the highest efficiency was reached, was 
0.2876, showing that at that point the jet had reached its 
largest diameter compatible with the highest efficiency. 

The conclusions ro drawn from the above are that 
the present buckets are only suitable for a maximum 
Stream of 5.6 in. diameter, or a cross-sectional area of 
about 25 square inches, that the relation of ‘“‘ power in- 
put " to “‘power output ” did follow a straight-line law 
up to and including Test No. 2, but for it to follow such a 
law up to the limit of the tests it would have been neces- 
a to have had buckets with a width of at least 244 in. 
and a projected area of about 360 square inches. 





* Journal of Electricity, Power, and Gas, vol. xv., No. 5, 
May 1905, page 195. 





pinion, wnich would allow the diameter of the stream to be 
measured quickly at different distances from the nozzle-ti 
and the outline of the stream thus determined, from whic 
the exact location of the minimum diameter could readily 
be noted. It would be a convenience to have this car- 
riage so designed that it could carry the Pitot tube, which, 
after use, could be removed and the measuring-tips ad- 
justed in position. In making the traverse of the jet, for 
greater accuracy, the readings should be taken oftener as 
the tube approaches the outer edge of the jet, for the 
velocities here have more effect on the mean velocity than 
those nearer the centre. 

While making the determination of discharge by this 
method, much other very desirable information becomes 
available, such as that relating to the velocities through- 
out the stream, the coefficients of velocity and contrac- 
tion, and, more important still, the exact determination of 
the energy in the jet, which are not to be obtained by any 
of the other methods. 

Since these tests were made the nozzles have been 
equipped with 8#-in. nozzle-tips, with the purpose of in- 
creasing the capacity of the plant, which, however, from 
inferences to be drawn from the present tests, must be 
at a greater sacrifice of efficiency. Plans are now under 
way to determine the discharge from these nozzles by the 
outlined methods, with such improvements as have n 
found desirable ; and it is hoped that in the near future 
results of these tests may be presented with any addi- 
tional information that may have been obtained. 

The author wishes to acknowledge the most valuable 
assistance of Mr. J. H. Wise, hydraulic engineer for the 
company, not only in the preparatory work, but also 
upon all of the experimental work, it being largely 
through his interest that the tests were made possible. 


APPENDIX. 
Pitot-Tuse KerereNnces.—(Other than those mentioned 
in the text.) 


“Some Pitot-Tube Studies,” by Professor W. B. Gregory and 
Professor E. W. Schoder. Transactions of the American 





Society of Mechanical Engineers, June, 1903. 








**An Investigation of the Double-Needle Regulating-Nozzle ;’ 
Thesis, by H. C. Crowell and G. C. D. Lenth. June, 1903. 
Massachusetts Institute of Technology, Boston. 

** A New Method of Reducing the Readiey of the Pitot Tube : 
Comparison of the Weir and Pitot Tube,” by W. M. White. 
American Machinist, August 9, 1906, ress 

“The Pitot Tube; its Formula,” by W. M. ite. Journal of 
the Association of Engineering Societies, August, 1901 
vol. xxvii , No. 2 

** Water Measurements in Connection with a Test of a Centri- 
fugal Pump at Jourdan Avenue Drainage Station, New 
Orleans, La.,” »y W. M. White. Journal of the Association 
of Engineering Societies, vol. xxv., No. 4, October, 1900, 

“Tests of Centrifugal Pumps,” by Professor W. B. Gregory. 
Transactions of the American Society of Mechanical Engi- 
neers, vol. xxii., December, 1900. 

“The Pitot Tube,” by Professor W. B. G ry. American 
Society of Mechanical Engineers, vol. xxv., mber, 1903. 

‘*Some Experiments with Ventilating Fans,” by D. W. Taylor. 
Engineering News, November 3, 1904, 388. 

“Experiments with Ventilating Fans and Pipes,” by D. W. 

aylor. Transactions of the Naval Architects and Marine 
Engineers, 1905. 

“Test of the Lea-Degen Two-Stage Centrifugal Pump,” by Pro- 
fessor James E, Denton. Machinery, November, 1906, 
page 144. 

** Flow of Air and Other Gases, with Special Reference to Small 
Pressure Differences,” by Sanford A. Moss, American 
Machinist, September 20 to 27, 1906, vol. xxix., Nos, 38 and 
39, pages 368 and 407, 


ImpuLSE WATER-WHEEL REFERENCES. 


‘** Experimental and Analytical Results of a Series of Tests with 
a Pelton Water-Wheel,” by W. C. Houston. Transactions 
of the Institution of Engineers and Shipbuilders in Scotland, 
vol. xlvi., Part viii., April, 1903, 








CATALOGUES. 

A PAMPHLET to hand from Messrs, Ed. Bennis and Co., 
Limited, Little Hulton, Bolton, describes and illustrates 
the coal-handling and storage plant and installation of 
Bennis chain grates at the Coventry Municipal Electricity 
Works. The pamphlet is printed in French for distribu- 
tion among Continental engineers. 


The Nelson Valve Company, Chestnut Hill, Philadel- 
phia, Pa., U.S.A., have issued a little pamphlet on gate- 
valve design. It explains the construction of double-disc 
valves, and points out their advantages over those of the 
solid wedge type. Some experiments illustrated show that 
the double-disc valves are quite tight, even when the body 
is badly distorted. 


We have received from Messrs. Hepburn and Cocks, 
9, Portsmouth-street, Lincoln’s Inn Fields, W.C., a small 
catalogue containing illustrations, with dimensions and 
— of japanned steel deed and despatch-boxes, 
Several other kinds of sheet steel boxes are illustrated, 
such as cases for legal forms, boxes with pigeon holes for 
the — arrangement of papers, hospital dressing- 
cases, &c. 


A small booklet received from Messrs. Charles Churchill 
and Co., Limited, 9-15, Leonard-street, Finsbury, E.C., 
is intended to call attention to their large catalogue, from 
which a few pages have been photo-reduced. The booklet 
also contains half-tone engravings illustrating the show- 
rooms and exteriors of their London offices and various 
provincial branch establishments, as well as the works 
of the Churchill Machine-Tool Company, Limited, Pen- 
dleton, Manchester. 


The Langdon-Davies Motor Company, Limited, South- 
wark Works, Deverell-street, S.E., have issued price-lists 
of their single-phase and paree electric motors. 
Single-phase motors, of the short-circuited rotor and slip- 
ring types, are made in sizes varying from } to 55 brake- 
horse-power, for 40 to 100-cycle circuits up to 230 volts 
pressure. Prices are also given for two and three-phase 
motors, from 4 to 85 brake horse-power, for 50-cycle 
circuits up to 500 volts. 

The Central Engine Works, West Hartlepool, have 
sent us a catalogue section, illustrating drop-forgings, 
which they manufacture in iron, steel, copper, and Muntz 
metal up to a hundredweight in weight. The catalogue 
contains tables of dimensions of a great variety of 
spanners, hooks and eyebolts, cleats, hinges and brackets, 
hand-rail stanchions, piston and connecting-rods, levers, 
and many other articles, and also gives an approximate 
price-list of them. The forgings can be supplied machine- 
finished or polished. 

A booklet relating to their ‘Sentinel ” high-speed 
engines has reached us from Messrs, Alley and sociation, 
Limited, the Sentinel Works, Polmadie, Glasgow. Com- 
pound engines, to run condensing or non-condensing, are 
made in eleven standard sizes varying from 45 to 360 
brake horse-power for steam pressures from 100 Ib. to 
180 lb. per square inch ; they are fitted with forced lubri- 
cation to all bearings. he booklet states the prices 
of engines and spare parts, and gives full information as 
to shipping, welatin, and dimensions. Triple-expansion 
engines are also made in five standard sizes with rated 
outputs from 300 to 750 brake horse-power, and particulars 
are given of these engines. 


A catalogue of locks on the Margewood principle has 
come to hand from Ma wed Lean, Limited, 11, 
Clerkenwell-green, E.C. . these locks the levers are 
pivoted to the bolt, and the lever-stump is stationary, 
and has a double bearing in the lock-plate, instead of 
being riveted to the thin tail of the bolt, as in ordinary 
lever-locks. This construction greatly increases the 
woe of the lock, as it cannot be forced without 
double shearing the lever-stump ; the difficulty of picking 
is also greatly increased. The catalogue illustrates till or 
drawer-locks, cupboard-locks, box-locks,. padlocks, mor- 
tise-locks and locking latches, rim-dead locks, and night 
latches, and also states prices. 
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THE FAILURE OF NON-FERROUS METALS 
AND ALLOYS. 


The Failure in Practice of Non-Ferrous Metals and Alloys, 
with Particular Reference to Brass Loco-Tubes.* 


By T. Vaveuan Huenes, A.R.S.M., F.1.C. 


BELIEVING that the welfare of the Institute of Metals 
will in some measure be promoted should members from 
time to time contribute short papers on abnormalities, or 
‘‘ breakdowns,” in those metals and alloys which come 
under their purview, the author ventures to bring this 
brief notice before the Institute, with the consent of the 
parties for whom the investigation was originally made, 
and to whom he tenders his thanks. . Y 

Having exhausted all the usual methods of investiga- 
tion into the cause of the ee bursting of the brass 
loco-tubes, which form the subject-matter of this paper, 
the engineer and managing director conside that 
further enlightenment was necessary, and the author was 
instructed to endeavour to discover the cause of repeated 
disasters which ended in serious casualties and Govern- 
ment inquiries. : : 

The first tube submitted to the author was received in 
two parts, the larger 3 ft. 5 in., and the other 2 in. over all. 
The pieces fitted one another along a line of fracture. 
The tube had been externally scraped and wiped, so that 
the metallic surface on the outside was exposed. A 
working pressure of 160 lb. per square inch was carried 
in the boiler in which the tube was fitted. 

The outside of the tube in contact with the boiler water 
was quite free from corrosion of any kind. The inference 
is that the boiler water was free from substances capable 
of corroding the alloy (70/30 brass) of which the tube was 
composed, y 

No part of the exterior of the tube exhibited evidence 
of having been ‘‘burnt”—1.e., over-heated and oxidised. 
The inside, however, was much corroded from end to end ; 
the greatest corrosion had taken place near the fracture, 
which, in place, lay nearest the fire-box. The walls of the 
central and least-corroded portion of the tube were 
0.1 in. thick. About the area of fracture the least mea- 
surement gave a thickness of only 0.038 in. The whole of 
the interior of the tube was coated with a lightish-green 
salt, practically insoluble in water, but easily in dilute 
sulphuric acid. A further investigation of this salt 
scraped from the interior led to the conclusion that it was 
mainly composed of mixed basic sulphates of = and 
zinc. After removing the green coating by dilute sul- 
phuric acid a dark-red ‘‘scale” appeared, formed of 
cuprous oxide. Examined under a high ifying 
power, this layer of oxide was permeated with the light- 
green salt referred to. 

So far it is reasonable to infer that the cause of fracture 
of the tube under working pressure was due to :— 

1. Corrosion proceeding from the inside towards the 
outside of tube. 

2. That the tube had not been ‘“‘ burnt ”—1.¢., over- 
heated and oxidised, as cupric and zinc oxide were absent 
in the ‘‘scale” and salts. , 

After sawing the tube longitudinally and opening, it 
was observed that the corrosion was not continuous 
throughout the length of the tube, being more marked at 
the ends, and particularly at the fire-box ends, and on 
one-half of the inside circumference. 

An exhaustive microscopical examination (1-in. lengths) 
of the tube, longitudinally and transversely, was made. 
The crystal grains were found to be larger at the ends 
than in the middle parts. 

About the area of fracture the crystal size was equiva- 
lent to that produced by maintaining a 70/30 brass of 
equal dimensions at a temperature of 800 deg. Cent. for 
about ten minutes. The crystal size at the end farthest 
removed from the fracture was smaller, resembling that 
of an equal dimensioned piece of brass heated for ten 
minutes at 700 deg. Cent. The central portions of the 
tube were normal, both Ff eeprom and transversely, 

roving that one tube had been annealed at about 600 deg. 
Yent. 

A peculiarity of the crystals at the seat of breakdown 
lay in the fact that they were uneven. Those nearest the 
fracture were much larger than in an area 90 deg. to 
180 deg. from it. The boundaries of the largest crystals 
were corroded, and embraced intrusions of cuprous oxide. 
Obviously, then, the tube as supplied by the makers was 

sable as a commercial production. sii ht over-heating 

ad taken place at the ends of the tube, possibly for 

ae Ss. Abnormal over-heating, however, 

had occu near the fracture, which, as explained above, 
abutted the fire-box. 

As the temperature of the water due to the boiler 
pniete used was about 360 deg. Fahr., it might have 
neen advisable to anneal the tube in process of manufac- 
ture at as low a temperature as possible. However, the 
manufacturer is not to blame here, as large crystal grains 
would have been formed in o*her portions of the tube had 
it been unevenly or over-annealed in the mill. The over- 
heating had taken place after the tube left the manu- 
facturer. 

A chemical examination of the coke used as fuel 
proved it to contain 0.89 per cent. of volatile and 0.37 per 
cent. of sulphur fixed in the ash. Such a coke would 
supply all the sulphur necessary for bringing about the 
above results. 

The inquest on the tube so far has shown that by over- 
heqitay of the ends of the tube, particularly the firebox 
end, the grain structure has been so enla: that in- 
cipient disintegration has taken place—that is, the 
texture has been enlarged, and the crystal boundaries 
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become permeated with films of lower oxides, thus under- 
mining the strength of the alloy. 

Can the a corrosion be explained? A word or 
two anent the method of working the boiler. Steam 
blast was used for producing draught. As coke was the 
fuel, the interior of the tubes would be subjeeted to 
intermittent streams of hot gases containing gaseous 
sulphur compounds—carbon monoxide and dioxide. The 
proportion of the latter gases would depend on the size 
Sal volume of the fuel in the grate. 

Two alternative explanations appear applicable. 

The first may be called shortly a ‘‘ low-temperature ” 


theory. 

Allowing the ends of the tube to have become over- 
heated—the evidence shows them to have attained a 
temperature much above the melting-point of zinc—it is 
reasonable to conclude that the zinc on the surface layers 
of the interior of the tube had evaporated. 

A similar result is brought about when rolls of hard 
brass are subjected to a prolonged annealing in a reducing 
atmosphere at a temperature about the melting-point of 
zine. 

As the hot gases passing through the tubes consist 
chiefly of nitrogen—carbon dioxide and monoxide—the 
latter would tend at times to maintain a reducing atmo- 
phe and cause cuprous oxide to be formed rather than 
the higher oxide. The joint action of steam and sulphur 
dioxide, evolved when the fires were made in the morning 
or at intervals during the day, using damp coke, coming 
in contact with the cooled cuprous oxide-covered surface, 
condense and react, especially if a little cupric oxide was 
also formed. Thus arise the sulphates—basic in character, 
as the above investigation shows. The cuprous oxide layer 
being meshed suggests such formation as following evapo- 
ration of one constituent of a crystalline mass. he 
sulphates being once formed, repetition of the combined 
actions would cause the corrosion to continue until break- 
down of the tube occurred at the firebox end, where the 
reactions would be most pronounced. 

The second may be shortly referred to as a ‘“‘high 
temperature” theory. 

The evidence shows the tube in certain parts to have 
attained the temperature of about 800 deg. Cent. Inter- 
action between the hot carbon monoxide, gaseous sulphur 
compounds, and the copper and zinc of the tube could 
take place. The tendency would be to form cuprous 
oxide in view of the metallurgical action of cupric oxide, 
reducing gases and sulphur compounds under the con- 
ditions obtaining. 

This cuprous oxide would appear to be the vanguard of 
the attack. The cooler and moist sulphurous gases gene- 
rated after stoking wet fuel on to the grate would be the 
rearguard and form the sulphates referred to above. 
There was no evidence of carbonates in the green incrus- 
tation. The heating and cooling of the firegrate would 
take place several times a day under special conditions of 
traffic. This occurred regularly on two sections of the 
route in a fifteen minutes’ service. At the top of two 
gradients of 1 in 17 to 20 the locomotives were brought to 
a standstill for steam-raising purposes. It appears to 
have been the habit of the stoker to charge damp coke on 
to the white-hot bed of fuel in the grate during these 
stoppages. Thus the cooling and formation of large 
volumes of carbon monoxide can be accounted for. 

The evidence of the contemporary presence of the basic 
salts of — and zinc, and ay arly of the layer of 
cuprous oxide in contact with the tubes, negatives the 
oe | that the bursts of the tube followed corrosion of 
the alloy by ag of particles of coke and ash, induced 
by the steam-blast. 

As stated above, the tube submitted for examination 
had been externally scraped and wiped. 

On close inspection a chocolate-coloured film could be 
detected in places. 

As the author was not satisfied with the cause of the 
over-heating of the tubes—and as the ends presumably 
had been expanded in the cold, and no re-heating of any 
kind resorted to in the loco-shed when fixing new tubes 
in the boiler—he advised further investigation ; and as a 
result several tubes from the same boiler were sent for 
examination. They were delivered to the author neither 
scraped nor wiped. The tubes were externally covered 
from end to end, where in contact with the boiler water, 
with a chocolate deposit, even and bright. The ave 
thickness of this covering was about ;4 millimetre. In 
order to avoid contamination with iron, and to reduce as 
much as possible admixture of the scrapings with abra- 
sions of the tube itself, a hard copper scraper was used. 
On oem it was noticed that the deposit was formed in 
a series of layers. The innermost, or that nearest to the 
metal of the tubes, was almost black and very compact. 
In hardness the chocolate-coloured deposit seseuubhed thet 
of tale. The innermost layer required considerable force 
to remove it. In fact, it resembled, in general character- 
istics, a hard varnish. By scraping a large number of 
tubes, similar in all respects as to the amount and char- 
acter of deposit, sufficient for a fairly exhaustive analysis 
was obtained. 

A preliminary test proved that up to 100 deg. Cent. 
moisture only was dissipated from the material. Conse- 
quently the bulk was heated at 100 deg. Cent. until con- 
stant in weight. A portion of this was extracted with 
water. The extract yielded chloride and sulphate of lime 
only. The dried portion was extracted with alcohol. This 
rendered a soap containing iron, alumina, and magnesia 
as bases. 

The residue after the alcoholic extraction was then ex- 
tracted with dried ether. On evaporating, a grease, fluid 
at ordinary temperatures, was obtained. At a later date 
several pounds of this chocolate-coloured deposit were 
procured. On more extended investigation this grease 
proved to bea heavy mineral hydrocarbon. Such is used 
as a cylinder lubricant. The locomotives from which 





the tubes were removed were broken up a year or two 

The author has recently been informed that a 
quantity of cylinder oil was found in the water-tank, 
having found its anf there by the carelessness of the 
attendants. The doubly extracted dry residue was sub. 
jected to analysis. 

In the first place it was incinerated in a stream of 
purified oxygen and air by the ordinary methods of 
organic analysis. Weights of carbon dioxide and water 
were obtained : the former calculated to carbon in car- 
bonaceous matter (as there was not the slightest trace of 
carbon dioxide apparent on heating the dried substance 
with dilute acids) ; the latter assigned to combined water 
and hydrogen in combination with the carbon most 
probably. 

The residue after combustion was submitted to analysis, 
with the results given below :— 


Per Cent. 

Loss at 100 deg. Cent.—i.e., moisture .. - 2.80 
Matter soluble in water (chloride and sulphate of 

lime) .. ee +“ rs 1 é * 1.65 
Alcoholic extract (a soap containing iron, alu- 

mina, and magnesia be es oe ae 1.34 
Ether extract (rendering a grease fluid at ordi- 

nary temperatures) .. - ‘ “4 - 0.50 
Carbon as carbonaceous matte “< — ; 5.98 
Combined water and hydrogen a Pee : 15.59 
= in me ss va Ba ee os 19.21 

agnesia .. wi ee oe s re ‘ 16.77 
Ferric oxide .. “* ms aA a me 13.23 
Copper .. a _ om * + Sa 8.18 
Zinc = as me ; ; nS es 8.35 
Alumina .. es i, a os we 2.41 
Lime 9 ad - a bs ne +s 2.45 
Sulphuric acid (as SO,4) oe a - ee 1.85 
Phosphoric acid (as PoO;)_ —.. = a Se 0.32 
Chlorides . . ee aa ite 0 a" oe trace 
Alkalies .. +e - nil 


A few observations on the above analysis are desirable, 
No salts of either copper or zinc were found in any of the 
extracts. 

A proportion of zinc appears to have been present as 
basic sulphate. A proximate analysis on a very small 
quantity fed to the conclusion that a portion of the copper 
found was present in the deposit as an oxide. The balance 
of the copper and zinc approached the composition of the 
tube (70/30 brass), indicating that scrapings of the tube 
itself had become admixed with the sample of ‘‘scale.” 
The brass fittings on the boiler might account for some 
of the copper and zinc. The carbonaceous matter (5.98 
per “aale apparently that derived from the carbon in 
the innermost varnish-like layer. There were no carbo- 
nates in the “scale,” nor were there carbonates formed 
when the extracted deposit was calcined in the air. Over 
thirty measurements of the thickness of the ‘‘scale” were 
made. They gave an average of 0.09 millimetre—the 
maximum being 0.11, and the minimum 0.07 of a milli- 
metre. It was thought that a measurement of the elec- 
trical resistance of this deposit would give some indication 
of its heat conductivity. Consequently the coating ona dry 
tube was subjected to an electromotive force of 250 volts. 

The electrical resistance offered by this coating was 20 
megohms. Several measurements were made before the 
— were scraped, with as nearly as possible the same 
result. 

When the coating was damped by a drop of water, 
where one electrode touched it, the resistance fell to 
150,000 ohms only. 

The test is instructive as indicating that even when 
damp and cold, the coating forms an excellent non-con- 
ductor of electricity, and, we may reasonably conclude, of 
heat also. 

Since the above investigation was completed several 

unds of a chocolate-coloured frothy mass were obtained 

rom stays and bracings in the same boiler. The stuff 
coutadaell a total of 6 per cent. of organic substances ex- 
tracted by alcohol and rectified petrol. 

The peculiar nature of the deposit on the tubes, the 
inther ballaves, is sufficient to account for the overheating 
referred to in this paper, and for the corrosion ending in 
explosion. In this instance we have shown that the 
material has broken down in the hands of the user, and 
not by any aberration on the part of the maker. It is 
noteworthy that the boilers from which the tubes were 
taken, and others in which similar accidents occurred, 
were fed with the untreated water supplied under the 
Birmingham Welsh water scheme. } 

The author is informed that abnormal breakdowns in 
the loco-tubes did not occur when the old supply was 
used for feed-water. q 

The author does not present this paper to the Institute 
as a research undertaken in an establishment replete with 
every convenience and modern apparatus, expensive and 
otherwise. He therefore trusts it will be received as the 
outcome of work done in an ordinary laboratory designed 
to deal with routine investigations of a metallurgical and 
engineering character, and equipped at his own expense. 

he opinions and criticisms of members will therefore 
be very welcome. 








A RemarkaBLe Naturat Brincr.—A very remark- 
able natural rock bridge has recently been discovered in 
the Navajo district of Southern Utah, about four miles 
from the Arizona border line, and is described in a recent 
issue of the Deseret Evening News. The arch, as mea- 
sured by Mr. W. B. Douglass, United States Examiner 
of Surveys, has a clear span of 274 ft., and is 301 ft. high. 
Rumours of its existence had been prevalent for some 
time, but only a few Indians were acquainted with its 
location. An exploring party was, however, organised by 
Professor Brym Ganedas and the State Archeological 
Society, and with the aid of Indian guides they poached 
the site of the bridge on August 14 last. The rock isr ‘ 
sandstone, and the arch spans a cafion between hig 
cliffs. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELEOTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the adverti t of the t of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the t Ope ef of a Complete Specification, 





give notice at the Patent e of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


11,605. A. P. Lundberg, G. C. Lund , and 
P. A. Lundberg, on. Electrical Switches. 
(16 Figs.) May 17, 1909.—This invention has reference to elec- 
trical switches, and has for object to provide improvements in the 
mechanism whereby a quick make-and-break action is ensured, 
and also whereby the movable t-makin, ber of the 
switch ean be operated, even should the spring fail. The switch 
is shown in the “‘ off” position in Fig. 1. When the actuating 
handle connected to links 66 is operated, yt mene placed on 
this handle is transmitted through the links 66 toa pin 65. The 
pin 65 being connected to side members *8 of a pivotally mounted 
spring-carrying ber, this ber is caused to turn about 
pivot-pins 67 from the position shown in Fig. 1 to that shown in 
Fig. 2. In the “off” position ef the switch a pin 54 occupies the 
angles enclosed between sides d and e of triangular openings 61 
in the side members 58. As the spring-carrying member turns on 
its pivots the sides d of the triangular openings 61 press upon, and 
move relatively to, the pin 54, and at the end of the turning 
movement the pin is in the position shown in Fig. 2. The pin 54, 
hy reason of its suspension by links 52, also moves in the arc of 
a circle, and the contact-making member as a whole is moved 
therewith in a downward direction relatively to the pivot-pins 67, 
and also in a rotary direction about the same pins, this latter 
movement bringing the free ends of the side-members 47 of 
the et ne member towards the fixed contacts on 
the switch base. Slots in the side members 47 permit of 
this compound movement, and at its completion the pivot- 
pins 67 occupy the position shown in Fig. 2. During the 
rotation of the Hm ary | member, a pin 62 has been 
caused to move re! b 








atively to the 56, ting together 
the side members 58, by reason of the movement of the pin 54 
and this movement is sufficient to place an already compressed 
spring 63 under greater compression. In the position of the 
parts shown in Fig. 2, the spring 63 is under its greatest com- 
pression, and is seeking to relieve itself of the stress thereon. 
This it can only do by moving the pin 54 in a direction away from 
the connecting member 56. The spring pressing on the pin 54 








causes this pin to move relatively to the triangular openings 61, 
and to slide along the sides d thereof until it occupies the angles 
enclosed between the sides d and e. This movement of the pin, 
which is in the arc of a circle and in an upward direction, also 
moves the contact-making member and causes it to move upward 
and relatively to the pivot-pins 67, and also in a rotary direction 
atout the same pins, this latter movement being sufficient to 
bring the free ends of the side members 47 into contact with the 
fixed contacts on the switch-base. At the completion of these 
several movements the parts are in the positions shown in Fig. 3. 
When the switch is to be moved from the ‘‘on” to the “off” 
position, the actuating handle is operated, and the spring-carry- 
ing member is cau through the pressure thus pl: on the 
links 66 and the pin 65 to turn upon the pivot-pins 67. This 
movement causes the sides e of the triangular openings 61 to press 
upon, and move relatively to, the pin 54. At the end of the 
turning movement the pin is in the position shown in Fig. 4. The 
pin also moves in the arc of a circle and in a downward direction. 
Tie contact-making member is thus moved downward relatively to 
the pin 67, and also, in a rotary sense, about the same pins, this 
latier movement a such that the free ends of the side mem- 
ber ’ are moved away from the fixed contacts of the switch-base. 
T ne downward movement of the pin 54 has also moved the pin 62 
relatively to the connecting member 56 and has compressed the 
*p:ing 63, When the parts are in the position shown in Fig. 4, the 
‘pring 63 can come into action and cause the pin to move rela- 
tively to the sides e of the triangular openings 61, and into the 
angies enclosed between the sides d and e. This movement of the 
pin, which is in an upward direction, also moves the contact- 
making member, and causes it to move upward and relatively to 
the pivot-pins, and also in a rotary direction about the same ins, 
th s latter movement being sufficient to bring the free ends of the 
side members 47 quite clear of the fixed contacts on the switch- 
ase. At the completion of the several movements the parts are 
in the position shown in Fig. 1. It will be seen that should the 
esd 63 fail, the contact-making member can be operated posi- 

\vely for the last part of its movement—i.e., from the position 


shown in Fig. 2 to that shown in Fig. 3, and from the position 





shown in Fig. 4 to that shown in Fig. 1, instead of being moved 
quickly by the spring, as happens when the spring is operative. 
Accepted November 10, 1909.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2228. J. E. § Hendon. Internal-Combustion 
es. (5 Figs.) January 29, 1909.—This invention relates 

to valves of the rotary cylindrical type for internal-combustion 
engines, and, particularly, to that type in which a single rotating 
cylinder forms and operates as both an admission and an exhaust- 
valve, the object being to avoid distortion of the valve due to 
unequal expansion arising from the difference in the temperature 
of the gases passing through the same. The cylinder A (herein 
called the outer valve cylinder) containing the rotary valve is longi- 
tudinally arranged above the heads of the working cylinders C of 
the engine, and is connected with the bustion chambers 
of the cylinders by ports c, Fixed concentrically within the outer 
valve-ecylinder is a second cylinder D (herein called the inner 
valve-cylinder), and fitting in the annular space between the two 
cylinders A and D is a tube B of annular form (herein called the 





A. 





annular valve). The inner valve cylinder D is connected to an 
extension of the exhaust-pipe E, and in it are ports d, which 
correspond with the ports c connecting the outer valve-cylinder A 
with the working cylinder C. In the- outer wall of the annular 
valve B are ports b, which are so shaped and arranged that they 
oan’ to put the valve into communication with the cylinders 0 
through the ports c, and through the annular valve B are ports b!, 
so shaped and arranged that they operate to put the workin 
cylinders C into communication with the inner valve cylinder i 
through the portsc and d. The one end of the annular valve B 
projects through one end of the outer valve cylinder A, and 
carries a skew-gear wheel G, through which motion is im to 
it from the crank-shaft of the engine at a ratio of 1 to 2 of the 
crank-shaft, and the other end terminates within the cylinder so 
as to form a chamber a which is in communication with the inlet- 
pipe F by means of a port f. (Accepted November 10, 1909 ) 


24,136. D. Roberts, Grantham. Internal-Combus- 
tion Engines. (3 Figs.) November 10, 1908,—This invention 
relates to two-stroke-cycle internal-combustion engines of the type 
employing liquid hydrocarbon fuel, and wherein the cylinder is 
provided with — in its walls and with a vaporiser con- 
nected thereto by a neck or narrow e. a@ is the bedplate, b 
is the cylinder, c the piston, and d the connecting-rod ; ¢ is the 
water-jacketed portion of the vaporiser, and f the unjacketed 
part thereof, and g is the contracted passage by means of which 
the vaporiser e, f is connected to the evlinder b, the g 
being made of an approximately double conical shape by the faces 
handi. As will be seen, the vaporiser is of a bottle shape, and is 
arran, with its axis at an inclination to that of the cylinder a. 
j_is the inlet into the water-jacketed part ¢ of the vaporiser, 
through which air is forced, the inlet being fitted with the 
inwardly-opening valve k, which is controlled either automatically 
or mechanically. J is the inlet through which the hydrocarbon 
fuel is injected into the hot part f of the vaporiser ; m, m are the 
exhaust ports formed in the cylinder b, and n is the exhaust-pipe 
open to the atmosphere, and with which the ports m communicate. 
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The operation of the engine is as follows :—Assuming that the 
explosion of the ch in the vaporiser has taken place, the piston 
¢ is caused to travel forward, and as it nears the end of its stroke 
it uncovers the exhaust-ports m, m, and permits the gases to 
expand down to the pressure of the atmosphere. At this moment 


“the air-inlet valve & in the cold or water-jacketed portion e of the 


vaporiser is opened in any ordinary way, and air is forced Grom 
the air-inlet j into the vaporiser, the ing air displacing the 
remainder of the exhaust gases in the vaporiser, and issuing 
through the double cone-shaped neck ul thereof into the cylinder 
b, the shape of the neck causing the air to spread out. and 
thoroughly scavenge the cylinder, and fill it with a fresh charge of 
air. e piston ¢ now commences its return or compression 
stroke, and re-closes the exhaust-ports m, the air-inlet valve k at 
the same time being also closed. As the compression stroke of 
the piston proceeds, the piston compresses the air in the cylinder 
through the double cone-shaped neck g into the vaporiser, and, 
owing to the shape of the connecting neck, and to the angle that 
the axis of the vaporiser makes with that of the cylinder, the air 
has given to it a whirling motion, and is caused to mix with the 








the end of the compression stroke. The intimate mixture of air 
and v4 which is thus obtained is ignited by the heat derived 
from the hot part f of the vaporiser, and from the compression of 
the air charge, and the operation then begins de novo. (Accepted 
November 10, 1909.) 


HYDRAULIC MACHINERY. 
and Co. 


438. Sir W. G. somone, Whitworth, 
Limited, C. H. M and F. G. D. Johnston, New- 
castle-upon- e, Hydraulic-Power Mechanism. 
(4 Figs.) January 7, 1909.—The object of this invention is to provide 
improved hydraulic-power mechanism for rotating a spindle for 
any purpose, which mechanism can be readily controlled by a 
hand-wheel, or by a small electric motor if distant control be 
desired, the arrangement being such that the movement of the 
spindle is the same as that of the spindle of the hand-wheel or 
motor, both in direction and speed. a, a are single-acting cylin- 
ders fitted with rams}, 6. In the engine shown, there are four 
cylinders equidistant from one another. c¢ is a Z-crank or swash- 
plate, the back of which is pyramidal, and against four points of 
which pressure can be exe by links d interposed between them 
and the rams. ¢ is a crank-arm by which a revolving motion is 
given to a shaft f. g is a ball and-socket joint, on which the 
crank-plate can be rocked, Any suitable means may be adopted 
for restraining éhe plate from turning, as, for example, projec- 
tions extending from it may enter between fixed stop surfaces, or 
there may be recesses in the plate engaging with fixed projections. 
h is a rotary valve operated by a hand-wheei or arm Al. The 
valve-seat has in it, as shown in Vig. 4, four ports i, one leading to 
the rear end of each cylinder. One half of the face of the rotary 
valve h has a supply port j opening through it, and this half of 
the face is formed to fit against the valve-seat ; the supply port j 
is supplied conti ly with fluid under pressure from a 
chamber l. The other half of the valve-face is cut away as shown. 
m is a chamber open to exhaust. 1 is a crescent-shaped stop on 
a toothed wheel 0, which can be turned around the valve-spindle. 
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p is a pin projecting from the boss of the arm h!, which comes 
against one or other end of the stop if a quarter-turn is given 
to the arm in either direction. e toothed wheel o is, as 
shown, geared with a corresponding toothed wheel on the 
engine shaft f, so that it is made to revolve at the same 
speed and in the same direction as the shaft. The stop allows of 
a quarter turn being given to the arm A! in either direction. When 
two adjacent cylinders are filled with liquid and the opposite two 
are open to exhaust, the engine comes to rest, and there will be a 
space between both ends of the crescent-shaped stop and the pin 
.. As each ram completes its outward stroke the portion of the 

k of the swash-plate which is behind the point on its face 
against which the ram acts comes down on to a fixed stop, and all 
further outward movement of the ram is thereby arrested. The 
stop shown in the drawing is the fixed surface k&. By giving a 
partial turn to thearm h! in either direction, to bring the pin p 
against one or other end of the stop, one of the two cylinders which 
previously were filled with liquid will be opened to exhaust, and 
one which was previously open to exhaust will be open to pres- 
sure, and the engine will be caused to make a quarter turn 
in one or other direction, according to the direction in which 
the arm was turned. Or if the arm h! is kept turning so as to 
bear always against the stop, the engine-shaft f will be revolved 
continuously and the arm may be used to aid in turning the shaft. 
When the turning of the arm is arrested, the arm is a:ranged to be 
— to rest in approximately one or other of four positions 
which are at right angles to one another, in each of which the 
pressure supply port of the valve is tially over two of the ports 
in the valve-face. (Accepted November 17, 1909.) 


MOTOR ROAD VEHICLES. 


17,434. A. Craig, Coventry. Change-® Gear. 
{2 Figs.) July 27, 1909.—The object of this invention is to pro- 
vide a gear-))ox in which three or four speeds forward and a reverse 


can be obtained with shafts of very small length, so as to reduce 
the risk of bending to a mini , which results in silent-running 
gears. In Fig. 1, for the sake of clearness, the shafts are drawn 
as though they were all in the same horizontal plane. ‘s the 
driving-shaft, and is splined to receive a sliding sleeve 1: which 
carries gear-wheels C and D and clutch-jaws E. Fk is th riven 








shaft, and carries a gear-wheel G and clutch-jaws H. The shaft is 
splined to receive a fixed gear-wheel J, which meshes with a fellow 
gear-wheel J? on the first and second sj lay-shaft K. This 
shaft is splined to receive sliding gears L for the first speed and M 
for the second, which are slid into mesh with the gear-wheels C, D. 
The gear-wheel G constitutes a constant-speed wheel, which meshes 
ea meee A with a gear-wheel G2on the fourth-speed lay-shaft N. 

is lay-shaft carries the fourth-speed gear-wheel O ted to 





hydrocarbon fuel, which is injected into the vaporiser at or near 


mesh with the wheel D on the central sleeve B. The drawing 
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shows the gears out of mesh, and when it is desired to obtain the 
lowest gear the gear-wheels L and M are moved to the right, 
bringing the wheel L into mesh with the wheel C. It is not 
essential that the wheel M move to the right, but it simplifies the 
gear-operating mechanism to connect these two at all times except 
when the reverse a is to be used. To obtain the second speed 
the wheels L and M are moved to the left, moving L out of gear 
with ©, and.M into gear with D. Energy is now transmitted from 
the shaft A through the gears D and M to the shaft K, and 
therefrom by the gear-wheels J2, J to the driven shaft F. To 
obtain the third speed, which, in the present case, is a direct 
one; the wheels L and M are brought into the position illustrated, 
and the sleeve B moved to the right to engage the jaws E with 
the jaws H. This would cause engagement of the wheel D with 
the wheel M, owing to their being insufficient clearance. To 
obviate this the gear-wheel M is moved simultaneously with the 
sleeve B to the right. To obtain the fourth speed, the sleeve B is 
moved to the left, the gear-wheel L accompanying it to prevent 
clashing between the gear C and the gear L. The wheel D is now 
brought into engagement with the wheel O, energy being trans- 
mitted from the ken D to O and from G2 to G, which is on the 
driven shaft F, To obtain the reverse gear the wheel L is moved 
to the extreme left position, as shown by dotted lines, It will be 
seen that this wheel comes opposite to, but does not mesh with, 
a wheel P fixed to the driving shaft A. It, however, does en; 

with a wheel P2 which is in constant mesh with the wheel P. 
This does not appear to be the case from Fig. 1, owing to the 
transposition of the shafts, but will be clear from Fig. 2. The 
wheel P2 is mounted upon a bush P® on the lay-shaft, so that it 
revolves freely and acts as an intermediary to reverse the drive 
between the shaft A and the wheel L. The lay-shaft K is now 
reversed, transmitting a reverse movement through the . 
wheels J2, J to the driven shaft F. This enables the + eral 
speeds of the gears more nearly to approximate the ideal, and 
shows the wheel D to be used for two different speeds without 
necessitating very great differences between the sizes of the 
wheels M and 0 with which it meshes. (Accepted November 10, 


1909, 
RAILWAYS AND TRAMWAYS. 


9392. F. Shelford, Westminster. Railway Points. 
(4 Figs.) April 20, 1909.—According to this invention, means are 
provided which, after each movement of switches or points, 
will lock them, these means being so arranged that they can only 
be released by the operator when the wagon or wagons shall have 
moved clear of them. 1isa stock rail, 2 one switch-tongue of a 
pair of points, and 3 a sleeper. 4is the operating- for the 

ints. A ground lever is connected to the operating-rod 4 through 
the link 5and crank 6. The operating lever 4 works through a 
hox 7, which is secured by the off-set portion 8 to the sleeper 3. 
This box 7 has side walls 9, 10 provided, respectively, with recesses 
or notches 11, 12 in their upper edges, one of these recesses being 
at or near one end of the box, and the other recess at or near the 
other end, the distance between the centre lines of these recesses 
being equal to the travel of the points. Loosely and rotatably 
mounted on the part of the rod 4, which is inside the box 7, is a 
weighted locking-arm 13, which arm is held against longitudinal 
movement on the rod 4 by collars 14, 15, which are held in place by 
pins 16,17. Lines 18 and 18(Fig. 2) serve to indicate respectively 
the bottom and side clearance lines of the underworks, frames, &c., 
of the engines, carriages, or wagons in use on the railway. The 
operation is as follows :—Assuming the parts to be in the position 
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shown in the drawing—the groundsman, having left his operating 
lever, gone to the locking apparatus, and lifted the arm 13 out of 
the recess 12, thrown it over so that it rests on the top of wall 9, 
and again taken his place at his operating lever, is free to operate 
this lever, which he now does, and reverses the points, the move- 
ment of the rod 4 carrying the arm 13 along with it until it drops 
into the notch 11 and thus locks the points. When it is desired 
to return the points to the position shown, the undsman 
leaves his lever, goes to the ene! apparatus, and lifts the arm 
13 out of the recess 11 in the wall 9, and throws said arm 13 over 
so that it rests on the top of the opposite wall 10. The grounds- 
man then returns to the lever and operates same, thus re-setting 
the points to the normal — The locking aj tus—i.e., 
the recessed walls and the locking arm secured on the operating 
rod—is situated close to the switches or points, and is therefore so 
arranged that it cannot be got at to unlock the points when a 
wagon or other vehicle is over them, while it would also be a pro- 
ceeding full of risk to the life and limb of the groundsman should 
he attempt to unlock the peints just as a vehicle or train is about 
to pass over them. The arrangements thus prevent the points 
being changed or moved over while a train is passing over them 
without the employment of a safety or facing-point lock-bar. 
(Accepted November 10, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
16,917. H. J. Marshali, Geinsherough. Valve 
Gear. [4 Figs.) July 20, 1909.—This invention relates to steam- 
engine valve gear wherein the admission or exhaust-valves of the 
double-beat type are actuated by one eccentric. a is a valve- 
spindle ing the valve of the double-beat type. 0b is a plunger 
of special , to which the valve-spindle is attached at one 
end, the other end sliding in a guide ¢ formed in the castin; 
which carries the mechanism. is a rocking-shaft placed an 
carried on the centre line of the valve-spindles, which shaft receives 
motion by means of a lever ¢ and rod /, the latter being operated 
by a single eccentric, which, in the case of the admission-valve, is 
under the control of a governor of the fly-wheel type in the 
ordinary way. The governor controls the reciprocating move- 
ment of the lever e, and regulates the point of cut-off of the 
admission-valve to suit the load on the e . The rocking-shaft 
dis arranged centrally over the valves, and formed thereon are 
levers g, ——— with hardened cam surfaces A, which may be 
made adjustable. These levers with their cam surfaces are 


arranged to incline to opposite sides of the rocking-shaft d, so 





that the two valves are alternately opened and closed by the re- 
ciprocating movement imparted by the lever e from the rod fof 
the same single eccentric. j is a hardened roller carried on a 
pin k, the ends of the said pin engaging with dies l, / fitted in 
slots in Se b, sufficient play being allowed to accommo- 
date the ial motion of links n, n, which are pivoted at m, for 





the purpose of resisting the sideway thrusc when the cams are 
brought into action on the levers. A spiral spring o is provided 
in the usual manner to close the valve. The reciprocating move- 
ment of the levers and camse, gf and h imparts a vertical move- 
ment to the valve-spindle a, the curves of the cams being so 
formed as to give the proper movement to the valves. (Accepted 


November 10, 1909.) 

529. J. E. L. Ogden, Liscard. Steams Svape. (4 Figs.] 
Janu: 8, 1909.—This invention relates to steam- raps of the 
expansion type, and has for its object to produce a simple and 
reliable trap adapted to give a full-bore discharge each time the 
trap-valve is opened, due to the contraction of the expansion- 
tube, and to effectually prevent any dribbling at the valve in the 
intervals between its opening. In the application of the inven- 
tion as illustrated, the ly part a of the trap is formed from a 
casting, one end b of which serves as the inlet for the steam and 
drain water, whilst the other end ¢ serves as the outlet for the 
intermittent discharge of the water which collects in the trap. 
One end of the expansion-tube d is secured to the inlet end b of 
the body part, the outlet end of the tube being secured to the 
inner and movable valve-seat e. The seat slides within an open- 
ended cylinder f secured to the body part of the trap, the valve- 
face end of the cylinder / forming the fixed or stationary seating 
surface. The valve g — be grooved, as shown, upon its face, to 
form a pocket into which the water being discharged from the 
expansion-tube can enter and have its direction of motion altered, 
thereby enabling more complete att me to be taken of the 
density and velocity of the water being discharged for holding the 
valve fully open until, when water ceases to be discharged and 
steam commences to pass, the valve is returned to its seat, due 
to the steam, owing to its lesser density, being unable to hold 
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the valve open in the same manner as the water. The valve g 
is normally held upon its seat by the pressure of a spring A acting 
upon a collar ¢ secured upon the valve-spindle j. The pressure ot 
the spring upon the valve may be adjusted to suit the pressure of 
the steam in the pipe-line being drained by the steam-trap. The 
action of the trap is as follows :—When the expansion-tube d is 
full of steam, and is therefore fully expanded, the inner seating 
surface ¢ carried at the end of the tube beds against the valve g ; 
a slight clearance may now exist between the valve and the outer 
seating surface on f. When water commences to collect in the 
trap, and the expansion-tube d contracts, the inner seating sur- 
face e is withdrawn from the valve g; but this does not allow of 
the immediate discharge of the water, but allows the valve,to bed 
ogee the stationary seating surface on f. The full pressure 
within the expansion-tube can now act upon the whole of the 
surface of the valve g within the stationary seat, resulting in a 
full opening of the valve and the rapid discharge of the collected 
water of condensation, When all the water has been discharged, 
steam commences to pass the valve, but as the density of steam 
is considerably less than that of water, and as the valve is held 
open to its full extent only by the pressure of the water upon its 
surface due to its velocity of discharge, the valve g partially 
closes, and the expansion-tube b expands under the heat of the 
onary ms the closing of the valve. (Accepted Novem- 


D. Taylor and T. Jackson, Openshaw. 
m4, [4 Figs.] July 8, 1909.—This invention relates 
to smoke-consuming devices for boiler furnace flues. a designates 
the boiler, b, Lb! the furnace fines, ¢ the fire-bars, d, d! the furnace 

e the flues or pacmage at the back of the boiler, into which the 
flues 6, b! discharge, /, f! the return flues underneath the boiler, 
g,g' the ordinary side flues, According to this invention, louvres or 
vanes h, h! are employed, and are rated by rods from the front 
of the boiler, to control the openings from the side flues g, g! 
respectively into new return flues j, j! along the top of the boiler. 
These return flues i ji communicate through pipes k, k! with a 
casing m, in which afan. The fan casing m is connected 
by a pipe » and branches n!, n2 to casi ol, & placed at the 
front of the boiler and communicating with the spaces below the 


fire-bars c in the furnaces of the flues b, b!. The Ls ary ml, n2 are 
controlled by dampers, and the flues /, /! are divided by a mid- 
feather g running the full length of the boiler ; the flues g, g! ay. 
controlled by dampers which regulate the outlet to the ordina: 
chimney flue ¢. In nape when stoking the furnace of th. 
flue b the dampers will be so set that the products of combustion 
after traversing through the flue b to the end of the boiler and 
returning though the flues e and / to the front of the boiler, wou! 
upward to the side-flue g, and, returning to the back of th, 
iler, would pass through the louvres A into the new flue j, and 


Fig. 1. 






























MAN / 
*3 
RANE ae FF 








ot. : 0’ 
| 7 (5 945) ¢ 











returning thence would be drawn by the fan through the pipe k 
into the fan-casing m and would then be delivered through the 
pipe » and branch pipe n? through the front casing 0? and so to 
the space below the fire-bara in the furnace of the flue U!; or it 
might be conducted back into the same flue b if desired. The un- 
consumed heated products thus delivered underneath the furnace 
bars assist in promoting combustion of the fuel, and thus consume 
the smoke or minimise its production, the burnt gases being 
finally passed through the damper s or s! into the chimney flue in 
the usual way. (Accepted November 10, 1909.) 


MISCELLANEOUS. 


8672. Alldays and Onions’ Pneumatic Engineering 
Company, Limited, and E. L. Joselin, " 
Rota’ es. [9 Figs.] April 10, 1909.— 

This invention relates to the balancing of rotating bodies, such, 
for example, as discs, pulleys, fly-wheels, and other wheels. 
According to this invention, there is combined with the disc to be 
balanced one or more discs, rings, or eccentrics, of such a form 
that they are not in true balance when rotated on their axes. The 
balancing disc is applied to the disc to be balanced, and is rotated 
on its axis with respect thereto, or such discs are rotated on their 
axes with respect to each other, where two or more balancing 
discs are employed, until a yes or practically perfect, balance 
is obtained in the disc to taleneel. In balancing the disc a, 
Fig. 1, a pair of balancing discs a!, a2, of the form shown in Figs. 2 
and 3, or Figs. 4 and 5, are employed, one on each side, or both on 





the same side, of the disc a to be balanced, the three discs being 
temporarily secured together. If it is found on testing that the 
combined dises are not in true balance, one or other of the discs 
a}, a2 is adjusted by partially rotating the same, and is re-fixed in 
its adjusted position, and the bined discs are again tested, and 
the operation is repeated until the want of balance in the balancing 
discs is made to correct or neutralise the want of balance in the 
disc a, when the three discs are permanently secured together. 
Where the wheel, disc, or like is of a form which can be con- 
veniently made in two halves or shorter parts, a together end 
to end with their axes in line—such, for example, as a double-inlet 
fan-wheel, the wheel may be made in two shorter parts, which are 
80 adjusted one with respect to the other that want of balance in 
the one is made to correct, wholly or in great part, the want of 
balance in the other. (Accepted November 17, 1909.) 











Bevetan Briast-Furnaces.—The number of furnaces 
in blast in Belgium at the commencement of January was 
38, as com: with 31 at the commencement of Janu'y, 
1909. The total of 38 was made up as follows :—Charlero! 
group, 16 ; Liége group, 16; Luxembourg, 6. The pro- 

uction of pig in ium last year was 1,632,350 tons, 
as compared with 1,206,440 tons in 1908. The total of 
1,632,350 tons, representing last year’s output, was made 





up as follows :—Puddling pig, 156,590 tons ; foundry pig, 
88,960 tons ; steel pig, 1,386,800 tons. 
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THE RECONSTRUCTION OF THE TYNE 
NORTH PIER. 


Tue work—just completed—of reconstructing the 
North Pier, at the entrance to the River Tyne, forms 
. complete example of the official definition of the 
civil engineer, and incidentally exemplifies our ad- 
vance in knowledge of the requirements for over- 
« ming one of the greatest of the forces of Nature— 
the violent storms of the stormiest of seas encircling 
Britain. When the specially - constituted River 
‘Tyne Commission took over the control of the 
harbour and river works from the Newcastle City 
Corporation in 1850, they decided upon the con- 
struction of piers or breakwaters from the north 
and south shores respectively, in order to afford 
protection to the river and to provide a shelter 
for weather-beaten craft trading on the coast. 
The late Mr. W. A. Brooks, who was then in 


measures 5317 ft. long, with a submerged base 80 ft. 
longer ; but of this pier 3600 ft. is founded above 
low-water level. The width of entrance to the river 
(see Fig. 1, annexed) was 1300 ft., and the depth 
there at high water of spring tides 45 ft. 

The eminence of the engineers, and the care 
with which their designs were carried out, justified 
the view that the works would be permanently 
effective in making the Tyne safe and easy of 
approach. But Nature enforced a lesson which 
had not been fully realised in the design of the 
foundations. The mouth of the Tyne is on an ex- 
cessively exposed coast ; gauges have shown during 
exceptional storms waves 35 ft. from trough to 
crest, and owing to the fact that the deep water 
approaches so near to the shore, these very high 
waves are propagated almost as far as the pier 
itself. Full knowledge of the action of such waves 
was not then available; it was not thought that 
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charge of the river works, and the late Mr. 
J. M. Rendel, at the.request of the Tyne Com- 
mission, separately prépared sdhemes. After con- 
sultation a combined project was evolved, and 
Parliamentary sanction obtained in 1852. The 
national importance of the works suggested the 
advisability of the Admiralty being consulted, 
perhaps with some hope of financial aid. As an 
outcome of much negotiation, the late Mr. James 
Walker, a past-president of the Institution of Civil 
Engineers, was invited to prepare an independent 
desisn for works within the limits of deviation 
prescribed by the Act of Parliament. Mr. Walker’s 
desicn was carried out, though not in its entirety, 


as before the work had progressed very far it was 
felt. th it the depth of water in which it was intended 
to ti rminate the piers—viz., 15 ft. at low water of 
Spring tides—was insufficient, and such an exten- 


sion of the piers to the seaward was sanctioned us to 
make them terminate in water of double that depth. 
The North Pier, when completed, was 3059 ft. long 
at hich-water level, but the submerged base at the 





head extended 130 ft. further: the south pier 
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the sea’s action would be so destructive at great 
depths, and thus events proved that the founda- 


tions of the pier were not deep enough to meet the | b 


necessities of the case, as these necessities are now 
by fuller experience interpreted. The section of the 
original breakwater given in Fig. 2 is reproduced 
from a previous article in ENGINEERING, vol. lxxiv., 
page 133. The pier was founded on a rubble 
mound, deposited from barges on the foreshore, 
which consisted of a layer of sand of varying thick- 
ness over the shale forming the hans om The 
pier itself consisted of two longitudinal masonry 
walls, with a uniform batter on the outside of 1 in 
4, connected by transverse masonry walls at in- 
tervals of 25 ft. The pockets thus formed were 
filled with quarry débris in that part of the pier 
extending 1400 ft. from the shore, and with Port- 
land cement concrete in the remainder to the head. 
The footing was protected on the seaward side by 
concrete foreshore blocks of 30 tons weight. 

The effect of the wave action was disclosed about 
1894 by the displacement of some foreshore blocks, 


repairs, portions of the lower courses were then 
sucked out of their place. In 1896 the situation 
was becoming desperate, and it was decided to 
sink an old ship filled with concrete to seaward 
of the damaged structure, so that the divers’ work 
would not be so frequently and so long interfered 
with by storms. is was done, and the divers 
carried out extensive work in underpinning the 
structure and replacing foreshore blocks which had 
heen washed away. But in the great gale of January, 
1897, about 110 ft. of the wall on the seaward side 
fell outwards, and soon after there was made a 
narrow breach from side to side of the pier. The 
work of destruction thus begun soon extended, as 
shown by the view on page 102 (Fig. 12). The action 
of the waves was, as we have said, found to be 
destructive at greater depths than was anticipated 
when the design was prepared. Indeed, the late 
Mr. P. J. Messent, who was resident engineer on 
the works during construction, and engineer-in-chief 
for the River Tyne Commission afterwards, realived 
this, and carried the foundations to a greater depth 
than that originally designed wherever this was 
practicable. _ Unfortunately, when the breach 
occurred he was seriously ill, an illness which cul- 
minated in his death, and Sir John Wolfe Barry 
and Messrs. Coode, Son, and Matthews were called 
in to advise the Commissioners. 


Tue Desiecn or tHE New Prer. 


Two alternatives presented themselves. It was 
possible to rebuild on the same site 750 ft. of the 
outer length of the pier, the greater part of which 
length had been damaged ; this would love involved 
the demolition of the old and the building of the 
new work on an exposed site, which would have 
enormously increased the cost. Another scheme, 
and the one finally accepted, was the building of 
an entirely new length in continuation of the straight 
shoreward end of the old pier, under the lee of the 
damaged length, a new head being provided. This 
new work was designed to be 1500 ft. long. The 
section ae ag ditfered essentially from that of 
the old works, as will be seen by comparing Figs. 2 
and 3 on this page. 

The contract was let in 1898 to Sir John Jackson, 

Limited, the principal direction of operations being 
undertaken by Sir William Matthews on behalf of 
the joint engineers, already named, and the work 
has now been successfully accomplished. As re- 
constructed, the North Pier is 2900 ft. long, and, 
owing to the change in line, the entrance to the 
harbour is now 1180 ft., as compared with 1300 ft. 
—a very trifling diminution. In outward appear- 
ance the pier resembles the old, as the sides in 
both cases have a batter of 3 in. per foot down to 
low-water level, but in the new work there is then a 
set-on of 15 in. on the one side, and of a little more 
on the other, the extended width being 50 ft., and 
under this the faces are vertical to near the bottom, 
where there are two small steps, as shown in the 
section of the work as completed (Fig. 4, page 100). 
From the foundation on the shale, which was 
dressed level by bell divers, the pier has been built 
up of concrete blocks, with granite facing on the 
outer courses, as. will presently be explained, and 
the bonding is illustrated on two typical plans, re- 
produced in Figs. 5 and 6. The depth of founda- 
tions below low water of spring tides varied from 
28 ft. to 44 ft. 6 in., which is, on an average, some 
20 ft. more than in the old structure. The width at 
the level of the quay is 37 ft.. For almost one-half 
of the width the work is carried 10 ft. higher, thus 
forming a promenade 13 ft. 6 in. wide, protected 
a massive parapet 5 ft. wide and 3 ft. 9 in. high. 
Under this promenade a tunnel has been formed 
4 ft. 3 in. wide and 6 ft. 9 in. high, for access in 
stormy weather to the lighthouse and the room at 
the head for the accommodation of the machinery 
and apparatus for blowing the fog-signal. In the 
old pier, alcoves were formed on the quay-level at 
50 ft. intervals, where protection could be sought 
by those who had to traverse the pier in stormy 
weather. These, however, were not entirely satis- 
factory, hence the change. 
Before any of the permanent work could be pro- 
ceeded with it was necessary (1) to lay out the yard 
for the moulding of the concrete blocks, (2) to pre- 
pare these blocks, and (3) to erect staging for pre- 
paring the foundation and for block-setting. 


THe Maxine or tHe Concrete Biocks. 


A site near the root of the pier was utilised 
for the block-making yard, space being provided 





and, notwithstanding energetic measures to effect 


for 75 moulds in five rows. At the end of the 
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yard furthest from the pier there were two Messent 
concrete-mixers, driven by gas-engines, and the 
mixed concrete was conveyed to the moulds on a 
2-ft. gauge overhead track. The moulds were of 
timber 3 in. in thickness, suitably stiffened by 
battens and angle-bars, and so built up that by 
slackening bolts at the sides the planking could be 
eased a few inches from the concrete, thus allowing 
the block to be lifted without disturbing the mould. 
Two Goliath cranes, each capable of lifting 40 
tons, commanded the block-making floor, and were 
used for lifting the blocks and transporting them 
to the main stacking-ground, which was situated 
between the block-floor and the root of the pier. 
The track on which the block wagons ran to the pier 
was outside of the Goliath-crane rails; and when 
the blocks were to be transferred to the works, they 
had to be traversed through the end frame of the 
Goliath and loaded into the wagons from a canti- 
lever extension of the crane girders. 

The concrete used was of 6 to 1 quality. The 
cement supplied, all from the Medway, was of such 
uniformly good quality that out of 107 consignments 
two only had to be rejected. The sheds devoted 
to cement storage had five bins, each of 250 tons 
capacity, when filled toa depth of 4 ft., and one con- 
signment was confined to one bin, so that it could be 
readily identified after test of samples. The cement 
on arrival from the manufactory was emptied from 
the bags on to the floor, and to ensure efficient 
aeration it was turned over by hand five times, with 
a minimum period of five days between successive 
turnings. The specification provided for all the usual 
tests, but others occupying public attention were 
from time to time applied, not only to determine 
the value of the cement, but also to get some idea 
of the value of such tests. 

Where the blocks were faced with granite, 
the masonry was first built up in the mould and 
allowed to set before the concrete was filled in ; 
the planked sides of the mould were in all cases 
painted over with an emulsion known as concrete oil, 
and the floor was covered with a layer of fine sand, 
both precautions being taken to facilitate the strip- 
ping and subsequent removal of the block. Two 
raking hard-wood cores were placed near the 
centre of the mould, which, when removed, left 
cavities, through which T-headed bars could be 
inserted wherewith to lift the block. Each mould 
was stripped 24 hours after being filled ; the block 
remained in place 7 days, and was then removed to 
the stacking-yard, there to lie for at least a month. 
The contents of the blocks varied from 5} to just 
over 19 cubic yards. The blocks made totalled 
125,018 cubic yards, and the maximum stock at 
any one time in the yard was 30,700 cubic yards. 


Tue Temproraky Stace vor Buiock-Serrine. 

The staging now used in such works, and illus- 
trated in Figs. 7 to 10, on page 101, and in the 
engraving, Fig. 13, on page 102, and in Plates 
XI. and XIL., differs greatly from those adopted 
but a few years ago. Timber beams have been 
discarded for lattice steel girders, single piles 
for dolphins, timber bracing for old rails, all con- 
ducing to greater strength and stability. In this 
work it was a matter of some doubt as to whether 
the piles could be driven through the rubble in the 
mound, some pieces of which were said to weigh 
as much as 10 tons ; but by the adoption of a sufti- 
ciently massive shoe—310 lb., together with a 
heavy ram—2 tons, and a drop of 4 ft., no great 
difticulty was experienced, The dolphins on the sea- 
ward side consisted each of six piles, 16 in. square, 
braced together, though only above low-water level, 
by double-headed rails, On the harbour side there 
were eight piles in each dolphin, the two additional 
ones being required in order to provide increased 
width to accommodate the service railway. These 
dolphins were at 40-ft. centres longitudinally, and 
were spaced transversely to suit the gauge of the 
crane track—65 ft. The track was supported on 
longitudinal members of lattice steel-work, braced 
from side to side by light cross-girders, also of 
lattice work, at the end of each bay of 40 ft. 

On this staging there were three Goliath cranes, 
The first—or seaward one—is shown in course of 
erection in Fig. 15, Plate X. It operated a Hone 
grab of 120 cubic feet capacity, used for excavating 


the material overlaying the shale on which the blocks 
were to be set. Immediately following this was a 
somewhat similar machine carrying the diving-bell, 
by means of which the site was levelled for the 
reception of the blocks. The third crane was for 
the setting of the blocks. These cranes were of 





40 tons lifting capacity. The only noteworthy point 
in their design has reference to the third. In this 
case the transverse girders were made of increased 
strength, and projected beyond the upright posts 
on each side Fe these were set for a 65-ft. gauge 
track. This was done so that when the staging was 
constructed of greatly increased width for the laying 
of the head, the vertical posts could be disconnected, 
traversed outwards, and coupled up at the extremi- 
ties of the girders in order to increase the span 
to suit the widened track of the staging. This 
course, however, was not adopted, because as 
the work approached the head it was found that 
the ordinary staging was subjected to severe stress 
during heavy gales. It was therefore deemed un- 
desirable to mount the Goliath crane on a broad 
gauge, which would make it impossible to traverse 
it shorewards when stress of weather rendered such 
a precaution desirable. The bulk of the work at the 
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head was therefore done by a Titan crane, which 
was hired by the contractors for that purpose. It 
is illustrated at work on the head in Fig. 18, on 
Plate XII. 


Tus JUNCTION oF THE NEw WorkK WITH THE 
OLD STRUCTURE, 


The first of the permanent work to be carried 
out was connected indirectly with the junction of 
the new structure with the old. The foundation 
level of the former, being some 26 ft. lower than 
that of the latter, it was necessary to provide 
against the movement of material from the proxi- 
mity of the old work, and especially from under the 
old structure. To obviate this danger, it had been 
decided to construct a barrier at a point completely 
clear of the old work, by sinking into the shale 
forming the sub-strata steel cylinders, and subse- 
quently filling these with concrete. The dam of 
cylinders formed a step, on the seaward side of 
which the foundations were taken down to the full 
depth, and on the landward side were formed on 
the rubble mound at practically the same level 
as those of the old work. To provide a uniform 
bed on the rubble mound a layer of concrete was 
laid. 

It was thought that the cylinders could be sunk 
by the excavation of the material within them by 





grabs, but the service of divers to remove heavy 
pieces of rubble from under the cutting edge became 
such a frequent necessity that it was eventually 
decided to resort to the air-pressure system of 
working. The -cylinders were built up of stee! 
rings 13 ft. in diameter, the bottom section having 
a cutting edge reinforced by an inner ring in the 
form of a cone, on the top of which a temporary 
cast-iron tube was fixed, constituting the shaft for 
the ingress and egress of the workmen, and for 
the raising of the excavated material, and subse- 
quently for the lowering of the concrete to 
form the seal when the cylinder had been 
sunk to the required depth. The annular space 
between the inner tube and the cylinder proper 
was filled with concrete for weighting purposes, and 
also for reinforcing the cylinder during the sinking 
operation. Owing to the nature of the rubble 
mound, timber guides were adopted to ensure the 
vertical alignment of the cylinder while being sunk. 
When sunk to the required depth, a concrete seal 
4 ft. thick was putin, the air pressure released, and 
the cast-iron inner lining removed. To enable the 
latter to be easily done, the various sections, instead 
of being a complete ring, were bolted together in 
segments, one of which was a key-piece. Finally, 
the cylinder was filled with 5 to 1 concrete. There 
were eight cylinders sunk, as closely together as was 
possible, across the line of the new pier, the tops 
being 10 ft. below low-water level. The angles 
between the cylinders were filled up with Jarrah 
timber piles. 

The work of sinking the cylinders proceeded 
contemporaneously with the building of the staging 
and the setting of blocks for the pier, this work 
having been ,begun 81 ft. seaward of the cylinders. 
As soon as the barrier was completed, block-setting 
was commenced towards the old work, as well as 
seaward. Fig. 13, on page 102, shows the first of 
the block-work that was brought up above low- 
water level. 

Some difficulty was experienced in making a 
junction between the new and the old work. As 
already explained, the outer part of the old pier 
was curved in plan, and the new pier approached 
it at an angle. It was obviously necessary to cut 
into the old work in order to make an effective 
joining. Had the side of the new work adjacent 
to the old pier been continued in a straight line to 
meet the latter, it would have been necessary to 
cut away a considerable length of old work, involv- 
ing great cost. The side of the new work was 
consequently deflected to join the old work at an 
angle, thus forming a knuckle, as shown in Fig. 14 in 
Plate X. As the foundations of the old work had 
consolidated by the lapse of time, it would have been 
most undesirable to remove them, and where the 
néw work came vertically over these it was set 
upon them. The widening of the new work to 
form a knuckle enabled the old work to be tailed 
back behind the new, so that extended prongs of 
the latter could be built into the old work, and thus 
make an effective spliced joint. The space between 
the prongs and the irregular walls of the tailed 
part of the old pier was filled in with mass concrete. 


Biock-SEttincG. 


It had been intended to set a considerable number 
of the foundation blocks at a time, but as the work 
progressed it was found that so live was the sand 
overlying the sub-strata on which the pier was to 
be built that it ran on to the site prepared for the 
foundation courses. to such an extent that it was 
only possible to set two or three blocks at a time. 
Extreme care was taken in the setting of the foun- 
dation courses so as to ensure that they should be 
in a uniform and truly horizontal plane. This donc, 
the upper courses were easily set ; any irregularity 
in the foundation course would have been multi- 
plied, as more work was set, and extensive chipping 
on the upper courses—an expensive and time- 
wasting process—would have resulted. 

In the setting of the foundation blocks two helmet- 
divers were employed, one at each end of each block, 
and when it was laid in position tapes were put al 
the corners and extended to a gauge above watvr- 
level, whereby it was ascertained whether the block 
was truly laid. In the event of irregularity being 
indicated, the block was raised and the necessary 
adjustment made. Not a single block was laid 
except the site was inspected either by the diving 
inspector or the resident engineer, the latter of 
whom made frequent ‘‘surprise” descents at 
irregular intervals to keep the divers up to an e/li- 
cient standard. Several of the photographs re}ro- 
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duced show by the great regularity of the datam | 
course the satisfactory results of this care. Indeed, 
the work of setting the upper blocks became a 
matter of much simplicity. Rapid progress, how- | 
ever, was not always possible, although in odd! 



























































sand grabbed was in the end five times that neces- 
sary where block-setting could follow immediately 
upon the first preparation of the ground. 

The blocks throughout the work are 6 ft. wide, 
measured longitudinally to the pier, and of lengths 





the blocks being drawn out by wave action circular 
joggles, 12 in. in diameter, are fitted between them, 
semi-circular cavities having been formed on the 
sides of the blocks during the process of casting 
to provide spaces for these. The short blocks 
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Weeks as many as thirty blocks were laid per day. | 
But the upper work soon overtook the foundations, 
and this rate could not be maintained. If the 
diving-bell were laid off for a day or two owing to | 
Stress of weather, the sand ran over the prepared | 
Sites again, and not infrequently the quantity of | 
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Encrne-Room or LIGHTHOUSE, 


varying to suit their position. Generally tne face- 


| block at one side of each tier was short, and at the 


other long. The short block was placed at the north 
and the south side of the pier alternately in succes- 
sive tiers. This will be seen by examination of 
Figs. 16 and 17, on Plate XI. In order to prevent 


| had one, and the long blocks two such joggle cavities 


on each side in their length. When set, the semi- 


leircular cavities coming opposite to those on 


|abutting blocks, the circle was complete. 


The 


| cavities under water were filled with mass concrete 





in bags, made of the exact diameter of the hole ; 
those above water were filled with the concrete 
without bags. Above low water all blocks were 
bedded on cement mortar, and the joints grouted 


|up with the same material. 


As originally designed, the whole of the work 
above quay-level—the promenade on the seaward 
side—was to have been formed in mass concrete ; 
but, by request, the contractors were allowed to 
build the lower 5 ft. of blockwork, because this 
operation was less likely to be interfered with by 
waves in stormy weather. Above this level there 
was less chance of the sea breaking over the work 
in progress, and this was carried out as designed. 
The tunnel through the raised promenade is partly 
formed of this blockwork, the remainder being con- 
structed in mass concrete, put in within shuttering 
in the usual way. The interior walls of the tunnel 
were rendered in Portland cement mortar. The 
parapet capping is a notable feature of the work, 
being composed of very large granite stones, up- 
enders and stretchers alternating. The former are 


|Of.the full section of the parapet—5 ft. wide by 


3 ft. 9 in. high—and each is 2 ft. long. The 
stretchers are 4 ft. in. length, and consist of a 
saddle-back of the full width of the parapet, sup- 
ported on two stretchers laid side “ side, one 
forming the north and the other the south face. 

A standard-gauge railway is laid on the quay- 
level. As the old pier is founded on arubble mound, 
rails are laid on the quay-level and on the parapet 
capping for a Titan crane, used for repairing the 
foreshore blocks ; the rails, however, extend sea- 
ward on the new work only as far as the cylinders, 
since beyond this, the foundations being at the low 
level, there are no foreshore blocks to maintain. 
This crane, which has been in use for many years, 
is seen in Fig. 15, Plate X. 


Tue Heap anv THE LIGHTHOUSE. 

The general procedure in the construction of the 
head corresponded with that adopted in the build- 
ing of the pier, so that no detailed descripton is 
necessary. The bond naturally presented some 





little difficulties, and eve single block was drawn 
out on a large scale, and the dimensions calculated 
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THE RECONSTRUCTION OF THE TYNE NORTH PIER. 


SIR JOHN WOLFE BARRY, K.C.B.; AND MESSRS. COODE, 


SON, AND MATTHEWS, WESTMINSTER, ENGINEERS. 


(For Description, see Page 99.) 
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THE RECONSTRUCTION OF THE TYNE NORTH PIER. 


K.C.B., AND MESSRS. COODE, SON, AND MATTHEWS, WESTMINSTER, ENGINEERS. 


(For Description, see Page 99.) 
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THE RECONSTRUCTION OF THE TYNE NORTH PIER. 


SIR JOHN WOLFE BARRY, K.C.B., AND MESSRS. COODE, SON, AND MATTHEWS, WESTMINSTER, ENGINEERS. 


(For Description, see Page 99.) 
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THE RECONSTRUCTION OF THE TYNE NORTH PIER. 
SIR JOHN WOLFE BARRY, K.C.B., AND MESSRS. COODE, SON, AND MATTHEWS, WESTMINSTER, ENGINEERS. 


(For Description, see Page 99.) 
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give three flashes in rapid -succession, then a con- 
siderable period followed by the other three flashes, 
with a long interval, and so on. The illuminant is 
oil, which, being vaporised, renders incandescent a 
Welsbach mantle. 

Projecting through the cupola of the lighthouse 
are two trumpets, to serve as fog-signals. Within 
each is a vibrating reed. As the mouth of each 
faces different directions, the arc over which the 
sound is dispersed is greatly increased, while dupli- 
cation enables adjustment to be made in one, in the 
event of breakdown, without further prejudicial 
result than diminution of sound in the arc com- 
passed by the trumpet which happens to be out of 
action. The air is supplied to the trumpets at 
15 lb. per square inch from storage reservoirs of 
sufficient capacity to keep the trumpets blowing for 
half-an-hour, a much longer period than is needed 
to get the air-compressors to work. These arrange- 
ments are also of the Trinity House type. 

The reservoirs are accommodated in the engine- 
room near the base of the lighthouse, and under 
the promenade level of the head. A view of the 
interior of the engine-room is given in Fig. 11, on 
page 101. The roof is built up, as shown, of 
massive girders covered with trough decking over- 
laid with concrete. The great strength is re- 
quired in order to withstand the blows of heavy 
seas breaking over the head. In this engine-room 
there are blowing-engines in duplicate, one being 
operated by an electric motor of 4 horse-power, 
supplied with current at 430 volts from the town 
mains, and the other by a 4-brake-horse-power 
oil motor, which is a stand-by, but is run for 
half-an-hour every week to ensure that it is in 
good condition for use should the more conve- 
niently-applied electric machine be rendered in- 
effective from any cause. There are also two cir- 
cular tanks for storing the cooling water for the air- 
compressing and oil cylinders, another for the oil 
for the engine'and the illumination of the light, 
and apparatus, in duplicate, for forcing the oil up 
to the incandescent burner. ‘To minimise the 
damage in the remote contingency of an outbreak 
of fire, there is no combustible material in the 
fittings of the lantern, and, as already stated, the 
oil-tanks are situated at the base of the lighthouse, 
extremely little oil—and this only in the pipes— 
being present at the lantern. 


Tue Removal or THE OLD Pier. 


The old work formed effective protection against 
storms during the construction of the new pier, and 
its removal was therefore deferred until the new 
work had progressed so far seaward as to be beyond 
the protecting influence. The process of demo- 
lition of the old work down to low-water level was 
then commenced from the breach to the — 
with the new pier. This was done by small charges 
of explosives, black powder being used wherever 
possible ; but gelignite was substituted where wet 
rendered the former inefficient. On the — 
of explosives the resident engineer, Mr. Ivan C. 
Barling, has some interesting general observations 
in his paper, discussed at the Institution of Civil 
Engineers (see page 78 ante) last Tuesday. He 
says :— 

When mentioning any of the nitro-derivatives one 1s 
frequently asked, and that not by non-technical people 
alone, “‘Is it not a fact that dynamite acts downwards, 
while powder acts upwards?” To suggest that there is 
a selective direction for each explosive is preposterous, as, 
if such obtained, sooner or later one woul be found which 
would act to the E.N.E., or some other point of the 
compass. If dynamite is exploded on the ground, it will 
make a cavity ; so also will it make a cavity if exploded 
in contact with a vertical wall, or even the underside of 
an arch, while powder in such situations would make no 
mark at all. he reason is plain; every action must 
have a corresponding reaction. The speed of the gun- 
powder explosion is extremely slow as compared with that 
of the nitro-compounds, and thus the air, against which 
alone the reaction could take place, offers practically no re- 
sistance to the slow-moving wave of the powder explosion, 
though offering a strenuous opposition to that of the 
quick-moving wave from Ry omen A parachute 
with weight attached descends slowly; try to pull it 
down at twice the speed only, and see what a resistance 
will be offered ; what would this resistance be if the 
velocity were increased a thousand times ? 


Fig. 21, on Plate XIII., illustrates the old head 
being demolished. This work could only be par- 
tially completed until the new lighthouse had been 
erected, as the old light continued in service up to 
the date of the first illumination of the new lan- 
tern. The débris from the old work was tipped 
into the space between it and the new structure, 


finding its way round the new head and into the 
entrance channel between the north and south 
piers. 

Tue Starr. 

Upon the successful completion of the work, 4 
few weeks ago, consideration was given to a pro- 
oa for a formal inaugural ceremony ; but the 

iver Tyne Commission and the engineers de- 
cided against such a function. A commemora- 
tion block, however, is being prepared, and will 
be incorporated in a few days in the work at the 
pier head. It bears the following inscription :— 

THis PIER WAS COMPLETED IN 1909. 
P. J. MESsENT, 
Joun Wotre Barry, 
Coopr, Son, & Matrurws, 
Ivan C. Bariinc, Resipent ENGINEER. 
Sir Joun Jackson, Limitep, CoNTRACTORS. 

A notably pleasant feature in this inscription is 
the inclusion by the engineers of the name of the 
late Mr. Messent, who, while he had _ practically 
nothing to do with the new work just described, 
was so intimately and creditably associated with the 
carrying out of Messrs. Walker, Rendal, and 
Brook’s plans for the North and South Piers. Be- 
fore departing from the subject of the North Pier, 
we wish to express our dndebtedness to the engi- 
neers and to Mr. Barling for the information which 
has enabled us to write this description of a most 
important work. 

Tue Sour Pier. 

It may be interesting to add that at a recent 
meeting of the River Tyne Commission a report 
on the South Pier was submitted by the engineer, 
Mr. James Walker, whose death we had to record 
last week, and who was a relative of the original de- 
signer of the two piers. He reported that he, in a 
helmet diving-dress, had walked under water for a 
distance of about 1100 ft. on the south side of the 
pier, and for about 1200 ft. on the north side, mea- 
sured from the pier head, and made a submarine 
examination of the lower portion of the submerged 
portion of the structure, and also the adjoining 
mound and fore-shore blocks. The cxamination 
showed him that, with the exception of the soften- 
ing of the concrete blocks on the rubble mound, the 
south pier was, so far as could be judged from a sur- 
vey of the exterior, in a satisfactory condition, but 
that a breakwater of this type would always require 
careful watching in order that the repairs necessary 
for its maintenance against damage done by winter 
storms could be executed, as far as possible, in the 
ensuing summer. During the last ten years the pier 
had been carefully watched, and a considerable 
amount of important work had been done with a 
view to maintaining and strengthening it. The 
extension seaward of the wave: breaker had been 
delayed by the recent bad weather, but the pier was 
at present considerably stronger, and better able to 
resist the action of the sea, than it was either in 
1898 or when first finished. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Aw ordinary general meeting of the Institution 
of Mechanical Engineers was held on the evening 
of Friday last, the 21st inst., at Storey’s Gate, 
Westminster, the chair being taken by Mr. E. B. 
Ellington, Vice-President, the President, Mr. J. A. 
F. Aspinall, being unavoidably absent. 


Tur Late Mr. ARTHUR GREENWOOD. 

At the ccmmencement of the meeting an an- 
nouncement was made of the death of Mr. Arthur 
Greenwood. Mr. Greenwood, the Chairman said, 
was for some time a Member of the Council of the 
Institution, and had been well known fora great 
many years to a large number of members. He was 
universally respected and beloved, and his untimely 
death was a great loss to the Institution. 


NoMINaTION OF OFFICERS. 
The minutes of the previous mecting having been 
read, the Secretary proceeded to announce the 
names of those Members of Council, &c., who had 
to retire this year, in accordance with the by-laws of 
the Institution. The list was as follows :—The 
President, Mr. J. A. F. Aspinall ; two Vice-Presi- 
dents: Mr. E. B. Ellington, and Mr. A. Tannett 
Walker ; and seven Members of Council: Mr. W. 
H. Allen, Sir John Wolfe Barry, Dr. H. S. Hele- 
Shaw, Mr. Michael Longridge, Mr. Robert 





care being taken to obviate any possibility of its 





Matthews, Mr. Thomas P. Reay, and Dr. Unwin. 


It was further announced that all these gentlemon 
had presented themselves for re-election, and had 
been nominated by the Council. Mr. William ‘i. 
Kirkaldy, of London, and Captain H. Riall Sankey, 
of London, had also been nominated by the Council 
for election as Members of Council. The Chairman 
then announced that it was open to any member 
present to suggest additions to the list of nomin:- 
tions. 

No such additions being suggested, the Chairman 
stated that the names announced would constituie 
the nomination list for the election of officers at the 
ensuing annual general meeting, to be held on tlie 
18th prox. The names of new members elected 
and of the transferences made by the Council were 
then read by the Secretary. 


CoprER-ALUMINIUM-MANGANESE ALLOYS. 


The paper set down for reading and discussion was 
entitled ‘‘ The Ninth Report to the Alloys Research 
Committee, on the Properties of Some Alloys of 
Copper, Aluminium, and Manganese (with an Ap- 
pendix on the Corrosion of Alloys of Copper and 
Aluminium when Exposed to the Sea),” by Dr. W. 
Rosenhain and Mr. F. C. A. H. Lantsberry, of the 
National Physical Laboratory, Teddington. This 
report we commence to print in slightly condensed 
form in another part of this issue. 

The report was not read, but was summarised by 
Dr. Rosenhain, who drew special attention to some 
of the most interesting results of the research. 
Referring to Table X. of the report, particularly 
to the alloy No. 3a in that table, he observed that 
he was unaware of any alloy of that character 
(Al Mn) having yielded such high figures as 52.08 
tons ultimate stress and 10 per cent. of elongation. 
In consequence of a remark* in that: hall only three 
days before, made by the President of the Institute 
of Metals, to the effect that it had not been possible 
to produce a cutting-tool of bronze, the speaker 
had, so recently as that morning, made an experi- 
ment in this direction. The mechanical properties 
of the alloy selected were not far removed from 
those of extremely hard steels. He had squeezed 
down a bar of the alloys in a 100-ton testing- 
machine, and, on grinding, had produced a bronze 
cutting-tool capable of use on stone, and, when 
ground to another shape, of cutting wood. The 
tool in its latter form he produced. 

Continuing, Dr. Rosenhain said that he attached 
considerable importance to the elastic constant of 
alloys, as this certainly affected their use in rapidly- 
moving machinery, such as shafts, &e. Dr. Rosen- 
hain also referred to the prospect of these alloys 
becoming useful, for instance, for the blades of 
steam-turbines exposed to superheated steam, on 
account of their endurance in prolonged exposure 
to temperatures up to about 250 deg. to 300 deg. 
Cent. This merit, coupled with their resistance 
to abrasion, as set forth in the report, should 
render them especially valuable in the direction 
just indicated. Dr. Rosenhain then alluded to the 
introduction of a small quantity of iron into the 
manganese used for the alloys, observing that it was 
an open question whether this was a disadvantage 
from the point of view of corrosion ; personally he 
thought that the freer the alloy was from iron the 
less corrodible it would be. A model representing 
the liquidus or melting-point surface of the alloys 
dealt with was exhibited. This is fully explained in 
the report. The light alloys had been investigated 
on very much the same lines as the heavy ones. 
Whether or not the best results which could be 
obtained from these alloys had been attained in the 
authors’ investigations was perhaps doubtful. A 
light alloy had recently come under the speaker's 
notice—known under a trade name, and, he be- 
lieved, protected by patents—for which the high 
tensile strength of about 24 tons to the square inch 
was claimed; in the hard condition the tensile 


* This remark of Sir Gerard Muntz in his presidential 
address, delivered to the Institute of Metals, on the 1Sth 
inst., was omitted from our necessarily condensed report 
of the address, reproduced on page 83 in our issue of lust 
week. We therefore reproduce it here. Sir Gerard 
Muntz said :—‘* We of the twentieth century sometimes 
flatter ourselves that we are a wonderful people, and that 
our science sur immeasurably that knowledge pos 
sessed by our forbears. But which of us to-day knows 
the secrets of the ancients of Egypt and Babylonia, whch 
enabled them to harden bronzes to a cutting edge, »nd 
So face the stones for those marvels in architecture, she 
Pyramids and temples of Egypt? There alone is a /:tuie 
matter which might occupy the scientific and practic! 
members of this Institute very usefully for some time (0 





come.” 
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strength would reach 28 or 30 tons. That alloy, on 
analysis, corresponded very closely with No. 11 of 
the authors’ series, and it also contained notable 
quantities, varying up to 4 per cent., of other 
metals. It appeared, therefore, that better results 
were cbtainable in practical work than had been 
reached in the laboratory. One reason possibly 
was to be found in the influence of the casting 
temperature. 

Dr. Rosenhain then proceeded to discuss the 
effects of sea-water on these alloys, and said it was 
not surprising to find that the tests in the sea were 
much more severe than the tests in the laboratory. 
This he believed to be largely due to the constant 
motion in the water, compared with the stillness in 
the laboratory tests, where stirring was only done 
at intervals. His latest figures with relation to the 
ternary alloys were as follow :—In the sea, alloy 
No. 00, corresponding to No. 13 of the appendix, 
showed a loss of 0.00080 lb. per square foot per 
month. No. 2 of the ternary series showed the 
figure of 0.00097 Ib., while No. 6 showed 0.00123 lb., 
much more than the others, and about equivalent 
to the result in the case of Naval brass. 

In connection with the heating and cooling curves 
of the alloysrich in copper, he wished to emphasise 
the point that in such curves as No. 1 there was an 
evolution of fféat on heating at 757 deg. Cent. That 
in itself would not be remarkable if there were a 
corresponding absorption of heat on cooling ; on 
cooling, however, there appeared to be a correspond- 
ing evolution of heat, and it was quite clear 
that there was something peculiar in that. This 
was found in several cases and confirmed by re- 
peated trials. The speaker was at present unpre- 
pared with an explanation, but the matter seemed 
so important from a theoretical point of view that 
he desired to draw special attention to it. 

Mr. Ellington, in proposing the usual vote of 
thanks to the authors, observed that the summary 
which Dr. Rosenhain had just presented to the 
meeting was of a most lucid character. 

Sir William H. White, K.C.B., opened the dis- 
cussion. Speaking in his capacity as the chairman 
of the Alloys Research Committee, he said that all 
would recognise the position and the duty of the 
Committee in relation to research work of the 
nature of that under consideration. As a committee 
they made no claim whatever to a share of the credit 
for the work done on the research side, though 
there were individual members of the Committee 
who had greatly aided matters by carrying out 
researches, as described by Dr. Rosenhain. The 
Committee, as such, confined itself to guiding the 
main lines of the researches in a direction which 
would be of practical use to mechanical engineers. 
Throughout the investigations, which had been 
going on now for so many years, it had been their 
good fortune to have working with them scientific 
men who were in full sympathy with keeping this 
object in view. From his own intimate knowledge 
of the reports, he would say that there had never 
been in the long series of these reports one in 
which the governing condition he had just referred 
to had been better kept in view than in the report 
now under discussion ; that also was the unanimous 
conviction of the Committee. In connection with 
some of the earlier work, there had been some 
criticism on what was then the apparent want of 
practical application in the results reported after 
long research. He did not consider that that re- 
proach was ever correct in substance ; in appearance 
it might have been, but as the years had gone by, 
and it had been seen how research had influenced 
practice, that form of criticism had largely disap- 
pe ared. 

Dr. Rosenhain had very properly alluded to the 
generous gifts, made by various companies, of the 
metals necessary for the research. From the begin- 
ning of the aluminium-copper inquiry the Broughton 
Copper Company had acted with the greatest 
liberality, as had also the British Aluminium Com- 
pany. Such generosity, of course, enabled much 
more to be done with a given expenditure. The gift 
of the Institution, however generous, in no sense 
represented the total expenditure incurred in carry- 
in, out a research of the kind. Sir William White 
thn narrated the circumstances which led to the 
Thermite Company joining in contributing towards 
the research. Ata demonstration of the ‘Thermite 
Company’s welding process he had come into 
contact with a French chemist concerned with the 
process, who took a keen interest in the research 
work done at the National Physical Laboratory, 
d at the Mint, in connection with the Institu- 








tion. In the course of conversation Sir William 
White mentioned that they were in want of man- 
ganese, and this metal the Thermite Company 
were good enough to supply. Although less 
directly interested than the other companies, their 
assistance had, as Dr. Rosenhain pointed out, been 
valuable in providing the purest form of manganese 
obtainable. He understood from Dr. Rosenhain 
that the cheaper forms of ferro-manganese, while 
valuable for many purposes, could not in this 
work have replaced the pure metal. 

All who had read the introduction to the report 
which Dr. Rosenhain and his colleague had prepared 
would see that, ina very few pages, there were given 
the results of a tremendous mass of work, in a form 
which could be understood, and, he hoped, applied 
by practical men engaged in the manufacture of 
non-ferrous metals. He could assure the meeting 
that in the Institute of Metals, whose President, 
Sir Gerard Muntz, was present, and whose work 
was closely akin to that described in the report, 
the value of the reports to the Alloys Research 
Committee of the Institution of Mechanical Engi- 
neers was very highly appreciated. So much was 
this the case, in fact, that the Institute of 
Metals was desirous of obtaining the whole series 
of the Alloys Research Reports, and he was 
glad to say that the Council of the Institution 
had met the Institute of Metals very generously 
in this matter. It was an extraordinary thing 
to see how results, which it was customary to 
think belonged only to steel, had been closely ap- 
proached in some of the alloys which Dr. Rosen- 
hain had spoken of. The bronze cutting-tool 
would, no doubt, come as a surprise to most people. 
It was only three days before that Sir Gerard 
Muntz had referred to the remarkable results 
obtained with hard - bronze cutting - tools in 
ancient Egypt, and it appeared now that they were 
not so impossible as some people had formerly 
thought them to be. Reowledas was meagre on 
the subject of the cutting-tools used in Egypt and 
Babylonia. One explanation that had been prof- 
fered tentatively was that there might have erat 
steel tools, but that they had disappeared in pro- 
cess of time; that was, of course, quite a sancti, 
but in view of present knowledge of alloys it ap- 
peared quite likely that there were other and more 
probable solutions. 

Dr. Rosenhain’s conclusions as to pure aluminium 
not being superior to some of its copper alloys in 
resistance to corrosion quite accorded with what 
had been discovered when attempts had been made 
to use aluminium in places where it was exposed to 
the action of sea-water. It was within the experi- 
ence of most shipbuilders that there had been cases 
of rapid corrosion, amounting in some instances to 
disintegration, of the metals used in the water of 
the sea ; therefore to get metals which were stable, 
and so little corrosive, would be of the greatest 
value to all engaged in ship construction. There 
were a great many underwater fittings in ships 
where alloys of the nature described would be of 
immense value. 

In conclusion, Sir William observed that, while 
the Alloys Research Committee might give terms 
of reference to the investigators, they were almost 
as children in the hands of investigators like Dr. 
Rosenhain and those working with him. He could 
only hope that those who had the opportunity—who 
were in charge of the great metal works of this 
country where non-ferrous metals were manufac- 
tured—would at an early date give a practical test, 
on a commercial scale, to some of the promising 
results disclosed by the research. He had every 
confidence that that would be done. 

Sir Gerard Muntz regretted that he had not had 
time to study closely Dr. Rosenhain’s report. It 
appeared to him to require very attentive reading. 
The report seemed extremely interesting, particu- 
larly so to a metal-manufacturer like himself ; it 
evidently contained an immense amount of infor- 
mation, and indicated a very large amount of work. 
From his own experience he could confirm many of 
the statements made by Dr. Rosenhain. In rela- 
lation to the influence of slight variations of tem- 
perature on the tensile strength of the metal, he 
would say that in his establishment, where alumi- 
nium castings were made for motor-cars—castings in 
which strength was essential in order to resist 
shocks—one of the difficulties was to get the work- 
man to keep to proper temperatures ; either the heat 
was ready and the mould unprepared, or the reverse 
order of things prevailed. By keeping the heat wait- 
ing for the mould some three or four minutes the 





metal would be spoilt. The workman said nothing, 
but the casting, y peel suffered. With regard to 
the addition of manganese, the speaker had tried that 
in a practical way, and with very remarkable re- 
sults ; these results had not, however, been reduced 
toamuch system as yet. As to additions of copper to 
aluminium, he considered that 4 per cent. was the 
limit ; beyond that limit the alloy was better with- 
out the copper. He had not up to the present had 
much to do with copper-manganese-aluminium 
alloys, having, in fact, only recently touched that 
work. His experience with copper-aluminium and 
copper-manganese alloys had, however, been both 
experimental and practical. Possibly his limited 
experience with the ternary alloys explained why 
it had not dawned upon him that in these 
alloys might be the solution of the cutting edge 
which Dr. Rosenhain had obtained, as shown in 
the tool he had produced that evening. Though 
not accepting this as the absolute solution of the 
osroblem of the cutting tools of the people of ancient 
rieemnan there might, he thought, be something in 
the matter—something which could be worked out, 
though not quite in the form presented ; certainly 
it was a step in the direction towards solution. 
He hoped to be able to deal with some of the 
theories put forward, and see what could be done in 
the way of obtaining practical results. 

Professor J. O. Arnold, of Sheffield University, 
said the work represented in the report constituted 
an exploration into regions unknown to engineers. 
Dr. Rosenhain had been somewhat discouraged by 
the report that certain makers of alloys had been 
able to exceed his results. Perhaps Sir Gerard Muntz 
would not regard him as unreasonable if, in this con- 
nection, he stated that he had known manufacturers 
who were also extremely optimistic. The chemical, 
micrographical, and the pyrometric features in the 
research were exceedingly interesting. As Dr. 
Rosenhain had said, a new departure in pyrometry 
demanded careful investigation from a theoretical 
point of view. With regard to the micrographical 
work, he would say that, while congratulating the 
authors on the excellent reproductions in the re- 
port, he considered that it supported his conviction, 
founded upon growing evidence, that froma mechani- 
cal point of view too much reliance mustnot be placed 
upon micro-analyses. There was something beyond 
the mere coarse structure which could be seen with 
the microscope that had to be considered. There 
were one or two other points with which he would 
deal particularly, having regard to Sir William 
White’s remark as to the similarity exhibited by 
these alloys to the properties of steel. This 
matter was one of the utmost theoretical import- 
ance. In Fig. 17 of the paper the elasticity obser- 
vations on rolled bars of certain alloys were set out. 
These curves, showing the elasticity of the alloys, 
seemed to end, unfortunately, just where more was 
required ; they did not go far enough. It would be 
seen from the figure that these curves left the line 
of proportionality, and then apparently the instru- 
ments were removed. Speaking as a mechanical 
engineer, he considered it most urgent that the 
region along and beyond the line of proportionality 
should be explored, .because he was certain, from 
the researches made on steel, and from some 
remarks which Dr. Rosenhain had made, that 
there existed phenomena which had been hitherto 
unknown to both metallurgists and engineers, 
and which, in the interests of public safety, 
required the closest investigation. To illustrate 
the similarity of the behaviour of steel to that of 
some of the alloys, Professor Arnold threw several 
diagrams, &c. upon the screen. 

The object, he said, of the first slide, repro- 
duced in Fig. 1, page 106, was to show engineers 
and metallurgists how extremely misleading factors 
of safety might be in engineering calculations. 
The upper curve embodied what he would call 
the ‘‘ structural range” of carbon in steel, from 
about 0.1 to 0.4 per cent. This was the normal 
steel with a factor of safety of 1 in 6, n = 6, and 
it showed the working stress, and the difference 
with the variation of the carbon percentage. 
He feared it was the rough-and-ready practice 
of engineers to assume that the elastic limit— 
which, after all, was the vital point in the calcula- 
tion of factors of safety—would be about half the 
maximum stress. In the great majority. of cases 
this would be so, but there were many cases in which 
it was not so, and by some peculiar treatment 
the elastic limit might be very much lower. In the 
two lower curves of the diagram two types of heat 
treatment, applied to the steel at the top, were 
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represented. The first of these curves was for a 
normalised steel which was heated to redness and 
allowed to cool in air pretty rapidly ; this steel 
gave an ample factor of safety. A certain type of 
annealing, however, very largely applied at the 
present day, produced a material effect on the 
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elastic limit, while it hardly affected the maximum 
stress at all. The lower curve on the diagram 
represented this state. In effect the engineer 
might have, under these conditions, a material 
which had been so treated that it was only giving 
half the factor of safety he expected, 
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The next slide (Fig. 2) represented experiments 
which had been made by Professor McWilliam and 
Mr. Barnes, of Hadfield’s Steel Foundry, with com- 
mercial steels—just ordinary Bessemer tyre steels 
purchasable in the open market. Taking that steel 
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as it came from the works, it had been treated, 
and the diagram, Fig. 2, showed the stress strain 
diagrams for that steel. Curve 30 B showed the 
line of proportionality for the untreated steel going 
up to a horizontal line which showed the yield-point, 





and on to the maximum stress, Heating the steel 
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up to 950 deg. and letting it cool in air lowered 
its elasticity and the yield-point, as represented in 
the curve 30 BN. Finally, the steel was cooled 
slowly—heated for thirty-five hours and cooled 
for thirty-six ; the extraordinary effect produced 
would be seen from the curve 30 BA. The yield- 
point was well marked ; but where was the elas- 
ticity? There did not appear to be any propor- 
tionality line. In the opinion of the speaker it 
was here possible to establish a point of practical 
relationship between the behaviour of steel in the 
matter of elasticity and that of the alloys, which had 
been dealt with in the report. 

Going in the other direction, and heating the 
steel and then quenching it, the effect of water 
treatment would be seen. For instance, the line 
30 BW represented steel heated to 850 deg., 
quenched in water, and heated to 700 deg. It 
would be observed that the effect had been to raise 
the yield-point and elastic limit enormously. The 
next example (30 B K) was heated up to 900 deg. 
(50 deg. higher), and treated as before; the 
yield-point and elastic limit had gone up further 
still. The last example (curve B J) was heated to 
950 deg. and quenched at 600 deg., which was a low 
temperature, yet the yield-point was found to have 
gone up to a very high figure indeed. The curves 
were all for one piece of commercial steel, treated 
in different ways. The question for engineers to 
consider, when they procured a certain steel, was, 
evidently, ‘‘How had that steel been treated / 

Recently in the Law Courts he had heard some 
extraordinary evidence in connection with a shaft 
subjected to severe alternation ; it had been asserted 
that the shaft was quite safe in alternation, because 
it bent double cold without any flaw. That idea 
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ha’ somehow got hold of engineers. To see how 
far this held good, tests had been made in which 
several bars had been subjected to exactly the same 
conditions of alternation and stress. One bar broke 
at 158 alternations, another at 336, the next at 872, 
an’ the next at 680, thus showing great variation ; 
but «il four bent double cold, hammered over with- 
out any sign of a flaw. The bending test— which, 
after all, was a static test —was apparently no guide 
whatever as to the behaviour of steel under alterna- 
ting stress. Dr. Rosenhain had very properly 
raised an interesting point in connection with the 
alternating-stress tests made for him at the Uni- 
versity of Sheffield, and had pointed out the great 
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' variation which resulted in these tests. From his | Swedish boiler-plate of high quality; the highest 
own point of view, Dr. Rosenhain was right, and the figure registered was 434, and the lowest 328; the 
speaker agreed with him. He, Professor Arnold, did | mean was 375, in round numbers. This showed a 
not believe that in the alloys used there was either | plus and minus variation of 50. He had then come 
chemical or microscopic variation ; but he did | across an instance in which a marine boiler-plate 
believe that they varied in a manner which investi- | registered 294 as the highest figure, and 250 as the 
gators were only dimly beginning to understand— | lowest, or a plus and minus variation of 20; the 
that was to say, in their molecular configuration. specification in this case was 300, so that the results 
He thought metallurgists and engineers would | of the tests were below specification. Sometimes 
|have to consider this matter closely. It was a| he had received from the works heat-treated bars 
henomenon to which, asa metallurgist carrying out | which were chemically, microscopically, and mole- 
undreds of tests, he was quite accustomed. He | cularly even, and he had the figures of tests which 
had that day picked out, at random, from his own| were made from the two ends of two bars. In 
' alternation-stress book, a case of twelve tests on a| one case the figure obtained was 346, and in the 
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other 344. Another pair gave the figures 338 and 
336. He was certain that the tests were quite 
right ; and it seemed to him (Professor Arnold) that 
there was some phenomenon connected with the 
molecular state of steel which needed investiga- 
tion. This state he illustrated by the slide repro- 
duced in Fig. 3, below. This represented a piece 
of iron as it had been fractured, showing the mole- 
cular structure to be traversed by cleavage lines. 
That bar of iron registered the lowest test he had 
ever known, as it only endured twelve alternations. 
For that reason Professor Arnold thought that atten- 
tion should be directed to the molecular structure in 
order to explain some of the freaks of metals which 
could not, at present, be understood. 

In conclusion, the Professor referred to the fact 
that Dr. Rosenhain had, by plastic strain, produced 
a chisel of considerable hardness. The speaker's 
experience of plastic strain in connection with iron 
and steel for engineering construction had not been 





Fig. 3. 


favourable. It was fatal, for instance, to put 
ha strain on bolts in order to raise their clastic 
imits, with the idea of making them resist alterna- 
tions. There was, however, no objection to pro- 
ducing a tool by plastic strain ; but metal so treated 
should not be put into materials of construction, as 
such a course would be fatal. 

Dr. Seligman was the next speaker. In the 
Eighth Report there was mentioned an alloy con- 
taining about 4 per cent. of copper, and having a 
specific gravity when cast in sand of only 2.77; and 
after rolling and drawing, hot and cold, the specific 
gravity was only increased to 2.79. In the case of 
the light alloy, No. 11, of the present report—this 
alloy being comparable to the other—the results 
showed an increase in specific gravity of from 
2.67 to 2.79. All the alloys of the Eighth Re- 
port showed that curious behaviour. He wished 
that some of the copper alloys had been tested 
in the form of wires, as it seemed to him that 
in that form the alloys might be of great ad- 
vantage in cases where no high conductivity was 
required. It had been stated that he had suggested 
that the alloys with which the authors were dealing 
would probably resist the action of strong nitric 
acid or strong sulphuric acid. There must have 
been some misunderstanding on this point, as all 
his experience pointed to the contrary effect. In 
water-corrosion tests he had found that, with one 
exception, pure aluminium was almost always 
better than when in the form of light alloys. The 
exception was that of alloys with mercury. Although 
it might be possible that sea-water did not corrode 
hard castings with a good surface as much as it 
would corrode a porous pure aluminium casting, 
yet Dr. Seligman dia not think it safe to generalise 
from that. What aluminium light alloys had to 
stand, in the form of sheet and wire and rod, was 
the action of food-stuffs and weak acids, &c. In 
such cases he was convinced that pure aluminium 
resisted far better than any alloys that he had him- 
self ever made. 

Professor C, A. Smith said that Dr. Rosenhain 
had called attention, in the general summary of his 
report, to the circumstance that the elastic limits 
of some of the materials, as found by alternating 
stresses and by the ordinary tensile tests, did not 
quite coincide. He had examined the report in 


order to see if it were possible to make the 
elastic limits coincide. He had not so far dis- 
covered the method of gripping employed by Dr. 
Rosenhain, but it occurred to him that the want of 
coincidence might partially be explained by the 
method of gripping. Professor Arnold had drawn 
attention to the great difference in steels. Cer- 
tain results of tests of steels had led him (Mr. 
Smith) to believe that, for some reason or other— 
possibly the metallurgical or the heat treatment— 
some steels behaved rather like a bundle of 
straw. One result was obtained by ordinary 
tension tests, and others, of a quite unexpected 
character, under compression or torsion tests. Dr. 
Rosenhain had described how he had got different 
values of elastic limits from one bar of material. 
At the East London College they had found, when 
testing various specimens, especially non-ferrous 
materials, that it was very difficult to get a repeat 
result. That was particularly the case with metals 
containing aluminium, and some of the alloys of 
steel, where a very marked time effect crept in 
during the tension or other static test. They had 
not as yet been able at the College to check 
certain theories in regard to that matter. 

It was one of the principal difficulties in 
testing non-ferrous alloys. The curve given in 
Fig. 17 of the report might possibly show a diffe- 
rent elastic limit if drawn for different time periods 
between the application of the load. In a paper 
before the Institute of Metals, read in 1909, he 
had shown a curve which followed a zig - zag 
course. If the loading were performed with half- 
minute intervals, the result would be a straight 
line. If, however, a piece of the same material 
were taken, and the intervals made very long, the 
curve would become stepped. Apparently there 
was a sudden slip. It therefore seemed that the 
elastic limits as recorded might even have been a 
little lower. Dr. Rosenhain, however, had con- 
cluded that the clastic limits had been artificialiy 
depressed. Professor Smith thought that the reason 
might be found in the presence of eccentric load- 
ing, and asked Dr. Rosenhain how his specimens 
had been held in the machine. On Dr. Rosenhain 
stating that screwed ends and spherical seats 
had been used, Mr. Smith said that in testing 
non-ferrous alloys (and, indeed, steels), even 
with screwed ends and with spherical seatings, 
with the lower loads (certainly within 7 tons per 
square inch), the trouble from eccentric loading 
was considerable. The tensile elastic limit accu- 
rately calculated might thus coincide with that 
obtained by an alternating-stress test. 

Mr. E. F. Law thought it impossible to say 
much at short notice about a report of such magni- 
tude. He was rather disappointed at not finding 
higher magnifications among the micro-photo- 
graphs ; perhaps the authors would remedy that in 
the report as finally revised. With regard to the 
light alloys, the speaker considered that Dr. Rosen- 
hain was right in his views, and had adopted a 
very reasonable attitude in regard to the manufac- 
ture of such alloys. Manufacturers had means at 
their disposal not available in laboratories, and it 
was only reasonable to expect that, with their wider 
experience and facilities, they would obtain better 
results than Dr. Rosenhain, or any other scientist, 
could achieve in a laboratory. For example, in 
making up the light alloys, Dr. Rosenhain had 
used a temperature of something like 1000 deg.; 
as a result the analyses showed for alloys Nos. 10 
and 11 the percentages of silicon of 0.57 and 0.25 
respectively. Percentages of that order would, he 
considered, be likely to have a serious effect on the 
mechanical properties of the alloys. 

The Chairman then brought the proceedings to 
a close by announcing that the discussion would be 
adjourned until the annual general meeting, to be 
held on Friday, February 18, following upon the 
transaction of the business of that meeting. He 
further announced that on Monday, February 14, 
Mr. F. Leigh Martineau would deliver to the 
graduates of the Institution a lecture on petrol 
motors. All classes of members were invited. 





THE JAPANESE INSTITUTION 
NAVAL ARCHITECTS. 
Tue annual meeting of this body took place in 

November, and was followed, as usual, by a very 

successful dinner, attended by many of the con- 

structive staff of the Japanese Admiralty Depart- 
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cials of the Department of Communica- | 


tions, and others. At both meeting and dinner 
the ‘‘ foreign element” was naturally small, only 
two non-Japanese members or visitors finding time 
and opportunity to join in the business and festi- 
vities of the occasion. 

Four papers were read at the meeting, and below 
we give brief abstracts of their contents, and of the 
views put forward by their authors. The papers 
were as follow :— 

On ‘‘The Development of Fishing-Boats in Japan,” by 
Mr. 8. Kato, ME. Inspector of Fishing-Boats for the 
Imperial Fisheries Bureau. 

n ‘‘ Lloyd’s Rules; their Development and New De- 
parture,” by Mr. J. Imaoka, M.E., Naval Architect to 
the Marine Bureau, Department of Communications. 

On ‘“‘Lloyd’s New Rules,” by Mr. F. P. Purvis, Pro- 
fessor of Naval Architecture, Tokio Imperial University. 

On “‘ The Oil-Burning Arrangements of Tenyo Maru and 
Chiyo Maru,” by Mr. S. Terano, Professor of Naval Archi- 
tecture, and Baron Shiba, Professor of Marine Engineer- 
ing, both of Tokio Imperial University. 


JAPANESE FisHincG-Boats. 


Mr. Kato, in dealing with Japanese fishing-boats, 
traced the progress made during the past twenty 
years, this progress being due, in the main, to 
the influence of the Deep-Sea Fishing Encourage- 
ment Act, which has been in operation since 
1897. In the year previous to the passing of the 
Act—i.e., in 1896—the number of fishing vessels 
built in ‘‘ foreign” style throughout the whole of 
Japan was but nine ; they had an aggregate tonnage 
of 531 tons; all other fishing - boats were in 
Japanese style. 
sealing - schooners, 30 steam -whalers, 11 steam- 
trawlers, 40 fish-carriers, and many other fishing 
vessels built in ‘‘ foreign” style ; the aggregate ton- 
nage of these vessels exceeds 12,000. The encourage- 
ment afforded by the Act is on the following scale : 
—40 yen per ton for an iron or steel vessel ; 30 yen 
per ton for a wood vessel; 10 yen per indicated 
horse-power for steam machinery; 20 yen per 
brake horse-power for any motor other than steam ; 
1000 yen per ton of ice-making capacity on board a 
fishing-boat or fish-carrier. 

The vessels built to comply with the require- 
ments and secure the advantage of the Encourage- 
ment Act are classified by Mr. Kato as follows: 

Sealing-Schooners.—Wood vessels built after the 
model of a Canadian schooner ; size varying from 
10 to 160 tons, 30 to 80 tons being the more usual. 

Sailing- Whalers.—After the model of the Ameri- 
can whaler. A representative vessel of this class is 
the Kinkasan Maru, the tonnage being 346, and 
dimensions 114 ft. by 28 ft. by 16 ft. 

Steam-Whalers.—These are largely bought from 
Norway ; one, the Rokko Maru, built at the Osaka 
Iron Works, is a steel steamer, of 135 tons. 

Steam-Trawlers,—The first of this class was built 
of wood, in 1904 ; she was followed by others built 
in Japan, or purchased from England. 

Cod-Fishing Boats.—These resemble the American 
fishing schooners of the Gloucester district. 

Line-Fishing Boats.—These are of small size, 
carried on the decks of larger vessels ; but more 
recently fitted with petroleum motors. 

Fish-Carriers.—Some of these are fitted with 
steam machinery, others with petroleum motors. 

Steam-Drifters.—One or two of these have been 
introduced into the country. 


Luoyp’s Ru tes. 


Mr. Imaoka’s paper on Lloyd’s Rules com- 
prises two parts. The first is historical, and 
the second critical ; it at the same time justifies a 
special class of steamer built for Eastern waters. 

or these steamers the Tei Shin Sho (Depart- 
ment of Communications) rules have, for eight 
years and more, made special provision, and Mr. 
Imaoka insists very strongly on the need for 
this. The numbers have been taken in a manner 
intermediate between those of a two-deck and an 
awning-deck steamer. The Tei Shin Sho rules in 
other respects follow very closely the requirements 
of Lloyd’s, so that a steamer built under Japanese 
rules, and intended for service in all parts of the 
world, would have scantlings very nearly identical 
with those of a steamer built under Lloyd’s rules. 

In the critical part of his paper Mr. Imaoka 
points out that in Lloyd’s rules, both oldand new, 
somewhat inadequate consideration is given tv 
floor-plates. Both depth and thickness of these 
plates are fixed by the numbers, and are indepen- 
dent of the depth of hold, and independent also of 
the number of rows of pillars and of keelsons. 

In Mr. Imaoka’s paper a comparison of weights 
is given for twelve typical vessels built in Japan, 
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varying in size from 800 tons to 8500 tons gross ; 
the comparison taking the Tei Shin Sho rules on 
the one hand, and Lloyd’s new rules on the other. 
The weight per unit length amidships is the basis of 
comparison, and in the case of ten out of the twelve 
vessels the new Lloyd’s rules show a decrease 
varying from 4.8 to 13.5 per cent. The other two 
vessels are of the special type for which (as already 
mentioned) the Tei Shin Sho rules have made 
special provision. In this type the depth is less 
than 17 ft. to the main deck ; they have, however, 
two tiers of beams. In Mr. Imaoka’s comparison, 
the weight per unit length amidships of the two 
vessels taken would be increased 9.27 and 15.44 
per cent. respectively, if built under Lloyd’s new 
rules instead of under the Japanese rules. 

The Tei Shin Sho is at present occupied in modi- 
fying its rules in conformity with the new rules of 
Lloyd’s; but, at the same time, it regards this 
special class as so important that it purposes giving 
it a place in their application. To do this Mr. 
Imaoka suggests for numbers :—B + D — 3.5 ft. 
and (B + D — 3.5 ft.) x L, thus making the class 
in the future, as in the past, intermediate between 
the full-scantling vessel and the awning-decker. 

In his opening remarks Professor Purvis, in 
his paper on ‘‘ Lloyd’s New Rules,” says that the 
rules cannot embody the healthful and helpful 
influence which Lloyd’s surveyors as a body exercise 
throughout the shipbuilding world ; this influence 
is exerted at and from the head-quarters of the 
society in London, perhaps equally with the out- 
vorts. 

' Among the many improvements introduced by 
the new rules are the definite provisions for vessels 
intended to carry oil in bulk ; the simplification of 
the classes produced by dropping the spar-deck 
class and merging the awning and shelter-deck 
into one ; the taking of length and depth in the way 
most usually employed by shipbuilders ; the new 
unit for thickness ; the more definite provision for 
the use of iron instead of steel in such parts as 
exposed decks and structural items under boilers 
and elsewhere. In referring to the altered way of 
obtaining the transverse number, using the full 
breadth in place of the half breadth, it is pointed 
out that as long ago as 1877 the older method was 
defended by the late Mr. Martell against an attack 
by the late Mr. William Denny, who challenged the 
rules, among his other criticisms, on this very point. 

The matters still open to criticism in the new 
rules include the continued absence of anything 
like a scientific method, even to the extent of allow- 
ing interpolation, by the use of curves or otherwise. 
Other matters are an unnecessary vagueness about 
the requirements of engine and boiler-casings, and 
the want of recognition of some modern methods 
of working the plates—flanged or otherwise—in a 
vertical direction, thus avoiding separate coaming 
plates, while obtaining a structure better in the 
sense that it is continuous ; the inadequate pro- 
vision for the use of broad shell-plates, in the face 
of modern practice and tendency, in this part of the 
ship’s structure ; the indefiniteness as to the require- 
ments in compensation for hatchways, while the 
British Corporation rules and the original Tei Shin 
Sho rule provide, and provided, a ratio between the 
sectional area of deck plating in way of a hatch, 
and the sectional area elsewhere, dependent on the 
deck being upper deck, second deck, or third deck ; 
altered reduction allowed in the thickness of shell- 
plating which is entirely within the boundary of 
the double bottom. 

Attention is drawn to the want of a more definite 
recognition of a coasting steamer class. In Japan 
certainly such a class would serve a good purpose ; 
in England the want is supplied to some extent by 
the Board of Trade requirements, but these have 
never been focussed and put into the form of 
definite rules. 

Not included in the subject of the paper, and yet 
cognate to it, and also important to Japan, the 
amended rules for freeboard are mentioned. In the 
framing of these rules the influence of Lloyd’s can 
never be forgotten, an influence exerted largely 
through the personality of Mr. Martell. Revised in 
1906, after a trial of twenty-one years, they possess 
the authority derived from the world’s experience 
during that interval. Germany, Italy, France— 
possibly other countries—have adopted them, and 
vapan might do worse than follow this lead. 

The want of any rule for the size of windlass 
engine or steering-gear engine is next dwelt upon ; 
anchors and cables are most carefully provided for, 
and have been from somewhat early days ; rules for 








rudder-head, quadrant, steering-chains, and steer- 
ing-rods have been either brought up to date or 
newly introduced. Few shipbuilders have rules of 
their own, and are dependent on the recommenda- 
tions of the recognised makers. These differ a good 
deal among themselves in what they recommend, 
and hence a good rule would be welcomed by the 
shipbuilders, and possibly also by the best of the 
makers of windlasses and steering-gears. The ad- 
vantage to them would be analogous to the advan- 
tage a first-rate shipbuilder derives from competing 
on a very rigid specification; it warns his less 
liberal competitor of what will be insisted upon. 
A somewhat crude consideration of the relation 
between size and work to be done by a windlass 
gives D=3.6 x d'™ for, say, 100 lb. pressure, where 
D = diameter of cylinders, d = diameter of cable. 
In this relation the pull exerted by the windlass is 
taken to be proportional to the weight of the anchor, 
the diameter of the cable-lifter proportional to 
stroke of engine, speed of lift to revolutions, and 
ratio of gearing a constant. A formula so simple 
may well be extended to include other needs; never- 
theless, it seems, as it is, to fit in with good practice, 
always excepting warships. In the latter special 
requirements are held to be necessary, and the 
diameters of the cylinders are increased accord- 
ingly. For steering-engines a convenient formula 
is D2s = ,); x length of ship x load draught, for, 
say, 100 lb. pressure; where D = diameter of 
cylinders. In this relation it is assumed that the 
time of turning is to be pcan ny to the ship’s 
length ; the coefficient of resistance to turning is 
assumed independent of the form of ship ; the piston 
speed of the engine is taken to vary as Di. The 
speed of the ship does not require to be in- 
troduced into the formula; indeed, the higher 
the speed the less the diameter of the cylinders 
needed ; but as ships have to steer at low speeds as 
well as high, no advantage can be taken of this. 
This formula, again, does not accord with the 
practice followed in warships, although with mer- 
chant-ship practice it is in fairly. good agreement ; 
other elements of consideration might require to be 
introduced into it, but the formula to be used would 
still be of a very simple nature. 


Om Fue. ror JAPANESE SHIPS. 


Professors Terano and ‘Shiba’s paper on oil- 
burning plant gives general particulars of the 
two steamers Tenyo Maru and Chiyo Maru,* and 
the reasons for adopting oil fuel in them. At 
the time the building was resolved upon, the 
price of coal in Japan was abnormally high— 
viz., 8 yen (16s. 4d.) per ton, free on board at 
Moji; on the other hand, the price of oil fuel in 
California was at a very low figure—viz., 50 cents 
(2s. 1d.) per barrel of 330 lb., also free on board. 
Special investigations were made as to method of 
carrying, burning, &c., in the United States and 
also in England. The system adopted after due 
consideration was the low-pressure-air system, with 
burners of the Lassoe type; this has proved in 
every way satisfactory. The paper is a statistical 
one, giving the results of the one year’s experience 
so far obtained with the two vessels in question. 








HOPPER-BALLAST WAGONS ON THE 
QUEENSLAND RAILWAYS. 

For some twenty years past the Queensland State 
Railways have a hopper ballast-wagons and a 
plough for spreading. The saving effected by the use 
of hopper-wagons instead of shovelling is stated by 
Mr. WP an, M. Inst. C.E., chief engineer of the 
Queensland ilways, to amount to the substantial 
sum of 9d., or even more, per cubic yard. 

The older form of hopper-wagons employed is shown 
in Figs. 1 to4, page 106. These were of wood, and were 
provided with central drop-doors. The more recent 
type of ballast-wagon, constructed at the works of the 
Crocmsend Railways at Ipswich, from the designs of 
Mr. H. Horniblow, the locomotive engineer to the 
Queensland lines, are illustrated in the reproduction of 
the photograph, shown on page 107, Fig. 5, and in the 
drawings, Figs. 6 to 10, also on that page. Of the 
latter, Fig. 6is a part outside, and part sectional, eleva- 
tion. Fig. 7 givesa plan of the underframe. Figs. 8, 9, 
and 10 show in part cross-sections at different points. 

Of these steel cars there are now 200 in use on 
the Queensland railways. It will be seen that the 
wagons have a wheel-base of 8 ft., and wheels 2 ft. 2 in. 
in Sane, the gauge being 3 ft. 6 in. Over buffers 
the length measurement is 18 ft. 5 in., and the width 
over buffer beams is 6 ft. 2 in. The hopper sides and 

* These vessels were illustrated and described in 
ENGINEERING, vol. lxxxvi., pages 444 and 592. 


ends are sloped at 45 deg., and at the top the hopper 
measures 14 ft. 84 in. by 8 ft. 84 in. The sloping sides 
of the wagon are of ,';-in: steel plate, and the ends of 
}-in. plate. The vertical stiffening, the coping angles, 
and cross-pieces are 24 in. by 24 in. by § in. section. 
Cross-stiffening of }-in. plate and 5-in. by 2}-in. by 
g-in. tee is provided inside the wagon, and divides the 
lower portion of the hopper into two. The draw-bar 
is continuous, and is protected inside the hopper by an 
inverted 3-in. by 3-in. by 4-in. steel angle, and 2}-in. 
by 2}-in. by 8-in. inverted angles similarly protect the 
door-operating gear-spindles. The wagon-frame is 
built up of rolled channels 9 in. by 3 in. by 8 in. 
Transverse members of the same channel section are 
laced 1 ft. 7 in. inside each headstock, and the hopper 
Fixed to these and to the longitudinals by g-in. gussete, 
and angles. A cover-plate ,°; in. thick is p! on the 
top of the frame at each end, and ‘gusset-plates ,°; in. 
on the underside. The clearance of the lowest part of 
the hopper above rail-level is 9 in, The hopper is 
provided with central longitudinal bottom doors deliver- 
ing into the middle of the track. The four doors 
are protected by wood covering on the inside, and are 
operated by hand-wheel screw-gears from the side, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 19. 
UNPRECEDENTED weather has prevailed throughout 
the country since Christmas Day. Furnaces have 
been seriously handicapped in their shipments, and tho 
mills generally have been unable to deliver their pro- 
duction on schedule time. A coal famine has n 
threatened in several localities, and only by dint of 
energy and working overtime was sutflicient coal 
delivered to make managers feel safe. The storm is 
now practically over, the snows are melting, and 
traffic will soon return to normal conditions. The 
mills are taxed to their utmost capacity, and the usual 
inflow of orders prevails. The smaller consumers of 
iron and steel are the most liberal purchasers, The 
larger consumers of these products have been carrying 
sufhicient stock to protect themselves. Two Pittsburg 
mills have just purchased 30,000 tons of apen-bearth 
billets, price dols. at makers’ mills. Bessemer 
billets are selling freely on a basis of 28.50 dols. Steel 
bars and tin bars are now promised for earlier deli- 
very than a month ago, and merchant bars are sell- 
ing at 1.50 dols., though some independents are 
trying to get 1.55dols. There isa very fair and steady 
demand Yor common iron, much of it going into car 
construction. The railroads are still ordering steel cars, 
and everything else that goes into car construction. 
The orders, so far this month, for steel cars foot up 
favourably with any previous month. Steel cars have 
become an economic necessity, and the wooden rolling- 
stock will gradually be supplanted by steel cars. 
Their life is indefinitely longer, repairs are trifling, 
and they hold much heavier loads than wooden cars. 
These facts ensure a long demand extending over 
many years, and assure to the steel-car industry a 
position of permanency and profit enjoyed by few 
industries. Another very important source of demand 
is the development of numerous new enterprises call- 
ing for large quantities of mill products. 
anufacturing interests of nearly all kinds are 
meeting with sufficient encouragement to expand their 
capacity. The larger electrical plants have their 
capacity completely sold up. Several railway systems 
are perfecting plans for the electrification of their 
terminals. These enterprises involve enormous out- 
lays. That at Chicago is the most important, and 
involves 2500 miles of railways terminating at that 
city. Electricity will be utilised on a large scale in 
other directions where vital economies can be sub- 
served. There is nothing of importance in the steel- 
rail industry of recent development. The rail mills 
have business that will assure them of activity for 
some six months to come, and about the only business 
that will be transacted will be small emergency orders 
and orders from companies who have not thought it 
worth while to anticipate their needs. Reports from 
all sections reveal the most encouraging conditions of 
things. Work has already been begun on the large 
expansions of capacity in Alabama. New sources of 
coal supply are also being developed, and coal-cars are 
being ordered with which to equip the lines. 








THE DIRECTORATE OF THE VickERS Company. — We 
understand that Mr. James Dunn has resigned his posi- 
tion as a director of Messrs. Vickers Sons and Maxii, 
Limited, but will act in the future as consulting naval 
architect to the company. Mr. Dunn was for many 
years assistant director of naval construction at the 
Admiralty, and served for some time also as director, 
while for the past twelve years he has been a very useful 
member of the Vickers board. He has thus a wide 
experience of warship work, which will still be available 
to the company. Mr. James McKechnie, who has been 
for many years responsible for the engineering and gun- 
mounting work at Barrow-in-Furness as a special director 
of the Vickers Company, has now been elected a director 
to fill the vacancy on the board caused by Mr. Dunn’s 





resignation, and will be resident at Barrow-in-Furness. 
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CONSTRUCTED BY THE 
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On this and the opposite pages we es illustrations 
showing the principal features of a crude-oil engine of an 
entirely new type, recently constructed and supplied to 
the order of the Great Indian Peninsular Railway Com- 
pany by the Griffin Engineering Company, Limited, of 
the Kingston Iron Works, Bath. It is coupled direct to 
a high-speed air-compressor supplied by the Tilghman 
Sand-Blast Company, of Manchester. Mr. Griffin, as is 
well known, was responsible for much pioneering work 
in the adaptation of the internal-combustion engine for 
use with crude oil as the working fuel. He was one of 
the first to appreciate the advantages of an addition of 
water to the charge, for the Lad re of moderating the 

“enormous pressures which are liable to be developed 
when crude oil is adopted as the working agent. In 
this new engine, however, thi: addition of water to 
the charge is dispensed with, the shock on ignition of 
the charge being kept down by suitably timing the 
ignition. Where water is added to the charge the 
amount required is commonly at least two-thirds of the 
oil supply. This water is, moreover, not readily avail- 
able in all cases. In marine work, for instance, it 
must be carried on board, as salt-water cannot be used 
with safety. In any case the addition of water com- 
plicates to some extent the arrang ts 1 ry for 
preparing the charge. be: 

The general a rance of the new Griffin engine is 
well represented in Figs. 1 and 2, which we have repro- 
duced from photographs. Figs. 5, 6, and 7 are respec- 
tively a longitudinal vertical section, a transverse 
section, and a plan, whilst Figs. 8 to 13 show more 








GRIFFIN ENGINEERING COMPANY, 


clearly some of the essential details of the engine. 
As will be seen, the engine is of the four-cylin- 
der enclosed type, and it is rated at 70 brake 
horse-power. At the time of our visit to the 
makers’ works it was ‘‘running its guarantee,” 
the fuel used being ‘‘ refuse distillate,” having a 
specific — of 0.9, and a flash point of 120 deg. 
Fahr. This oil is cheap and abundant, being 
obtainable in most large ports at a cost of 24d. 
per gallon when purchased in bulk. It has a 
calorific value of about 19,000 B.Th.U. per Ib., 
and leaves no deposit of any kind in the Griffin 
engine, the results, it is stated, being in every respect 
as good as those obtained when refined petroleum is 
the fuel used. The makers guarantee that the consump- 
tion shall not exceed five-eighths of a pint per brake 
horse-power per hour, equivalent to a cost of less than 
id. per brake horse-power hour. 

The working charge for the engine is passed into a. 
vaporiser, which is essentially the same as fitted to 
Mr. Griffin’s earlier crude-oil engines. It consists of 
a jacketed cylinder, into which the charge is sprayed 
by air compressed by a pump driven by the engine 
itself, whilst the ucts of combustion pass through 
the jacket. In the present case provision is made for 
by-passing, at will, some proportion of the exhaust 
gases direct to the discharge-pipe, so that the tem- | 
perature of the vaporiser can be adjusted to that best | 
suited to the fuel available. The engine is fitted with | 
the new Griffin patent ‘‘ Cata-Thermic” ignition. It | 
is ‘‘timed,” an ignition valve being fitted which is | 





AND STARTING-ENGINE. 


LIMITED, 


ENGINEERS, BATH. 





opened mechanically and causes the firing of the charge 
to be delayed until the crank is some distance past its 
centre. This results in eliminating the peak of the 
diagram without materially affecting the area thereof, 
thus getting much the same result as by the addition 
of water to the charge. As compared with the latter, 
the makers claim that the new system shows a fuel 
economy of 15 per cent. to 20 per cent. 

The engine is governed by throttling the charge, 
and not ‘hit and miss.” Very regular running 
is thus obtained, making the engine suitable for 
direct coupling to every kind of high-speed machine. 
Some details of the ignition and governor gear are foi 
the present reserved, pending the completion 0: 
certain foreign patents. ; 

The engine is started by means of compressed air, 
which, in the case of the plant illustrated, is provided 
by a small combined oil-engine and compressor, th: 
arrangement being shown in Figs. 3 and 4. This sma‘! 
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engine is of the enclosed type, and is rated at 5 brake 
horse-power. It drives two air-compressors, one fur- 
nishing a supply of air at 100 lb. per square inch for 
the starting of the main engine, and the other a supply 
at 22 lb., which serves to spray the oil used in heating 
up the vaporiser of the main engine preparatory to a 
start. The time needed for this process is about 12 
minutes, the auxiliary being then stopped. 
The starting-valve, through which the air is admitted 
to the engine, is fitted to one cylinder only. This valve 
is held against its seat by an external spring sufficient 
to resist.an air pressure of 100 lb, It is actuated by a 
lever turning on a spring-mounted fulcrum (see Figs. 8, 
9, and 10), and this lever is operated by a cam ; when 
starting up, this cam causes the valve to open at the 
commencement of a power stroke, thus admitting air 
into the cylinder so long as the pressure inside the 
latter does not exceed 100 lb. per square inch. When 
at length the cylinder draws in and fires a charge, the 
internal pressure rises above 100 lb. per square inch, 
and in consequence the spring-mounted fulcrum of the 
lever yields instead of the valve opening. Once the 
engine is fairly under way, the fulcrum is raised by 
hand by the arrangement shown in Figs. 11 to 13, so 
that the lever stands clear of its cam. 
It may be stated in pasting, Oe the engine can be 
— for an hour and a half and then restarted 
without reheating the vaporiser. This is a feature 
of some importance, as there is thus no trouble in 
starting up again after the dinner-hour stop. 
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ROYAL METEOROLOGICAL SOCIETY. 


THE annual general meeting of this Society was held on 
Wednesday evening, the 19th inst., at the Institution of 
Civil Engineers, Great George-street, Westminster, Mr. 
H. Mellish, president, in the chair. The Council, in their 
report, stated that they had forwarded a memorial to the 
Royal Commission, which is now inquiring into the work 
of the University of London, urging that the time is fully 
ripe for placing the study of meteorology on a more satis- 
factory basis, and for its inclusion among the subjects for 
degree examinations. The Council have apeneet for a 
provincial meeting to be held at Manchester on February 
23, and they hope that this will be the means of making 
the work of the Society better known in a district in 
which considerable attention is already being given to 
meteorology. The President presented to Dr. W. N. 
Shaw, F.R.S., the Symons Gold Medal for 1910, which had 
been awarded to him by the Council in consideration of 
his distinguished work in connection with meteorological 
science. 

Mr. H. Mellish, in his presidential address, referred to 
some relations of meteorology with agriculture. The 
close dependence of agriculture upon climate and upon 
the periodical variations of the weather has been recog- 
nised from the earliest times, but the relations are of 
such a complicated character, and the difficulty of separa- 
ting the effects of the different factors is so considerable, 
that as much progress as might have been expected has 
pomege not been made in applying the data of meteoro- 
ogy to the purposes of agriculture. The President first 
referred to the writings of various authors on the subject 
of temperature and rainfall, as affecting the wheat and 
other crops, and then proceeded to deal with such ques- 
tions as the liability of some crops, and especially of fruit, 
to injury from frosts, the influence exercised by forests 
upon climate, and especially upon rainfall, and the study 
o paemey. 

He next considered what steps meteordlogists could 
take to further the application of the data of their science 
to the various problems of agriculture. It is doubtful 
whether farmers make as much use of the forecasts and 
weather reports as they might. Possibly this may arise 
because they are not familiar with the technical terms in 
which the reports are necessarily couched. This might be 
remedied in the course of time if instruction on the subject 
could be worked into the courses at the agricultural 
schools and colleges. The Royal Meteorological Society 
has lost no opportunity of urging the importance of the 
subject to farmers, and also the inclusion of meteorology 
under the head of ‘‘ Nature Study” in the schools, and 
there are reasons to think that this is having some effect. 
Mr. Mellish, in conclusion, said that from the opportuni- 
ties which their life throws in their way, farmers should 
make the best of observers, and if they once become 
familiar with the teaching of the science and its im- 
portance to their affairs, we may hope to derive con- 
siderable advantages from their co-operation. 








Wotse.ky Atror.angt Motor.—The Wolseley Tool 
and Motor-Car Company have just completed a 50-60- 
horse-power aeroplane engine to the order of the Hon. 
Maurice Egerton. This engine, which is similar in 
design to the one already delivered to Professor Hunt- 
ington, is guaranteed to be of ‘“‘all-British” manufac- 
ture, and is intended to be fitted to a Short-Wright aero- 
plane, which is also a British production. During its 
official test of four hours continuous running, the engine 
developed a mean of 55 brake horse-power, and at the 
conclusion a maxifMum-power test was taken, which 
showed that the engine was capable of developing 80.5 
brake horse-power. There is little doubt that this ‘‘all- 
British ” combination will be heard of in the near future. 





Tar Junior Institution oF EnGineers.—With the 
vermission of the chief engineer to the Westminster 
“lectric Supply Corporation, Sir A. B. W. Kennedy, 

F.R.S., a large number of members recently visited the cor- 
pretan's new Millbank station. They were shown over 
»y Messrs. 8. B. Donkin, C, L. Grimshaw, and G. Horley, 
to whom the thanks of the visitors were conveyed at the 
conclusion by Mr. F. Disney Napier, vice-chairman. The 
station has been built to replace the old Millbank-street 
station, which must be pulled down in consequence of the 
County Council’s scheme for making an embankment 
roadway from the House of Commons towards Chelsea. 
The County Council have provided the company with a new 
site in Horseferry-road, and are bearing the expense of re- 
building the station and filling it with plant to an extent 
equivalent to the present capacity of the old Millbank-street 
station. The actual size of the Horseferry station and the 
amount of plant being put in is greater than at Millbank- 
street, and this additional size and amount of plant is, of 
“course, being paid for by the company. The buildings as 
at present completed can ultimately hold 6600 kilowatts of 
steam-turbine-driven plant gensrating direct current at 
440 volts. It can also ultimately contain about 14,000 
kilowatts of motor generator plant, the motors working 
with three-phase current at 6600 volts, su »plied from the 
joint station belon; mgt the Westminster Riectric Suppl 
Corporation and the St. James’ Company at Grove- 
transforming this to direct-current at about 440 volts for 
supplying the Westminster district. The plant at present 
erected, or being erected, includes the following :—Four 
water-tube boilers, each with its own economiser and super- 
heater, capable of producing 25,000 lb, of steam per hour 
at 200 1b. pressure with 150 deg. superheat ; two 300 kilo- 
watt turbines, each driving two 150 kilowatt generators 
placed tandem, these being the balancer sets; three 
1000 kilowatt turbines, each driving two 500 kilowatt 


generators placed tandem, with the necessary condenser 
aud other plant, batteries, &c. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened with a fairly strong tone, and 
Cleveland warrants, 3500 tons, changed handsat 51s. 114d. 
cash, 52s. and 52s. 1d. eight days, 52s. 3d. one month, and 
52s. 10s. three months. At the close there were buyers over 
at 523. 04d. cash, 52s. 4d. one month, and 52s. 10d. three 
months, and sellers at 52s. 14d., 52s. 5d., and 52s. 11d. 
respectively. One lot of hematite was done at 65s. 
February 25, with buyers over at 65s. 6d. three months. 
In the afternoon the market was quiet, but firm, 
and the dealings consisted of 2000 tons of Cleveland 
warrants at 52s. 14d. cash and 52s. 114d. three months. 
Closing sellers quoted 52s. 2d. cash, 52s. 54d. one 
month, and 53s. three months. On Friday morning 
the tone was again strong, and Cleveland warrants were 
done at from 52s. 2d. to 52s. 3d. cash, and 52s. 64d. one 
month, closing with sellers over at 52s. 3d. cash, 
52s. 64d. one month, and 53s. 2d. three months. The 
turnover was 2500 tons. Hematite was quoted at 65s. 
cash, and 66s. three months sellers, and buyers offered 
64s, 9d. and 65s. 9d. respectively. At the afternoon 
session there was little doing, only one Cleveland 
warrant changing hands at 533. 1d. three months. 
The close was steady, with sellers quoting 52s. 3d. 
cash, 52s. 64d. one month, and 53s. 14d. three months. 
On Monday morning the market was firm, and a 
good business of 7500 tons of Cleveland warrants was 
put through at 52s. 44d. cash, 52s. 8d. one month, and 
53s. 3d. three months. Closing prices were strong, with 
sellers at 52s. 5d. cash, 52s. 8d. one month, and 53s. 34d. 
three months. Buyers of hematite offered 64s. 9d. cash, 
but sellers quoted 65s. 6d. In the afternoon the tone 
was slightly easier, and Cleveland warrants were done 
at 52s. 7d. twenty-five and twenty-eight days, and 
52s. 74d. one month. The turnover was “a some 
2500 tons, and sellers’ closing quotations wers 523. 44d. 
cash, 52s. 8d. one month, and 53s. 3d. three months. n 
Tuesday morning the market was easier and prices de- 
clined a little. The business consisted of 9500 tons of 
Cleveland warrants at 52s. 3d., 52s, 34d., and 52s. 3d. cash, 
and 52s. 6d. one month, and closing sellers quoted 52s. 3}d. 
cash, 52s. 7d. one month, and 53s. 1d. three months. In 
the afternoon a weak tone prevailed and 4500 tons of 
Cleveland warrants changed hands at 52s. 1d. cash, 
52s. 2d. seven and ten days, 52s. 6d. and 52s. 5hd. 
one month, and 52s. 1ld. three months. At the 
close the quotations were 523. 3d. cash, 52s. 64d. 
one month, and 53s. O0jd. three months sellers. Hema- 
tite was quoted 64s. 9d. cash buyers, and 65s. 14d. cash 
sellers. hen the market opened to day (Wednesday), 
prices of Cleveland warrants fell away owing to weak 
American advices. he turnover amounted to 7500 
tons at 52s. 1d. and 52s. nine days, 52s. 34d. and 52s. 24d. 
one month, and 52s. 11d. and 52s. 104d. three mont 
and the closing quotations were 52s. cash, 52s. 3d. one 
month, and 52s. 10d. three months sellers. In the after- 
noon the tone was rather better, and 3500 tons of Cleveland 
warrants were dealt in at 52s. 1d. cash, 52s. 14d. fifteen 
days, 52s. 3d. and 52s. ye one month, and 52s. 104d. three 
months. The market closed firm, with sellers at 52s. 13d. 
cash, 52s. 44d. one month, and 52s. 11d. three mont 
Buyers of hematite offered 64s. 104d. cash, but sellers 
were firm at 65s. 14d. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde and Calder, 
64s.; Langloan, 63s. 6d.; Gartsherrie, 64s. 6d.; Summerlee, 
66s.; and Coltness, 863. (all shipped at Gl w); Glen- 
arnock (at Ardrossan), 65s.; Shotts (at Leith), 64s.; and 
‘arron (at Grangemouth), 66s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market maintains a strong position, and prices are again 
firmer. Buyers are offering 11/. 16s. 3d. per ton, Glasgow 
or Leith, for delivery during January, February, and 
March. A fair amount of business is being put through, 
and the total shipments from Leith Harbour last week 
amounted to 182 tons. 

Scotch Steel Trade. — There has been no pronounced 
improvement in the Scotch steel trade during the past 
week, but there is a general feeling that a change for the 
better is highly ad asm very soon, and that once the 
General Election excitement has d away, the trade 
will settle down to busier times. These cannot arrive too 
soon now, as there is a decided scarcity of specifications 
for heavy material, and a number of rolling mills have 
only been partially employed this week. Prices have all 
a tirming tendency, due, of course, to the upward move- 
ment in the value of raw material. Inquiries for light 
steel are very good, and in structural sections the 
demand shows signs of expanding. Joists have been ad- 
vanced in price, and are now quoted at 6/. 2s. 6d. per ton, 
less 24 per cent. discount. 


Malleable-Iron Trade; Advance in Prices.—Ata meet- 
ing of the Associated Malleable-Iron Makers of the 
West of Scotland, held last Thursday, it was agreed to 
make an all-round advance in prices by 7s. 6d. per ton. 
The following are now the current quotations for the 
home market :—Crown bars, 6/. 17s. . per ton; best 
bars, 8/. 5s. 6d. per ton; angles, 6/. 17s. 6d.; and _ tees, 
7. 7s. 6d. per ton—all less 5 per cent. discount. These 
increases in prices are wholly due to the present higher 
values of raw material. Makers report that while trade 
is a little better, there is still a scarcity of specifications. 
In anticipation of the above advances, a fairly large 
quantity of material was ordered by buyers last week. 


Scotch Pig-Iron Trade.—No change falls to be reported 
in the condition of affairs in the Scotch pig-iron trade, 
and makers state that there is still a strong demand for 
the ordinary qualities from the principal buying districts. 
No difficulty is being experienced by producers in obtain- 
ing full prices. The hematite position is also unchanged, 





and makers are maintaining a firm attitude. The present 
uotation is about 67s. 6d. per ton, but in consequence of 
this high price very little new business is reported. ¢ 


tT Campbeltown Shipbuilding Com- 
pany have booked an order for a cargo steamer of about 
2000 tons, for German owners. This vessel is to be deli- 
vered during next summer.—Messrs. William Hamilton 
and Co., Port Glasgow, have also secured an order for a 
new steamer. This is a passenger and cargo steamer 
for the same owners for whom they are al y building 
two other vessels.—Several additional orders are reported 
as having been placed with Clyde builders during the 
past week, but confirmation is lacking. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Thomas Firth and Sons, Limited.—Mr. Bernard 
A. Firth, the chairman of this company, has just com- 
pleted twenty-five years’ service with the company, and 
the officials, staff, and managers have presented him with 
a complete dessert service in silver. It was a happy coin- 
cidence that Mr. Best, the secretary of the company, who 
made the presentation, had a similar pleasure when Mr. 
Firth’s father completed his twenty-five years’ connection 
with the establishment. 


Labour Bureau for Children.— An important discussion 
took place at the monthly meeting of the Sheffield Fede- 
rated Trades Council on a letter from the Education 
Committee asking the co-operation of that body in the 
institution of a labour bureau for boys and girls leaving 
school. One member expressed the view that these 
labour bureaux were very much overrated. They would 
not, he argued, lessen casual employment in the least, 
because the skilled trades would not absorb any more 
boys simply because they were getting them from the 
bureaux. All this scheme would do, would be to 
determine which boys or girls were going to the 
skilled trades and which were going to unskilled 
labour. He supported the scheme because it would 
ay the skilled trades the picked brains of the school, 

ut at the same time he was anxious that its value should 
not be overrated. The chairman, Mr. Charles Hobson, 
was of opinion that if trade unionists could only keep 
hold of these institutions, and see that boys were not 
drafted into the trades unnecessarily, and without proper 
conditions, it would be good both for the unions and the 
youths. Mr. Holmshaw, another member, pointed out 
that these bureaux were not concerned with the training 
of children for particular trades, but were merely intended 
to give the boys and girls an opportunity of finding such 
employment as might be thought congenial. It was 
agreed to act on the suggestion of the Education Com- 
mittee in the matter. 


Iron and Steel.—The increasing strength of raw material 
continues to be a feature of the market, and so prohibitive 
are rates now demanded that business in this direction is 
all but at a standstill. Hematites show remarkable ad- 
vances, more than 5s. during the month. For West Coast 
qualities 76s. and 77s. are asked, delivered in Sheffield, 
and for East Coast mixed numbers 75s. Even at these 
rates supplies are difficult to obtain. Makers practically 
decline to quote, and are evidently holding their hands in 
anticipation of a big rise. Fortunately, so far as local con- 
sumers are concerned, considerable stocks are held, and 
with business not much above normal, no difficulty is 
experienced. There is little doing in cither Lincoln- 
shire or Derbyshire irons, the high rates having 
caused business to subside. Notwithstanding the rise in 
pig-iron prices, makers of bar-iron have made no altera- 
tion in the rates which held last year. In billets, how- 
ever, a movement is noticeable, and although quotations 
have not been formally raised, more money is being paid 
for local high-carbon qualities. The steel trade generally 
continues to show an improvement. This, however, is still 
chiefly on foreign account, the home market remaining 
slack. Hopes are entertained of an early movement on 
the part of the home railways, who will shortly be com- 
pelled to make extensive additions to rolling-stock. One 
of the most satisfactory features is the continued heavy 
buying of tool-steel, not only from the United States, but 
from the Continent and South Africa. There is a steady 
improvement in the demand for saws, garden-tools, and 
agricultural implements. 


South Yorkshire Coal Trade.—The tone of the hard-coal 
market in South Yorkshire continues to be one of excep- 
tional strength. Contracts have been arranged for ship- 
ment at a substantial advance on last year’s rates, but so 
rong on J is the outlook that many collieries prefer to 

eep their coal for the open market rather than book far 
ahead at the present. The shipping demand is already 
strong. Practically all the pits are well employed, and 
stocks are low. South Yorkshire hards are making from 
9s. 3d. to 9s. 6d. per ton. There has for some time past 
been a steady demand for gas fuel, and there is little ou 
offer in the open market. The continued call for slack: 
from the Continent has caused a slight advance in rates, 
especially for best qualities. At present there is very 
little stocking. The market in coke is stiff, a fair tonnage 
having been Suiontineed North during the difficulty expe- 
rienced in that coalfield. In house fuel the demand he: 
been somewhat variable. A smaller tonnage is being 
taken by London ; but although easier prices are obtain- 
able, these are still well above contract rates. Stocks are 
not accumulating to any extent at the collieries, and « 
continuance of the cold weather should cause an ear!) 
improvement. 








PersonaL.—The ‘ Hohenzollern” Works Company 
state that they have appointed Mr. Charles King, of Teze!, 
Berlin, a director, to succeed the late Mr. Triimpelmann. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is little business 
passing just now in the pig-iron trade, the cause bein 
largely the disturbing influence of the elections. A men | 
feeling of confidence in the future, however, prevails, and 
traders freely predict that before long briskness will 
characterise the staple industry. The blast-furnaces, 
which last week had to be put on slack blast owing to 
the shortage of coke due to the trouble in the Durham 
coal trade, are in full operation again, there being now a 
very ample supply of both Durham and Yorkshire fuel. 
The output of Cleveland pig iron continues rather exces- 
sive, as is Shown by iron still being sent into the public 
stores; the additions, however, are but small, averaging 
this month some 600 tons per working day. The amount 
of Cleveland iron stacked in the public stores is now close 
on 400,000 tons. No. 3 g.m.b. Cleveland pig has this 
week realised 52s. 6d. for early f.o.b. delivery, but pur- 
chases can now be made at 52s. 3d. No. 1 is 54s. 6d.; 
No. 4 foundry and No, 4 forge, each 51s. 3d.; and mottled 
and white, each 49s. 9d. to 50s.—all for early delivery. 
Any inquiry on forward account elicits quotations of from 
3d. to 1s. above the foregoing prices, according to time of 
delivery. As yet values of hematite pig iron have not 
been raised, but makers are by no means keen sellers at 
market rates, as they anticipate improvement in the near 
future. The cost of production is also increased by dearer 
coke and foreign ore. A visit from Sheffield customers 
has been paid this week, but as to whether they placed 
orders has not transpired. Nos. 1, 2, and3 East Coast 
brands of hematite stand at 65s. for early delivery, and 
quite 67s. 6d. for delivery a little way ahead. Rubio ore, 
of 50 per cent. quality, 1s fully 20s. 6d. ex-ship Tees over 
the first half of the year. For immediate delivery of fur- 
nace coke 19s. 6d. and 20s. are still named, but contracts 
over six months can be made at 18s. delivered hear. 


Heavy Pig-Iron Shipments.—Unusually heavy pig-iron 
shipments for this season are recorded. The clearances 
for January promise to reach 100,000 tons, as they ave 
4000 tons per working day, as compared with a daily 
average of 3400 tons last month and 2800 tons for January 
last year. 

Manufactured Iron and Steel.—Encouraging accounts 
are given of most branches of the manufactured iron and 
steel industries. Demand is improving, more particularly 
for steel. Reports that shipbuilders are receiving more 
inquiries for new vessels are having a beneficial influence 
upon the finished iron and steel trades. As coal is now 
more readily obtained, the works which have been laid 
idle in this district owing to shortage of fuel have been 
re-started. Quotations all round are firm, and advances 
in prices of some descriptions are looked for. Common 
iron bars are 7l.; best bars, 7/. 7s. 6d. ; best best bars, 
7l. 15s.; packing-iron, 5/. 5s.; iron ship-plates, 6/.; iron 
ship-angles, 7/.; steel bars, 6/. 5s.; steel s 2 61. 5s.; 
steel ship-angles, 5/. 17s. 6d.; steel strip, 6/. 7s. 6d.; steel 
hoops, 62. 10s.; steel joists, 6/. 2s. 6d. to 6/. 5s.; cast-iron 
railway chairs, 3. 10s. ; light iron rails, 6/. 7s. 6d.; heav 
steel rails, 5/. 5s.; and steel railway sleepers, 6/. 10s.—all 
less the customary 2} per cent. discount, except railway 
material, which 1s net cash at works, whilst iron or steel 
galvanised corrugated sheets, 24 gauge, in bundles, stand 
at 11/. 5s. f.0.b. —less the usual 4 per cent. 

The Cleveland Institution of Engincers.—On Monday 
evening last, the 24th inst., a conversazione in connection 
with the Cleveland Institution of Engineers was held in the 
hall of the Cleveland Literary and Philosophical Society, 
Middlesbrough. Despite the stormy weather, there was 
&@ numerous attendance of members and friends. The 
room was prettily decorated, and a number of models 
and scientific apparatus were shown in the body of the 
hall. A capital musical programme had been arranged, 
and the entertainment was most successful 








—— 





_ Wittixe’s Press Gurpe.—The thirty-seventh annual 
issue, 1910 edition, of this guide, published at 1s., by 
Messrs. James Willing, Jun., Limited, 125, Strand, W.C., 
ae a list of the Crs and periodicals issued in the 

nited Kingdom, with the year cf their establishment, 
when published, price, and publisher’s name and address. 
It also gives lists of colonial and of the principal Conti- 
nental popes and periodicals. It contains a very large 
amount of information in a limited space. 


AUSTRALIAN Patent Law.—An Act amending the 
Australian Patents Act has recently the Federal 
Parliament, and has become law. This amending Act 
m:kes the law conform to British law in regard to patents 
of addition, the restoration of lapsed patents, surrender 
of patents, conditional sale of patented article, and 
“ reasonable requirements.” It further enacts that costs 
are recoverable in any Federal or State Court, makes a 
few minor verbal or clerical amendments, and undisturbs 
present fees. The amending Act also deals with com- 
pulsory working, and provides that four years after the 
date of a patent, and not less than two years from the 
commencement of this Act, an order may be obtained 
from the Court declaring that the patented article or 
process is not being manufactured or carried on to an 
adequate extent. During the currency of the order the 
patented article or process may be manufactured, carried 
on, or sold by others without infringing the grant. The 
order may be revoked at any time on the patentee 
showing adequate manufacture, coupled with non-manu- 
facture by others. Instead of the issue of such an order, 
the Court may order the patentee to grant a compulsory 
licence to the applicant. The applicant may also 
ordered to give security for costs of any appeal. 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown little change. 
The elections have somewhat reduced the current out- 
ut, and previous prices have been maintained. The best 
arge has made 16s. 9d. to 17s. 3d. per ton, while secondary 
qualities have ran between 15s. 6d. and 16s. 9d. per 


9s. per ton. Household coal has been fairly well held ; 
the best ordinary qualities have made 15s. 6d. to 16s. 6d. 
per ton; No. 3 Rhondda large has brought 17s. 3d. to 
17s. 6d. per ton; smalls whey quoted at 7s. 9d. to 
8s. 3d. per ton. Foundry coke has realised 19s. to 20s. 
per ton; and furnace ditto, 17s. to 17s. 6d. per ton. 
As regards iron ore, Rubio has been quoted at 19s. to 
19s. 6d. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 

Dowlais.—The mills have been executing good orders 
for tin bars and railway material. Full time has been 
worked in the fitting and other branches. 


_ Swansea New Dock.—At the last meeting of the execu- 
tive committee of the Swansea Harbour Trust, a further 
slip in a sea embankment, which occurred a fortnight ago, 
was reported on by the engineer, and it was decided to 
form a sub-committee to consider the desirability of 
rectifying the slip by certain works suggested, or expend- 
ing a considerable sum with a view of obviating the possi- 
bility of such occurrences in future. 


Welsh Coal-Working.—The hearing of an action— 
“Brewer v. the Rhymney Iron Company, Limited” 
brought to restrain alleged breaches of leases of minerals 
under the Pontlottyn estate, was continued in the Chan- 
cery Division before Mr. Justice Parker on Thursday. 
Mr. Lawrence admitted that the long-wall system was 
the best in the district in the sense that it was the most 
proper. More support would be required where strata 
above were weak than where strata were strong. In an 
peer J cases of pillar-and-stall work 50 per cent. left 
would be sufficient support. A strong bed of rock over 
the workings was, no doubt, a protection, so far as sub- 
sidence of the surface was concerned. Working by the 
long-wall system in the neighbourhood would, however, 
tend to give play to the solid rock, and so bring down 
the surface. Mr. Smith, mining engineer, of Rhymney, 
and general manager for the defendant company, said 
that the long-wall system, which was the most profitable 
for the company, was dropped merely to give support to 
the buildings on the surface, and to comply with the pro- 
visions of the lease. The hearing was ainened. 

The Swansea Valley.—The steel trade has shown little 
change. The production of tin plates has been large— 
quite a record indeed. In the coal trade slackness has 
prevailed at some of the pits. 





Pocket-Books, Diartes, &c.—A_ handy little pocket- 
diary has reached us from the Clay Cross Company, 
Clay Cross, near Chestertield.—The Poldi Steel Works, 
Napier-street, Sheffield, have also sent us a small vest- 
pocket diary. 





SUPERINTENDENT ENGINEER OF THE CUNARD LINE.— 
Mr. J. Currie, who has been for thirty-seven years in the 
service of the Cunard Steamship Company, Limited, has 
been appointed superintendent engineer of the line in 
succession to the late Mr. G. Thompson. Mr. Currie was 
engaged on active sea service for twenty-five years. He 
was afterwards employed on the building of steamers for 
the Cunard Mediterranean and Boston services, and of 
the Carmania for the New York service, as well as the 
engineering equipment of the Mauretania, in which he 
sailed as chief engineer. 





Heavy Sipg-Tank Crane Locomorive.—An unusually 
large side-tank locomotive, fitted with a crane capable of 
lifting 8 tons at a radius of 16 ft., has recently been 
shipped by Messrs. Andrew Barclay, Sons, and Co., 
Limited, Kilmarnock, N.B., to the order of the Nova 
Scotia Iron and Steel Company. This engine is eight- 
wheel coupled, with cylinders 17 in. by 22 in., and is for 
4 ft. 8hin. gauge. The wheels are 3 ft. 5 in. in diameter, 
and the wheel-base 12 ft. The heating surface provided 
in the boiler-tubes is 822 square feet, and in the fire-box 
69 square feet, making a total of 891 square feet. A 
grate area of 14.9 square feet is provided, the working 
pressure being 200 1b. per square inch. The tubes are 
solid-drawn steel. The tanks Lave a water capacity of 900 

allons, while 2 tons of coal can be carried in the bunkers. 

he crane slews right round the engine. The hoisting- 
engines are 44 in. by 6 in., asare also the slewing-engines. 
The locomotive is titted with Walschaert valve-gear and 
balanced slide-valves. 





THe tate Mr, Epwarp Ricuarps.—We regret to 
have to announce the death, which occured on the 19th 
inst., at Middleton Grange, Middleton, near Leeds, of 
Mr. Edward Richards, Assoc. R.S.M., F.1I.C., Member 
of the Iron and Steel Institute. Mr. Richards was born 
in Carmarthen, in 1845. His early years were spent at 
the Royal School of Mines, where he proved himself a 
brilliant student. He was, in course of time, appointed 
manager of the steel-making departments of the Barrow 
Hematite Steel Works, where he remained during fourteen 
years. He left Barrow in 1889 to take up the management 
of the Leeds Steel Works, Walter Scott, Limited, a posi- 
tion which he held until his death. His ability as a 
manager and asa metallurgist was of a very high standard. 
Under his direction the Teeds Steel Works has almost 
doubled its capacity. He took great interest in the pro- 


be | ceedings of the Engineering Standards Committee, and 





was a member of the Sub-Committee on Tram-Rails. 


ton. The best o 7 smalls have brought 8s. 6d. to | 


THE ‘**SARCO” STEAM-RECORDER. 


ALTHOUGH it is probable that most of the large 
steam-power plants in this country are fairly well 


| supplied with automatic scientific recording instru- 


ments, which fulfil a variety of purposes and give 
accurate information relating to the continuous train 
of operations constantly occurring in them, only 
some of even the best equipped possess any instru- 
ments for recording continuously he quantity of steam 
passing to the engines. Evaporative tests may be, 
and often are, made at frequent intervals, but these 
are not always to be relied upon as a correct indi- 
cation of what the boilers do under ordinary average 
conditions, as distinguished from test conditions. 
Moreover, they do not show how the load is distri- 
buted over various units. It is not always easy to 
tell, therefore, what units may be. overloaded, and 
what are escaping their full ~~ > In the past 
the indicator diagram has been largely relied on 
to show the steam consumption of engines, but the 
indicator is not always (we might almost say it is 
never) a thoroughly reliable instructor. In certain 
works, too, such as paper-mills, chemical works, &c., 
as well as where processes of boiling, heating, or 
drying are carried out, it has not been easy to ascertain 
the consumption of steam required for such purposes. 
This being the case, it has been practically impossible 
to determine the actual cost of the steam used in 
different departments of a works. 

There have been many difficulties in the way of 
constructing apparatus for recording the flow of steam, 
and, although numerous attempts — been made to 
solve the difficulties, it is only recently that an appa- 
ratus has been devised which gives promise of trust- 
worthy results. Mr. Max Gehre, of Germany, com- 
menced experimenting in this direction about twenty 
years ago, and the instrument which we are about to 
describe, and which is illustrated on page 114, is the 
outcome of his efforts. It is now about two years since 
the machine was first placed on the market, but since 
then it has been somewhat improved, and it is now 
claimed that it will determine the weight of steam 
flowing in a pipe under almost all circumstances. 

In principle the ‘‘ Sarco” recorder, as it is called 
by the manufacturers, Messrs. Sanders, Rehders, and 
Co., Limited, of 108, Fenchurch-street, London, E.C., 
is based on a principle elaborated by Professors Zeuner 
and Napier, relating to the loss of pressure in steam 
when it flows from one vessel to another, the loss being 
pane to the quantity of steam passing. In 
applying the ay og to this recorder, a disc }4 in. 
thick is placed, as in Fig. 1, between two flanges of 
the steam-pipe, at a point in the pipe-line where it is 
desired to measure the weight of steam ing. 
The disc is of such a diameter that it can held 
in place by the ordinary bolts of the flange, and 
its inner bore is slightly smaller than that of the pipe, 
which causes a throttling of the steam and a drop in 
pressure of about # lb. per square inch between the 
two sides of the disc. This drop is hardly sufficient 
to be read on an ordinary steam-gauge. It is this 
difference in pressure between the steam on the two 
sides of the disc that enables the flow of steam through 
the pipe to be measured by the meter, for the steam 
from each side of the disc is led to the instrument 
through copper pipes of } in. diameter, or larger, the 
holes with which » neh pipes communicate being drilled 
in the disc, as depicted in Fig. 2, which shows the con- 
nection to a horizontal pipe. If the steam-pipe be 
vertical, however, as in Fig. 1, the holes in the 
disc are countersunk in such a way that no water 
can collect in the bore that points upwards, as 
this would cause an unequal head of pressure on 
the two sides of the meter. The connecting-pipes, 
before being led to the instrument, are carried along 
horizontally for a few feet in the same plane as their 
point of entrance into the pipe, as is shown in Fig. 3, 
with the same object—namely, of preventing a differ- 
ence in head of water on the two sides, which might 
result from unequal condensation. The pipes between 
the disc and the meter are always kept filled with 
water. Fig. 3 illustrates the attachment to a hori- 
zontal pipe, while the attachment to a vertical pipe is 
shown in Fig. 1. Other arrangements are shown in 
Figs. 7 and 8. 

ming now to the recording instrument, this is 
shown in Fig. 3, which is a part sectional elevation. The 
high-pressure side of the throttling-disc A is connected 
through the pipe B and the three-way cock C to the pipe 
D, through which the steam passes to a reservoir K 
filled with mercury ; this is connected by a tube F 
to a hollow metal cone-shaped vessel G, which latter 
is shown in detail in Figs. 4 and 5. In addition to the 
tube F the cone has a re I passing from its upper end, 
the purpose of which is to give access to the low- 
pressure side of the throttling dise in the steam-pipe, 
through a special port at the bottom of the pipe I, 
Fig. 3. The cone G and its connecting tubes F and I 
are suspended from the springs H (one on each side of 
the cone) and are free to move round the point K, Fig. 4. 
It is therefore clear that the higher pressure actin 





through the water in the connecting-pipe D will ten 





£ 
% 


oS at Oe 


PRD A cece 


[ 







114 


ENGINEERING. 





[Jan. 28, 1910. 








THE 


CONSTRUCTED BY MESSRS. 








Fig.1. 
ARRANGEMENT OF THROTTLE 
FOR VERTICAL PIPE 








ARRANGEMENT OF THROTTLE FOR 
HORIZONTAL PIPE 


“SARCO” 


SANDERS, REHDERS, AND OO., 


























6'0 for Saturated Steam 
k-10'0" Superheated »—-—-»| 








CONSTRUCTION OF 
PORTS 












LIMITED, 





STEAM-RECORDER. 
ENGINEERS, LONDON. 


Wa 
























































ARRANGEMENT WHEN 
= Mis METER BELOW DISC 





to cause the mercury in the vessel E to flow out along 
the tube F into the cone G, causing the latter to sink. 
On the other hand, the slightly lower pressure from 
the other side of the disc A will, through the pipes J 
and I, act on the surface of the mercury in the cone 
and prevent the mercury from rising beyond a point 
depending on the difference between the pressures on 
the two sides of the dise ; this difference, of course, 
governing the position of the cone. These movements 
are recorded on a chart L bY means of the pen 
mechanism M operated through the levers N pele 
The chart is attached to a drum driven by clockwork, 
and arranged to revolve once in twenty-four hours. 
The chart is calibrated directly in pounds of steam per 
second, and the total consumption may be obtained 
by the aid of a planimeter. The charts, and throttle 
discs to correspond, are varied for different sizes of 
pipes, and are arranged so as to permit of the maximum 
flow of steam likely at the point in question to fall 
_Within the range provided. 

In case it should be desired to record the total flow of 
steam over a given period of t'me, an additional instru- 
ment is fitted to the apparatus. This is the integrator. 
or totaliser, which is shown in Figs. 3 and 6. It 
consists of a dise P, which is driven by a separate clock 
movement from that driving the drum carrying the chart 
before alluded to. In the front of this disc there is a 
friction mechanism Q, which is suspended from the pen- 
lever O, and is free to move up salt deen over the sur- 
face of the dise P, To this gear a friction-wheel R is 
attached, which is driven by the disc, and which, by 
means of a worm and worm-wheel, rotates the pointer 
S on the dial shown. According to the ition of 
the wheel R on the face of the disc, so the speed of 
the pointer will vary. The dial is calibrated in pounds 
of steam, and is read once in twenty-four hours. 

From what we have already said, however, it will 
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be clear that accurate results can only be obtained 
with this instrument, so far as it has been described, 
where a constant steam pressure has been maintained; 
where there are fluctuations in this pressure exceeding 
5 per cent., an automatic compensator or regulator 
has to be used. This regulator consists of an oil- 
chamber, which is shown at T, Fig. 3. It is a vessel 
in communication through small Teles with a piston 
U, the rod connected with which piston is attached 
to a strong spring V fixed to the segment lever W. 
When the regulator T is put under pressure of steam 
through the pipe X, the piston U is forced up. This 
causes the lever W to swing down, thereby moving the 
fulcrum of the pen-lever, which action automatically 
corrects the chart and the integrator readings. The 
pressure in the vessel T can regulated by the 
valve Y. Fig. 9 is an illustration of the instrument 
reproduced from a photograph. 








Factory AND WorksHop Actr.—The following order 
has been published in pursuance of Section 116 of the 
Factory and Workshop Act, 1901, and applies to non- 
textile factories and workshops which are shipbuilding 
yards so far as concerns the work of platers, riveters, 
and caulkers:—(1) For the purpose of enabling each 
worker who is paid by the piece to compute the total 
amount of wages payable to Sie in respect of his work, 
the occupier or contractor shall cause to be published 
| particulars of the work and rate of wages applicable 
thereto, as follows :—(a) He shal] furnish every worker 
with written particulars of the rate of wages applicable 
to the work done by him at or before the time of his first 
employment on the work, and on every subsequent 
occasion when the rates are fixed or altered ; or he shall 
exhibit such particulars on a placard in the factory or 
| workshop. Provided that if the rates are not ascertain- 
jable before the work is given out, the particulars shall 
| be furnished to the worker in writing when the work is 
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completed. (b) Such particulars of the work done as 
affect the amount of wages payable to each worker shall 
be furnished to him in writing when the work is com- 
pleted. (2) Where the work is done in common by «& 
gang of workers it shall be sufficient if the particulars of 
the work done by the gang, and of the rate of wages 
applicable thereto, are furnished to the member of the 
gang to whom the wages of the gang are paid by the 
employer. (3) The particulars, either as to rate of wages 
or as to work, shall not be expressed by means of sym- 
bols. (4) Any placard exhibited in pursuance of the 
foregoing provisions shall contain no other matter than 
particulars of rates of wages, and shall be affixed in such 
a position as to be easily read by all persons to whose 
work the particulars relate. (5) If the occupier or con- 
tractor fails to comply with the requirements of this 
Section, he shall be liable for each offence to a fine of not 
more than 10/., and, in the case of a second or subse- 
quent conviction within two years from the last convic- 
tion for that offence, not less than 1/. (6) If anyone 
engaged as a worker in any of the aforesaid class of 
work, having received such particulars, whether they are 
furnished directly to him or to a fellow workman, dis- 
closes the particulars for the purpose of divulging a trade 
secret, he shall be liable to a fine not exceeding 10/. (7) 
If anyone for the purpose of obtaining knowledge of, or 
divulging a trade secret, solicits or procures a person so 
engaged to disclose such particulars, or with that object 
pays or rewards any such person, or causes any person 
to be paid or eolines Ae for so disclosing such particulars, 
he shall be liable to a fine not exceeding 10. This Order 
comes into force on February 1, 1910. 





Srres ror THE Erection oF Factories. — Mr. T. H. 
Rendell, chief goods manager, Great Western Railway 
Paddington Station, W., writes to us saying he will be 
pleased to supply information concerning sites which are 
available in the vicinity of London, the West of England, 
the Midlands, and Wales, and are most suitable for the 
erection of factories. 
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THE SCOTTISH SHIP CANAL. 


Tue Scottish Ship Canal question is entering 
upon a new phase. The promoters have now the 
encouragement of a certain measure of approval by 
the Committee of Imperial Defence, the Admiralty, 
and the Royal Commission on Canals, given in 
their recently-issued final report. But this ap- 
proval is more or less contingent on public support, 
financial and otherwise, being forthcoming, so that 
those who have taken the initiative in this question 
of undoubted national importance have still a great 
task before them. Ther bare, however, the assur- 
ance that the country is intensely in earnest over 
the maintenance of sea supremacy at all costs. 
That is perhaps the most indisputable lesson of the 
election which is now drawing to a close, and we 
can go forward with some surety that, whatever 
party may be in power during the years to come, 
the needs of the Navy will be met without hesitancy 
and dubiety as to public approval of needful and 
carefully-expended cost. 

Mr. David Alan Stevenson, when he raises the 
question of the canal at the meeting of the Royal 
Scottish Society of Arts on Monday next, will 
thus be able to direct his attention to the issues as 
narrowed down by the Government pronouncements 
already referred to; and no one is better able to 
open the new campaign for the education of public 
opinion than Mr. Stevenson, because, since he made 
the survey of the route now approved, he has, in 
association with Admiral Sir Charles Campbell, 
collected much valuable data essential to such 
propagandist movement. He will not need to 
produce evidence as to whether a canal will be 
of strategic value. The Committee of Imperial 
Defence and the Admiralty have reported that a 
Forth and Clyde canal constructed to meet the 
requirements of the Admiralty ‘‘ would unques- 
tionably some strategical value.” This, it 
is true, does not err on the side of enthusiasm ; 








but it should ap some support. The Marquis of 
Graham, in an able article in the current issue of 
the Nineteenth Century, proves to be one of the 
doubters, contending very properly that in the 
event of a war with a European nation, when alone 
acanal would be strategically valuable, no fleet 
would be on our Atlantic Coast, so that the canal 
would not be a medium for the distribution of 
forces. The venue of probable warfare will be to 
the east or southward of these islands ; but that 
probability enhances the value of the great naval 
repairing establishments on the west seaboard, and 
especially on the Clyde and at Barrow. It is of im- 
portance therefore to have the easiest possible means 
of access to these works. After an engagement on 
the North Sea, less risk might be involved in 
making for the Forth than in passing through 
the Dover Straits to Portsmouth and Devonport, 
or evento the Tyne. The establishment of a base 
at Rosyth constitutes official recognition of this 
assumption. Repairing facilities are being pro- 
vided at Rosyth, but it would be costly to equip 
adequately this base, especially if the West Coast 
yards, with their great existing resources, could be 
readily made available. 

The Admiralty requirements are for a depth of 
waterway of 36 ft., with a width on the floor of the 
canal of 148 ft., and with locks 850 ft, long and 
110 ft. wide at the entrance, with a depth on the sill 
of 36 ft. To meet these conditions would, of course, 
add considerably to the cost of a canal suitable for 
merchant traffic. Moreover, as the Marquis of 
Graham points out, the entrances to the canal 
would require to be protected adequately. This, 
however, is a matter which is not altogether de- 
pendent on the canal. The Clyde, Barrow, and 
other points ought to have defences to meet all 
contingencies, irrespective of the existence of a 
canal, if for no other reason than that the naval 
construction establishments would be doubly valu- 
able as national assets during war, since repairing 
work must be undertaken extensively, whether the 
ships are sent thither or remain at naval yards. 
Such defensive works, therefore, cannot be debited 
to the cost account of the canal. As to the 
Government’s indebtedness, there is the question 
of subsidising what would undoubtedly be, ipso 
facto, an important addition to our defence re- 
sources, in addition to the increased cost involved 
by the greater dimensions. These two considera- 
tions are no doubt recognised by the Admiralty. 
The Government, however, have now made it clear 
that the strategic value of the canal would not be 
sufficient ‘‘ to warrant any considerable expenditure 
from Government funds, or such liability as a 
guarantee of interest on the total cost of construc- 
tion as estimated.” ‘*‘Some Government aid ”’ is, 
however, promised in the event of the canal being 
constructed for commercial purposes, provided the 
Admiralty requirements are met, in order to 
enable battleships to pass through the canal. The 
promoters, however, have a right to a more precise 
definition of what ‘*‘ some Government aid ” means, 
as promised by the Committee of Imperial Defence 
and the Admiralty. Although no definite estimates 
of the cost of the canal one formulated without 
a thoroughly detailed survey, sufficient is known of 
the probable cost to justify the Government in 
indicating to the promoters the proportion of the 
total cost which they are prepared to pay. The 
whole burden of inducing the public to provide 
the capital should not be thrown on the pro- 
moters without this precise indication of the extent 
of Government help. 

But even were such helpful declaration made, 
the task of the promoters must still be a difficult 
one. As the Marquis of Graham remarks, it is 
never a pleasant task to freeze an inventor’s en- 
thusiasm, but cold criticism is the crystal through 
which the real future can alone be told. We are 
not disposed, however, to agree with his doubts as 
to the estimates of cost. The engineers responsible 
for the survey, and for the statement that a canal 
with 36 ft. depth of water can be cut for 20 millions 
sterling, may be accepted in view of their high 
repute. This estimate, however, is for a canal 
100 ft. wide on the floor, instead of 148 ft. as required 
by the Admiralty. But the Government presumably 
would pay the difference in cost due to the greater 
width, since it is to be made to meet conditions 
laid down for warship traffic. But we admit that 
Lord Graham makes a good point when he refers 
to the superiority from the point of view of pos- 
sible traffic of the Suez Canal, the Panama Canal, 
and the Kiel Canal, and by contrast to the de- 
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pressing results of the Manchester and the Corinth 
Canals. The whole issue now turns on the possibili- 
ties of commercial traffic, and, as in all such under- 
takings, there is room for considerable variation in 
opinion. When we reviewed the different schemes 
some months ago (see ENGINEERING, vol. ]xxxvii., 
vage 564), we gave data as to the saving in distance 
by the use of the canal on various voyages between 
certain ports. These showed that for coastwise traffic 
the reduction in distance from Liverpool or Glasgow 
to harbours south of the Firth of Forth on the 
coast of Scotland and England would be nearly 400 
miles, to ports beyond the Skager Rack 240 miles, 
and from northern ports of Europe to Cape Finis- 
terre 175 miles. Most ships which now take the 
‘*north-about”’ passage might go by the canal ; they 
number 5000 vessels, of about 4 million tons. These 
and other facts suggested to Mr. Stevenson the 
view that there was already available traffic for the 
canal equal to from 5 to 7 million tons per annum, 
which at a net revenue of Is. 6d. per ton would 
yield sufticient to pay 2 to 24 per cent. on the esti- 
mated cost. Is this sufficient, or is there prospect 
of greater traffic / 

The controversy as to alternative routes has 
probably been ended by the Government pro- 
nouncement in favour of the Loch Lomond route, 
which is also approved by the Canal Commis- 
sion. We reviewed, in our previous article in 
April last, the physical features of the two 
routes, as well as that by the Caledonian Canal, 
which is not accepted by the authorities. The 
Forth and Clyde or sere rejected was for a deepen- 
ing of the existing canal from Grangemouth to a 
point on the Clyde, in one case three, and in another 
ten, miles or so below Glasgow. The other scheme 
was fora new canal through the Forth and Strathen- 
drick valleys to Loch Lomond, on which vessels 
would steam to Tarbet, where a 1}-mile cut would 
enable them to pass to Loch Long, one of the arms 
of the Firth of Clyde. The total distance from the 
Forth to the Firth of Clyde by this route would be 
68} statute miles, of which 28} miles is by the lochs, 
leaving only 40 miles of cutting, with only two 
short lengths of deep excavation through existing 
elevations, and with locks only at the two ends— 
on the Forth and Loch Lomond. The other route 
is only 560} miles between the same terminal 

ints, but the greater height of the watershed 
involves several locks. In addition to being shorter, 
this route passes through an industrial and coal- 
mining district which might yield much traftic. 
Moreover, it would be of more advantage to the 
commerce of Glasgow. Mr. C. P. Hogg, the presi- 
dent of the Institution of Shipbuilders and Engi- 
neers in Scotland, and an experienced engineer, 
estimates the cost of such a canal 30 ft. deep as ten 
millions, although Mr. Stevenson put the cost in 
this case also at twenty millions. The Committee 
of Imperial Defence and the Admiralty seem to 
settle the question by reporting that ‘‘the route 
through Loch Lomond and Loch Long is the only 
one which satisfies naval requirements.” 

The problem therefore is narrowed down to one 
of finance and public support, which of itself is 
almost an insurmountable difficulty. The Canal 
Commission have not vouchsafed much assist- 
ance, their only recommendation being that the 
Scottish and shipping interests, which would be 
commercially benefited by such a canal, should 
consider, with the promoters of the Loch Lomond 
scheme, whether finds can be raised for carry- 
ing the project into effect, and that if there 
should prove to be any prospect of: sufficient 
capital being forthcoming, with such aid as the 
Government may be prepared to offer, the probable 
amount of such Government aid should be ascer- 
tained with a view to carrying the scheme into 
execution. Mr. David Alan Stevenson begins anew 

“the process of ioe education next Monday, and 
we wish him and the other promoters every success. 








PHOTOGRAPHIC SURVEYING FROM 
BALLOONS. 

Tue rapid development of photographic survey- 
ing on the one side, and of flying machinery of 
various kinds on the other, draws attention to the 
advantages of eng me surveying from balloons, 
using this term to denote all appliances which 
move through the air or are held in it. Little has 
been accomplished so far. Geodetically three 
systems may be distinguished. When separate 


photographs are taken at intervals, the direction of 
the optical axis of the instrument must be deter- 





mined in each case. That will be necessary when 
the instruments are attached to captive balloons or 
to kites, which are always swaying to and fro in 
the air. When two photographs are taken simul- 
taneously at the end of a base of sufficient length, 
we obtain real bird’s-eye views, which can be com- 
bined in a stereo-comparator. The length of the 
base should at least be 5 yards; but that is an 
awkward length for a balloon-cage, except with 
rigid airships of the Zeppelin type, which would, 
indeed, permit of the application of much longer 
bases. 

The third system is that of the panorama view. 
Such a system has been worked out by an Austrian 
officer, Captain Scheimpflug, of Vienna, who re- 
cently lectured on his experiments, which have been 
going on for years, before the Physical Society of 
Frankfort-on-the-Main. An abstract of the lecture 
was published in the Wocken-Rundschau in connec- 
tion with the Internationale Luftschiffarts-Austel- 
lung (I.L.A.), held at Frankfort last summer. 
Captain Scheimpflug works with a special camera 
and other elaborate photographic apparatus of his 
own design; but he would appear to be able to 
complete a survey with a small staff and in a very 
much shorter time, and therefore at much smaller 
expense, than can be realised with the customary 
instruments. 

His panorama camera consists of a central camera 
with a horizontal plate and seven inclined lateral 
cameras surrounding the former. The cameras are 
rigidly connected with one another and the shutters 
released simultaneously, so that a very large field — 
he spoke of taking in an angle of 140 deg.—is 
secured. The first thing to be done is to produce 
horizontal projections of the inclined negatives. 
This is accomplished in a special apparatus, and 
the resulting panorama views show a central hep- 
tagon surrounded by seven other trapezoidal photo- 
graphic sheets ; the whole resembles a polygon star 
with seven arms, the broad bases of the trapezoids 
lying outward. The diameter of the circle of 
country represented by this polygon will be about 
five times the height at which the balloon and the 
camera were situated at the moment of exposure. 
In other words, a camera 500 metres above the 
earth will take in 5 square kilometres, or nearly 
2 square miles, and so on. 

In flying over the ground, the surveyor takes 
photographs at rapid intervals. Thus his photo- 
graphs will overlap, and it is desirable that they 
overlap by more than half. The nadirs of succes- 
sive photographs will be discernible on the same 
plate, therefore ; but it will mostly be easy to fix 
the positions of these nadirs—i.e., the point just 
underneath the centre of the central camera—on 
every picture with fair accuracy. If nadir A is in 
the centre of the first photograph, and nadirs B 
and C are further to the right, then B will be in 
the centre of the second photograph, and C in the 
centre of the third, and the picture can be oriented 
with the aid of the lines joining those points A, B, C. 
This orientation would be rigorously correct if the 
nadirs could exactly be determined. That is net 
possible, and the central camera may, moreover, 
not have been quite horizontal at the moment of 
exposure, so that the angles measured on the 
panorama view may not rigorously be equal to the 
angles, as measured by the surveyor below. 

n order to obtain a higher degree of accuracy, 
as large a number as — of reference points, pro- 
minent objects in the landscape, common to three, 
more or less overlapping panoramic views, are 
selected. There may be ten or twenty of these 
reference points. They are numbered ; pieces of 
tracing-paper are placed over the views, and lines 
are drawn on the paper from the nadirs to the 
respective points of reference. Thus sets of three 
rays, diverging from the nadirs and from the points 
of reference, are obtained. These pieces of paper 
are then oriented with the aid of the nadirs and 
superposed, without any regard to the scale, which 
is still unknown. For the polygons will be similar 
to one another, but not equal in area, as the balloon 
may have changed its level in the interval between 
successive exposures. The superposition will, in 

eneral, show that the views do not quite coincide, 

ut that certain triangles of error are left. As a 
rule, these triangles will have small areas, and co- 
incidence may be secured with the aid of a slight 
shifting of the three sheets. If not, the one or 
other of the nadirs will have to be redetermined 
with all possible accuracy, and the same process 
gone through. Usually, however, three and more 
views can be oriented in this way. If it be possible 





afterwards to fit them into some triangulation net, 
the scale of the photograph will be known. 

The points of reference further admit of deter- 
mining the momentary difference in height between 
a point of reference and the position of the balloon 
with regard to each of the three plates ; that is to 
say, the actual differences between the levels of 
the balloon at the three moments of exposure. If 
this graphical determination is repeated with 
several points of reference, the balloon level can 
be fixed with sufficient accuracy. This done, the 
level differences of the several points of reference 
in the landscape can finally be ascertained. For 
any point of reference, which is not situated on the 
plane of the picture, will appear displaced, when 
seen obliquely from above, according to the height 
to which it rises above the plane, and certain pro- 
portionalities will reveal that height. This opera- 
tion is performed with the aid of another apparatus 
—the zone transformer. 

The final result is a photographic map of the 
country as seen from above, on which the heights of 
prominent points will be marked, all originally on 
a small scale, which can, of course, be magnified. 
Captain Scheimpflug exhibited a good many of 
his photographs at the meeting of the Physical 
Society of Frankfort, and had, indeed, shown 
them on previous occasions. The apparatus is 
certainly expensive, and the method elaborate. 
On the other hand, the same outfit will serve 
for many surveys, and supposing airships to be 
built for other purposes, their utilisation for survey 
work would not cause great extra expense, and would 
not interfere with the other objects aimed at. 
Captain Scheimpflug concluded his lecture with 
giving estimates of the surveying of German South- 
West Africa, a territory nearly three times the size 
of the United Kingdom. A plane-table survey by 
a hundred topographers, on the scale of 1 : 25,000, 
he thought, would occupy 150 years or more and 
cost, at the lowest, ten million pounds. . With the 
aid of his system, a dirigible, e.g., of the Parseval 
type—rigid balloons are not required—kept at an 
elevation of about 1000 metres, the mapping on a 
scale of 1: 10,000 might be accomplished in fifteen 
years, at the expenditure of two million pounds ; 
with a larger balloon (capacity about 6600 cubic 
metres), floating at the 2000-metre level, the survey 
on a scale of 1 : 20,000 could be accomplished in 
five-and-a-half years, at a cost of less than three- 
quarter million pounds. A survey by means of ten 
captive balloons would be intermediate between the 
two first-mentioned estimates. These figures are 
probably somewhat optimistic. It is, however, 
more and more recognised that the photographic 
survey affords the best means of systematically fol- 
lowing up slow changes in the contour of the land, 
and that it will therefore receive more general 
attention. There may be a field for photographic 
survey from airships, on special occasions, as well 
as for systematic work in the Colonies. 








LIGHT REACTIONS AT LOW 
TEMPERATURES. 

Last Friday Sir James Dewar, F.R.S., opened 
this season of Friday evening discourses at the 
Royal Institution by a lecture on ‘‘ Light Reactions 
at Low Temperatures.” The physiological action 
of light, he stated in his introduction, had been the 
subject of his first Friday discourse. It had then 
appeared that low temperature research would not 
add anything to our knowledge of physiological 
problems. Later researches conducted by himself, 
in conjunction with Professors McKendrick and 
Macfadyen and other physiologists, and by others, 
had established that mere cold did not stop putre- 
faction, that seeds could be kept for six hours in 
liquid hydrogen without losing their vitality, and 
that bacilli were not killed by being exposed to 
warmth and extreme cold for weeks. he final 
result of these experiments was that mere cold 
and mere oscillation between the temperatures of 
freezing water and of liquid air and hydrogen 
did not kill organic germs ; yet it had been thought 
that chemical reactions could not go on at the 
lowest temperatures obtainable. In his recent 
experiments he had had the assistance of Mr. 
Henry Crookes, son of Sir William Crookes, and 
they had found certain phosphorescent bacteria we!l 
adapted for physiological research, because these 
organisms were luminous as long as living. 

When the action of light was to be studicd, 
Professor Dewar proceeded, care had to be taken 
that the light radiation did not produce local heat- 
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ing, and that was often very difficult to prevent. 
That light rays could call forth decomposition was 
demonstrated with the aid of vapours of periodic 
acid ; the greenish vapours were transformed into 
a thick mist by a beam of light. In order to show 
that colour changes with temperature, the lecturer 
dipped a piece of cardboard, coated with the bright 
red iodide of mercury, into liquid air ; the colour 
at once changed into yellow. Such changes in the 
absorption of light with temperature were not rare, 
he said, but not always so marked. Returning to 
phosphorescence again, Professor Dewar showed that 
solid paraffin became phosphorescent when exposed 
to light while kept in liquid air. Gelatin also turned 
phospkorescent under these circumstances for a 
short time, and this was characteristic of albumi- 
noids ; ivory displayed a greenish phosphorescence. 
The white of egg, solidified by pouring liquid air on 
it, displayed a beautiful blue phosphorescence, which 
was more lasting. Buchner’s zymase—the brownish 
substance of the interior of the yeast cell, a liquid 
capable of fermentation, isolated by mechanical de- 
struction of the membranc—showed the same phos- 
phoreseence. Again, glycerin, a body not containing 
nitrogen like the albuminoids, phosphoresced, but 
only when solidfied by pouring liquid air on it. 

The substances just mentioned showed no 
phosphorescence at ordinary temperature. It was 
well known, on the other hand, that calcium sul- 
phide was phosphorescent after having been ex- 
posed to light at ordinary temperature. This 
phosphorescence vanished when the body—a star 
coated with sulphide was used in the demonstration 
—was floated on liquid air. But the phosphores- 
cence reappeared as the sulphide turned warm 
again, when moved to and fro in the air. The 
question was now: Would calcium sulphide take 
in the light radiations (which would afterwards 
enable it to phosphoresce) when very cold? In this 
case the above-mentioned exclusion of heat rays was 
essential. The star was placed on aluminium, there- 
fore, and floated on liquid air, while temporarily ex- 
posed to an electric lamp, As long as it remained cold, 
no phosphorescence was observed ; but it became 
perceptible again when the star turned warm once 
more, and this was noticed even when the star had 
been cooled for 24 hours. In the calcium sulphide 
the presence of oxygen made no difference ; but 
when living organisms were studied, which grew 
in oxygen, the air had to be excluded, and that 
again was very difficult, since a film of mois- 
ture and air at once condensed on the cold sub- 
stance. That the ordinary photographic darkening 
of sensitised paper was prevented by cold, Sir James 
demonstrated by cooling the central portion of a 
plate which was exposed to light; that portion re- 
mained white. 

There was another point to be considered in 
connection with oxygen, the lecturer continued. 
Oxygen absorbed the ultra-violet rays completely, 
and gave, indeed, absorption bands all over the 
spectrum. These bands were demonstrated, and 
it was also shown that a flask filled with liquid 
oxygen was quite transparent to heat rays; the 
flask acted like a lens, in fact, when placed in front 
of a lantern; a piece of black paper held beyond 
it caught fire. The flaring up was more rapid still 
in the case of a flask filled with liquid nitrogen, 
which displayed no absorption bands ; 7 per cent. 
of oxygen was sufticient to absorb all the ultra- 
violet rays even in a thin stratum. Liquid sulphur 
behaved like oxygen as to absorption, and silver 
chloride, gelatine, and zymase all absorbed the 
ultra - violet. Absorption spectra of many sub- 
stances were thrown on the screen. 

‘or experiments with ultra-violet rays, Sir James 
went on, quartz mercury lamps were most suitable; 
but they were apt to break down suddenly after 
weeks of working, and he had therefore to use arc- 
lamps in his demonstration. Moissan, when first 
liquefying fluorine, had believed that the liquid 
fluorine would still be chemically active, and it had 
proved so much so that the whole apparatus had 
been shattered when the fluorine was brought in 
contact with liquid hydrogen. After this experi- 
ment Sir James had resumed his endeavours to 
study the photo-electric effects in Grove cells, in 
which one of two electrodes (silver-covered with a 
film of chloride by exposure to chlorine vapours) 
had heen illuminated. He had then tried whether 
the photo-electric currents could be observed in 
alcohol which could be cooled to —114 deg. Cent. 
before freezing; these currents were no longer 
observed, however, when the temperature was 
lowered to — 80 deg. Cent. 





For this reason he had chiefly studied the effect 
on luminous organisms and other bacilli. When a 
plate culture was to be exposed to cold and light, 
the plate had to be provided with a metal case, in 
which it could be floated on the liquid air, and the 
light to be admitted through a quartz cup filled with 
water, which would absorb the heat rays. Indirect 
oxidation by ozone, hydrogen peroxide, and nitro- 
gen oxides, which would kill the organisms before 
the cold could act, was not to be feared under these 
conditions, because these compounds would be ab- 
sorbed by the liquid air. The plate could also be 
a within a quartz jacket containing liquid air. 

‘he luminosity would in such experiments be im- 
perceptible as long as the cold was intense, but 
reappear afterwards, as was demonstrated simply 
by pouring liquid air on a gelatine culture. The 
nature of the metal forming the pan or vessel was 
not unimportant. This feature has been tested by 
placing small pieces of different metals on the 
luminous culture. Zinc killed the organisms and 
became surrounded by a dark zone, outside which the 
luminosity remained unimpaired. Copper, alumi- 
nium, silver, and mercury, especially the last, were 
also injurious; silver chloride was very deadly; gold, 
on the other hand, had no effect, and on sulphur the 
organisms seemed actually to thrive. Oxygen 
revived apparently dead cultures; an emulsion 
containing some of these organisms, dark to start 
with, became luminous when oxygen was bubbled 
through it. These luminosities were very per- 
sistent, though dormant. Professor Dewar opened 
several sealed, apparently empty bulbs, which did 
not emit any light, but turned faintly luminous, 
when the sealed end was broken and air gained 
access to the traces of bacilli inside. 

By another experiment Professor Dewar proved 
that ozone is formed when light falls on liquid 
oxygen. The exposed liquid was poured into a 
beaker ; as the liquid became warm, the ozone 
evaporated, and iodine starch paper suspended 
in the beaker turned blue.* This chemical action 
took place, he said, at very low temperatures, and 
the action was energetic; for the conversion of 
oxygen into ozone required a considerable amount of 
energy. This experiment was more convincing 
and less ambiguous than photographic experiments 
would be ; for in their case it was necessary after- 
wards to develop at ordinary temperature, and the 
reactions of developing were not fully understood. 
More striking still was another experiment, which 
Professor Dewar did not perform, as it was too dan- 
gerous: When solid oxygen snow was dipped into 
liquid hydrogen and exposed to the radiation of a 
quartz lamp, the solid oxygen was found to contain 
ozone after the hydrogen had evaporated. Chemical 
reactions, he added, must also take place in the 
solid albuminoids of frozen organisms, though it 
was extraordinary to have to assume that the solid 
could be broken up and yet remain living, capable 
of quick revival. To sum up, the lecturer con- 
cluded, we certainly had a low-temperature che- 
mistry which remained to be worked out. 








THE TREATMENT OF WATER ANTE- 
CEDENT TO FILTRATION. 
By Water Ciemence, M.I. Mech. E. 


In the year 1829 an experimental plant for the 
purification of the tidal waters of the Thames for 
domtstic supply was constructed by Mr. James 
Simpson, engineer to the Chelsea Water Company, 
and afterwards President of the Institution of 
Civil Engineers (1854-55). The apparatus consisted 
of decanting-basins in duplicate and a sand filter of 
about the same area as each of the settling-tanks. 
The drawing (Figs. 1 to 5, page 119) is taken from 
the original plan signed by Mr. Simpson, which is 
in the possession of Messrs. James Simpson and Co., 
Limited, of London and Newark. Unfortunately, 
no records exist as to the working of the filter. 
Modern methods of chemical analysis were, of 
course, unknown at the time when the experiments 
were made, and the science of bacteriology was un- 
heard of for many years afterwards. It is certain, 
however, that the improvement in the physical 
character of the water was satisfactory, as the 
Chelsea company at once adopted the system for 
the whole of their supply, and what is known as 
the slow sand filter was soon in use in all parts of 
the world, and is still recognised as the safest 
method of purification of river and other waters. 

* Franz Fischer has prepared ozone by the action of 
ultra-violet light on liquid air. 





From the scale attached to the original drawing 
of Simpson’s plant the following figures have been 
obtained :— 

Area of decanting-basins at top water-level, 840 
square feet. 

Maximum depth, 3 ft. 3 in. 

Contents when full, 12,600 gallons. 

Assuming that the water was drawn to within 
1 ft. of the bottom, and that the basins were in 
use alternately, one being filled at each tide, the 
volume of water drawn from each basin in twelve 
hours would be 10,000 gallons. 

The sand area of the filter was 1000 square feet, 
which gives a rate of filtration of 20 gallons per 
square foot per twenty-four hours. The depth of 
water on the filter was 15 in., and the filter-bed 
consisted of a layer of 2 ft. of sand resting on o 
bed of gravel 2 ft. thick, in which the collecting- 
drains were constructed. These drains were of 
brick, the main drain (Fig. 3) being 14 in. wide 
and {) in. deep, while the three cross-drains (Fig. 4) 
were 9 in. wide and 9 in. deep. Air-pipes were 
fitted to either end of the cross-drains and carried 
up above the level of the banks of the filter. 

In his well-known work on ‘‘ The Filtration of 
Public Water Supplies,” Mr. Allen Hazen refers 
to this plant as having been ‘‘ apparently intended 
to remove dirt from the water in imitation of 
natural processes and without any very clear con- 
ception of either the exact extent of purification or 
the way in which it was to be accomplished.” An 
examination of the plans, however, will show at 
once that the details had been carefully considered, 
and it is a remarkable fact that the proportions of 
the plant are such as would be commana’ good 
practice even at the present day for dealing with 
such water as Mr. Simpson had to purify, while the 
slow speed, which was apparently adopted, would 
give an effluent which would satisfy the most exact- 
ing requirements of modern science. 

It will be noted that Mr. Simpson had recognised 
the fact that in dealing with river water containing 
a large quantity of suspended matter, some treat- 
ment of the water antecedent to filtration is neces- 
sary, and for many years after he had demonstrated 
the a of rendering polluted waters safe for 
potable purposes, his system of constructing reser- 
voirs, in which the heavier suspended matters were 
removed from the water by subsidence during a 
period of 12 to 24 hours, was generally followed. 
For an average river water the area of the decant- 
ing-basins is usually about double that.of the sand 
filters, and the time allowed for Uecantation 
24 hours, after which the water is drawn off from 
near the surface of the reservoirs by means of a 
floating pipe, through which it passes to the sand 
filters. The process of decantation may be accele- 
rated by the use of various chemicals, sulphate of 
alumina being that most commonly employed. 
This acts as a coagulant, and by more rapidly pre- 
cipitating the suspended matters reduces the area 
necessary for the decanting-basins. 

A variation of Simpson’s method in the opposite 
direction consists in the construction of large sub- 
siding reservoirs containing from twenty to forty 
days’ supply, so that the pumping of water from 
the river in times of excessive turbidity may be 
avoided. 

The system of double filtration through sand was 
adopted many years ago by Mr. Halbertsma, at 
Schiedam, for treating the tidal waters of the 
River Maas, the second filters consisting of beds of 
very fine dune sand, which is easily obtained in the 
locality. More recently the method of multiple 
filtration was invented and patented by M. Armand 
Puech, and has been brought to such perfection by 
Messrs. Puech and Chabal that it is now in use in 
all the more important cities in Europe having river 
water supplies, the aggregate population of the 
towns where the system is in use being 9,644,000. 

Since the perfecting of the methods of chemical 
analysis of water by Frankland and Wanklyn, and 
of bacteriological examination by Pasteur, Tyndall, 
and Koch, .it has been recognised that the beneficial 
action of a sand filter takes place entirely on the 
surface of the sand, and that the removal of an ex- 
tremely thin layer of sand from the surface renders 
the filter useless for the time being. Therefore, 
before describing in detail the various processes of 
treating river water before filtration, it is neces- 
sary to consider what is the action of a sand filter 
in regard to the physical, chemical, and bacterio- 
logical purification of water, and to discuss the 
reasons which undoubtedly render necessary some 
treatment of the water antecedent to its final 
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purification by means of the sand filter, if such 
purification is to render the water suitable in all 
ee wae for potable purposes. 

lomposition of the Filtering Film.—It is now a 
generally accepted fact that the passage of a polluted 
water through what is known as a “ripe ”’ filter at 
a speed not exceeding 10 centimetres (4 in.) vertical 
fall per hour (50 gallons per square foot per 24 hours) 
will effect the total elimination of free ammonia, 
reduce the albuminoid ammonia by 70 per cent., 
and other organic matters by 40 per cent., and 
reduce the number of microbes by more than 99 per 
cent.; but it is also known that this result is not 
produced by the straining action of the sand alone. 
The action of the filter is, at first, very imperfect, 
and the effluent, though physically clear, is chemi- 
cally and bacteriologically unfit for domestic supply. 
Even when the speed of the filter is reduced to 2 in. 
per hour, the water, after passing through a layer 
of fine sand 3 ft. in thickness, frequently contains 
many thousands of bacteria per cubic centimetre, 
and an excessive amount of other impurities. The 
character of the effluent gradually improves, how- 
ever, until in a period of from 24 hours to three 
days, according to the amount of clarification 
effected by previous treatment of the water, the 
required standard of purification is reached, and 
is maintained unless the surface of the sand is dis- 
turbed in any way; in other words the filter is 
ripe. The slightest disturbance of the surface, 
however, is immediately followed by an increase in 
the number of bacteria in the effluent, while after 
cleaning a filter by scraping off the top layer of sand 
to a depth of 4 in. or less, the same process of 
ripening must be gone through before the filtrate 
can be used for the supply. As showing how ex- 
tremely sensitive the filter is to the least injury to 
the surface of the sand, Dr. Kemna* has recorded 
that at the Antwerp Water Works, where the 
effluent from each filter is examined daily at the 
laboratory on the works at Waelheim, and also at 
Antwerp, a sudden irregularity in the working of 
some of the filters was found to have been caused 
by sticklebacks forming holes in the surface of the 
sand. The fish had gained access to the filters 
through the temporary removal of gauze screens 
usually employed to keep them out. 

In order to prove that the purifying action of the 
filter is confined to the surface of the sand, it is 
necessary to assume for the moment that a film or 
membrane is formed there after the passage of a 
certain volume of water, and that the efficient 
working of the filter depends on the preservation of 
this film from disturbance. 

Many eminent scientists have endeavoured to 
prove by experiment that the bacterial action of the 
filter is not confined to the surface of the sand, but 
that the elimination of bacteria is progressive, from 
the surface downwards. Samples of water have 
been taken by means of tubes inserted in the sand- 
bed, with the ends of the tubes at varying depths 
from the surface, and an examination of the samples 
invariably shows that the number of bacteria 
diminishes rapidly with each inch of depth of sand, 
until, at a depth of 1 ft., the number equals that 
in the effluent. Chemical analyses of samples 
taken in a similar manner show in the same way 
that the purification progresses with the depth of 
sand through which the water has passed. Now, 
without questioning for a moment the accuracy of the 
results of the chemical and bacteriological examina- 
tion of samples of water so obtained, it may well be 
questioned whether the samples collected in this 
manner are at all representative of the character of 
the water in its passage through the sand under 
normal conditions. It is known that if the speed of 
a sand filter is increased much beyond the usual 
standard of 4 in. to 6 in. per hour, the results are 
unsatisfactory, and experience has shown that the 
~ slightest disturbance of the surface film at any one 
a will affect the character of the effluent. 

‘urther, it is practically impossible to draw 

samples by means of tubes inserted in the sand 
without disturbing the delicate surface film, or 
causing an irregularity in the flow of the water 
through the layer of sand between the mouth of 
the sample tube and the surface. 

Reasoning from the observations of the practical 
working of sand filters on a large scale, it may be 
asked what becomes of the bacteria which the 
upper layers of sand, but, according to 4 rete 
experiments, are retained at varying depths in the 
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sand? Also, what becomes of the various organic 
matters in solution, which, according to the same 
experiments, are retained not on the surface but 
throughout the whole layer of sand ? 

When a filter becomes clogged it is usual to 
remove about 4 in. only of the soiled sand on the 
surface. It is then found that the remainder of 
the bed is perfectly clean, and experiment has 
not discovered any substance proving an accu- 
mulation of bacteria, or of separated organic or 
mineral matters, in the bulk of the sand below the 
surface. On the other hand, numberless laboratory 
tests of the effluent from large sand filters have 
shown that the first results of working are the same 
after each scraping of the surface, and that the mass 
of sand alone is insufticient to retain the bacteria 

resentin the water. After the lapse of some hours 
it is found that organic and mineral matters in solu- 
tion, as well as bacteria, are removed by the pas- 
sage of the water through the filter, and a micro- 
scopical examination of the surface of the sand 
shows that for a depth of about } in., and rarely 
more, the grains of sand have become coated with 
a brownish substance, to which the name of zoog- 
lea jelly has been given. This is probably com- 
posed of bacteria and organic and mineral matters 
In apparent solution in the water, but really in 
suspension in the form of colloids, which by the 
mechanical straining action of fine sand are retained 
on the surface, and form the true filtering medium 
by which the purification of the water is effected. 
From observations on the actual working of filters, 
supplied with water which has been so treated before 
filtration that all visible matters in suspension have 
been removed, it would appear that an accumula- 
tion of this zooglea jelly for prolonged periods 
offers little or no resistance to the passage of the 
water, and the ‘‘loss of head”’ shows only a slight 
increase even when the filters have been working 
for over twelve months. 

It has frequently been stated by writers on the 
subject that the filtering layer is formed of fine 
particles of mineral matter, together with a felt of 
alge and other organisms, and it has even been 
claimed that certain microscopic organisms may be 
distinguished as giving better results as a filtering 
medium than others. In many works on water 
purification, illustrations are given of various or- 
ganisms found in the material scraped from the 
surface of a sand filter in cleaning. An elemen- 
tary knowledge of biology will show that a large 
number of these microscopic plants and animal- 
cule would not have been found on the surface 
of the sand while the filter was at work, as they 
belong to the ‘‘ plankton,” or free floating or- 
ganisms which would be distributed through the 
whole mass of the water on the filter. Certain 
diatoms and some filamentous alge do accumulate 
on the sand, but their presence is made evident 
by an increase in the ‘‘ loss of head” on the filter 
without any corresponding increase in bacterial 
efticiency. In other words, such organisms merely 
retard the working of the filter by blocking the 
surface. 

There is no direct evidence tending to show 
that the efficiency of a filter is in any way increased 
by the accumulation on the surface of the sand of 
a mass of animal or vegetable organisms while it is 
certain that the output of a filter is decreased by 
such accumulation, and recent observations of 
the working of filters supplied with water from 
which algze infusoria, &c., have been removed by 
previous treatment, show that the bacteriological 
purification is more efficient and regular than that 
with filters on which a ‘‘ felt” of microscopic plants 
and animalculz is allowed to accumulate. 

The maximum efficiency of a sand filter is 
usually reached in about 24 hours, when the loss 
of head is slight and is entirely accounted for by the 
friction of the water in its passage through the sand. 
An examination of the surface of the filter at this 
period will show that practically the only visible accu- 
mulation on the sand consists of the zooglea jelly 
referred to, yet the filter has attained its maximum 
efficiency. Under the most favourable circum- 
stances the spores of algze will commence to develop 
in about twenty-four hours after their formation, 
and the multiplication of these plants is then so 
exceedingly rapid that it has been found that 
filters supplied with apparently clear water, which 
has been stored for prolonged periods, may become 
blocked in a few days through the abnormal accu- 
mulation in highly artificial conditions of certain 
species of algee. Another cause of the blocking of 
sand filters is, of course, the accumulation of fine 





particles of mineral substance in suspension in water 
which has not been sufficiently purified of such 
matters before being passed on to the filters. 

All investigations in recent years into the com- 
plex problem of the working of sand filters tend to 
show that impure waters contain in apparent solu- 
tion all the materials necessary for the forma 
tion of the actual filtering medium—the zooglea 
jelly referred to—which readily forms on the sur- 
face of the sand through which the water is passed, 
and which sses the power of removing from 
the water all germs of disease and so much of other 
matter which would be injurious to human life, 
that even a grossly polluted water may be rendered 
perfectly safe for potable purposes by means of 
filtration carried out on scientific lines. 

The same investigations show that the accumula- 
tion of mud and other matters found in suspension 
in river waters, and also a growth of alge on the 
surface of the sand, add nothing to the efficiency of 
the filter, but, on the contrary, retard its working 
by obstructing the passage of the water, eventually 
completely blocking the filter and rendering neces- 
sary the removal of the surface layer of sand. 

Treatment of Water Antecedent to Filtration.—It 
thus follows that the efficiency of a sand filter, and 
the length of time during which it may be worked, 
depend to a large extent on the amount of previous 
purification which the water has undergone, and the 
methods of treatment antecedent to filtration may 
now be considered. 

Decantation..—The best known method of getting 
rid of the heavier matters in suspension in river 
waters is that adopted by Simpson himself, the em- 
ployment of decanting reservoirs or settling ponds, 
where the raw water is allowed to rest without dis- 
turbance for a considerable period. Such ponds 
are usually about twice the area of the sand filters 
which they supply, and some hours are allowed to 
elapse between the admission of the water to the 
pond and its passage to the sand filters. A common 
method employed to draw off the water is by means 
of a floating-pipe, the mouth of which is kept about 
12 in, or 18 in. below the surface of the water so 
as to avoid drawing leaves and floating scum into 
the pipe. The clarification of the water caused by 
the settlement of the suspended matters by the 
action of gravitation is often assisted, as already 
stated, by the employment of some chemical as a 
coagulant. Common alum in the form of sulphate 
of alumina is the agent usually employed. The 
alum is decomposed by the carbonates present in 
the water and is precipitated as aluminium hydrate 
in flakes, which entangle much of the a 
matters and bring about a more rapid clarification 
of the water than would otherwise be the case. 
These decanting reservoirs are still largely em- 
ployed in filtration works, and they undoubtedly 
effect a certain degree of purification. The objec- 
tions to their use are threefold. 1. They occupy 
a very large area of ground, and are costly to con- 
struct and maintain. 2. The use of sulphate of 
alumina adds about 2 deg. of hardness to the water, 
which, in some cases, would be a serious objection, 
while the employment of this, or any other chemical, 
is costly. 3. It is impossible to remove the accu- 
mulation of mud and other impurities except at 
long intervals and at great expense. Usually one- 
third of the total depth of the decanting reservoir 
must be left for the accumulation of the deposit, 
and the septic action of large quantities of mud and 
ictal organic matter removed from the 
water, but collected at the bottom of the reservoir 
through which the whole supply must be passed, 
has a constantly increasing deleterious effect on the 
chemical character of the water, so that with a 
plant of this nature constant results in the character 
of the final effluent from the sand filters cannot be 
obtained. : 

Prolonged Storage.—The system of employing 
storage reservoirs of relatively enormous capacity 
for the treatment of river waters antecedent {o fil- 
tration is one that has of late years been extensively 
advocated, notably in connection with the water 
supply of London. It is claimed that polluted 
river waters, if stored for thirty or forty days, «re 
found to be entirely free from the germs of recog- 
nised weter-borne diseases. There are undoubte' 
advantages in the adoption of the system, tlie 
most important of which is the possibility of 
avoiding the use of water from a river in time of 
flood. On the other hand, there are many ©'s- 
advantages in the employment of such a mean: of 
purification. It is obvious that the cost of ce n- 
structing a reservoir to hold even thirty days 
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supply, in addition to a filtration and pumping 
plant, and the maintenance of the whole, would be 
prohibitive, except in the case of large cities. A 
lnrge area of ground is required, which is rarely 
ilable in the immediate neighbourhood of a city, 
while every available record shows that biological 
troubles in connection with the working of the 
filters are largely increased where the water is 
stoved for prolonged periods. Abnormal growths 
of alg and pullulations of other microscopic organ- 
isrus are certain to occur where the water from a 
flowing river is stored under artificial conditions of 
absolute rest, for the minute plants and animals 
find themselves in an environment well suited to 
their multiplication and development, but uncon- 
genial to their countless enemies and the parasites 
which, under natural conditions, would tend to 
keep down their numbers and maintain the balance 
of Nature. The alge may be destroyed by the use 
of sulphate of copper, and since the publication, in 
1904, in Bulletin No. 64 of the United States 
Department of Agriculture, of an article by Messrs. 
Moore and Kellerman on the effect of the use of 
this chemical upon alge and other microscopic 
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Fies. 1 to 5. ARRANGEMENT OF THE ORI- 
etmnaL Stow Sanp Fitter anp DECANTING 
Bastns, ConstRucTED BY Mr. James Simp- 
son, aT CHELSEA, 1829. 


organisms, numerous pamphlets and articles have 
appeared relating to the subject, almost all de- 
scribing some trouble due to an abnormal growth 
of alge in stored water. The practice of this 
method of temporarily getting rid of a difficulty 
is becoming increasingly common, but is open 
to grave objection. The class of aquatic plants 
known as alge comprises an almost countless 
number of species; all, however, distinguished 
from other plants by the important characteristic 
that they have no roots, but are developed and 
maintained by the absorption of mineral and organic 
matters in solution in the water itself. The pre- 
sence of a mass of alge in water is, therefore, so 
much evidence of purification of the water by natural 
means, and each plant represents so much mineral 
and organic matter formerly polluting the water, 
but now changed by natural means into a compara- 
tively harmless form. It is an axiom of chemistry 
that nothing can be destroyed but that matter may 
be converted from one chemical form to another. 
The use of copper sulphate, therefore, may cause 
the :apid disappearance of a trouble existing in the 
form of a mass of alge, but at the same time it 
liberates a quantity of mineral and organic matters 
im the form of solutions, which must be removed 
by filtration before the water can again be con- 
sidered pure. 

On the whole, therefore, it must be admitted 
that purification by storage can only be carried out 
at great cost, and that it is not infrequently at- 
tended by certain natural disadvantages, for which 
no salisfactory remedy has yet been found. 


Multiple Filtration.—The method of purification 
by multiple or successive filtration has been exten- 
sively adopted in recent years, and has reached a 
higher state of development chiefly through the 
energies of Puech and Chabal. he treatment 
known as the Puech-Chabal system has been devised 
in order to remove the difficulties attending the 
working of the English or Simpson filter, while 
retaining it with its undoub advantages for 
effecting the final purification of the water. In this 
system the water is first passed through succes- 
sive beds of gravel arranged in layers of mode- 
rate thickness. The gravel is graded from coarse 
to very fine, and, as a rule, the speed of the water 
through the filters is decreased as the beds of 
finer gravel are reached. These gravel-beds, while 
occupying a comparatively soaalll, saaneds will, if 
properly proportioned, effect the complete clarifica- 
tion of the water. The action is continuous through- 
out the whole mass of the filtering materials, and 











not on the surface only, as in the case of fine-sand 
filters. This is explained by a reference to the 
diagrams, Figs. 6, 7, and 8. 

The usual arrangement of a slow sand filter is 




















Fic. 6. ARRANGEMENT OF MATERIALS IN 
OrpInARY SAND FILTER. 
Fic. 7. ARRANGEMENT OF MATERIALS IN 
Muttiete Fintration (PurcH System). 
Fic. 8. AcTIon oF GRAVEL FILTER. 


shown in Fig. 6. The bed is from 4 ft. to 5 ft. 
in thickness, but the straining action takes place 
entirely on the surface ; even the finest particles of 
mud are arrested in the upper layers of sand, and 
the remainder of the mass is useless except as a 
reserve of filtering material when the surface layer 
is removed when the filter is scraped. It is evident 
that such a filter, if supplied with water containing 
a large quantity of suspended matter, will rapidly 
become blocked. 

Fig. 7 shows the successive arrangement of the 
filtering materials in the various compartments of 
Puech’s filters. It will be noted that the total 
thickness of the filtering materials does not exceed 
that usually employed in fine-sand filters, but the 
arrangement is reversed, the coarser materials being 
placed first, so that the purifiying action is con- 
tinuous throughout the whole mass, and not on the 
surface only, as is the case when the water is first 
brought into contact with fine sand. 

The straining action of the gravel in the first 
compartment of a Puech filter is illustrated in Fig. 8. 
The gravel may be graded to consist of stones 1 in. 
in diameter, and the fine particles of suspended 
matter readily pass through the interstices between 
the stones. But if the speed of the filter is properly 
regulated, the particles adhere to the first surface 
with which they are brought into actual contact, 
so that the comparatively rapid passage of a muddy 
water through this mass of gravel will leave a de- 
posit of mud, not on the surface only, but on every 
stone throughout the layer. 

The passage of the water through three or four 
layers of gravel, properly graded, has been found 
to effect complete clarification, even in the case of 
extremely muddy waters, such as the Rhone at 
Arles, or the Seine and Thames when in flood. 
The gravel is disposed in successive thin layers 


ciently cleaned, and the putrefaction of masses of 
organic matter separated from the water, which 
occurs with ordinary decanting - basins, is thus 
avoided. 

The mere clarification of the water by the removal 
of the heavier matters in suspension is not sufli- 
cient. The spores of algee and germs of infusoria, 
&c., must also be removed if an accumulation of 
these organisms on the final filter is to be pre- 
vented. For this reason Puech and Chabal have 
introduced a rapid filter of coarse sand, termed a 
‘* pre-filter,”” between the gravel filters and the 
slow sand-bed or Simpson filter. By this means 
the water is d on to the finishing filter per- 
fectly clear, and the filter has only to — the 
bacterial purification of the water. ilters sup- 
plied in this way have been found to work from 
twelve to twenty-eight months without cleaning, 
and with uniformly constant results ; the loss of 
head increases only very slightly, and the output 
consequently remains at the maximum throughout 
the life of the filter. 

The advantages of keeping the surface of the 








in order that the filters may be rapidly and effi- 


final filters undisturbed for twelve months are 














Fic. 9. Finrers at ANTWERP, SHOWING 
Suprty CANAL. 


obvious when it is considered that every time a 
filter is cleaned there is some risk, on putting it to 
work again, of delivering water to the mains which 
has not reached a proper standard of bacterial puri- 
fication. A bacteriological examination of a sample 
of water takes three days, and it is rarely woul 
to keep any one unit of a filtering plant out of 
action for such a long period. As we Fw explained, 
twenty-four hours are found by experience to 
render a filter ripe, but one would like to have 
experimental proof in each case if it were possible. 

ultiple filtration is, even where six successive 
filtrations are employed, less costly than single fil- 
tration with previous decantation in settling-ponds 
or storage reservoirs. A gravel filter 15 ft. square 
is considered to be equal in efficiency toa decanting- 
basin 200 ft. by 100 te. by 10 ft. deep. The area of 
this basin will be 20,000 square feet ; but as 2 ft. at 
least at the bottom must be left for the accumula- 
tion of sediment, the effective working depth is 
8 ft., and if twenty-four hours be allowed for 
decantation, the basin will allow of the treatment 
of 1,000,000 gallons per twenty-four hours. The 
suspended matters must be separated by the action 
of gravitation alone, and in shallow ponds this 
action is liable to be interfered with by currents 
caused by changes of temperature, influence of the 
wind, &c., while the periodical cleaning of the 
pond can only be carried on at considerable incon- 
venience, the disposal of the accumulated mud 
being usually an extremely difficult matter. 

The area of the gravel filter of corresponding 
capacity is 15 ft. by 15 ft., or 225 square feet 
only ; but supposing the gravel to be graded to 
1 in. in diameter, and the thickness of the bed 
to be 12 in., the effective area of the filtering 
layer may be taken as 225 x 12 = 2700 square feet. 
The separation of the suspended matters is effected 
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by bringing the water into contact with as many | has given trouble in almost every instance where it 
surfaces as possible; and if the speed is properly | has been tried on a large scale, it being found in 
regulated, the particles of mud adhere to the stones, | many cases that there was an actual increase in the 
the surface of which is covered throughout the depth | number of bacteria in water which had passed such 
of the bed. | filters after they had been in use for some time. 

A speed of from 30 ft. to 40 ft. per hour is com- | (To be continued.) 
monly employed in the first series of filters, and at | 
the lower figure a column of water 720 ft. in height | 
would pass through in twenty-four hours—that is, | 








NOTES. 


720 x 225 = 162,000 cubic feet, or 1,012,500 gallons | 


per twenty-four hours through a filter 15 ft. 
square. All the heavier suspended matters are 
removed by this rough filtration, and the effluent 
is comparable in character to water which has been 
decanted for twenty-four hours. The gravel filter 
is very rapidly cleaned when necessary, about 2 per 
cent. of the water which has passed through being 
required for the operation. 

Where four series of gravel strainers and pre- 
filters are used in order to effect complete clarifica- 
tion of the water, the total area is about one-fifth 
of that of the final sand filters, or one-tenth that 
required for decanting-basins for dealing with an 
equal quantity of water. 

Speed of Sand Filters.—The maximum speed at 
which slow sand filters are worked varies between 
4 in. and 8 in, vertical fall per hour. For many 
years the accepted standard, as laid down by Koch, 
was 10 centimetres, or 4 in. ; but with filters fed 
with stored water, or with water which has passed 
through a series of multiple filters, speeds of 6 in. 
to8 in. are now commonly employed with perfect 
safety. But to obtain good bacteriological results 
from sand filtration it is not enough that the 
average speed shall be slow, but the rate of filtra- 
tion must be the same over the whole surface of 
the filter. To secure this result two things are 
necessary, the collecting drains must be evenly dis- 
tributed over the whole of the area covered by the 
filtering materials, and the inlet must be so 
arranged that the surface of the sand shall not be 
disturbed by the current of water entering the 
filter. 

With collecting drains of large area, arranged as 
shown on the plan of Simpson’s experimental filter 
(Fig. 1) it was found that the water had a ten- 
dency to pass more rapidly through the sand at the 
points immediately over the drains than through 
the remainder of the area, and it is now usual to 
cover the whole floor of the filter with suitable 
draining tiles which are evenly covered with care- 
fully-graded gravel. It is still, however, common 
to find filters arranged with the inlet on a level 
with the surface of the sand, and in such cases it 
will be noted that for a considerable distance round 
the inlet the sand is kept clear from sediment 
filtered out from the water while the rest of the 
filter is covered with a thick deposit. It is thus 
impossible to regulate the speed, and while this 
may be estimated, from the quantity of water 
pene the outlet gauge, at 4 in. or less, it is pro- 
mible that much of the water is passing at an 
excessive speed through a comparatively small area 
of the filter while the remainder of the surface is 
blocked. The bacteriological results from filters so 
arranged are rarely regular, while, on the other 
hand, some of the best results obtained by means 
of sand filtration are those recorded for many 
years past by Dr. Kemna, of Antwerp, where the 
source of supply is the grossly-polluted River 
Nethe. Here the filters are supplied by means of 
cascades fed froma canal formed in the bank be- 
tween the filters. On cleaning these filters the 
deposit of mud or vegetable and other organisms 
was invariably found to be evenly distributed over 
the whole surface. The photograph, Fig. 9, shows 
the arrangement of the Antwerp works, with the 
feeder-canal and cascade inlets to the filters. Mul- 
tiple filters have been installed at these works since 
the photograph was taken. 

Filtering Materials.—Iv order that the filter-beds, 
whether of coarse grayel or fine sand, may be 
readily cleaned, it is essential that the material 
shall not be liable to be attacked in any way by 
chemicals dissolved in the water, and also that it 
shall be non-porous, 

Porous materials, such as spongy iron and other 
similar products, have been used from time to time, 
but have invariably given trouble, owing to the 
impossibility of thoroughly cleansing the bed. The 
pores of such materials become filled with bacteria 
and the spores of various organisms, and it is im- 
possible to remove these by any mechanical method 
of cleaning ; and although excellent results may be 
obtained at first, the use of porous metals or stone 





RalLways IN JAPAN. 

A NoTaBLE event in the history of railway develop- 
ment in Japan took place a short time ago, in the 
completion of the railway between Hitoyoshi and 
Kagoshima, forming as it does the last link in the 
Trans-Empire trunk line. Now Nayori, of Hok- 
kaido, in the north, is in direct communication 
with Kagoshima in the south by a railway of 1750 
miles, and the fact has been a matter of great 
satisfaction and gratification to all classes in Japan. 
The long distance from north to south can now be 
traversed in five days and nights. Taking into 
account the conditions in Japan, the development 
of the railway system has been wonderful. The 
initiative in the construction of railways in the 
country was undertaken by Mr. Horatio Nelson 
Lay, who in 1869 arrived in Tokyo with pro- 
posals to offer a loan to the Government on 
behalf of certain British capitalists, to be used in 
the construction of railways. Mr. Lay’s financial 
arrangements fell through, and the business was 
taken in hand by the Oriental Bank, with Mr. 
R. Vicars Boyle, U.S.I., as chief engineer, and Dr. 
William Pole as consulting engineer in London. 
The first railway was opened in 1872 between Tokyo 
and Yokohama. The part between Kobe and 
Osaka was then proceeded with, but for some years 
the work of railway construction was slow. When, 
however, the Imperial College of Engineering began 
to turn out men who were able to assist in the 
work, and when others who were trained abroad 
returned to Japan, it proceeded more rapidly. 
The people of Japan quickly appreciated the 
importance of railways in the development of 
the country, and private companies were formed 
for railway construction. In 1896 and 1897, imme- 
diately after the war with China, there was some- 
thing approaching a railway mania, like that in 
England during the early days of railways, and 
much money was lost in speculation. For some 
years the work of railway construction was carried 
out almost entirely by private enterprise, but 
about four years ago the Imperial Diet passed 
laws nationalising the most important railways, the 
purchase money being in Government bonds bear- 
ing 5 per cent. interest. At the end of the finan- 
cial year 1907-8 the mileage of State railways 
open to traffic was 4452 miles, and of private 
railways 445 miles. The lines have been laid out 
not only with a view to the development of trade 
and industry, but also to the defence of the country. 
The ports most convenient to China are connected 
by railway to the important centres of commerce 
and industry, so that not only can the resources of 
that huge Empire be utilised for manufacturing 
purposes, but the finished products can be returned 
for the use of the people. The lines which are 
necessary from a military point of view have now 
been pretty well provided, and in future it will be 
possible to look almost entirely to commercial and 
industrial requirements. 


TursBiIne-Drivinc For TExTILE MILLs. 


The question of the use of steam-turbines in 
textile mills is so bound up with that of electric 
driving that probably few people have considered 
the two apart. Ina paper read before the Man- 
chester Association of Engineers on the 22nd inst., 
however, Mr. G. B. Storie dealt with the advan- 
tages of the steam-turbine, per se, as a prime mover 
for such work; the question of electric driving 
coming in only incidentally. There are, Mr. Storie 
stated, no less than 480 turbines, aggregating 
300,000 horse-power, at work in textile mills at the 
present time, of which some 3 per cent. are in- 
stalled for direct mill-driving by belts or ropes. 
The greater number of the installations are in 
America or on the Continent’; electric driving, which 
accounts for the greater part, having made compara- 
tively little progress in this country. Of the total 
number, considerably over 200 are De Laval ma- 
chines, practically all the cases of direct driving em- 
pluying this type. The direct-driven installations are 
of comparatively small power, but the attempts 
which are being made at the present time to develop 
speed-reduction gearing for marine work may pos- 





sibly result in larger installations of this class 
From the millowners’ point of view the question of 
the relative advantages of reciprocating engines and 
turbines turns largely on reliability, and at present 
the enormously greater experience lying behind 
reciprocating practice gives it an advantage in this 
direction. With increase of turbine experience, 
however, trouble due to blade-stripping, which has 
been one of the weakest points, is being largely 
eliminated. The matter is not one of design only, 
but turns largely on skilled attention. When an 
entirely new mechanism, such as the steam- 
turbine, is introduced on a large scale, there is 
difficulty in getting competent men to take 
charge of it, simply because the distributed ex- 
perienée is not in existence. Mr. Storie sug- 
gested that many stripping troubles have followed 
on insufficient warming through before starting up 
—a direct result of inexperience. Mr. Storie also 
pointed out that, although the reciprocating mill- 
engine has reached a high degree of reliability, 
when breakdowns do occur they are likely to be 
more serious and involve the shutting down of the 
mill for a much longer period than when a blade 
strip occurs with a turbine. He gave some inte- 
resting particulars of two De Laval machines, of 
which he had had experience during the last six 
years. One was of 225 brake horse-power, and 
drove a weaving shed by means of ropes ; the other, 
of 75 brake horse-power, drove two dynamos, 
Both of these machines were considerably over- 
loaded, but in all only fifteen hours of mill time 
were lost due to stoppages in the power-house. 
Seven hours of this time were due to new ropes 
heing put on too tightly, causing the gear-wheel 
shaft-bearings to run hot. The breaking of one of 
the studs securing the shaft to the turbine-wheel 
of the large machine, and damage to the connect- 
ing wires of the dynamos, were responsible for the 
remainder. On one or two occasions buckets had 
broken in the wheel of the large turbine, but 
without doing damage, or making it necessary to 
shut down. Some difficulty was experienced in 
maintaining the vacuum on account of wear in the 
tightening bushes of the wheel shafts, and through 
the same cause oil from the bearings found its 
way into the casing. This defect was remedied by 
the fitting of steam-sealed glands. When the 
large turbine was opened for inspection last month, 
wear was for the first time discernible on the steam- 
inlet side of the buckets. The buckets were not, 
however, sufticiently worn to have any appreciable 
effect on the steam consumption. It was not 
possible to say what their useful life was likely to 
be, but in any case a complete new set could be 
fitted for about 61. There was no trace of wear in 
the reduction gear of either of the two machines. 





AN EARLY AEROPLANE. 
By A. A. CAMPBELL Swinton. 


Ir seems to be generally thought that the first 
model aeroplane in which the necessary power was 
supplied by a steam or internal-combustion engine, 
was that made in America by Langley in the year 15%, 
while it does not appear to be generally known that as 
long ago as the year 1893 a model aeroplane propelled 
by a steam-engine was constructed in this country, 
and found to fly successfully, by the Hon. Charles A. 
Parsons, the well-known inventor of the turbine. 

An account of the machine and its performances was 
cere in Nature for June 18, 1896, accompanied 

y mage see of the machine, both at rest and in full 

flight, taken in 1893, by Mr. Gerald Stoney ; but as 
few seem to be acquainted with the facts, it may be 
worth while to repeat particulars of the apparatus, 
which, it may be mentioned, was constructed by Mr. 
Parsons entirely with his own hands. 

The boiler was of seamless steel, 24 in. in diameter, 
14 in. long, and 0.01 in. to 0.015 in. in thickness ; the 
steam cylinder, which was single-acting, was 1} in. in 
diameter, 2 in. stroke, and about 0.03 in. in thickness, 
of tool-steel ; the piston, of thin cup form, also of tool- 
steel ; the cylindrical admission-valve, ,°; in. in «lia- 
meter, cutting off at 3-in. stroke. The cylinder, and 
also the valve, were effectively steam-jacketed by 
placing them inside the boiler. The engine operated 4 
screw-propeller consisting of a cane framework covered 
with silk. The total weight of the engine and jro- 
peller, exclusive of the aeroplane, but including water 
in the boiler, was 1} Ib. 

The boiler was heated by a spirit-lamp, and with 4 
pressure of 50 1b. per square inch, and the apparatus 
arranged so that the crank-shaft was vertical, with the 
screw-propeller at the top, the ag 0 ote was found 
to raise itself vertically in the air, helicopter fashion, 
to a height of several yards, the engine making about 
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1200 revolutions, per minute, and giving about } indi- 
cated horse-power. 

The apparatus was hext converted into an aeroplane 
by being furnished with two wings and a tail, consisting 
of a cane framework covered with silk. The span of the 
two wings was about 11 ft., and the total area about 
22 square ft., while the additional weight of the wings 
and tail was about 2} lb., making 34 lb. for the whole 
apparatus. This, when Pres in an inclined hori- 
zontal direction, took a circular course, rising to a 
maximum height of about 20 ft. over distances of 
about 100 yards, and then coming down owing to the 
steam pressure being exhausted. 

It was found advantageous, instead of using water 
in the boiler, to employ methylated spirits, burning the 
exhaust from the engine as fuel to heat the boiler ; but 
when flying the force of the wind was apt to extinguish 
the flame. 

The engine was subsequently removed from the acro- 
plane and fitted with road-wheels made of wire, when 
the machine ran along the ground at a great pace. 








‘** COMPOUND STRESS EXPERIMENTS.” 
To THE Eprtror OF ENGINEERING. 

Srr,—Mr. Mason’s letter in your issue of the 14th inst. 
reads as if he wishes to reduce a scientific controversy to 
the level of a General Election circular, It is not my in- 
tention to introduce an analysis involving personalities. 

I sincerely ape that I did not give the full quota- 
tions required by Mr. Mason ; as already explained, the 
preparation of the curves demanded by him occupied 
several hours. Following Mr. Mason’s method, I put the 
quotations side by side with notes. Remember that the 
statements which these quotations seem to me (and to 
several others) to prove, were “‘ tubes are probably satis- 
factory for quite approximate results,” and again, 
‘‘many of the objections to tubes disappear entirely if it 
be considered that within 10 per cent. be good enough.” 


Mr. MASON’S FULL QUOTATION. ORIGINAL QUOTATION PLUS NOTES, 


“Various lengths of specimens 
of each of these ” (sizes of tubes) 
“were tested, the lack of uni- 
formity in the lengths being due 
to the circumstance that it was 
ditficult to cut, from the same 
piece, the required lengths of 
exactly straight tube.” 

“They had undergone some 
degree of annealing, but not so 
far that they could be con- 
sidered isotropic for the purpose 
of the tests.” 


“The maximum variation in 
thickness of wall of the tubes 
used in the tests was 0.007 in, 
means being taken (see descrip- 
tion of apparatus for compres- 
sion tests) to obtain uniformity 
of compressive stress.” 

“In the simultaneous axial 
and hoop-compression _ tests, 
the length on which it was at- 
tempted to measure the strain 
was about 1} in. It was found, 
however, that the readings 
of the compressometer were 
affected by some elastic dis- 
tortion of the apparatus con- 
necting the compressometer 
with the (inside of the) tube. 
The readings, and the curves 
plotted therefrom, show the 
yielding of the specimens, but 
cannot be used to calculate the 
elastic constants.” 

“The yield stress in simple 
tension and simple compression 
do not agree well, especially (as 
might perhaps be expected) for 
the tubes tested without further 
annealing ... the percentage 
difference. . . varies from 15 to 
23) per cent.” 


“ Various lengths of specimens 
of each of these (tubes) were 
tested, the lack of uniformity 
noticeable in the lengths being 
due,” &c. 

{In this sentence “‘ tubes”’ was 
understood from the context 
instead of “‘sizes of tubes.” The 
words “‘sizes of tubes” do not 
alter the objection raised. | 

Norz.—How was it certain 
that the required length was 
exactly straight ? 

‘*They (the tubes) could not 
be considered isotropic.” 

(The inverted commas should 
not have been used here, al- 
though the meaning of the sen- 
tences are similar. | 

Norr.—As far as I can under- 
stand from Mr. Mason's paper, 
these results were used by him, 
and I now assume that he does 
not claim accuracy for them. 

“Variation in thickness of 
wall of the tubes used in the 
tests was 0.007 in.” 

Norrt.—Assuming the com- 
pression apparatus satisfactory 
(which everyone does not), what 
about tension ? 

“* The readings. . . cannot be 
used to calculate the elastic 
constants.” 

Note.—The explanation of 
why the constants could not be 
given makes no difference. Tle 
fact remains that they were not, 
and could not, be given. 


“The yield stresses in simple 
tension and simple compression 
do not agree well .... the 
percentage difference varies 
from 15 to 23} per cent.” 

Note.—My interpretation of 
this paragraph was that ‘‘ tubes 
are probably satisfactory for 
quite approximate results.” 


It seems to me that the last quotation issufficient. The 


quotations were not random ; 


Mr. Mason’s paper was 


carefully studied and the sentences selected. I am ex- 





tremely sorry that Mr. Mason should seem to think, 
because I hold fixed opinions (formed as a result of experi- 
mental work) about this matter of tubes, that I fail to 
recognise his difficulties. On the contrary, I am only too 


delighted to be able to congratulate him upon the inge- 
nuity of some of hisapparatus. He has not said so, but I 
know that tubes must be used for three-dimensional 
stress work. That should be a good field of investigation 
for him. Iam of opinion that he will still only obtain 


approximate results, but the work will be most interesting. 
Many materials—e.g., special steels—when tested as solid 
Specimens only give approximate results. 
nade certain statements in my paper, as the result of 
actual experience, on compound stress experiments made 
oa tubular and solid specimens. I have no reason to 
believe that such an experience was wasted. 
[ am not responsible for the views of Mr. Warren, 
although I recognise his ability in engineering work. 


your correspondents. It is the purpose of your journal, 
Sir, I hope, to discuss engineering, and not metaphysical, 
matters. 

During the controversy on combined stress a great deal 
of time has been ungrudgingly given to your corre- 
spondents. It is, as explained last week, laborious work, 
for which one frequently obtains little in return. It 
demands the sacrifice of considerable time. Some slight 
recompense has been obtained by perusing some of the 
replies. : 

Yours faithfully, 
C. Atrrep M. SMItH. 

East London College, University of London. 





To THE Eprror OF ENGINEERING. 

Srr,—Considering Mr. Mason’s wide experience, I 
was somewhat surprised at the tone of the earlier of 
his remarks in your issue of the 14th inst. Still, his 
distrust regarding the definiteness of the yield-point of 
solid specimens is but a mild repetition of my_ own 
scepticism of two years ago. When Professor Smith 
formulated his objections to tubes, though I endorsed 
them, at the same time I urged visionary objections of no 
inconsiderable magnitude against the use of solid speci- 
mens. With such a reactionary as myself in the camp, 
it was natural that preparations should be made simulta- 
neously to make exploratory tests on both types of 
specimens. Fallacies die hard, but the results of the tests 
absolutely convinced me that for mild steel a sensitive 
instrument would determine the point of yield, whatever 
the distribution of stress; and, further, that the ‘‘ work- 
ing” on tubes was far more objectionable than bad load- 
ing. These views I had the temerity to present (above 
simply my name) in answer to Mr. Mason’s criticisms of 
Professor Smith’s experiments. Then comes the great 
anti-climax. Mr. Mason drags me ruthlessly from 
my anonymity, parenthetically labels me ‘a student 
or assistant of Mr. Smith’s,” and “‘ corrects” me. Still, 
all his correction will not alter facts. When I said, as 
he reminds me, that ‘‘ Immediately mild steel has yielded, 
the stress required to continue plastic flow is very much 
less than that required to start yielding,” I said so ad- 
visedly. I gave it as the result of my experience (though 
perhaps not very extensive) gained while assistant to Pro- 
fessor Smith. Will Mr. Mason please accept it as such ? 

He gives an alternative statement. He suggests that 
it ced have been more accurate for me to say ‘when 
plastic flow at yield has begun, the stress required to con- 
tinue the flow, at a less rapid rate, is rather = than that 
required to start the yielding.” From whence he culled 
this quotation I do not know; I hope it is not one of 
my previous sins returning to haunt me. Whoever its 
author, his intention is probably , and his views 
differ from my own in only a quantitative sense, a differ- 
ence which may be explained by stress distribution. But 
Iam assuming a meaning for the statement, although I 
cannot fathom its depths of subtle significance. What is 
the exact force of the phrase ‘‘at a less rapid rate”? The 
wording is rather unfortunate, and whether the meaning 
is more correct than that of my own statement I am 
therefore unable to say definitely. 

With regard to the yield-point, Fig. 10 shows it 
correctly. Professor Smith and I are mutually irrespon- 
sible for each other’s opinions; but on this question of 
yield-point we are agreed, and when we do agree our 
unanimity is wonderful. To my other criticisms Mr. 
Mason does not reply. On the one leading question, 
however, I feel strongly, and I trust Mr. Mason will not 
resent the definite attitude I have assumed. 


Yours faithfully, 
Abbey Wood, Kent. A. G. WARREN. 








“THE FAILURE OF NON-FERROUS 
METALS.” 
To THE EpiTor oF ENGINEERING. 
Sir,—Mr. Hughes, in the end of his paper, published 
on page 96 of your last issue, states that he is informed 
that these abnormal breakdowns in locomotives did 
not occur when the old supply was used for feed-water, 
but only since the introduction of the Birmingham 
Welsh water scheme. Here goonaly lies the chief 
cause of the breakdown of the tubes. In the old supply 
there was probably earthy matter enough to form 
a deposit to protect the tube, whereas perhaps the water 
supply from Wales comes from granite or slate forma- 
tion, and contained little or no earthy matter, and an 
abnormal quantity of oxygen dissolved in the water. 
These very soft waters, so much sought after by water 
engineers, are far from being the best for any use. They 
are liable to take up lead in passing through and standing 
in lead pipes, and the oxygen dissolved in them acts on 
and autllaes most metals, especially iron pipes, some- 
times causing corrosion of the iron sufficient to diminish 
the calibre of the pipe by one-half. 
Could Mr. Hughes give us a complete analysis of both 
waters ? 
Yours truly, 
H. Ke.tway Bamper, F.1.C., Analytical 
and Consulting Chemist. 
9, Victoria-street, 8. W. 








WATER-SOFTENING. 
To THE Eprror or ENGINEERING. 
S1r,—It is many years since I wrote you upon the above 
subject, but as I have recently come across one of the 
most extraordinary inventions for this purpose, I think 
your readers will be interested. 





here are numerous other points which I should like to 





discuss. I refrain from doing so until I am assured that | called ‘‘ Luminator,” which is only a piece of sheet alumi- 
this correspondence will be carried on in a better spirit. | nium specially treated and made into a sort of trough of 
It would be cheap and easy to ridicule or abuse many of 


| many channels, through which the water runs into a 
| Storage tank. During its pemage the water must be 
| exposed to light, the theory being that the ultra-violet rays 
}and the aluminium react together to so alter the water 
| that no scale is formed in boilers fed with the water. I 
| have seen several boilersof various types, including loco- 
motive, Babcock, Lancashire, and vertical, using various 
| waters around London, fed with ‘‘ Luminator” water 
| from two to four months, and in all cases the old scale 
was removed or so softened that it could be removed 
by the hand, and all new deposit had fallen, so that it 
washed out or could be swept out with a soft brush. This 
treatment appears absolutely to poe any hard scale, 
and in some instances a saving of coal was noticed. An- 
other and most important point I noticed was that all 
corrosion between water and steam had ceased, and de- 
posits, which had hitherto been brown from corrosion of 
the iron, only threw down a very soft white powder. 
The apparatus works without any attention and no 
chemicals. 

The patentees are a London firm—Andrews, Croucher 
and Co., Limited, 81, Cannon-street, E.C, 

Yours truly, 
An O_p TANNATE OF SODA ADVOCATE. 
January 24, 1910. 








“GAS OR OIL-ENGINES FOR MARINE 
PROPULSION.” 
To THE Epitor oF ENGINEERING. 

Srtr,—The fact that a gas or oil-engine is fitted with 
piston-valves, while being a commendable feature in the 
estimation of a marine engineer, in no way makes the 
engine suitable for the propulsion of aship. In course of 
time Messrs. Davy Engineering, Limited, will learn of 
many reasons why a gigantic motor-car engine would be 
unsuitable for such a purpose. 

I have seen drawings of the Hewitt piston-valve motor- 
car engine and note the following points :— 

1. The ends of the piston-valves, like the end of the 
main piston, are exposed to the explosion pressure and 
temperature, and in an engine of any considerable size 
would, like the main piston, require to be water-cooled, 
thus addin cones to the working parts and to the 
worries of the engineer. 

2. The valves are connected to cranks about 100 deg. 
apart, and at the period of ignition act so as to drive the 
valve-shaft in opposite directions, thus needlessly strain- 
ing that shaft and necessitating its being made unusually 
heavy. At a later period the combined action of the 
valves puts a heavy strain on the gear-wheels, thus 
requiring these to be made unusually heavy also. 

"Piston valves should be so arranged that no water- 
cooling connections are needed for any size of valve, and 
so that they are in no way exposed to an unbalanced 
pressure in the cylinder. 

So long as Mr. Walter Pollock tilts at windmills I have 
no doubt his imagination will boggle. I made no state- 
ment that a barring engine should or would be used to 
reverse a four-stroke cycle engine. In fact, I specifically 
stated the means that would be used. The remark re 
the barring engine was intended for those whose imagina- 
tions are not in the habit of boggling. 

I have been acquainted with the Bolinders two-stroke 
type of engine for the last twenty years, and have a great 
admiration for the simplicity of its construction ; but the 
fact that it has ne valve-gear, and will run in whichever 
direction it is started, will not make it any more suitable 
for the propulsion of a ship than an ordinary four-stroke 
cycle engine is. 

It may interest Mr. Pollock to know that more than 
fifteen years ago four-stroke cycle engines were made to 
reverse by an accurately timed pre-ignition. Liberties of 
that nature can be taken with comparatively small engines, 
but anyone who has witnessed the starting of a Cockerill 
engine with a 51-in. cylinder, by an explosion-starter, is 
not at all likely to endorse the opinion that pre-ignition 
is the best way. Some regard must be paid to the safety 
of the engines and the ship. It is, no soubt, possible to 
build an engine with even 51-in. cylinders strong enough 
to stand pre-ignition shocks of such violence as would 
start it instantly in the reverse direction; but what its 
weight would be relative to its power I would not like 
to suggest. 

This question of weight relative to power is of some 
importance when considering gas or oil-engines for ship 
ropulsion. It must be recognised that it is impossible 
or these engines to be made as light as steam-engines of 
equal power, running under equal conditions. The reasons 
are simple enough. 

1. The internal-combustion engine makes use of a 
range of pressure twice as great as that of the fluid-pres- 
sure engine, and in both engines the parts are propor- 
tioned to the range of pressure.* 

2. The mean pressure in the internal-combustion engine 
is twice as great as that of the fluid-pressure engine ; but 
in a four-stroke cycle engine is only half as often applied, 
while in a two-stroke cycle engine pumps are necessary if 
an equal mean pressure is to be maintained (equal to the 
four-stroke that is). 

3. Cylinders and pistons of internal-combustion engines 
must be water-cooled, necessitating considerable weight 


- 


* Owing to the fact that the exhaust pressure in my 
‘closed circuit” system would not be less than 100 lb., 
the virtual range of pressure, and consequently the loads 
on the working parts, would be reduced by that amount, 
thus enabling the parts to be made lighter for the power 
transmitted as compared with ordinary internal-com- 





I have recently been testing the patented apparatus 





bustion engines. 
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of metal for increase in construction in addition to the 
weight of water in and around the engine. : : 

Notwithstanding these reasons, a or oil-engine 
installation of propelling machinery will be lighter than 
a steam-engine installation of equal power, owing to the 
fact that, in the case of the gas-engine installation, the 
gas-producing plant will be so much lighter than the 
steam boilers; while in the case of the oil-engine instal- 
lation the equivalent of the steam-boilers forms only a 
comparatively trifling part of the weight of the engine. 

How very much lighter a as nena is com- 
pared with steam-boilers > Ben judged from the fact 
that the gas plant consists of thin brick-lined shells about 
10 ft. high, and having a total area inside the brickwork 
equal to the total grate area of steam-boilers of equal 
power capacity. In producers of these relative dimen- 
sions the rate of combustion will ,be half the rate of com- 
bustion in the furnaces of the steam-boilers, owing to the 
fact that gas-engines will operate for half the amount of 
coal required for steam-engines. : 

The saving in weight of machinery and of coal carried 
for a given voyage enables an increased weight of cargo 
to be carried ; but were it a fact that the weight of 
machinery was greater than the weight of steam machi- 
nery by the amount of coal saved, it would still be a 
profitable matter for a ship-owner to instal gas-engines, 
as any given voyage would be made for half the coal cost 
of steam-engines. 

Finally, oot repeat that gas or oil-engines to be 
suitable for the requirements of marine engineers and the 
purposes of ship-propulsion must fulfil the following con- 
ditions :— 

1. They must be of the simplest possible construction. 

2. They must be capable of starting instantly and 
always, no matter what amount of manwuvring may be 
required of them. : : 

3. They must be capable of being reversed as quickly 
and easily as a steam-engine is, and with an equal im- 
munity from risk. 

4. They must be capable of running at any power and 
speed required without loss in economy of operation due 
to reduction of speed. 

There is at present no construction of gas or oil-engine 
capable of fulfillin these conditions without the use of 
my automatic adiabatic ‘‘ closed-circuit” air-transmission 
system as described in my previous letters. 

The uses of the ‘‘closed-circuit” system and its econo- 
mies do not end at the main propelling engines. All the 
auxiliary machinery about a ship would be operated by 
‘closed circuit ” from an auxiliary air-compressor, which, 
in addition to charging and maintaining its own circuit 
against leakage, would automatically charge and maintain 
against leakage, at all times, the main engine circuit. 

e only probable exception would be the electric-light- 
ing engines, which no doubt would be gas-engines operat- 
ing direct. é 

At the risk of being considered somewhat tedious, I 

would add a few remarks on gas plant for use on board 
ship. 
i It must be capable of producing from bituminous 
fuel a gas sufficiently free from tar as to be suitable for 
use in gas-engines without the necessity of using a 
cumbrous cleansing apparatus. 

2. The producers must be capable of operating con- 
tinuously throughout a voyage. ; 

3. They must be capable of being opened up for 
inspection, the perce | of “scaffolds,” and the removal 
of clinker without interfering with the production of gas. 

4. To obviate risk, the plant must operate on the closed- 
stokehold system, or on the suction system. 

5. The bunkers and stoking-floor must be so arranged 
that it is only necessary for the fuel to be pushed into the 
producers—not lifted or carried there. 

6. The arrangements for control must be such that the 
production of gas can be varied instantly to suit the 
demands of the engines. 

Yours truly, 
Jas. DuNLop. 

69, Armadale-street, Dennistoun, Glasgow, 

January 22, 1910. 








“THE FORCE OF THE WIND.” 
To THe Eprror or ENGINEERING. 

Sir,—With reference vo Dr. Stanton’s letter in your 
current issue, and the remarks of your reviewer of Pro- 
fessor Chatley’s book, ‘‘ The Force of the Wind,” in your 
issue of the 14th inst., as to the variation of the coefficient 
for wind pressure with the dimensions of the plates, may 
I be allowed to suggest that if the values of the coefficient 
for similar shaped plates were compared at ‘‘ correspond- 
ng speeds,” the results might be found to be in closer 

agreement. ‘ 4 
~ Dr. Stanton’s experiment on plates 1.77 in. square 
were made in a current of air moving at a maximum 
speed of about 20 miles per hour, and the coefficient ob- 
tained was 0.0027. His experiments on plates 5 ft. and 


ley obtained a coefficient 0.00315, as’ compared with 
a determined by Dines for the same plate at 60 miles 
r hour. 

P Writers on this. subject generally omit to mention the 
speeds at which the various coefficients deduced by dif- 
ferent experimenters are obtained. This omission is 
highly improper, as, if Sms it would generally serve to 
explain some of the differences. 

n conclusion, it Ly! appears correct to compare the 
results obtained by Dr. Stanton in a fairly uniform wind 
with those of M. Riffel, in which the plates fell under the 
action of gravity, and therefore with an acceleration. The 
accelerative effect increases the coefficient as compa: 
with similar plates moving with uniform motion, and 
this increase is greater for the larger plates. 

IT am, Sir, yours faithfully, 
A. W. Jouns, RONG. M. Inst. N.A. 
104, Huron-road, Upper Tooting, 8. W., 
January 24, 1910. 








FOREIGN ENGINEERING PROJECTS. 

WE give below a list of foreign engineering projects. 
For several of these tenders are asked. Further data 
concerning the same can be obtained from the Commer- 
cial Intelligence Branch, Board of Trade, 73, Basinghall- 
street, E.C. :— 

Canada; The Mail (Toronto), of December 24, contains 
an article, from which it appears that the leading bridge 
firms of the world are to he invited to compete for the 
contract for the construction of the superstructure of the 
new Quebec bridge. The contract for the substructure 
has been awarded to Messrs. M. P. and J. Davis at the 
price of 2,500,000 dols. (about 514,000/.). It is anticipated 
that the bridge will not be completed in less than four 
years, and meanwhile it is proposed to establish a ferry 
service. 

Australia: According to the local Press, among the 
amounts to be expended from loans by the South Austra- 
lian Government during the financial year ending June 30, 
1910, are the following, viz. :—By the Survey Department : 
Vermin-proof fencing, 70,0002. By the Railway Commis- 
stoners: Railway accommodation, South Australian rail- 
ways, 300,000/.; Adelaide - Glenelg railway, 12,000/.; 
Gawler-Angaston railway, 140,000/.; Outer Harbour, 
50,000/.; Laura-Booleroo Centre railway, 60,000/.; Pin- 
naroo railway, 10,850/.; Port Lincoln railway, 8550/.; Glan- 
ville workshops, 140,000/. By the Engineer-in-Chief: 
Various jetty works, 40,810/.; lighthouses, 5260/.; deepen- 
ing and improvement of Port Adelaide, 80,000/.; deepen- 
ing and improvement of Port Pirie, 20,000/.; deepening 
and improvement of outports, 20,000/.; Outer Harbour, 
30,0001.; Ocean Steamers’ wharf, 16,000/.; improvements, 
and weirs, dams, locks, &c., on the Murray River, 8000/.; 
water conservation, 40,000/.; south-east drainage works, 
25,0001. By the Hydraulic Engineer: Water works at 
Adelaide, 100,000/.; country water districts, 30,000/.; 
Beetaloo and Bundaleer water works, 120,000/.; Barossa 
water district, 60,000/.; Pekina Creek, 16,000/.; sewage 
works at Adelaide, 65,0002. By the Works and Building 
Department : Erection of school-houses, 32,7507. 

Mexico: H.M. Consul at Tampico reports that the 
construction of the Tuxpam-Tampico Canal will probably 
be carried out by June next to La Angosta, a point about 
16 kilometres from Tuxpam. It is at this point that the 
hardest work in the construction of the canal will begin, 
and this last section will take, H.M. Consul is informed 
on reliable authority, from ery months to two years 
to complete. _The text is published of a contract between 
the Mexican Legislature and Ludwig Brauer, empower- 
ing the latter to build a wharf for the loading and un- 
loading of goods in the harbour of Tévari, State of 

nora. The complete plans for the carrying out of the 
scheme must be presented within eighteen months, and 
work must be completed within five years from the date 
of the approval of the plans. Among the accessories 
which will be required ma mentioned cranes, der- 
ricks, light-houses, &c. The contract further provides 
for the laying of a railway track along the docks for the 
carriage of goods to the Custom house. The concessionnaire 
is allowed to import duty free, once only, the material 
necessary for the execution of the work. The text is also 
published of a contract between the Mexican Legislature 
and Alberto Legarreta, under the terms of which the 
latter is empowered to construct, and work for a period 
of 99 years, a railway to run from a convenient point 
situated between Querétaro and Griega (on the National 
Railway of Mexico) to San José de Iturbide, State of 
Guanajuato. Work must be completed within six years ; 
five years are allowed the concessionnaire in which to im- 
port free of duty the necessary construction material. 
—The Diario contains a contract between the {Mexican 
Legislature and Arthur Morales, empowering the latter 
to construct, and work for a term of 99 years, a tramway 
from Douglas to Agua Prieta, in the State of Sonora. 
The line will be 1 kilometre long, but may be extended a 
further 4kilometres at the discretion of the concessionnaire. 





10 ft. square were made in winds whose maximum velocity 
was 30 miles per hour, and the coefficient obtained was 
0.0032. The speed of a plate 5 ft. square ‘‘correspond- | 
ing ” to 20 miles per hour for a plate 1.77 in. square is 
about 120 miles an hour, and this is the speed at which 
one might expect to get the same coefficient as for the 
smaller plate at 20 miles per hour. ’ 

Fiffel’s experiments show that the coefficient for the 
same plate decreases as the velocity increases. Langley’s 
results generally confirm this, and, so far as I remember, 
Dr. Stanton’s experiments on circular plates also show 
the same effect. It is therefore extremely likely that at 
120 miles per hour the coefficient for a 5-ft. plate will be | 
less than 0.0032, and may ap; h the value 0.0027. It 


is interesting in this connection to note that for a plate 
12 in. by 12 in., moving at about 20 miles per hour, 


ag’ 


Two years are allowed for the completion of the line, and 
three years for the importation, free of duty, of construc- 
tion materials. The Mexican Herald states that, at the 
last session of the State Congress of Aguascalientes a reso- 
lution was passed giving the Governor full power to sign 
contracts for the drainage and paving of the town of 
Aguascalientes. The contracts were to be signed early in 
January, and it was Boe gg that work would then 
begin. It is understood, says the Herald, that the 
new electric light company will avail themselves of the 
opportunity of putting their wires underground. Accord- 
ing also to the Herald grading for a narrow-gauge 
railway, 30 miles long, from the San José de la Rosa 
timber district to Santiago Bay, has been completed, and 
track construction is to be begun about the middle of 
January. Branches are to be built later, which will 


- = 
increase the total length"of?line to;about 100 miles. The 
San José Lumber Company, who are building the rail- 
way, intend to construct a breakwater and wharves at 
Santiago Bay. The Tay have recently secured 
800,000 pesos (about 81,6007. ) for their works & an issue 
of bonds. The Compafiia de Tranvias de México under- 
takes the construction of certain lines of tramway, of a 
total length of 1209 metres (about 1322 yards) in Mexico 
City. ie work is to be completed within eighteen 
months from the promulgation of the contract.—The 
Compajfiia Agricola y de Fuerza Eléctrica del Rio Con- 
chos is empowered to build a dam 70 metres (about 229 ft. ) 
high in the River Conchas, to store up the flood waters 
of the river up to a quantity of 1,019,000,000 cubic metres ; 

to generate electrical energy, and to set up overhead 
or underground lines for its transmission. The works 
must be begun within six months, and finished within 
seven years, from the date of promulgation of the con- 
tract. The company is to construct, where necessary, 
brid, over the canals it makes, and it may set up tele- 
graph and telephone lines for its own use. The company 
may import free of duty, once only, all the machinery 
an fe ap necessary for these works. 

India : No progress in the matter of the water-supply 
scheme at Mandalay was made during the year. Since 
the close of the year a project has been drawn up which 
promises to be satisfactory and economical ; this project 
is now being put into shape, and will shortly be placed 
before the Municipal Committee.—The question of water 
supply at Monywa is still undecided. As a temporary 
expedient five Abyssinian tube-wells were sunk in a sand- 
bank opposite the town. Abyssinian tube-wells were 
similarly sunk at Minbu, and estimates for a permanent 
water supply have been approved by the Sanitary Board. 
It is -* that the scheme will shortly take definite 
shape. Estimates have been prepared for a water-supply 
scheme for Bassein, to be carried out with the aid of a 
loan of Rs. 1,00,000 (6667/.), and a grant of Rs. 50,000 
(3333/.) from the Government. The question is now 
being decided by a referendum in the town. In many 
other towns water-supply schemes are under considera- 
tion.—With reference to the proposed construction of a 
steam tramway from Arrah to Sassaram, Bengal, a com- 
mgd is in process of formation, with a capital of 

22,00,000 (about 147,000/.), to build this line. The 
estimated cost of the line, which will be about 60 miles 
long, is Rs. 35,397 (about 23607.) per mile. 

Austria-Hungary: Several towns in Hungary have 
decided upon important schemes of sanitation; among 
these towns may be mentioned the following:—Sewage 
works and water works at Esztergom (estimated cost, 
42,000/.); Szatmarnemeti (estimated cost, 104,000/.) ; 
Székesfehérvdr (estimated cost, 63,000/.); also water 
works at Eger (estimated cost, 33,300/.); Losonez (esti- 
mated cost, 42,000/.); Rimaszombat(esimated cost 25,0001. ); 
Gyergyoszentmiklés (estimated cost, 25,000/.); Temesvar 
(estimated cost, 83,0002. ). 

Bulgaria: A Bill is now before the Bulgarian Legisla- 
ture providing for an expenditure of 5,000,000 francs 
(200,000/.) in respect of locomotives and wagons. Four- 
fifths of this amount will be available during 1910 and the 
remainder next year. 

Morocco: Tenders are invited by the Special Com- 
mittee of Public Works for the construction of a road 
at Tangier.312 metres (about 340 yards) long. The esti- 
mated cost of the work is 85,000 francs (3400/.); a deposit 
of 750 francs (30/.) will be uired with each tender, to 
be increased by the successful tenderer to 3000 francs 
(1207.). H.M. Consul-General has forwarded a copy of 
the form of submission to be u in connection with 
tenders for all works put out by the Public Works Com- 
mittee. Theseforms, which must be used in the original, 
copies not being admitted, can be obtained from the 
British Consulate-General at Tangier. 

Colombia: The municipality of Bucaramanga is autho- 
rised to make a contract for the construction of an aque- 
duct in that town. The municipalities concerned are also 
authorised to make contracts for the construction of tram- 
ways in the province of Soto. 








Contracts.—Messrs. Ed. Bennis and Co., Limited, 
have recently booked orders for thirty-two of their stokers, 
— with air furnaces, many of which are repeat 
orders. 





INTERNATIONAL EXHIBITION OF INTERNAL-COMBUSTION 
Motors aT St. Prererspure.—The Imperial Russian 
Technical Association will open an international exhibi- 
tion of internal-combustion engines in its building at 
St. Petersburg on April 4, 1910 (new style). The exhili- 
tion is to last some weeks, and is intended more for small 
and medium-size motors than for large engines, for which 
the rooms would not be suitable. 7 ake, for trades and 
industry, ships, railways, tramcars, aerial machinery, aud 
in particular also for agriculture, will be the chief objects. 
The offices of the Association are at 2, Panteleimonskaya, 
St. Petersburg. 





Tue INSTITUTION oF NAVAL ArcuiTEcts.—The annual 
meetings of the Institution of Naval Architects will take 
place on March 16, 17, and 18. The meetings will be held, 
as usual, at the Royal Society of Arts, John-street, 
Adelphi, W.C. The Right Hon. Earl Cawdor, President, 
will occupy the chair. The annual dinner has been «r- 
ranged for Wednesday, March 16, at the Hotel Cec’, 
Strand, W.C. In connection with the International Con- 
og in Naval Architecture and Marine Engineering, to 

held in London on July 5 and the following days, 1» 
celebration of the Jubilee of the Institute, it is announced 
that H.R.H. the Prince of Wales has graciously consent! 


to accept the honorary presidency of this Congress, ! 





which further particulars will be issued later. 
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GUN-COTTON CHARGES. 

Tne following is a copy of a letter by the Inspector 
in charge of the Naval To o Station, Newport, R.I., 
to the Chief of Bureau of Ordnance, Navy Department, 
Washington, giving the results of tests carried out 
with a view to ascertain the relative value of gun- 
cotton charges made in one whole solid block, as com- 
pared with charges built up of slabs and discs in the 
usual, correct manner :— 

Referring to the Bureau of Ordnance’s endorsement on 
Torpedo Station letter 3326, relative to the experiment to 
determine the comparative effect of explosion of solid war- 
heads and the service war-head charge :— 

1. I have the honour to submit the following report upon 
the experiments carried out in order to compare the 
destructive effect of the solid war-head with that of the 
built-up war-heads in use at present in the service. 

2. There were on hand two solid blocks of gun-cotton 
shaped to fit the shell of a 5-metre (16-ft, 5-in.) Mark I. 
war-head, and a cylindrical block of gun-cotton 174 in. in 
diameter and 36in. long, with a 2-in. axial hole, this 
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block being similar in all respects to those from which the 
shaped 5-metre heads referred to above were turned. 

3. The cylindrical block was placed in an improvised 
countermine case, and an equivalent weight of domestic 
scrap” gun-cotton was placed in a duplicate case. 

4. The solid warhead was placed in a 5-metre, Mark I., 
war-head shell, and a similar shell was filled with 84-in. 
by 84-in. by 2-in. blocks of domestic gun-cotton, sawed to 
fit the shell, and packed tightly within it. 

5. oy mye om were made to photograph at known 
distances the columns of water thrown up by the explo- 
sion of the above-mentioned charges when planted on the 
bottom, in 15 ft. of water, and thus compare the explo- 
sive effect by measurement of the heights of the various 
columns obtained from the photographs. It will be 
noted that the explosion of the improvised countermines 
should give the relative explosive effect of the two kinds 
¥ gun am wee Son rela, and the explosion of the 

yar-heads the relative effect, s' for space. 

6. Three cameras were aol te photograph each ex- 


plosion. The lens of one camera has a focal length of 
9% in. ; that of the other two was 11{ in. 

i. The distance from the explosion to the cameras in 
the case of the improvised countermines was 670 ft. All 
SIX Tegatives were poor, but were sufficiently good to 
meas re and determine the height of the columns of 
water. ‘These were found to be as follow :— 

. 94 In. 11 In. 
 ., — Focal Length. Focal, Length. 
Cylindrical block (363.5 Ib. 
. dry x un-cotton) ... oie 315 ft. 303 ft. 
Scrap fun-cotton (363.5 Ib. 

dry m-cotton) ... mn 454 ,, 409 ,, 

The American term “*scrap” or “domestic” gun- 
cotton means gun-cotton compressed in small slabs or 


8. The first attempt to fire the solid war-head failed ; 
probably because of leaks in the water-cap and the con- 
sequent wetting of the dry primer, which partially deto- 
nated. The head was shattered by the partial detonation 
of the primer, but did not detonate, the shell only being 
slightly damaged. The fragments of the head were 
carried out to sea and thrown overboard ; the shell was 
repaired, and the other solid head placed in it. 

9. The distance from the explosion to the cameras in the 
second attempt to explode the war-heads was 600 ft. The 
heights of the columns of water obtained were as follow : 


94 In. 11j In. 
Boca 


Length. Length. 
Solid head (248.7 Ib. dry gun- 


Charge. 


cotton)... im sias .. B08 ft. 305 ft. 
Built-up head (195 1b. dry gun- 
cotton) ... on: . 2. OO. 


10. Asa check upon the height obtained from the 
photographs, time was taken in each case from the moment 
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of pressing the firing-key until the water subsided after 
the explosion. These times were as follow :— 


ractical tests carried out in the United States, the 
tovernments of Great Britain, Germany, France, 
Italy, and Russia, amongst others, have carefully 
examined and considered them, and for chemical 
and physical reasons they have all come to adverse 
decisions. To these authorities and others who are 
still considering the question and problems involved, 
these experiments in the United States, now for the 
first time published, should have important interest. 

It will Fe observed from the tests recorded above 
that conclusion (}) really means that in a given space or 
volume about 25 per cent. more gun-cotton in a solid 
block charge requires to be used to obtain the same 
explosive power and effect as a built-up charge of 
slabs. Briefly, the new features claimed for the solid 
charges, quoting from a theoretical standpoint, were 
the following :— 


**The working-up of gun-cotton pulp in such a 
manner that the air is completely expelled, while the 





mass is worked together so as to produce a cohesive 








n 


Scrap gun-cotton (363.5 ,, = S -» 
Solid war-head (248.7 ,, a )12 » 
Built-up war-head (195 ,, ne )14 wo 


11. Conclusions.—A comparison of the heights of the 
columns of water, of the times, and of the photographs 
accompanying this report tends to show :— 

(a) That for equal weights the built-up head of domestic 
gun-cotton is superior to the solid h 

(b) That for equal space the built-up domestic gun- 
cotton and the solid gun-cotton are practically equal. 

12. Four photographs accompany this —_ All, 
except that of the explosion of the ‘‘Scrap Gun-Cotton 
in an Improvised Countermine Case,” were taken with 
the camera of 9} in. focal length. 


We reproduce in Figs. 1 and 2, herewith, two of 
the photographs in question. We should add that 
the above data have been communicated to us by 
Mr. F. Martin Hale, of the Cotton Powder Company, 
Limited, 32, Queen Victoria-street, E.C. Mr. Hale 
was the originator of the solid-block manufacturing 
process in this country. 

As is well known, theoretical contentions are not 
always borne out in practice, as these actual prac- 
tical tests—the onlyones that have been carried out 
—undeniably prove. A vast amount of time (about 
twelve years) and money (about 50,000/.) have been 
spent in this country in an endeavour to successfully 
manufacture gun-cotton chargesin one wholesolid block, 
and so do away with the necessity of building up such 
charges from a large number of slabs or discs, and the 
plant devised has produced very successful work, but 
has totally failed to obtain the recognition and ad- 


Cylindrical block (363.5 Ib. dry = 9.4 secs. 
1 








herents that was anticipated, In addition to the very 
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and homogeneous block. By the hitherto existing 
processes the air has not been removed ; the cavities in 
which it rests are naturally made smaller by pressure, 
but when the pressure has been removed they expand 
again, rendering the block spongy or laminated. The 
consequence of this is that detonation is often not com- 
plete, and has a diminished destructive effect when 
the charge is fired. 

‘There are, it is true, several advantages in forming 
shel], submarine, or torpedo charges in one block 
this new process. No space is wasted, as with built-up 
charges ; the saving in this respect, and the higher 
density obtained, enable 15 per cent. to 20 per cent. 
more gun-cotton to be got into the same size of shell, 
torpedo, or mine cavity than under the old method. 
A strong metallic case is not needed, as the charge 
will hold together of itself, and an envelope of 
thin waterproof material is sufficient for the pur- 
pose of retaining the moisture. The uniform density 
of charges secured by the new process ensures the com- 
plete detonation of the entire mass ; and the presence 
of a uniform amount of moisture, evenly distributed, 
adds to this quality. 

“It is quite natural that such claims should have 
created considerable attention, the subject being one 
of universal concern to all naval and military autho- 
rities.” 

In concluding these remarks, we may quote from a 
discussion on Sir Frederick L. Nathan’s paper, ‘‘ Gun- 
Cotton and Its Manufacture,” read on February 1 
last :— 

Colonel Sir H. Barlow, Bart., Superintendent of the 
Royal Laboratory, Woolwich Arsenal, in the course of 
this discussion, said that he was probably the largest user 
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of gun-cotton in England, as all the mines and torpedoes 
were filled at the Royal Laboratory. 

With regard to filling mines and torpedoes, there was 
always a hankering after using enormous blocks of gun- 
cotton, which looked at first sight an admirable system. 
Tt was not, however, as good as it looked. He made no 
criticism on the methods employed by one company he 
knew of, who made the most admirable solid gun- 
cotton he had ever seen—so solid that a block of it 
over 400 lb. in weight had to be put on the floor and cut 
with a cross-cut saw like a tree, in order to obtain blocks 
from it, cut up for certain tests in regard to the distribu- 
tion of moisture. It was in connection with the distri- 
bution of moisture in wet gun-cotton that these blocks 
were so inconvenient. With explosives nothing could be 
taken for granted; it was necessary to find what the 
moisture really was, and therefore if a large block were 
being tested as a complete charge, a piece had to be taken 
from the inside, as, for example, from a cheese, and a tool 
had to be invented for taking these tests. It was a 
difficult problem, because one could not allow the water 
to run on the tool, as it would at once impair the mois- 
ture test ; therefore they had to have a tool with a water 
casing round it, and to bore in to a depth of something like 
14 in., to take out the sample column and test the mois- 
ture there in. Further, as to repairs, when the torpedoes 
were filled with a few large specially-shaped blocks, the 
blocks that were kept as spare for the carrying out of 
repairs were only of use for the one purpose ; whereas if 
the charges were built up of slabs like bricks, of about 
21b. weight each, and such slabs were used for all pur- 
poses, the keeping of spare slabs for repair purposes was 
a simple matter. 





INDUSTRIAL NOTES. 

Tue report of the Labour Department of the Board 
of Trade on the general state of employment is based 
on the following extensive and reliable statistics, fur- 
nished by the respective parties :— 

In addition to the 2894 employment returns from 
trade unions used for the chart, 3715 were received 
from employers relating to 1,131,855 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 

- worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6609 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 

From the above returns it appears that employment 
was, on the whole, much about the same as in the 
previous month. There was some improvement in the 
coal-mining, iron and steel, tin-plate, and shipbuilding 
industries. On the other hand, there was a seasonal 
decline in the building trades. In the engineering and 
other industries there were the usual holiday suspen- 
sions at the end of the year. In spite of seasonal and 
holiday influences the net increase in the percentage of 
unemployed was 0.1 only, as compared with an average 
increase of 0.6 per cent. in the ten years 1899-1908. 
As compared with a yest ago, all the principal indus- 
tries, except cotton, showed an improvement. 

The 416 trade unions making returns had a net 
meinbership of 692,153, of whom 45,963, or 6.6 per 
cent., were reported as unemployed, compared with 
6.5 per cent. a month ago and 9.1 per cent. a year ago. 





Employment in coal-mining was good on the whole, 


and showed an improvement on both a month ago and | P® 


a year ago. The average number of days worked per 
week at the pits, for which returns were received, was 
5.49, as compared with 5.36 days a month ago and 
5.29 days a year ago. 

Employment in iron-mining on the whole was good, 
and showed little change compared with both a month 
agoand a yearago. The average number of days worked 
per week by all mines and open works penn: te in the 
returns was 5.75, as compared with 5.83 a month ago 
and 5.75 a year ago. 

In the pig-iron industry employment was moderate. 
Returns received relating to the works of 108 iron- 
masters, employing 22,700 workpeople, showed 301 fur- 
naces in blast, as compared with 304 a month ago and 
200 a year ago. 

Employment at iron and steel works showed an 
improvement. The volume of employment at the works 
from which returns were received was 2.8 per cent. 
more than a month ago, and 9.6 per cent. more than a 
year ago. 

In tin-plate and steel.sheet manufacture employ- 
ment continued very good, and was better than a year 

o. At the works covered by the returns, 471 tin- 
plate and steel-sheet mills were working, as compared 
with 466 a month ago and 456 a year ago. 

In the engineering trades employment, though still 
slack, continued to improve, and was much better 
than a year ago. Trade unions with a membership of 
168,200 reported 9.8 per cent. unemployed, as com- 
pared with 9.5 per cent. a month ago and 14 per cent. 
a year ago. Holiday suspensions affected employment 
at the end of the month. 

The shipbuilding trade showed some improvement 
as compared with a month ago, and was much better 
than a year ago. Trade unions with a membership 


of 55,967 reported 16.9 per cent. unemployed, as com- 





pared with 19.3 per cent. a month ago and 24.7 per 
cent. a year ago. 





In the spinning branch of the cotton trade employ- 
ment was Pad. Organised short time to the extent 
of 154 hours weekly was worked in mills spinning 
American cotton. In the weaving branch employment 
was very slack, and there was much waiting for warps. 
In both branches there was a decline as compared with 
both a month ago and a year ago. Returnsfrom firms 
employing 126,914 workpeople showed a decrease of 
6.4 per cent. in the amount of wages paid as compared 
with a month ago, and of 10.2 per cent. as compared 
with a year ago. 

Employment continued good in the woollen trade, 
and was much better than a year ago. Returns from 
firms employing 29,504 workpeople showed a decrease 
of 0.4 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 16.5 per cent. 
compared with a year ago. 

The worsted trade continued good, and was better 
than a year ago. Returns from firms employing 45,892 
workpeople showed an increase of 0.4 per cent. in 
the amount of wages paid compared with a month ago, 
and of 8.7 per cent. compared with a year ago. 

Employment in the linen trade continued good, and 
was much better than a year ago. Returns from firms 
employing 49,456 o—— showed no change in the 
wages paid compared with a month ago, but an in- 
crease of 13.3 per cent. compared with a year ago. 

The jute trade continued cy good, and was better 
than a year ago. Returns from firms employing 18,596 
workpeople showed a decrease of 0.7 per cent. in the 
wages paid as compared with a month ago, and an in- 
crease of 8.1 per cent. as compared with a year ago. 

In the lace trade employment continued moderate, 
and was better than a year ago. Returns from firms 
employing 8620 workpeople showed a decrease in the 
amount of wages paid of 0.9 per cent. as compared 
with a month ago, and an increase of 5 per cent. as 
compared with a year ago. 

Employment in the hosiery trade continued good, 
and was much better than a year ago. Returns from 
firms employing 19,473 workpeople showed an increase 
of 0.5 per cent. in the amount of wages paid compared 
with a month ago, and of 17.1 per cent. compared with 
a year ago. 4 





The boot and shoe trade continued fairly busy, 
and was better than a year ago. Returns from firms 
employing 58,960 workpeople showed an increase of 
1.9 per cent. in the amount of wages paid compared 
with a month ago, and of 4.5 per cent. compared with 
@ year ago. 

Employment in the other leather trades was fair, 
but somewhat worse than a month ago; it was better 
than a year ago. Trade unions with 3193 members 
paren 5.5 per cent. unemployed, as compared with 
3.4 per cent. a month ago and 8.6 per cent. a year ago. 





The paper-making trades continued good, and were 
better than a year ago. 

In the printing and bookbinding trades employment 
Pirna y good generally, and was better than a year 
ago. It showed an improvement during the greater 
rt of the month as compared with the previous 
month, but declined towards the end of the month. 
Trade unions in the printing trades with a membership 
of 50,618 reported 4.2 per cent. unemployed, as com- 
pared with 3.5 a month ago and 5.7 a year ago. In 
the bookbinding trades the corresponding percentages 
relating to a membership of 6689 were 3.8, 3.3, and 
5.4 respectively. 





Employment in the building trades continued slack. 
It showed a seasonal decline as compared with a 
month ago, but was better than a year ago. The per- 
centage of unemployed among trade-union carpenters 
and plumbers was 12.9, as compared with 10.4 a month 
ago and 14.9 a year ago. 

The furnishing and woodworking trades were on 
the whole dull. They showed a decline compared 
with a month ago, but were better than a year ago. 
Trade unions with a membership of 34,710 reported 
9 per cent. of their members unemployed, as com- 
pared with 7.4 per cent. a month ago and 10.8 per 
cent. a year ago. 

In the glass trades employment on the whole was 
moderate, but worse than a year ago. Returns re- 
ceived from firms employing 7572 workpeople showed 
an increase of 4.3 per cent. in the amount of wages 
paid as compared with a month ago, and a decrease of 
1.9 per cent. as compared with a year ago. 

Employment in the pottery trade continued bad on 
the whole, and was worse than a month ago; it 
showed little change compared with a year ago. It 
was moderate in the brick and tile trades, and about 
the same as a month ago; it was better than a year 


ago. 


Agricultural employment was generally regular, but 
day labourers lost some time owing to bad weather. 








There was a fairly good demand for such men, accom- 
panied by an even supply, in the eastern counties, but 
elsewhere the demand was only moderate, and th: 
supply tended to be somewhat in excess of the de- 
mand. 

Employment of dock and riverside labour in London 
was fair, and better than a month ago and a year agu ; 
it continued fair at Liverpool. It was fairly good an: 
better on the whole than a month ago at most of the 
other principal ports, but on the North-East Coas' 
some decline was reported. The average number of 
labourers employed daily at the docks and principal 
wharves in pam te (exclusive of Tilbury) was 14,04s, 
an increase of 4 per cent. as compared with a month 
ago, and of 9.9 per cent. as compared with December, 


o 





Eight labour disputes began in the month, as com- 
pared with 24 in the previous month and 11 in the 
same month a year ago. The total number of work- 
people involved in disputes which began or were in 
progress was 8522, or 6563 less than in the month pre- 
vious, and 9054 less than a year ago. The aggregate 
duration of all the disputes of the month, new and 
old, amounted to 131,900 working days, or 56,500 days 
less than in the previous month, and 33,100 days less 
than the same month a ed ago. Definite results were 
reported in the case of ten disputes, new and old, 
directly involving 4294 persons. Three were decided 
in favour of the workpeople, three in favour of the 
employers, and four were compromised. 

he changes taking effect in rates of wages affected 
only 300 workpeople, of whom 200 received advances, 
mf 100 sustained decreases, the net effect being a de- 
crease of 5/. per week. 





The American Federationist for the current month 
is full of subjects that are of interest to all trade 
unions and other labour associations in Europe. 
In the first place, the subject of appeal to the 
Supreme Court of the Federal Union is dealt with 
in full detail, all the proceedings being set forth 
in the State Courts, with all legal documents attached, 
for the purposes of the appeal in the Supreme Court 
of the United States. The procedure generally is 
based on the English system as laid down by Black- 
stone, modified to suit the country of its adoption. 
The United States edition of Blackstone is regarded as 
one of the best ever published. Then there is a 
tolerably full account of the great Congress, or Con- 
vention, as it is called, at Toronto, in December last, 
at which it was decided to attack the United States 
Steel Corporation Trust, the whole plan of compaign 
being set forth. This is a seer combination of 
labour against a vast combination of capital, and it 
is likely to be the greatest labour fight ever entered 
upon either in the old or the new world. 





The monthly record of the Amalgamated Tool- 
Makers for this month appears to have been written 
in view of the political situation, and of the General 
Election. It deals with many topics from the 
political point of view, but always as the questions 
affect the workers. There are several long articles 
of especial interest affecting labour; for instance, 
that on the working of the Compensation for Injuries 
Act, the statistics of which are given down to the 
latest official report. Again, it gives the wages and 
cost of living of certain classes of workers during the 
earlier years of the last century. This union is one of 
the youngest of those of the engineering trades, and 
is flourishing. Its contributions are rather lower than 
in some of the other societies, while the benefits are 
larger in several instances. 





The most regrettable incident during the General 
Election, from an industrial point of view, was what 
is called the ‘‘ miners’ revolt” in Durham. The news- 
papers’ report of the affair is as follows :—‘‘ About 
10,000 Durham miners marched into Gateshead yester- 
day (Monday, the 18th, the eve of the poll) to oppose 
Mr. Johnson, the Labour candidate, who is the agent 
of the Durham Miners’ Association, on account of his 
attitude on the Kight Hours Act Agreement with 
the employers.” The conduct of these rowdies, in 
their attack upon the Marley Hill Collieries, near 
Newcastle, the smashing of the office windows, and 
the throwing of the office books and other things down 
the pits, and the letting down of the bottoms of several 
wagons loaded for transport, show the character vi the 
men engaged in the affray. Mr. Johnson was and is 
the Durham miners’ agent and was Labour Member 
for Gateshead. He bears a good name among the 


re nn as for his honest, sterling qualities, and has 
hitherto been ‘the pet of the men. But becau-e he, 
with his colleagues, had signed a provisional a ree- 


ie to 
iown 


and 


ment to avert a strike, with the view of giving ti 
test the Eight Hours Act, he was thus hounded 
by his former adorers, on the eve of his electio 
lost his seat in consequence. 


The position of the Northumberland miners is it an 
envious one. Instead of coming to an agreemvit at 
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an earlier date, the question was rather rushed at last, 
just in time before the six months’ grace had expired. 
‘There was ample time between July 1 and December 31 
to thrash out all matters of difference as to the 
working of the Eight Hours Act, but the parties 
failed to agree. Whoever is to blame, the result 

deplorable. When the Act came into force on 
January 1 the men were not prepared to accept 
the temporary terms agreed upon, and many of the 
collieries were kept idle. Last week the council of 
the Miners’ Association had to consider the applica- 
tions of the men who had refused to work, and it was 
agreed to pay them strike or lock-out allowance on the 
scale of the rules, but the amount was limited to 
Saturday last, the 22nd inst. The question as to 
collieries standing idle after that date was left to be 
reconsidered. At the next day’s sitting of the council 
it was proposed that a ballot of all the members 
should be taken as to whether the members shculd 
tender fourteen days’ notice to terminate the county 
agreement under the Eight Hours Act. This was 
defeated by a majority of 13 in a meeting of delegates 
at which 97 voted. Then it was proposed to take a 
vote of the lodges ; this was negatived by 40 votes to 
38. The council strongly advised the men to make 
every effort to effect an arrangement with the local 
owners of the collieries standing idle at date of con- 
ference. In Durham it is said that the men are 
resuming work at several of the collieries. During 
last week work was resumed at about twenty collieries. 
It is stated that thousands of workmen and their 
families are in distress, feeling the pinch of want by 
refusing to accept the arrangements made on their 
behalf by their representatives. 


Matters look awkward iu the South Wales coal- 
fields, both as regards the working of the Mines Eight 
Hours Act aid the question of the standard minimum 
wage. The mineowners have submitted their pro- 
posals, the terms being a reduction on the 1879 stan- 
dard from 30 to 20 per cent. The men, on the other 
hand, demand that the minimum be raised from 30 to 
40 per cent., with a demand for the payment for small 
coal. There are also other demands as to extra pay- 
ment for afternoon and night-shifts, and higher wages 
forday men. The owners also make demands as to 
the working of shifts. The respective demands are so 
utterly at variance that agreement would seem to be 
out of the question. 





The date of the tenth annuil conference of the 
Labour Party is now fixed for Wednesday, February 9, 
at 11 a.m., to be held in the Great Central Hall, New- 
port. There is to be a special meeting on the Lords’ 
decision on the levies for Parliamentary representation, 
at which presumably the two other bodies will be pre- 
sent—namely, the Parliamentary Committee of the 
Trades Union Congress andthe General Federation of 
Trade Unions. That meeting will decide as to the 
measures to be adopted and the aetion to be taken in 
Parliament on the question... And also, perhaps, on 
other questions. ' 


It would appear that politics had more attractions 
than business at the Midlands iron market and on 
Manchester ‘Change at the end of last week, but the 
tone was better and firmer. It is reported that a good 
deal of business was done between the quarterly meet- 
ing and market day, but producers hesitate to accept 
orders far ahead on the basis of present prices. There 
has been an upward tendency in prices since the 
quarterly meeting, which will spread to most, if not 
all, the chief centres in the near future. 








ALLOYS OF COPPER, ALUMINIUM, AND 
MANGANESE. 


Ninth Report to the Alloys Research Committee, on the 
Properties of Some Alloys of Copper, Aluminium, and 
Manganese.* 

With an Appendix on the Corrosion of Alloys of Copper 

and Aluminium when Exposed to the Sea. 

By Dr. W. RosenHAIN and Mr. F. C. A. H. Lants- 
BERRY, Of the National Physical Laboratory, Ted- 
dington, 

THis report follows on the Eighth Report to the Alloys 

Research Committee by Messrs. Carpenter and Edwards, 

which dealt with an investigation of copper-aluminium 

alloys, The authors of the present report, under the 
direction of the Alloys Research Committee, commenced 
an investigation of the influence of manganese, nickel, and 
zine on such copper-aluminium alloys. This report deals 
only with the properties of some of the most interesting 
and promising alloys resulting from the addition of man- 

Ranese to the copper-aluminium alloys. The report does 

hot pretend to be exhaustive. The metallographic study 





* Abstract of the report read before the Institution of 
Meclianical Engineers, London, Friday, January 21, 
1910. Owing to the great length of this report, as pre- 
Sented, it has been found necessary in the reproduction in 
thes» columns to condense it in certain parts. Some of 
the tables are also omitted, but only where the important 
= — recorded in corresponding diagrams which are 

produced. 


of the ternary system has not been completed, but as the 
data accumulated a r to be of practical importance, 
it was decided to pull without further delay. 

The choice of manganese was made by the Alloys Re- 
search Committee, and can be justified on metallurgical 
grounds, owing to its value asa de-oxidising agent ; the 
removal of all oxide of tin from copper-tin alloys results 
in an improvement in their mechanical properties. 
Messrs. wards and Carpenter have pointed out the 
similarity existing between copper-tin and copper-alu- 
minium alloys. The t affinity of aluminium for 
oxygen and the infusible nature of the oxide suggest 
that the introduction of manganese into copper-aluminium 
alloys would prove advantageous. This choice seems to 
have been justified by the records presented in the report. 

The report dealing with copper - aluminium alloys 
having shown the range of the binary alloys of practical 
value, the authors concluded that the ternary alloys would 
eimilarly ke limited, on the ground that manganese is to 
a certain extent the metallurgical equivalent of alumi- 
nium in its relation to copper, possessing a considerable 
power of hardening the alloys, to which it is added in 
notable quantities. This was proved to be the case, and 
the investigation was confined to the ternary alloys, which 
promise to be of practical value. A complete investiga- 
tion of a ternary system, investigating one alloy for every 
2 per cent. difference in the constituents, would involve a 
study of 1250 alloys, which was beyond the means and 
time allowable. 2B series of ‘‘ exploratory ” meltings has 
been made, therefore, for a range of ternary alloys corre- 
sponding to each of the two ranges of the alloys of the 
binary system—7.c., those at the heavy and those at the 
light end of the series. 

The copper-aluminium equilibrium diagram is very 
complex, and the addition of a third element would add 
considerably to the complication, and for its complete 
determination would require an enormous number of 
investigations, of which most would be without the range 
of practical values, having little bearing on the industria] 
utilisation of the alloys. The authors have endeavoured 
to explore the range of useful alloys, particularly those 
near the copper end of the series, where the equilibrium 
conditions are of immediate practical importance, with 
regard to their use having a bearing on the thermal 
treatment, and the effect of annealing, quenching, hot and 
cold rolling, &c. The investigation in this way thoroughly 
covered the ternary system containing less than 10 per 
cent. of manganese, and less than 11 per cent. aluminium. 

In general, the report has been modelled on the lines 
of the Eighth Report above referred to, and much of ‘the 
data now furnished is directly comparable with that of 
the previous report. The present report naturally divides 
itself into two parts—namely, that devoted to the alloys 
containing a large proportion of copper, and that to the 
alloys rich in aluminium. 

Broadly speaking, the ternary alloys, of which the prin- 
cipal ingredient is copper, when compared with the best 
binary alloys of copper and aluminium, present certain 
advantages, having a higher yield-point, a slightly higher 
ultimate stress, and undiminished ductility. The alloys 
were tested in the form of sand-castings, chill-castings. 
and rolled bars. One alloy proved best in one form, 
while others surpassed it under other conditions. These 
alloys show improvement in the rolled form over the 
chill-castings, especially in elongation. Certain alloys 
examined 4 dynamic test ‘prove these particular 
ternary alloys to be practically equal to the binary alloy 
containing 10 per cent. Al, but they show a very slight 
inferiority as regards the safe range of alternating stresses. 
On the other hand, under impact test some of the ternary 
alloys gave remarkable results—very remarkable ones 
indeed—under the abrasion test in Dr. Stanton’s machine. 
As regards corrosion in salt and fresh water, the ternary 
alloys are equal, and in some cases rather superior, to the 
a pen oe series, 

Vith regard to the alloys at the light end of the series, 
the results of the present investigation are not so favour- 
able. In the case of one of the series the tests on chill- 
castings gave good tensile strength and elongation, but 
rolled bars of the same alloy showed no better results 
than those obtained with copper-aluminium alone. The 
temperature at which the metal is poured greatly in- 
fluences the properties of these alloys. 


GENERAL SuMMARY. 


Alloys Rich in Copper.—Twenty-two ‘‘exploratory ” 
meltings of 20 lb. each were made of alloys within the 
limits of 11 per cent. Al and 10 per cent. Mn. The 
general inference from tensile tests of sand and _chill- 
castings from these showed that small quantities of man- 
ganese stiffened the alloy, raising the yield-point and 
ultimate strength without diminishing the ductility ; but 
larger additions made the alloys weak and brittle. As a 
result, nine alloys, ranging in Mn from 0.5 to 5 per cent., 
and Al7 to 10 per cent., were further investigated. Three 
of these were sufficiently promising to warrant complete 
study, including kinetic tests. Tensile tests were taken 
of the nine alloys in the form of sand and chill-castings, 
rolled bars, and cold-drawn bars, and several of them are 
superior to the copper-aluminium alloys. Thus in the 
case of sand-castings the results of No. 2 alloy (containing 
10 per cent. Al and 1 per cent. Mn) compare with 
the best binary alloy (No. 13) of the Eighth Report as 
follows :— 


Yield- Ultimate Elongation 
| Point. Stress. on 2 In. 











tons per | tons per per cent, 
| sq. in. | sq. in. 
No, 2 (Ninth Report Al-Cu-Mn) l4 | 85.76 22.5 
No. 13 (Eighth Report Al-Lu) 13 31.7 | 21.7 











An alloy (No. 6) containing 9 per cent. Al and 2 per 
cent. Mn has the same yield-point and ultimate strength 
as the 10 per cent. copper-aluminium alloy, but shows 
46 per cent. elongation on 2 in., com with 36 per 
cent. In rolled bars, }# in. in diameter, the best ter- 
nary alloys have an ultimate strength of nearly 43 tons 
per square inch, with a yield-point of 23 tons, and elonga- 
tion on 2 in. of 22.5 per cent.; another showing a yield. 
point of 19 tons, an ultimate strength of 40.5, and an 
elongation on 2 in. of 40 per cent. These results corrobo- 
rate the preliminary conclusion arrived at and noted above. 

Hardness tests by the Brinell ball method and by the 
Shore *‘‘scleroscope” made on the nine selected alloys 
show little difference of hardness numbers (Brinell num- 
bers vary between 170 to 199), although these alloys are 
of widely different tensile strength. Torsion tests of these 
nine alloys are generally consistent with the tensile 
tests. No, 9 alloy, however (containing 8 per cent. Al 
and 5 per cent. Mn), gives both the highest maximum 
strength in torsion and the largest angle of twist, which 
is remarkable, inasmuch as with most of the series the 
angle diminishes as the strength increases. The ratio of 
the maximum stresses, as found by torsion and by tension 
varies between 0.75 and 0.90, but never reaches or exceeds 
unity, as in some of the binary (Cu-Al) =e 

The nine selected alloys were tested under alternating 
stress, and the results show considerable variation. The 
mean results show the ternary alloys to be not quite 
as good in this respect as those dealt with in the Eighth 
Report. 

The three alloys selected for further examination were 
of the following composition:—No. 2, 10 per cent. Al, 
1 per cent. Mn; No. 3, 10 per cent. Al, 2 per cent. Mn ; 
No. 6, 9 per cent. Al, 3 per cent. Mp. The elastic limits 
of these alloys were found to be as follow :—No. 2, 8 tons 
per square inch; No. 3, 9 tons per square inch ; No. 6, 
12 tons per square inch. The elastic modulus ranged 
from No. 2, 13.6 x 10 lb. per square inch, to 14.9 x 108 
in No. 6. Cold-drawing does not affect the modulus, 
though the elastic limit is considerably raised thereby. 
The low values of the elastic moduli, as compared with 
those of steel, may affect the utility of these alloys in 
some directions. Tensile tests at high temperatures 
showed results similar to those of the 10 per cent. copper- 
aluminium alloy of the Eighth Report. Tensile strength 
is well maintained up to about 300 deg. Cent., but then falls 
off rapidly. The addition of manganese does not, in this 
respect, lead to the improvement looked for. There are 
grounds, however, for Colioving that these alloys would, 
at moderately high temperatures, behave better than the 
pure Cu-Al alloys. Under alternating-stress tests these 
three alloys behave in an almost identical manner. The 
tests indicate a safe maximum stress of about 25 tons per 
square inch when the rate of reversal approaches 1000 per 
minute. Under the single-blow impact test these alloys 
show an absorption of about 9.5 to 10.5 foot-pounds for 
fracture, compared with 4.5 for the 10 per cent. copper- 
aluminium alloy. In repeated bending-impact tests, with a 
tup weighing 6.15 lb. and falling a height of 2.01 in., No. 2 
alloy failed only after over 900 blows, and No. 6 after 
under 600. With a 4.71-lb. tup and fall of 1.01 in. all 
three alloys stand more than 10,000 blows, while Swedish 
Bessemer steel stands only 6000. Under rolling abrasion, 
tests in Dr. Stanton’s machine showed these three alloys 
to remarkable characteristics. As they are easily 
machined, and capable of taking a high finish, and pre- 
sent a resistance to abrasion above that of tool steel, 
there is possibly a considerable field for them, A ring 
of No. 6 alloy in this test lost only 10 milligrammes 
weight, while one of rail steel lost 64.5 milligrammes, and 
one of tool steel 27. 

The effect of annealing or quenching from tempera- 
tures near 550 deg. Cent. (1022 pa Fahr.) is not marked, 
although annealing injures alloys Nos. 2 and 3, and 
quenching only partially restores them. No. 6 alloy is 
rather improved than injured by annealing at about 
500 deg. Cent., so far as sand-castings are concerned. 
Annealing any of the three alloys at 800 deg. Cent. 
(1472 deg. Fahr.) is found to injure them seriously, and 
quenching from this temperature produces a hard and 
brittle material. Thus No. 3 in the form of a rolled bar 
quenched from 850 deg. Cent. has a tensile strength of 
52 tons per square inch, but an elongation of only 3.5 per 
cent. 1t was found that the hardness due to cold work- 
ing began to disappear after these alloys had been exposed 
to a temperature of 550 deg. Cent. 

In corrosion tests in fresh water all three alloys in the 
form of sand-castings gave good results, but in sea-water 
No. 2 loses nearly as much as naval brass, while No. 6 
did not corrode at all. Tests made to ascertain whether 
these alloys could be prepared with Mn derived from a 
commercial 80 per cent. ferro-manganese show that this 
is possible if cupro-ferro-manganese is first prepared. 
These alloys, rich in copper, cannot be prepared from 
ferro-manganese direct. 

The constitution of the ternary alloys of less than 11 per 
cent. Al and less than 10 per cent. Mn has been studied, 
and the results of an examination of cooling curves, differ- 
ential cooling curves, and micro-photographs have enabled 
a model of the liquidus surface of these alloys to be made, 
Adequate data are not yet forthcoming for a complete 
discussion of the constitution of the alloys, but within the 
range examined the ternary alloys appear to resemble in 
constitution the binary alloys of copper and aluminium. 
In no case does manganese give rise to the formation of 
a third phase, so that all the alloys consist of either a single 
solid solution (the a body) or of two phases, in each of 
which manganese exists in the form of a solid solution. 
The compound Cu; Al appears to be capable of dissolving 
manganese, and there is no evidence of the formation of a 
ternary compound. The “‘ valley,” or ternary minimum, 
observed in the liquidus surface divides this range of alloys 





into two classes corresponding to the alloysof copper with 
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aluminium, whose aluminium content places them on the 
copper side of the minimum in the liquidus, and those on 
the aluminium side of the minimum, the former being 
homogeneous, and the latter duplex in structure. _ 

Alloys Rich in Aluminiwm. —A binary eutectic is found 
to exist close to the aluminium end of the series, while the 
alloys on the manganese side of this eutectic contain in- 
creasing quantities of the compound Al;Mn—a hard, 
brittle compound, which at once limits their value. The 
investigation was therefore confined to ternary alloys 
containing less than 4 per cent. of either copper or man- 
ganese. Hight ‘‘exploratory” meltings were made an 
tests on sand and chill-castings carried out. These were 
not very promising, but suggested that two alloys—one con- 
taining 2 per cent. Cuand 2per cent. Mn, and the other 3 per 
cent. Cu and 1 percent. Mn—were worth studying. These 
alloys were found to be very sensitive to casting — - 
ture. For instance, a chill-casting poured at 680 deg. Cent. 
(1256 deg. Fahr.) gave a tensile strength of 11.6 tons per 
square inch, and an elongation of 8 per cent. on 2 in., 
while one poured at 750 deg. Cent. (1382 deg. Fahr.) gave 
only 6 tons tensile strength and an elongation of 2 per 
cent. only. The tensile tests of sand-castings of the two 
selected light alloys compare favourably with those of the 
copper-aluminium alloys, and still more is this so in the 
case of chill-castings. No. 11 —_ (3 per cent. Cu, 1 per 
cent Mn) gives an ultimate strength of 12 tons per square 
inch and an elongation of 13.5 per cent. on 2 in., exceed- 
ing the binary alloys of copper-aluminium. This supe- 
riority was not maintained when the alloys had been 
rolled into }j-in. bars, and the ternary alloys present no 
advantage in this respect over the binary series. The 
two alloys would not stand satisfactorily under cold 
drawing. The specific gravity of the _ showed the 
rolled material to be markedly denser than the chill- 
casting. 

The elastic limits of both the selected alloys was 7.15 
tons, and the elastic moduli 10.75 x 10° and 10.4 x 10° 
respectively for alloy No. 10 (2 per cent. Cu, 2 per cent. 
Mn) and No. 11 (3 per cent. Cu, 1 per cent. Mn). Under 
alternating stress No. 10 has a pot range of 9.4 tons per 
square inch, and No. 11a range of 8.8 tons per square 
inch. Under single-blow impact tests No. 10 stood 4.1 
foot-pounds, and No. 11 5.5 foot-pounds, figures which 
are high in view of the low tensile strength. Under re- 
peated bending impact witha drop of 0.71 in. (1.01 

roving too high), and a tup of 4.71 lb., No. 10 alloy stood 
590 blows, and No. 11, 672 blows. 

The light alloys and thirteen additional alloys were 
examined as regards structure and constitution. All the 
alloys show two definite a —the majority 
three, and two even show four. hree phases are found 
in the alloys ; these are a solid solution of pure, or nearly 

ure, aluminium, containing some Cu, but practically no 

An, in solid solution ; the aluminium-copper compound 
Cu Aly, and the aluminium-manganese compound Al; Mn. 
The freezing-points of the eutectics formed by each of 
these compeunds in combination with aluminium are appa- 
rently affected—in the ternary alloys—by the presence 
of the other compound in the mother-liquor, while a 
ternary eutectic of the three phases is probably found in 
most of these alloys, being, of course, the last body to 
solidify. The freezing temperature of this ternary eutectic 
appears to be 522 deg. Cent. (972 deg. Fahr.). fferen- 
tial cooling curves of these alloys indicate that there are 
no thermal changes below the point of final solidification, 
so that no annealing or quenching experiments were 
required. The structure of alloys Nos, 10 and 11 is some- 
what similar, exhibiting large crystals of the aluminium 
constituent, surrounded by a eutectic, in which traces of 
the compound Al; Mn are clearly discernible. The struc- 
ture of the ‘‘ hot ” rolled bars is somewhat remarkable, 
showing very marked signs of cold work, and thus indi- 
cating that the finishing temperature employed during 
the rolling of these alloys had been low enough to pro- 
duce considerable cold working. 

An alloy of the type of No. 11 was made by introduc- 
ing the copper and manganese in the form of cupro-ferro- 
manganese previously prepa: from ferro-manganese. 
The resulting alloy contained 0.1 per cent. iron and gave 
results only slightly below those of the original alloy 
No. 11. An alloy of the type of No. 10 was prepared by 
the use of ferro-manganese direct, the resulting alloy 
showing 0.52 per cent. iron, and giving better results than 
the original No. 10 alloy. It is therefore probable that 
small proportions of iron might improve these alloys. 

In tests for acid-resisting qualities certain binary alloys 
of aluminium-manganese were found not to possess any 
advantage in this respect over pure aluminium. 


Main Report. 


Part 1.—Alloys Rich in Copper. 


Erploratory Heats.—As explained in the introduction, 
the first step in the investigation of the ternary alloys 
consisted in the production of a series of meltings on a 
comparatively small scale, for the purpose of a general 
exploration of the range of useful alloys. The heats for 
this purpose were made in the small foundry attached to 
the Metallurgical Department at the National Physical 
Laboratory, the weight of alloy made per heat being 
approximately 20 lb. This quantity was sufficient to 
ae two small chill-castings and four sand-castings of 
test-pieces to be made. The chill and sand-castings made 
for these small heats were exactly similar in shape and 
dimensions to those employed by Messrs. Conpenter and 
Edwards, the same chill-moulds and patterns being used. 


The materials used for these small heats were, in general 
terms, similar to those subsequently employed for the 
larger heats, the copper and aluminium being very similar 
to those used by Messrs. Carpenter and Edwards. 

Copper.—A supply of pure copper was kindly furnished 
by the Broughton Copper Company. This was electro- 


d | operation in this respect, and 





lytic copper, but had been melted and cast into notched 
ingots. On analysis it was found to contain :— 
Per Cent. 


Copper 99.81 

Oxygen 0.080 
Arsenic 0.007 
Tron ... bt 0.011 
Sulphur. trace 


Aluminium.—A supply of pure aluminium was kindly 
furnished by the Britech Aluminium Company, whose co- 
also in connection with the 
rolling of the alloys, was most valuable. The earlier alloys 
of the present series were made from aluminium which 
remained in stock at the Laboratory on the completion of 
the work of Messrs. Carpenter and Edwards, while sub- 
sequently the further supply of aluminium, as above 
described, was taken into use. On analysis this proved to 
be very similar to the material used in the earlier investi- 
gation ; the analysis gave the following result :— 


Per Cent. 
Tron 0.21 
Silicon 0.12 
Sodium... trace 
Aluminium - Sag 
(by difference) 


Manganese.—A supply of the purest commercially ob- 
tainable manganese was kindly presented for the purpose 
of the present research b essrs. Thermite, Limited, 
this material being the product of alumino-thermic reduc- 


tion. The composition of this material was found, by 
analysis, to be :— 
Per Cent 

Manganese 95.44 
Iron... 1.65 
Silicon ... 1.34 
Aluminium oa i ie we 1.11 
Nickel ... Sg 8s —- no see 0.20 
Sulphur... ho * 0.164 
Carbon... 0.014 


It will be seen that this material is still far removed 
from pure metallic manganese, but it was employed as the 
basis of the present research since it represents the purest 
manganese which can be readily obtained in large quan- 
tities. Whether its cost—in the event of a large demand 
—could be sufficiently reduced to permit of its industrial 
employment is an open question. It will, however, appear 
from experiments descri below that the alloys investi- 

ted in the present research can be successfully prepared 

rom commercial cupro-manganese, which is not exces- 
sively costly ; while in certain cases it has been shown 
that ferro-manganese containing about 80 per cent. of 
manganese can used direct ; while in other cases this 
material can be used for the preg ocd roduction of a 
cupro-manganese alloy, which can then be satisfactorily 
employed. 

he crucibles employed were No. 10 ‘‘Salamander,” 
and the process of melting adopted was as follows: 
—The copper was first melted under a layer of char- 
coal, a was then stirred with a iy of green wood. 
The manganese was then added, and heating continued 
until the added metal had completely dissolved. The 
aluminium was then placed on top of the molten 
mass in the crucible and allowed to melt in the 
furnace without any stirring—the aluminium itself being 
used in the form of a few relatively large pieces in order 
to minimise surface oxidation. At this stage the crucible 
thus contained a layer of molten cupro-manganese, and 
above that a layer of molten aluminium—most of the 
charcoal having by this time been burnt away or removed. 
The crucible was then taken out of the furnace and allowed 
to cool a little, and then only the aluminium was mixed 


with the oe pain nese by stirring with a graphite 
rod. A marked evolution of heat was always observed 
at this point. 


The crucible with its contents was then allowed to cool 
to the desired casting temperature, the surface being 
meanwhile skimmed. The castings were then poured, in 
the following order :—In the case of the first twelve heats, 
first the sand-castings and then the chill-castings; the 
Sepeenace of the castings, however, su ted that a 
different order might be preferable. In heat No. 12, there- 
fore, one chill was cast before the sand-castings and one 
after, and the result of this experiment led the authors to 
adopt the reverse order throughout—viz., in the remain- 
ing heats the sand-castings were poured after the chill- 
castings. 

The rapidity with which such small crucibles of molten 
metal cool when once removed from the furnace made 
the determination of the casting temperatures by pyro- 
metric means practically impossible, and the plan indi- 
cated by Messrs. Carpenter and Edwards, of watching 
the rate at which an oxide film is formed on the surface 
of the freshly-skimmed metal, was adopted. As a conse- 
quence of this rough empirical method, some of the heats 
were poured at temperatures obviously too low, and had 
to be re-melted. After a time, however, practice enabled 
the operators to judge the suitable casting temperature 
with some degree of certainty. What was aimed at was 
the lowest temperature which would enable the metal to 
fill the moulds freely and completely. 

Composition of the Alloys.—The composition of a system 
of ternary ~— is conveniently represented graphical] 
in the form of the well-known triangular diagram. If, 
as in Fig. 1 (annexed), we take an equilateral triangle 
A BC and regard the line A B as representing the system 
of alloys between metals A and B, while the lines BC 
and C A represent the two other sets of binary alloys, 
then any ternary alloy of A, B, and C is represented, as 
regards composition, by some point in the triangle A BC. 
This mode of representation depends upon the fact that 
the sum of the perpendicular distances of any such point 


from each of the three sides is constant for all points 
within the triangle, and if we take this constant sum 
as equal to 100, then each of the three distances repre- 
sents the poneee composition of the alloys as regards 
the metal opposite the side to which that distance is 
measured. n the present case, the ternary system 
copper-aluminium-manganese may be represented by the 
equilateral triangle, the three corners of the triangle 
corresponding to the three individual metals named. 
The sides of the triangle may then be divided to re 
present me ay composition, and lines may be 
drawn through the diagram rallel to each of the 
sides ; along any such line we have a system of alloys, 


DIAGRAM ILLUSTRATING THE METHOD OF 
REPRESENTING TENARY ALLOYS. 


Fig. 1. 
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with one of the constituent metals present in 4 con- 
stant proportion. Any alloy such as that represented 
by the point P, hd 1, has thus a composition which may 

ascertained either by measuring its vertical distance 
from each of the three sides, or by drawing through the 
point P three lines parallel to the sides of the triangle, 
and noting the percentages at which these lines intersect 
the sides. _ 

In choosing the compositions of alloys to be prepared 
for exploratory purposes the authors were guided in one 
direction by the fact that alloys of copper and aluminium 
containing more than 11 ) ad cent. of aluminium have been 
shown to be too brittle for practical use ; that portion of 
the ternary triangle, therefore, which lies outside the 
11 per cent. aluminium line was provisionally ruled out 
(so far as the heavy alloys are concerned), since it would 
clearly be of interest only if it were found that the addi- 
tion of manganese to the alloys were capable of exerting 
a considerable softening influence—and from the effect 
of manganese on ‘wer copper this was not to be anti- 
cipated. It was, therefore, thought at the outset that a 
second line might be ruled along the region of 11 per cent. 


TaBLE I.—Composition of ‘‘ Exploratory Heats.” 




















No Weights Used | Composition Composition as 
(in Ounces). Aimed at. Found by Analysis. 
Cu Al | Mn | Cu Al | Mn Cu Al ; Mn 
00} 173/192) .. | 90 10 -- | 90.39] 9.61 | 
OL | 224) 25 | 25 | 89 | 10 1 | 89.31} 9.86 | 0.93 
02] 216 | 21.5 | 25 | 90 9 1 | 90.04} 9.06 | 0.90 
03 | 168 | 20 4 | 87.5 | 10.5 | 2 | 87.82/10.97 | 1,91 
04 | 168 | 20 4 | 87.6 | 10.5 | 2 | 86.79/10,41* 1.91 
05} 248 | 282] 5.71/88 | 10 2 | 88.08 |10.18 | 1.74 
06 | 248 | 265 | 5.5 /885 | 95] 2 |8874| 9.46 | 1.90 
07 | 228 23 5 | 89 9 2 | 8893} 9.35*| 1.92 
08 | 224 | 24 8 | 87.5 | 9.5] 3 | 86.92) 9.55*| 2.89 
09 | 256 | 24 11.5 | 89 8 3 88.8 | $.08 | 3.12 
010 | 192) 15 | 65 | 90 7 3 | 89.7 | 7.51 | 2.79 
oir} 216| 95 | 7 | 93 4 3 |93.08! 3.93 | 2.99 
O12 | 252) 27 | 115/867 93 | 4 | 86.75] 9.48 | 3.77 
013 | 204 | 185 | 9.5 | 88 8 4 |8823) 7.75 | 4.02 
014 | 236) 18 | 10.5 | 89 7 4 | 89.27! 6.99 | 3.74 
015 | 192 | 21 11 | 85.7 | 94] 4.9 |85.55| 9.71 | 4.74 
016 | 256) 24 | 15 | 87 8 5 | 86.77| 8.56*| 4.77 
017} 220/18 |138 | 87.6 |) 7.2 | 5.2 | 88.22] 7.25%) 4.99 
018 | 236/20 | 162/867 | 7.3} 6 |86.89| 7.36 | 5.75 
019 | 220 | 18 18 86 7 | 7 # |84.85) 8.07 | 7.08 
020 | 226 | 10.5 | 15 | 90 4 | 6 |90.00| 4.26 | 5.74 
021 | 210/10 | 25 | 86 4 | 10 | 86.28) 4.12 | 9.60 





* In these alloys the aluminium was directly determined, while 
in the others the aluminium content, as stated, has been obtained 
“by difference.” 

of manganese, and that the exploration might be confined 
within the area enclosed by these two limiting lines and 
the corner of the triangle. 

In view of the deoxidising function which has been 
supposed to lie to a considerable extent at the root of 
the effect of manganese on these alloys, the authors 
expected at the outset of the research that the most in- 
teresting alloys, from the mechanical point of view, would 
be found in those regions of the ternary diagram lying 
close to the simple binary alloys, so that special interest 
appeared to attach to alloys containing from 7 to 10 per 
cent. of aluminium and from 1 per cent. of manganese 
upwards. 

The composition of the twenty-two exploratory heats 
is given in Table I. and Figs. 2and 3, page 127. The table 
contains both the weights of metals used, the composition 
aimed at, and the composition attained, as determined by 
chemical analysis. In Fig. 2 the positions of the alloys 
are plotted on the di m as corresponding to the com- 
positions aimed at, while Fig. 3 represents the actual 
compositions of the alloys. 

Mechanical Tests on Exploratory Alloys.—Two sand- 
castings and one chill-casting of each of the twenty-two 
alloys enumerated in Table I. were machined to thle 
dimensions of standard test-pieces, having a length of 
2 in. between gauge-marks, and a diameter of 0.564 in. 
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thus giving a cross-sectional area of } square inch. The 
detailed dimensions of these specimens are exactly similar 
to those employed by Messrs. Carpenter and wards, 
and illustrated in their Figs. 6 and 7, page 112 of the 
Highth rt. Tables given in the report show the 
results obtained from these tests. Most of these are repre- 
sented by the curves shown in Figs. 4 to 13 inclusive. 
Fig. 2. PORTION OF THE TRIANGULAR DIAGRAM OF 


THE CU-AL-MN ALLOVS SHOWING THE COMPOSITIONS 
AIMED ATIN THE EXPLORATORY HEATS. 
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Fig.3. PORTION OF THE TRIANGULAR DIAGRAM OF THE 
CU-ALMN ALLOYS SHOWING THE COMPOSITIONS 
ATTAINED IN THE EXPLORATORY HEATS. 
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It should perhaps be noted that the yield-points re- 
corded represent the load at which a definite extension 
could be observed by means of a fine pair of dividers 
applied to the gauge-marks of the specimens. A decided 
and sudden drop of the beam of the testing-machine, such 
as is usually observed in the case of mild steel, could not, 
as a rule, be detected. 

Owing to the fact that the composition of the alloys 
depends on three variable factors (instead of two, asin the 
case of binary alloys), it is not possible to give a graphical 
representation to the results in a single diagram, unless 
recourse be taken to a model in three dimensions. For 
the present purpose, however, the authors prefer to give 
diagrams representing a few sections of the solid model 
which would embody the whole. These sections yield 
figures resembling the diagrams connecting the composi- 
tion of a series of binary alloys with their mechanical 
or such as Figs. 8 to 18, &c., of the Eighth 

eport, but in the present case the alloys indicated on 


8 a Nz 


uw. 
a7”) nm 


any one diagram al] contain a constant proportion of one |. 


of the three constituents, while the proportions of the 
other two vary. Thus we may take a sectional diagram 
of this kind along the line pq, Fig. 3, and this diagram 
will represent all the alloys containing 9.5 per cent. of 
aluminium, and variable proportions of copper and man- 
ganese, these latter being, however, always present in 
the proportions required to make a total of 90.5 per cent. 
of the alloy. The diagram representing the alloys of this 
composition may be conveniently described as the diagram 
representing the line of 9.5 per cent. aluminium. In all, 
five such lines have been taken as representing the most 
characteristic groups of alloys—viz., the lines of 9.5, 7.5, 
and 4 per cent. of aluminium, the line of 3 per cent. of 
manganese, and the line of 90 per cent. of copper. For 
each of these lines, diagrams connecting the composition 
and mechanical properties of the alloys have been pre- 
pared both for sand and chill-castings. 

In Fig. 4 the. data concerning sand-castings of alloys 
on the line of 9.5 ‘per cent. of aluminium are plotted. 
The actual compositions of the alloys concerned in this 
diagram do not all lie exactly on the line of the di m 
for which they have been plotted, and although the 
departures from an aluminium content of 9.5 per cent. 
never exceed 0.36 per cent., even these small variations 
m aluminium content are probably responsible for some 
of the irregularities of the plotted points. This remark 
applics, of course, to an equal extent to the other dia- 
grams (Figs. 5 to 13 inclusive), although in some cases 
the Ceparture of the composition of the alloys from the 
line on which they have been plotted is rather larger than 
in the case of Fig. 4. The sectional diagram figures must 
therefore be interpreted somewhat broadly when it is 
attempted to derive from them an estimate of the effect 
ae essive additions of one of the metals tw alloys of the 
other two. 

In Fig. 4 there appears to be, with increasing manganese 
and “ecreasing copper, at first a slight fall in both ultimate 


stress and elongation ; there is then a slight rise in duc- 
tility, the yield-point remaining very nearly constant ; 
witli further increase of manganese (above 2 per cent.) the 
ultironte stress rises somewhat rapidly, the yield-point 
bein, so raised, while the ductility falls decidedly. The 
practical limit appears to lie near 3 per cent. of manganese 
Where an elongation of 20 per cent. is still maintained. 
The chill-castings of the same group of alloys, shown in 








Fig. 5, however, present a somewhat different result. 
Here we see an immediate and rapid rise of ultimate stress, 
the maximum being apparently reached somewhere 

tween 0.5 and 2 per cent. of ma: ese, the subsequent 
fall being gradual or even negligible—until 4 per cent. is 
reached. ¢ yield-point rises rapidly at first, and then 
more slowly, while the elongation decreases steadily. In 
this diagram the alloy No. 01, with 9.86 per cent. alumi- 


Figs 4 &5-atLors WITH 9-5 PER CENT. AL. 
EXPLORATORY HEATS. 
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nium and 0.93 per cent. manganese, is specially remarkable, 
as the tests of the chill-casting show an ultimate stress 
of 38.25 tons with an elongation of 31 per cent. on 2 in. 
In the diagram this follows upon the data for an alloy of 
copper containing 9.38 per cent. of aluminium (No. 12 of 
Messrs. Carpenter and Edwards’ series); it may, how- 


ALLOYS WITH 7-5 PER CENT.AL. EXPLORATORY HEATS. 
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Aluminium per cent. 
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ever, be also compared with the best of the chill-cast 
alloys of the pure copper-aluminium series—viz., No. 13 
of the Kighth Report, which, with an ultimate stress of 
36.93 tons per square inch, showed an elongation of 30.5 
per cent. The alloy No. 01 thus represents an increase 
of 1.5 tons per square inch without any reduction of 





ductility, and this result appeared to the authors to indi- 
cate that this alloy, and those in its neighbourhood, were 
worthy of closer study. Alloys of this type were there- 
fore made in larger quantities, and examined both in the 
cast and rolled state, in the manner described below. 
Figs. 6 and 7 refer to the sand and chill-castings of the 
alloys containing approximately 7.5 per cent. of alu- 
minium. In bot io diagrams we see a decided and 
steady rise of ultimate stress and yield-point with increas- 
ing m nese, accompanied by a fall in elongation. The 
alloy with 4.99 per cent. of manganese appears to be an 
exception to this general tendency, and seemed to offer a 
field for further study; in view, however, of the very 
high ductility of this alloy and its relatively low ultimate 
stress and yield-point, the authors, when deciding upon 
alloys for further study, were led to select compositions 
of approximately 8 per cent. of aluminium and 4 per cent. 
and 5 per cent. of manganese respectively. 
The alloys al the line of 4 per cent. of aluminium 
were prepared in the preliminary exploration for the pur- 
of ascertaining capone the effect of increas- 
ing proportions of manganese on the very ductile alloys 
containing little aluminium. The behaviour of these 
alloys is represented in Figs. 8 and 9. The results 
obtained are peculiar, since the effect of the added 
manganese appears to be opposite in the sand and chill- 
castings respectively. In the sand-castings the tensile 
strength diminishes steadily with increasing manganese 


Fig.8. AtLOvs WITH 4 PER CENT. AL. EXPLORATORY HEATS. 
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content, while in the chill-castings there is a decided and 
steady rise in tenacity, while in both kinds of castings 
there is a slight rise of the yield-point with increasing 
manganese, The elongation also teva tem steadily in 
the same sense in both classes of castings. 

In spite of the irregularities of the various curves, the 
results embodied in Figs. 4 to 9 afford aclear insight into 
the influence of manganese on these alloys. “é ] 
speaking, this effect is similar to that of aluminium itself, 
in hardening the alloys, generally increasing the tenacity 
and reducing the ductility ; in the alloys which contain a 

uantity of aluminium approaching 10 per cent., however, 
the first of these effects makes itself felt before the second, 
so that the addition of suitable proportions of manganese 
appears to give promise of effecting a decided improve- 
ment in the best of the copper-aluminium bronzes. The 
more detailed study of selected alloys was therefore de- 
voted to the pur of determining the exact effects and 
limitations of this addition of manganese. 

Before turning to the detailed study of these selected 
alloys, the results of the exploratory heats may be ex- 
amined from another point of view. The di ms 
already given represent the alloys from the point of view 
of the effect of manganese on a series of alloys containing 
a certain constant proportion of aluminium. The dia- 
grams of Figs. 10 and 11 refer to a group of alloys lying 


Fiig.10, ALLOvS WITH 3 PER CENT. MN. EXPLORATORY HOES. 
SAND CASTINGS. 
Manganese per Cent. 
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along the line of 3 per cent. manganese, and show the 
influence of increasing proportions of aluminium. The 
points available for these curves are not perhaps suffi- 
ciently numerous to allow any very wide conclusions to be 
drawn, but the general shape of the curves is consistent 
with the view that the effect of aluminium on these 
copper-manganese alloys is very similar to its effect on 
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pure copper, resulting in tenacity increasing to a maxi- 
mum, with ductility decreasing rapidly after a certain 
concentration has been attained ; but it would appear that 
the positions of maximum tensile strength and maximum 
ductility have been considerably displaced as compared 
with their position in the copper-aluminium series. This 
displacement, as will become apparent below, finds a 
natural explanation in the shape of the liquidus surface of 
the ternary system. 


ALLOYS WITH 3 PER CENT. MN. EXPLORATORY HEATS. 
Fig N. CHILL CASTINGS 
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The diagrams of Figs. 12 and 13 finally refer to a group 
of alloys in which the proportion of copper present is con- 
stant, both aluminium and manganese being variable— 
these alloys lie on the line rs of Fig. 3. These diagrams 
are of interest chiefly from the point of view of the 
doctrine of the “ metallurgical equivalence” of various 
metals in their relation to a third metal. Thus, if the 
effect of manganese on copper were quantitatively the 
same as that of aluminium, oad all the curves of Figs. 12 
and 13 would be horizontal straight lines ; it will be seen 
at once that this is not the case, for while the sum of 
aluminium copper remains constant and equal to 10 per 


ALLOY§ WITH 90 PER CENT CU. EXPLORATORY HEATS. 
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cent. throughout this group of alloys, the tensile strength 
decreases along a curve which is not far from a straight 
line. This line is decidedly less steep than it would be 
in the total absence of manganese, so that even as regards 
tensile strength manganese does to a certain extent re- 
place aluminium, but a given proportion of manganese 
produces a smaller effect in raising the tensile strength 
than that which results from an equal proportion of 
aluminium. On the other hand, as regards both yield- 
point and elongation, the effect is somewhat different, as 
is indicated by the convex forms of the curves in Figs. 12 
and 13. As regardselongation it appears from the initial 
upward tendency of the curves that the first replacement of 
“aluminium by manganese leads to an increase of ductility, 
as would be anticipated from the corresponding reduction 
in ultimate stress, but subsequently the ductifity falls\in 
spite of falling tenacity—an effect which at once sets a limit 
to the utility of manganese as an addition to these alloys. 
The yield-point curve, however, is more encouraging, for, 
in spite of lowered tenacity and increased ductility, the 
first effect of replacing aluminium by manganese appears 
to be a slight rise of the yield-point. This consideration 
lends special interest to the alloys selected for fuller study, 
since they lie near the region in which this advantageous 
effect makes itself felt. 

The Fuller Study of Selected Alloys.—In accordance 
with the general conclusions arrived at from the results of 
the ‘‘exploratory meltings,” as described and discussed in 
the preceding pages, the authors proceeded to prepare 
larger heats of alloys whose composition was intended to 


Number of Alloy .. Be a 7. 9. 

| | — || — | — — _  _ _ 
Copper , 89.5 | 89 88 | 90 89 S88 87 | 88 87 
Aluminium .. 10 | 10 10 | 9 9 9; 9; 8| 8 
Manganese .. 05 | 1 2) 1 2 3 4 4 5 





As the analyses of the alloys made in the exploratory 
heats had shown some little divergences in composition 
from that which had been aimed at in each case, and as 
the experience gained in the preparation of these smaller 
quantities of alloy indicated that the cause of these dis- 
crepancies most probably lay in the prolonged heating 
required to effect the dissolution of the metallic manganese 
in the copper, it was decided to endeavour to obviate this 
cause of uncertainty by the preliminary preparation of a 
cupro-manganese alloy which could then be used for the 
preparation of the ternary alloys. 
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Preparation of Cupro-Manganese.—For this purpose a 
charge of 37.5 lb. of electrolytic ingot-copper was mel 
down under a layer of wood-charcoal, borax slag, saturated 
with oxide of manganese, being ey added so as 
to cover the molten metal ; 13 lb. of ‘‘ thermite” man- 
ganese (see analysis on page 126) were then added and the 
whole melted down peat well stirred with a graphite rod. 
The slag was then poured off and the metal cast, partly 
into small chill moulds and partly into water, for the pur- 
— < granulation. An analysis of the resulting alloy 
showed :— 


Per Cent. 
Copper = aay ‘a wits i 75.74 
Manganese ... ee ee: 23.76 
Impurities (by difference) 0.5 


a result which shows that a considerable elimination of 
the impurities present in the manganese had taken place. 
Subsequently a cupro-manganese alloy richer in man- 
anese was srenel in a similar manner by melting 
own 40.5 lb. of copper with 22.25 lb. of thermite man- 
ganese, together with a small quantity (5.25 lb.) of the 
earlier cupro-manganese just described. The complete 
analysis of the resulting alloy showed :— 





Per Cent. 
Copper 66.82 
Manganese 32.42 
Aluminium ... 0.39 
Silicon 0.20 
Iron 0.11 
Total 99.94 


Here again a very considerable amount of refining had 
taken place. It was found that with the compositions 
aimed at in these experiments the yield of ahhey was 
satisfactory ; attempts to prepare cupro-manganese richer 
in manganese, such as 50 per cent., gave unsatisfactory 
results, as apparently a very high temperature is required 
to dissolve these higher proportions of manganese in 
molten copper. For all the alloys of the present series 
the 33 per cent. cupro-manganese is, of course, sufficiently 
rich in the latter element. 

The procedure in the preparation of these nine alloys 
was precisely simililar to that already described in the 
case of the exploratory heats, with two differences—one 
in regard to the considerably larger quantities employed, 
and the other in regard to the use of the cupro-manganese 
alloy in place of the thermite manganese used in the 
smaller heats. The castings poured from each heat were 
also somewhat different. In each case three small chill- 
castings were first poured, then the sand-castings, and 
finally a billet was poured in a chill-mould. The small 
chill-moulds, and the chill-moulds in which the billets 
were poured, were exactly similar to those used in con- 
nection with the Eighth Report and illustrated (as regards 
the large chills) in Fig. 2 of that report, 106. In 
the case of the sand-castings a somewhat different system 
was followed: six test-pieces were cast at each heat, but 


shaped test-piece patterns already referred to, the two 
remaining ones were cast in the form of solid cylinders 
of the diameter of the largest portion of the shaped cast- 
ings. The general arrangement of these castings is shown 
in the photograph reproduced herewith (Fig. 13a), which 
represents one of these groups of test-bars attached to the 
gate and runners with which they were cast. It will be 

















Fig. 13a. Group or Test-Bars Cast 1n Sanp. 
observed that the authors found it necessary, in order to 
secure sound castings, to adopt gates and runners at least 
as large as those employed by Messrs. Carpenter and 
Edwards in the case of pure copper-aluminium alloys. 
So far as the experience of the authors goes, in fact, it 
does not appear that the addition of manganese up to 
4 per cent. materially affects the properties of these 
alloys as regards casting ; it is quite possible, by careful 
treatment, to obtain sound castings in these alloys as in 
the case of the pure copper-aluminium alloys, but it is not 
materially easier to do this with the ternary alloys than 
with the binary alloys. With higher proportions of 
manganese the difficulty of obtaining sound sand- 
castings is considerably increased. Since the details 
of foundry manipulation exert such a considerable in- 
fluence on the results of mechanical tests made on 
the resulting castings, the present authors were 
anxious to ascertain whether their results on these 
meng | alloys might fairly be regarded as comparable, 
from this point of view, with the tests tabulated in the 
Eighth Report, and for this purpose a set of sand-castings 
of a pure copper-aluminium alloy were prepared in the 
same manner as the sand-castings of ternary alloys now 
under investigation. The authors were pleased to find 
that the tests of these sand-castings were in satisfactory 
agreement with those of Messrs. Carpenter and Edwards, 
so that they feel justified in regarding the present series 
of alloys as directly comparable with those of the Eighth 
Report. While making this claim, the authors would, 
however, like to emphasise the fact that it is, at all events, 
probable that the same alloys, prepared on the large scale, 
in a foundry where prolonged experience of their pecu- 
liarities had been obtained, would yield markedly better 
results than any contained in the present paper. 
Owing to the comparatively large quantities of rolle 

wnaterial required for the complete set of dynamic tests 


TaBLeE IV.—Analyses of Alloys Made and Tested. 





Composition | Composition Found 





Mo, | Weights Used (oss.) Aimed at. by Analysis. 

Cu. Al Cu.-Mn.| Cu. AL Mn. Cu. AL Mn. 
1 797 «90 14* 89.5 10 0.5 | 89.54 10.03 0.43 
2 | 869 101.5 43** 8 10 1 89.06 10.02 0.92 
2a | 840 98 8 31* |s9 10 1 89.10 9.89 1.01 
8 (6560 80 67** |s38 10 2 88.3 9.82 1.88 
3a 794 95.5 60* 8&8 10 2 88.00 9.99 2.01 
4 | 625 65 31** 90 9 1 89.91 9.16 0.93 
5 | 764 83.5 738** 89 9 2 88.99 9.06 1.95 
6 | 756 87 122** 88 es ¢ 88.11 891 2.98 
6a | 75 85 86* 88 9 3 88.06 9.10 254 
7 | 786 95.5 178.5** | 87 9 4 86.89 9.33 3.78 
8 | 792 80 123* 8s 8 4 $8.04 8.02 3.94 
9 | 795 83 160* 87 8 5 | 87.16 7.92 4.92 





* Cupro-Manganese containing 32.42 per cent. manganese. 

** Cupro-Manganese containing 23.76 per cent. manganese. 
*** The values given in the table for aluminium are found by 
“difference ;” in all cases the alloys contain small —_ s of 
iron and silicon, which should be deducted from the figures given 
for aluminium. In certain alloys the content of iron and silicon 
has been determined, as follows :— 

No. 2 Iron 0.01 per cent., and silicon 0.01 per cert. 

» & 0.34 


’ ” ” ” ” ” 


» 6 0.02 a 0.02 


and tests at high temperatures which have been under- 
taken with three of the alloys, it was found necessary 
to prepare duplicate heats of these alloys. For the pur- 
pose of obtaining the requisite supply of rolled material, 
a large billet alone would have been sufficient in the case of 
these duplicate heats, but the opportunity was taken to 
ees further set of six sand-castings, and also four 


” ” ” ” 


t square pieces for use in the corrosion tests. Two of 
these were cast on the same gate as the sand-castings, 
while the other two were cast separately in anot/er 
moulding-box. Both as regards chemical compos on 
and the mechanital properties of rolled bars, these —_ 

L1ts , 


cate heats agree very closely with the original he: 
the same alloys—a result which serves to show that 
results can be readily repeated. 


ich 








approximate to the following percentages :— 





while four of these were cast in moulds prepared from the 





(To le continued.) 
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WORKMEN’S COMPENSATION CASES. 


Society Fund.—Although no “contracting out” is per- 
mitted, the Act of 1906 recognises the friendly society 
funds now in operation in so many works, where work- 
men are compensated out of the accident fund, and 
not by award of the arbitrator underthe Act. It should, 
of course, be always understood that these funds are 
worked by authority of Section 3 of the Workmen’s 
Compensation Act, which provides ‘‘If the Registrar of 
Friendly Societies, after taking steps to ascertain the 
views of the employer and workmen, certifies that any 
scheme of compensation, benefit, or insurance for the 
workman of an employer in any employment, whether 
or not such scheme includes other employers and their 
workmen, provides scales of compensation not less favour- 
able to the workman and their dependants than the 
corresponding scales contained in the Act, and that 
where the scheme provides for contributions by the 
workmen, the scheme confers benefits at least equivalent 
to those contributions, in addition to the benefits to 
which the workmen would have been entitled under 
the Act, and that a majority (to be ascertained 
by ballot) of the workmen to whom the scheme is 
applicable are in favour of such scheme, the employer 
may, While the certificate is in force, contract with his 
workmen that the provisions of the scheme shall be sub- 
stituted for the provisions of the Act; but the Act shall 
apply notwithstanding any contract to the contrary. 

This means that employers may contract with their 
workmen that their own compensation fund shall take the 
place of the compensation provided by the Act, so long 
as the conditions are at least as favourable to the work- 
men as those contained in the Act. Contracting out, 
which would be contrary to the Act, and deny the work- 
man the benefit of workmen’s compensation, is not, of 
course, allowable. 

A case in Dumbarton Sheriff Court recently showed 
that workmen must recognise the society fund established 
by the employers to take the place of workmen’s compen- 
sation under the Act. 

A labourer named Wright, in the Leven Shipyard, 
was injured, and the compensation paid to him out of 
the accident fund of the firm did not satisfy him, 
and he came before the Court and repudiated the 
shipyard fund. He had accepted payment of his weekly 
wages subject to the deduction of the contribution to 
the fund, and although he denied having ever made 
any contract with Messrs. Denny, binding him to the 
fund, the Sheriff held that he knew of the fund, and that 
a contract might be inferred from the circumstances. 
This man’s implied contract must be inferred from his 
acceptance of his wages subject to the deductions for the 
fund, and an implied contract is, of course, sufficient. 
The Sheriff made his award in favour of the employers, 
and allowed them costs against the workman. Several 
similar cases already decided in the Court of Ap 
make this point of compensation law perfectly well 
defined. 

Accidents to Seamen.—When the Workmen’s Compen- 
sation Act, 1906, was extended to seamen, it included all 
whoare workmen within the meaning of the Act, and are 
members of any ship registered in the United Kingdom, 
or whose owner resides in the United Kingdom. By the 
peculiar nature of his employment, it must be understood 
thatany accident to a seaman while a member of a crew 
does not necessarily “ arise out of and in the course of his 
employment.” A seaman may be killed in the course 
of his voyage, or may suffer injury, and yet the 
employer be free from any liability for compensation 
under the Act. A case of this kind, showing the limi- 
tation of the employer’s liability, has been decided at 
Glasgow Sheriff Court, where the family of Thomas 
Fraser, a seaman on board the s.s. Virginia, was refused 
compensation for his death while going aboard the steam- 
ship in New York Harbour. The facts were not in 
dispute. The unfortunate man had been ashore, and in 
returning had fallen down the ladder on the ship’s side 
The legal point which arose in this case was that which 
determines all cases, whether of workmen on land 
or sea—viz., did the accident arise out of and in the 
course of the workman’s employment? It has been 
argued that the rights of a seaman, as a workman within 
the meaning of the Act, should be confined to the ship on 
which he serves, but common-sense, as well as decided 
cases in the Court of Appeal, make it clear that a seaman, 
like a workman ashore, might conceivably be doing his 
employer's service outside the ship, and that any accident 
happening anywhere when he is performing the captain’s 
orders in the interests of his employers entitles him, or 
his dependants in the case of his death, to compensation. 
The recent leading cases illustrating this point, the s.s. 
Banana case (1908, 2 K.B., 926), already mentioned in 
these columns, and the Manchester Liner’s case (1909, 
1 K.B., 417), have decided that a seaman is within the pro- 
tection of the Workmen’s Compensation Act when he is 
on shore on business for the ship, but if he leaves the ship 
while in port for his own business or pleasure, and an 
accident happens, the shipowners are not liable under the 
Workmen’s Compensation Act. In this respect it seems 
that seamen may sometimes suffer a disability as compared 
with workmen on land. An engineer, or collier, or ship- 
wright, for example, may have a claim if an accident 
happens at a distance from the spot where his ordinary 
daily duty is performed, as in the case of a collier 
before he reaches the pit mouth, and the engineer before 
he enters his own particular workshop. he seaman, 
as in the Glasgow case, may be killed or hurt just as 


— 


€ 1s upproaching the deck where he ordinarily works, 
but if he is not actually on board ship, he is not 
deemed to have met the accident in the course of his 


employment, unless he_ is returning from a_ business 
frrand for the ship. The limitation in the case of a 








seaman is more apparent than real. The circle of his 
employment is always confined to the ship, except when 
ordered ashore on business, whereas in the case of a 
collier or an engineer his circle of employment is often- 
times far outside the spot where most of his occupation is 
performed. 

Since the cases above cited—the s.s. Banana and the 

Manchester Liner—there has been a decision in the House 
of Lords (Jackson rv. General Steam-Fishing Company), 
also mentioned already in ENGINRERING, where there 
appears at first sight to be a contradiction to the decision 
in the Banana case, because a man employed by the 
Steam-Fishing Company, at Granton met his death by 
going down the ladder at the dock to get aboard the 
barge of which he was in charge, and the House of Lords 
ruled that the deceased man, Jackson, had met his death 
by accident in the course of his employment. This case 
is to be distinguished from the case of the seaman, for 
Jackson was not, in fact, a seaman, but a watchman, 
whose employment was both on board the barge and on 
the quay. The Banana case and the Manchester Liner 
case were not overruled, for in the House of Lords case 
the which is peculiarly applicable to seamen did not 
apply. 
Suitable Employment.— An interesting point came before 
the County Court Judge at Barnsley on the 13th inst., 
when Abel Eyre claimed a continuation of compensation 
from the Houghton Main CollieriesCompany. The appli- 
cant had been injured in one eye when at work at the coal- 
face, and now, as a result of the injury, his sight is so de- 
fective as to make a recurrence of the injury to the other 
eye, and perhaps total blindness, too t a risk, as he 
alleged, to justify his continuance in the mine as a face- 
worker. The employers contended the man was perfectly 
fit for his old job, and offered it to him at his old wages. 
The workman declined, and asked for work on the surface, 
and this the employers refused. The applicant was un- 
willing to risk his remaining good eye in the mine, and 
perhaps become totally incapable of supporting him- 
self and his family. Medical evidence satistied the Judge 
that there was an increased danger to the man, as his 
injured eye prevented him seeing the flying chips and 
dust, and avoiding the danger incidental to working on 
the face of the mine. 

The Judge referred to the difficulties of workmen with 
injured eyesight finding employment at other collieries, 
and quoted the case of a man who had been before him, 
who, when seeking suitable employment at another col- 
liery, where he was a stranger, was told by the manager, 
** We run this asa colliery—not a cripples’ home. “We 
have enough injured men of our own.” The County 
Court Judge took the view that the man’s refusal of his 
former work was reasonable. After a man’s recovery 
from an injury which has left a permanent incapacity, 
such as oval increase his difficulty in finding employ- 
ment, he has a right to ask his employer for suitable 
employment, and this the employers should provide, for 
strangers would be unlikely to give it to one who is partly 
incapacitated. The Judge therefore refused to end or 
diminish the award of 1/. a week, which goes on from the 
time when it was stopped as long as incapacity continues. 
An appeal was allowed on payment of 10s. a week to the 
miner by the Collieries Company. 

The case of this injured miner seems to depend on the 
medical testimony that the injury to one eye, though it 
did not render the man physically less mo made the 
risk of future injury, Lvcisien. perhaps, total blindness 
and incapacity, more serious. ithis is an additional risk, 
which seems far beyond the normal risk incurred by ordi- 
nary workmen as incidental to every miner’s employment, 
and it is this that makes a demand for suitable employ- 
ment, instead of his former job, a more reasonable claim 
on the part of the injured workman. 








SUPERHEATERS FOR OcEAN STeAMERS.—The steamer 
Answald, built by the Bremer Vulcan at Vegesack, for 
the Hamburg-Bremen Africa Line, is the first German 
ocean boat to be fitted with a steam a superheater. The 
Answald, a boat of 7800 tons, started on her first trip to 
Delagoa Bay on December 18 last. The dimensions of 
the ship are: Length, 127.4 metres (about 418 ft.) ; 
breadth, 16.5 metres (544 ft.); draught, 7.8 metres 
(254 ft.); and the speed is to be 11 or 12 knots. The 
Schmidt boilers have a heating surface of 675 square 
metres (7206 square feet), and generate steam of 370 deg. 
Cent. at 13.5 atmospheres (698 deg. Fahr. at 192 lb. per 
square inch). The engines were designed to develop from 
2650 to 3200 horse-power. During the trial runs the engines 
indicated 3650 horse-power, — | the speed attained was 
13.5 knots. The Howden draught system is being used, 
and the engines are fitted with Lentz valve gear. 





Our Locomotive Exports.—The value of the locomo- 
tives exported from the United Kingdom last year was 
2,380,550/. The following table shows that this total 
compared rather badly with the corresponding values for 
1908 and 1907. The value of the exports for the ten years 
ending with 1909 inclusive was :— 


Year. Value. Year. Value. 
£ £ 
1900... 1,496,849 1905... 2,384,576 
1901... 1,911,340 1906... 2,895,293 
1902.. 2,299,179 1907.. 8,432,841 
1903... 2,358,700 1908. 2,729,965 
1904... 1,929,311 1900... 2,380,550 


The falling off in last year’s shipments was mainly ex- 
plained by reduced exports to British India. On the 
other hand, the value of the locomotives exported to 
South America increased in the to 904,750/., as com- 

red with 881,078/. in 1908. The exports to Australia 
ast year were valued at 455,438/., compared with 383,507/. 


CATALOGUES. 


We have received from the Electric and Ordnance 
Accessories Company, Limited, Aston, Birmingham, a 
catalogue of the “Eclipse” electric heaters. In these 
heaters the resistance units are at the comparatively low 
temperature of about 300 deg. Fahr., and the air pass’ 
through the heater has its temperature raised by act 
contact with these elements. A number of artistically- 
designed heaters for all situations are illustrated, and 
prices are stated. A few types of glow-lamp radiators 
are also shown. 


We have received from the Thorn and Hoddle 
Acetylene Company, Limited, 151, Victoria - street, 
Westminster, 8.W., a circular illustrating a portable 
acetylene light for contractors and out-of-door use 
generally. It consists of a cylindrical tank which con- 
tains both the supply of water and a generator on the 
well-known ‘‘ Incanto” system. A vertical jointed pipe 
leads to the burner, which is provided with a suitable 
reflector. The lamp is made in two sizes, giving lights of 
500 and 1000 candle-power respectively for six hours with 
one charge of carbide. Prices are stated on the circular. 


The Clyde Structural Iron Company, Limited, Clyde- 
side Iron Works, Scotstoun, Glasgow, have sent us a 
booklet illustrating, by reproductions from photographs, 
a great number of steel structures they have manufactured 
and erected. These include railway-station roofs, large 
sheds, engineering shops, electric-power stations, grand 
stands, foot-bridges, &c. The firm pays special attention 
to the construction of buildings for fro and erection 
abroad, and a number of examples of this class of work, 
such as tea factories, mine buildings, bungalows, &c., are 
also illustrated. 


We have received from Messrs. J. Carter, Sons, and 
Co., Limited, Irwell Engineering Works, New Bailey- 
street, Salford, Manchester, a fully-illustrated catalogue 
of tools and appliances for engineers, machinists, i. 
tricians, metal-workers, and others. The tools listed, of 
which prices and particulars are given, include taps, 
stocks and dies, screwing-machines, drills and reamers, 
milling-cutters, wrenches and spanners, vices, chucks, 
and engineers’ sundries generally. Grinding and polish- 
ing-machines, lathes, and other machine-tools are also 
illustrated. The last part of the catalogue is devoted to 
pulley-blocks, hoists, overhead runways, and other lifting 
appliances. 


From the Fuel-Economiser Company, Fereneze Works, 
Wakefield, we have received pamphlets illustrating and 
describing McPhail’s patent oe eral heater. The 
apparatus consists of two steel headers connected by a 
number of vertical solid-drawn steel tubes. In both 
headers, opposite the ends of the tubes, conical stoppers 
are provided to enable the tubes to be cleaned and 
examined. When used with a Lancashire boiler, the 
heater is placed in the down-take at the back of the 
boiler. The feed-water is admitted to the bottom header, 
and, after traversing the tubes, flows from the upper 
header into the boiler. It is claimed for the apparatus 
that it is easily installed, requires no mechanical scrapers, 
and is suitable for the highest pressures. 


Messrs. Tangyes, Limited, Cornwall Works, Birming- 
ham, have sent us a catalogue and price-list of duplex 
steam-pumps. The standard type of pump is suitable for 
working against heads up to 300 ft., and is made for 
capacities varying from 4800 to 58,800 gallons per hour. 
Full particulars are also given of pumps of the centre- 
packed ram type, for heads up to 600 ft., and of duplex 
mine pumps oP the double-ram type, for heads up to 
1000 ft. ertical and horizontal boiler-feed pumps, 
ballast pumps, and hydraulic pressure pumps are also 
dealt with. The latter are made in three series, for 
maximum pressures of 7501b., 1 ton, and 2} tons per square 
inch. Illustrations of each type of pump are included in 
the catalogue, and also of several special pumps. 


A circular received from Messrs, Goodwin, Barsby, 
and Co., St. Margaret’s Iron Works, Leicester, describes 
the ‘‘ Climax” continuous, overlapping - bucket belt- 
elevator. In this elevator steel trays, having inclined 

rtitions in the middle, are fixed with fang-bolts to a 
velt. The ends of the trays overlap, so that the material 
being carried is preven from coming into contact with 
the belt. Among the advantages claimed for this arrange- 
ment may be mentioned the facts that the material 
cannot get in between the belt and the buckets, and that 
the machine will feed and deliver properly at any speed 
between its normal rate and dead slow. Six sizes are 
listed, having capacities varying from 12 to 80 tons of 
stone per hour. The circular - & illustrates chain-and- 
—_— elevators, chain driving-belts, and sprocket 
wheels, 





Fiance AND Raw. Wrar.—The Graphite Products 
Company, Limited, 218-220, Queen’s-road, Battersea, 
8S.W. (sole agents for the Joseph Dixon Crucible Com- 
pany), have sent us a pamphlet in which they describe 
a special device for lubricating check-rails and wheels on 
railway curves. It consists of a -box fitted in the 
4-ft. way, at the commencement of a curve, and contain- 
ing graphite grease. A piston in the box is driven 
forward by a screw actuated by a ratchet-wheel, the latter 
revolving by means of a pawl which is raised by a series 
of levers on the depression of a treadle located by the side 
of the line. The treadle is depressed by the flanges of 
the wheels of the vehicles as they pass over it, the action 
driving the piston forward, and causing grease to be 
forced out against the inner vertical face of the wheel 
flange. The wheels and check-rails are thus lubricated 





automatically. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated, 

py oe are communicated from abroad, the Names, &c., 
0 ommunicators are given in italics. 

ay ~~ of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the t of a Comp 
pena ee is, in each case, given after the abstract, wnless the 

atent has been sealed, when the date of sealing is given. 

A ye may, at any time within two months from the date of 
the advertisement of the t of a Complete Specification, 

ive notice at the Patent Office of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


lot, 








4172. British Insulated and Helsby Cables, Limi- 
ted, and W. Aitken, JAVOEROR, and C. R. Sproule, 
Helsby. Cables. {1 Fig.) February 20, 1900.—This inven- 


tion relates to the construction of insulated wire cables, and, 
primarily, to those used for telephone switchboard construction 
work. In a telephone cable, three wires are used for each tele- 
hone circuit, two being used as a metallic circuit for the speak- 
ng, and the third for the signalling. In a cable for twenty tele- 
hone circuits, forty-two wires would be twisted in pairs for 
wenty circuits, and one spare pair for emergency use, Accord- 
ing to this invention, the twenty-one pairs would be laid = in 
seven cables of three pairs, as shown at a tog. Each set of three 


(4172) 





pairs are stranded together with a suitable lay. The seven small 
cores are laid side by side, and during the process of manufacture 
are passed through a thin metal flattened tube, which acts as a 
former to keep these cables in a flat formation, and takes the 
strain from the of of the wires which are to be wrapped round 
the seven cores, and this former, therefore, prevents the seven 
cores being displaced from the flat formation. The twenty-one 
single wires for the signalling circuits are arranged twenty-one 
wide, and are lapped round the seven cores with a suitable lay, as 
shown at 1 to 21. The cable thus formed is lapped with a cotton 
covering h, paraffin ror j, lead foil k, another lapping of 
— paper m, and then braided. (Accepted November 17, 
909.) 


24,533. J.8S. Highfield, London. Electrical Wiring. 
(17 Figs.) November 14, 1908.—This invention relates to an im- 
proved system of wiring, and the object is to provide a cheap 
method of carrying out house installation. With this object in 
view a known type of wiring comprising a strip of flexible material 
containing two suitably insulated conductors is adopted as the 
basis of the installation. In the strip illustrated in Fig. 1, two 
wires a, » insulated with ordinary rubber are separated by paper 
or fibre strips ¢, and the whole is braided as at d to secure the parts 
in position. Instead of this the strip may take the form indicated 
in Fig, 2, where the wires a, b are simply embedded in a strip of 
vulcanised bitumen e or like insulating material. At cornersa 
part of the strip is cut’ away by the aid of a suitable tool, leaving 
the conductors untouched. e wires are then bent round and 
laid in a corner piece f of wood or fibre, which has a centre parti- 
tion g separating the spaces for the two wires. The inner wire b 
has to be zig-zagged in order that the extra length may be taken 
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up, and a correspondingly wider space is left forit beside the parti- 
tiong. This single piece is covered by a piece of oil-cloth, wood, 
or other material so as to appear substantially the same as the rest of 
the strip, this cover being secured by screws passing through the en- 
largements & in the ribg. Ata joint ial pieces have to be em- 
loyed. Asan example,a T-joint is illustrated in Figs. 4 and 5. 
€ fitting consists of a T-piece m of fibre having a T- Seoed par- 
tition nm and containing two metal fittings 0. These consist, as 
shown on the right of the —* of two split sleeves joined by a 
metal connector p which is formed in one with the sleeves. Por- 
tions of the conductors have, of course, to be , and these are 
laid in the sleeves o, which are then closed over them by means 
ofa suitable pair of pliers, which will corrugate the strips, as indi- 
cated on the left of the figure. The joint is covered by a plate, 
and, if desired, an extra protective strip of waterproof material may 
be — 1 to cover the joints in the casing. (Accepted November 
au, . 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


26,039. The Bristol W: and Carriage Works 
Company, Limi Bristel, and E. Rooke, Staple- 
ton. In ustion (2 ge] | 


ber 2, 1908.—This invention relates to valve mechanism of in- 
ternal-combustion engines. According to this invention, the 
induction-cam and ignition-cam are slidably mounted upon the 
half- shaft, the sliding movement being imparted thereto by 
the motion of the exhaust-valve rod, whereby, when the exhaust- 
valve is prevented from closing by the governor, the induction- 
valve and ignition-cam are rendered inoperative. On a bracket 
on the engine is pivoted a bell-crank lever a, one arm 6 of which 
engages with the exhaust-valve tappet c, and the other arm, d, of 





which similarly engages with a sleeve e, upon which is mounted 
the cam / for operating the inlet-valve, which sleeve ¢ is adapted 
to be travelled longitudinally of, and to rotate as one with, the 
cam-shaft g. A sliding-block A is provided in proximity to the 
exhaust-valve tappet c, and is connected by a rod # and levers 7! to 
the governor j. e sliding-block h is provided with a blade-edge 
adapted to en a corresponding blade k carried by the exhaust- 
ny The bell-crank lever a is adapted to be moved angularly 
by the descent of the exhaust-valve and its tappet, and to travel 
the induction-cam finto a position where it operates the induc- 
tion-valve tappet and the corresponding valve. In order that the 
ignition may be cut out upon the cutting out of She induction 
valve, the induction sliding cam-sleeve ¢ is provided with a rod 
m slidably mounted in the end of the shaft g. The outer end 
of the rod m carries the igniter-cam n, and the other end is 
provided with a projection 0, which passes through a slot p in 
the shaft g, anden in a recess formed.in the sleeve e. By 
this means the relative operative positions of the induction- 
cam f and the ignition-cam n are synchronised, the ignition 
being indirectly cut out by the governor at such times when 
there is an absence of explosive charge in the cylinder. In 





operation at normal speed the exhaust-blade k is free to rise and 
fall to the full extent of travel of the exhaust-valve tappet. 
When the exhaust-valve closes the bell-crank lever a is thereby 
moved angularly to slide the induction cam / in line with the in- 
duction-valve tappet, and thereby to cause the induction valve to be 
opened in the usual manner and to admit a charge of fuel into the 
cylinder. Should, however, the sj of the engine increase above 
normal the governor causes the sliding-block h to be travelled 
towards the exhaust-valve tappet a distance proportional to the 
increase in the engine , and when the aleel chtelas the de- 
sired limit the sliding-block A will have travelled to the position 
where it will intercept the closing of the exhaust-valve by the 
engagement of the blade upon the sliding-block A with the blade 
k upon the exhaust-tappet, said interception preventing angular 
movement of the bell-crank lever and the co nt displ nt 
of the induction sliding-cam, whereby the induction-valve fails to 
admit a charge of mixture into the cylinder. Since the ex- 
haust valve is prevented from closing, the vacuum which would 
otherwise be formed in the cylinder is avoided. Synchronously 
with the displacement by the exhaust-rod of the induction sliding- 
cam J, the ignition-cam n is travelled longitudinally on the cam- 
shaft g out of an operative position thus breaking the ignition 
circuit. (Accepted November 17, 1909.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


033. C. A. Parsons, Newcastle-on- e, and 
J. ib Wallsend-on-Tyne. 

[13 Figs.] November 20, 1908.—This invention relates to the lubri- 
cation of thrust-bearings and adjusting-blocks for rotating shafts, 
and particularly to bearings of the multi-ring and collar type. In 
play this invention into effect, as applied to a multi-ring and 
collar thrust-bearing for a rotating shaft, passages b, adapted to 
be supplied with lubricant under pressure, are formed in the 
bearing-block a of the thrust-bearing. ese passages 5 com- 
municate with radial passages ¢ formed in the stationary thrust 
elements d. The passages c communicate with recesses e formed 
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in the working faces of the stationary thrust elements d. When 
four radial passages c are employed, two of them may communi- 


working face by means of e. The arrows 1 indicate the path of ‘he 
oil entering, and arrows 2 the path of the oil leaving the bearing, 
Some of the lubricant is carried round by means of the recess:.; f 
formed in the working faces of the collars q- A thorough distri. 
bution of the lubricant over the working face is thus effected, 
The lubricant works its way to the periphery of the rotaiing 
collars g, and, being thrown off from these, passes to the drain in 
by the passagesk. It will beseen that, according to this arrane-. 
ment, each pair of stati y thrust el ts d, and of rotati 

collars g, receives an individual and continuous supply of cold 
lubricant, the hot lubricant leaving the working surfaces finding 
its way directly tothe drain m. (Accepted November 24, 1909. )- 





PUMPS. 
3865. Tangyes, Limited, and H. Winwood, Smcth. 
wick. Direct-Acting Steam-Pumps. [21 Figs.) February 


17, 1909.—This invention relates to the cushioning of the pisi ous 
of direct-acting steam-pumps, the slide-valves of which are steam 
or lever driven. a@ is the cylinder, and b, 2 the steam ports at 
each end of the cylinder. e is the ordinary tappet-valve for 
ensuring the reversal of the slide-valve. It will be seen that the 
ports 6 are slightly inclined to the axis of the steam-cylinder a, 
and that the port 62 is curved and nearly quadrant-shaped and 
terminates at a short distance from the end of the cylinder. By 
constructing the ports 0, b2 in the manner illustrated, the piston 
effects on its motion the gradual closing of the ports near the end 
of the cylinder towards which it is advancing, and thereby im- 
prisons such a volume of exhaust steam between it and the end of 
the cylinder that the requisite cushioning effect of the piston is 
obtained by exhaust steam alone, the compression of the exhaust 
steam commencing when the piston reaches the dotted line c, ¢ 
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3865. 


and continuing until the piston reaches the end of its stroke, the 
approximate position of which is indicated by the dotted line d, d. 
It will be understood that the momentum of the piston may and 
would generally carry it beyond the position indicated by the 
line d, d, but the cushion of compressed exhaust steam im- 
prisoned between the piston and the end of the cylinder will 
prevent the piston striking the end of the cylinder, and will 
ensure the return of the piston to, or approximately to, the 
position indicated by the dotted line d, d. is arrangement of 
the ports not only ensures the bringing of the piston steadily to 
rest without the use of live steam, but it provides for a more 
gradual admission of live steam to the piston on the reversal of 
the slide-valve as the port b2 is but slightly open at the end of 
the piston’s motion, and the port is gradually or more and more 
opened until fully open by the back motion of the piston the live 
steam being thereby admitted at an accelerating rate as the 
motion of the piston increases. (Accepted November 24, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


16,249. La Societe d’Exploitation des Appareils 
Rateau, Paris, France. bines. (2 Figs.) July 12 
1909.—This invention relates to the distribution of steam in mixed 
pressure turbines of the type wherein the currents of steam at 
different pressures are admitted simultaneously or not to different 
portions of one and the same distributor, so as to come into opera- 
tion separately or simultaneously upon the movable or first 
movable wheel of the turbine. The invention consists in a steam- 
distributor divided, in the radial direction, into two concentric 
rings d and e, completely isolated from one another by an 
annular partition f. One of the rings d receives exhaust steam, 
and the other, e, high-pressure steam led in respectively 








through annular chambers g and kh. The two currents, wa 4 
suitable expansion, pass, either one of them alone or both simul- 
t 








cate with recesses in the ahead working face of the stati y 
thrust element, and two with recesses in the astern working face 
of the element. Further recesses may be formed in one or both of 
the a faces of the thrust collars g carried by the rotating 
8 h. e spaces between the fixed elements d, in which the 
collars g rotate, communicate by means of passages k with a waste 
oil drain m, formed in the bottom of the casing a. The action of 
the device is as follows :—Oil is forced under pressure into the 
ducts 6, in the bearing casing @ ; from there it passes to the radial 
are ¢, formed in the stationary thrust elements d, and is dis- 

buted, some on the ahead working face and some on the astern 





ly, into the same vanes i of the movable wheel of the tur- 
bine, or into the first movable wheel if the turbine has more than 
one. This distribution system has the advantage that it pe! — 
the energy of high-pressure steam to be utilised without, wha 
would otherwise be, the pure loss (due to expansion) at the } = 
sure for which the ordinary low-pressure vanes are designed. 
Notwithstanding that the utilisation is not so perfect as 10 '6 - 
mixed turbines provided with cial wheels for the exp ~~ 
of high-pressure steam, nevertheless an —~ on portion o! 
energy given off in expansion is rende available as motive 
power. (Accepted November 24, 1909.) 
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FOUNDRY 


No. II. 
By JoserH Horner. 

In the present article we shall consider the 
plan arrangements of three well-designed modern 
foundries for iron, steel, and brass res tively. 

The iron foundry of the British Westinghouse 
Klectric and Manufacturing Company, Limited, at 
Trafford Park, is shown in Figs. 3 to 5, in regard 


only to its general arrangement. Particular aspects building, geen in section in Fig. 5, which serves as 


of its equipment will be considered later in con- 
nection with the subjects to which they refer. — 
immense area of 108,000 square feet is included in a 


rectangular building 600 ft. long by 180 ft. in width. | 
Within this, all classes of work, light and heavy, | 
hand and machine, floor and bench, are carried | 


| the 


Its | 


_| gauge tracks, both of which are in connection with 
PLAN? ANS MACiees | the system of tracks that encircles all the shops, | 


|and which is in communication with each. 


than low cupolas would do. 
is 5 ft. in diameter, the other 6 ft. in diameter. 
Behind the cupolas there is an adjacent low 


a storage, and feeder to the cupola platform. The 
metal, coke, and limestone are brought in railway 
trucks along a line which runs through the store, 
and parallel with the whole length of the foundry. 
It is thence carried up to the storage platform, 
which is on the same level as the charging-platform. 


on, under the. supervision of several foremen.| An hydraulic lift serves for metal, and a bucket 


There is a main central bay flanked by two side | 


bays of smaller section, both served with suitable 


Fig.3. 


Q 





















































' aalvdven Q 
— ap a 
i ' — i ell! Ly i 
: z — xo «fh ° = Bs \\ \ rear MouLbine i 
\ ] 
soTom jc ct iS Mok Ox ’ - 4 a led | 
j ‘ be k Qu 14 11 ik s 
a x x 1 : 3 
+ & x ocjPa Ba Benches OR. \iGHT WoRK ¢ eee 
= 7 a ee ay al, sab aa 5 alalah at : 
- Lol 1 | 
1/ CORE BENCHES -4H- a—=3\ 1 1 r --------5------ + e 
* * . CUPOLAS ' }SAND PIT | \ \{ SAND PIT } z 
: I | : \\ 1 4 SFT. DEEP J aU 
N .% é 
SOTON \ ——— 
CRANE pit : —_— 
~ ' 
— a N 
‘ fos Sens lonay eer } 10 TONE ee et ead anak er) N 
/ JIB\\CRANE\.9FT/DEEP | a" - 4 a " B CRANE SAN® Diy \ 
» ts Gamma jes ANE an oe |) ap emeemeee wanmreeets 
=i , eer — omtmeisie -— == , a +— —.-¥ 
\ I \ ) P | . \eo CHIPPING BENCH yl 
‘ 
. \ / Teen) A\ 
= bat q RS 
=| Whe an oar pn Pe eae TUMBL i 
hy SAND = PS aes ial GRINDERS |} Vv 
L os INS ~: " : mel = 











elevator for coke, operated by a. 5-horse-power 
motor. This has forty-three buckets, and is capable 





= 
METAL STORAGE PLATFORM 








{one side of the area. Above there is a room con- 
|taining workmen’s lavatories and lockers. Two 


The | water-tanks or boshes, J, 6 ft. by 1 ft. 6 in. by 
|two Whiting cupolas are situated centrally. Their | 1 ft. 6 in., are conveniently placed for the moulders’ 
| great height—80 ft.—is noticeable ; 
_carry the products of combustion above the shop- 
roof, and conduce to more perfect combustion of | other side of the cupolas is occupied by core-ovens, 
One cupola | benches, and various mills. 


their hoods | swabs. 


That portion of the side bay which extends from the 


K is a 7-ft. grinding- 
| mill making 22 revolutions per minute ; L is a sand- 
sifter, making 36 revolutions, and having a capacity 
| of 60 tons per day ; M is a 15-horse-power motor 
|for driving these ; N is a resin-mill (resin being 
|required for cores). On the right of these there 
is an area occupied as a storage for common mould- 
ing-sand ; O is a smith’s fire (for necessary repairs 
to boxes and in grid-making, &c.); P isa ladle- 
drying stove; Q is a Sturtevant blower; R, R 
are motor-driven pumps ; 8, 8 are the motors, of 
50 horse-power each, that drive the Sturtevant 
fans for the cupolas. 
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TRANSVERSE SECTION A-B. 


F tg. 3. 
TRANSVERSE SECTION C-D., 








| Fig.4 
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Fies. 3 To 5. 


electric travellers and other hoisting tackle. The 
cupolas and core-ovens are within the walls, the 
only wing that lies without being a metal storage 
house at the rear of the cupolas. We will now 
note the arrangements in detail. 

In connection with this example we are reminded 
of the great differences which size makes in the 
dispositions of a foundry. Long distances to be 
traversed, for instance, involve repeating the same 
equipment in two or more parts of the shop, as 
core-benches, core-stoves, sand-pits, travellers, jib- 
cranes, and so on. Comparisons, therefore, cannot 
be made between the big and the little shops any 
more — between shops handling different classes 
ot work, 

This foundry affords an example of a three-bay 
shop (Fig. 3), strictly rectangular in plan, and 
having heavy and light work kept distinct in these 
bays. The cross-sections (Figs. 4 and 5) on the lines 
AB and CD respectively, the latter being taken 
through the cupola-room and metal storage on one 
side, and a core-stove on the other, give a clear idea 
of the general design. The main bay is served by 
tr © 90-ton overhead electric travelling-cranes, and 
the smaller bays by 10-ton overhead travellers, 
besides which several 5-ton jib-cranes are located 
at different spots. A Coburn overhead trolley 
eg serves the plate-moulding foundry in one of 

ie bays, 


The foundry is entered at each end by standard- 
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of delivering 28 tons per hour. The buckets make 
a complete circuit in 110 seconds. The elevator 
is shown in cross-section in Fig. 5. A weighing- 
machine on the charging-floor has a capacity up to 
13,500 Ib. 

On a platform below the charging-stage there are 
two Sturtevant fans, each driven by a 50-horse- 
power motor. A pit in front of each cupola receives 
the big ladles. These measure 10 ft. in diameter 
by 6 ft. deep. 

Keeping for the present to the flanking bay the 
central area of which is occupied by the cupolas 
and blowers, we note, in the direction to the right, 
the shop for light work, occupied by moulding- 
machines, a floor for plate-moulding on. one side, 
and benches for light jobs on the side opposite. The 
whole of this shop is served by the Coburn over- 
head track, forming a double loop-line from the 
5-ft. cupola at one end to the tumbling-barrels E 
at the other. A feature of this foundry is that the 
various departments are entirely as self-contained 
as though they were in separate buildings; and this 
light shop at the end next the cupolas has its own 
core-benches F, and its drying-stoves G, four in 
number, which, serving light work only, are of 
portable type. The fettling area at the end 
oO = contains 24-in, by 36-in.. spur - geared 

iting tumblers E, making 1300 revolutions ; a 
124-in. “Sirocco” exhausting fan, and a 20-horse- 
power motor. A 5000-lb. pair of scales occupies 
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Founpry oF THE British WESTINGHOUSE ELECTRIC AND Manuracturine Company, Limitep, TrRarrorD Park, MANCHESTER. 


The area of the main bay is unobstructed, the 
floor being broken up only by the sand-pits for 
casting work in. These are of various depths, 
from 18 in. up to 9ft. They are all commanded 
by the travellers, and some also by the swinging 
jib-cranes.. The class of work done in the deep 
pits is heavy turbine cylinder work and large-gas- 
engine parts. In the shallow pits, bed-plates, &c., 
are cast. The depths are given on the drawing, 
Fig. 3 ; the lengths and widths are as follow :— 
Beginning at the extreme right-hand end, the 5-ft. 
ag measures 70 ft. by 16 ft.; the 4-ft. pit, 60 ft. 

y 12 ft. The next 5-ft. pit measures 50 ft. by 
16 ft.; the next 4-ft. one, 60 ft. by 12 ft. The 
it to the left, 9 ft. deep, measures 40 ft. by 18 ft. 

e two pits in the side bay, 18 in. deep, each 
measure 100 ft. by 10 ft. 

The biggest core-stoves, four in number, located 
in the side bay at one end, in pairs, are served with 
tracks in the main bay, which are covered by one 
of the 50-ton travelling cranes: One pair of stoves 
has, in addition, a 10-ton swinging jib-crane. The 
trucks for these stoves measure 18 ft. by 9 ft. 6 in., 
and 9 ft. 6 in. by 9 ft. respectively. The stoves are 
fired at the back, and the chimneys are without the 
mg as indicated, and very tall (see sectional 
views, Figs. 4 and 5). 

At the same end of the foundry, but on the oppo- 





site side, over the side bay, there is an upper room, 
containing a second set of workmen's lavatories and 
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lockers, similar to those at the top right-hand end. 
Nearly opposite the cupolas there are two large 
core-stoves in the side bay, served by a 10-ton jib- 
crane. The fettling of the big foundry is done in 
this bay, opposite to that for the small foundry. 
Here there are four tumbling-barrels, 3 ft. by 4 ft., 
and a 12}-in. ‘‘Sirocco” exhausting-fan, driven 
by a 15-horse-power motor. There are six grinding- 
wheels; four of these are of large dimensions, 
measuring 3 ft. by 4 in., making 550 revolutions ; 
and two 1 ft. 8 in. by 2 in., making 1300 revolu- 
tions. A long chipping-bench and 5000-Ib. scales U 
complete the equipment of this part. Close by 
there is a box-fitter’s bench V, and a radial drill W, 
a smith’s hearth X, and a carpenter’s bench Y. 
The oftices of the superintendent, the foremen, and 
the clerks are adjacent to the fettlers. A grinding- 
mill for loam is seen at Z, and a sifter at a, similar 
to those on the opposite side of the foundry ; sand- 


Fig.6. 
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GAS PRODUCER. 


whole of this bay up to the annealing furnace, 
seen to the right, is reserved for chipping. Adja- 
cent to the annealing furnace is a sand-dryer and 
sand-bins and grinders ; on the other side of the 
track is a coke-bin: Motors are distributed where 
required -by the Wellman furnaces, in the fettler’s 
area, and by the grinders, adjacent to the annealing 
furnace. e capacity of this foundry is 500 tons 
a month. 

Brass foundries differ from both iron and steel 
in the’ general simplicity of their arrangements. 
Heavy work, with all that this demands, is mostly 
absent, exceptions occurring in gun - castings, 
marine work, bell-casting, heavy pump work, and 
lighthouse work chiefly. ' The great subdivisions of 
the iron foundry are generally absent. The work is 
mostly light, done in green-sand moulds, with dried 
cores. Dry-sand work and loam find a place, the 
latter being reserved, as in iron, for castings of 


— 
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casting pu the furnaces, moulding-tables, 
and core-benches occupying the sides. The larger 
brass furnaces are served by swinging jib-cranes, 
and an area reserved for heavy work at one end is 
also commanded by a crane. The entire length of 
the foundry is traversed by a 5-ton hand-travelle:. 
The foreman’s office is at one end. No operations 
of a subsidiary character encroach on the foundry 
area. Beginning at the upper left-hand side, the 
oven for the heavy cores made at the benches 
within the foundry is seen. Adjacent to this there 
is a’ room where small cores are made, having a 
small oven in one corner. The fettling department 
comes next, one end of which is occupied by a 
magnetic separating machine A for removing iron 
from brass chips. Outside, close by, is an ashi- 
crusher and ash-washer B and tank C. The sand- 
bins, not shown, are at the upper end of the yard, 
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outside the foundry, and separated therefrom by a 





Fig. 8. 











CORE MAKING BENCHES 






































FLOOR 





isewm nn, 














bins are also seen, besides water-boshes, small 
core-benches, and motors. 

There is an installation of portable dryers, 
the motor and blowers for which are fixed in 


the roof-principals. The blast-pipe measures 
8in. and 7in. to 6in. for 200 ft. in each 
direction, whence 4-in. pipes go down each 
column to the ground-level. The general 
foundry supplies are located adjacent to the 
brass foundry, which building runs parallel 
with the iron foundry, and between it and the 
steel foundry. The smithy is in line with the 
steel foundry, so that all the preparatory 
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Fig.7. 
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departments producing the rough articles are 977! ie 

kept adjacent to, and separate from, the great Frias, 6 anp 7. Steet Founpry. 
machine-shop, with which they are all con- 

nected by the tracks that completely encircle and| unusual size. Cupolas and blowers are absent, 


ramify the works. The capacity of this immense 
foundry is 1000 tons a month. 

The steel foundry is shown in plan and in cross- 
section in Figs.6 and 7. The ond wall to the right 
of Fig. 6 separates the smithy from the steel 
foundry, but a doorway is cut through it to permit 
of free communication. In the steel foundry, as 
in the iron, there is a free area down the centre, 
the various appliances being ranged along the sides. 
Two 20-ton Wellman open-hearth rolling-furnaces, 
tilted by electric 1otors, the speeds of which are 
geared down, suppiy the steel. These are fed by 
five Duff seinaivolibnien The metal from the fur- 
naces is hauled by electric power up an incline from 
the outside railway-track to the charging-platform, 
where an electric charging-machine runs it direct 
into the furnaces. The latter are served by 50-ton 
cranes for ingots and moulds. The ingot-casting pit 
is adjacent to the furnaces, in front. 

At the right-hand end of the foundry, under the 
incline, the core-ovens are situated, served with 
4-ft. 84-in. tracks. The smoke-stacks are outside 
the building. The core-benches are ranged longi- 
tudinally near the ovens. At the left-hand end of 
the foundry, and on the same side as the furnaces, 
are the ladle-dryers and a casting-pit, while out- 
side is the boiler-house. On the opposite side of 
the foundry, but flanking the main bay, are six 
10-ton swinging jib-cranes, commanding moulding 
areas. In the side bay adjacent, to the extreme 
left, there is a sand-blast plant for cleaning castings, 
and other fettling appliances, including three cold 
saws for removing gates and heads, and an emery- 
wheel grinder, served bya 10-horse-power motor A. 
The smith’s hearth B is in the same corner, The 





their place being taken by rows of crucible 
furnaces ; and in foundries where heavy work 
is regularly done the reverberatory air furnace is 
essential. The general lightness of the work is 
reflected in the shop arrangements. In many brass 
foundries there are no cranes or hoisting tackle 
of any kind. Tracks and trolleys are frequently 
absent. Little or no work is done on the floor, but 
the men stand at benches over or adjacent to the 
moulding-tubs that hold the sand mixtures. Boxes 
are of small dimensions, and piled adjacent to the 
benches. Many are of wood and hinged. Ladles 
are absent. Joint-boards of wood are in evidence, 
and plated patterns in wood and metal are hung 
around the walls. In modern foundries the mould- 
ing machines have largely displaced the joint-boards 
and ordinary plate-moulding, and the core-making 
department is kept distinct, boys or girls being em- 
ployed therein. Brass-founding is now specialised 
so highly that there are few ironmoulders—except 
those who have been trained years ago in the general 
shops where iron and brass work goes on side by 
side—who would be able to undertake brass-casting. 

A good example of a regular brass foundry doing 
cock, valve, and pump work is that of Messrs. 
Isaac Storey and Sons, Limited, of the Empress 
Foundry, Cornbrook, Manchester, shown in plan 
in Fig. 8 It is connected with all the other shops 
of the works and with the yard by a tramway, 
which enters the foundry at one end, and which 
also passes through the fettling-shop, from whence 
connection is made into one side of the foundry, 
and away to the yard, in the opposite direction to 
the main entrance. 





The central area of the foundry is available for 
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Fig. 8. Brass Founpry or Messrs. 
Isaac StorREY aND Sons, Limite, 
CoRNBROOK, MANCHESTER. 


width of yard. The coppersmiths’ shop flanks the 
foundry to the right, and is of the same size, and 
other shops stretch away beyond that to the right, 
making an admirably arranged works for the 
manufacture of brass and copper goods. 





THE TREATMENT OF WATER ANTE- 
CEDENT TO FILTRATION. 


By Watrer Ciemence, M.I. Mech. E. 
(Continued from page 120.) 


Muttrete Fintration (Puecu-Cuasat System) 
AT THE MacpesurG Water Works. 


Tue city of Magdeburg, one of the most impor- 
tant commercial towns in North Germany, is situated 
on the left bank of the Elbe, at an elevation of 
165 ft. above the sea. The population of the city 

roper and the four suburbs of Sudenburg, Buckau, 

eustadt, and Freidrichstadt, now exceeds 250,(00. 

Since the establishment of a public water service 
forthe city in 1859 the supply has been drawn from 
the Elbe, but it was not until 1876 that any attempt 
was made to purify the water. In that year sand 
filters were adopted, and this method of purifica- 
tion is still in use, but owing to the lack of proper 
means for preliminary clarification of the water, the 
results obtained by the use of the filters were i'Te- 

lar and unsatisfactory until the year 1909, when 
the establishment of a series of multiple filters on 
the Puech-Chabal system was decided upon. A 
brief description of these works, then approaching 































FEB. 4, 1910. ] 


ENGINEERING. 





133 








completion, appeared in-Enerneerine of-February 
26, 1909. ° “ey 

The original water works at Magdeburg, estab- 
lished in 1859, consisted of a single pumping station 
on the banks of the river, above the city and suburbs. 
Tho unfiltered river water was pumped through a 
main 184 in. in diameter to a water-tower 100 it. 
hivh, by means of which the supply was controlled. 
The daily consumption at this period averaged 
10,000. to 11,000. cubic metres , (2,200,000 to 
2,420,000 gallons). In 1870 this supply had_be- 
come inadequate, owing to the rapid growth of the 
town and the erection of dwellings on the land 
formerly occupied by the old ramparts, the demoli- 
tion of which had been commenced in 1866. The 
city authorities therefore decided upon the construc- 
tion of new works, and as the danger attending the 
use of unfiltered river water.was at this time fully 
understood, it was decided to adopt sand filtration. 
The purification plant consisted of six open decant- 
ing-basins, each containing 7600 cubic metres—a 
total of 45,600 cubic metres, or 10,032,000 gallons— 
and six sand filters, each 1245 square metres (13,350 
square feet) in area, 7470 square metres in all. The 
cost of these works amounted to 200,000/., and the 
supply was increased to 54 million gallons per day, a 
quantity which was estimated as sufficient provision 
for many years. However, as the supply was con- 
tinuous and unlimited, the waste of water increased 
to such an extent that the new filtration works 
were soon found to be insufficient.» In 1880 the 
control of the supply by means of meters was made 
compulsory, when the daily consumption was at 
once reduced by one-half. : 

But in 1886 the large suburb of Neustadt was 
annexed to the city of Magdeburg, and it became 
necessary to increase the works by the construction 
of two new sand filters, each 1245 square metres 
in area, bringing the total area of the filters up to 
9960 cubic metres. Notwithstanding this, the filtra- 
tion works had by the year 1892 again proved insuf- 
ficient to deal with the requirements of the town, 
owing to the increase of population. Moreover, 
the working of the filters had become very difficult 
owing to the constantly increasing pollution of the 
waters of the Elbe, due principally to the develop- 
ment of the sugar industry and the use of the river 
asa convenient means of disposing of the residue 
from the factories. 

The amount of salt in the Elbe had also increased 
owing to the establishment of potassium mines in 
the Stassfiirt district, and the question of abandon- 
ing the river as a source of supply began to be 
seriously considered. Owing. to this new state of 
affairs no important works for the improvement of 
the filtering plant were undertaken for a consider- 
able period. In 1892, however, special commissions 
were appointed to consider the possibility of im- 
proving the supply by either of the following 
methods :— 

1, The adoption of a subsoil water supply. 

2. The removal of the intake from the Elbe to a 
point about 20 miles from Magdeburg, above the 
junction with the Saale, a small river which is 
responsible for the introduction into the main 
stream of the salt refuse referred to above. 

3. The construction of a new intake on the right 
bank of the river opposite the existing intake, re- 
peated analyses having shown that the quantity of 
salt in solution in the water on that side of the river 
is, as a general rule, much less than on the left bank. 

As a provisional measure three decanting-basins 
were, in the year 1893, transformed into fine-sand 
filters. The plant thus consisting of three decant- 
ing-basins, each 7600 cubic metres (268,406 cubic 
feet) -- 22,800 cubic metres ; eight sand filters, each 
1245 syuare metres, and three sand filters, each 1770 
square metres, a total of 15,270 square metres. 

It was hoped that the increase in area of the sand 
filters would more than compensate for the reduc- 
tion in the capacity of the decanting-basins, and 
that after allowing for the number of filters laid 
off for cleaning, there would always remain a suffi- 
cient area to deal efficiently with the demands of the 
service. But the situation was found to be aggra- 
vated by the reduction of the means available for 
the treatment of the water antecedent to filtration. 

In 1905, to compensate for the insufficiency of 
decantation, an attempt at pre-filtration was carried 
out. A battery of six filters, called ‘‘ Vorfilter,” 
was erected in one of the decanting-basins. These 
filters had each a superficial area of 230 square 
metres (1380 square metres together), and were 1.40 
metres (55 in.) deep. The filtering layer consisted 
of gravel 60 centimetres (2 ft.) im thickness, the 


gravel-being screened to 1 centimetre in diameter. 


| it is obviously impossible to carry into practice when 


This bed of gravel rested ona drainage foundation of , the filter-beds are rendered impervious before even 


bricks, tiles, and large stones. At the same time 


one bacteriological examination can be completed. 


the area of the sand filters was increased by 3080 | It was frequently found necessary to supply the 


uare metres by the construction of two new sand 
filters, having each an area of 1540 square metres. 
The purification of the water by means of this 
plant was carried out as follows :—Decantation in 
two settling-basins for a period of about 12 hours, 
pre-filtration through an area of 1380 square 
metres of ‘‘ Vorfilters,” and slow filtration through 
13 fine-sand filters, of a total area of 18,330 square 
metres. , 

These sand filters are ordinary English or Simpson 
filters, consisting of .a layer of 3 ft. of fine sand, 
‘resting on the usual drainage system of bricks and 
coarse gravel. - They are.cleanedby.scraping the 
‘soiled upper surface in the ordinary way to a depth of 
<1 to 3 centimetres.(0.4 in; to 1.2 in.). It was impos- 
sible to work this plant ina regular manner. The 
“* Vorfilters,”’ receiving the insufficiently decanted 
water, were rapidly. blocked throughout their.whole 
mass, and their cleaning proved to be a difficult and 
costly operation. It was found necessary periodi- 
cally to renew the entire filter-bed when dirty. 
This long and: tiresome operation necessitated a 
part of the battery being out of action for a con- 
siderable time, so that the sand filters had to be 
supplied either with raw. water or with water in- 
sufficiently, treated by decantation. 

Under these circumstances it is easy to under- 
stand that trouble was experienced with the filters, 
notwithstanding the additions to the sand area 
which were made from time. to time, owing to the 
lack of adequate means of treating the water before 
filtration and the consequent necessity of frequently 
scraping the surface of the sand. 

e duration of the life of the filters—in other 
words, the length of the period between cleanings 
during which they could be worked satisfactorily— 
was extremely irregular, depending entirely on the 
state of the raw water from the river,.the com- 
position of which is constantly changing. The 
table given below shows the loss of head and the 
periodical working of one of the sand filters for 
a period of five weeks in the spring of 1909—that 
is, before the Puech-Chabal system had been brought 
into service, and gives some idea of the frequent 
necessity for cleaning under the conditions de- 
scribed above. 


City of Magdeburg Water Supply. Working oy Sand 
Filter No. 10 before the Introduction of the Puech- 
Chabal System. 








Loss of Head in Centi-| Loss of Head in Centi- 


Dates. metres at 9 a.m. Dates. metres at 9 a.m. 
1909 1909 
April 28 Cleaning. |May 16 22 
» & 20 I] 99 17 30 Working 
» 80 30 - 18 74 period, 
May 1 47 li os 19 92 5 days. 
me 2 49 Working | ,, 20; 106 
an 3 58 period, ae 21 | Cleaning 
- 4 72 Odays. ||, 22) 34 } Working 
oe 5 90 ’ 23 77 period, 
x @ 98 » 2! 101 3 days. 
e 7 100 » 25 | Cleaning 
» 8 Cleaning. a me 8 
re 16) “en f 13 
» 10 30 Torki » 28] 
Zig | oO | —i, a S Working 
es 90 |p omeng — a = period, 
»° 18; 108 | . an 36 9 days, 
so 103 June 1) 52 
+» 15 | Cleaning. I] os 2) 82 
oe? Bt ae 
- 4 | Cleaning 





The above table shows that the life of the filters 
varied from 3 to 9 days only, and it is easy to 
understand the difficulties which may arise when 
dealing with a river-water with an installation of 
this kind, since under certain circumstances it 
might be necessary to clean 18,330 square metres 
(44 acres) every three days. The bacteriological 
results of a filtering plant arranged in this way are 
always most mow § and are at the mercy of the 
slightest incident, such as the blocking of all the 
filters at the same time—an event which frequently 
happens in the case of river-water supplies when 
the water is suddenly rendered turbid by abnormal 
rainfall and the arrangements for clarifying the 
water are inadequate to deal with such a situation. 
In the case of Magdeburg, the conditions described 
rendered it impossible to comply with the regulation 
of the Imperial Board of Health, which providesthat 
during the period of ripening of a filter the effluent 
must be turned to waste,until the } bacteriological 
tests show less than 100 bacteria per cubic centi- 








metre for two eonsecutive days—a regulation which 


city with water known to contain more than 100 

germs per cubic centimetre, as’is shown by the 

following table, which gives the mean monthly 

Table Showing the Monthly Average of Microbes per 
Cubic Centimetre in Samples Drawn from the Clean- 
Water Tank Collecting the Efftuent from all the Filters. 
(Colonics Counted after 48 Hours’ Incubation.) 




















Date, Bac- Pate, | Bac- Date, Bac- 
1907. teria. 1908, | teria. 1909. | teria. 
January 148 January 80 January 254 
February .. 82 February ..| 57 February 605 
March 49 March . 27 March 92 
April 81. April | 19 | April | 49 
May.. 38 May.. 30 |May.. ab 34 
June 37. June 52. June (1-16) | 50 
July 28 July 31 
August... 72 August ..} 24 
September 34 September | 33 
October... 47 October,... 72 
November .. 69 November...) 5828 
December .. 84 |December..| 2667 


| 


average number of bacteria contained in the filtered 
water supplied to the consumers during the three 
years preceding the adoption, in 1909, of the Puech- 
Chabal system for the treatment of the water ante- 
cedent to filtration. 


BACTERIOLOGICAL RESULTS FROM THR FILTERING 
PLANT at MaGpEBURG BEFORE THE ADOPTION 
OF THE PurecH-CHABAL SysTEM. 


The above tablg shows that the question of 
rendering a river-water potable is an extremely 
delicate one, and illustrates incidentally the ex- 
treme difficulty of obtaining uniformly satisfactory 
results by means of simple filtration, unless sufficient 
provision is made for the previous clarification of 
the water before it reaches the filters. It also 
shows the difficulties attending the removal of 
suspended matters in any considerable quantity by 
simple filtration through sand, whatever the form 
of the filter. 

The question of providing a subsoil water supply 
for the city had been carefully considered from time 
to time, while the various modifications of the filter- 
ing plant, which have been described above, were 
carried out. Experiments, made at great expense, 
were commenced in 1893 under the direction of 
Dr. Beyschlag, professor of geology. These trials 
proved that it was impossible to obtain a sufficient 
quantity of subsoil water in the neighbourhood of 
Magdeburg. 

Herr Thiem, State engineer of Leipzig, showed 
later that a supply of this nature, suitable for pot- 
able purposes, might be obtained in the district east 
of the Elbe, about 30 miles from Magdeburg. “But 
on pumping from this source on a large scale, by 
way of experiment, so many difficulties were met 
with that it was at once decided to make a radical 
alteration in the existing filtering plant for the 
purification of the water of the Elbe, even should 
the question of a subsoil water-supply be again 
considered later on. 

The modification of the filtering plant having 
been finally decided upon, it was considered advis- 
able in the first instance to take advantage of the 
natural fact that the waters of the Elbe at Magde- 
burg are of different characters on the two sides of 
the river, a notable feature of this difference 
being that samples taken from the right bank of 
the stream are always found to contain a consider- 
ably smaller quantity of salts in solution than 
samples taken on the left bank. Repeated analyses 
carried out by Dr. Pfeiffer* confirmed this fact, 
and the following comparative figures, taken from 
the average of analyses made in June, 1909, show 
very clearly the remarkable difference in the 
quality of the water on opposite sides of the stream, 
the samples examined being taken simultaneously :— 


Raw Water from the River Elbe at Magdeburg, 


June, 1 





Milligrammes per Litre. 


qe 











shloride 
| Chloride. 
| oo Lime. | Magne- Chlorine. 

| gre per litre 
Left bank ..| 876.7 | &8 43.9 857 0.588 
Right bank | 366.7 60.2 | 19.7 | 1225 0.195 


* Dr.- Pfeiffer, ‘Studien uber Beschaffenheit und 
Bewegungsercheinungen des Elbewassers” (Zeitschrift 





fiir die gesamte Wasserweitschaft, December 5, 1908). 
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As a consequence of the establishment of these 
facts, a new main intake was constructed on the 
right bank of the Elbe, anda syphon, with capacity 
of 45,000 cubic metres per day, was carried under 
the river and connected by means of a cast-iron 
main to the suction-well at the works. The length 
of the syphon and suction main is about one-third 
of a mile, and this’section of the new works was 
completed and brought into service in June, 1909. 
With regard to the filtering plant, in view of the 
previous history of the works it was obvious that if 
the slow sand filters were to yield a potable water of 
uniform quality at all seasons of the year, and with- 


The report of this Commission recommended the 
adoption of the Puech-Chabal system of multiple 
filtration, and Messrs. ‘Puech and Chabal were 
asked to submit a scheme for the application of 
the system at Magdeburg, the existing works to 
be included as far as possible in the new scheme. 

The work decided upon consisted in the erec- 
tion of a large series of multiple gravel filters in 
armoured concrete, this structure comprising a 
part of the series of rapid sand filters known as 
pre-filters, and also the entire re-modelling of the 
| ‘* Vorfilters,” and the construction in their -place of 
pre-filters of coarse sand, The works were de- 
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out regard to the condition of the raw water in the 
tiver, it would be necessary to adopt some efficient. 
system for the treatment of the raw water, so 
that the finishing filters might be constantly sup- 
plied with a clarified water of uniform composition. 
A special commission of the Town Council, consist- 
ing of Messrs. Kaiser, Pape, Rassmuss, Peters, 
er, GOrnemann, and Niemann, with Herr Dieck- 
mann, engineer and manager of the water-works, 
Was appointed to examine and report on various 
modern methods of water purification. 
A large number of works in Germany were 
visited, including the interesting works at Pader- 
™m, where the treatment of water by the ozone 
Process has been adopted, after which the Com- 
mission made an extensive tour in France, visiting 
‘tis and other towns, where the treatment of 
river water by modern methods is in operation. 
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signed and executed by M. Henri Chabal, of Paris, 
and were carried out entirely in ferro-concrete on 
the Puech-Chabal system. A general description 
of the system, with photographs of a sectional 
model of the Magdeburg plant, has already — 
in ENGINEERING, and the photographs of the com- 
pleted plant now reproduced illustrate a very fine 
example of ferro-concrete work, and show very 
clearly the suitability of this form of construction 
for water-works plant where complicated details of 
design have to be carried out. 

Fig. 10 shows a general view of the gravel filters, 
the cascades introduced between. each series of 
strainers for aérating the water being clearly seen. 
The ‘space beneath the first two series~of gravel 
filters has been utilised by the construction there 
of one-fifth of the total area of pre-filters, and the 








engraving, Fig. 11, shows one of these pre-filters. 





The filtering medium consists of a bed of coarse 
sand with a foundation of gravel laid on perforated 
ferro-concrete draining-blocks. These are- illus- 
trated in Fig. 13. 

The remaining four-fifths of the pre-filters have 
been construc in the building which originally 
contained the “ Vorfilters.” In the illustration, 
Fig. 12, one of the pre-filters is empty, and as 
showing the excellence of the design and materials 
adopted for the construction of the works, it may 
be stated that the separate compartments are 12 ft. 
in depth, and the dividing walls 4 in. in thickness 
only. It will be seen by the photograph that, as 
the adjacent compartments are full of water, the 
walls of the empty tanks are under a pressure due 
to 12 ft. head of water. 

The layers of gravel in the straining filters rest 
on perforated concrete slabs raised somewhat above 
the floor of the filters. An entirely novel method 
of cleaning the gravel by air has been adopted at 
Magdeburg, and is shown in operation in Fig. 14. 
The difficulty of evenly distributing air under pres- 
sure over any considerable area has long been recog- 
nised by engineers ; but, by a specially-patented 
device, M. Chabal has overcome this difficulty, and 
the result is clearly shown by the photograph. 
Air is supplied at a moderate pressure by arotary 
blower, and is admitted to the distributing appa- 
ratus below the gravel by a series of valves so 
arranged thatthe filters may be cleaned in small 
sections, each of which is controlled by a valve. 
Fig. 14 illustrates the cleaning of a section of a 
filter, and the even distribution of the air over the 
whole of the surface controlled by the valve will at 
once be seen. 

When it. is required to clean a section of the 
gravel filters the water is run off to within about 
3 in. of the surface of the vel. Air is then 
admitted, and at the same time a slight surface 
flow of unfiltered water is introduced by means of 
sluices and controlling-valves, and this flow is regu- 
lated so that it is just sufficient to carry away the 
mud, loosened from the gravel by the action of the 
air, through the small sluices shown in the dwarf- 
walls at the end of the filters; The muddy water 
is immediately carried to the drains, which are 
flushed by means of suitable valves. In this way 
the mud collected on the filtering materials is 
regularly and easily removed, and the septic action 
of putrefying organic matters separated from the 
water with the mud is prevented. The plant 
illustrated has a capacity of 16 million gallons: per 
24 hours, yet the cleaning of the whole of the 
gravel beds by means of the air-distributing appa- 
ratus is easily carried out by one man. Each series 
of gravel filters is divided into eight sections, any 
one of which can be laid off for cleaning without 
interrupting the working of the remainder. 

The plan, Fig. 15, shows the general arrangement 
of the Maghebarg works ; and the diagram, Fig. 16, 
shows, by means of arrows, the course of the water 
in its passage through the multiple system of 
filters. The raw water is raised by the low lift- 
pumps into the distributing channel A, from which 
it passes to the first series of Puech filters B. These 
consist of eight separate basins working in parallel, 
with a total filtering surface of 160 square metres 
(1722 square feet). On leaving these filters the 
water is aerated by being passed over a triple range 
of cascades to a Area | series of gravel beds C, 
arranged in a similar manner to the first series, 
but having a total surface of 280 square metres. 

After a’ further aeration the water is passed 
through the third and fourth series of Puech filters 
D and E, of the same general construction as the 
first. two series, but with an increased filtering 
surface, as follows :-— 

Series D 512 sq. m. ( 5,513 sq. ft.) 
Series E 1175 12,6 ) 

The thirty-two straining filters, in passing through 
which the water is subjected to four successive 
filtrations, consist of beds of carefully selected and 
graded gravel, the stones decreasing in size with 
the larger area, and consequently slower speed, of 
each succeeding series. The layers of gravel are 
supported on special perforated concrete slabs, 
under which are placed the air-distributing pi 
forming the cleaning apparatus already deotiel.. 

In passing these Puech filters almost the whole 
of the suspended matters are eliminated and the 
water becomes physically cleat. It is then collected 
in a measuring-chamber, where it is automatically 
divided, so that whatever quantity of water passes 
the gravel filters, one-fifth is delivered by a covered 
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channel to eight. pre-filters F (Nos. 1 to 8 in plan) 
constructed beneath the first and second series of 
Puech filters, and four-fifths to eighteen pre-filters 
G (Nos. 9 to 26 on plan). The total area of these 
twenty-six pre-filters is 4000 square metres, and 
in them the water is passed rapidly through a bed 
of coarse sand, which pation sre the clarifying 
process and removes the spores of alge and of 
other microscopic oe which without this 
rough filtration would pass on to the finishing 
filters, and by their rapid development and multi- 

lication would hinder the working of these filters 
in their most important function of the bacterio- 
logical purification of the water. 

From the pre-filters the water passes to the slow 
sand filters. These have a total area of 18,000 
square metres, and they have not been modified 
in any way, so that it is interesting to compare 
the results of their working before and after: the 
present system of multiple pre-filtration was intro- 
duced. 

It may be stated that owing to the severity . of 
the winter in North Germany (on an average the 
thermometer remains below the freezing point on 
sixty days in the year) the slow sand filters are 
covered, with: the exception, of Nos..12 and 13 
(Fig. 15), which have a combined area of 3080 square 
metres, and are used during the summer months 
only. The remainder are protected by brick arch 
roofs covered with several feet of soil. 


(To be continued.) 
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A Practical Treatise on Bridge Construction. By S. 
CLAXTON Fiver, M. Inst. C.E., Professor of Engineer- 
ing, University College, Dundee. Fourth ‘Edition, 
revised and enlarged. London: Charles Griffin and 
Co. [Price 30s. ] ; 
Proressor CLAxton Fipier’s book has now been: 
so.long before the engineering public and is so 
widely known that little need be said by way of 
general introduction, oxcept for those who are still 
in the student stage. First published in 1887, it 
has now reached the fourth edition, with such 
expansion of the contents as the author has from 
time to time seen fit to make. The preliminary 
chapters deal with the more elementary principles 
of stress calculation, applied to the simpler forms 
of beams and cantilevers. Following this we 
have a study of the comparative anatomy of 
bridges in which there is set out a classification 
of bridge structures, of characteristic bending 
moments, and of stress distribution, of great 
help in attaining a broad and strong grasp 
of the subject. The weight of bridges, to which 
the author devotes much attention, is dealt with 
first on a theoretical basis, establishing principles, 
and later, by the application of these principles 
suitably extended for use, to the estimation of 
actual weights. The bridge-designer of experience 
will generally be independent of these methods for 
bridges of ordinary span and type; the student will, 
it may be supposed, having little previous know- 
ledge to guide him, derive some help from the 
— though as the accuracy of the result is 
argely dependent upon the judicious use of certain 
waste co-eflicients, it is evident a want of experi- 
ence may lead tc conclusions much less satisfactory 
than those given by the author as examples. The 
real use of the inquiry is, perhaps, in its application 
to unusual forms, or to structures of excep- 
tional magnitude, and it is to these cases prob- 
ably that the author means his method to apply. 
Baker attacked this problem in *‘ Long Span 
Bridges,” in 1866. Stoney gave it some attention 
in his work, published in the same year, and 
Crehore, an American writer, in a little-known 
treatise on ‘‘ The Mechanics of the Girder,” post- 
humously issued in 1886, investigated the question 
at considerable length, dealing both with the ques- 
tion of girder weight and of economical panel 
spacing and depth. His method, in some respects 
precise, and extremely laborious, was yet strangely 
deficient in a failure to make any sufficient allow- 
ance for excess of actual over net theoretical weight, 
a defect which: in the work under review it is 
endeavoured to make good. The author deals next 
with the flexure of girders, and with continuous 
beams, including, of course, his well-known and 
very helpful geométric method. Columns and 
struts are treated at great length in a remarkably 
clear and complete manner. Most column formule 





of empiric nature are in the main correct within 


limits, and for particular materials, but trouble -is 
invited when these formule are applied outside 
their proper range, or to materials Rovian proper- 
ties which make the formule inapplicable. The 
reasons for this are well brought out by Professor 
Fidler’s presentation of the subject. 

The working strength of iron and steel is treated 
at length, and with great advantage. The various 
methods which have been advanced for the valua- 
tion of working stresses, or, to be correct, for the 
determination of practical sections, are considered 
in detail. Of these no one can claim to be a final 
solution of the question, all are in the end judged 
by experience in work, by comparison with suc- 
cessful examples of construction. No really precise 
method being yet available, any reasonably sound 
and simple principle would seem to ‘be, in the 
meantime, permissible, provided that it is in agree- 
ment with the teachings of experience. For this 
reason the dynamic method recommended by the 
author proves acceptable to many engineers. It is 
simple, it is sufficient. 

he author next proceeds to the consideration 
of detailed design, dealing with stresses induced 
by different methods of loading, upon structures 
varying from the simple parallel flanged beam to 
suspension-bridges and arched structures. Wind 
pressure and wind bracing supplies the matter for 
the concluding chapter of the book. 

The previous edition of this work has been 
strengthened by the inclusion in the present issue 
of further matter relating to working stresses, an 
amplification of the column tables, a consideration 
of the design of braced struts, including instructive 
particulars bearing upon the Quebec Bridge disaster, 
and some further information upon wind effects, 
with a summary statement of the more recent ex- 
perimental results and deductions. 

Professor Claxton Fidler’s treatise may be 
studied with pleasure and advantage by those 
already well acquainted with the subject, as by 
those who are not. It is indeed difficult to say 
whether it is more admirable as a work on bridge 
design, or as an exposition of clear thinking. As 
to a great part it may be read for the same reason 
that one not particularly drawn to Nature-study 
takes up White’s ‘‘Selborne,” or Hudson’s ‘‘ Birds 
in a Village,” because it is good literature, though 
the character of the subject necessarily limits the 
number of those who will go right through it. 

It is not simply a book of reference, or to be 
occasionally consulted for methods of procedure— 
it is a book to read. Much thought has been 
bestowed upon it; it is also provocative of thought 
in the reader—a most excellent feature of any 
work designed to instruct. It is to be noted 
how surely the author establishes the principles he 
enunciates, with but moderate space devoted to 
purely mathematical work, leaving in thé~ mind of 
the student a more robust conception of those prin- 
ciples than can commonly be achieved by analysis 
alone. Instead of mental gymnastics we have an 
exercise in close reasoning, an exhibition of sound 
ee. It is hardly necessary to add that the 
00k is excellently got up, the formule are well 
displayed, and the diagrams and plates clear and 
sufficiently large, avoiding the very common fault 
of minute detail, only to be deciphered by those 
possessing microscopic sight. 

By -C.. GopFREY 
ill Publishing 





Electro - Magnetic Ore Separation. 
GuNTHER. New York and London: 
Company. [Price 12s. 6d. net. ] 

Tuts volume certainly cannot be considered a 

superfluity, as although the subject-matter has 

received notice at some length in one or two recent 
books connected with ore treatment, it has now 
for the first time risen to the dignity of inscription 
on a title-page. The author, as he explains in his 
mreface, has aimed at little more than ‘collecting 
into convenient form what has previously seen the 
light in the technical jourhals, though observa- 
tions based on his own experience are also included, 
as well as extracts from correspondence with mill 
managers and manufacturers. That’ such a book 
was wanted is, we think, amply demonstrated by 
the ignorance which prevails among many mining 
engineers as to what electro-magnetic separation 
has done in the past and the position to:which it 

has attained at the present time. It is rather a 

nice question as to whether recent progress in 
rticular fields has been as rapid during the 

ast few years as might have been expected. 

Indeed, it has been strongly asserted in some 





quarters that magnetic separation is losing ground, 


Looking : at the position broadly, it cannot 
be denied that in many cases where its adop. 
tion was heralded with a fanfare of trumpeis, 
results the reverse of satisfactory have had to be 
chronicled. Of such failures the author does not 
discourse. For such abstinence there are dou!tt- 
less good reasons, one of which is the fact that it 
is not customary to dilate on failures in the paces 
from’ which the author has drawn much of iis 
subject-matter. 

The earliest and, at the present time, the most 
important application of electro-magnetic separation 
is in the case of low-grade magnetic iron ores, stich 
asabound in Northern Scandinavia. In this region 
not only are lean ores concentrated to a high iron 
content, but the phosphorus, which occurs so 
largely as apatite, is mostly eliminated. In the 
Siegen district of Germany, siderite, or carbonate 
of iron, has long been successfully concentrated 
from its associated earthy gangue. Formerly the 
ore was always calcined to convert it into the 
magnetic oxide, but a recent development is the 
employment of magnetic fields of high inten- 
sity, thus rendering calcination unnecessary. In 
America, perhaps, the most important successes 
have been connected with the separation of blende 
from iron pyrites. Into the theoretical questions 
underlying the successful application of clectro- 
magnetism to ore-dressing we cannot enter, nor 
can we attempt in the short space at disposal to 


follow the author in his description of the various 


patented machines now on the market. Those 
patentees who do not receive any notice may, 
perhaps, feel somewhat aggrieved, but the author 
has limited his notices to such as are acknowledged 
successes at the present time. The fact that the 
minerals to be separated in an ore must be in the 
free condition finds mention, and emphasis is also 
laid on the necessity of sizing the feed. The re- 
marks on this head might have been elaborated 
with advantage, because those who are familiar 
with the subject recognise that by the physical 
constitution of a complex ore success or failure in 
magnetic separation can be safely predicted. Of 
course, improvements are continually being made, 
such, for instance, as the wet separation of slimes, 
but what we wish to emphasise is the necessity for 
very careful investigation into all the circumstances 
before the adoption of magnetic separation at this 
or that mine is decided upon. In the great majority 
of the applications of this treatment to complex sul- 
phide ores a preliminary roast is necessary, and the 
responsibility for this has in some cases been too 
lightly assumed by mining engineers quite innocent 
of any knowledge of the somewhat complicated 
chemical equations involved. For the matter of 
this, there is by no means any general agreement 
among chemists or metallurgists as to the precise 
nature of the reactions in many calcination pro- 
cesses, but this only emphasises our contention for 
the necessity of special training on the part of the 
calciner. “Now that the free evolution of sul- 
phurous acid vapours is barred in so many countries, 
the expense of the calcination process has to be 
seriously considered even in such cases as that of 
chalcopyrite, where a very light roast is all that is 
necessary. Reference ismade in the book, though 
at no great length, to what has been done by the 
Wetherill machine in the separation of tin-wolfram 
ore in Cornwall. This is quite the most important 
application in Great Britain. More may be heard 
of magnetic separation in the future in Cardigan- 
shire, where the blend is often highly admixed with 
pyrites. At the mine where a successful trial of 
the Dawes magnetic separator was recorded a year 
or two ago there had been no continuous work, 
such as is necessary in order to point to a technical 
success with the ores of the district. 

On the subject of copper ores the author, on 
page 153, states that y =< ollent is extensively 
concentrated by magnetism in Europe, and the 
application is growing. To the best of our know- 
ledge this statement by no means represents actuali- 
ties; indeed, we have little hesitation in saying 
that in the few installations which have been made 
there is far more failure than success to record. 
Such ore as low-grade siliceous chalcopyrite cer 
tainly seems eminently adapted to magnetic treat- 
ment, and in the laboratory excellent results can 
be obtained, but difficulties in calcination or ™ 
other directions have supervened to such an extent 
that the general situation is as we have described 
it. We are, of course, speaking only of HKuropé, 
and we note with interest what the author says 4% 





to the successes obtained on chalcopyrite ores i 
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Alveria and America. No doubt the nature of the 
ore and the prevailing conditions are not identical 
in all cases where magnetic concentration has been 
attempted on the large scale. As we have already 
said, the book fills a void in mining literature, and 
we can cordially recommend it to the large number 
of mining engineers who have little or no acquaint- 
ance with the subject. The elect also, who are 
familiar with the originals of the machines so well 
‘llustrated in the text, will doubtless find the 
volume a useful addition to their libraries. 





Dic Gasmaschinen. Berechnung Untersuchung und Aus- 
fiihrung der mit Gasfirmigen und Fliissigen Brennstoffen 
Letriebenen Explosions-und Vevbrennungskraftmaschinen. 
Part II. Die Verbre gsmaschinen. Zugleich dritte, 
vollig umgearbeitete Auflage der Deutschen Ausgabe des 
Werkes: Die Gasmaschinen, von GUSTAVE CHAUVEAU. 
Leipzig: Wilhelm Engelmann. [Price 24 marks. ] 

Tue author, now residing at Landschlacht, on the 
Swiss shores of the Lake of Constance, regrets that, 
owing to illness, more than two years should have 
elapsed between the publication of the first and 
s:cond parts of his treatise on gas-engines, which 
is generally quoted as ‘‘v. Thering-Chauveau, Gas- 
maschinen.” In our days of hurried compilations, 
we are, ou the whole, inclined to welcome a certain 
amount of delay, inasmuch as it justifies the hope that 
the matter will duly have been revised and brought 
up to date. The reader will find that expectation 
realised to a certain oxtent only. There is no doubt 
that parts of this work on internal-combustion en- 
gines burning gaseous or liquid fuels have been recast 
in a manner befitting a third edition. But we pos- 
sess quite a number of good treatises on gas-engines 
at present. In a new edition we should expect, in 
the historical section, an outline of that extraordi- 
nary development in high-speed engines which has 
rendered automobiles and flying-machines possible. 
This historical review, which forms the second 
chapter of the volume, is good, so far as it goes, 
especially in the comments on the development of 
blast-furnace gas-engines. Automobiles and their 
special motors, however, are not even mentioned in 
that section, nor in the index. The index is poor, 
it must be admitted, and the large-octavo volume of 
470 pages, illustrated by 341 text-figures and eight 
plates, may contain a good deal which the index does 
not specify. Yet the index is probably complete as 
regards types of motors described, and we miss 
some names that will occur to everybody. Some of 
the references concerning the determination of con- 
stants are also antiquated. 

The book has its limitations, therefore, and we 
must confine ourselves to a brief indication of the 
contents. The section on general classification, 
cyclic process, calculation of gas-engines, calori- 
metric researches, velocity of ignition and mecha- 
nical efficiency cover seventy-five pages. There 
follow twenty-five pages of the historical review 
mentioned above. 

The descriptive portion of the volume is divided 
into four - cycle engines, two-cycle engines, six- 
cycle engines, and vapour-engines. This last divi- 
sion describes the motors of Banki, of the Gas- 
motoren-Fabrik Deutz, Schimming, and of Vogt 
and Recklinghausen. Finally the ‘* equal-pressure 
engines ”—i.e., motors of the Diesel type—are dealt 
with, there being in addition to the Diesel motor 
the engines of the Gasmotoren-Fabrik Deutz, of J. 
Hamm, Haselwander, Krythe, Lietzenmayer, Pape 
and Josse, Reichenbach, Sulzer Brothers, Trinkler, 
and Weidmann. This last motor of Weidmann’s, 
like several others noticed by the author, is, or was, 
still in the paper, or experimental, stage. Weidmann 
wishes to mix the fuel and air by providing - 
sages jacketed about the one-half of the cylinder ; 
the passages are to ensure a circulation of the gases, 
but they might, the author points out, become 
clogged. We agree with the author that inventions 
are not to be disregarded because we have merely 
to rely on patent specifications; but we regret 
other omissions. The type and illustrations deserve 
praise, 








Metallurgy of the Common Metals (Non-Ferrous). By 
A. Humpotpt Sexton, F.1.C., F.C.S., Professor of 
Metallurgy in the Glasgow and West of Scotland Tech- 
nical College, and Joun 8. G. Primrosg, A.I.M.M., 
M.1.M., Principal Assistant in the Metallurgical De- 
purtment of the Glasgow and West of Scotland Tech- 
nical College. Manchester: The Scientific Publishing 
C pany [Price 7s. 6d. net. } 7 

Tus book is intended by its authors to provide 

studonts of metallurgy with a suitable introduction 

to the metallurgy of the common non-ferrous 
metals. No claim is made for originality of treat- 








ment, as the aim of the writers has been to make a 
wise selection of material, and to present it to 
their readers with conciseness and yet with accuracy. 
That aim has been successfully carried out, as the 
book gives an excellent course of instruction on 
the metallurgy of copper, tin, zinc, lead, antimony, 
aluminium, and nickel, stating the sources of 
supply of the different minerals, and the physical 
and chemical properties of the metals, and explain- 
ing clearly the various processes in the recovery 
and refining of each from its ores. An appendix 
contains a list of more advanced and specialised 
works, which the student may take up later for 
further instruction, and to which this work forms 
an excellent introduction. 
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**Les Forres pg Combat EN 1910.”—This book, which 
is edited by Captain de Balincourt, and is published by 
Messrs. Berger-Levrault, 5 to 7, Rue des Beaux Arts, 
Paris, at the price of 5 francs (4s.), gives general data on 
the naval programmes of twenty-five nations, and illus- 
trated particulars of every class of ship belonging to 
these nations. It contains 770 es, including a com- 
plete index and a very a num Ler of diagrams of 4 ~ 
The book is a most handy naval pocket-dictionary for 
rapid reference. 





NortH Sea Fisheries AND SHIPPING EXHIBITION oF 
Marine O1t-Enoines.—It will be of interest to engineers 
and others who have followed the development of the 
oil-engine for marine purposes to know that it is intended 
to hold an éxhibition of this class of motor at Great 
Yarmouth in the autumn of this year, from October 29 to 
November 12. This time has been chosen because it 
coincides with the busiest period of the fishing season at 
that port, as there are then some 2000 fishing-boats in the 
neighbourhood ; at the same time there are about 1000 
boats fishing off Lowestoft. During recent years great 
changes have taken place in the conditions under which 
the Scottish sailing-boats work, the introduction of the 
steam - drifter having seriously affected the owners of 
boats depending on wind alone for their propulsion. The 
steam-drifters have, however, increased to such an extent 
that the competition between them has reduced their 
protits to a very low figure, which has once more en- 
abled the sailing-boats to work with success. The cause 
of this has been the introduction of oil-engines on board 
these latter boats. A steam-drifter costs about 2000/., 
and an ordinary first-class sailing-boat for fishing pur- 
poses from about 500/. to 600/., and one of these latter 
can be fitted with a 60 horse-power oil-engine for about 
7001. ; so that the initial cost is considerably below that 
of the steam-drifter, and the speed obtained is nearly the 
same. It is stated that there is now scarcely a harbour 
from Eyemouth to Lerwick where examples of these 
motor fishing-boats is not to be found, and the number of 
harbours on the East Coast of Scotland having one or 
more exceeds 150. During the recent Yarmouth herring 
season more than fifty Scottish fishing-boats were present. 
The oil-engine has also found an application on the 
English canals. This being the case, the coming exhibition 





should prove important. 
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THE PARKER DOWN-FLOW WATER-TUBE BOILER. 
CONSTRUCTED BY THE PARKER BOILER COMPANY, ENGINEERS, PHILADELPHIA, PA., U.S.A. 
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Tuer Parker down-flow water-tube boiler, which we 
illustrate on the present and opposite pages, differs 
inaterially from usual types. It has met with consider- 
able success in the United States. The special fea- 
tures of the boiler are the horizontal tubes and the 
direction of water-circulation, which takes place down- 
wards—from the water-drum at the top, towards the 
fire. The lower rows of horizontal tubes immediately 
above the fire contain steam only, and no water. 

The boiler is the invention of Mr. J. C. Parker, 
who, in the early ‘nineties, was led indirectly to the 
investigation which resulted in its development. He 
was experimenting with a model boiler, which con- 
sisted of acoil of about 50 ft. of g-in. copper pipe, 
heated by a gas-burner. Water was introduced into 
the top end of the coil from a small tank, and steam 
was discharged from the bottom end, next the burner, 
into a direct upcast, which led to the steam-space in 
the tank. The idea of the arrangement was to absorb 
the maximum possible heat from the escaping gas, b 
bringing the incoming cooler water into contact wit 
the cooler gases. The device operated satisfactorily 
until an air-blast was attached to the burner, when 
the flow was reversed, and would not resume its 
former direction until the burner was turned down 
very much below the height at which the coil would 
ordinarily operate with safety. A check-valve’ was 
afterwards inserted between the tank and the inlet 
end of the coil, to prevent flow reversal, and. it was 
found that the coil could. then be operated to the 
limits of the burner without trouble. Experiments 
with glass models showed that the tubes would stand 
more heat with this method of circulation than with 
the ordinary inclined-tube system ; while it was also 
found that the tubes withstood the flame better when 
the coil was supplied with water at the upper end 
than when it was supplied at the lower. 

The development of these experiments resulted in 
the present Parker boiler. It consists essentially of 
a steam and water-drum, below which lies a series of 
horizontal tubes, connected at the ends by headers in 
such a way that the water passes to and fro from the 
front of the boiler to the back, and vice verad, travelling 
always downward from the drum to the bottom tubes, 
and from there, through a vertical uptake, to the 
steam space in the drum. The steam and water 
bene in the drum are separated by means of a dia- 
P ragm, which is shown by a dotted line in Fig. 3. 

‘he lower compartment, containing the water, is 
shorter than the steam space, so that a pocket is 
left at the front of the drum, as will be seen in the 
figure. In the plate forming the face of the water 
compartment and the back of the pocket, a non- 
return valve is fitted, which prevents the water from 













flowing into the steam space in case of difference in 
pressure, but allows corti, » sedis out of the tubes when 
starting up the boiler to return to the water com- 
partment. 

It will be clear, from the arrangement of the boiler, 
that the water, in its passage from the drum and 
through the tubes, is first subjected to relatively cool 
gases, which have passed over the lower tubes, and 
that gradually, as it is heated, it passes to a hotter 
region, finally passing through the last rows of tubes 
which are exposed to the full furnace temperature. 
Steam bubbles make their appearance in the lower 
rows of tubes, gradually increasing in quantity as the 
water moves p> tee until in the lowest row there 
is practically nothing but steam. The circulation is 
maintained by the head of water in the drum, and it 
is found to be so rapid that no burning of the tubes 
takes place, although the lower ones contain steam 
only. In order definitely to prevent reversal of flow, 
a non-return valve is placed at the inlet end of the 
first row of tubes. Boilers have been worked for 
extended periods without these valves, but it is con- 
sidered more satisfactory to fit them and keep them 
in good condition. 

The rapid circulation obtained in the boiler not 
only allows of tubes containing only steam to be ex- 

ed to the full heat of the furnace, but renders the 

iler to a large extent self-scaling. Owing to the 
construction of the elements, which normally consist 
of two tubes only, expansion is free to take. place 
in any direction, and it is suggested that differences 
in temperature, due to banking fires, or shutting down, 
cause movements which aeb in the scale cracking 
off from the tubes. In any case—whether it be due 
to movements of the tubes due to expansion, or 
whether it be due merely to the rapid circulation—it 
is found that broken scale is carried forward through 
the tubes and discharged on to the top of the dia- 
phragm in the drum, from where it is swept along 
and deposited in the pocket in front of the water com- 
partment. Some users of the boiler say that the 
scouring action is so perfect that they find it unneces- 
sary to scale the tubes at all, but Mr. Parker states 
that itis usually necessary to scale the lower rows at 
reasonable intervals. Owing to the construction of the 
boiler this can easily be done from the front with a 
turbine-cleaner. 

It will be evident that the boiler gives very dry 
steam. An anti-priming valve is fitted between the 
water and steam compartments in the drum, and no 
water can from the water-space to the steam-space 
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difference of pressure, and to ensure equalisation with 
sufficient rapidity to prevent water being forced over 
into the steam-space. As the water in the drum is 
never subject to high temperatures, there is a complete 
absence of ebullition, and the compartment forms a 
~~ and effective settling-chamber or mud-drum. 
he more detailed construction of the boiler will be 
followed from Figs. 1 to 4. As actually built it is 
furnished with an economiser, which is shown in each 
of the examples. The economiser consists merely of a 
series of tubes, similar to the main tubes, and nested 
above them. The feed-water enters the upper and cooler 
tubes first, thence passing downwards to the lower 
ones, and through a vertical header to the water com- 
partment. From this compartment it passes down- 
wards through the main cohen and up to the steam- 
space, as before explained. The tubes entering the 
water compartment project some 6 or 8 in. above the 
bottom of the drum, so that the sediment which 
collects in the bottom does not enter them. The com- 
partment is fitted with a blow-off pipe. A hand-hole 
is provided in the front of the drum, through which 
the scale which collects in the pocket may be removed. 
The hot gases from the furnace are diverted backwards 
and forwards across the tubes by means of baffles, 
which consist of fire-brick tiles lying on the tubes. 
The economiser and main tubes are of the same 
dimensions, and are expanded into malleable-iron 
headers. These ‘headers are of simple and strong con- 
struction, and in the end view consist of two circular 
portions joined by a waist. Access to the interior of 
the tubes is obtained through circular doors in the 
ends of the headers. These doors are of the same 
diameter as the insides of the tubes, and make inside 
joints with the ends of the headers, so that the pres- 
sure tends to keep them on their seats. The joints of 
the doors are machined and arranged to make line 
contact. No packing is used, but arrangements are 
made so that the doors may ground on to their 
seats from outside. They are secured in position by 
bolts and movable outside bridges. An apparent 
objection to the arrangement is that the doors cannot 
be removed from the headers, but in practice it 1s 
found that the necessity for removing them does not 
arise. When inspecting the inside of a tube the door 
is loosened and slipped past the waist into the other 
side of the header. 
The non-return valves, which are fitted at the ends 
of the top row of tubes, are made of brass of @ simple 
clack form, hinged loosely on a pin-joint. The 


| arrangement is shown in Fig. 5 on the opposite page- 


without travelling through the tubes, where it is con- | No trouble is experienced with the valves, and they 


verted into dry 
between the two compartments to prevent excessive 


steam. A small by-pass is provided |may be removed through the doors at the ends of 
| the headers. Owing to the construction of the boiler, 
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THE PARKER DOWN-FLOW WATER-TUBE BOILER AND SUPERHEATER. 


CONSTRUCTED BY THE PARKER BOILER COMPANY, ENGINEERS, PHILADELPHIA, PA., 














SRA 





(SR ete: Pmt 


SS 
SRA 











any pair of tubes forming an element has considerable 
lateral flexibility, so that when replacing a tube the 
surrounding elements may be sprung to one side to 
allow plenty of working room without any injury to 
the boiler. Cleaning and all other operations may 
be carried out from the front or the back of the boiler, 
80 that no working space is required at the sides, and 
the boilers may be stacked closely side by side. 

The boiler shown in Figs. 3 and 4 is fitted with a 
superheater. This consists of a series of [J tubes, 
situated in the furnace, and connected at one end to 
the steam space of the drum, and at the other to an 
independent superheated-steam drum, from which the 
steam supply from the boiler is taken, It is claimed 
that a constant degree of superheat is obtained for any 
output of the boiler, without any external regulation 

ing required, since the transmitting efficiency of 
the evaporating and superheating surfaces rise and 
fall toxether with any change in the fire. 

It will be seen that the down-flow system is the 
characteristic feature of the boiler, and that the 


counter-tlow principle has been applied consistently 
throughout. he incoming feed-water in the econo- 
miser meets the coolest gases, flowing to the hotter 
region as its temperature rises. Similarly, the water 
flowiny into the main tubes is first acted on by the 
cooler vases and then ses into a region of higher 
temperture, finally passing through the bottom rows 


of tubes which lie directly above the fire. Thesystem 
18 also carried out in the superheater, which is directl 
exposed to the furnace flames. As before mentioned, 


it is stated that no trouble is experienced owing to | 


burning either of the lower rows of tubes or of the 
superiieater. 


The theoretical diagram shown in Fig. 6 has been 
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prepared by Mr. Parker to illustrate the principle of 
the boiler, and to compare it with other types. The 
short curves in the upper part of the figure, at the 
right-hand side, really form an extension of the curves 
in the main portion, and are only displaced in order to 
add to the clearness of the diagram, and to prevent 
too great a crowding of lines in the lower right-hand 
corner. The diagram shows curves of temperature 
for the furnace gases and for the feed-water. The 
ordinates indicate temperature, and the length of the 
diagram indicates the length of the boiler furnace. 
Three types of boiler are considered, numbered respec- 
tively 1, 2, and 4 in the table on the diagram. Case 1 
is for a theoretical boiler in which the water is at a 
uniform temperature of 362 deg. throughout, that is at 
the pressure boiling-point for the conditions taken. 
Case 2 is for a down-flow boiler, in which the feed 
water enters at 62 deg., and meets the furnace gases 
at their coolest point. Case 4 is for an up-flow boiler, 
similar to the early Belleville type, in which the feed- 
water enters at 62 deg, and is introduced above the 
fire, meeting the furnace gases at their hottest point. 
The horizontal line C D on the diagram at the 
362 deg. Fahr. level represents the pressure boiling- 
point, and indicates that the whole of the heating 
surface is used for evaporation. Full-line curve AB 
represents the pro ive drop in temperature of the 
from the initial combustion temperature of 
5500 deg. to a temperature of 500 deg. at the point of 
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exit, for the uniform temperature boiler, Case 1. With 
the down-flow boiler, Case 2, feed-water enters near 
the flue, and line E F shows the rise in tempera- 
ture from 62 deg. to the pressure boiling-point— 
362 deg. This represents about 24 per cent. of the 
heat absorbed by the boiler, and requires nearly one- 
half of the total surface. The horizontal line FC re- 
presents the change from water to steam at constant 
temperature. The temperature of the furnace gases 
from A to G follows the same curve as for the uniform 
temperature boiler, Case 1, but beyond G the lower 
temperature in the economiser of the down-flow boiler 
causes a more rapid absorption of heat, so that the 
curve falls below G B and follows the chain-dotted path 
to H, at a final temperature of 300 deg. This is 
238 deg. higher than the feed temperature. The 
absorption of heat is therefore about 75 per cent. 
greater than in the corresponding part of the boiler in 
Case 1, which has 138 deg. difference in temperature 
between the steam and the outgoing flue-gases. The 
down-flow boiler thus makes it possible to reduce the 
flue-gases to a temperature considerably below that of 
the steam generated. It is claimed that about 10 per 
cent. gain in economy and power is produced by re- 
ducing the gases 200 deg. below the P x temperature 
obtained in Case 1. 

In Case 4 the feed-water is introduced directly over 
the fire, and line N O represents its rise in temperature 
to 362 deg., this requires only about 6 per cent, of the 
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boiler surface. The horizontal line OD represents 
evaporation at 362 deg., and covers 94 per cent. of the 
surface. Owing to the introduction of the feed-water at 
the point of highest temperature of the gases, the initial 
combustion temperature falls to 2400 deg., and the 
drop in the temperature-curve from P to Q is greater 
than in the corresponding portion of the curve AB, 
owing to the greater temperature difference between 
boiler and gases. The remainder of the gas tempera- 
ture-curve Q R falls but little below AB, and the 
temperature of exit is only 10 deg. below that for 
Case 1. This is insufficient to compensate for initial 
loss, and the boiler is less efficient than the uniform 
temperature one in Case 1. 

Cases 3, 5, and 6 in the diagram are modifications in 
detail of the previous cases, Case 3 is similar to Case 2, 
but with the assumption that the feed-water enters 
the boiler at 212 deg. Line J K shows the rise 
in temperature to 362 deg. This represents 15 per 
cent. of the total heat absorbed by the boiler, and 
37 per cent. of the surface is utilised. The corre- 
sponding gas temperatures follow the line A LM, 
finishing at 400 deg. Case 5 is a down-flow boiler 
with a superheater directly over the fire. Feed-water 
at 62 deg. is heated along the line E F', while evapora- 
tion takes place from ¥' to 8S. The steam is super- 
heated to 500 deg. along the line ST, less than 2 per 
cent. of the surface sufficing for this. With this 
arrangement the high temperature of the surface 
directly over the fire raises the initial furnace tem- 
perature to 2525 deg. at U, which improves combus- 
tion. The flow of water and steam is opposite to that 
of the gases, so that as fast as the heat is transferred 
from the latter to the former, it is carried back 
towards the point of its generation. This is really an 
application of the regenerative principle. It will be 
seen that a superheater over the fire adds slightly to 
the efficiency. 

Case 6 is intended to show that a superheater near 
the flue, without additional surface, will result in 
loss of efficiency. Heating and evaporation take place 
along the lines N O' and O'W. The corresponding gas 
temperatures are shown by the lines P Q! and Q! X. 
Superheating takes place along the line WB! to a 
final temperature of 500 deg., and nearly 30 per cent. 
of the surface is required. The constantly rising steam 
temperature rapidly reduces the temperature difference 
between the superheater and the gases, so that much 
less heat is absorbed than in the uniform temperature 
boiler. ‘The gases are cooled from X to Y, and leave 
at 550 deg. The higher flue temperature represents 
a loss of nearly 3 per cent. for the superheater, in 
addition to the initial loss caused by the feed-water. 
Mr. Parker's claim is that to get increased economy 
the feed water must be introduced where it will not 
affect combustion, and that the gain is a maximum 
near the cool end of the boiler. Further that the use 
of a portion of the total surface for superheating at 
the cool end, or in an intermediate position, must 
lessen economy, but that superheating at the hot 
end increases it. It will be understood that the 
diagram is largely an ideal one, but it brings out 
the claims and special features of the Parker boiler 
very clearly. 

The boiler has been used to a considerable extent 
in the United States, and in various comparative tests 
with inclined tube boilers has shown greater efficiency. 
Amongst other important installations, it has been 
adopted at the power-station of the Philadelphia Rapid 
Transit Company, Philadelphia, where boilers of this 
type supply steam to engines developing over 27,800 
horse-power. It is claimed that by arranging to fire 
the boilers from both ends, a greater output per square 
foot of boiler-house area can be obtained than with 
any other type. The boiler is manufactured by the 
Parker Boiler Company, of Philadelphia, Pa., U.S.A. 








THE LATE PROFESSOR FRIEDRICH 
KOHLRAUSCH. 

Tue news of the death of Professor F. Kohlrausch, 
for ten years president of the Reichsanstalt, has been 
received with universal regret. Professor Kohlrausch 
stands in the front rank of those who have raised 
electricity to an exact science, and he was an autho- 
rity in the field of accurate physical measurements. 
Friedrich Kohlrausch was born in 1840, at Rintelu, on 
the Weser River, the son of Rudolf Hermann Arndt 
Kohlrausch, himself a distinguished physicist and the 
collaborator of Wilhelm Weber—the colleague of 
Gauss—in the first experimental researches undertaken 
with the object of “es electrical quantities in 
mechanical measure. Young Kohlrausch was educated 
at the Polytechnic of Cassel, then capital of the 
Electorate of Hessen (annexed by Prussia in 1866), and 
studied at the universities of Marburg and Erlangen ; 
his father had been teaching at both these universities. 
Kohlrausch then completed his university studies at 
Gittingen under Wilhelm Weber and took his Ph. D. 
degree there in 1863, in his twenty-third year. His 
thesis dealt with elastic after-effects, a subject which 
he took up again in his last years at Charlotten- 


burg. In 1870 and 1871 he was lecturer in physics at | 





Frankfort-on-the-Main, and he held a similar appoint- 
ment at Darmstadt till 1875, He was then called as 
professor of physics to the university of Wiirzburg, 
in Bavaria, where he was able to equip his new 
laboratory to his own liking. From Wiirzburg he 
passed, in 1888, to Strassburg. 

When Helmholtz resigned the presidency of the 
Physikalisch-Technische Reichsanstalt in 1895, Kohl- 
rausch was appointed his successor. Though not a 
philosopher like Helmholtz, whose master-mind en- 
riched the whole realm of science, Kohlrausch was 
undoubtedly the right chief of the Reichsanstalt. He 
excelled in accurate measurement, and many deter- 
minations of physical constants are due to his inde- 
fatigable perseverance and skill. His own work 
concerned more in particular the density and electric 
conductivity of aqueous solutions and of pure water, 
which he investigated by his telephone method, 
the migration of the ions, the resistance’ of mercury, 
thermo-electricity, the electromotive force of standard 
cells and of thin gas tilms on electrodes, electro- 
chemical equivalents, electric and magnetic measure- 
ments in general, and the magnetic force of the 
earth and its local and periodic changes and abso- 
lute determination. Most of his numerous papers 
were published in the Annalen der Physik and in 
the Zeitschrift fiir Physikalische Chemie. His best- 
known book is his ‘‘ Lehrbuch der Praktischen Physik.” 
This treatise was started as a ‘‘ Leitfaden” (Guide to 
Practical Physics) in 1869, being merely a pamphlet 
of notes for the benefit of his students on the way in 
which physical measurements should be conducted. 
Encouraged by his teachers, W. Weber and Beetz, he 
elaborated the notes, and the tenth and last edition of 
the treatise, published in 1905, a volume of 656 pages, 
isa real treasury for the physical experimenter, who can 
find in it concise information on the manner in which 
measurements are to be performed and to be inter- 
preted in general, and on almost any physical method 
now used, methods which are, as a rule, merely quoted 
by the names of their originators. With the multi- 
ation of methods of measurement, Kohlrausch’s 
treatise of practical physics, which has been trans- 
lated into many other languages, has become indispen- 
sable. Of his other books we mention his ‘‘ Leit- 
vermigen der Elektrolyte.” 

In 1905 Professor Kohlrausch resigned the presi- 
dency of the Reichsanstalt, left Charlottenburg and 
took up his abode at Marburg, a small, beautifully- 
situated university town, where he died on January 17. 
He was the recipient of many honours. The Deutsche 
Bunsen Gesellschaft fiir Physikalische Chemie con- 
ferred the Bunsen medal upon him in 1908, the first 
time that this medal was awarded. He held hono- 
rary degrees from Oxford and Cambridge, and was also, 
since 1895, a member of the Berlin Academy of 
Sciences and a Foreign Member of the Royal Society. 
England he only visited once. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 26. 

THE somewhat alarming feature of the steel situation 
is the scarcity of crude steel, including steel bars. The 
demand has extended far beyond the capacity for con- 
venient delivery. Much of thisdemand is for consump- 
tion during the second quarter of the year. The fact 
that much new capacity will shortly be available affords 
prospective relief. This incoming capacity is checking 
speculative demand and speculative prices; but for this 
fact prices would soar. The manufacture of sheet-bars 
is at the highest point in the industry. Many mills 
are behind in their delivery of merchant bar-iron and 
steel. Steel bars are hard to get under less than 
thirty days. There is little probability of any advance 
in finished iron and steel products; there is one 
exception, however—that is, in wire and wire products. 
An advance in these products is quite probable, as it 
seems that productive capacity is below the current 
needs of the market. Wire rods are in very heavy 
demand, and jobbers are crowding in orders as fast as 
they can get them accepted. The basis of the heavy 
demand for wire and wire products, merchant steel, 
and bar iron is the extraordinary activity in agri- 
cultural sections, and the high prices prevailing for all 
products of the soil. These advances include meats of 
all kinds. The outcome of the present upward ten- 
dency is not easy to forecast. Congress has taken up 
the matter of a thorough investigation, and action has 
been instituted by the Government against the packing 
companies of Chicago for alleged violation of law. The 
advance in ninety-six commodities, which enter into 
domestic consumption, equals 11.7 per cent. Com- 
pared with June 1, 1908, the advance is about the 
same. These figures show the advance in wholesale 
prices, and not retail. 

One cause for high prices is found in the decline in 
farming in the neighbourhood of cities and towns. 
When the refrigerator-car system of handling pro- 
ducts was introduced a few years ago, the farmers, who 
had prior thereto supplied the markets of their locali- 
ties, found themselves driven to the wall by the com- 
petition of the greater farming interests farther 





West. Something akin to an uprising of the people 
is in progress, and organisations are being formed to 
advocate and practise abstention from meat of all 
kinds. That there will be a material decline in demand 
is quite probable, but this popular movement is too 
young to allow any predictions as to the outcome. 
‘To-day there is some signs of a weakening of prices in 
the Western wholesale markets. Manufacturers are 
interested in this problem because of the fact of unrest 
among wage-workers, which would ultimately lead to 
widesp agitation for higher wages. 








WORKMEN’S COMPENSATION CASES. 

Employers’ Liability wnder Workmen’s Compensation Act 
for Accident in a Public Motor.—In the Edinburgh Sheriff 
Court on January 6, the widow of Ewen Kennedy, a 
dentists’ mechanic, was awarded 3001. compensation for 
his death, as the result of his being thrown from a public 
motor on a return journey on his employers’ business, 
His working hours were usually from 10 a.m. to 8 p.m., 
and his errand was accomplished at 4.30 p.m., and the 
defenders said that the fatal accident occurred after his 
day’s work, and not in the course of his employment. 
Although that particular duty had been finished, the 
man’s working-day was not ended, and it was his duty to 
return to the employers’ premises, and therefore the acci- 
dent did happen while the man was returning ‘in the 
course of his employment and within his working hours. 
A special feature in this case was that his employers had 
no further use for the man’s services from an hour long 
before the accident occurred, but this was immaterial, as 
he was returning with his tools, and was at their service 
and travelling at their expense on their business when the 
accident happened. 

A Warning to Trade-Union Officials. — The good 
offices of a trade-union official, or other friend of an 
injured workman, who has business experience, are 
sometimes called for, to give notice to the employers, 
and perhaps to negotiate for weekly compensation. A 
tendency of the amateur lawyer in such business is to 
assume in the correspondence a form of writing which is 
calculated to suggest that the writer is a duly qualified 
solicitor. Thus quite innocently the person acting for 
the injured workmen may lay himself open to a serious 
——_ On the 10th ult. the secretary of a branch of 
the Yorkshire Miners’ Association was summoned, at the 
instance of the Incorporatec Law Society, for a breach of 
the Solicitors Act (1874), and for unlawfully and felo- 
niously pretending to act as a solicitor. 

The defendant was a trusted official, and his integrity 
was not in question. He had, in the course of his ofticial 
duties, to deal with large numbers of accident cases before 
they reached the solicitors, and to write letters, and, in 
the case complained of by the Law Society, the letters 
were in such terms as to lead persons receiving them to 
suppose that they came from a solicitor. The person for 
whom the letters were written was the poor widow of a 
member of the Miners’ Association. The Incorporated Law 
Society accepted the writer’s explanation and apology, 
and the summons was withdrawn on the defendant's 
counsel giving an undertaking that, in the character of 
the letter, he would in future make it quite clear that it 
did not purport to come from a solicitor. The proceed- 
ings before the West Riding Police Court should be a 
warning to trade-union officials who may have to do with 
the first stages of a workman’s compensation case. 


APPEAL CASE. 


Computation of Time.—This was an appeal in the 
stated case of David Piggie, miner, ». the Wemyss Coal 
Company. The miner had met with an accident, and 
was injured at 11.30a.m. on November 24, 1908, and he 
made no claim for compensation till May 24, 1909, when 
two claims ‘were lodged, one being left in the letter box 
at the company’s office after business hours, and another 
being handed to the company’s porter the same night at 
11 o'clock. The question in dispute was, did the appli- 
cant comply with the Act by making his claim in proper 
time? ‘The second section of the Workmen’s Compensa- 
tion Act provides that no claim shall be maintainable 
unless notice of the accident has been given as soon as 
practicable after the accident, and unless the claim for 
compensation has been made within six months from 
occurrence of the accident, or within six months from 
time of death. The employers in this case were defeated, 
and the Court held unanimously that, although the 
applicant had sailed so near the wind, his application 
was made in good time. The law really allows a rough 
and ready computation of time. It is a general principle 
that ‘‘the law takes no account of trifles.” Time is not 
in this Act prescribed in days or hours, but in months, 
and a few hours here or there can make no difference in 
computing months—for a month is not like a day or an 
hour, a stable unit of time. The decided cases bear out 
this interpretation. Whenever time is calculated in 
months, it has been held to be sufficient compliance to 
fix the corresponding day in the month, or six or twelve 
months ahead, as the case might be. 


Hovuse or Lorps APPEAL. 


An interesting case affecting master and servant and 
the doctrine of ‘‘common employment” has just gone 
through all the Courts up to the House of Lords. ‘The 
ees was the mother of a coal-miner named Cold- 
rick, and the respondents were Partridge, Jones, and Ce. 
An accident, causing the miner’s death, took place 0B 
June 17, 1907, and it was alleged it was owing to the 
negligence of the respondents. The exact manner of the 
accident was not explained, but it was sup’ to be the 
collision of the miner’s foot with a railway scaffolding M 











Fes. 4, 1910.] 


ENGINEERING. 














the course of erection by a person who was under the 
instructions of the respondents. Therefore the Courts 
below held that the respondents were not liable, since 
both the deceased and the man in charge of the scaffolding 
were fellow-servants. The doctrine of common employ- 
ment at common law implies that fellow-workers in the 
same employment have taken the risk of anything that 
may be done by each to the injury of the other in the 
course of their common employment. 

Toe question that differentiated this case from the 
ordinary examples of the workmen’s risk in common em- 
ployment was the fact that the accident occurred after 
work at the collieries had finished. The deceased, with 
his fellow workmen, had the privilege of a free ride on a 
train provided by the employers to and from his work, 
and he fell from the train as it passed the scaffolding 
when returning from work. The negligence was not the 
employer’s, and may have been the fault of the fellow- 
workman who erected the scaffolding. It was contended 
that the doctrine of common employment did not apply 
when the man’s work was finished. The Lord Chan- 
cellor, in his judgment, was of opinion that the fact that 
the accident did not happen within working hours was 
immaterial. It was also argued for the appellant that, 
as the accident happened after working hours, and outside 
the works, it could not be said that the deceased miner 
had undertaken a common risk that was incidental to the 
employment. 

The House of Lords, in upholding the Courts below, 
and dismissing the appeal, agreed that in accepting the 
gratuitous accommodation of the employers’ railway, 
which was conducted by his fellow-servants, the deceased 
workman did actually take the risk of the negligence of 
any of these fellow-servants employed on the railway, as 
well as of those fellow-servants engaged in the colliery. 
The workman’s contract of service in the employment 
was, in effect, this: ‘‘Whenever I avail myself of the 
means of access or departure provided at this colliery— 
i.¢., the railway—I will take the risks of the negligence of 
those servants who have control of the railway and the 
roadway and its adjuncts, such as bridges, scaffolding, 
&c.” The workman enjoyed the free use of the railway 
because he was a servant of the proprietors, and therefore 
shared with his fellow-servants all the risks, including the 
negligence of any one of them. 








‘THE INFLUENCE OF THE ENGINEER 
ON PUBLIC AFFAIRS.” 
To THE Eprror oF ENGINEERING. 

Sir,—I have read with much interest your leading 
article, dated November 5, 1909, on ‘‘ The Influence of 
the Engineer on Public Affairs,” and in reply to your 
promised welcome of expressions of opinion on the sub- 
ject, hasten to write you the ideas which have occurred 
to me. 

That the engineer has not the influence on public 
affairs his technical knowledge and world-wide experi- 
ence entitles him to is due, in my humble opinion, not to 
any want of skill or efficiency on his part, but to the 
confusion of ideas in the minds of the public as to what 
an engineer really is and does. 

Any student of social problems must have realised that 
for any body of men, scientific or otherwise, to have a 
real influence on the public mind, the public must have a 
clear idea of what their work and position are. If one 
speaks of a man being a barrister, solicitor, clergyman, 
or doctor, a clear impression is conveyed, but if one says 
an engineer, to the majority it conveys nothing, and the 
more enlightened ask, What sort of an engineer ? 

Many of your readers will say, ‘‘ How absurd ; everybody 
knows what an engineer is.” But I maintain that, outside 
a comparatively small circle, this confusion of ideas does 
exist. I could, out of my own experience, give hundreds 
of instances in proof of my contention. 

Assuming that this confusion of ideas does exist, the 
reasons are not far to seek. The very importance and 
far-reaching effects of engineering science are in them- 
selves one of the greatest difficulties. If one replied to 
the question, What is engineering? in the well-known 
words of the charter of the Institution of Civil Engi- 
neers, they would convey little to the ordinary inquirer ; 
or if one said that engineering science was employed 
both in creating the machine with which the baker 
kneaded the bread for breakfast and in creating the rail- 
way which has brought Far Cathay within seventeen days 
of London, you would only make confusion worse con- 
founded. Again, the confusion of ideas is further in- 
creased by the wide application of the name ‘‘engineer ;” as 
used in English, it is applied to’men in all grades of the 
social scale, from the peer of the realm to the tradesman, 
and sometimes even further. It is true they are all 
essential parts of the gigantic human machine for the 
application of engineering science; but is it necessar 
to call all parts of the machine by the same name? [If all 
parts of an engine were called pistons, instead of, as at 
present, by their proper names, it would certainly cause 
confusion as to their relative duties and functions. The 
Italians certainly, and I believe the French, Spanish, and 
Danes, divide the men employed in the application of 
engincering science under three denominations. ‘‘Engi- 
neer” may be applied to those only who hold a diploma 
from the University and the School of Application : 
“Macchinista” (machinist) to men in charge of machi- 
hery, such as marine engineers and erectors of ma- 
chinery, and ‘*meccanico” (mechanic), a fitter. Germany 
mt “+ itzerland use the term ‘“‘ engineer” as is done in 

nglish. 

If England adopted the three distinctive titles used 
compulsorily in Italy, there would be a large element of 
uncertainty left, inasmuch as we have a number of men 
trained as engineers acting as salesmen of anything from 
& gallon of oil to a locomotive. There are also firms 





calling themselves civil engineers and contractors from 
whom you can buy a cooking-stove or a dozen knives. 

In my opinion, the machine has become so large that 
clearer definitions of the component parts, all equally 
honourable in themselves, coma a adopted with great 
advantage to all concerned. To confine the term “ engi- 
neer” to any one section would now be impossible, and 
therefore new terms must be adopted; the selection and 
allocation would be very difficult, but, I think, not im- 


possible. 

In conclusion, I am confident that, after an “preee 
extending over 34 years in England, France, Hungary, 
Spain, the Straits Settlements, and China, the want of 
influence of which you complain is largely due to the 
confusion of ideas in the minds of the public as to the 
true functions of an engineer. 

Yours truly, 
R. Str. Grorce-Moore, M inst. C.E., 
On the Siberian Railway between Irkutsk and Moscow, 
January 16, 1910. 








ENGINEERING EDUCATION. 
To THE EprToR oF ENGINEERING. 

Srr,—I shall consider it a favour if you will spare me 
some of your valuable space to draw attention once more 
to the ever-green subject of engineering education, as there 
seem to me to be some grave deficiencies in our present 
system. Various municipal and other authorities have, 
during the last two decades, spent vast sums of money on 
the equipment of magnificent colleges for the education 
of engineers. 

These colleges meet with the thorough approval of the 
leading engineering institutions and Press, as well 9s that 
of the Board of Trade ; but there is some missing link 
between them and the profession, and their productions 
do not seem to satisfy engineering employers as a whole. 
Having been to college, in many instances, is an actual 
handicap to a young man, instead of being the making of 
him. Take the case of a student aged, say, nineteen to 
twenty-one, having completed his college course satisfac- 
torily and obtained his various diplomas and certificates, 
he wishes to enter a first-class works to obtain practical 
experience (his age forbids him spending more than three 
years at most in the shops, which, considering his qualifi- 
cations, should be sufficient), but wherever he applies he 
is met with the stereotyped reply that ‘‘ the firm’s appren- 
tices start at sixteen years of age, and remain five years, 
and that no deviation can be made from standing orders,” 
or something to that effect. 

Ido not write in denunciation of engineering employers 
in general. In these days of competition they are com- 
pelled to adopt certain fixed rules and regulations for the 
guidance of their establishments, and must keep strictly 
tothem. The result is that many, if not the majority of, 
college men have to depend on their professor’s introduc- 
tion ‘‘toa friend” to get a start, a condition of affairs 
which ought not to be. 

Supposing, however, that the student has got over this 
difficulty, and made a start somewhere; he is immediately 
confronted with another, which is, that he can only pass 
into one shop. Of late years a great many, if not all, the 
large engineering concerns in the kingdom have aban- 
doned the premium-pupil system as being unsatisfactory, 
and, except in rare instances, have substituted nothing in 
its place. There is nodoubt that many of the *‘ premiums” 
of the old days were idlers, and did their employers as much 
harm as good, hence the stoppage of the system. Thus 
a man who wants to be a first-class engineer can only 
officially enter one shop, generaliy the fitting-shop, as an 
apprentice fitter, and what he learns of other trades, such 
as pattern-making, moulding, &c., is done on the sly, and 
depends on the vigilance or otherwise of the foreman. 

Again, supposing our student has passed his two or 
three years in the fitting-shop, and been successful in gain- 
ing admission to the drawing-office, he still has the deter- 
mination (and the ability) to get on, and seeks to learn all 
hecan. What happens? He soon finds that all informa- 
tion and data of any real value are carefully locked up in 
the chief’s office, and any inquiry, however discreet, is 
sternly discouraged. 

In six months time he will find himself in a groove, he 
can draw neatly, calculate stresses, and so on, but he 
learns little or nothing useful. Some employer will reply 
that “‘we have to pay dearly for our experience, and we 
do not therefore give it away for nothing to men who may 
leave us at any time.” That is true, but the matter has 
another aspect. This practice of shutting up all means of 
learning from the rising generation is resulting in a dis- 
tinct shortage of experienced men to fill responsible 

itions. One sees from time to time articles in the 
ress that make one’s mouth water, telling of the great 
and steady demand for first-class men, and of positions 
literally going begging for want of the men to fill them, in 
all branches of profession and trade. It is perfectly true, 
and the fact was emphasised not long ago when a well- 
known marine engineering company advertised week after 
week for a chief draughtsman. 

I venture to say that many men of first-class ability 
applied for the post, but that the directors’ difficulty was 
to select a single one, with the necessary experience as 
well. That is but an isolated case, and a glance at the 
‘* Appointments Open” column any week in ENGINEERING 
will tell the same tale. One sees ‘‘ Wanted, as works 
manager, or chief draughtsman, or foreman, or in some 
other capacity, an experienced man,” &c., and the 
invariable ending, ‘‘None but first-class men please 
apply.” 
, _ men can’t expect to get on without wee | 
with difficulties, but the requirements of to-day are suc! 
that they fully tax the best men’s ability, without their 
having to encounter the artificial difficulties I have referred 
to. I donot believe that the brains and ability of the 
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rising generation are a bit inferior to their fathers’, but 
the opportunities of learning useful knowledge and gain- 
—ae experience are to-day fewer than in the past. 

urther, I consider this policy—firstly, of rejecting 
college students ; secondly, of denying men the oppor- 
tunity of passing through all the shops and learning the 
“‘ whole profession of an engineer ;” and, thirdly, of keep- 
ing all data, &c., secret—is a short-sighted one, and one 
that will in the future result in a more serious shortage of 
men capable of filling responsible positions than there is 
at present, and I should like to hear the views of engi- 
neers, employers, and employed upon the subject. 

Yours truly, 


London, 8.E., January 28, 1910. ** PERPLEXED.” 








AN EARLY AEROPLANE. 
To THE Eprror or ENGINEERING. 
_ Str,—It is true that “ nothing succeeds like success;” it 
is equally true that success never need blow her own 
trumpet, as performers on that instrument will always be 
found clinging to her skirts. 

If the writer of the article on the above subject, on page 
120 of your last issue, had been a reader of ENGINEERING, 
he would have known that in the early t of 1893 I 
publicly exhibited, and you, Sir, witn , the flights of 
a machine on the aeroplane principle, which not only 
carried itself, but flew, carrying two 28-lb.-shot Ss. 

This was not a flimsy little model weighing 34 Ib., but 
altogether it weighed upwards of 400 Ib.; in fact, it was 
an engineer’s job, substantial, and made without the 
assistance of the linen-draper or silk-mercer. 

Yours faithfully, 
Hoxatio PHILiips, 

West Barnham, Sussex, January 31, 1910. 








FORGING BY PRESSURE. 
To THE Eprror or ENGINEERING. 

Srr,—I should be much obliged if any of your readers 
could inform me how I can calculate the pressure required 
to forge by pressure iron and steel that is heated to, say, 
a riveting temperature. 

A great many experiments have been made to deter- 
mine the power required to cut various metals, but I can 
find no record of any experiments having been carried out 
to determine the amount of power required to alter the 
form of iron and steel when heated. 

Data of this description must be in the hands of makers 
of hydraulic forging-presses and hydraulic riveting- 
machines, and I should think that the problem was 
capable of solution by simple mathematics, providing 
some data were available. 

I am, yours truly, 


January 31, 1910. Forcinac. 








THe Unton-Castie Liner “Epinsurcu Castir.”— 
Messrs. Harland and Wolff, Limited, Belfast, launched on 
Thursday, the 27th ult., the Union-Castle liner Edinburgh 
Castle, which is 585 ft. 9 in. over all, 64 ft. 8 in. beam, 
and 42 ft. 6 in. deep, with a gross tonnage of about 13,460 
tons, and 12,500 indicated horse-power. The vessel is 
fitted with twin-screws. The cabin accommodation pro- 
vided is for about 320 first-class, 220 second-class, and 250 
third-class passengers. 





ALMANACKS, CALENDARS, &.—We have received wall- 
calendars from the following firms :—Messrs. James 
ee and Co., Chamber Iron Works, Hollinwood, 

anchester; Messrs. Trechmann, Weekes, and Co., 
Halling-on-Medway, near Rochester; the Brush Eleo- 


trical Engineering Craeny, Limited, Loughborough ; 
Messrs. King-Potter, Clements, and Co., Limited, 56, 
Ludgate Hill, E.C.—A calendar arranged on an easel- 


stand, having a series of cards, one for each week, bear- 
ing, in addition to the week’s dates, monthly calendars 
for the preceding and two ensuing months, is to hand from 
Mr. A. Welin, Hopetoun House, Lloyd’s-avenue, E.C. 


Fow.er’s Etecrrican Enoinrer’s Pocket - Boor, 
1910.—This pocket-book, which enters into its tenth 
annual edition, is edited by Mr. William H. Fowler, 
M. Inst. C.E., and is published at the price (post free) 
of 1s. 9d. and 2s. 9d. (according to the binding) by the 
Scientific Publishing Company, Manchester. It remains a 
‘*pocket-book,” notwithstanding the fact, stated in the pre- 
face and easy of verification, that it has kept abreast with 
current practice. Apart from theoretical data and a large 
amount of mathematical information, it gives data which 
will be found of value by practical men in their every-day 
electrical ey J ooh. rches throughout the 
570 pages forming the book are greatly facilitated by a 
very complete index, 








THE INCORPORATED INSTITUTION OF AUTOMOBILE. EN- 
GINEERS. GRADUATES’ Section ; Lonpon Brancu.—The 
fifth ordinary general meeting of the London branch of 
the Graduates’ Section of the Incorporated Institution of 
Automobile Engineers was held on Tuesday, the 25th ult., 
at Caxton House, Westminster, 8.W., when three short 
neo dealing with the aviation question were read : 
—QOn ‘‘ Phillips's Entry,” by Mr. R. H. Deane ; on “‘ The 
Centre of Pressure,” by Mr. Chas. H. G. House; on 
‘The Principles of Flight,” by Mr. L. H. Baskerville- 
wee An interesting discussion followed, in which 
the following gentlemen took part :—Messrs. H. Burchall, 
W. Wickham, E. D. Suggate, H. V. Jones, and G. D. 
Leechman. On Saturday, the 22nd ult., by the courtesy 
of the management, the London branch of the Graduates’ 
Section paid a visit to the Pimlico Wheel Works, 
Hammersmith, W. Here a very instructing and pleasant 
afternoon was spent, the manufacture of wheels, &c., being 





seen and explained. 
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CYLINDER RELIEF-VALVE. 


TROUBLE is sometimes experienced with the relief- 
valves on cylinder ends owing to hammering. Such 
valves are lifted quickly as the piston reaches the end 
of its stroke, oul close smartly immediately after- 
wards, the quick opening and closing being repeated 
at each stroke until the water is cleared. ‘The conse- 
quent hammering has a deleterious effect on the valve 
and its seat, and the device illustrated in the accom- 
panying figures has been introduced with a view to its 
elimination. The valve } is made in the form of a 
piston, and works in the cylindrical guide d, which is 
perforated by a series of holes ¢ arranged so that the 
whole of the discharge from the valve takes place 


YMMV UII” 
Sc 












AG. 























(650) 


through them. The holes are placed so that the 
discharge is shut off before the valve actually 
reaches its seat when closing. The arrangement 
will be clearly seen from the figures. It is found 
that this device prevents the hammer-blow between 
the valve and its seat. In high-speed engines fitted 
with this arrangement, the valve hardly closes between 
strokes, so that a practically continuous discharge is 
obtained. The elimination of the hammer-blow is 
probably due to the Fagg of the water-ring between 
the bevelled edge of the valve and its guide cylinder, 
combined with the differential action of the increased 
area exposed to the steam _ when the valve is 
slightly off its seat. The device is manufactured by 
the Société Anonyme des Ateliers de Construction 
Bollinckx, of Brussels. 





Tue Junior InstiruTIon OF ENGINEERS.—At a recent 
meeting of this Institution, held at the Royal United 
Service Institution, Whitehall, a paper on ‘“‘ The Design 
and Running of Modern Cement Works” was read 
Mr. Harry Horsburgh, Assoc. M. Inst.C.E. After a few 
historical references in introducing the subject, the pro- 

ress made in methods of manufacture was dealt with, 
ollowed by a description of the Schneider kiln ar 
and that of the rotary dry kiln. An interesting table was 

iven setting forth the comparative dimensions, output, 
s.. of various ty of kilns, including that of Messrs. 
Edgar Allen and Co., of Sheffield, 150 ft. long, the largest 
in this country, installed at Messrs. Forder’s Cement 
Works at Sundon. An animated discussion followed, in 
which Messrs. John Speakman, Percy H. Stewart, D. B. 
Butler, G. V. Haxted, Arthur Verdon, J. W. Hinckley, 
J. H. Pearson, W. F. Carr-Hill, F. G. Robinson, 
Marshall, and W. Fennell took part. As a sequel to the 
saper, a large party of members afterwards visited Messrs. 
‘order’s works under the guidance of the managing 
director, Mr. P. M. Stewart, all the processes being shown 
in operation. 





Liverroo. SaLtvace AssocraTiON.—This association 
held its annual meeting at Liverpool on the 28th ult. It 
was reported that important salvage work had been under- 
taken. In January the steamship Bengar was wrecked in 
the Mersey, and eventually broke in two; she had a 
valuable cargo of copper bars and copper ore, and almost 
every bar was recovered, the salved value being over 32, 000/. 
In the case of the steamship Slavonia, wrecked at the 
Azores, a salvage expedition was despatched early in the 
summer by the steamship Ranger, which resulted in tue 
recovery of some 40,0002. worth of ingot and bar copper, 
as well as a considerable quantity of other cargo and ship’s 
materials, The steamship Linnet was sent on an expedi- 
tion to the steamship Doris, ashore on the north-west 
coast of Skye, and succeeded in salving all the tin and 
much of the tallow and otker cargo of value, although 
the steanfer herself could net be saved. The wrecking 
steamers and plant, which have had more employment 
than last year, have been maintained in a thorough state 
of efficiency. In view of the success of the two 12-in. 
oil-motor-driven, pumps, a 5-in. pump of the same type 
has recently been ordered. Early in the year a satisfac- 
tory offer was received for the steamship Plover, and as 
the steamship Enterprise fulfils the wants of the Associa- 
tion for this class of work, it was decided to accept the 
offer, and thus avoid the very considerable expense which 
would have had to be incurred at an early date for renew- 
ing the Plover’s boilers and effecting other repairs. The 
Committee regret to record the loss, by death, of Mr. 
James B. Page, who had been their superintendent engi- 
neer for fourteen years. 





NEW STEAMERS FOR THE NIPPON 
YUSEN KAISHA. 


WE begin the reproduction this week, of drawings 
and photographs illustrative of four new twin-screw 
steamers, built for the Nippon Yusen Kaisha by the 
Mitsu-Bishi Dockyard and Engine Works. hese 
illustrations serve to indicate once more the progress 
of Japanese maritime industries. These four vessels, 
named the Kamo Maru, Hirano Maru, Atsuta Maru, 
and Kitano Maru, were designed for the European 
service of the line, which, it may be remembered, was 
the outcome of the amalgamation, in 1885, of the 
Union Transportation Company, then under the 
patronage of Government, and the Mitsu-Bishi Mail 
Steamship Company, a private concern. In the 
early years the principal officials—the president and 
managers—were nominated by the Government, and, as 
a consequence, the concern partook of the characteristics 
of a Government, rather than those of a commercial, 
undertaking. The Government guaranteed to the 
shareholders an annual dividend of 10 per cent. The 
commercial law of 1893, however, dissociated the com- 
pany from — management, and the busi- 
ness was placed entirely in the hands of the share- 
holders, directors being appointed. The shipping ser- 
vice was then confined principally to the coasting trade, 
an occasional visit to Shanghai being the furthest 
voyage made. The board of directors, when consti- 
tuted, were requested by the Osaka cotton merchants 
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to extend the company’s service to India, as the Indian 
cottons imported by the foreign steamers were charged 
a freight of 16 rupees per ton, which suggested too 


y | TABLE I.—List of Nippon Yusen Kaisha Steamers Built 


for the European and American Lines. 
































‘ | 3 
sé z 
= — 
= Ship’s Name} Dimensions. zg £| & | Builder's Name. 
£5] re| & 
| S Rn 
knots 
1896, Kanagawa |) (|\6169| 14.48 |D. W. Henderson 
Maru | and Co. 
1897' Hakata 6161| 14.61 Ditto 
| Maru 
1897, Kawachi 6101) 14.80 |Napier, Shanks, 
Maru | and Bell. 
1897, Wakasa 6265| 14.93 |D. W. Henderson 
Maru and Co. 
1897, Kamakura 6126) 15.43 | Workman, Clark, 
~ Maru and Co. 
1897 Sanuki Maru 6112| 14.41 |Napier, Shanks, 
| and Bell 
1897| Inaba Maru 6189) 14.59 |D. W. Henderson 
445 ft. x49 ft. , and Co. 
1897 Tamba Maru) ‘ 2 in. x33 ft.  |6134| 14.59 |Napier, Shanks, 
| 6 in. and Bell. 
1897, Bingo Maru! 6247| 14 46 |D. W. Henderson 
an 9 
1898, Hitachi 6172| 14.18 | Mitsu-Bishi. 
| Maru* | 
1898 Sado Marut 6227| 15.30 | Workman, Clark, 
| and Co, 
1899 Awa Maru | | /6309| 14.82 | Mitsu-Bishi. 
1900 Shinano || 6388) 15.39 |D. W. Henderson 
|. Maru | and Co. 
1901; Kaga Maru | | 6301) 15.51 | Mitsu-Bishi. 
1901] Iyo Maru | | 6320} 15.32 Ditto 
1903) Aki Maru |) \ |6444| 15.33 Ditto 
1006/Tango Meru) \ 445 tt. x52 tt. | |7463| 15.63] Ditto 
| Mare { x 33 ft. 6 in. \ 6716) 15.68 Ditto 
1908 Kamo Maru 8524| 16.41 Ditto 
1908 Hirano Maru |8521| 16.58 Ditto 
1908 Mishima 8500/ 16.56 |Kawasaki Dock- 
| Maru’ | | 4665 ft. x 56 ft. yard. 
1908, Miyazaki | x 34 ft. 6 in. 8500] 16.35 | Ditto 
Maru | | 
1908 Atsuta Maru 8523) 17.01 | Mitsu-Bishi. 


1900 Kitano Maru (8512! 17.19 | Ditto 


* Sunk in Russo-Japanese War, 1904. 
t To loed in Russo-Japanese War, 1904, but repaired by the 
Mitsu-Bishi Dockyard and Engine Works. 


profitable a business to be left entirely to foreign 
steamers. This led to the establishment of the Bombay 
line. A keen competition with the P. and O. Company 
was the result the outbreak of the Chino-Japa- 








nese War all the available steamers of the Nippon 
Yusen Kaisha were taken up by the Government for 
transport service, and the company’s China and Indi: 
trade was carried on with a few steamers chartere:| 
from foreign owners. 

On the declaration of peace in 1895 all the steamers 
were returned, and brought to the company a profit o/ 
over 2,500,000 yen, which was spent in the i. 
ment of its business. But the directors at the same 
time realised the necessity of a special reserve fund, 
and laid aside 2,000,000 yen out of the profit for this 
purpose. They decided to build, as a first step of the 
undertaking, six new steamers, each of 6000 tons, and 
to place the order with European builders. But at 
the strongly-urged desire of Mr. Maruta, now the 
general manager of the Mitsu-Bishi Works, and of 
other members of this firm, who desired to develop 
the shipbuilding industry of Japan, one of the ships 
was ordered from the Mitsu-Bishi Works, and the 
remaining five from European builders, the price to 
be paid the Japanese firm being the same as that 
asked by the British constructors. In 1896, largely 
through the influence of Mr. Shoda, the managing 
director of the Mitsu-Bishi Works, and a director of 
the Nippon Yusen Kaisha, the Shipbuilding and 
Navigation Encouragement Laws were passed. So 
great was the influence of these laws that the Nippon 
Yusen Kaisha ordered twelve, instead of six, steamers, 
two being built in Japan instead of one, and the now 
well-known Nippon Yusen Kaisha became the greatest 





FUNNEL SKYLIGHT 
inten © Aas 


DRAWING zoom 


Si 


shipping company in the East. The capital is now 
22,000,000 yen, the reserve fund is 10,000,000 yen, and 
the fleet aggregates over 300,000 gross tons. This 
progress is largely due to the goodwill of the nation, 
which did not grudge to pay the subsidies, in spite of 
difficulties of national finance. 

The particulars of the four new ships which we 
illustrate are as follow :— 


Length between perpendiculars sia ; 465 ft. 
Breadth, pa “y ; Pa ; 56 ,, 
Depth ee : 34 ft. 6 in. 
Gross tonnage 8524 
Draught +e ie , .. 27 ft. O} in. 
Dead weight. . = - ys 9501 tons 
Speed .. oi = ‘ee 16.41 
Number of first-class passengers 32 

-. second-class _,, : 12 

es intermediate ,, : 138 


The gross tonnage of the four differs slightly, ranging 
from 8512 to 8524, the dead weight from 9304 to 9501 
tons, and the speeds from 16.41 to 17.19 knots. 

The vessels are constructed generally of steel, to the 
highest class of Lloyd’s requirements, and they are 
subdivided into eight compartments by water-tight 
bulkheads, with a cellular double bottom from stem to 
stern. 

There are six decks ; these are known as the lower, 
the main, the upper, the bridge, the promenade, and 
the boat-decks. The plans of the principal decks are 

iven with the longitudinal section on the two-page 

late XIV. with this issue. The lower deck is only 
at the fore part of the vessel, the next two decks - 
main and upper (Figs. 3 and 4)—extend from stem to 
stern, and the bridge-deck extends 178 ft. in the 
central part, having a poop 80 ft. long, and a forecastle 
54 ft. long (Fig. 2). Above this level there is, in the 
central part of the ship, the promenade-deck, 138 ‘t. 
long, and aft there is an aft boat-deck 56 ft. long, as 
shown in Fig. 1. The boat-deck proper covers the 
entire length of the promenade-deck, with navigation 
bridge at the feeeunl end. At the forward end of the 
boat-deck there are located under the bridge the 
wheel-house, chart-room, and captain’s room. Abzatt 
these is the light and ventilating-shaft for the m'n 
dining-saloon, and around it is sufficient promenade 
8 for the use of officers. Ten boats are stowed on 
this deck in order not to interfere with the space on 
the promenade deck. The remaining boats are stowed 
on the aft boat-deck, so as to minimise interference 
with the promenade space on the poop-deck. ll 
boats are fitted with Mill’s patent instantaneous 
engaging and disengaging gears. At the aft end of the 
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STERN FRAME OF TWIN-SCREW 


STEAMERS ; 


THE 


NIPPON YUSEN KAISHA. 


CONSTRUCTED BY THE DARLINGTON FORGE COMPANY, LIMITED, DARLINGTON. 
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Fig. 13. 


boat-deck there is the engine-room skylight, also the 
“'crestory skylight for the first-class smoking-room. 
rhe promenade-deck, of which 





page 142 (Fig. 5), is entirely a 
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public rooms and to promenading space. : 
steel house extending almost the entire length, with 
a broad and spacious promenade around it, yet under 
the cover of the boat-deck. The drawing-room and 


There is a 















social hall occupy the forward end of the house, 
having a companion-way leading down to the bridge- 
deck accommodation. The mid portion of the house 
is taken by the boiler uptake and engine-room hatch. 
At the aft end there is a first-class smoking-room, 
24 ft. by 28 ft. 

The Leiden dick (Fig. 2) is also entirely used for 
the first-class ngers’ accommodation. The deck- 
house, which occupies practically the full length of 
the deck, has on each side two-berth state-rooms, 
exceptionally capacious and lofty. At the fore end 
of the house there is a large well to the main dining- 
saloon on the upper deck below. This light and venti- 
lating well has tesa ingeniously treated, and serves 
to add to the decorative effect. It pierces the deck 
above, through the drawing-room and sdcial hall, and 
also the boat-deck house, terminating with an outer 
skylight on the top of the navigation bridge; but 
internally at the boat-house level there is a charmingly 
designed stained-glass dome of highly decorative 
character. Abaft the well there is a main stairway 
leading to the promenade-deck above, and to the 
dining-saloon below. Ample natural light is provided 
in the way of the staircase by means of a large and 
handsomely-designed trunk skylight. At the aft end 
of this house there is a companion-way to the smoking- 
room. The remaining space in this deck-house has 
been devoted to bath-rooms and lavatories. 





The poop-deck (Fig. 2) is given over to the second- 
class passengers. There is a deck-house on the poop, 
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having at the forward end the second-class smoking- 
room, and at the after end second-class cabins, the latter 
adjacent to the companion-way leading to the second- 
class dining-saloon and cabins below. One of the 
second-class cabins on the poop-deck is arranged so 
that it may be easily turned into a_wireless-tele- 
graph room. ‘The forecastle deck (Fig. 2) is titted with 
a strong breakwater, and carries the most approved 
equipment for handling the vessel safely and ex- 
peditiously. 

The upper deck (Fig. 3) has a large number of cabins 
for officers and engineers. There is also the main 
dining-saloon forward of these rooms, with the first- 
class pantry immediately abaft it. Further aft there 
are more state-rooms, one of which is specially large 
and furnished superior to the other state-rooms, and 
may be styled a cabin deluxe. There is also a photo- 
graphic dark room in this — 

The galleys are located at the aft end of the bridge- 
house. A notable point in the arrangement of this 

rtion of the upper deck (Fig. 3) is that the star- 
Sood side of the ship is given up to the chief steward, 
purser, doctor, dispensary, barber’s shop forward, and 
officers’ rooms aft, and the corresponding cabins on the 
port side are arranged for officers and engineers’ mess- 
rooms forward, and engineers’ rooms aft. The first- 
class engers’ accommodation at the fore end of the 
house is divided off from these spaces by doorways, 
so that the officers and engineers are entirely disso- 
ciated from the passengers, and, moreover, the engi- 
neers are berthed near to their work. The location 
of the doctor’s room and dispensary is particularly 
good, being convenient for all classes of passengers and 
crew. The barber’s shop is between the first and second- 
class quarters. The deck hands are berthed right for- 
ward under the forecastle. 

The dining-saloon and cabins for the second-class 
passengers, also cabins for junior officers and laundry, 
are om the poop. 

The lavatories are fitted with the most approved 
sanitary arrangements, and instead of being arranged 
in large compartments, they are distributed through- 
out the habitable quarters. The floors are laid with 
black and white encaustic tiles, All the baths for the 
first-class passengers are of Victorian — The 
sanitary appliances are supplied by Messrs. Shanks 
and Co., Limited. The first-class state-rooms are 
fitted with patent berths, supplied by Messrs. Hoskin 
and Son, Limited. 

The intermediate and third-class passengers are 
accommodated on the main deck forward, as shown in 
Fig. 4.on the two-page plate. The firemen and stewards 
are berthed aft on the same deck ; thus the firemen 
may go to the machinery space or back to their sleep- 
ing quarters without passing by any part of the ship 
occupied by the ea ga Abaft the machinery- 
space a oid-hems r has been provided for providing 
» oy fresh provisions for the ship’s personne/, and is 
quite distinct from the refrigerated holds for cargo. 

he chamber includes two meat-rooms, one fish-room, 
and one fruit and vegetable-room, and the total capa- 
city is 2800 cubic feet. The plant is capable of main- 
taining the temperature of the chamber at 26 deg. 
Fahr. when passing through the tropics with the 
machinery only working six hours out of the twenty- 
four. At the same time it can produce 3 cwt. of ice 
for table use. The plant was supplied by Messrs..J. 
and E. Hall, Limited. The remaining part of the main 
deck is given up to cargo, bunkers, silk-rooms, parcel- 
room, mail-room, baggage-room, and provision-rooms. 
The lower deck and holds are entirely given up to 
cargo. 

On page 143 there are reproduced interesting de- 
tailed drawings of the stern-frame and of the rudder. 
The vessel is propelled by twin screws, and these 
are supported at the outboard end by a cast-steel 
spectacle-piece attached to the stern-frame (Figs. 19 to 
22). The shafting is contained entirely within the 
framing of the ship, and for this purpose the framing 
is bossed out in spectacle form. The drawings repro- 
duced also show the construction of the rudder (Figs. 6 
to 18). The stern-frame has a screw port, as in the 
single-screw arrangement, although the propellers do 
not overlap. This enables the projection of the pro- 
pellers outboard to be minimised, and reduces the 
extent of the bossing out of the framing. 1t also con- 
duces to speed. The stern-frames, spectacle-pieces, 
and rudders, as illustrated, were supplied by the 
Darlington Forge Company,, limited. The rudder is 
worked by a steam steering gear by Messrs. Caldwell 
and Co., Limited. This gear Ee on the upper 
deck under the poop, and actuated from the navigation 
bridge ; it is fitted with Hastie’s patent friction-brake. 
Hand-gear is also fitted at the rudder head on the 
poop as a stand-by. 

Turning attention now to the decorative features of 
the vessels, we may state that the scheme for all four 
ships was worked out on the same lines, with but slight 
saslihention 3 the Kamo and Hirano are, however, 


exactly alike, as are alsothe Atsuta and Kitano. All 


of the decorative work was designed and manufactured 
at the builders’ works. 
given on page 146. 


Views of typical rooms are 





The first-class drawing and social hall (Fig. 23) are 
adjacent to each other, and communicate directly with 
the main companion-way. The drawing-room is 
finished in white, relieved by pale-green silk panels, 
with autumn wild-flower design, and a panelled dado 
of polished white beech. The furniture is of white 
beech and maple, and the upholstery is of dark-green 
silk damask ; the curtains and other hangings are also 
of dark green. The floor is laid with Wilton carpet 
of green shade. An Erard’s grand piano occupies a 
corner in the drawing-room. The side of the well is 
decorated with art glass in nickel-plated frame-work. 
The social hall is treated in exactly the same way as 
the drawing-room. 

The first-class smoking-room (Fig. 24) is treated in 
old Japanese style, moderated to suit European archi- 
tecture. Stained oak is used throughout, and the 
floor is of interlocking rubber tiles. The upholstery 
is of dark maroon, and the hangings of Japanese 
tapestry of subdued and quiet brown shade, with a 
classic pattern. The roof is constructed in the 
clerestory style, with a large skylight having light- 
coloured stained glass. The ventilation of the room 
by means of electric fans is very effective. 

The first-class dining-saloon (Fig. 25) occupies the 
full width of the ship, and is 32 ft. long; seating 
accommodation is provided for sixty-eight passengers, 
so that all the first-class passengers may dine at one 
sitting. Only small tables are fitted, the largest being 
suitable for seven persons. The revolving seats have 
no arms, which increases the ‘‘elbow room.” The 
feature of the decoration is its simplicity. There is 
an upright Erard’s piano at the forward end of the 
saloon. Electric fans have been substituted for the 
punkahs over each table. The central well, while the 
main decorative feature, serves to facilitate ventilation, 
and has a length of 12 ft. and a width of about 9 ft. 
It has a stained-glass dome. 

The vestibule on the promenade deck and entrance 
hall on the bridge-deck (Fig. 26) are panelled and 
framed in oak, and the floors are covered with neatly- 
designed interlocking rubber tiles. The stained glass 
work for the ships was manufactured by the Tokyo 
Stained-Glass Factory. 

The electrical installation is comprehensive. The 
generating plant, located in the tunnel recess, includes 
two sets, each giving an output of 35 kilowatts when 
running at 300 revolutions per minute. The engines 
are of the ae type, and the dynamos are 
six-pole compound-wound. The current is transmitted 
by insulated cable of high conductivity, all wiring 
being done in double-wire distributing-box system. 
These machines, in addition to lighting the ship, pro- 
vide current for driving fans. Thos are thirteen 
36-in. ceiling fans in the first-class dining-saloon, five 
in the smoking-room, four in the social hall, four in 
the drawing-room, four in the second-class dining- 
saloon, and two in the second-class smoking-room. 
There are also fourteen 18-in. fans for the ventilation 
of the holds, and forty-two 12-in. bracket-fans for the 
first-class cabins. Throughout the ship there are lights 
equal in all to 8022 candle-power, and in addition ten 
cargo lamps of 200 candle - power each, two arc 
lamps of 3000 candle-power each, and one search- 
light projector of 16,000 candle-power. The main 
switchboard has nine circuits: six for the lighting of 
the ship, one for the fan-motors, and one for the search- 
light projector. The engines and dynamos, fan-motors, 
and all fittings for the installation are of the builder’s 
own design and make, and were fitted complete on the 
ships by the builders’ workmen. 

As regards the telephone service, there is on the 
navigation bridge a telephone communicating with the 
engine-room, the look-out at the forecastle, and with 
the aft boat-deck for docking orders. The telephones 
are of a poo type and of the loud-speaking marine 
pattern of Graham’s make. 

Whilst the vessel is finished to first-class passenger 
steamer requirements, the cargo-carrying capability of 
the vessels is of greatest importance in this line, and for 
dealing with the 6000 odd tons of net cargo there are 
ten derrick cranes, four of which are ca ble of lifting 
10 tons, and the others 6 tons. In addition to these 
there is fitted one special heavy derrick capable of 
my tons weight. This derrick is worked by two 
9-in. by 16-in.. steam-winches working on one drum, 
and one hoisting winch for topping. Besides these 
winches there are eight steam-winches for working 
other derricks. All winches are of the builders’ pat- 
tern and make. 

The steam windlass with ca 
Napier Brothers, Limited, and is fitted with the 
makers’ patent self-holding brake. One steam warp- 
ing capstan by Messrs. Clarke, Chapman, and Oo., is 
also fitted on the poop. 

The ship’s telegraphs were supplied by Messrs. 
Chadburn and Son. 

A complete system of water supply is distributed 
throughout the ship, maintaining the continuous supply 
of cold fresh water, and hot and cold salt water, not 
only to all’ the sanitary quarters, but also to various 
galleys, pantries, sculleries, &c. 

(To be continued.) 


tan is by Messrs. 





NOTES FROM THE NORTH. 
Gtaseow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone and 1500 
tons of Cleveland warrants were done at 52s. 1d. cash, with 
sellers over, and 52s. 7d. two months. At the close sellers’ 
quotations for the other positions were 52s. 4d. one month 
and 52s. 11s. three auaie, In the afternoon the market 
was dull and quiet, and the business again consisted of 
1500 tons of Cleveland warrants at 52s. cash and 52s, 1d 
eightdays. Closing sellers quoted 52s. 04d. cash, 52s. 4d. 
one month, and 52s, 10d. three months, On Friday morn- 
ing an easier sid and 5 and Cleveland warrants were 


dealt in at_51s. 94d. and 51s. 10d. cash, 52s. 14d. and 52s, 
one month, and 52s. 7d. three months. e turnover 
was 4500 tons, and the closing prices were 51s. 10d. cash, 
52s. 1d. one month, and 52s. 7d. three months sellers, 
There were buyers of hematite at 65s. three months, but 
sellers quoted that figure for cash, and 1s. more for three 
months. At the afternoon session quietness ruled, and 
Cleveland warrants were again weaker. The dealings 
amounted to 2000 tons at 51s. 10}d. fourteen days, 52s. 
one month, and 52s. 64d. three months, with closing sellers 
at 51s. 94d. cash, 52s. one month, and 52s. 7d. three months. 
On Monday morning the market opened quietly with a 
fairly steady tone. The business was limited to 1500 
tons of Cleveland warrants at 51s. 9d. cash, 51s. 104d. 
fourteen days, and 52s. one month, and at the 
close the prices were 5ls. 10d. cash, 52s. 1d. one 
month, and 52s. 7d. three months sellers. In the after- 
noon there was little change in the market, and 
Cleveland warrants were done at 5ls. 11d. fourteen 
days, 52s. one month, and 52s. 7d. three months. The 
turnover was 1500 tons, and closing sellers quoted 51s. 94d. 
cash, 52s. 1d. one month, and 52s. 7d. three months. On 
Tuesday morning the market was active, but dull in tone. 
Cleveland warrants to the extent of 8500 tons changed 
hands at 51s. 8d. and 51s. 9d. cash, 51s. 10d. nine and 
thirteen days, 51s. 114d. twenty-seven days, 51s. 11d. one 
month, and 52s, 6d. three months, and the session closed 
with sellers at 51s. 9d. cash, 52s. one month, and 52s. 64d. 
three months. Cash hematite was quoted 64s. 6d. buyers 
and 65s. 3d. sellers. The market was steady in the after- 
noon, and 2500 tons of Cleveland warrants were done at 
51s. 9d. cash and six days, 5ls. 114d. March 2, and 
52s. 5$d. April 25. Closing sellers quoted 5ls. $d. 
cash, 52s. one month, and 52s. 64d. three months. When 
business was resumed to-day (Wednesday), an easier tone 
revailed, and the prices of Cleveland warrants showed a 
ecline. The turnover was 5000 tons at 51s. 84d. and 
51s. 74d. five days, from 51s. 11d. to 51s. 9d. one month, 
51s. 11d. twenty-six days and March 21, and from 52s. 4d. 
to 52s. 3d. three months. The closing quotations were 
51s. 54d. cash, 51s. 94d. one month, and 52s. 34d. three 
months sellers. One lot of hematite was done at 65s. 
March 9. The market was weaker in the afternoon, and 
Cleveland warrants were dealt in at 51s. 5d. cash, 51s. 6d. 
and 51s. 5d. five days, 51s. 84d. and 51s. 74d. one month, 
51s. 11d. March 30, and from 52s. 24d. to 52s. 14d. three 
months. The turnover was about 4000 tons, and closing 
sellers quoted 51s. 5d. cash, 51s. 8d. one month, and 52s, 2d. 
three months. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde and Langloan, 64s. ; Calder 
— (il chired = 6d.; a py ee 66s.; and Coltness, 
o 1p at Glasgow) ; Glengarnock (at Ardrossan), 
65s. ; Shotts (at Leith), 64s. 6d.; and Carron (at Grange- 
mouth), 66s. 


Sulphate ef Ammonia.—There has been no change in 
the tone of the sulphate of ammonia market this week, 
and the price is steady. The quotation to-day is 11/. 16s. 3d. 
per ton for prompt delivery, Glasgow or Leith. Last 
week the shipments from Leith Harbour amounted to 
2343 tons. 


Scotch Stcel Trade.-—A much improved demand falls 
to be reported in the Scotch steel trade this week, and 
producers are in receipt of an increased number of specifi- 
cations, but a further increase, particularly from ship- 
builders, would be welcomed. Export inquiries are also 
rather better, and there has been a renewal of the demand 
from China and Japan for both plates and angles. In 
lighter material—thin plates and light sheets—an active 
demand exists, and makers are being pressed for delivery. 
Full prices are being asked and om | Structural sections 
are in good request, and producers are fully employed. 


Malleable-Iron Trade.—Business in the malleable-iron 
trade of the West of Scotland would seem to have taken 
a turn for the better, as makers report that specifications 
are rather more plentiful this week. The majority of the 
works made a start on Monday, which fact in itself marks 
an improvement. 


Scotch Pig-Iron Trade.—The Scotch pig-iron makers 


are still experiencing a good demand for the ordinary 
ualities of iron, and a large tonnage has been sold at 
rm prices. 1 and English consumers have both 


been pane buyers lately, and many export lots have 
also n fixed up. Hematite continues to maintain a 
distinctly firm position, and makers’ prices for forward 
delivery are again stronger. 

Wages in the Iron Trade.—Mr. John M. MacLeod, 
C.A., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Scottish Manufactured Iron Trade Con- 
ciliation and Arbitration Board:—‘‘In terms of the 
remit, I have examined the employers’ books for Novem! «r 
and December, 1909, and I certify the average net selling 
price realised at works brought out is 5/. 17s. 5.5d. per 
ton.” This means no change in the wages of the work- 
men. 

Shipbuilding.—The Scotch shipbuilding returns for the 
month of January are very satisfactory, and consist of 
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eighteen vessels, of 25,340 tons, which is well over the 
average tonnage for that month. Twelve of these vessels, 
totalling 22,773 tons, were launched on the Clyde, as 
against twenty-one vessels, of 21,430 tons, for January, 
1909. The booking of new orders has been very good for 
some time back, and a number, if not the majority, of the 
yards are fairly well off for work at the moment. It was 
reported this afternoon that Messrs. Yarrow and Co., 
Scotstoun, have received an order to build a torpedo-boat 
of 240 ft. length for the Danish Government. 


Institution of Enginecrs and Shipbuilders wn Scotland. 
—The fourth general meeting of this session of the 
Institution of hem oer and Shipbuilders in Scotland 
was held last night (Tuesday), in the hall at head- 
quarters, Elmbank-crescent, Glasgow, when the Presi- 
dent, Mr. C. P. Hogg, was in the chair. An interestin 
puper on ** The Design of Surface Condensers” was seal 
b, Mr. R. M. Neilson. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Admiralty and File Contracts.—The Admiralty have 
issued their annual specifications for the supply of files 
to the dockyards. heir requirements are stated at 
30,000 dozen. An important oun is noted in the 
specifications. These have previously required that all 
files should be made from the best crucible cast steel, and 
marked. Although the Admiralty specified in the past 
“‘best crucible cast,” the price paid was so small that it 
really prohibited any but a low mys of crucible steel 
being used, and the quality of files supplied has been 
rapidly deteriorating. Manufacturers suggested that 
either a higher rate should be~paid, or that the 
should be allowed to use Siemens-Martin steel, wit 
which they could probably turn out a better article. In 
the new specifications the clause specifying that the 
og should be made from best crucible cast steel has 
een dropped, and it is stated that in future samples 


taken indiscriminately from bulk will be submitted to 


tests in the Herbert file-testing machine, and must give | best 


such results as will satisfy the inspecting officers. 
Railway Depression.—Mr. Stuart Wortley, M.P., 

addressing a meeting of the Great Central Railway 

employees at Sheffield, held out hopes of an early re- 


covery from the depression of the past few years. ‘‘We 
have,” said Mr. Wortley, “‘ just passed through a period 
of great depression in the railway industry, and that 


depression had not been by any. means limited to railwa 
matters. We meet in circumstances in which that awe 
ing wave seems to have reached its lowest point, and the 
happier state of recoil is beginning to come upon us. In 
respect of the Board of Trade returns, they are still a 
long way from the figures of 1907, but the increase in 
traffic on some railways shows, perhaps, a better result 
than that. There is no doubt about either minerals or 
merchandise on the Great Central Railway. They are 
already showing a handsome increase week by week. The 
thing which shows a more sluggish tendency to improve 
is the passenger traffic. 


South Yorkshire Coal Trade.—Steam coal maintains a 
brisk sale, though there has been a slight slackening in 
the demand of the past few weeks. Collieries, however, 
~ have no stocks on hand and prices remain firm. The 
export trade is good for the eeason of the year, though, 
the Baltic ports being closed, it has not assumed the 
dimensions which may be expected a few months hence. 
A large tonnage is being despatched to Continental ports. 
Best qualities are making over 9s. per ton, and for for- 
ward deliveries 9s. 6d. og ton is demanded, which price 
it is anticipated will be the basis when the shippin 
season is in full swing. The demand for industrial 
comsumption continues to increase. Gas-fuel is selling 
freely, a large tonnage going away on contract account. 
In slacks a better tone is noticeable, especially in 
best quality, of which’ many collieries are in arrear 
with their deliveries. Seconds are selling well, though 
there are small stocks in hand. Coking slack is listed 
at 53. 6d. per ton. For house coal there is a strong 
inquiry, the wintry weather having caused a heavy call to 
be made on merchants. Business with London and the 
South is steady, and there is a distinctly harder tone in 
values. Best Barnsley makes from 13s. to 13s. 6d. at the 
pits; second-grade qualities of house-fuel are selling at 
from 10s. 6d. to 11s. 6d. per ton at the pits. 


_ Iron and Steel. —An optimistic tone continues to prevail 
in trade circles, and now that the elections have been got 
out of the way there are good grounds for believing that a 
rapid improvement will take place. The election has 
undoubtedly had a share in checking business, though this 
1s probably chiefly due to the rapid rise in pig iron, and 
the high price of raw materials generally. e market is 
little, if any, easier. Hematites are still an unknown 
quantity. Some makers refuse to quote, but a fair number 
of sales have been made of East t mixed at 72s. 6d. 
delivered in Sheffield. . This, however, is only for de- 
liver: ’s in the first six months of the year. A moderate 
business had been done in Lincolnshire and Derbyshire 
irons f sundry classes of the latter having advanced 1s.—to 
53s. Gd, The steel trade generally shows a slow, but 
moedy, improvement. The lighter trades are also doing 
etter. The engineering branches are fairly off for work, 
and the demand for tools is increasing. In mining tools 
and inachinery there is a brisk export trade. Foreign 
business all round is good. 








grTAL FitaMent Lamps. — Hereafter the B.T.-H. 

mee lamp will be known as the Mazda lamp, and 
= ear the following trade mark :—‘‘ Mazda.” The 
Mazda lamp will be the British Thomson-Houston Com- 
pany sstandard metal filament lamp in future. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Market.—There is a decided lull 
in the pig-iron trade, and this is largely due to the un- 
certainty in the fuel market, cau by the disturbing 
influence of threatened serious labour troubles. Pig-iron 
traders are very cautious in their dealings just now, and 
the transactions that are recorded are mostly confined to 
small lots for early delivery. Producers, however, are in 
a position to take a firm stand. They have good con- 
tracts made, and having confidence in the future, 
they naturally hold off at the present ruling rates. 
Cleveland pig-iron continues to be sent into the public 
warrant stores, though at a much reduced rate, the 
additions last month being just over 11,000 tons, 
whereas for the past year and a-half the increases have 
averaged 20,000 tons per month. The stock of Cleveland 
iron in the warrant stores has now reached over 400,000 
tons—the ' irgest stock held there since April, 1907. No.3 
g-m.b. C.cyeland pig is 51s. 6d. f.o.b., and No. 1 is 
53s. 9d. to 54s., both for early delivery. The lower 
qualities are scarce, and values are consequently high as 
compared with those ruling for the better kinds. No. 4 
ge | and No, 4 forge are each 50s. 9d., and mottled 
and white each 50s. Nos. 1, 2, and 3.East Coast 
hematite pig stand at 65s. forearly delivery. Foreign ore 
shows a further upward tendency. Rubio of 50 per cent. 

uality is quite 20s. 6d. ex-ship Tees over the first half of 
the year, and inquiries for delivery further ahead elicit 
quotations of 21s. and 21s. 6d. Medium blast-furnace 
coke is put at 18s. delivered here. 


Manufactured Iron and Steel.—There is not much new 
to report concerning the finished-iron and steel industries. 
Most firms are now busily employed, but complaints are 
numerous as to the quality of fuel they have had to accept 
owing to the short supply of the kind > tome usually receive. 
Values all round are strong, and advances for some de- 
scriptions are looked for. Common iron bars are 7l. ; 
bars, 7/. 7s. 6d. ; best best bars, 7/. 15s.; steel bars, 
6l. 5s.; iron ship-plates, 6/.; steel ship-plates, 6. 5s.; iron 
ship-angles, 7/.; steel pr tag 5l. 17s. 6d.; packing-iron 
or steel, 5/. 5s.; steel strip, 6/. 7s. 6d.; steel hoops, 62. 10s. ; 
steel joists, 5/. 17s. 6d. to 61. 2s. 6d.; cast-iron railway 
chairs, 3/. 10s.; light iron rails, 6/. 7s. 6d.; heavy steel 
rails, 5/. 5s.; and steel railway sleepers, 6/. 10s.—railwa 
material is net at works, and all other descriptions less 2 
per cent. discount. 


Iron and Steel Shipments.—Shipments for January were 
very satisfactory, those of pig iron being exceptionally 
heavy for the season of the year, averaging close upon 4000 
tons per working day, the total loadings amounting to 
103,012 tons, 89,877 tons of which went from Middles- 
brough, and 15,135 tons from py = apt as ——_ 
with a total of 92,043 tons, or a daily average of 3540 
tons for December, and a total of 75,434 tons, or an 
average of 2800 tons per working day, for the month of 
January last year. All the iron loaded at Skinningrove 
during the first month of the year was for Scotland. Of 
the pig iron sent from Middlesbrough last month, 65,371 
tons went abroad, and 24,506 tons went to coastwise 
customers. Once again Scotland was the t re- 
ceiver—-15,215 tons going to buyers north of the Tweed 
—and Belgium was second, with 12,810 tons; whilst 
Italy imported 11,952 tons; the United States, 9665 
tons; France, 9214 tons ; and Japan, 6890 tons. The 
amount of manufactured iron despatched by sea from 
the Tees during last month was returned at only 
10,092 tons, 4194 tons having been sent to a 
buyers, and 5898 tons to coastwise customers. By far 
largest buyer of manufactured iron was India, with an 
import of 3407 tons. Steel cleared last month reached 
47,155 tons, no less than 41,290 tonsof which went abroad, 
and only 5865 tons to coastwise firms. As is frequent] 
the case, India was also the largest purchaser of steel, 
receiving 8465 tons. Other importers of steel were 
the Argentine, to which country 6618 tons were despatched ; 
the Straits Settlements, customers to the extent of 6382 
tons; Portuguese East Africa, importers of 3977 tons; 
and Portuguese West Africa, to which port 3977 tons 
were sent. 


Ironworkers’ Wages.—The accountants to the Board of 
Arbitration for the Manufactured Iron Trade of the North 
of England have certified the ave’ net selling price of 
rails, plates, bars, and angles for the two months endin 
December 31 last at 6/. 8s. 0.04d., as com wit. 
61. 6s. 11.55d. for the previous two months, and in accord- 
ance with sliding-scale arrangements there is an advance 
of 3d. per ton on puddling and 24 per cent. on all other 
forge and mill wages, to take effect from January 31. 


Cleveland Ironstone Miners’ Wages.—An adjourned 
meeting of the Cleveland ironstone mine-owners was held 
at their offices in Middlesbrough this week, when the re- 

resentatives of the’ men were again present. Sir Hugh 
Bell, Bart., occupied the chair. It was agreed that the 
wages at the Cleveland mines be advanced by 1.5 per cent. 
for the current quarter, dating from the period of the 
month at which changes are usually made. The owners 
met on January 10, and then adjourned in order that the 
men in the district might be consulted with reference to 
the proposals made at that meeting. . This having been 
done, an agreement:was come to this week as described 
above. 








CaLpEercruIx Paper Mitts Borer Expiosion.—We 
are informed by the solicitor to the Board of Trade that 
the formal investigation ordered by the Board of Trade 
to be held on the above explosion is fixed for hearing in 
the Wilson Memorial Hall, Hall Craig-street, Airdrie, on 


NOTES FROM THE SOUTH-WEST, 


Cardiff.—There has been little or no improvement in 
the general tone of the steam-coal trade; at the same 
time, colliery owners have shown themselves reluctant to 
make any reduction for forward deliveries. The best 
large steam coal has made 16s. 9d. to 17s. per ton ; second- 
ary qualities have ranged from 15s. 3d. to 16s. 6d. per 
ton. Smalls have made &s. 3d. to 9s. 3d. per ton. Phe 
best ordinary household coal has been quoted at 15s. 6d. 
to 16s. 6d. per ton ; No. 3 Rhondda large has made 17s. 3d. 
to 17s. 6d. per ton. Foundry coke has been quoted at 
19s. to 20s. ; and furnace ditto, 17s. to 17s. 6d. per ton. 
As regards iron ore, Rubio has made 20s. to 20s. 6d. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


The Bute Docks.—The exports of coal and coke from 
the Bute Docks last year were 9,614,950 tons, as com- 
pared with 9,017,603 tons in 1908. Patent fuel was exported 
to the extent of 580,092 tons, as compared with 563,204 
tons, and iron and steel rails and ironwork to the extent 
of 191,191 tons, as compared with 158,267 tons. Iron ore 
was imported last year to the extent of 651,409 tons, as 
compared with 732,660 tons ; and iron and steel (includin 
tin-plate bars, billets, girders, pig, &c.) to the extent o 
88,474 tons, as compared with 66,015 tons. 


The Swansea Valley.—There has been about an average 
output of ig. The steel trade has shown little change ; 
the - woth rom outside districts has maintained, how- 
ever, an average activity. The tin-plate mills are reported 
to be busy. 


Electrical Dangers.—The South Wales branch of the 
Institute of Mining Electrical Engineers discussed on 
Saturday a paper by Mr. W. Maurice, president of the 
Institute, on ** The Causes and Means of Preventing 
Electrical Accidents in Mines.” The paper supported the 
primary object of the institute—viz., to minimise the risks 
attending the application of electricity to mining. The 
paper urged that a thoroughly competent electrician 
might be quite “at sea” when in charge of a colliery 
installation, and at present there were not sufficient 
mining electricians to go round. It was necessary, 
accordingly, to enlighten workers in mines, so that they 
might do all that was possible to prevent an accident, or, 
if it happened, to minimise the danger. 


Dowlais.—The Bessemer departments of the steel works 
have shown rather more activity, the production includ- 
ing large and small rails and sleepers. A slight improve- 
ment has also been noted at the Big Mill. 


Automatic Booking.—The Great Western Railway Com- 
pany will enter this month upon an important experi- 
ment. The company has decided to instal at Snow Hill 
Station, Birmingham, a railway ticket-printing machine, 
which, it is contended, will do away with the present 
cumbrous system of storing the thousands of different 
tickets which may be called for by the travelling public. 
The machine is 3 ft. 6 in. long, barely 2 ft. broad, and 
4ft. in height. When a ticket to a certain station is 
required, an indicator, which carries the name of every 
station upon the system arranged in alphabetical order, 1s 
touched, a clerk slips a blank into a slot in the printing- 
carriage, a small handle is turned, and a completely- 
printed ticket drops. out ready for use. As a result when 
the clerk goes off duty, all that he has to do is to total 
the continuous strip and to count his. The machine 
is capable of printing 3000 different tickets. 


Portsmouth Floating Dock.—Preparations are being 
made in Fountain Lake, Portsmouth, for the new floating 


e| dock which is to be placed there. The dock will be 


650 ft. long, and it. will afford facilities for lifting a 
ship of 35,000 tons. 








Torprpo-Boat DrsTROYER FOR THE BRraZILiaAn Go- 
VERNMENT.—The official full-speed trial of the torpedo- 
boat destroyer Santa Catharina, built by Messrs. Yarrow 
and Co., Limited, Scotstoun, Glasgow, for the Brazilian 
Government, were successfully carried out on the 
Skelmorlie deep-water measured mile cn Wednesday 
last. The contract speed of 27 knots during a three 
hours’ continuous run was easily exceeded. The trial 
was under the supervision of officials representing the 
Brazilian Naval Commission, and the vessel carried a 
load of 100 tons. This vessel isone of ten built by Messrs. 
Yarrow for Brazil, the first six being now in commission, 
and the remainder in various 8 of completion. The 
vessels are 240 ft. in length and 23 ft.'6in. beam, and are 
fitted with two sets of four-cylinder pocigwonsting engines 
od a horse - power, and with Yarrow double - ended 

ilers. 





Tur Nationa Puysicat Laporatory : Tur NATIONAL 
EXPERIMENTAL TAaNK.—The Executive Committee of the 
National Physical Laboratory, on the nomination of the 
Advisory Committee for the National Experimental 


Tank, have appointed Mr. G. 8S. Baker to the t of 
Superintendent of the Tank, the fundsfor which have 
been provided by the generosity of Mr. A. F. Yarrow. 


After a distinguished career at the Royal Naval College, 
Greenwich, Mr. Baker was, in November, 1900, appointed 
an assistant constructor in the Royal Corps of Naval Con- 
structors. He served four years as assistant to Mr. R. E. 
Froude, F.R.S., at the Admiralty a Works, 
and two-and-a-half = as professional secretary to the 
Director of Naval Construction, and has also had experi- 
ence in the general design work of the Admiralty Office. 
Thus he comes to the Laboratory with distinguished 
qualifications, and on the strong recommendation of those 
who have the best grounds for estimating the value of 








Monday, February 7, at 10.15 a.m. 


his previous work. 
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W. N. Shaw, D.Sc., M.A., F.R.S. (Fellow). 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—Wednesday, Feb- 
ruary 9, at 8 p.m., at the St. Bride’s Institute, Bride-lane, Fleet- 
street, E.C. A paper will be read on ‘‘Modern Arc-Lamps and 
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THE POSSIBLE EFFICIENCY OF 
LABOUR EXCHANGES. 


Any attempt to estimate the possible efficiency, 
in reducing the extent of unemployment, of the 
national labour exchange system, which is inaugu- 
rated this week, may regarded as premature. 
But yet there is no better method of guarding 
against pitfalls than by recognising the probability 
of their existence. In this particular instance there 
is gravg danger in the popularly-entertained idea 
that at last a panacea has been found for the re- 
curring distress and enforced idleness of a great 





proportion of the adult population. The respon- 


sible authorities do not share this view, and 
may be expected to guard, as far as possible, 
against the evil effects of disappointed hopes. But 
this is only the greater reason why there should 
bea firm note of warning sounded at the outset. 
The very principle of exchange, which, by the 
way, is a most appropriate name for our new labour 
offices, presupposes that there is a demand for, as 
well as a supply of, a given commodity—in this 
case labour—and, further, that both parties are 
willing to exchange. When demand exceeds supply 
all will be well with the labourer worthy of his 
hire. But an exchange in every street will not 
create the demand if none exists. This, however, 
must not be accepted as any reason why the migra- 
tion of labour to the locality where a supply is re- 
quired should not be facilitated in order to meet, 
if it may not encourage, a demand in any field of 
industry. 

The transport of labour, however, has always 
been difficult. Those firms who have found it 
necessary, owing to economical considerations, to 
move their entire factories from the Metropolis, and 
other large centres, to provincial towns and urban 
districts have experienced great difficulty in getting 
their workers to move with them. In such cases 
there was the inducement of permanent employ- 
ment under employers and foremen whose goodwill 
had already been won. That being so, it can the 
more readily be understood that only grave need 
will induce men to go from one town to another in 
order to find employment. Permanent migration 
of workmen, especially skilled mechanics, is excep- 
tional. They prefer to ‘‘ wait on” in the hope ofa 
job turning up in the ‘‘ old shop,” and if the force 
of circumstance compels anyone to go further afield, 
he goes alone, leaving his family and household 
possessions, as it were, to stake his claim when 
there is an opening for his services under his former 
employer. Such a relationship between the worker 
and his prescribed situation betokens not only the 
capable workman, but testifies to the qualities 
possessed by the employer. Moreover, in the casé 
of a family of whom several may be working, 
migration »mes impossible from the point of 
view of domestic economics. In Scotland, again, 
the great majority of houses are let by the year, 
and have even to be taken three or four months in 
advance. Throughout Britain a great many artisans 
own their own houses. Much of the seventy to 
eighty millions sterling invested in building societies 
really forms anchorages for the working yam 

It is thus idle to hope that exchanges will suc- 
ceed largely in effecting the migration of skilled 
workmen. In e centres, such as Manchester, 
Glasgow, Leeds, Tyneside, &c., they may bri 
about a meeting between employer and employ 
within the district. Men in financiai straits 
may even be moved from town to town through 
the agency of the clearing-houses. But one must 
not go that the trade unions already do every- 
thing they can to effect this interchange. There 
are, according to the most recent returns, over 
1,700,000 trade-unionists. One-half of these are 
mechanics of high repute, with as little desire to 
migrate from the town of their adoption as their 
employers. If transplanted, it can only be tempo- 
rarily and with unsatisfactory results, use the 
new soil will not be congenial. Their attention is 
diverted to the opening which may arise in the old 
shop, and thither they go instantly when the 
opportunity for re-engagement arises. The possi- 
bility of losing the chance of this renewed connec- 
tion is often reason against seeking temporary occu- 

tion beyond the range of continued watchfulness, 
tis the bird on the spot which catches the early 
worm. 

The exchanges, too, are looked upon with sus- 
picion by organised labour. How will the Govern- 
ment departments act in the event of a strike or 
lock-out ? These are the greatest weapons used 
by capital and labour. It is easy to contend in 
philosophio calm that the. function of the autho- 
rities 1s to provide work for the unemployed, 
and to meet the requirements of employers with- 
out regard to labour disputes and their effects. 
But the determination of trade organisations to 
make a strike effective, and of employers to keep 
factories going even when they have locked out 
unionists, will create a serious and troubled situa- 
tion, which the most diplomatic of Government 
officials will have difficulty in facing calmly and 
without bias. The Board of Trade has done great 
services in the direction of conciliation in the recent 





past, but the issues have been clearly defined, The 
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new department may give rise to complications 
which involve the rights vf free labour. A way may 
be found, however, and it is perhaps unwise to 
follow further the uncertain path of conjecture. 
Employers welcome the trade unionist because he 
is, as-a rule, capable, not without ambitions of 
thrift, and generally amenable to the discipline of 
his organisation. The exchanges cannot recognise 
the exclusive doctrine of trade-unionism ; non-union 
men must have their rights as citizens, since they 
contribute to the expenses of the new Government 
department. Success depends on employers, as well 
as the exchanges, recognising those rights. 

Where labour is not organised there is greater 
hope, almost a certainty, of the exchanges being 
effective. Such labour, however, divides itself into 
two great divisions—the unfortunate with a will to 
work, and the worthless who are unemployable even 
if they were willing. Of the former many are without 
the ties which make migration difficult. For them 
the exchanges offer salvation, providing there is any- 
where a need of workers ; and the system will not 
only discover the sources of demand, but facilitate 
distribution of the supply. Thirty towns of over 
100,000 inhabitants wil have first-class exchanges, 
with branch offices; thirty more with 50,000 to 
100,000 of a population will have second-class ex- 
changes and subsidiary branches, and smaller towns 
and urban centres will have offices which will ulti- 
mately bring the number to several hundred. To 
further facilitate the re-distribution of labour there 
will be divisional clearing-houses in London, Glas- 
gow, Dublin, Cardiff, Manchester, Liverpool, New- 
castle, Leeds, Sheftield, Birmingham, Nottingham, 
and Bristol. These will lead to co-ordination of 
effort ; but each exchange will have a certain freedom 
of organisation to meet the peculiar conditions of 
the prevailing industries. 

In its general organisation the Government de- 
partment has had the advantage of Continental 
experience, for France adopted the principle of the 
labour exchanges on a small scale in 1848, and 
evolved by 1904 a national scheme, while Germany, 
from the small beginning at Stuttgart in 1865, 
organised, with characteristic national method, a 
Government scheme enacted in 1893. In both 
countries, as well as in Switzerland and Bel- 
gium, the present-day achievements are the out- 
come of slow evolutionary growth. Thereby we 
profit, and our authorities have been further fortu- 
nate in recognising the national independence 
and avoiding excreseences which, for easy definition, 
may be classed as pertaining to the legitimate work 
of distress committees. Applications from the 
workless of all trades, or no trade, of either sex, 
and of all ages, are accepted with such details as the 
applicant may give. These are classified and indexed 
on the card system, unless openings are at once 
available, because employers are solicited to register 
their requirements. There is constant contact be- 
tween exchanges, and thus knowledge of the needs 
—the nature of the supply and demand of all districts 
—so that temporary or permanent openings may be 
filled. Railway passes may be issued to workers 
who have to go long distances to fill a post, the 
expense being returned by the worker out of subse- 
quent earnings. 

An essential to success is the goodwill and co- 
operation of employers. There is no need heartily to 
commend the scheme to them. All recognise the 
importance to the nation of the fullest possible 
utilisation of labour. There is thus full promise of 
a ready recognition of the potentialities of this new 
inducement to prosperity. The continuation of 
this attitude of welcome is dependent in large 
measure on the efficiency, not only of the scheme 
asa whole, but of the labour rendered available. 
The recommendation of the exchanges can win 
continued confidence only by a scrupulous regard 
to the efficiency of the workmen recommended. 
Mistakes will occur ; they will be excused. But 
care must be exercised to prevent their too frequent 
recurrence. The department must as quickly as 
possible ‘‘star” the worthless, and this opens up 
wide responsibilities to the nation and to industries. 
Voluntarism is a dominant principle in our constitu- 
tion ; compulsion is always opposed. We can never 
achieve the force of authority pertaining to a Ger- 
man system. Men, and nowadays women, must be 
free agents, accepting or rejecting work when they 
choose, without reference to the convenience or 
otherwise at any moment of the employer, or, in- 
deed, to the legal obligations of a contract of 
employment. On the other hand, the Legislature 


has imposed on the employer such serious financial 





responsibilities in respect of compensation for acci- 
dents, and in other forms, that he needs to be 
careful of the physical fitness of the people he 
engages, apart altogether from their capabilities 
for the duties to be discharged. This point, so 
clearly enforced in a recent article (page 49 ante), 
cannot be neglected in appraising the possible 
efficiency of labour exchanges. 

Another direction in which there is great promise 
of a successful issue from labour exchanges is in 
checking in the bud the growth of the worthless 
loafer. In this respect the nation cannot continue 
to ignore its responsibilities. We spend fabulous 
sums on the compulsory education of our young, up 
to the age of fourteen or fifteen years. In London 
alone the amount thus officially disbursed exceeds 
five millions per annum. Whether the curriculum 
is efficiently devised is a question which does not fall 
within the scope of our present subject. The point 
immediately at issue has reference to the conserving 
for national industrial prosperity of the fruits of 
this education, such as it is. Do we succeed in 
directing the attainments thus engendered in our 
youth in the right direction? Is any organised 
effort made to guide the youth into those trades 
or occupations which will promote that skill which, 
in its aggregate, is so essential to an industrial 
nation. e labour exchanges will do a great 
service if they realise their professed intention to 
check the tendency of youth, in our large cities 
especially, to seek employment which yields an 
immediate reward, but ends in a few years in 
forced idleness without that knowledge or ex- 
perience of work which alone can give them a 
wide field for the utilisation of their physical 
energy. The nation’s responsibility should not 
end with school education; the training of 
youth in some specified trade is equally important ; 
without such “ becomes worthless except for 
labouring. We have too many with limited, or no, 
qualifications, and many thus quickly degenerate by 
easily-found stages to be worthless, and worse. 
Labour exchanges may check this evil tendency ; 
they must eliminate the loafer, even if the stringent 
alternative of compulsory transit to a labour settle- 
ment alone presents itself. The citizen’s right to 
work should carry with it the power of the State to 
enforce work. 








THE STOATS NEST RAILWAY 
ACCIDENT. 

THE regrettable occurrence of Saturday last, on 
the London, Brighton, and South Coast Railway, 
at Stoat’s Nest, whereby the loss of several lives 
once again disfigures tho fair record of English 
railways, appears to be partly explained by the evi- 
dence given at the Board of Trade inquiry into the 
accident. This inquiry was conducted by Colonel 
Von Donop, on Tuesday. It was, for a serious 
accident, unusually brief, but, at it, most interest- 
ing evidence was given by the signalman of the 
Stoat’s Nest South Box, Albert Knight, and by 
Mr. Douglas Earle Marsh, M. Inst. C.E., the com- 
pany’s Locomotive Superintendent. 

The evidence of these two witnesses would seem 
to point directly to the immediate cause of the acci- 
dent, though the primary cause is apparently unde- 
termined. The evidence given by TP aight goes to 
show that something serious was amiss, imme- 
diately before the accident, with the coach which first 
became derailed. Sparks were seen flying from the 
left-hand side of the vehicle. Mr. Marsh’s examina- 
tion of the wheels and bogie of this coach, after the 
accident, show that the bogie frame had been ground 
away to the extent of 1 in. in depth in one place, and 
had evidently been raised at this point to red-heat. 
This had apparently been caused by the left-hand 
leading wheel of the coach rubbing against the 
frame while the coach was travelling, and would 
account for the sparks seen by the signalman. The 
left-hand wheel on the leading axle was found, after 
the accident, to be displaced from its true position 
on the axle by no less than one inch, which would 
be quite sufficient cause for an accident. Consider- 
ing the state of the bogie, and of the signalman’s 
evidence, it seems not unlikely that this movement 
occurred during the run up from Brighton, rather 
than as a result of the accident. In view of the 
unconcluded inquiries, we shall refrain at present 
from expressing any definite opinion on this point. 
The occurrence, however, raises some interesting 
questions which we may touch on. 

Supposing the wheel to have shifted before the 
accident, it is difficult to conceive what should 





have made it move outwards to such an extent. 
With good workmanship, in pressing on a wheel, 
the pressure rises and continues to rise to a 
certain point, after which it is maintained, tend. 
ing, if anything, to increase up to the end of the 
operation. In pressing off, however, the pressure 
rises very rapidly to 50 per cent. or more above 
the ‘‘ pressing-on” pressure, but, as soon as the 
wheel has moved, falls very rapidly. Thus, once 
started, it takes comparatively little force to move 
the wheel off the axle, but a very great pressure, 
in a well-fitted wheel, is required at the start. 
The operation of pressing-on appears to be some- 
what analogous to brushing pile material in one 
direction. In pressing off, the pile has to be first 
reversed or destroyed, before material movement 
can take place, and after this phase the pressure 
necessary drops to a very low figure, unless, as 
sometimes unfortunately happens, the surfaces in 
contact have actually broken up. 

It seems improbable that any wheel should 
receive, on the road, so severe a blow as to start 
it moving outwards. Most of the blows, of course, 
would tend to push the wheel in, but a check-rail 
might have an opposite tendency. Any movement 
inwards would probably be prevented by the 
gradual taper at the point where the wheel-fit runs 
out to the full size of the forged axle. The pressure 
at which this wheel was pressed on is stated by 
Mr. Marsh to have been 60 tons. Thus, under 
ordinary circumstances, a very heavy blow indeed 
would be required to make the wheel start—much 
greater, in fact, than would appear possible in 
service. 

A great deal of care is given by the railway 
companies to such vital parts of their rolling-stock 
as the wheels of the coaches. Only such men as 
experience recommends as reliable are entrusted 
with work at.the wheel-press, for instance. It is, 
however, often impossible for the foreman of the 
shop to witness every operation at the press, and, 
it must be admitted, the temptation to the man to 
allow to pass a pair of wheels pressed on to their 
axle at figures barely reaching the required limit is 
not small. Unless the workmanship is all that it 
should be, or if the wheel and axle fits have been 
badly mated, the pressing-on pressure may remain 
below the prescribed limit until near the end of 
the fit, when a quick rise may carry it up over the 
mark. Such arise may really occur from the wheel 
meeting with a taper due to bad work in the lathe, 
or may arise from contact with the easy commence- 
ment of the larger taper where the turned wheel-fit 
runs out into the full-size forging. There is no 
inconsiderable temptation to book the pressures, in 
questionable cases, as something over on the right 
side, rather than go to the trouble of pressing off 
and fitting another wheel. Experience at the wheel- 
press is worth a good deal to a man engaged in 
this kind of work. Inexperience often means that 
the gang spends half its time undoing what it has 
done badly, for want of skill in pairing the fits, and, 
under piece-work conditions, this naturally. neither 
tends to equanimity of temper, nor that unimpeach- 
ableness required for important work, such as this 
operation undoubtedly is. 

We do not wish these remarks to be taken as 
suggesting any laxity in the present instance. No 
evidence whatever on this point was adduced at 
the Board of Trade inquiry, and we simply draw 
attention to this aspect in order to point out that 
the ordinary booking of pressures is but a very 
indifferent check on the work. We have known 
the use, at the wheel-press, of the words, ‘‘ Well, 
let it go,” by inspectors, whose position would 
naturally place them above the inducements open to 
workmen. If this is liable to happen, it would seem 
not unreasonable to provide some better check on 
the workmen, and none better suggests itself to our 
mind than that employed at the Horwich Locomotive 
Works of the Lancashire and Yorkshire Railway. 
At these works an autographic instrument records 
ona paper strip the curve of pressures required to 
force the wheels on the axle. A permanent record is 
thus provided which, with particulars added by the 
workman in charge, may be made to serve various 
purposes, in addition to revealing the nature of each 
operation. The instrument relieves the foreman ot 
all anxiety as to the quality of the work being done 
at the press, and he can promptly deal with cases o/ 
poor work, should any arise, before the wheels leave 
the shop. Such an instrument is a check on both 
sides of the safety zone for wheel-fits. It would 
betray any such cases as we have drawn attention 
to above, of pressures too low at the start, but 
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rising quickly near the end of the fit, and it would like- 
wise reveal any instances of excessive pressures, such 
as are well known to be harmful with some wheels. 
Excessive pressure may result in incipient failure 
of the boss in certain forms of wheels. No men- 
tion of any such failure has so far been made in con- 
nection with the Stoat’s Nest accident, but in view 
of the fact that the failure occurred after the wheels 
had been out of the shops for about a month, some- 
thing of this nature may have been possible. It 
is conceivable that the flaw might take some time 
to develop to the actual poiat at which the boss 
would break down under service conditions, when 
the shifting of the wheel on the axle would easily 
be possible. From the statements made at the 
inquiry, however, it is not clear whether these 
wheels had recently been pressed on this axle or 
not. It was stated that the leading pair of wheels 
had been in service eight years, which discounts 
any suggestion of inferior work at the press, pre- 
suming the axle had not been changed, though it 
does not qualify the flaw theory to the same degree. 
It is possible that Colonel Von Donop’s report 
may throw some light on this interesting point. 
Movement such as is described in this case is, 
fortunately, very rare; but it would be better 
still if it were never known, and if there is any 
discoverable solution, the public may rest assured 
that the railways will not be slow in making profit- 
able use of the information thus provided, if it dis- 
closes a state of affairs, with regard to engineering 
science or practice, in any sense remediable. 





SPEED-REDUCTION GEARS FOR 
MARINE TURBINES. 

Ir has been obvious from the first application of 
the steam-turbine to marine propulsion that its 
natural high speed introduced a handicap against 
which it had to labour when establishing a position 
as a suitable prime mover for the work. By the 
use of turbines of large diameter it has been pos- 


sible to bring down the speed of rotation to a point | P 


at which the propellers can be run with high effici- 
ency, but the best arrangements are even now some- 
what of a compromise, and it is possible that if the 
number of revolutions could be further reduced a 
still higher propeller efficiency might be obtained. 
This belief has led to much suggestion, and some ex- 
periment towards speed-reduction gears, to be inter- 
polated between the turbine and ne By terme 
Various schemes have been proposed—electrical, 
hydraulic, and mechanical—and there is every pro- 
bability of some of them being tried on an adequate 
scale. 

On the face of it, the introduction of any type of 
gearing between the turbine and propeller is un- 
desirable. It is frequently said that progress lies 
in the direction of simplification. Often enough 
this statement is false, but none the less it does 
stand for an aspect of truth. Many of the most 
successful applications of mechanical principles are 
an outcome of the evolution of more complicated 
forms towards simplicity, and in the present case 
the introduction of a new link between a ship’s 
turbine and propeller does represent a retro- 
gression, a departure from direct application, which 
is inherently undesirable. None the less, it may 
prove advantageous to introduce, at all events in 
low-speed steamships, such a link, representing a 
stage in development, although it is difficult to 
think thata plant involving such link will constitute 
the ultimate solution of the problem. 

For the moment the state of affairs is simple 
enough. The most economical speed for the tur- 
bine is not the most economical speed for the pro- 
peller, and vice versd. If it is possible to devise 
and construct some form of speed-reducing gear 
which will be as reliable as the rest of a steamer’s 
machinery, and, at the same time, will be of such 
efficiency that the over-all efficiency of the plant 
will be so increased as to more than compensate for 
the extra capital cost, upkeep, and weight involved, 
the case for the gear will be made out. Any 
such gearing, by allowing higher turbine-blade 
speed’ than are at present used, will permit the 
fitting of a turbine not only more efficient than 
those now in use, but also lighter and cheaper. In 
the case of the propeller, matters will work in the 
opposite direction, as far as weight is concerned, 
the slower running propeller being heavier, and 
requiring a larger shaft. The efficiency will, how- 
ever, be improved. Apart from the direct issue 
turning on speed and efficiency, other considerations 


having reference to the arrangements which can be 
made for running economically at two or more dif- 
ferent speeds. This point is of great importance in 
warships, owing to the well-known necessity for run- 
ning during lengthy periods at either cruising or full 
speeds, and at speeds varying within narrow limits, 
when ships have to keep station in line manceuvres. 
Of the various methods of dealing with this ques- 
tion, the employment of mechanical gearing is the 
simplest, and is likely to a 1 to outsiders as the 
most desirable way of adil ing the problem. The 
argument in favour of any solution on these lines 
must, of course, turn solely on the improved effi- 
ciencies of turbine and propeller which may be 
obtained. No practicable scheme of this sort is 
likely to touch the question of high efficiency at 
two speeds, or to offer any assistance in connection 
with the reversing difficulty. A satisfactory speed- 
reducing spur-gear would allow of increased effi- 
ciency in high-speed passenger boats, and might lead 
to the application of the steam-turbine to slow- 
speed cargo boats, for which at present it is quite 
unsuited. There is little doubt that gearing could 
be constructed of such high efficiency that the over- 
all efficiency from turbine to propeller would be 
markedly greater than is now obtainable for the 
slower-speed ships. With the 6000 horse-power gear 
constructed by Mr. Westinghouse, a test-plate ettici- 
ency varying from 98.7 to 99 per cent. was ob- 
tained,* while the experimental 300-horse-power 
gear tried by Mr. Parsons gave 99 per cent. efficiency. 
Even assuming that these results are high for prac- 
tical working, it is evident that a speed-reduction 
scheme on these lines is not likely to fail owing to 
the low efficiency of the gear. There is a natural 
reluctance among marine engineers to adopt spur- 
gearing for the main drive of ships, as the prac- 
tical results in working such an installation is im- 
possible to foresee. It is satisfactory, however, 
to know that these experiments are in competent 
hands, and in a year or so some practical data 
bearing on the question should be available. The 
arsons Marine Steam Turbine Company, Limited, 
are now fitting the s.s. Vespasian with gearing and 
turbines of 1000 horse-power to replace the original 
reciprocating engines. It is interesting to reflect 
that the adoption of gearing on board ship would 
mark a reversion to earlier practice, in which 
spur-gearing was used to increase the speed of the 
propeller above that of the slow-running engines. 
he various electrical schemes which have been 
put forward propose to achieve more than the mere 
increase of efficiency which would follow on higher 
speed turbines and slower speed propellers. By 
splitting up the prime mover into suitable units 
they suggest methods by which a steamer may be 
run at various speeds always at, or near, maximum 
efficiency, as far as the turbines are concerned. 
This feature would be of more importance in war- 
ships than in merchant vessels. e partisans of 
the various electrical schemes point to the successful 
running of the innumerable electric-power stations 
scattered throughout the world, and insist that their 
proposals involve no new principles, but merely re- 
present a new application of well-tried methods and 
apparatus. In a general way this may be granted, 
without such assent carrying with it an admission 
that their case is made out. The suggested advantage 
of splitting up the prime mover into such units 
that a certain part of the plant may be shut down, 
when a boat is required to steam at some speed 
lower than the maximum, is likely to be of little 
importance in the merchant service. It has been 
suggested that a steamship bears some analogy to 
a power-station, and that its load-factor is such 
that much economy might result from ability to 
shut down part of the plant at times of light load. 
It is doubtful, however, if there is much in this 
idea. The average passenger or cargo steamer 
runs for so large a part of its time at its maximum 
speed that little would be gained by the introduc- 
tion of complicated mechanism merely with the 
idea of improving its efficiency at speeds other than 
the usual. With warships the matter is very 
different, and for the moment the electrical pro- 
positions have a much stronger case to urge with 
regard to them. With an ordinary passenger or 
cargo-boat it is difficult to see that an electrical 
speed-reduction system would have any —— 
over a spur-wheel gear, assuming both equally 
petbod Pe while the efficiency of the electrical 
scheme ‘would certainly be less than that of the 
mechanical one, and its initial cost greater. 


All propositions involving the use of an elec- 
trical transmission are apt to raise opposition 
among marine engineers. This opposition is not 
surprising. The voltages which it is proposed to 
employ are so high relatively to those which, up to 
the present, have been used on board ship ‘that 
some doubt as to the likelihood of their success, 
under the special conditions, is easily understood. 
The scheme proposed by the General Electric 
Company, of Schenectady, involves the use of 
current at 2000 volts. To electrical engineers, 
used to the high voltages employed on land, 
this doubtless sounds reasonable enough, but to 
marine engineers matters appear in a very dif- 
ferent light. The conditions at sea are likely to 
yrove much more onerous than any which have to 

met on land. Apart from the effect of a green 
sea down an engine-room hatchway, which could 
probably be guarded against, difficulties are likely 
to arise owing to the dampness of the air. With 
plants of large size, ventilating arrangements on an 
extensive scale will have to be made, and with high 
voltages it is difticult to think that trouble will not 
be experienced, owing to spray being drawn down 
the ventilators in bad weather. In this connection 
it is interesting to note that in Mr. Mavor’s scheme 
a voltage of from 600 to 1000 is suggested, which 
is considerably lower than that pro d by the 
General Electric Company ; while Mr. Parsons, in 
conjunction with Messrs. Stoney and Law, has 
attempted to meet the insulation difficulty by a 
system of interwinding the generator and motor 
windings, so that the voltage of no part of the elec- 
trical system will differ greatly from that of earth. 

The various electrical schemes which have been 
proposed all make arrangements for reversing, 
which do away with the necessity of fitting special 
reversing turbines, and in this respect they are 
superior to the spur-gearing proposals. The hy- 
draulic transmission gear proposed by Dr. Féttinger* 
would, however, appear to combine some of the 
advantages of the simple spur-gear drive with the 
reversing possibilities of the electrical method. 
The efticiency of the transmitting gear is lower 
than is likely to be obtained with a well-designed 
spur-gearing, but will probably compare favourably 
in this respect with any electrical scheme. As is 
generally known, this apparatus has already been 
tried on a practical oily and its development 
should be a matter of much interest. While it is 
impossible to suggest that this or any other of the 
numerous proposals is likely to form the final 
solution of an interesting problem, it will be evident 
that a large amount of skilled attention is being 
directed to the question, and some practical appli- 
cations on a reasonably large scale are likely to be 
seen. It is quite possible that further improve- 
ment in high - speed propellers may ultimately 
render any form of reduction gearing superfluous, 
but for the moment the state of affairs justifies 
the attention which is being given to the develop- 
ment of some type of gear. 








THE FLOODS IN THE SEINE. 

A FLoop exceeding in height any that has occurred 
during the last two and a half centuries has just 
taken place in the Valley of the Seine, with conse- 
quences particularly disastrous for Paris and its 
outskirts. At the principal bridges of Paris there 
have been long esta lished s scales with bench marks 
which enable the height of the flood to be read 
directly. These scales have, however, been fixed in 
an independent manner, simply by relation to the 
depth of water in front of each structure considered, 
and consequently they cannot be compared among 
themselves. But the importance of the flood is 
none the less indicated by them when the height 
which it has attained at any one of these points is 
considered. 

If it be desired to make comparative observations 
over a long period, notably during the eighteenth 
and nineteenth centuries, it is necessary to base the 
observations on the Pont Royal, that structure being 
one of the oldest bridges of Paris, and possessing a 
scale on which is marked the level of the disastrous 
floods of 1740. At the Bridge of Austerlitz, which 
is much more modern, there is found a scale which 
gives us comparisons for all the floods since the 
terrible inundation of 1802. Further, at the Bridge 
of La Tournelle, which is situated above the Bridge 
of Austerlitz, and below the Pont Royal, there 
exists a scale which is very useful to consult, be- 














come in, particularly with the electrical schemes, 


* See ENGINEERING, vol. lxxxviii., pages 377 and 763. 


* See ENGINEERING, vol. lxxxviii., page 601. 
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cause it has been very carefully fixed and marked 
with flood-levels. The scale of the Pont Royal 
attracted much interest at the critical moment of 
the present inundation, since the mark which corre- 
sponds to the flood of 1740 was overpassed. The 
ordinary level—the normal depth of water at this 
bridge—is 2.48 metres (8 ft. if in. on the scale ; 
on Friday, the 21st ult., the height attained was 
5.30 metres, then 6.50 metres, the day following 
7.14 metres, and on Sunday, the 23rd ult., 7.57 
metres. The water then rose up to 7.89 metres, 
then to 8.29 metres, and last Thursday the water 
reached nearly 9.10 metres (29 ft. 10 in.). 

It is well to recall that the height of the low water 
at Pont Royal is 24.5 metres (80 ft. 6 in.) above 
the level of the sea, and also that the distance of 
this point between Paris and the sea is 224 miles, 
following the numerous sinuosities of the river. It 
is thus easy to understand that the mass of water 
accumulated at Paris, both below and above, could 
only run away very slowly. This is an inconveni- 
ence without doubt, but it has the compensating 
advantages that the water could not attain any 
great velocity, and that, if it was widely spread 
upon the surrounding land, it did not tear up the 
ground nor rapidly undermine the houses against 
which it lapped. 

If we wish to compare the inundations which 
have just occurred with the most terrible floods 
which Paris has had to suffer (of which it has kept 
the precise records), it is necessary to consider the 
scale on the bridge of La Tournelle. In 1649 there 
was marked there a height of 7.66 metres(25ft. 2in.); 
that was an enormous flood, since the correspond- 
ing figure for 1802 did not exceed 7.45 metres, and 
that of 1876, which worked so much havoc in the 
basin of the Seine, and also upon the banks of the 
Garonne, did not attain to a greater height. than 
6.69 metres. In 1658 there was another flood, 
which has been quoted up to the present as the 
most terrible and highest of the Seine, which is 
ordinarily so tranquil. In that year the scale on 
the bridge of La Tournelle showed a height of 
8.21 metres. Now, during the inundations of 1910 
the height attained has 8.40 metres (27 ft. 
6 in.). We, therefore, see that the violence of the 
flood has exceeded by a considerable amount that 
which has been considered the most disastrous 
during the two preceding centuries, and that only 
once was the ioe of the flood almost equal to that 
of last week. Besides, in 1658 Paris had a much 
smaller population than it has now. The environs 
did not include such agglomerations of people 
living close to the river, nor the thousands of 
houses constructed in a cheap and flimsy fashion. 
The river floods at that time interfered with much 
fewer persons. 

Formerly people were much more careful where 
they built their houses ; the land was not so dear, 
because the population was much less, To-day, on 
the contrary, the land is very valuable, and every 
part of its surface is made use of. It is for this 
reason that an agglomeration of more than 30,000 

rsons is found in the region of Alfortville and the 
Maisons Alfort, which have been so much talked 
about during the last week. These districts have 
been mostly submerged; they are in the flat country, 
and at a slight altitude, where the Seine joins with 
the Marne, which carries an enormous volume of 
water in times of flood. That flat region is traversed 
by the main line of the Paris-Lyons-Mediterranean 
Company in its course towards Lyons and the 
South of France. Naturally, the houses stand closer 
together as one approaches Paris. Upon the left 
bank of the river there lies the plain of Ivry, 
which is the most important locality for manu- 
factories, and where there is installed a large part 
of the Parisian automobile industry. To take 
advantage of the neighbourhood of the river as a 
means of transport, the ater part of the fac- 
tories are built along its baaks. Crowds of tene- 
ments have been put up to afford lodgings for the 
workmen in these factories’ and for the various 
business people who are connected with them. 

In Paris the houses are separated from the river 
by the width of the quays. It is true that these 
form a line of. defence, but in many parts certain 
streets, or certain quarters, are well below the level 
of these quays, and as the water of the Seine has 
attained and has passed the crest of these latter 
during the height of the flood, it has not been 
necessary for it to make breaches in order to invade 
the low lands. That invasion has been facilitated 
by the various galleries and sewers which have been 
left in communication with the wall of the quays, 





and in consequence with the body of water itself 
when it mounted to a sufficiently high level. 

Below Paris, equally as above it, there are to be 
found houses and factories constructed nearly every- 
where upon land liable to inundation, although that 
result may not have taken place, for the very good 
reason that upon the vast surface it is not possible 
for the water to rapidly attain a height equal to the 
level from which it starts. This is particularly true 
for the lower parts of the towns of Sevres, Puteaux, 
Courbevoie, Neuilly, Levallois-Perret, Asnieres, 
and Gennevilliers, where the immense market 
gardens are situated, with the houses of the culti- 
vators, in a huge plain, defended on one side by an 
embankment bordering the Seine. The distance to 
which the waters extended is shown by the stippling 
on the map of Paris, annexed. It is evident that 
the cost of the land and the desire to utilise all the 
space available to construct houses and to establish 
factories has led to much imprudence in building in 
Paris and in its vicinity. But it must be remem- 





actly what it did. It flowed into the underground 
railway, and it thus invaded the immense and 
remarkable underground station established at the 
Quai d’Orsay. This unfortunate construction faci- 
litated thé invasion of all the cellars and all the 
dwellings situated on the border of that underground 
railway, the walls of which were not sufliciently 
stout to resist the infiltration of water under pres- 
sure. It is because the water was under pressure, 
and also because its level exceeded very quickly the 
summit of the interior arch of the underground 
railway, that this arch has been started at many 
points. As a consequence of the infiltrations 
coming directly from the river, all the lateral streets 
have been under water, the quay itself being often 
covered to a depth of more than a metre and a 
half. 

A similar construction is found in the line which 
comes from Versailles, in the long tunnel which 
follows the course of the Seine, even after its 
arrival in the interior of Paris. It ends on the 
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bered that no one imagined it would be possible to 
see a reproduction of a disaster which te taken 
place since 1658. 

The invasion of the waters into quarters of Paris 
which had otherwise been free from them has been 
facilitated by imprudences which have been com- 
mitted in other parts. In the first place, the pro- 
longation further into the centre of Paris of the 
Orleans line as far as the Station d’Orsay* was 
carried underground, and close to the river under 
the quays which border the Seine. An overhead 
line was considered undesirable, and on leaving the 
old Austerlitz station, the former terminus of the 
line, the railway was carried downwards. It com- 
menced by passing in the open along a steep bank 
of the Seine, in a cutting which had no protection 
against the inroad of the waters if they rose to any 
considerable extent. That permitted the river to 
divert itself quite naturally into a sort of covered 
canal parallel to itself, which formed a subterranean 
way built under the quay. To crown all, in order 
that the line might be lighted naturally, without 
the necessity for multiplying electric lamps, there 
had been pierced along the river, in the wall 
sustaining the quay, and separating the line from 
the river, a multitude of openings, at a level which 
the inundation had not any difficulty in attaining. 

In any case the water could enter easily higher 
up by the steep bank of the Seine. This is ex- 





* See TRACTION AND TRANSMISSION, vol. i., page 225, 
for a full description of this station. 


Esplanade des Invalides in a subterranean station, 
but in its progress past the course of the Seine it 


|is defended only by a wall which was not sufficient 


to prevent serious infiltration, and which has further 
been submerged by the rising water. The open 
cutting in which the line runs has thus been also 
transformed into a river, and the waters have com 
pletely invaded the terminal station at the same 
time as the intermediate stations. 

We have already said that the danger was 
greatly augmented by the fact of the existence of 
sewers and of galleries which offered themselves for 
the invasion of the waters at the moment when the 
river mounted above a certain level. For these 
sewers—and this is a mistake which seems to us 
inexcusable—which no longer discharge sewage 
into the river in its passage through Paris, there 
have been maintained openings in the walls of the 
quays, to facilitate the evacuation of the mud. 
There was no provision arranged for closing these 
openings capable of resisting the pressure of the 
waters resulting from a head of several metres. 
The waters of the Seine drove before them the 
sewage accumulating incessantly in the conduits. 
There were thus often produced back current» 
which made the sewage flow back and spout from 
the drains in quarters very distant from the river. 
The pumps were not able to remove the water whicti 
constantly flowed into the sewers, and, besides, ver) 
often these pumps themselves, placed too near to the 
Seine, were flooded and put out of action. 





There was, therefore, a kind of return inundation, 
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resulting from the backward flow of the polluted 
waters in the sewers. At another part there was 
established direct communication between the bed 
of the Seine and a considerable portion of the very 
pervious subsoil of Paris. 

Another cause contributed to complete this sub- 
terranean inundation and to render it more serious. 
The flood-water found numerous doors of entry in 
the galleries of the Metropolitan Railway* in course 
of construction, and from thence it was able to 
spread, and it did spread, directly, or through the 
arches, the roofs, and the walls of the lines which 
were at work. Thus the Seine, rising over the 
uays in the upper portion of Paris on the left bank, 
was able, by reason of the weight of waters, to 
cause the falling in of the arch of one of the new 
lines. Further, and particularly on.the work in 
course of execution under the Place de la Concorde 
for two new lines (which had already been inun- 
dated two years ago in consequence of a strike and 
without any special flood) there was communication 
by galleries with the course of the Seine through 
the walls of the quays. The flood swamped the 
openings of these galleries, and the waters precipi- 
tated themselves inside like a river, and also into 
the other lines which were almost completed. It is 
impossible to say what the cost of the repairs will 
ultimately amount to, but it is easy to understand 
that the current rushing through the. galleries, 
which were not built to stand such a test, has 
caused infiltrations, settlements, and falling in, in 
addition to the invasion of .all the Metropolitan 
lines higher up, and in the neighbourhood of which 
this torrent took place. In this manner the 
environs of the Gare St. Lazare, nearly two kilo- 
metres from the Seine, have been undermined by 
the invasion of this subterranean river, boring a 
thousand channels, bursting and disrupting the 
sewers, and spouting by its pressure across the 
footpaths. Thus also, in -the Place de 1l’Opera, 
settlements and very serious movements of the soil 
have been produced by reason of the passage of the 
torrent from gallery to gallery and from line to 
line. Finally, by direct infiltration, by the rupture 
of sewers, and by the invasion of the Metropolitan 
lines, there has been produced in the subsoil of 
Paris the most serious condition of affairs, which it 
is difficult to realise, and which can scarcely be 
indicated on the map. 

It is interesting to consider how such floods can 
take place in a river basin like that ef the Seine, 
where there are no high mountains likely to be 
covered by considerable falls of snow which may 
melt suddenly in consequence of a rise of tempe- 
rature, or where the denudation of forests has not 
taken place to any considerable extent, and where, 
in nearly all parts, a layer of earth retains for a 
certain time the rain, and consequently where we 
are not in the presence of a torrential régime, as in 
the Pyrenees or the Alps. The floods of the Seine, 
even the most terrible, do not show a torrential 
character. The rise of the waters is, even in the 
worst periods, only from 20 in. to 26 in. in twenty- 
four hours, and it is only those who are of an 
optimistic disposition, and who are not willing to 
abandon their houses and their goods before being 
actually obliged, that are taken by surprise. It is 
to be remembered, however, that in certain parts of 
the basin of the river there are impermeable districts 
which allow the water to run off immediately, and 
if it rains in these regions, when the Seine is 
already high, the accession of the affluents from 
these parts immediately raises the level of the river. 
In parts of Avallon, in St. Dizier, and Auxerre one 
finds in abundance these impermeable districts. It 
was an affluent of the Yonne (which itself falls into 
the Seine) which became flooded suddenly, and 
attained a volume of 41,000 times the ordinary flow 
which takes place during a drought. On the other 
hand, each time that these river floods take place 
in the basin of the Seine the permeable districts of 
the basin are found to be saturated with water by rain 
which has fallen abundantly for a considerable time, 
and if in addition there is acyclone, as was the case 
this year in January, adding suddenly an enormous 
quantity of water which finds the earth incapable 
of absorbing it, the flood then runs over the surface, 
and suddenly causes the innumerable rivulets to 
rush tumultuously into the basin if the rain is 
gencral over the whole area. As a consequence the 
Marne, with its multitude of affluents, and the Seine 


* See TRACTION AND TRANSMISSION, vol. i., page 89, 
and vol. vii., page 202. See also ENGINEERING, January 11, 
1907, page 38, for a complete map of the railway. 








and its affluents, not less numerous, carry at the 
same time into the region of Alfortville a veritable 
liquid mountain which can attain an extraordinary 
level. These conditions constitute the principal 
cause of the unexampled inundation from which 
Paris has been suffering. Although it is not en- 
dowed with actual mountains, the basin of the Seine 

ssesses, nevertheless, the high plateaux of the 

orvan, upon which there are heavy snowfalls— 
plateaux which are nearly 3000 ft. in height, and 
for the most part composed of impermeable soil. 
The snow which fell this year was suddenly and 
prematurely melted, under the influence of an 
abnormal and extremely warm. temperature. The 
water resulting from the thaw reinforced the floods 
coming down by the rivers, and resulting from the 
prolonged and abundant rains which took place at 
the same time. This accumulation of water in the 
bed of the Seine above, and in the district imme- 
diately below, Paris, was rendered more serious 
because the valley has only a very slight fall. 
Further, the L’Oise adds, a little way beyond the 
immediate outskirts of Paris, an enormous quan- 
tity of water to the Seine, and so increased the 
accumulation above by raising the level of the 
water lower down and preventing the free outlet of 
the river. 

It would be possible to prevent in great part the 
most serious consequences of such floods by guarding 
against the faults to which we have referred in the 
public works of Paris—such as-leaving means of 
access by the river to the galleries of the Metro- 
politan Railway and the sewers. It is further 
important that general railway lines should not be 
constructed in the manner which distinguishes 
those of which we have spoken, and that large 
electric stations, which feed a great part of the 
Metropolitan system, should not be established at 
a level to which floods can attain, even when they 
are of exceptional severity. 

There is in the Paris district, as in France 
in general, a hygrometric service. This service 
does not content itself with noting the falls of rain 
and the rise of the streams. It is completed 
by a very useful service for announcing floods. 
The floods of the Seine at Paris and the environs 
do not take place until three or four days after 
partial floods in the affluents with which it is 
necessary to reckon. One can then foresee the 
variations of the level of the river in the most 
crowded portions from the study of the affluents. 
It is not sufficient to measure the rainfall in the 
different regions of the basin, for the rain has an 
action more or less rapid according to the nature 
of the soil, or the state of humidity of that soil, in 
the districts in which the observations are made. 
By reason of methodical and continuous observa- 
tions, it has been possible to find an em- 
pirical rule which gives the means of announcing 
sufficiently long in advance to all the dwellers 
on the river banks, and others interested, what 
will be the figures at the different scales we have 
mentioned already. Consequently everyone is in 
a condition to see if the water will attain there 
to a dangerous height during a space of time 
which is set forth. The empirical rule is essentially 
this :—The rise of the Seine at Paris is about 
equal to double of the mean of the partial rises 
observed upon the principal affluents at the fixed 
scales established at the determined points. These 
affluents are principally the Yonne, the Cousan, the 
Armancon, the Marne, the Saulx, the Aire, and 
the Aisne. There are also little streams of water 
which are generally ignored, but whose influence 
may nevertheless be very great, since they are 
torrential, and sometimes they throw into the Seine 
a very formidable mass of water over a very short 
time. 

Tt is to be hoped, at least, that this unprece- 
dented pac ie: will lead to the taking of 
more precautions in the works which are near 
to the river. We must not, however, blame the 
French engineers too much. The last really bad 
flood was in 1802—108 years ago—and it was 
reasonable to argue that the régime of the river must 
have undergone a gradual change for the better, or 
else there would have been other great floods in the 
interval. Engineering is a matter of money in the 
last instance ; and although the losses caused by 
the present inundation promise to be enormous, 
yet the outlay necessary to keep the river strictly 
in its trough would have been very great, and to 
this must be added the compound interest from 
year to year, Flood-works have a very small ‘‘ load 
factor ;” when they are actually operative they give 








|a splendid return, but it is only for a very short 


time at long intervals, and the average return may 
be almost insignificant. There are, however, as we 
have indicated, certain improvements that can be 
effected on the banks of the Seine that could 
be carried out at small cost, such as closing off the 
sewers from the river, and shutting off direct com- 
munication with the Metropolitan, and these works 
alone would greatly curb any future flood. It is, 
however, to facilitating the flow through Paris by 
spill-channels across the bends, rather than to actual 
compression of the flood into its bed, that we should 
look for relief in the future. 








POINTS IN LAW OF BILLS OF 
EXCHANGE. 

A recent bill of exchange case which came 
before the Court of Appeal is a striking illustra- 
tion of the too common misunderstanding by 
business men of this very important branch of com- 
mercial law. In referring to. this case, which, in 
the first instance, was decided in the Mayor's 
Court in favour of the trader who accepted the bill, 
and, again, in the Divisional Court, it may be of 
interest, before entering upon the discussion of some 
— in the law of bills of exchange, to explain 

ow the appeal of the bankers was ultimately 
allowed. 

The mistake in this case of the London Trading 
Bank v. Ryder is a common one. The defendant, 
a trader in Portsmouth, bought goods of one Ellis 
in’ London, and in payment gave Ellis a bill of 
exchange, which Ellis, in due course, negotiated 
with the London Trading Bank. When the bill 
became due. it was duly presented for payment, 
and returned by the defendant with a note saying 
that payment was refused and payment would be 
sent direct. Three days after the defendant sent 
direct to Ellis, the drawer of the bill, his cheque 
for the amount of his account for which the bill 
had been given, but he did not ask for the return 
of the bill, as he should have done. 

The bill got mislaid at the bank, so that there 
was some delay on their part, and the matter does 
not appear to have been settled by their customer, 
who, as drawer, negotiated the bill, and afterwards 
got payment from the acceptor direct. When, at 

t, action was taken by the bank against the 
acceptor of the bill, the acceptor pleaded that the 
bank was estopped from saying that they were 
bond-fide holders of the bill for valuable considera- 
tion, or holders in due course, inasmuch as they 
permitted the acceptor of the bill to pay the amount 
direct to his creditor, the drawer of the bill. The 
Court of Appeal held that there was no case of 
estoppel, and gave the plaintifis—the Trading Bank 
—leave to appeal. e are not any further con- 
cerned with the merits of this particular case, but 
only with the points of law which led the Court of 
Appeal to decide that the bankers were not 
estopped from saying that the defendant, as 
acceptor, was still liable on the bill, notwithstand- 
ing that the plaintiffs themselves had delayed 
making their claim, and the defendant had mean- 
time paid the amount direct to the drawer of the 
bill. 

The defendant Ryder, who, having paid the 


amount of the bill to Ellis, who had negotiated it, ~ 


alleged that as he no longer owed the bill to Ellis 
there could be no bond-fide holder for value, and 
therefore there was no one who had any legal claim 
upon him: It is the law, however, that a bill of ex- 
change is negotiable, and that the person to whom it 
is delivered—i.e., the “holder”—can sue the acceptor 
upon it in his own name; and if he is a bond-fide 
holder for.value, he has a good title, notwithstanding 
any defective title of the person from whom he took 
it. It is true that any person taking any assignment 
of a right to sue takes it subject to existing equi- 
ties—that is, subject to any equitable counter- 
claim against the assignor ; but this rule does not 
apply to the assignment of a negotiable instrument. 

e law relating to bills ef exchange, promissory 
notes, and cheques is now contained in the Bills of 
Exchange Act, 1882. 

In the ordinary way the form of a bill is 
rarely a matter of dispute, but the title of the 
holder often is, although the law recognises the 
‘**holder ” of the bill is the bearer, or the payee, 
or indorsee who is in possession, and the ‘ holder 
in due course” is one who takes a complete bill 
before it was overdue, also one who took the bill 
in good faith for value. The lawful holder is the 
holder in due course, whose title is good against 
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the world, even when he is but the collector or 
agent for the transferor, as in the every-day case 
of a banker. In this case of the London Trading 
Bank v. Ryder it will therefore be seen the acceptor 
had no right to dispute the plaintiff's claim to 
enforce payment. The acceptor, when he paid the 
drawer of the bill by cheque, if he had meant to 
discharge his liability on account of the bill, ought 
to have insisted on getting it back, but he did not 
apparently ask for its return. The defence that 
the bankers were estopped from insisting on pay- 
ment to them because the acceptor had paid the 
drawer of the bill by cheque was not good in 
law, because estoppel must be distinctly expressed 
or be implied by the conduct of the holder. 
Had the Court of Appeal upheld the case of the 
acceptor, these bankers, who presumably had given 
the drawer cash for the bill, would have lost their 
security if, having negotiated the bill, it were 
allowed to be discharged by the irregular course of 
the acceptor paying his creditor, and not requiring 
the return of the bill. 

Passing to the consideration of foreign bills, it 
may be noticed these are generally drawn in parts 
or sets, so that if one is lost the holder may re- 
cover on the other bills. In the case of a bill 
drawn in one country and payable in another, the 
law of the place where it is payable governs the 
obligation of the acceptor it of the indorser or 
surety, while the drawer of the bill is bound by the 
law of the country where it is drawn. A bill 
indorsed in blank passes, on delivery, to any 
bond-fide holder. <A bill of exchange may be 
drawn or accepted on behalf of a corporation by 
any person acting under its authority if the cor- 
poration has legal power to draw or accept bills. 
Generally a corporation can only contract by its 
writing under its common seal, but where bills are 
a necessity, as where the corporation carries on 
business, its bills are generally signed by procura- 
tion (per pro). The law as to bills of exchange in 
company transactions is contained in the Com- 
panies Acts. The liability of directors arising out 
of a bill has been considered in many cases in the 
Courts ; for example, where a bill of exchange was 
drawn upon a limited company in its proper name, 
and it was accepted by two of the directors for the 
company under the company’s rubber-stamp. In 
impressing the stamp, which was wider than the 
bill form, the word ‘‘ limited” overlapped and did 
not appear as part of the signature of the acceptors, 
and it was sought to make these two directors per- 
sonally liable as if their liability were unlimited. 
The full name, including ‘‘ limited,” was, however, 
written by the drawer in the body of the bill, and 
the Court properly held the directors could not be 
personally viable. 

An agent who draws upon his principals is, as 
drawer, personally liable to third parties if the bill 
be dishonoured. A sea captain abroad drew a bill 
upon his owners for payment of bunker coal pur- 
chased at a port: of call. The merchant to whom 
it was payable could not discover the whereabouts 
of the steamer and served notice of dishonour upon 
the captain, who was held to be personally liable 
as drawer, 

A bill is ‘‘dishonoured” when either acceptance 
or payment is refused. The effect of dishonour by 
non-payment is, of course, that immediate recourse 
to acceptor and indorser accrues to the holder. 
Every bill must be duly presented for payment, 
even when the holder knows it will be dishonoured. 
There are a few exceptions to this rule, as in the 
case of accommodation bills. 

When a bill is dishonoured by non-payment it 
should be duly ‘ protested.” A ‘‘ protest” is a 
solemn declaration by a notary public. An inland 
bill may be noted or protested for non-acceptance or 
non-payment, but such formality is not obligatory. 
In foreign bills it is obligatory, for the better 
security of the parties when subsequent proceed- 
ings are taken. Carelessnass is most often the 
cause of bill disputes. A young merchant bought 
goods, and his creditor agree@ to take his acceptance 
if indorsed by his father as surety. The creditor 
drew a three months’ bill payable to his own order, 
and, without indorsing it, sent it to the young mer- 
chant for his acceptance and for his father’s indorse- 
ment, both of which were duly obtained. To 


many business people this might seem to be 
quite in order, but it did not commit the surety. 

he bill was dishonoured, and the father denied 
liability, and the Court upheld his contention, 
because it was not a complete bill when indorsed 
by the defendant as indorser, inasmuch as the 





plaintiff, as drawer, had not signed it ory = 
It was signed before being discounted, but the 
surety was not bound by merely signing a bill 
which at the time of his signing was not yet com- 
plete and regular by the indorsement of both 
drawer and acceptor. In a case in the Court of 
Appeal a trader was asked by a money-lender, from 
= a he was getting a loan, to lodge with him, as 
security, a bill for the amount drawn by a respon- 
sible friend and accepted by the trader. This was 
done ; but the ,bidl, when passed to the plaintiff, 
was not indorsed:by the drawer, the defendant. 
This was not noticed at the time of the loan, and 
when afterwards required to indorse the bill, the 
defendant, who had had no value for it, refused his 
signature. It was, however, held that the friend 
drawing the bill was the ‘‘ holder” of the bill from the 
moment it had been accepted, and was therefore liable 
as transferor to the transferee. The cases arising 
out of bill of exchange disputes are too many and 
varied to be even mentioned within the limits of a 
short article, but the case we referred to at the out- 
set, and the others briefly mentioned under some of 
the various heads, show how serious a matter is 
the indorsement of a bill of exchange, and how 
strictly the rights and liability of the parties are 
enforced in the Courts. 








NOTES. 
Statistics oF RADIOTELEGRAPH STATIONS. 

Tue International Bureau for Telegraph Adminis- 
tration in Berne, Switzerland, has published two lists 
of the stations which are open for radiotelegraphic 
service in accordance with the regulations of the In- 
ternational Radiotelegraphy Convention. The first 
of the lists records the names of the stations in 
alphabetical order ; the second groups the stations as 
shore stations and ship stations, and arranges them 
as to States, while brietly indicating the geographical 
position of the station, the system applied, the call 
signal, the nature of the receivers, the range, the 
wave-lengths used, the traftic regulations, hours of 
service, and tariffs. The information given is based 
upon official reports received from the respective 
Governments, While what is published may, 
therefore, be accepted as reliable, the list is far 
from being complete. France and the United 
States, and several other countries, which have not, 
or have not yet, joined the Convention, are altogether 
omitted, and it is clear that the information con- 
cerning radiotelegraphy on warships is, in many 
instances, defective. Thus the number of stations 
actually in working order must be considerably 
larger than it would appear from the lists, which 
enumerate 128 shore stations and 579 ship 
stations, belonging to twenty different States. 
The United Kingdom leads as regards both shore 
and ship stations. The numbers are the following : 
—Of the 128 shore stations, 35 belong to the United 
Kingdom, 23 to Italy, 15 to Germany, 13 to Russia, 
seven to Denmark, five to Japan, four each to 
Mexico, Norway, and the West Indies, three each 
to Chili, the Netherlands, and Austria-Hungary, 
two each to Spain and Uruguay, and one each to 
Belgium, Brazil, Gibraltar, and Roumania. The 
ship stations are distinguished as belonging to the 
navies and to the merchant services. There are 
176 naval and 86 merchant stations in the British 
Fleet ; adopting this order, that is, putting vessels 
of the navies first, we find 93 + 65 stations credited 
to Germany, 15 + 16 to the Netherlands, 27 + 0 
to Sweden, 20 + 0 to Austria-Hungary, 0 + 15 to 
Italy, 10 + 4 to Denmark, 12 + 1 to Norway, 
0+ 10 to Belgium, 0 + 10 also to Japan, 7 + 0 to 
Chili, 5 + 0 to Spain, 0 + 5 to Roumania, and 
0 + 2to Russia. It will be noticed that no men- 
tion is made of radiotelegraph outfits on ships of 
the Italian, Japanese, and also Russian navies, e.g., 
while it is well known that good experimental work 
has been carried out on some of their vessels, and 
that a regular radiotelegraphic service is kept up in 
these navies. 


Port ArTHUR AND THE MancnurtaAN Ratiways, 


The name of Port Arthur will be remembered in 
history as that of a strongly fortified place which 
twice was captured by the Japanese, on the first 
occasion during the war between China and Japan, 
and on the second during the war between Russia 
and Japan. Between these two great struggles 
Port Arthur had ‘fallen into the hands of the 
Russians through means into which we need not 
at present inquire ; but on the understanding with 
the other Powers that it was to be a free com- 





mercial port. The Russian authorities, how- 
ever, soon came to the conclusion that this con- 
dition could not be combined with those required 
for a strong military fortification, and resolved to 
make Dalny, or, as it is now called since it fell 
into the hands of the Japanese, Dairen (a short 
distance from Port Arthur), the terminus of the 
South Manchurian Railway and the great commer- 
cial centre of the Liaotung Peninsula. Since Port 
Arthur and that peninsula came under the control 
of the Japanese the conditions of the problems 
involved have entirely altered, and Port Arthur, asa 
military stronghold, has toa large extent lost its im- 
portance. Another reason why the Russian Govern- 
ment selected Dalny, and resolved to turn it into 
a commercial port, knowing fully well its topogra- 

hical disadvantages, seems to have been that it 

d an extensive tract of land ready to be used 
for building a city upon it; and before the out- 
break of the war with Japan large sums had been 
spenton public buildings andin laying out the city for 
commercial purposes. When the South Manchurian 
Railway Company came to take over the management 
of Dalny Harbour, it was the intention to carry out 
the plans of the Russians, and to develop it and 
make it the ocean-gateway of the railway; but 
when the matter was fully investigated, it was 
found that an enormous outlay would be required 
to complete the work, and it was resolved to 
develop Antung, Ying Kou, and Port Arthur, and 
make them auxiliary perts to Dairen. It is stated 
that the authorities intend to make Port Arthur 
into a commercial port, which will be sufficient 
to meet all the requirements of trans-continental 
trade. Japanis more concerned in diverting foreign 
trade to its own cities than in helping to build up 
a competing centre in the Liaotung Peninsula. She 
has now control over that peninsula, and Port 
Arthur has therefore declined in importance from 
a military point of view. Moreover, she is anxious 
to show that she has no aggressive intentions, and 
there is no longer any necessity to concentrate 
forces which seem to menace the capital of China. 
The change in the arrangements will clear Japan 
of the undesirable suspicions of other Powers, and 
will thus prove a wise diplomatic move. 


A New Metuop or E.ectro-P.iatine. 


On Wednesday, February 2, Mr. Augustus Rosen- 
berg, of London, gave a demonstration of his ‘‘ Im- 
proved Method of Electro-Plating” at the Society 
of Arts. Since 1900, he stated, it had been his aim 
to devise simple processes which any person of ordi- 
nary intelligence could apply, requiring neither 
electrolytic bath nor preparation of the object, nor 
after-treatment, and dispensing with the use of mer- 
cury, cyanides, and other poisonous agents. The new 
method may briefly be characterised as a rubbing- 
on process. Dry mixtures of pulverulent materials, 
for which the inventor proposes the name of 
** galvanit,” are used, and rubbed on the surface 
with a wet rag or brush. Zinc, cadmium, nickel, 
cobalt, tin, silver, antimony, bismuth, gold, and 
platinum can be applied in this way. There is 
a special powder, supplied in tins, for each metal ; 
it was only by 1905 that Mr. Rosenberg succeeded 
in coating metals with nickel, notoriously a diffi- 
cult metal for the galvaniser; and quite recently 
he has been able to add a brass mixture to 
his list. In the demonstrations tubes of brass, 
copper, and steel were coated with nickel, silver, 
cadmium, and zinc, and a copper saucepan was 
tinned. The first operation took less than a 
minute. The coatings thus obtained were, of 
course, very thin. To obtain thicker coatings, the 
lecturer said, from ten to fifteen minutes would be 
required. The mixtures consist of an electro- 
positive metal—as a rule magnesium, which may, 
in the absence of chlorides, be replaced by aluminium, 
or in some cases by zinc—and of a salt or other 
compound of the respective metal, or of this metal 
itself, and further of inert substances, such as chalk, 
soapstone, kieselguhr, boracic acid, and dextrine. 
These substances are added in order to dilute 
the ingredients and to absorb the moisture. The 
powders have, of course, to be kept dry, because 
otherwise the chemical reactions would begin pre- 
maturely ; but they can easily be preserved in 
the small tins, which, we may mention, are to be 
put on the market shortly. The zine mixture 
consists of the following parts by weight : — 
Zinc, 15 parts ; ammonium sulphate, 5 parts ; mas- 
nesium, 1 part; chalk, 10 parts ; and soapstone, 
2.5 parts. The cadmium mixture has a simila: 
composition. The nickel mixture has the com 
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position :—Nickel-ammonium sulphate, 20 parts ; 
magnesium powder, 2 parts. When it is desirable 
to make the mixture acid, or alkaline, as in certain 
electrolytic baths, boracic and organic acids or 
sodium carbonate areused. That the galvanit coat- 
ings will withstand the action of the atmosphere 
and the ordinary wear and tear well, was elicited 
during the discussion. Mr. Rosenberg also stated 
that the coating would not peel off a sheet when the 
sheet was bent to and fro. But he did not explain to 
what thickness of coating this statement referred. In 
ordinary practice the coating would be thin ; and we 
can quite believe that the process offers many advan- 
tages for rapid galvanising in the house and work- 
shop. A bicycle might be nickelled in an hour, Mr. 
Rosenberg said, and if the coating should wear off, 
it could be renewed without having first to remove 
the residue of nickel and to clean the object care- 
fully of grease and dirt. The rubbing itself 
effected the cleaning. The process was, in fact, 
also a polishing process, with the difference that 
ordinary polishing ground the object down, while 
this operation put a fresh protective coating on it. 
Principal 8. P. Thompson, F.R.S., who occupied 
the chair, said that he had tried the process, in 
which he had not at first put any confidence. By 
his request, a Japanese mirror, whose silvered front 
had become tarnished, was re-silvered during the 
meeting. This was quite a success ; the Japanese 
characters on the back of the mirror, which the 
fronts of these mirrors reflect in a somewhat 
mysterious fashion, became visible again in the 
light reflected from the new silver coating. 
Rubbing-on processes are not novel, but the use 
of an electro-positive metal (magnesium) in such 
powders is a novelty. Dr. Thompson mentioned 
that he had been unable to find any reference to 
such applications in the recent treatises, which 
were almost entirely German. We ought to ex- 
plain that the powdered magnesium is protected 
against oxidation by being immersed in a solution 
of paraffin or wax. The galvanising is probably 
partly chemical reduction and partly electrolytic, 
each particle of metal entering into a couple. 








Tur Lonpon Metat Traprs.—At a meeting held on 
Friday last (January 28) at the London Chamber of Com- 
merce, of firms representative of all branches of raw and 
manufactured metals, a Metal Trades Section, represent- 
ing about 150 of the. leading firms, was formally consti- 
tuted. Mr. W. A. Walber (Messrs. W. A. Walber and 
Co.) was elected chairman, and Mr. C. Engholm (Messrs. 
Henry R. Merton and Co., Limited), and Mr. James 
Whitby (Messrs. George Warren and Co.) deputy-chair- 
men. Attention was directed to the Board of Trade 
notice of the introduction of the Provisional Order em- 
bodying the maximum schedules of port rates on goods 
imported into and exported from the Port of London, as 
affecting the metal trades, a sub-committee being ap- 
pointed to consider the rates in the schedules and to 
formulate any representations or objections for submission 
to the Board of Trade and the Port of London Authority. 
It was decided to invite the co-operation of various other 
associations and institutions connected with the metal 
trades, with a view. to common action on matters of 
mutual interest, and also, at future meetings, to consider 
the following amongst other questions :—Foreign and 
Colonial tariff questions (classification, &c.), marking of 
tin-plates (trade descriptions, &c.), railway rates and 
classification, and the appointment of arbitrators in 
metal-trades disputes in cases not otherwise provided for 
under contract forms or agreement. 





PERSONAL.—We are informed that the Simons Magneto 
Company, Limited, Welneck Works, Kilburn, London, 
N.W. es come to an arrangement with Messrs. 
G. H. Smith and W. H. Dorey, of 144, Great 
Marlborough-street, W.C., by which this firm will act as 
their West-End agents. Messrs. Smith and Dorey will 
keep a stock of ~) ome sparking plugs, spare parts, &c., 
at their West-End house.—The annual dinner of past and 
resent pupils of Mr. G. P. Knowles, A.M. Inst. C.E., 
‘.S.L, &c., will take place this year at the Criterion 
Restaurant, on Friday, the 11th inst. Mr. Knowles will 
be glad if all those = are intending to be present, and 
who have not already sent for tickets, will do so not later 
than Wednesday next, to 39, Victoria-street, West- 
minster, S.W.—We have been requested by Messrs. Isaac 
Storey and Sons, Limited, oy Foundry, Cornbrook, 
Manchester, to state that they have entered into an agree- 
ment for amalgamation, dating as from February 1, 1910, 
with the following firms of steam and water-fittings 
manufacturers :—Messrs. Gaukroger, Sykes, and Roberts, 
Limited, Ormskirk and Halifax ; essrs. Martineau, 
3eames, and Madeley, Limited, Holloway Head, Bir- 
mingham; and Messrs. Newman, Hender, and Co., 
Limited, Dyehouse Works, Woodchester, Stroud. The 
name of the new company will be the United Brass- 
Founders and Engineers, Limited. The object of the 
amalgamation is to reduce working costs, and to enable 
the different firms interested to specialise in the various 
branches of the trade, and to improve works organisation 
generally. 








AN EXPERIMENTAL STATION FOR AIR- 
SHIPS AND FLYING-MACHINES. 


THREE years ago Professor L, Prandtl, of Gittingen, 
proposed to the Motorluttschiffart-Studiengesellschaft, 
of Berlin, to establish an experimental station for con- 
ducting air-craft experiments on the lines of tank 
experiments. Professor Prandtl was a member of the 
technical committee of this society, and he was en- 
trusted with the preliminary experiments. A sum oi 
1090/. was granted for the purpose, and a shed was 
erected in the summer of 1908 at Gittingen. The 
sum was small; but the first installation was rather 
regarded as tentative, since the chief problems to be 
studied would only become distinct in the course of 
the research. In the case of airships, the questions 
of least resistance for a certain capacity, of stability 
and dirigibility, of skinfriction, and other problems, 
are all directly connected with the shape of the 
airship and its construction. Somewhat the same 
questions arise as to the design of flying-machines, 
and their study, previous to risking actual flights, is 
even more important in this instance, since there is no 
a priori a, as in the case of airships, that the 
craft will keep afloat in the air. But the objection raised 
against tank-stations — that experiments conducted 
with models do not really admit of:direct utilisation 
for actual ship construction, may, with at least equal 
force, be raised against experiments made with models 
of airships and flying-machines; and it is further 
obvious that the analogy between experiments con- 
ducted in water and in air as media is by no means 
perfect. 

If we leave submarine boats, as long as fully im- 
mersed, out of consideration, ordinary ships move at 
the surface of the medium on which they produce 
waves, which are achief source of resistance. .The air- 
ship is wholly immersed in its medium, does not pro- 
duce waves of the type of water-surface waves, and is 
not, in the same full sense, subject to the action of 
gravity, in so far as gravity does not, in propulsion 
through air, constitute a moving force, while Froude’s 
rule, that the velocities of model and original are to 
one another as the square roots of longitudinal dimen- 
sions, implies this action of gravity. The ordinary 
air-waves are acoustical compression waves. The 
resistance of the air to compression would have to 
be taken into consideration if the velocity of the 
machine were of the order of the velocity of sound. 
But airships do not attain anything like that velocity, 
and it follows, therefore, that conclusions drawn from 
experiments made with slow-moving models may be 
sig to fast-moving machines. In other words, 
there is no Froude rule for airship experiments. Pro- 
fessor Prandtl bases his calculations for model and ship 
on the assumption that the forces vary as the areas and 
as the squares of the velocities. 

In considering the way in which to conduct the 
experiments, Dr. Prandtl, as we see from a discourse 
recently delivered by him, and printed in the Zeit- 
achrift des Vereines Deutacher Ingenieure, was guided 
by the conviction that pulled models would prove 
unsuitable. A carriage might be arranged to run 
outside the conduit, the model communicating with it 
through a slot ; but it would be difficult to separate 
the comparatively small aerial force from the great 
acceleration forces of the somewhat heavy models. 
With pulled or moving models, moreover, the period 
of seal constant conditions is necessarily short, and 
measurements have to be crowded into a small space 
of time. It seemed, therefore, preferable to keep the 
model stationary, and to move the medium, the air, 
as is done in many hydraulic experiments. In that 
case it was essential, however, to avoid vortices in 
the air currents, and the arrangements adopted 
for this purpose at Gittingen deserve mention. The 
conduit or tunnel consists of a closed rectangular sheet- 
metal tube, 2 metres square (64 ft. square, about) in 
section, bent, with right-angled corners, in such a way 
as to form in plan an outer rectangle about 5 metres 
in width about an inner rectangle about 1 metre in 
width. If we imagine lines drawn obliquely from the 
corners of the inner rectangle to the corners of the outer 
rectangle, the whole — is divided into two long and 
two short trapezoidal divisions. The fan which supplies 
the air-current is placed in the one long division, the 
model in the other opposite, and the oblique lines are set 
with curved guide-blades, so that the air passes round 
the corners (right angles) in smooth curves. The num- 
bers of the blades in the four lines are not the same ; 
the air leaving the fan passes in succession through 
systems of forty, eighty, twenty, and twenty blades, 
so that the passage in which observations are taken 
lies between guide systems of eighty and of twenty 
blades. These blades also reduce the tendency to 
form eddies, which is further counteracted by making 
the air pass through three screens. The first of these is 
interposed between the fan and the first guide-blade 
system, the second and third are in the model tunnel, 
beyond the second guide-blade system. The third 
screen is a sieve, of 2 millimetres mesh, in the ordinary 
sense of the word. The first two are grids consisting of 
parallel ports, there being 400 ports in the first, 90,000 


in the second, and the width of each of the 400 ports can 
be altered on the entrance side by bending deflectors of 
sheet metal. Adjustments are effected in the second 
grid by means of baftle-wires. A very fair uniformity 
of the velocity of the air-current across the tunnel has 
been obtained in this way. 

The fan is a helical ventilator, constructed by 
Gebriider Sulzer, of Ludwigshafen; running at 500 
revolutions per minute the wheel can give air-currents 
of 10 metres r second. The continuous-current 
motor of the fh ale we Elektricitiits-Gesellschaft, of 
Berlin, which drives the fan, is placed outside the 
tunnel ; the field is joined to a 440-volt circuit, and 
the armature can be fed with currents of 220 or of 440 
volts, so that the motor speed is variable in the ratio 
of 1 to4. A shunt of the motor contains a relay and 
a resistance actuated by an auxiliary motor under the 
control of a manometric balance. From this balance 
are suspended two air-bells (dipping into water) con- 
nected the one with the air in front of the fan, the 
other with the air in the rear of the fan. In this way 
the velocity of the air current is very effectively regu- 
lated. The velocities are measu with the aid of 
Pitot tubes and a micro-manometer ; these devices are 
self-recording, and can be shifted from outside both 
horizontally and vertically, being suspended over 

ulleys. The models are suspended by wires, to inter- 
ere as little as possible with the air currents, and con- 
nection with the balances, by means of which the 
components of the forces acting on the models are mea- 
sured, is likewise established by means of wires. In 
the tests of propellers use is made of a special trans- 
mission dynamometer, which is actuated by an electric 
motor. The observation-room is outside the model 
tunnel, the intervening wall being provided with a 
longitudinal slot. As the tunnel section is more than 
6 feet square, the observers can also walk about in the 
tunnel, all parts of which are at convenient height. 
The installation is, asalready mentioned, only regarded 
as preliminary, and a larger station will be erected in 
due course ; but the arrangements adopted appear to 
be suitable. 








Tur Loca, GOVERNMENT ANNUAL.—This annual for 
1910 enters into its nineteenth year of publication. It is 
edited by Mr. 8S. Edgecumbe Rogers, and is published at 
the price of 1s. 6d. by The Local Government Journal 
Office, 27a, Farringdon-street, E.C. It gives the names 
of all Local Government officers; information on the 
various boards, corporations, committees, councils, 
unions, &c. 





PRESENTATION FOR Lone Service.—On Saturday last, 
the 29th inst., an interesting presentation was made at 
the Airedale Foundry, Leeds, the works of Messrs, 
Kitson and Co., to Mr. T, P. Reay, the managing director 
of the company, on the occasion of the completion of 
50 years’ service with the firm. Nearly 2000 workpeople 
commemorated the event, and Lord Airedale, who took 
part in the proceedings, gave Mr. Reay a gold vase, 
a silver tray being presented to him by the members 
of the staff. The gift from the workpeople consisted 
of two silver-gilt cups. During his connection with 
the firm Mr. Reay has seen many changes, which 
were referred to by Lord Airedale, who, in the course 
of his remarks, recalled the time when looms were intro- 
duced into the mills, and he recounted the effect this had 
on the workpeople at the time, much o ition to the 
innovation being met with. In one direction this opposi- 
tion consisted in knocking the plugs out of the boilers. In 
acknowledging the gifts, Mr. Reay called attention to a 
fact which, he said, gave him great pleasure—namely, that 
among the 1800 ot now employed by the firm, five had 
been in their service for more than fifty-six years. Their 
establishment had wn from small beginnings, for, in 
1839, the weekly w bill amounted to only 3/. 13s. 0d., 
whereas last year the amount was 3000/. Such a lo 
service as that of Mr. Reay is, to say the least, unusual, 
and is well worthy of seseell 





Tue InstiTuTION or ExecrricaL Enoingers.—In a 
paper read before the Institution of Electrical Engineers 
on the 27th ult., Mr. H. E. Yerbury dealt with the 
current charges for electricity supply to tramways. He 
pointed out that the average price charged to the tram- 
way department in the sixty-five towns of Great Britain 
having combined lighting and traction-stations is 1.377d. 
per unit; while the average total cost to ten municipali- 
ties owning separate traction-stations is only 0.756d. per 
unit. This latter figure, however, does not include a 
depreciation allowance. He pointed out that, other 
things being equal, one would expect combined stations to 
be able to generate at a cheaper rate than independent 
tramway-stations, and suggested that tramway com- 
mittees are, as a rule, overcharged. In confirmation 
of this idea, he called attention to the fact that in many 
towns la: power consumers are supplied at 1d. a unit 
or less, although their load-factor is in most cases very 
inferior to that of a tramway system. Mr. Yerbury 
analysed the figure for Manchester, and su ted that 
some of the factors, making up the “fixed charge” per 
unit, were high. For instance, under ‘salaries, wages, and 
management” » total charge of 0.105d. per unit is made. 
He pointed out that although this figure may be legitimate 
for general supply, under which it would have to cover a 
large clerical staff, meter inspectors, &c.; it is high for a 
pure tramway supply, for which accounts are usually paid 
quarterly, and no costly meter inspection or elaborate 








book-keeping system is required. 
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CATALOGUES. 


From the Holophane Glass Company, 12, Carteret- 
street, Westminster, S.W., we have received a catalogue 
describing their system of illumination and illustrating 
several devices for light distribution. Among the latter 
are ceiling-bowls, pendant-spheres, globes and reflectors 
of various kinds for use with electric light. 


Messrs. George Swift and Sons, Claremont Iron Works, 
Halifax, have issued a circular containing illustrations of 
their works and productions, The latter consist of radial 
and pillar-drilling machines, boring-machines, planing 
and desig machines, slotting-machines, lathes and other 
machine-tools. 


An alphabetical list of general engineering plant, sup- 
“— by Messrs. W. Johnson and Sons ( 's), Limited, 
Jastleton Foundry, Armley, Leeds, has come to hand. 
The list includes plant for mining and metallurgical pro- 
cesses, brick and tile-making machinery, -briquetting 
machinery, cement plant, crushing and grinding-machines 
of all kinds, coal-handling machinery, &c. 


The Butterley Company, Limited, Butterley, near 
Derby, have sent us a booklet relating to their colliery 
department, and containing reproductions from photo- 
graphs of sixteen collieries owned by the company, and of 
the plant contained in some of them. The booklet also 
gives particulars of the qualities into which the coal from 
each pit is divided. 

From the British Thomson-Houston Company, Limited, 
Rugby, we have received a circular giving prices and 
particulars of the ‘‘ B.T.H.” enclosed oil-switches. The 
switches, which are made in two types for fixing to a 
wall or to a pedestal, are suitable for three-phase circuits 
up to 3000 volts pressure, and have capacities varying 
from 5 to 300 amperes. They are supplied without auto- 
matic trips, and also with two or three-coil series trips ; 
any of the usual automatic accessories can be added. 


A catalogue of steam-condensing plant has reached us 
from the Mirrlees Watson Company, Limited, Scotland- 
street, Glasgow. Contra-flow surface condensers and 
counter-current jet-condensers of the elevated and low- 
level types are dealt with, and a number of large instal- 
lations are illustrated and described in separate leaflets. 
The catalogue also illustrates vertical and horizontal dry- 
air pumps as well as the Mirrlees-Edwards air-pump. 
One of the special features of the latter is the great 
accessibility of the working parts, all of which are remov- 
able for examination without disturbing the crank-shaft 
bearings. 


A catalogue of heavy machine-tools for ship and bridge- 
builders, boiler-makers, railway works, &c., has been 
issued by Messrs. Scriven and Co., Leeds Old Foundry, 
Mill-street, Marsh-lane, Leeds. The catalogue contains 
eleven sections dealing with punching and shearing- 
machines, plate-edge and angle-bar planing-machines, 
scarphing-machines, bending and straightening-machines 
for plates, angles, and beams, and machines for facin 
the ends of oom, rails, and other sections ; single a 
multiple drilling-machines, rail and boiler-shell drilling- 
machines, and several types of lathes are also shown. A 
few leading examples of each type of machine are illus- 
trated, and short Santhgtions given. 


We have received from Messrs. James Baldwin and 
Co., Devonshire Brass Works, Keighley, Yorkshire, a 
circular illustrating and describing the ‘‘ Overall” plug 
cocks. In these cocks a jacket formed in the metal of 
the casing passes all round the plug. This jacket bein 
supplied with steam or other fluid Toons the inlet side o 
the valve, keeps the plug at an even temperature through- 
out, so that sticking is avoided. The valves are made in 
bronze of the plug and 1 agpoe and inverted plug types, with 
screwed or flanged ends, and in varying sizes from ee to 
aS. bore ; the larger sizes are also supplied with locking 
glands. The circular also illustrates the ‘‘ Betall” valve 
with renewable seat, and calls attention to the firm’s tube- 
float for low-water alarms of steam boilers. 


Messrs. Merryweather and Sons, Limited, Greenwich- 
road, S.E., have sent us a copy of a catalogue they have 
recently issued dealing with pumps and other water- 
raising machinery. Included in the catalogue are illus- 
trations and particulars of deep and shallow well pumps, 
treble-barrel plunger pumps, duplex pumps, steam fire- 
pumps, centrifugal and turbine pumps, and hydraulic 
rams. The catalogue also illustrates the well-known 
‘*Hatfield” pump and pumping sets, driven by electric 
motors, eS oil, or hot-air erigines, for the water supply 
of country houses and villages under almost any con- 
ditions. Particulars are given of Merryweather’s light 
steel ‘‘ Competitor” windmills, the largest size of which 
has a when 20 ft. in diameter, and is capable of forcing 
1500 gallons of water per hour to a height of 100 ft. 





H.M. Torrepo-Boat Destroyer ‘* Mosqurto.”—The 
Fairfield Shipbuildingand Enginearing Company, Limited, 
Govan, have launched the torpedo-boat destroyer Mos- 
qn, which they have built for tiie British Government. 

e Mosquito is the second of the three destroyers placed 
with the company in October of last year, and is one of 
the sixteen destroyers of the 1908-9 programme. She is 
269 ft. long, 27 ft. broad, 16 ft. 6 in. deep, and of 920 tons 
displacement. This large displacement, while allowing 
the vessels to be more heavily armed, ensures the mainte- 
nance of a high speed at sea under adverse conditions and 
of a reliable normal speed under all conditions. The 
Mosquito will be propelled by Parsons turbines, driving 
three shafts, designed to develop 12,000 indicated horse- 
power, and to give a speed of 27 knots. Steam will be 
supplied by five large water-tube boilers, fitted for burn- 
ing coal only. 





DLAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets. ) 


Novemser, 1909. 


cI 
NOVEMBER. '09. 
In the accompanying di 


(sea 


represents Is. in 


DecemsBer, 1909. 


DECEMBER.'09. 
diagrams each vertical line ar a market day, and each horizontal line 
e case of tin plates, hematite, Scotc 


JANUARY, 1910. 


JANUARY. ‘10. 


and Cleveland iron, and 1l. in all other cases. 


The price of quicksilver is per bottle, the contents of which vary in weight from 70 Ib. to 801b. The metal- 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin plates are per box of I.C. cokes. 





Roya Instrrution.—On Tuesday next (February 8) 
at 3 o'clock Professor F. W. Mott ins a course of six 
lectures at the Royal Institution on the ‘Emotions and 
their Expression,” and on Saturday (February 12) Professor 
Sir J. J. Thomson commences a course of six lectures on 
Mo Waves and the Electromagnetic Theory of 

ight.” 


EXHIBITS FOR THE FortTHCOMING INTERNATIONAL 
EXHIBITION OF RAILWAYS AND LAND TRANSPORT AT 
Burnos Arres.—We were enabled to inspect on Tuesday 
last some of the exhibits which Messrs. G. D. Peters and 
Co., Limited, Moorgate Works, Moorfields, E.C., are 
sending out to the International Exhibition of Railways 
and Land Transport, to be opened in May next at Buenos 
Aires. This firm is exhibiting a large collection of rail- 
way carriage fittings and furnishings. Several types of 
seats of the cross-wise pattern, with throw-over ks, 
will be shown. In the usual seat of this class, the 
combination motion results in the seats approaching one 
another, if the backs are thrown over, when facing 
seats are required. This restricts the knee-room, but this 
is avoided in a form of seat Messrs. Peters are exhibiting 
at Buenos Aires. Thrown over in either position, the 
back and seat in this maps take up their correct position 
for comfort, while the space between the seats is not 
diminished. Among other exhibits, this firm will show 
their ball centre and side bearings for bogies, torpedo 
ventilators, blind fittings, and interior fittings, such 


}steam-pi 





as brackets, door fittings, &c. Heating apparatus will 
also be shown, and in this connection we had the oppor- 
tunity of inspecting a new wrought-steel hose-coupling, 
which is intended to replace the former brass fitting. A 
new pies of combination hose-coupling and steam-cock 
for the heating equipment was also shown to us. With 
this coupling it is impossible to uncouple the steam-hose 
without first shutting-off the steam, the steam-cock handle 
interlocking with the coupling-lock. The steam-cock is 
thus removed from its ordinary position at the end of the 
te a new one at the coupling end of the hose. 
The exhibits being sent out by the Consolidated Brake 
and Engineering Company, Limited, of Spencer House, 
South-place, E.C., which we had an opportunity of in 
specting at the same time, include typical apparatus, such 
as the new pattern of pressed-steel cylinder, high-speed 
valves, emergency valve with cut-out. A short length of 
train-pipe is ted up. In addition the firm is exhibiting 
its new pattern of ejector and driver's valve, in which ser- 
vice applications are made without movement of the disc- 
valve, which should save a great deal of facing - 
Sundry other smaller parts are also to be exhibited, whil 

this company are also fitting their brake to two bogie 
coaches to be shown at the exhibition. A set of train- 
lighting ap tus on the Leitner-Lucas system, which 
has been fully described in ENGINEERING, together with 
such things as motor-lamps, accumulators, &c., are being 
exhibited by the Accumulator Industries, Limited, White- 
street, Moorfields, E.C. 
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THE WOLSELEY 60-HORSE-POWER MOTOR FOR AEROPLANES. 


CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, 


LIMITED, ADDERLEY PARK, BIRMINGHAM. 
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Fic. 2. 
_ TurRE are reproduced above four views of the 
5U-60-horse-power engine just manufactured. by the 
Wolseley Tool and Motor-Car Company, Limited, 


at their works at Adderley Park, Birmingham, for a 
Short-Wright aeroplane built in this country for the 
Hon. Maurice Egerton, The Wolseley Company have 
recently taken up the aeroplane branch of the motor 
industry, and they have already produced many 


engines in which they have embodied the sound 
mechanical principles evolved by experience in car- 
motors, where economy, reliability, and lightness have 
been combined with a high degree of success. The 
particular aeroplane motor which we illustrate is of 


the Vee type, having eight cylinders, each of 33-in. 
bore, with a stroke of 5 in., and the care with which 
details have been worked out to give high power on the 
minunum of weight is reflected in the following weights 
and capacities of the motor for 50 brake horse-power 











When running at 1000 revolutions pet minute :— 
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Capacity. Weight. | shaft (Figs. 3 and 4). This arrangement allows of 





: , ab. short induction-pipes, and ensures an equal distribu- 
Engine, empty, minus flywheel 7 320 tion to the pon wy The cooling is by thermo-syphon 

lator, empty ... yea 50 | Or pump. Lubrication is by means of a aediinen 
wor in — . i gals. th | pump Fig. 3), which _positi vely forces oil to all main 
Sanseh Gadi Vat eas theui's flight _- ‘ earings and connecting -rods. The ignition is the 
atch Ont tam eee ? . BS gals. 36 eight-cylinder Bosch dual system, with starting-switch. 
Oil in engine for three hours .. 2 ,, 18 | he cylinders are made of close-grained cast iron, 


all accurately machined and ground to gauge. These 

Fig. 1 is a side elevation, Fig. 2 a view from above, | are cast in pairs, with heads and liners in one piece. 
looking down upon the engine, while Figs. 3 and 4| A special feature of these cylinders is that the water- 
are end views. The cylinders, which are set at an| jackets are made of planished sheet aluminium. This 
inclination of 90 deg. to each other, as shown in the | allows of accurate coring, and ensures even thickness 
end views, are mounted on an aluminium crank- | of metal throughout and ample water-space around the 
case. All the valves are underneath, and on the| valves and crown. The crank-shaft, which is carried 
inside, and are operated from a central cam-shaft|in three bearings, all of which are of ample pro- 
by means of rockers (Fig. 3). The carburettor is) portions to allow of efficient lubrication, is made of 
ob the float-feed and spray type, and is mounted | high-grade steel, with throws set so as to give an 
in the centre of the engine, directly over the cam-' even turning moment. The connecting-rods are made 
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of high-grade steel, with a separate big end for each 
oythaen The big ends are of phosphor bronze, and 
are white metalled. 

For aeroplane work, the engine may be arranged to 
drive the propellers direct from the crank-shaft ; or, 
where necessary, they may be driven by means of 
gearing at cam-shaft speed, and the propellers coupled 
direct. Arrangements may also be made for driving 
the propellers y means of chain and chain wheels. 

No attempt has been made to reduce the weight 
below the safe working limit, and the engine can be 
run for long periods at full load without pre-ignition 
or other attendant troubles. The engine was tested 
for three hours at full load before leaving the works, 
and gave very good results. - ; a 

Both motor and aeroplane are entirely of British 
manufacture, and the future performances will be 
watched with interest. 








INDUSTRIAL NOTES. 

Tux report on the state of employment in 1909, and 
on’ changes in wages and on disputes, indicates that a 
slow trade revival had set in early in 1909, and that it 
continued up to the present time with variations. 
The movement was only slight in the earlier part of 
the year, but in the latter half the improvement was 
continuous. The coal trade was fairly good during 
the last quarter of 1909, the average weekly number 
of days worked being 5.14 per week; in 1907 the 
average days worked was 5.51—the highest on record. 
The pig-iron industry was moderate on the whole ; the 
number of furnaces in blast increased during the latter 
half of the year. The iron and steel trades improved 
also at the end of the year. The tin-plate trade was 
good throughout the year ; the number of tin-plate and 
sheet-steel mills in operation at the end of the year 
was the highest on record. The cotton trades were 
adversely affected by the high price of the raw mate- 
rial, so that workers employed on American cotton were 
on short time during the last half of the year. During 
the first half of 1909 the engineering and shipbuilding 
industries were not so well employed as in the first half 
of 1908 ; but from July onwards there was an improve- 
ment. Trade is still leak, but the percentage of union 
men unemployed in engineering has fallen from 24.7 
to 14.6 per cent., and in shipbuilding from 16.9 to 9.8 
per cent. The proportion is still large, but the pro- 
spects of work are much better. The textile trades 
improved throughout the year, and were fair at its end. 
In a number of other trades, including 700,000 members 
of trade unions, there was a slight improvement in em- 
ployment over 1908 ; but in 1909, as in 1908, the state 
of trade was worse than in the preceding nine years. 
The outlook for the present year is brighter all 
round. 

Changes in rates of wages commenced in a down- 
ward direction in the third month of 1908, and con- 
tinued until the latter part of 1909, when the tendency 
was checked. The net result of all the changes was a 
decrease in wages of 69,312/. per week. The amount 
of the decreases is given for each three months of the 
year up to the fourth quarter, when the increase 
amounted to 798/. per week. The number of persons 
affected by the fda in 1909 was 1,150,919; of 
these, 14,481 received increases to the extent of 697/. 
per week, and 1,129,511 suffered decreases amounting 
to 69,909. per week. In some other cases the fluctua- 
tions left wages at about the same level. The changes 
in coal-mining were greater than in all the other in- 
dustries combined. . Engineering and shipbuilding 
stand next in numbers. Changes in the hours of 
labour were few, except in industries under the Mines 
Eight-Hours Act. Exclusive of the latter, the total 
number of men affected was 62,753, the hours of 61,063 
being reduced by 110,227 hours per week, while 1690 
had their hours increased by 3278 per week. 

Disputes causing a stoppage of work in 1909 totalled 
409, and involved directly and indirectly 299,949 
workpeople. The aggregate duration of the stoppage 
caused a loss of over 2,750,000 working days. As com- 

vared with the year previous there was an increase 
Poth in the number of disputes recorded and in the 
number of workers involved. The high figures in 
1909 were to some extent caused by the disputes over 
the putting in force of the Mines Kight-Hours Act ; over 
147,000 workpeople, or 49 per cent. of the total, were 
thus involved. These stoppages were of short dura- 
tion, The average number of disputes in the ten years 
1899-1908 was 504; number of workers involved, 
176,336 ; time lost, 3,560,889 working days. The 
number of disputes in 1909 was fewer, the number of 
men involved larger, and the time lost less than in the 
average of the ten years given. The time lost in 
disputes seems to be enormous. 





The forty-second quarterly report of the General 
Federation of Trade Onis shows that the number of 
disputes and of the members involved were fewer 
in the last quarter of 1909 than in the previous 
quarter. The figures are 108 disputes, with 1409 in- 


volved, in the last quarter, as compared with 226 dis- 
putes and 2325 persons involved in the previous quarter. 





But the benefits paid in the last quarter amounted to 
2619/. 14s. 3d., whereas in the previous quarter the 
amount was 1719/. 9s. 7d. The reason for the increase 
was that some of the disputes did not mature until the 
last quarter of the year. The total income was 
10,292/. 2s. 1ld., while the total expenditure was onl 
3648/. Os. 10d., leaving a balance to the good of 66441. 
2s. Id. The numerical strength only increased slightly 
in the quarter. The report congratulates the members 
on improved trade, and the brighter prospects for the 
current year. The committee desire statistics and all 
other information as to the state of employment, in 
view of the Government promise of State insurance 
against unemployment, and all societies are urged to 
supply such statistics without delay, so as to enable 
the committee to see how members of trade unions will 
be affected. The committee have continuously striven 
to effect by conciliation agreements in cases of dis- 
pute, 'and have met with a fair share of success. It is 
stated that those efforts have been well received by 
both parties in most cases. 

The sums paid as benefits: were small, as a rule. The 
largest was to the Thames Amalgamated Watermen 
and Lightermen on the question of apprentices, 
811/. 2s. 6d.; Boot and Shoe Operatives, 837/.. 14s. 2d. ; 
Quarrymen, 210/. 5s.; Engineers, 135/. 17s. 10d.; and 
Ironfounders, 121/. 2s. 6d. The other amounts varied 
from 15s. to 110/.. The cash balance and investments 
reach 97,391/. 15s. 10d. A report of the decision of 
the House of Lords—Osborne ». the Amalgamated 
Society of Railway Servants—finds a place in the 
report. The Federation and both of the other 
great central bodies are determined to promote a 
measure to undo that decision as the final stage of 
the question at issue. The observations and sug- 
gestions of Mr. Appleton, the general secretary 
of the Federation, under the head of ‘‘ Lookin 
Forward,” point to measures for a still closer union o 
all the unions for general purposes, above and beyond 
the work of the ly he represents. There is also 
an article by a barrister on the bearing of the ver- 
dict of the Lords in Osborne’s case. One of his con- 
clusions is that the decision only applies to registered 
unions, and that non-registration would free them 
trom the judgment. Whether this is so or not, it would 
not be well to give up registration ; it’ is a safeguard 
and a strength. It would be unwise, because strikes 
would increase, and employers would share the 


penalty. 





The report ofthe Boilermakers and_Iron-Ship- 
builders opens with a brief address of the executive 
council, which refers to the past year of ‘‘ blighted 
hopes and disappointments,” and to the brighter pros- 
pects of this year. The members on the funds in 
the month numbered 11,577 ; in the previous month, 
12,365—decrease, 788. There was a decrease under each 
of the three heads of unemployment and on the sick- 
list, but an increase of nine on the superannuation fund. 
There was a decrease in membership of 277 by deaths 
and failure to clear their cards at the end of the year. 
There is continued evidence of improvement in trade 
by the branches remitting money to the general office, 


instead of asking the council for remittances, as was | j 


the case for many months. Members are reminded 
of their duties in case of injury and compensation 
claims. They must report at once, and the officials 
must see that they are in benefit before taking up their 
claim for compensation. Members are cautioned as to 
accepting wages agreements for work abroad. 





The work of organising labour exchanges has been 
oing on speedily in spite of the turmoil of the General 
Filection. The aiain are_green-fronted, and bear 
the words ‘Labour ».Exchange—Board- of Trade.” 
About eighty of ‘these establishments have already 
been opened. The head-quarters of the organisa- 
tion are at Caxton House, Westminster, where there 
are a large number of rooms on the second floor 
of the west block. Here the chief will be located. 
On the same floor are the divisional officers for the 
London and south-eastern area, comprising 26 dis- 
tricts, of which 21] are in London. The south-eastern 
districts include Brighton, Chatham, Dover, and Hast- 
ings on the South Coast. Fifteen of the exchanges 
hitherto controlled by the Central Unemployed Body in 
London will be taken over. When the Act is in full 
force there will be 250 exchanges throughout the king- 
dom. Each exchange has a telephone, and it is ex- 
pected that this will greatly assist in saving time and 
trouble for all parties concerned. The poor applicant 
will not have to walk long distances, then to dis- 
appointed of work. The superintendents are em- 
powered to advance the fare in cases where the parties 
are satisfied, and agree to terms. Even in remote 
villages, it will ee gee be possible for every man 
and woman out of work to communicate with the 
exchange for the district through the local post office, 
instead of being compelled to make personal applica- 
tion. Employers are urged to use the exchanges by 
sending particulars of their requirements to the local 
exchange. The object of the Act is most excellent, 





but it will need material aid from employers ani 
employed to work satisfactorily. 





The position of affairs in the colliery districts of 
Durham and Northumberland was still grave throug)i- 
out the whole of last week, in Durham especially so. 
In that county the Miners’ Association was unti! 
rese J regarded as a model association, with a well- 
trained body of officials and an unquestioned loyalty 
by the members. Until recently the men were averse 
to the then proposed Mines Kight-Hours Bill, and 
their representatives in Parliament spoke and vote: 

ainst it... Then the members voted for affiliation to 
the National Federation of Miners, and when the Bill 
came before Parliament their members had to sup- 

rt it, or sit silent in the House of Commons. The 

ill was passed, but with the proviso that the two 
northern counties should have six months’ grace from 
July 1, 1909, to January 1, 1910, before it came into 
force. Nogotiations failed to effect a mutual agree- 
ment, but the men’s representatives signed a pro- 
visional agreement to be re-discussed after the ex- 

riment. The men resented the terms, and showed 
it by a demonstration against one of their members 
—at Gateshead. The result was that the agents 
and the executive resigned: This brought about 
an unlooked-for crisis.. ,A general council was 
called, and it was decided: to put the. matter to the 
ballot, by what is called the ‘{ stop vote.” Until that 
is taken the agents retain their positions to carry on 
the work of the association: . But worse has happened 
—there has been serious-rioting. and destruction of 
aw at some of the Northumberland as well as 

urham collieries, with some loss of life and many 
casualties. It is said that the outlook has improved, 
but the trouble caused in Northumberland culminated 
on Monday last, the 3lst ult., in an important deci- 
sion by the Miners’ Association of the county. The 
result of this will be that a ballot of the men at each 
colliery will be taken on February 9, as to whether a 
fourteen days’ notice shall be given, and, if necessary, 
a strike declared, and a termination put to the pre- 
sent contract under the Act. The returns will be 
made by February 12. The Association numbers 
31,227 full members and 4371 half-members. There 
are at present 9131 men and lads standing idle. 





At the week-end iron and steel markets in the Mid- 
lands and on Manchester ‘Change the tone was 
scarcely so firm as in the previous week. Whether 
this was due to the political situation, or to the fact 
that consumers had satisfied their requirements for the 
present, is not very clear. Producers were not inclined 
to make concessions for forward delivery, and so the 
business done was not large for any class of finished 
material. 





On Saturday last was published the accountant’s 
ascertainment of prices for manufactured iron for the 
Northern Conciliation Board, by which the wages of 
the men are advanced by 3d. per ton for puddling, 
and 24 per cent. on forge and mill rates, to take 
effect from January 31. The net average advance 
in B nang was only ls. ld. per ton, but its effect was 
sufficient to justify the advance in the rates of 
wages. The output did not show so well as the 
advance in prices, for the total for the two months 
was less than in any two months for a long period 
past. Stocks are low. 


An effort is being made to introduce the Fair Wages 
Clayse into a foreign contract. . The subject was dis- 
cussed at a meeting in Stafford last week, and some of 
the manufacturers stated that there were difficulties. 
Lord Dartmouth said that foreign firms could be 
selected with whom the Fair Wages Clause could be 
arranged. The matter was referred to a committee 
to consider the War Office circular and communicate 
with the officials at the War Office. 








In so far as the General Election affected Labour 
Members it ended last week. The newspaper reports 
vary as to the number elected, some giving it as 39, 
others as 40, or 41. The difference is caused by the point 
of view of the writers as to the inclusion or exclusion 
of any who refuse to sign the Labour Party’s constitu- 
tion. All inclusive, the number would appear to be 
41. The losses include Mr. Steadman, Secretary of 
the Parliamentary Committee of the Trades Union 
Congress, Mr. Curran, chairman of the General Fede- 
ration of Trade Unions, Mr. Crooks, Mr. Maddison, 
and Mr. Johnson. The boast of great successes alto- 
gether failed in all instances. 





The Swedish strike and lock-out is now regarded as 
at an end, except that the National Organisation lis 
still some 20,000 unemployed a to main- 
tain, their places having been filled by non-union 
workers, many of whom left the organisation ‘0 
resume work. It is to the credit of the unionists that 
there was no serious intimidation, rioting, or disorder 
during the whole time. 
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ALLOYS OF COPPER, ALUMINIUM, AND 
‘ MANGANESE. 


Ninth Report to the Alloys Research Commitice, on the 
Properties of Some Alloys of Copper, Aluminium, and 
Ma-wanese.* 

With an Appendix on the Corrosion of Alloys of Copper 

and Aluminium when Exposed to the Sea. 

By Dr. W. Rosenuatn and Mr. F. C. A. H. Lants- 
BERRY, of the National Physical Laboratory, Ted- 
dington. 

(Continued from page 128.) 


Sand and Chill-Castings of Large Heats.—The results of 
tensile tests on sand and chill-castings of the nine selected 
alloys are given in Tables V. and VI., and Fig. 14 and 15, 
the composition of the alloys being given as found by 
analysis in Table IV. on page 128 of our last week’s issue. 

A comparison of these results with those relating to the 
corresponding properties of pure copper-aluminium alloys 
shows the influence of manganese very clearly, and indi- 
cates the advantages which can be gained by its use. 
Thus in Table X VIL. of the Eighth Report the highest 
tensile strength of sand-castings is that of Messrs. 
Carpenter | Edwards’ alloy No. 13, containing 9.90 per 














& Comrosinon. TaBLe V.—Sanpb-Castinea. 
= | re of _ x 
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6 8.91 2.98| 10.80 3160 0.34) 24** | 14.80 | 34.40 
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7 9.33 3.78) 12.24 32.12 | 0.38) 20 15.14 | 39.58 
8 8.02 3.941 11.40 2880" 0.40) 81.5 13.20 | 33.04 
9 7.92 4.92 11.24 23 | 0.40 | 30 12.38 30.40 
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In the above table the results represent the 
better of two duplicate tests which agree 
closely (as regards ultimate stress, within 
1 ton re square inch), except in the cases 
mark *, where there is a discrepancy in 
regard to elongation of about 13 per cent. 

** This specimen broke outside gauge-points, 
and the elongation recorded is exclusive of 
local the extension at the fracture. 


square inch). 


cent. aluminium ; this alloy shows an ultimate strength of 
31.70 tons per square inch, with a yield-point of 11.3 tons 
and an elongation on 2 in. of 21.7 per cent. As compared 
with this, m the present series Nos. 2 and 3 showed 
a decided increase in all these figures, while No. 4 showed 
approximately equal strength, but much greater ductility. 
The authors regard the rise of 3 tons in the yield-point, 
without diminution of ductility, as representing an im- 
portant advantage. 

Similar ane a ply. to the results of tests on chill- 
castings shown in Table I. of the present Report, and in 
Table XX; of the Eighth Report. An increase in both 
yield-point and maximum stress, without serious loss of 
ductility, is again shown by alloys Nos. 2 and 3 of the 
present series, while No. 4 gives strength tests very 
similar to those of alloy No. 13 of the Eighth Report, 
but with a considerably higher ductility (46 per cent. 
elongation, as compared with 36.9 per cent ). The figures 
for alloy No. 7 in the present series also appear remark- 
_ in comparison with those of pure copper-aluminium 
alloys. 


TABLE VII.—Comparison of Tensile Tests on Sand-Cast- 
ings of Selected Alloys Cast to Shape and Cast Solid. 





. | | we Ulti- ;, | Elongation 
No. ee Casting. — mate — on 2 In. 
os | | Stress. per Cent. 
| | tons p. | tons p. | 
Al. Mn. sq. in. | sq. in 
> 10.02 0.92 | f Shaped | 14.00 | 35.76 0.39 22.8 
~ |10.02 0.92 |) “solid | 13.20 | 34.30 | 0.39 24 
9.99 2.01 shaped | 13.20 34.44 0.38 24 
ae ae { solid 13.28 32.00 0.41 24 
- shaped | 10.60 31.32 0.34 40 
9.06 1.95 /{ “ohd | 10.80 | saa | 0.34 3%.6 
eon shaped 10.80 31.60 0.34 | 24 
so 2.98/{ “Solid | 108s | saz | 035 | 27.6 
ae esg|f shaped 12.18 32.16 0.38 | 20 
9.33 2.78 /{ “Soha | 1200 | 3200 | 0.38 24.8 
3.02 3.94 |/ Shaped | 11.40 | 2880 | 0.40 31.5 
oe \ solid 10.80 | 29.56 | 0.37 51 


Reference has already been made to the fact that out of 
\ sand-castings four were cast to the shape of the test- 





" Abstract of the report read before the Institution of 
Mechanical Engineers, mdon, Friday, January 21, 
1/10. Owing to the great length of this report, as pre- 

nted, it has been found necessary in the reproduction in 
these columns to condense it in certain parts. Some of 
the tables are also omitted, but only where the important 
points are recorded in corresponding diagrams which are 
reproduced, 





Tape VI.—CuHILu-Castines, 


The figures in the above table 
represent the better of two 
duplicate tests, which agree 
closely (as regards ultimate 
stress, within 1.2 tons per 


pieces, while two were cast in the form of solid cylinders 
approximately 1.12 in. in diameter. The authors adopted 
this course on account of the view expressed in the dis- 
cussion on the Eighth Report that test-pieces made from 
shaped castings might give results superior to those which 
would be found if the test-pieces were cut from solid 
cylinders. In a certain number of the alloys of the present 
series test-pieces of both kinds have been used, and the 
comparative data are given in Table VII. It will be seen 
that there is no systematic difference between the two sets 
of results, so that the laborious process of machining test- 
pieces from solid cylinders was found to be unnecessary. 

Rolled and Drawn Bars.—The billets prepared in the 
manner described above were rolled and iam. as subse- 
quently detailed, by the kindness of the Broughton Copper 
Company at their works at Manchester. The rolling was 
carried out under the personal supervision of Mr. Tom- 
linson, the authors being present at the rolling of the.first 
batch of billets ; the duplicate billets were rolled in a pre- 
cisely similar manner by the Broughton Copper Com- 
pany, but not in the presence of the authors. 

e 


sent case were similar to those employed in connection 


with the copper-aluminium alloys described in the Eighth 
Report. After being surfaced in a lathe, the billets were 


Tarte VIII.—1} Iv. Routep Bars. 


| 


rolling and drawing processes adopted in the pre- | 


TarLe IX.—}j-In. Rotten Bars, 


it, further 2-ft. lengths were cut off and first hot-rolled toa 
diameter of j$ in,, and were then cold-drawn to j in., 
annealed, and finally cold-drawn to }} in. in diameter. 
The remainder of the bars were kept at a diameter of 
14 in. for the purpose of tests in that condition. The 
duplicate billets subsequently sent to the Broughton 
Copper Company were treated in exactly the same way. 

It will be seen that, as the result of this treatment, 
material from each of the nine selected alloys was avail- 
able in the form of :— 


1. Hot-rolled bars ... 1} in. diameter 


3. Cold-drawn bars ii ~ 


” ” 





The material thus obtained was used for a series of further 
| tests, and on the results of these three of the nine alloys 
| were chosen for still more complete investigation. 

| The results of tensile tests, made in duplicate on 
| standard 2-in. specimens, on each of the nine alloys in 
the three conditions named above are given in Tables 
| VITI., IX., and X., below. 

The results embodied in Tables VIII., IX., and X. 
|}require little comment. For purposes of comparison 
‘reference should be made, in the first place, to Tables 
‘XXIII, XXIV., and XXVII. of the Eighth Report. 


TABLES V., VI., VIII, IX., AND X.—TENSILE TESTS ON NINE SELECTED ALLOYS. 


Tasik X.—}}-IN, Cotp-Drawn Bars. 
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*These specimens broke outside the | The maximum variation between | The maximum variation between dupli- 


gauge marks. 

The maximum va iation between 
duplicates of the tests recorded in 
the table above was (as regards ulti- 
mate stress) 0.56 ton per square 
inch. 


inch. 


ALLOYS WITH 9 PER CENT. ALUMINIUN.LARGE HEATS. 


(See Tables 5 and 6.) 
SAND CASTINGS. 





Manganese per Cent. 


CHILL CASTINGS. 
3-16 
4 








32 
| 
0 1 4 
(547K) Manganese per 


first hot-rolled to a diameter of 1] in. in nine passes, fol- 
lowed by two passes through the —. roll ; the bars were 
then slowly cooled on the floor. Three-foot lengths were 
then cut off from each bar and hot-rolled in six passes toa 





diameter }jin. From those bars whose length permitted 


duplicates of the tests recorded in 
the table above was (as regards ulti- 
mate stress) 064 ton per square 


cates of the tests recorded in the 
above table was (as regards ultimate 
stress) 1.6 tons per squareinch. In 
alloys 24 and 3a the variations were 
less than 0.2 ton per square inch. 


With regard to1}-in. rolled bars, it will be seen that the 
strongest of the copper-aluminium series is No, 12, con- 
taining 9.38 per cent. aluminium, and possessing an ulti- 
mate strength, in this condition, of 37.3 tons, with a 
yield-point of 14.8 tonsand an elongation of 40 per cent. 
on 2in. No. 5 of the present series, containing approxi- 
mately 9 per cent. of aluminium and 2 per cent. of man- 
ganese, is very similar to this alloy in yield-point and 
ultimate strength, but again shows a slightly better elon- 
gation. No. 6 of the present series, with a higher man- 
ganese content, is decidedly better, showing a decided 
increase in yield-pointand ultimate strength without any 
diminution of ductility. No 3 of the present series, how- 
ever, is the best in the condition now under review, with 
a yield-point of over 18 tons, and an ultimate strength of 
40.4 tons, combined with an elongation of 35 per cent, 
on 2 in. 

In the bars rolled to }} in., a very similar comparison 
holds good. In that case, Table XXIV. of the Eighth 
Report shows the highest tensile strength for an alloy 
containing 10.78 per cent. of aluminium, with an ultimate 
stress of 38.6 tons per square inch; this, however, is 
combined with a comparatively low ductility (14 per cent. 
extension on 2in.). The best of the alloys whose ductility 
lies above 20 per cent. is again No. 13 of Messrs. Car- 
penter and Edwards’ series, whose maximum stress is 
38.1 tons with an elongation of 28.8 per cent. on 2 in, 
Alloys No. 4 and 5 of the present series again lie very 
near this copper-aluminium alloy in respect of ultimate 
stress, but i show a very decided advantage in regard 
to both yield-point and ductility, the former being 21.2 
and 20.4 as against 14.8, and the elongation on 2 in. 41.5 
and 42 as compared with 30.8. On the other hand, 
alloy No. 2 of the present series exhibits a still higher 
yield-point (23 tons) and ultimate strength (42.8 tons), 
while the elongation, although less than in the three alloys 
just pos we ig still well above the limit of 20 per cent. 
In general terms the authors consider that these results 
justify the conclusion that the effect of the addition of 
manganese in relatively small proportions to alloys of 
copper and aluminium (rich in copper) is to stiffen the 
alloy—i.c., to increase both its yield-point and its ultimate 
strength without reducing its ductility toa corresponding 
extent, 

In connection with the comparison of the Tables VITI. 
and IX. of the present Report, with Tables X XITI. and 
XXIV. of the Eighth Report, it is interesting to refer 
to a uliarity of the alloy of copper and aluminium 
containing about 10 per cent. of aluminium, to which 
Messrs. Carpenter and Edwards direct special attention— 
viz., the fact that the mechanical properties of this alloy 
in the condition of a small chill-casting are almost exactly 
the same as those of the same material after hot-rolling, 
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This 
alloys of the present series, even in the case of those 
whose composition approximates most closely to that of 
the alloy containing 1 per cent. of aluminium. 
fact is readily seen when Tables VI. and IX. are com- 
pared ; in every case there is a decided increase in ulti- 
mate strength, in some cases amounting to 6 tons per 
square inch, while there is also a marked rise in the yield- 
point as the result of the rolling process. p 
The results of tests on cold-drawn bars are interesting 
as showing the extent to which the bars have been 
hardened by the particular mode of treatment to which 
they have been sokjeuted. This degree of hardening may 
be gauged by the extension at fracture of the material in 
the cold-drawn condition. It will be seen at once that 
only the first three alloys of the present series have 
suffered any very considerable reduction of their ductility, 
the elongation on 2 in. of No. 3 particularly being re- 
duced from 29 per cent. to 10 per cent. On the other 
hand, the very high tensile strengths and high yield- 


TABLES XI., XIL., 











tional to the hardness numbers derived from 


ferentiate between the smaller differences of hardness. 


alloys in the form of bars rolled hot to 1} in. in diameter. 
The results of these tests are given in 
are represen 


into account when reading the diagram. 


No. 9 of the present series is considerabl 
regards torsion, since it yields both the hi 
strength and the greatest angle of twist. 





peculiarity does not a r to beshared by the | Report in hardness is somewhat remarkable in view of the 
: on i decidedly greater hardness of these alloys as indicated by 
the results of tensile tests. The figures given by the 
scleroscope are, in the present case, very nearly ee 
rine 

tests, although, as might be anticipated from the nature 
of the instrument, the scleroscope numbers fail to dif- 


Torsion Tests.—These were carried out on all the nine 


able XII., and 
graphically in Fig. 16, below. Overlapping 
of the curves has been avoided in this figure by displacing 
the zero of each successive curve by a constant amount 
towards the right of the diagram. This must be taken 


From the table and diagrams it will be seen that alloy 
i the best as 
est ultimate 
his combina- 


XIII., XV., AND XVI.—TESTS ON NINE SELECTED ALLOYS. 


ted, notably by Professor A: K. Huntington in the 
Spanien on the Eighth Report. Even from that point 
of view, however, the fact that the ratio of torsional to 
tensile strength is less than unity in all the present 
alloys must be regarded as a favourable result. 

Dynamic Tests on Nine Selected Alloys by Professor 
J. 0. Arnold.—In the earlier stages of the present research 
it was the intention of the authors to carry out the 
investigation of all nine of these alloys to the fullest 
pat extent, and samples of these alloys were there- 
fore sent to Professor J. O. Arnold at Sheffield Univer- 
sity, for the purpose of being tested in the alternating- 
stress machine of the metallurgica] department at that 
university. These tests were carried out by Professor 
Arnold, to whose kindness in this matter the authors are 
indebted. The spécimens sent to Sheffield consisted of 
round bars turned from the }# in. diameter rolled bars, two 
pieces approximately 6 in. long being sent from each bar, 
the two pieces being in every case cut from adjacent por- 
tions of the bar. Professor Arnold’s results are given in full 









































Tas_e XI.—Harpness Tests. TasLe XII.—Torsion Tests. Tape XIIL.*; Tasus XV.—Specivic Gravity, | Taste XVI.—Sprciwic Gravity. 
¢, Composition, — ames _ neem Sonim = 
c “ ! S Y . ‘ | . . 
| Loap or 1084 | Loap or 3000 } | ae ’ Specivic Gravity, GRAMMES PER | Speciric Gravity, POUNDS PER 
< KiLooRAMMES. | KILOGRAMM«S, =< | Maxgevm Loap, | Tovar Twrsr. Cupic CENTIMETRE. | Cunic Foor. 
, 2 ee | ~——|_ Ratio - 
te.)e secla oF |g ett. |* Sea lal el elals , 
tae ee o 4 a e See | : 3 ax. tension | | 5 é S 
No, AL | Mn.| 2E8| &  228| & . 2 % | se 238 | 32 | o@ Y = | eb le bd | 8 2 a 
sya! 58/953! 5S | $8 | e | $8 | 355) 55 | Bs | & 83 | 3 2 | & 33 3 
a °*| a i2°*| a= | a | & S | ea" |or" | am | = sigcteies¢ é| 6 /& 58 
| mm mm. in. in. in.-Ib. |tons per deg. | 
} 8q. in. 
1 0,03 | 0.43 3.19 170 | 498 199 27 ~=—| «(0.624 3 3226 30 24 0.55 | 0.75 7.62 7.55 7.54 oe 476 472 472 
2 10.02] 0.92 | 331 158 5.03 190 27 =| «(0.624 3 3136 29.30 0.56 0.77 7.53 7.51 7.52 7.56 471 470 470 | 473 
3 982/ 1.88 | 3.25 164 4.99 193 27 =| «40.624 3 3405 31.86 0.76 0.79 7.62 7.51 7.53 7.52 476 | 470 471 471 
4 9.16! 0.93 | 3.44 146 5.29 171 23 «| «(0.624 3 3136 29.30 0.85 0.81 7.64 7.55 | 7.61 ee 477 | 472 476 
6 9.06 | 1.95 | 3.22 165 5.10 | 184 24 | 0.624 3 3405 31.80 0.98 | 0.85 7.57 | 7.63 | 7.60 | se 473 477 475 
6 8.9L | 2.98 3.30 158 5.06 | 187 25 0.624 3 3405 31.80 | 0.93 0.82 7.657 | 7.57 | 7.59 | 7.59 473 | 473 474 474 
7 9.33 | 3.78 | 3.23 165 5.05 | 186 25 0.624 3 3226 30.24 0.71 | 0.82 | 7.52 | 7.63 | 7.66 | ee 470 | 477 473 
8 | 802/ 394) 329 | 159 5,28 | 170 22 0.624 3 3405 31.80 | 1.41 507 0.89 | 7.64 | 7.73 | «4 oe 483 480 
9 7.92 4.92 3.42 | 149 5.27 | 169 22 0.624 3 3494 32.62 | 1 53 | 551.4 0.90 | 7.65 | 7.76 | 7.63 | 7.60 | 477 | 485 477 475 
' | 














* For this table the maximum tensile stress as given in Table VIIL, and the maximum torsional stress as given in Table XIL, are taken. 


points of Nos. 2 and 3 are remarkable, being very con- 
siderably higher than anything attained b the alloys of 
copper and aluminium alone when treated in the same 
manner (see Table XX VII. of the Eighth Report, where 
the highest ultimate strength shown is 44 tons). The 
alloys containing rather less aluminium and more man- 
ganese—t.c., Nos. 5 to9 inclusive—are remarkable for the 
amount of ductility which they still display after under- 
going cold-drawing, being in this respect almost equal to 
pure commercial copper, figures for which, from special 
tests made, are given in the tables for comparative purposes 
under specimen No, 0, The copper specimens were sub- 
jected to treatment similar to that to which the bars of 
alloys were subjected. 

Other Properties of the Nine Selected Alloys: Hardness. 
—This has been determined, in the first instance, by 
means of the Brinell ball-test, carried out in precisely the 
same manner as the tests of the Eighth Report. The 
specimens were cylindrical in shape, cut from the bars 
hot-rolled 1} in. in. diameter, and cut to a thickness 
of 25 millimetres. The indentations were made with 
a hardened steel ball, 9.52 millimetres in diameter, 
which was found to be unchanged when re-measured 
after the tests had been made. The specimens had 
polished surfaces, and the indentations were measured 
with a micrometer microscope, suitable lighting arrange- 
ments being oneeres to render the edges of the indenta- 
tions clearly visible. Indentations were made under loads 
of 1 ton Soy era oe me and 3000 kilogrammes respec- 
tively, the latter being the standard load for this test. 
The hardness numbers were calculated from the formula 
of Benedicks— viz. :— ; 
Hardness number = Load (in kg.) 

Superficies of cavity in mm.? 


The superficies of the cavity itself is readily calculated 
from a measurement of its diameter by the formula :— 


A=2rr(r- Jr - R, 


where A is the area of the spherical indentation, r the 
radius of the ball, and R the semi-diameter of the in- 
dentation as measured on the original surface of the 
specimen. 

The results of these tests, which are strictly comparable 
with those of Table LIV. of the Kighth Report, are given 
in Table XI. For purposes of comparison and for the in- 
formation of those who may adopt this instrument for 
workshop aoa purposes, the hardness tests on the 
same specimens have also been made by means of the 
Shore Scleroscope—an instrument in which a small 
steel weight is dropped upon the swrface of the specimen 
in such a manner as to produce a slight indentation, the 
hardness being measured by the height of the rebound. 
While not at Eps pees prepared to advocate the adoption 
of this method of measurement for the standard determi- 
nation of hardness, the authors have thought it desirable 
to tabulate the scleroscope ‘‘ hardness numbers” alon 
with the hardness number obtained with the Brinel 
method in Table XI. 

From the figures in this table it will be seen that the 
nine alloys do not differ very materially from one another 
as sas hardness: all the alloys of the present series 
lie between Nos. 9 and 13 of the Eighth Report, Nos. 1, 2 
and 3 of the present series apprceching o. 13 of the 
Eighth Report very closely. e@ fact, however, that 
none of the present alloys surpass No. 13 of the Eighth 
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tion is certainly remarkable, since in most groups of 
alloys the angle of twist diminishes rapidly as the maxi- 
mum strength increases. The case in point is another 
example of the striking mauner in which some of the 
alloys of the present series combine qualities of strength 
and er | not usually associa in the same sub- 
stance. Alloy No, 3 also gives very good results in 
torsion, being closely comparable, as regards aluminium 
content, with No. 13 of the Eighth Report, which gives a 
maximum strength of 31.3 tons and a total angle of twist 
of 234 deg., as compared with the present No. 3 with 31.86 
tons and 272 deg. 

_ The influence of the presence of manganese on the tor- 
sional properties of these alloys is still more clearly 
brought out in Table XTII., where the comparison of the 
maximum stresses found in tension and torsion tests 
respectively is tabulated. It will be seen that in the 
present series the ratio of the maximum stresses is in all 
cases less than unity, and only in the later members of 
the series approaches unity. In this respect these ternary 
alloys depart widely from the behaviour of the copper- 
aluminium alloys, as shown in Table LVI. of the Eighth 
Report. That member of the copper-aluminium series, 
however, whose other properties most closely approach 
those of the ternary alloys—viz., No. 13 of the Kighth 
Report—also shows a ratio of torsion to tension less than 
unity (0.89). Inspection of the table at once brings out 
the fact that the presence of manganese tends to reduce 
the ratio in —s but if the attempt is made to ex- 
press this influence quantitatively, no very definite 
result is obtained. The influence of increasing alu- 
minium on this ratio can be readily plotted from 
Table LVI. of the Eighth Report, and a reasonably 
uniform curve can be drawn ; but if the effect of manga- 
nese in depressing the ratio below the value obtained 
from this curve for any given aluminium content be calcu- 
lated, it is found that the depression is practically inde- 
pendent of the quantity of manganese present, only vary- 
ing from 0.11 to 0.14, while the manganese varies.from 
about 4 to 5 per cent. This result may not perhaps 
possess much real physical significance, but it rather 
suggests that the ratio of ultimate tensile to ultimate 
torsional strength does not constitute so a guide to 
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the physical behaviour of the materials as has been sug- 


in Table XIV., below. It will b2 noticed that the results 
of individual tests vary somewhat widely, particularly in 
the case of alloys Nos. 1, 2, and 3 of the present series. 

At first sight it would appear that the explanation of 
these variations in the alternate-bending tests lay in a 
lack of uniformity of the material, but this explanation 
cannot be adop' use it is found that the results of 
tests on closely-adjacent cross-sections differ more widely 
than those on portions of material which were many 
inches apart in the original bars. The high degree of 
uniformity of the results obtained with these materials in 
all other tests, dynamic as well as static, further supports 
this view. 

With this reservation, the results of Table XIV. are 
comparable with those of the copper-aluminium alloys 
shown in Table LIX. of the Eighth Report, but it 
should be noted that in the present tests round bars only 
were employed. If the means of all the figures are 
taken, it will be seen that alloy No. 2 of the present 
series is not quite so good as No. 9 of the Eighth Report, 
but in view of its much ter stiffness and tenacity, 
this approximation to the figure of the 7.35 pure copper- 
aluminium alloy is certainly remarkable, the latter alloy 
possessing a tensile proms | of 29 tons per square inch, 


Taste XIV. 


Alternations Endured. 














No. 
First Test. Second Test, Meanof Mean of 
1(@) 1182 1086 1109 
()) 708 582 645 877 
2 (a) 1250 1232 1241 
(b) 904 1030 967 1104 
3 (a) 900 760 830 
(b) 1146 926 1036 933 
4(a) | 772 738 755 
(6) | 728 724 726 741 
5 (a) | 828 698 763 
(b) 850 776 813 738 
6 (a) 682 678 680 
(b) 776 586 681 680 
7(a) | ~ 848 670 759 
(b) | 698 562 630 604 
8 (a) | 456 422 439 
(b) 456 432 444 441 
9 (a) | 416 412 414 
(0) 398 466 432 423 
10 (a) 206 160 183 
(0) 180 180 180 181 
Professor Arnold remarks that :—‘‘ The above tests were made 


under my standard conditions—viz., diameter of test-bar, § in.; 
rate of alternations, 650 per minute; distance between zero of 
stress (striking line on radius of plunger) and plane of maximum 
stress (face of die), 3 in.; deflection at zero of stress, § in. each side, 
at maximum stress just beyond elastic limit. 


while No. 2 of the present series, in the corresponding 
condition, shows a tenacity of 42.84 tons. A curious 
feature of these results is that the present series of 
alloys, arranged in the order of their serial numbers, 
are also arranged in the approximate order of de 
creasing resistance to Professor Arnold’s test. The 
numerical order of the alloys is based approximately on 
their aluminium content, and, with the exception of No. 3, 
also in the order of increasing manganese content. It 
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would therefore appear from these tests that the effect of 
increasing manganese is to reduce the resistance of the 
alloys to this form of test; but in the case of the alloys 
containing 10 per cent. of aluminium, this only makes 
itself felt very slightly ; in fact, the actual resistance of 
No. 1, containing 10 per cent. of aluminium and a little 
less than 0.5 per cent. of manganese, is considerably 
better than the alloy containing 10 per cent. of aluminium 
and no manganese, and this applies still more to No. 2. 
But in the case of pure aluminium-copper alloys the 
reduction of aluminium from 10 per cent. to 7.5 per 
cent. brings about a very marked increase in the power 
of enduring alternations on the Arnold machine ; in the 
present series, on the other hand, the reduction of alu- 
minium to 8 per cent. is far more than counter 

by the |p nena of 5 per cent. of manganese. From the 
point of view of these tests, therefore, it may be concluded 
that the presence of manganese in proportions up to 2 per 
cent. is an advantage to the alloys with more than 9 per 
cent. of aluminium, but that in the case of alloysof lower 
aluminium content the effect of the addition of manganese 
appears to be of the reverse nature. 

Specific Gravities of Nine Selected Alloys.—These have 
been determined in the sand-cast, chill-cast, hot-rolled 
and cold-drawn conditions, and are given in Table XV., 
where the figures represent the weight of a cubic centi- 


Fig. 17. ELASTICITY OBSERVATIONS ON ROLLED 
BARS OF ALLOYS N°%°2,326. 


oO 
(647.0) 


metre of the alloys in grammes, while in Table XVI. the 
same results are expressed in terms of pounds per cubic 


foot. 

(Tables X VIII. to XXV. of the report are not repro- 
duced. The information contained in them is covered by 
Tables V. to X. and XX XV. and XX XVII. given later.) 

Further Tests on Three Alloys.—It was found necessary 
to confine the complete mechanical and thermal study, 
which was originally contemplated, to three alloys 
selected from among the nine in question. In making 
their final decision, the authors were led by the idea that 
those alloys which appeared to present, from their tensile 
tests, the greatest combination of tenacity with ductility 
would be those of greatest value and interest. Alloys 
Nos. 2, 3, and 6 were accordingly chosen. 

These three alloys were subjected to the following 
additional tests :— 

1. Determination of the elastic modulus and limit of 
elasticity by means of the extensometer. _ 

2. Determination of the stress-strain diagram by an 
autographic apparatus attached to 8-in. specimens. 

3. Determination of the effect of cold-drawing on the 
elastic modulus and the limit of elasticity. 

, 4. Tensile tests at high temperatures (up to 450 deg. 
‘ent. ). 

5. Series of dynamic tests, including :— 

(a) Resistance to alternating stress. 

(b) Resistance to repeated bending impact. 

(c) The Izod test. 

(d) Resistance to abrasion. 

These tests were carried out by Dr. T. E. Stanton on 
the special machines for these ee in the Engi- 
neering Department of the Laboratory. : 

6. Effect of heat treatment on the tensile properties of 
sand-castings and rolled bars. 

7. Fresh-water and sea-water corrosion tests. 

1. Determination of the Elastic Modulus and Limit of 
Evcsticity.—These tests were carried out on turned speci- 
mens, 0.5 in. in diameter, and with a parallel portion 
allowing of 8 in. between the gauge-marks. The exten- 
sions of the specimens were read with a Ewing extenso- 
meter, and readings were taken for every 0.1 ton of 
actual load. The resulting elastic curves are plotted in 
Fig. 17, above. It will be seen from these curves that the 
departure from elastic behaviour is very ual, as the 
limit of proportionality of extension to load is passed; yet 
this limit is very well defined. The elastic limits and 
elastic moduli of the three alloys in question are shown in 
Table XXVI., annexed, 

The elastic limits, as determined by the extensometer 
and tabulated above, are remarkably low as com 
both with the static primitive yield-points of the alloys, 














and also as compared with the range of stresses which the 
alloys have been found capable of resisting in the alter- 
nating-stress tests. Since the range as determined by the 
latter test must be regarded as being most probably the 
true one, the authors are led to suppose that the elastic 
limit as determined by the extensometer has been in 
some manner artificially depressed by the treatment to 
which the bars in question were subjected prior to the 
test. In view, however, of the determination of the 
elastic range under alternating stresses, the atithors did 
not think it worth while to redetermine it by repeating 
the static tests on material which had been previously 








normalised. 
TaBLE XXVI. 
| | Elastic Limit in Elastic Modulus in 
No.| Composition. | Tons per Square | Pounds per Square 
neh. | Inch. 
Al. Mn. | 
2 10.02 0.92 8.1 13.6 x 106 
3 9.82 1.88 9.2 13.9 x 106 
6 8.91 2.98 12.2 14.9 x 106 





| 





The values of the elastic modulus as given in the above 
table are of some importance on account of their bearing 


Fig. 18. ELASTICITY OBSERVATIONS ON 
COLD-DRAWN BARS OF ALLOYS N®2,3&6. 
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both on the possible applications of these alloys in practice 
and also in connection with the interpretation of some 
of the dynamic tests described below. It will be seen at 
once that the best of the three alloys in this respect shows 
a modulus approximately one-half that of steel—i.e., 
under a given stress per square inch a bar of this alloy 
would extend elastically by about double the amount 
which would occur in a bar of steel in the same circum- 
stances. The importance of this low modulus as affecting 
the behaviour of rapidly-moving parts of machinery is 
obvious, and ma Fe! constitute a bar to certain 
applications. Wit regard to the dynamic tests it is 
evident that the amount of energy which can be absorbed 
elastically by a specimen of material of given dimensions 
varies inversely as the elastic modulus, so that a low 
modulus enables the material to dispose of a | r amount 
of energy harmlessly than a material of higher elastic 
modulus. This is particularly noticeable in the high 
values obtained by the repeated bending impact tests 
quoted below. 

In view of the possible practical importance of a know- 
ledge of the elastic won bom of these alloys, the authors 
thought it desirable to investigate the question how far 
the elastic properties are affected by the working of the 
alloys. It is, ppg well known that the elastic limit 
is raised considerably by cold-working, but the important 
question from the present point of view is whether cold- 
working alters the modulus. materially. Accordingly, 
specimens for extensometer tests were prepared from the 
cold-drawn bars, and tested in the same manner as the 
bars referred to above. The results are tabulated in 
Table XXVIL., the curves being given in Fig. 18, and it 
will be seen at once that although the elastic limits have 
been very considerably raised, there is no material change 
in the value of the modulus. This result may be of import- 
ance to those who might wish to avail themselves of the ex- 
ceptionally high tenacity and moderate ductility of these 
materials in the cold-drawn condition. For the same reason 
a specimen of the material in this condition was also sub- 


mitted to an alternating-stress test, but the result showed 


of this material. In this connection it may be desirable 
to record the behaviour of these alloys while being ma- 
chined for the preparation of the various test-pieces. The 
materials in thecast and hot-rolled condition were reported 
to the authors to be very easily machined, much moreeasily 
indeed than the harder members of the aluminium-copper 


Taste XXVIL. 


Elastic Limit In | Elastic Modulus in 
Pound 





No. Composition. | Tons = ‘ounds 
| Square Inch. per Square Inch. 
Al Mn. | 
A 9.89 1.01 12.3 | 13.5 x 106 
SA 9.99 201 | 12.3 | 18.2 x 106 
6 8.91 2.98 15.3 14.8 x 106 
series; the present alloys pve free turnings of con- 


siderable length, and readily lent themselves to fine 

finishing ; the workmen, in fact, describe them as pos- 

—. a species of ene property somewhat 

resembling that ascribed to ordinary brass containing some 

lead. The behaviour of the cold-drawn bars, however, 

showed a striking contrast to these Yy rties; in that 
et i 








that, although slightly stronger in this respect than hot- 
rolled material, aaoreie no real increase in elastic range 
corresponding to the raised elastic limit in static tension 


condition the alloys appeess to ev @ tool in every 
possible way, and to offer most exceptional resistance to 


Fig. 19. 
AUTOGRAPHIC STRESS-STRAIN DIAGRAMS 
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cutting ; the specimens 8 in. long and 0.5 in. in diameter 
were, in fact, only turned with considerable difficulty. 
How far this difficulty would assert itself if the material 
were to be handled in heavier sections the authors cannot 
indicate, but for the production of smaller with 
machined surfaces the metal in its more normal condition 
is obviously preferable. ‘The behaviour of the cast-metal 
and also of the hot-rolled bars on machining, combined 
with the great strength of the alloys, appears to the 
authors to indicate their probable utility in the construc- 
tion of instruments of precision. This is further supported 
by the results of abrasion tests, which indicate a very ex- 
ceptional power of resisting wear. 

‘or purposes of comparison with the alloys of the 
copper-aluminium series, autographic stress-strain dia- 
grams were taken of the three alloys now under discus- 
sion. These diagrams are reproduced in Fig. 19, and the 
data derived from them are given in Table XX VIII. 


Taste XXVIII. 











| sypes + | Elon | Reduc- 
No.| Composition. |Yield-Point. oo | tion 9 | tion of 
. 8In. | Area. 
—|—_——__—__] menace Ah a 
| Tons per | Tonsper | Per Per 
Al. Mn. lsquare fnoh. square Theh, | cent. cent. 
2] 10.02 0.92 | 13.6 | 39.1 | 19.4 44.4 
3| 9.82 188 | 16.85 38.9 16 =| «40.8 
6 8.91 2.98 16.85 38.0 17.8 43.2 
| ' 





The data of this table, obtained from specimens about 
10} in. long and 8 in. between gauge-marks, may be com- 
ae with the corresponding data found on specimens 

in. between gauge-marks, whose “‘yield-point” was 
determined by means of dividers. This comparison is 
shown in Table X XIX. 

Taste XXIX. 





No, | Composi- Yield-Point in Tons | Ultimate Stress in Tons 
4 tion. | per Square Inch. per Square Inch. 
Al. Mn. | Dividers. | Diagram. 2.in. lengths 8-in. lengths 
2 (|10.02 0.92 23.04 13.60 42.84 sol” 
3 | 9.82188; 21.40 16.85 40,72 38.9 
6 | 891 2.98 20 16.85 40 38 








It will be noticed that there is a very considerable dis- 
crepancy between the yield-points as determined by the 
two methods. Theoretically the diagram provides the 
more sensitive means of detecting the yield, but the trans- 
mission mechanism employed in obtaining the diagram is 
liable to introduce errors, so that there does not appear to 
be much difference between the validity of the two sets 
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of results. The considerable discrepancies, however, 
indicate the fact that the yields in these alloys are not 
well defined, while it is also probable that the exact load 
at which the yield can be observed may vary considerabl 
according to the rate at which the | has been pes | 
This suggestion is confirmed by observations made on the 
alloys with the extensometer. As soon as the limit of 
proportionality had been passed decided creeping set in, 
and the exact readings observed depended upon the time 
which had elapsed since the application of the load. This 
creeping, on a very minute scale, occurs at stresses many 
tons lower than those indicated as ‘‘yield-points” by 
either method, and the exact point where the actual ex- 
tension becomes large enough to be observed by less deli- 
cate means than the extensometer will thus depend upon 
the rate of loading. These considerations again lead the 
authors to look upon the results of alternating-stress tests 
as most reliable in ascertaining the range of elastic stresses 
in these alloys. 

As regards ultimate strengths, the figures of Table 
XXIX., page 159, show fair agreement between the long 
and short specimens, this agreement being never so close 
in relatively hard alloys of high tensile strength as it is 
in the softer alloys of lower tensile strength. 

Tensile Tests at High Temperatures.—Tensile tests at 
high temperatures have been made on the three selected 
alloys, in a manner very closely resembling that employed 
by one of the authors* in a series of tests at high tempera- 
tures on two of the alloys of copper and aluminium. The 
small electric tube-furnace then employed was again 
used, but the porcelain tube was replaced by a tube of 
brass, covered on its outer side with a layer of asbestos 
cardboard, acting as an insulating layer between the tube 
and the nickel-wire winding. In order to ascertain the 
degree of uniformity of temperature attained by speci- 
mens in this furnace, a dummy specimen of one of the 
alloys was drilled axially, while a similar small axial hole 
was also drilled in the lower shackle; in this way it 
became possible to pass a thermo-couple into the centre 
of the specimen, aad to ascertain the exact distribution of 
temperature. At first it was found that the upper end 
of the specimen was from 10 deg. to 30 deg. Cent. hotter 
than the lower end, according to the temperature of the 
furnace; but by carefully adjusting the packing of the 
lower portion of the furnace this tendency for the upper 
part to attain a higher temperature was counteracted, and 
in its final condition, even at a temperature of 500 deg. 
Cent., no differences of temperature exceeding 5 deg. Cent. 
could be detected in the length of the specimen (24 in.). 
This result was borne out by the behaviour of the speci- 
mens under test, since they showed no great tendency to 
fracture near their upper ends. 

The results of the tensile tests on the three alloys are 
plotted in Figs. 20, 21, and 22. The figures for ultimate 
strength and elongation are as reliable as those found by 
similar tests at ordinary temperatures, and the duplicate 
tests gave very g agreement ; the results given bor the 
yield-points, however, must be taken with considerable 
reserve; not only are the actual yield-points of these 
alloys somewhat indefinite and dependent upon the rate 
of loading, but in the present series of tests the yield 
could only be observed by the motion of a pointer attached 
to the upper shackle over a scale attached to the lower 
shackle, and the values found are therefore very rough 
approximations only. 

t will be seen that the curves in the figures bear a 
very striking similarity to the curves found for the alloy 
No. 13 of the Eighth Report by one of the authors. In 
all these alloys the tensile strength appears to be well 
maintained up to a temperature of about 300 deg. Cent., 
but beyond that temperature a rapid drop sets in, 
although No. 2a, at a temperature of 400 deg. Cent., still 
shows an ultimate strength of over 20 tons per square 
inch. In this respect, however, all the alloys are slightly 
inferior to the alloy No. 13 of the Eighth Report (9.9 per 
cent. aluminium). This result is somewhat disappointing, 
since the effect of manganese in increasing the power of 
copper to maintain its strength at high temperatures has 
been clearly shown, and it was hoped that it might exert 
a similar influence on the alloys. The influence in ques- 
tion may, however, only make itself felt in the course of 
time, since it is not at all certain that at the higher tem- 
peratures these alloys would maintain the strength shown 
in the present tests after prolonged exposure to heat. The 
experimental means at the disposal of the authors did 
not enable them to subject the alloys to continued heat 
and stress combined in the manner that would arise in 
the fire-box stays of a locomotive, for instance ; one test, 
however, was made in which a specimen of one of the 
alloys—No. 6a—was kept at a temperature of 300 deg. Cent. 
(572 deg. Fahr.) for one hour (in place of the half-hour 
exposure employed in all the other tests). The figures 
given by this specimen agree exactly with those obtained 
after one half-hour at 300 deg. Cent., so that the effect of 
prolonged exposure is, at all events, too gradual to be de- 
tected at the end of an hour. A very curious feature in 
the results of these tests is cleurly shown in Figs. 20, 21, 
and 22, where the curves connecting the observed elonga- 
tions at different temperature? all show a strikingly 
similar shape—and this similarity extends to the corre- 
sponding curve already determined for the alloy No. 13 
of the Eighth Report. The elongation in all these alloys 
appears to increase with rising temperature, attaining a 
maximum between 250 deg. and 300 deg. Cent. ; the remark- 
able fact is that, in all the alloys, this first rise in ductility 
is followed by a decided drop, the elongation attaining 
& minimum between 300 deg. and 400 deg. Cent. (572 deg. 
and 752 deg. Fahr.), then again rising very considerably, 
and finally—at least in two of the alloys—again falling 
rapidly. Had these variations been observed in one alloy 
only, they might perhaps have been regarded as arising 





* See Discussion on the Eighth Report, page 290. 





from experimental errors ; but not only are the variations 
just described much larger than the variations between 
duplicate experiments made at the same temperature, but 
they are repeated with a considerable regularity in four 
different alloys, one of which was tested in a somewhat 
different furnace at an entirely different time. The con- 
clusion therefore seems justified that the peculiar feature 
just describe( arises from some physical peculiarity of the 
alloys. It should be stated, however, that these alloys do 
not show any critical points in either their heating or 
cooling curves in the range between 250 deg. and 400 deg. 
Cent. (484 deg. and 752 deg. Fahr.), so that the variations 
in ductility cannot be ascribed to critical changes in the 
constitution of the alloys which might be supposed to 
occur at these temperatures. As will be seen further on, 
where the critical points are dealt with, the lowest critical 
point observed in these three alloys lies decidedly above 
500 deg. Cent. (932 deg. Fahr.). 

Dynamic Tests on Three Selected Alloys.—These tests 
were carried out in the engineering de 
laboratory, and the authors are indebted to Dr. Stanton 
for the results quoted in the following section. 

Alternating-Stress Tests.—These were carried out in the 
alternating-stress testing-machine of the laboratory, the 


similar to that employed in the corresponding tests 
described in the Kighth Report. In the present series of 
tests, however, the ratio of maximum tensile to maximum 
compression stress was 1.09, and the number of reversals 
1307 per minute, as compared with 1.4 and 800 in the 
previous series. In comparing the results of the present 


rtment of the | 


method of test and of interpretation being in general | 


| becomes 27.3 tons per square inch, which papeosioetes 
| very closely to the figure given in Table LVII. of the 
Eighth Report for the best of the copper-aluminium alloys 
—viz., No. 13, with 9.9 per cent. of aluminium, the range 
| for that alloy being 28.3 tons per square ineh. It thus 
appears that as regards resistance to direct altexuating 
stresses the addition of manganese to the copper-alumi- 
nium alloys does not exert any powerful influence. 
| With regard to the relation between primitive yield- 
| point and range of maximum stresses, as exhibited in 
| Table LVIII. of the Eighth Report, in the present 
| Series of alloys this ratio is slightly different in the three 
| alloys tested, for although they give the same results 
| under alternating stresses, their primitive yield-points 
| differ somewhat. The actual figures are given in the 





following Table. 
TasBLe XXXII. 
| AlloyNo.| Ratio Maximum Range Ratio “ corrected ” 
| Primitive Yield. for Comparison. 
2 1.07 1.19 - 
3 1.16 | 1.28 
6 1.22 1.35 


The results given in the second column of the above 
table are calculated from the figures of the present series 
of tests as they stand, while in column 3 the correction of 
10 per cent. has been applied to the safe range of alter- 


| nating stress in order to render the figures comparable 


HIGH TEMPERATURE TENSILE TESTS ON ALLOYS N% 2a, 3a & 6a. 







































































series with those of the previous series, it must be remem- 
bered that at the high rate of reversal here employed 
the maximum safe range will be about 10 per cent. less 
than that which would be found for rates of alternation 
under 800 per minute. 

The specimens were 5 in. long, and were turned down to 
? in. in diameter from their original thickness of }#-in. 
rolled bar. The specimens were then screw-cut to gauge 
over their whole length, and finally turned down in the 
centre to diameters varying according to the intensities of 
the stresses desired in each experiment—from 0.35 in. to 
0.20 in. The length of the parallel portion was } in., and 
the radius of the fillet 2 in. 

The results are given in Table X X XI. 


TaBLe XXXI.—Alternating-Stress Tests on Alloys 
os, 2, 3, and 6. 


Range of 
Number of | Stress in Tons 











| 
Number of Reversals for Fracture. 





Specimen. per — 
Inch, | No, 2. No. 3. No. 6. 
1 33.20 12,735 17,830 14,145 
2 30.70 } 52,450 41,290 72,700 
3 27.10 | 254,200 | 362,500 268,000 
4 | 24.70 | 1,000,000* | 1,000,000* | 1,000,000* 
5 | 22.42 1,000,000* | 1,000,000* 1,000,000* 











* Specimens unbroken. 


From the results given in the above table, the approxi- 
mate maximum stresses which these alloys would bear for 
an unlimited number of reversals from tension to com- 
pression without fracture appear to be :— : 


Alloy No. 2, maximum stress, 12.4 tons per square 
inch, or a range of 24.8 tons. 

Alloy No. 3, maximum stress, 12.4 tons per square 
inch, or a range of 24.8 tons. 

Alloy No. 6, maximum stress, 12.4 tons per square 
inch, or a range of 24.8 tons. 

With these values we may compare the primitive yield- 

points of these alloys as determined on 2-inch specimens— 

viz., 23, 21.4 and 20.3 tons per square inch respectively. 

For the purpose of comparing these results with the 

figures given in Tables LVIT. and LVIII. of the Eighth 

Report it is, however, necessary to add 10 per cent. to 

the- present figures for maximum range of stress. The 





range of safe stress for the present series of alloys thu 

















Fig. 20. Fig. 21. ig. 22. 
N22. 3a. N°6a 
AL 9-89 Mr y-01 Al 999 Mn ¥01 IAL 9-10 Mn. 2-84 
We lay, =. 
a TD iam: 
ep . Sy 3 
3 i\ 
Ss Hie HI § 
@ 30 t | { 50 
1 g 
d FA / 2 R | \] 
ivf ~ be/ \ / \ 
% of |\! / N y \ Bie > 
§ 20 / | \ \ e! Elongatisy’ .\ eos 
QR ss in -ea |___—- y \ - , / yw 
; Loe ny: S\ i, ped Powe j ~* \ arpa h~ 
s) YA q 
™ sy” N\ +/ \\ \ 
10 | - — -— 39 
os \ | 
6 100° 200° «300° «400°, 500° 0 2100" 200° 300 WF 500 0 20 BF GT. 590° 
(5974) Temperature Centigradz ; ” wash nr linaea 


with those of the Eighth Report. It will be seen that in 
the present alloys the close approximation between 
primitive yield-point and the semi-range of safe alter- 
nating stresses observed in the case of the alloys Nos. 9 
and 13 of the Eighth Report is not maintained, the 
present alloys, in fact, showing a greater similarity to 
iron and steel in this respect. 

Impact Tests on Rolled Bars.—These were also carried 
out on specimens cut from bars rolled to }} in. diameter. 

Single-Blow Impact Tests.—These were made on the 
Izod impact tester on notched specimens, 2 in. by 3 in. 
by 4; in., and gave the results shown in Table X XXIII. 

The comparison figures from the Eighth Report are 
15.4 for alloy No. 9 and 4.5 for alloy No. 13 respectively. 
Since the present alloys are in all other respects closely 
comparable with alloy No. 13, this result is somewhat 
remarkable, and indicates that the presence of manganese 
has a decidedly advantageous effect as regards resistance 
to sudden shock. 


TasiE XXXIII.—Single-Blow Impact Tests (Izod) on 





Alloys Nos. 2, 3, and 6. 
Alloy No. Foot-Pounds Absorbed. Mean. 
10.3 
2 | { ast 9.9 
9.7.) 
8 | {101 f 9.9 
Cj { a 10.4 


Repeated Bending Impact Tests on Notched Specimens.— 
These were carried out in a machine spoaaty designed 
for this purpose, and recently descri by Messrs. 
Stanton and Bairstow.* The specimens, taken again 
from rolled bars }4 in. in diameter, were turned to } in. 
in diameter, with a V notch in the centre, such that the 
diameter at the bottom of the notch was 0.40 in. They 
were placed on knife-edges 44 in. apart, and struck over 
the notch by a falling tup alternately at each end of a 
diameter. The reversals of the specimen between succes- 
sive blows was performed by a link-motion attached to 
the machine. The results of the tests are given 10 
Table XXXIV. on the following page. 





* Stanton and Bairstow on *‘ The Resistance of Materi:'s 
to Impact.” Proceedings of the Institution of Mechanic! 





Engineers, 1908, Part 4, page 889, 
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TaBLE XX XIV.—Repeated Bending Impact Tests on 
Notched Specimens of Alloys Nos. 2, 3, and 6. 








} . | 
. » Weight of |§ Height of Fall | No. of Blows 
No. of Alloy. | striking Tup. | ia Inches. | for Fracture. 
6.15 201 | 916 
2 6.15 2.01 919 
\ 4.71 1.01 10,006* 
6.15 2.01 761 
8 6.15 2.01 7 
4.71 1.01 12,713* 
6.15 2.01 
es 6.15 2.01 626 
\ 4.71 1.01 11,396* 








It will be seen that the above table really represents 
two distinct series of tests, one with a tup weighing 6.15 Ib. 
and falling throngh a height of 2.01 in., while in the 
other the tup weighed only 4.71 lb. and the height of fall 
was only 1.01 in. In the former series the stresses at 
each blow are decidedly above the elastic limit of the 
material, and the conditions, therefore, approximate 
somewhat to those of Professor Arnold’s “alternating- 
stress” tests. The relative behaviour of the three alloys 
as demonstrated by this test is accordingly found to 
very similar to that under Professor Arnold’s tests. 

The second series of tests, with the lighter blow, was 
carried out under the conditions which have been adopted 
in the laboratory for testing iron and steel under repeated 
bending impact, and the results given by the alloys under 
these conditions (indicated by an asterisk in the table) are 
certainly remarkable, since the highest figure yet obtained 
with Swedish Bessemer steel is 6000 ea or less than 
one-half of that given by alloy No. 3. As the deformation 
produced by the blows in this series of tests is to a con- 
siderable extent elastic, the lower modulus of elasticity of 
these alloys as compared with steel no doubt accounts for 
the higher results given by the alloys to some extent, but 
for practical purposes—provided that the lower elastic 
modulus is not in itself a disadvantage—the consequent 
power of absorbing the shock of repeated blows without 
injury may prove of considerable value. 

Abrasion Tests.—These were carried out in a machine 
designed for the purpose of such tests by Dr. T. E. 
Stanton.* Specimens in the form of discs 1 in. in diameter 
and } in. thick were subjected to rolling abrasion in con- 
tact with a hardened steel roller 2? in. in diameter under a 
load of 789 lb. After 107,000 rotations the weight of 
material removed was found to be for :— 


Alloy No. : 11.6 milligrammes 
< ee a eee - 

For comparison, similar tests were made on discs of 
ordinary rail and tool-steel, and the weight of material 
removed from these specimens after the same treatment 
was :— 

For the rail-steel —... .. 64.5 milligrammes 
ll on ae ae 


These results, in view of the great ductility of these 
alloys, are certainly remarkable, and appear to indicate a 
valuable possibility for their application in situations 
where great resistance to abrasion is required in combina- 
tion with great strength and ductility. 

Tensile Tests on Heat-Treated Specimens.—The heat- 
treatment experiments now to be described were only 
carried out after the work on the constitution of the 
alloys, to be described in a later section, had been carried 
to a considerable extent ; logically the account of tensile 
tests on heat-treated specimens should therefore follow 
the section on the constitution of the alloys, but for con- 
venience and continuity the authors prefer to describe the 
results here in connection with the other mechanical 
tests. The heat treatment employed was on a 
knowledge of the critical points of the alloys as determined 
by means of heating and cooling curves (given later). 

The specimens employed in these experiments were : 
(a) the rough sand-castings, and (b) pieces cut from the 
tj-in. diameter hot-rolled bars, and in each case two 
specimens were placed in a muffle furnace close together, 
with the thermo-couple attached to one, and a wire, by 
means of which it could be pulled out and quenched, 
attached to the other. The former specimen was kept in 
the furnace for the annealing experiment, while the latter 
was employed for the quenching test. The specimens 
were heated up in the muffle and maintained at the 
desired temperature for one hour ; then one was quenched 
in a trough of cold water, while the other was allowed 
to cool down in the furnace—a process occupying from 
three to four hours. 

(a) Sand-Castings.—The results obtained are given in 
Table XXXV. 

Alloy No, 24.—In this alloy annealing at both tempera- 
tures materially injures the metal, reducing both the 
ultimate stress and the elongation. Quenching from the 


lower temperature somewhat improves the alloy as com- 
pared with the annealed condition, but does not restore 
it to the strength of the untreated castings, the elongation 


bein : still decidedly lower. Annealing at 800 deg. Cent. 
(l472 deg. Fahr.) produces very little more effect than 
annealing at 550 & . Cent. (1 deg. Fahr.), a result 
whic!; is remarkable, use while the effect of anneal- 
ing at 550 deg. Cent. on the micro-structure is very 
slight, that of annéaling at 800 deg. Cent. is very 
marked, producing a very coarse structure. Quenching 
from 300 deg. Cent. pa. “th in a very marked change of 
properties, corresponding to the marked change of struc- 
ture—the alloy — th respects very similar to the 
alloy No. 13 of the-Eighth Report (see Eighth Report, 
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1908 


- Stanton, Journal of the Iron and Steel Institute, 








Table XTX., page 119); but the tensile strength attained 
by the pam alloy is not so high as that found for 

0. 13 of the Eighth apie ; but, on the other hand, the 
present alloy retains a somewhat higher elongation (6 per 
cent., as compared with 3 per cent., on 2 in.). 


Taste XXXV. 
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a | i 
. & © ° § 
‘3 Te eee 
S. Treatment. ~ | gf ios! & 
ES BS sf agie 
6 os x Fa = is 
Zz o ~ ~ =< -_ 
Al. Mn.) Deg. C. | = 
2a |9 871.01 |Annealed at 550 (1022 dg. F.) 12.72 28.30 |0.45/15 
2a (9.87 1.01) Quenched at 550 13.60 31.80 |0 43/18. 5 
2a (9.87 1.01' Annealed at 800 (1472 dg. F.)| 13.20 29.16 0.4517 
2a 9.87 1.01! Quenched at 800 13.04 41.28 |0.32) 6 
3A |9.99 2.01] Annealed at 550 ll 32.15 0.34/15 
3a 9.99201 Quenched at 550 12.40 33.88 0.37/11 
3a |9 99 2.01 Annealed at 850 (1562 dg. F.) 13 30 9.43/12 
3a 9,99 2.01 Quenched at 850 18 41.08 '0.45' 5 
6a 9.10 2.84 Annealed at 550 12.92 31.24 |0.41/35 
6A 9.10 2.84 Quenched at 550 14.40 31.80 0 45/31.5 
6A 9.10 2.84 Annealed at 900 (1652 dg. F.) 10.40 27.04 0.38/49 
6A 9,10 2.84 Quenched at 900 17.20 39.38 |0.44| 9 





Alloy No. 3a.—In this alloy the effect of annealing at 
550 deg. Cent. (1022 deg. Fahr.) is very slight, except as 
regards elongation, which is considerably reduced (to 15 

r cent. from 24 per cent.); quenching from 550 deg. 

mt. restores the material to its original tensile strength, 
but does not improve the elongation. Again, the effect of 
annealing at the higher temperature, in this case 850 deg. 
Cent. (1562 deg. Fahr.), is very little greater than that at 
550 deg. Cent., while the effect of quenching is again to 
harden the alloy, producing a high-tensile strength with 
very low elongation. 

Alloy No, 64.—This alloy differs from the other two, 
and, indeed, from all the stronger alloys of copper and 
aluminium, in being improved rather than Pores heat 
treatment at 550 deg. Cent. Annealing at that tempera- 
ture, whether followed by slow cooling or quenching, 
leaves the ultimate strength practically unchanged, while 
the elongation on 2in. is increased from about 26 per cent. 
on 2 in. to 35 and 31 per cent. respectively. Annealing at 
900 deg. Cent. (1652 deg. Fahr.) still further improves the 
ductility of this pevdng Ea decidedly reducing the tensile 
strength, while quenching from 900 deg. Cent. hardens this 
alloy less than the other two, and still leaves it an elongation 
of 9per cent. These results suggest that the higher manga- 
nese content of this alloy materially modifies its behaviour 
at high temperatures and suggests the possibility of its 
application for purposes where either occasional or con- 
tinued exposure to heat is involved. The actual beha- 
viour of the alloy under tensile tests at high temperatures 
does not show any material advantage over that of the 
other two, but from the point of view of durability under 
prolonged exposure to moderate temperatures the special 
character of this alloy may be found to give it a decided 
advantage. . 

It was thought that by a modification of the heat treat- 
ment described above the metal might be obtained in a 
condition intermediate between that of the original un- 
treated casting and the hardened condition of the speci- 
mens quenched from high temperatures. For this pur- 

a set of sand-castings of these three alloys were 
eated to the temperatures of 800 deg., 850 deg., and 900 
deg. Cent. respectively, but for 15 minutes only, instead 
of the hour given them in the earlier experiments ; at the 
end of this time they were quenched, and gave the 
following results :— 
TaBLE XXXVI. 
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Al. Mn.} deg. Cent. 

2a | 9.87 1.01 |Quenched at 800 (1472 deg. F.)/13.2 [38.0 (0.35) 7 

8a | 9.99 2.01 | mm 850 (1562 deg. F.)|13.2 |41.0 0.32) 7 
6a | 9.10 2.84 | 9” 900 (1652 deg. F.)|15.80 36.00 0.44 | 11.5 





It will be seen that the results to a certain extent bear 
out the anticipations upon which the experiments were 
made ; the alloys are not quite so severely hardened, but 
the increase in the elongations is not sufficient to be really 
important, and further experiments in this direction have 
not been carried out, as apparently the increase in elon- 
gation is only obtainable by a corresponding reduction in 


ultimate strength. 
Taste XXXVII. 








! Ee a 3 
| fal. oe 
No, Compo- Treatment. le | z i Bo & ° 
sition. Seis % Pa 
2<| 2a 82 562 
ja] 5% laa a 
|Al.. Mn. deg. Cent. Lod 
2a 9.87 1.01 Annealed at 550 (1022 deg. F.)/21.6) 37.40 0.58 65 
2a |9.87 1.01 Quenched at 550 20.4] 39.4 0.52 16 
2a |9.87 1.01 Annealed at 800 (1472 deg. F.)/15.3| 34.6 0.44 31 
2a |9.87 1.01 Quenched at 800 [24.2 | 45.5 (0.53 11.5 
3a 9.99 2.01 Annealed at 550 /22.2! 39 0.57, 7.5 
8a 9.99 2.01 Quenched at 550 }19.1,; 42 (0.46, 25 
3a 9.99 2.01, Annealed at 850 (1562 deg. F.)/14.6 35.45 0.41, 26.5 
3a 9.99 2.01 Quenched at 850 25.2) 52 0.48, 3.5 
6a 9.10 2.84 Annealed at 550 22.2) 41 0.54| 27 
6a 9.10 2.84 enched at 550 |20.3 41.2 0.49 39.8 
6A \9.10 2.84 Annealed at 900 (1652 deg. F.)|12.6 31.8 0.40 43 
19.9 43.7 (0.46 23 


6a 9.10 2.84 Quenched at 900 


(») Bars Hot-Rolled to 4} in. in Diameter.—An exactly 
similar series of heat-treatment experiments were 
carried out on specimens cut from bars which had been 
hot-rolled to }§ in. in diameter. The results obtained 
with specimens which were slowly cooled and quenched 
(respectively) after one hour’s exposure to the specified 
temperature are given in Talle XXXVII., while 
Table XXXVIII. gives the results obtained with speci- 
mens annealed at the specified temperatures for six hours. 

Broadly speaking, these results are analogous to those 
of the corresponding tests on sand-casting, the tensile 
strengths of the heat-treated rolled bars being in every 
case decidedly higher, notably in the case of No. 3a when 
quenched from 850 deg. Cent. (1562 deg. Fahr.); the 
tensile strength of 52 tons per square inch there recorded 
shares with the tensile tests on cold-drawn bars of the 
same alloy the distinction of being the highest tensile 
strength yet observed in alloys of copper with aluminium 
or with aluminium and manganese. The elongation on 
2 in. of the quenched specimen, however, is only 3.5 per 
cent., while that of the hard-drawn bar is 10 per cent. A 
remarkable feature of the results givenin Table XX XVIL., 
however, is the very low value found for the elongation of 
rolled bars of alloys Nos..2a and 3a after annealing at 
550 deg. Cent. (1022 deg. Fahr.). Annealing the rolled 


Taste XXXVIII. 
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bars at temperatures above 800 deg. Cent. (1472 deg. 
Fahr.), however, does not injure the ductility of the 
material to anything like the same extent, although it 
brings about a more considerable reduction in the ultimate 
stress. 

The results given in the above table, while slightly 
lower both as regards ultimate stress and elongation than 
those obtained from the same alloys with shorter periods 
of annealing, still serve to show that the condition of 
ultimate equilibrium attained after six hours does not 
differ very materially from that attained at the end of the 
first hour ; while in the case of alloys Nos. 2a and 3a the 
increase of the annealing temperature from 800 deg. 
Cent. and 850 deg. Cent. respectively to 900 deg. Cent. 
has not produced any very marked change in the physical 
properties. 

In connection with the effects of heat treatment on 
these alloys, the authors thought that it would be of 
interest to determine approximately the temperature 
required to bring about the annealing or softening of 
ghe hard-drawn bars. The scleroscope offers a ready 
means of making this determination in the approximate 
manner which was aimed at. With this instrument an 
indication of the ‘‘ hardness ” of the metal can be rapidly 
obtained from small specimens; and even if these ings 
be regarded as little more than qualitative indications, 
they are sufficient to indicate the progress of the annealing 

rocess. Small specimens of the cold-drawn bars of alloys 

Vos. 2, 3, and 6, as well as a sample of commercial copper 
which had been rolled and drawn at the same time and 
in the same manner as the alloy bars, were accordingly 
prepared and exposed for periods of 30 minutes at various 
temperatures, the ‘‘scleroscope hardness number ” being 
determined at the end of each of these periods, the same 
specimen being then exposed to the next higher tempera- 
ture, and again observed at the end of half-an-hour. 
The results found are given in Table XX XIX. 
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In the case of copper there appears to be a decided 
softening even after thirty minutes’ exposure to so low a 
temperature as 250 deg. Cent. (484 deg. Fahr.;) but in the 
case of the three ternary alloys softening does not com- 
mence until the temperature of 400 deg. Cent. (752 deg. 
Fahr.) has been passed, 550 deg. Cent. (1022 deg. Fahr.) 
reduces them to a condition approximating to that of the 
hot-rolled bars, while higher temperatures soften them to 
a considerable further extent. 


(To be continued.) 








Tue National UNIversItTy OF IRELAND.—Mr. Pierce 
F. Purcell, M.A., M.A.1L, A.M. Inst. C.E., who was 
with the London County Council Engineers’ Department 
as assistant resident engineer for over five years, has been 
appointed to the Chair of Engineering in the National 

niversity of Ireland. He is now in charge of the new 
engineering school of University College, Dublin, where 





work recently commenced, 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELEOTED ABSTRACTS OF RECENT PUBLISHED SPECIFT- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is tioned, the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, £c., 

Ce a at termes nas pap Peheer the Patent Office, Sale 
‘opies 0, i ions may at: at 5 
) oe ts, Southanaten Buildings, Chancery-lane, W.C., at 
the uniform ye of 8d. 

The date of the advertisement of the mee of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement % the ance of a Complete Specification, 
give notice at the Patent O, of ition to the grant of a 
Patent on any of the grow mentioned in the Act. 


RAILWAYS AND TRAMWAYS. 


6702. F, Ipswich, and L. W. Crosta, West 
Bridgford. ail-Grinding Machines. [5 Figs.) March 
20, 1909.—This invention relates to grinding-machines used for 
removing corrugations and other irregularities from rails. The 

resent invention has for its object improvements in the means 
or, and in the method of, carrying the grinder, and of wy amree 
the grinder relatively to the surface of the rail to be grou 
The grinder 1 is mounted on an axle 2, the front end of which is 
fitted to rotate in a sleeve 3. This sleeve is carried by a block 4, 
which is in halves, and is fitted to slide vertically on guides 5 on 
the w= 7 6, and it is recessed to receive the end of the 
link 7, Attached to the top of the block 4 there is a screw 8, 
which hasa nut in the toothed wheel 9, and this wheel is actuated 
to raise and lower the grinder from a hand-wheel 10 through a 
shaft 11 andtoothed wheel 12. The grinder and connected parts 
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are held from end movement relatively to each other by a collar 
13, but the upper end of the link 7 is free to move endways on its 
carrying shaft 14. The other end of the shaft 2 is fitted with a 
sleeve 18, within which the grinder-shaft 2 can slide, but by means 
of a square on the shaft, or equivalent means, the two parts 
rotate together. The sleeve 18 has a bearing in blocks 16, which 
are carried by the link 15, and this link is held from end move- 
ment on its carrying shaft 14. The sleeve 18 is provided with 
teeth 19, and it a.d the grinder 1 are driven from a wheel 20 on 
the shaft 14 through the chain 21. The casing 6 is made with feet 
22, which are preferably fitted with renewable facings 23, which 
are shaped according to the shape of the rail to be ground, and 
so that they rest upon the surface it is required to grind, and are 
sufficiently ay to prevent the — following the irregulari- 
ties of the rail being ground. (Accepted November 24, 1909. 


24,461. H. E. Gresham, Salford. Vacuum Brake 
tus. (1 Fig.) December 14, 1908.—This invention 

relates to vacuum brake apparatus for railway vehicles, and, more 
rticularly, to the piston-rods connected to the pistons working 

n the brake cylinders, The piston-rod proper is formed from a 
cylindrical steel bar a of the required section, and having its 
ends, b, c, of reduced diameter and screw-threaded. Asis well 
known, the piston-rod works through an indiarubber packing 
ring and a brass bush in the brake cylinder, a brass liner being 
provided upon the piston-rod to prevent the formation of rust 


d 
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upon the rod which would impair, if not prevent, the action of 
the brake piston. In the present eonstruction of piston-rod, a 
hollow brass cylinder or liner f is forced upon the piston-rod, the 
eye-piece d serving, if desired, as a stop for one end of the liner, 
the stop for the other end being provided by the brake piston 
itself. As the liner is a tight fit upon the rod, there is no 
tendency, however, for it to become displaced. By this method 
it is possible to produce piston-rods having the requisite strength 
and ban property of as the tendency to rust, in a more 
expeditious manner than is at i ecepted 
November 17, 1909.) a 


3384. H. E. Gresham, Salford. Sanding Appliances, 
(8 Figs.) February 11, 1909.—This invention relates to steam 
sanding appliances for railway vehicles. The invention comprises 
the combination with a main valve adapted to control ports lead- 
ing to a sand ejector or ejectors and a drip-pipe, of an auxiliary 
or supplementary valve controlling the flow tate to the main 
valve, and automatically — when the valve uncovers a port 
leading tothe sand ejector, but closed when the valve uncovers the 
port communicating with the drip-pipe. The control-valve a is 
of the disc type, and two ports b, ¢ are provided therein, one, b, 














of which can be placed in communication with a port d provided 
in the valve casing, which leads to the sand-ejector by way of 
the pipe ¢, whilst the other c, can, as shown in Fig. 2, be placed 
in communication with the J leading to the drip-pipe g. The 
valve a is rotated by a h carrying a collar i having a cam- 
sha) portion j, a spring k interposed between the valve 
and collar for holding the valve firmly on its seat, and the collar 
firmly against the casing, so preventing leakage of steam. The 
auxiliary or supplementary valve m for controlling the flow 
of steam to the disc valve a is of the lift type, and has its end n 
adjacent the periphery of the cam j. position of n is so 
arranged with respect to the cam j and to the ports b, ¢, d, f 
communicating with the sand-ejector and with the drip-pipe, 
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that a movement of the disc-valve a for placing the port b 
therein in coincidence with the port d leading to the sand-ejector 
also effects, by reason of the cam j, a movement of the lift-valve 
m for allowing the flow of steam through the port b and port 
d to the sand-ejector. When, however, the disc-valve a is moved 
to place the port ¢ in communication with the port / leading 
to the drip-pipe g, the auxiliary or supplementary valve m is 
allowed to close under the steam pressure. By the arrangement 
described, when the sand-ejector is not in use, no steam can 
escape therethrough, as any leakage past the steam-valve m will 
pass to the drip-pipe g through the open ports c and J, and not to 
the bar sa ig = e which is closed by the disc-valve a. (Accepted 
November 17, 1909.) 


SHIPS AND NAUTICAL APPLIANCES. 


24,595. J. R. F. Dettmer, Birkenhead. Cargo 
Vessels. [48 Figs.) November 16, 1908.—This invention re- 
lates to cargo vessels of the kind having topside water-ballast 
tanks, According to this invention, the frames or ribs of the 
vessel are carried up from the upper plating of the double bottom 
to the height of the forecastle, poop, and jbridge decks, and the 
shell-plates are also carried up with the frames, the plating being 
joggled, overlapped with liners, or butted together, or the frames 
can be led to suit the plates. The frames formed and arranged 
in acco ce with this invention, together with the tanks and 
constructional features extend preferably continuously from poop 
to forecastle through — and boiler-rooms. The ends of the 
hatches are preferably placed as close to the bulkheads and as 
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close together as practical, the parts being decked over for 
strength. The sides of the topside and bottom tanks can be built 
with shear, by the use of angle-iron or by flanging the plates, pre- 
ferably, a ship could be constructed without shear so as to ensure 
all sections as far as practical being alike. Ina vessel constructed 
in accordance with this invention in which the frame is in one 
piece and the shell-plates and frame are carried right up in the 
manner indicated, a construction of great strength is obtained. 
Cargo shifting boards can be dispensed with.; the vessel is a com- 
lete self-trimmer both for cargo and bunkers, ard capable of 
‘ing quickly loaded and discharged. a, a are the ribs which are 
ied up to the height of the forecastle, p, or bri decks, 
and b is the shell-plate. fis the topside tank. (Accepted Novem- 
ber 17, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
10,717. La e des Chaudronneries 


Brouhon and J. v A 

° an _wans- 
Belgium. Water-Tube Sonera’ Th rated by ] May5, 
1909.—This invention relates to water-tube boilers com of 


superimposed elements, each consisting of a steam and water 
chamber, and a series of generating tubes, the steam and water 
spaces of each el it being ted with those of the elements 
next above and below by tubes inside or outside the steam and 
water chambers, whilst the feed is admitted to the top element 
only. The boiler consists of two principal and distinct ele- 
ments—viz., the steam and water-drums 1 and the water-tubes or 
generating tubes 10, which together form a steam-producing 
element. These steam-producing elements are superimposed in 








numbers of three, four, or five, and are d to one ther by 
ti bet n the of the drum of one element 
drum of the next element 





3 
and the bottom of the superim: 





Fouling h each of the connections $ is a vertical tube 4-or 5, 
the tubes 4 being arranged so that they serve to collect the steam, 
and conduct it to the top of the drum, whilst the function of the 
tubes 5 is to feed water to each steam-producing group. 
In order that the steam may be generated under the most advan. 
tageous conditions, it is necessary that the generating or vaporis- 
ing-tubes and the feed-tubes should be arranged in certain defined 
positions within or upon the drums. The tubes 4, wherethrough 
the steam from the bottom drums 1 is delivered to the super. 
imposed drums, are placed towards the two extremities of the 
drum as shown in Fig. 2 in such a manner as to ensure the rapid 
liberation of the steam produced, whilst the steam-tubes 4 of the 
second or next steam-producing group are arranged in the middle 
of the drum if it is a single one, or in different vertical planes with 
reference to the steam tubes of the drums above and below, but 
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all the tubes are disposed with respect to the drums that they lie 
in a vertical plane containing the longitudinal drum axes. This 
arrangement methodically prevents priming or the drawing of 
water in the steam tubes, such as would otherwise be liable to 
occur on the stopping and starting of machines, seeing that any 
globules of water which may be drawn into the steam tubes of any 
one drum are, on being discharged with the said steam, projected 
against the top walls of that drum and are thereby deprived of 
their energy and intercepted. In cases where the steam-delivery 
tubes are arranged externally of the drums, the jet of steam is 
discharged towards the volume of water by a tube which is bent 
in the downward direction, or else it is directed towards the 
crown of the drum by an upwardly-bent nozzle or beak, so as to 
obtain a similar intercepting effect and prevent priming. (Accepted 
November 17, 1909.) 


5840. J. E. Shaw, A. Shaw, W. Lees, T. W. Lees, 
and A. Halifax. Feed-Water Reguiators. 
(2 Figs.) April 29, 1909.—This invention has reference to the feed- 
ing of water to steam-generators. 1 represents the top of a steam- 
generator, 2 the steam space, 3 the normal water-level of the 
generator, and 4 the main feed-pipe, which is provided with a 
stop-valve (not shown). In carrying out this invention there is 
secured over an opening made in the top of the boiler a casing 5. 
Extending down through the casing 5 into the steam space 2 of 
the generator is a chamber 6, flanged at its upper end, and 
secured in position on the upper end of the casing 5. Leading 
from the cap 7 is a branch pipe 8 connecting the interior of the 
regulator with the main feed-pipe 4. A stop and check-valve 9 is 
provided in the branch-pipe 8 to enable the regulator to be put 
out of action when oan The upper end. of the chamber 6 is 
provided with a valve-seating 10, on which is adapted to rest, so 
as to normally close admission to the chamber, a valve 11, pro- 
vided on its underside with a vertical spindle 12 which extends 
down through the bottom of the chamber 6 and projects a short 
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distance beyond the same. Near the bottom of the chamber 6 1s 
an elbow-pipe 14 leading therefrom, and extending down below 
the normal water-level 3 of the generator. Pivotally suspended 
from the bottom of the chamber 6 is a balance-lever 16, one arm of 
which is provided with a float 17 adapted to normally ride on the 
surface of the water, the other arm being provided with a balance- 
weight 18 to balance the lever and float. The lower end of the 
valye-spindle 12 is connected to the lever 16. The arrangement 
of the parts is such that so long as the water in the generator 
reaches the normal level the balance-lever 16 will keep the valve 11 
closed. Immediately the water-level falls below the normal, and 
the float 17 drops, the movement of the lever 16 will cause the 
valve-spindle 12 to be raised, thus opening the valve 11 and ad- 
mittiog water to the generator until the normal water-level is 
reached, when the action of the float will cause the lever to close 
the regulator-valve and shut off the water supply. The —— 
excess of pressure on the feed, or upper, side of the valve 1 
assists in c g it against the boiler pressure. (Accepted Nov- 
ember 24, 1909. 
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THE FRENOH AUTOMOBILE 
INDUSTRY. 


Tue French automobile industry has, for some 
time, been passing through a severe crisis, due, in a 
very large measure, to the fact that the manufacture 
of mechanically-propelled vehicles had tempted too 
many investors of all classes, and had rendered a 
more than abundant supply of capital available for 
the indiscriminate financing of automobile com- 
panies and works. The general impression was that 
there would be a constant supply of buyers of cars ; 
but the prices quoted and the types of cars built 
very soon showed that the moneyed classes alone 
could be reckoned upon as customers. Their 
numbers, however, proved to be comparatively 
small—quite out of proportion with the power of 
production of the new motor-car works. 

At the close of 1908 the number of ‘‘pleasure cars” 
in France amounted to 22,250, with an aggregate of 
over 295,000 horse-power. Until the above date 
the French motor-car industry had developed satis- 
factorily. In 1899 there were less than 1550 cars 
in the whole of France ; the number reached 4400 
in 1901, 9200 in 1903, 15,000 in 1905, and 19,600 in 
1907. The construction of commercial vehicles pro- 
gressed much more slowly ; in 1902 there were no 
more than 1850 such vans throughout the country. 
In 1905 there were 6530, 8900 in 1906, and 15,330 
in 1908, with a total of 148,000 horse-power. In 
the latter years the proportion of commercial cars 
increased much faster than was the case with 
the pleasure cars. From the figures so far avail- 
able the number of cars of all sorts in use at the 
close of 1909 throughout France amounted to 44,800, 
of a total of 569,000 horse-power. These figures show 
that the number of automobiles in use had pro- 
gressed in 1909 in approximately the same propor- 
tion as in the former years, and would lead to the 
conclusion that the French motor-car industry was 
in a satisfactory situation. The development in the 
French demand has, however, not been sufficient 
to meet the expansion of the works. These would 
have required, in order to be at the present time 
in a satisfactory position, a far greater number 
of orders than they have received. The export 
orders have also shown a gradual falling off. 

The French automobile industry, from the com- 
mencement down to the close of 1907, could reckon 
on a satisfactory export trade. Thus in 1899, at 
a time when motor-car construction in France 
had only recently been started in earnest, the 
French works exported over 44 million francs’ 
(180,0001.) worth of cars, a small sum considered 
alone, but a very significant one if the situation of 
the automobile industry at the time be taken into 
account. In the same year, 1899, France imported 
less than 20,000/. of accessory gear and small 
parts. In 1901, only two years later, France ex- 
ported cars to the value of 51 million francs (over 
2,000,0001.), her imports for the same industry 
amounting to only 1,300,000 francs (52,000/.). The 
exports exceeded 100 million francs (4,000,000/.) 
for 1905, and amounted to 144,350,000 francs 
(5,774,0001.) in 1907. Then business declined and 
a period of crisis commenced. This crisis was not 
due to foreign competition in France, for the im- 
ports into France, largely owing to the very high 
Customs duties, have never exceeded 8,700,000 
francs (348,000/.). In 1908 the French exports 
amounted to 127 million francs(just over 5,000,0001.); 
the total for 1909 is expected to be higher by about 
8 or 9 million francs (320,0001. or 360,000/.), but 
this will not give the motor-car industry the required 
prosperity. The new capital invested in this in- 
dustry would make it necessary for the exports to 
follow the same progression as from 1905 to 1907. 

The following is a brief history of several French 
companies, which will illustrate the general situa- 
tion of the automobile trade. We may take first 
the Société des Automobiles Brasier. This com- 
pany was tee armed known as the Société des 
Anciens Etablissements Georges Richard, the 
name being changed later to that of Société de 
Constructions Automobiles du Tréfle & Quatre 

euiiles. Under these three names the company 
has ‘iad an excellent reputation, its cars having had 
& marked success. In 1899-1900 it had a turnover 
of about 1,700,000 francs (68,0001.), a total which 
in 105-6 reached 7,500,000 francs (300,0001.) ; at 
the later date the net profits exceeded 1,500,000 
francs (60,0001.). Its capital amounted to 3,000,000 
francs (120,0001.). The period of prosperity came 
to aclose in 1907 ; the profits had been distributed 
boo liberally during that period, and no sufficient 


provision was made towards the sinking fund and 
for a reserve ; so much so that in 1907 there were 
no funds available. During the year 1906-7 the 
net profits fell to less than 200,000 francs (80001.) 
on a total turnover of 6,500,000 francs (260,0001. ). 
No dividends were distributed ; the capital of 
120,000. was reduced by half, and a new share 
capital of 80,0001. was formed, having a prior lien. 
The 1907-8 working was not very favourable; the 
total business done in this latter year amounted to 
4,900,000 francs (196,0001.), for a total of 375 cars, 
as against 448 cars in the preceding year ; the ratio of 
working expenses to gross receipts rose from 84 to 
91 per cent. Owing to most careful management the 
net profits amounted to 423,000 francs (16,9201.), 
from which a provision for the sinking fund had to 
be deducted ; this would have left 160,000 francs 
(6400/.) for distribution to capital, but no dividends 
were paid. A reserve fund is being formed instead, 
the company is taking up. the manufacture of 
smaller cars, and is modifying its plant with this 
end in view. The year 1908-1909 appears to have 
given better results than the preceding one; un- 
fortunately, a large number of taxi-cabs were 
manufactured in 1909, and this type of car does 
not appear to have given any very great satisfaction 
in Paris. 

The Charron, Girardot, and Voigt Company 
was completely transformed in 1906; it was pur- 
chased by a new company having a capital of 
384,000. The gross receipts for 1907 were very 
satisfactory ; they reached 130,0001., leaving 72,000/. 
for net profits. The following year, 1908, was 
unfortunate, and the profits fell to 6445/. ; at the 
close of the latter year the company could just 
meet the immediate demands made upon its funds. 
It is said that matters have greatly improved since ; 
no doubt such is the case, but there remains 
much lost ground to make up. Payments to the 
sinking fund commenced in 1907 ;_ so far, this only 
contains 39,0001. 

The Chenard Walker Company was formed in 
the commencement of 1906, to continue the business 
of the two partners. The capital was at first 
1,600,000 francs (64,0001.), but after a very short 
time it was raised to 2,200,000 francs (88,000/.). 
From the commencement the company started the 
manufacture of smaller cars and taxi-cabs; the 
orders for cars of standard types were large, and 
manufacture was carried out economically. For 
the first year profits amounted to 10 per cent. of 
the capital. The following year they were 547,000 
francs (21,8801.) on a capital of 2,200,000 francs 
(88,000/.), and a sum of about 110,000 francs 
(44001.) was placed to the reserve. The last year 
for which data are before us shows a net profit of 
184,000 francs (73601.) only, the total reserve fund 
amounting to about 80,000 francs (3200/.). For a 
company which, from the commencement, had 
realised that the manufacture of expensive cars 
could not be reckoned upon to keep the motor-car 
trade going, the depression which the last tigures 
show is very significant. 

The Darracq Company dates from 1897; this 
was among the first companies to start the manu- 
facture of motor-cars in France. It was trans- 
formed in 1902 with a share capital of 650,000. 
and 150,000/. in debentures. At the close of 1908 
about 20,000/. had been refunded. The gross 
receipts amounted at first to 100,0001., they rose to 
203,000/. in 1906, when a dividend of 25 per cent. 
was paid tothe shareholders. The profits decreased 
to 186,000. in 1908. The decrease is less than that 
of the other companies, Messrs. Darracq having had 
large orders for taxi-cabs. Their works are specially 
equipped for this class of car. The Darracq Company 
has a very large interest in the Darracq-Serpollet 
firm, and the latter is also confron with the 
present crisis in the automobile industry, both in 
regard to pleasure cars and commercial vehicles. 

Many automobile manufacturing companies were 
reconstituted as British companies; their shares 
were issued at a lower face-value than that which 
obtains in France, and found, as a rule, ready 
buyers, owing to the general enthusiasm which for 
a season surrounded all automobile ventures. 

The Société Delahaye, like two of the companies 
above referred to, was transformed into a company, 
with a capital of 165,0001. The work for the first 
year was for an amount of 210,000I., leaving a net 
profit of about 22,000/. The corresponding figures 
for the following year were 196,000/. and 18,5001. 
This company builds almost exclusively smaller 
cars and commercial vehicles ; it also places every 





year comparatively large sums to its reserve fund. 





The Société des Automobiles Peugeot was formed 
in 1896, following the personal work carried out by 
Mr. A. Peugeot in designing a type of car at a 
time when automobilism was nothing but a 
‘* music of the future.” The original capital of the 
company was 800,000 francs (32,0001.); it was 
raised in 1898 to 2,400,090 francs (96,0001.), then 
to 5,000,000 francs (200,000/.) in 1900, and to 
6,500,000 francs (260,000/.) in 1906. The capital 
was increased in 1901 and in 1906 by debenture 
issues. The company had much uphill work at 
the commencement, and the balance-sheet for 
1901-1902 closed with a loss of over 1,000,000 francs 
(40,0001.). It, however, continued working with 
great perseverance and skill, and the following 
year the gross profits exceeded 400,000 francs 
(16,0001.) ; they reached 1,560,000 francs (60,0001. ) 
for two conseeutive years, and 2,200,000 francs 
(88,000/.) in 1906-1907. In the following year the 
gross profits fell below 1,250,000 francs (50,0001. ), 
but a satisfactory dividend was paid to the share- 
holders. The company appears to have weathered 
the crisis. In 1908 it issued 2,500,000 francs 
(100,0001.) of debentures to facilitate the business 
which it is carrying out on very large proportions. 

The De Dietrich Company, manufacturers of rail- 
way rolling-stock, also took up the manufacture 
of automobiles from the commencement ; they were 
formed into a limited liability company in 1905, 
with a capital of 3,000,000 francs (120,0001.). Six 
months later the capital was raised to 200,000/.; in 
1906 it was increased to 300,000l., the new com- 
pany continuing the manufacture of railway rolling- 
stock side by side with that of motor-cars. Owing 
to this it was able to better withstand the period of 
crisis. In the year 1904-5 the profits amounted to 
1,313,000 francs (52,5201.); they then rose to 
81,4401. and to 117,2001. as a consequence of the 
astounding development of automobilism in France. 
Great was the surprise when the profits for 1907-8 
were found to have reached only 953,000 francs 
(38,1201.). The depression in the general automo- 
bile trade had not been foreseen, the share capital 
of the company had been raised to 15 million 
francs (600,0001.), and 5,500,000 francs (220,0001.) 
worth of debentures had also been issued, with a 
view to extend the foreign business of the company, 
not so much by exporting the ‘* Croix de Lorraine” 
vehicles, as by interesting foreign firms in the 
manufacture abroad of the company’s specialities. 
With this end in view the company contributed to 
the extent of 120,000/. in the financing of the Italian 
company Isotta Franschini, and also formed a 
British company. The parent company is now in 
process of transformation. 

The Société des Automobiles Mors is amongst 
the oldest companies ; it was formed in 1898. Its 
turnover, which amounted to 1,348,000 francs 
(53,5201.) in 1899, was 3,232,000 francs (129,2801.) 
in 1901, and 6,137,000 frances (245,4801.) in 1903. 
During the same time the gross profits rose from 
288,000 francs (11,5201.) to 1,855,000 francs 

74,2001.) ; the net profits were 1,211,000 francs 
(48,4401.) in 1902. In 1905 the company made a 
loss Of about 600,000 francs (24,0001.), and at the 
close of 1907 the loss exceeded two million francs 
(80,0001.). The turnover in 1908 was 3,221,000 
francs (128,8401.), which resulted in a loss of 
634,000 francs (25,360/.). This company is also in 
process of transformation. 

The Société des Automobiles Porthos has dis- 
appeared almost completely, also the Societé Eclair. 

he Société Eugéne Brillié got into difficulties 
by working for a lump sum the motor-omnibuses 
which it built for the Paris General Omnibus Com- 
pany, the cost of running having far exceeded the 
returns. The Société Rochet Schneider was first 
formed with a 300,0001. capital ; it was dissolved, 
and its business was taken up by another company 
formed for that purpose, the shareholders in the 
old company receiving a share in the new one of 
100 francs (41.) for every twenty shares of 11. each 
in the old company. The Société des Automobiles 
de la Buire, and that of the Automobiles Brouhot, 
have also had to undergo transformation. 

Our Paris correspondent, who sends us this in- 
formation, is of opinion that the motor-car industry 
will improve. He fears, however, that the improve- 
ment, if it does occur, will not be of sufficient extent 
to correspond with the power of production of 
the numerous French automobile works. Aerial 
navigation may, it is true, contribute its quota 
of orders, but it would be unwise to speculate too 
largely upon this new market, for the present at 





all events. And the moral to be drawn from the 
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above is that when facing a new industrial opening, 
caution, and a rapid provision towards the sinking 
fund for paying off the cost of the plant, rank high 
as commercial virtues. 








THE TREATMENT OF WATER ANTE- 
CEDENT TO FILTRATION. 
By Watrer Ciemence, M.I. Mech. E. 
(Concluded from page 136.) 

THE sequence of the operations, by means of 
which the purification of the Magdeburg water 
supply is accomplished, is, therefore :— 

1. Triple aeration by cascades. 
2. First straining through coarse gravel. 
3. Triple aeration by cascades. 
Second straining through medium gravel. 
5. Triple aeration by cascades. 
6. Third straining through finer gravel. 
7. Triple aeration by cascades. 
8. Fourth straining through pea gravel. 
9. Double aeration by cascades. 
10. Rapid filtration doom coarse sand. 
11. Simple aeration by cascades. 
12. Final filtration through slow sand filters. 

The aeration of the water is always advisable in 
the case of river supplies, as the water is rendered 
more palatable by this simple process; but with 
the water of the Elbe it is necessary, as it contains 
a large quantity of organic matters which are readily 
oxidised, and salts of iron which are precipitated 
by the aeration. 

The following analyses, made in the Magdeburg 
municipal laboratories, show the chemical composi- 
tion of the water of the Elbe in July, 1907, and 
May, 1908 : 


Chemical Composition of the Watcr of the River Elbe. 


oe 


o 


Analysis Complete in Milligrammes | July 5, 1907 | May 2, 1908 
; a | y SO. 
| 


per Litre. 
Total solids . . ay “e ~é ee 783.3 395.8 
Loss on ignition .. is a sie 81.7 53 
Sodium (NajO)  .. a 235.1 105.2 
Potassium (K»O) Ss ual ; 18.4 2.8 
Lime (CaQ).. - oe ot i 92.4 55.1 
Magnesium (MgO) a we sa 32.1 20.3 
Oxide of iron (Fes0;)  .. os na 0.3 0.3 
Alumina (AlpQ,) .. dais ; , | I a7 
Chlorine... re = . 287 | 133 
Sulphuric acid 79.7 | 16.2 
Silica a i oa ; . 7.3 5.7 
Carbonic acid és a 0 37.7 
Nitrogen as nitrates ve ‘ - 11.7 7.7 
Nitrites a “ os ‘ traces traces 
Free ammonia Be ai a ; 0.04 0.05 
Albuminoid ammonia... a ; 0.22 0.15 
Oxygen consumed oe - we 7.60 5.4 
Dissolved oxygen .. 5.62 cub.em. 7.5 cub, cm. 

per litre per litre 

Total hardness... ne “ 13.73 deg. &.4 deg. 
Permanent hardness is sit re 7.85 ,, 43 ., 


During the passage of the water through the 
Puech filters a large proportion of the dissolved 
oxygen is absorbed by the oxidisable substanccs in 
the water, but is recovered by the aeration effected 
by the cascades. This is shown by the following 
analyses, carried out by the municipal laboratory on 
June 24, 1909, which indicate very clearly the dis- 
appearance and reappearance of the dissolved 
oxygen. 


Dissolved Oxygen. 


By Volume. 


Cubic Centi- By Weight. 











Milligrammes 
= per Litre. 

Raw water of the Elbe as de. 5 

livered by the low-lift pumps | 6.27 | 8.96 
Effluent from the third series 0.58 0.83 

of gravel filters (after threc | 

strainings) 5.69 \ 8.13 \ 
Water after cascading betweer 0.55 0.79 

third and fourth strainings 6.24 | s.o2 | | 
Effluent from the fourth serie: 

of gravel filters (after fom 

strainings) 58 0.71 7.90 1.02 
Water after cascades following | | 

fourth straining (saturation in 1 | 

dissolved oxygen) hits | 1.02 | 9.36 1.46 





The above figures show the amount of dissolved 
oxygen consumed by the oxidisable matters in the 
water at each successive stage of filtration. By 
means of the cascades the water regains the original 
amount of dissolved oxygen. It is found also that 
the small quantity of ferric oxide (0.2 milligramme 
per litre) contained in the raw water disappears 
completely after the quadruple straining through 
the gravel filters. This is due to the action of the 
cascades ; the aeration of the water by this means 
precipitates the oxide of iron, which is deposited 


with the suspended mud on the stones forming the 

filtering beds. 

As already stated, the effluent from the pre- 
filters is at all times completely clarified, even when 
the raw water is excessively turbid with suspended 
matters of very variable composition. 

The working of ordinary slow sand filters is 
radically altered when they are fed with water pre- 
viously treated in this way. This is illustrated by 
the following bacteriological analyses, showing the 
results of working of the same sand filters for a 
considerable period before and after the adoption 
of the multiple pre-filters. It should be repeated 
that the slow sand filters were not altered in any 
way, and the table shows the results of continuous 
working for a period of eight months. 

Magdchurg Water Works. Number of Bactcria per Cubic 
Centimetre in the General Collecting Reservoir at the 
Outlet from the Sand Filters. Colonies Counted after 
48 — Weekly Averages Compiled from Daily 
Analyses. 


Before the Introduction of the After the Introduction of the 
Puech-Chabal Sysem of Pre- Puech-Chabal System of Pre- 
Filtration. Filtration. 





























Number of Number of 
Dates. Bacteria. | Dates. Bacteria. 
1909. 1909. | 

Jan. 31 to Feb. 6 107 June 17 to June 19 | 13 
Feb. Zto ,, 13 1548 oe ae. BS 18 
99 14 to ,, 20 7il » 27 to July 4 | 21 
« we «2 58 July 4to ,, 10} 24 
5, 28 to Mar. 6 57 - Cie. wi a 
Mar. 7to ,, 13 55 isto , 24 26 
9 l4to , 20 8&0 » we » & 41 
» 2lto , 2 160 Aug. 1 to Aug. 7 30 
>, 28 to April 3 90 a ok < Tee 35 
April 4to ,, 10 62 sie Kee. Bi 39 
. eo ,. W 48 = ae ae oe ET 35 
” 18 to ,, 24 46 » 29 to Sept. 4 23 
» 25 to May 1 34 Sept. 5to , Il} 16 
May St. » 41 oo wm « 18 27 
» Oto, 15 23 ., =e, & 26 
99 16 to ,, 22 27 » 2 to Oct. 2 32 
Bto , BD 46 Oct, Sto ,, 9 17 
» 80 to June 62 o« a « 18 
June 6to ,, 12 42 oe wut » BS 20 
» Wt , 16] 34 . Be » @ 20 
Average... e 166 Average 25 





Improvement in bacteriological condition of the final effluent, § 
84.9 per cent. 

The most remarkable feature of the above table 
is the constancy of the bacteriological purification 
attained since the introduction of the new system 
—a result which is chiefly due to the fact that 
as the filters are supplied with water previously 
clarified, the formation of a layer of mud on the 
surface of the sand is entirely prevented. There 
is thus no risk of variation in the working of 
the filters from the unequal distribution of the 
layer of separated suspended matters, or of the 
accidental disturbance of such a film when formed. 
The water has already been brought to a high 
degree of purification by the previous stages of 
treatment, and the sand filters are left to complete 
the bacteriological purification, and to ensure uni- 
formity of results whatever the state of the raw 
water. 

From this point of view the following table 
is interesting as showing the amount of purifica- 
tion effected by the gravel filters and rapid sand 
filters :— 

Magdelurg Watcr Works. Number of Bacteria per Cubic 

Centimetre. Colonics Counted after 48 Hours. Weekly 

Averages of Daily Analyses. 


Water in General 


Raw Water — Effluent Collecting 


at Inlet from Rapid 




















Dates, 2 Reservoir for 
yg —— <i Effluent from Final 
” ™ Filters. 
1969 
July 4toJuly lt 3254 66 24 
oo SE OP ns 17) 1457 38 18 
» 1s8to ,, 24 1557 42 26 
» te ,, 31 1757 42 j 41 
Aug. ltoAug. i 1885 41 30 
oe 8to ,. 4 1900 69 35 
oo ae es 21 1900 132 38 
— . tem 2s 2571 274 35 
» 2WtoSept. 4, 2214 | 186 23 
Sept. 5to ,, ll 1557 | 116 16 
~ 2 a 1s 3000 } 155 | 27 
» 8to , 2 2700 «=6| (105 26 
» WtoOct. + Wl | 71 32 
Oct. 3to ,, 9 1414 58 17 
» to , 16 1828 43 18 
— See 1200 | 47 20 
» me » 3u 1692 | 96 20 
Averages ool 2000 93 26 
Reduction of 
bacteria es oe \05.4 percent, 98.7 per cent. 


‘The figures show, in the first place, an enormous 








reduction in the number of bacteria in the water 


supplied to the slow sand filters; and, secondly, 
that the absolute regularity of the bacteriologic:| 
results can be relied on with certainty when the 
multiple system of filtration is adopted. This is 
because the numerous troubles due to the variation 
in the character of raw river water, arising from 
seasonal and other causes, are entirely overcome 
by the subdivision of the filtering elements, :o 
that each performs its allotted function in turn. 
The rapid blocking of the gravel filters with mud 
in times of flood is easily dealt with by the 
subdivision of the gravel filters into nume- 
rous sections, any one of which can be easily 
and rapidly cleaned by the automatic air-cleaning 
plant already described. Comparing the results of 
working for twenty weeks before the adoption of 
the multiple system and for twenty weeks after- 
wards, the mean results of filtration, as shown by 
the bacteriological examination of the final effluent, 
may be expressed in figures as seven times bette: 
(25 bacteria per cubic centimetre against 166). 
When the filters were supplied with water not pre- 
viously clarified, the numbers of bacteria in the 
effluent showed the cnormous variation of 23 to 
1528 per cubic centimetre, proving that at timesthere 
was practically no safeguard against water-borne 
diseases. The same filters worked under scientific 
control, and supplied with water previously clarified, 
yield an effluent practically constant in character, 
the number of bacteria varying between 13 and 41 
only. 

All recent investigations tend to prove that no 
sand filter, whatever its construction, can at the 
same time effect the clarification and chemical and 
bacteriological purification of a turbid water. The 
two réles are distinct. The proper function of a 
slow sand filter consists in bacteriological puritica- 
tion, and efticiency and regularity of working can 
only be secured by the adoption of a moderate 
speed, not exceeding 8 in. per hour, and the 
previous clarification of the water. 

The Puech-Chabal multiple filters were designed, 
in the first instance, for the sole purpose of clari- 
fying the water, but experience shows that 95 per 
cent. of the bacteria are retained with the mud and 
other suspended matters removed by the gravel 
strainers and pre-filters. Greater security against 
water-borne diseases is thus attained, which in 
itself would justify an extra expenditure of capital 
and labour in a matter so vital in importance to the 
community as the distribution of a supply of pure 
water. 

But it is found in practice that the improvement 
in the ordinary working of the fine-sand filters is 
such that the cost of the preliminary clarification is 
regained many times over by the increased output 
from the filters and the great saving in labour, for- 
merly necessary for the frequent scraping of the beds. 
The table on the next page, reproduced from the 
official returns, gives the loss of head, the quantity 
of water filtered, and the number of days worked 
between two cleanings of filters Nos. 7 and 11 at 
the Magdeburg Works. Both these filters are 
covered ; the area of No. 7 is 1245 square metres, 
and that of No. 11 is 1770 square metres. 

It may here be stated that at Magdeburg the 
reservoir for the storage of filtered water is very 
small and quite inadequate to regulate the constant 
variation in the requirements of the town, so that it 
is necessary to alter the speed of the filters from hour 
to hour. It will therefore be understood that 
although the average speed shown by the above 
table is comparatively slow, the actual speed of the 
filters is at times much higher, varying from 2 in. 
to 8 in. per hour. 

Under the old system it was necessary to clean 
filter No. 7 after working from 5 to 13 days only, 
the quantity of water filtered between cleanings 
varying from 12,855 to 28,000 cubic metres—an 
average of 13.49 cubic metres per square metre 
of sand area. At the time when the Puech-Cha)al 
system was brought into service, on June 16, this 
filter had already been at work for seven days, and 
had yassed 14,700 cubic metres of water supplied 
from the decanting-basins ; from June 17 it was sup- 
plied only with clarified water from the new gravel 
strainers and pre-filters, and continued to supply 4 
thoroughly purified water for a further period of 
117 days, or four months altogether of uninterrupt ed 
work, yielding in all 198,775 cubic metres, or 159.6 
cubic metres per square metre of sand area. It 
must be remembered that for the first seven (ays 
this filter had been supplied with an imperfectly 
clarified water ; there was, therefore, naturally, 4 
muddy film on the surface of the sand. Notwith- 
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MAGDEBURG WaTER Works. 
Table compiled from the daily returns, showing the comparat:ve working of sand filters before and after the introduction 





Fivrer No. 7 (Coverep); 1245 SquarE METRES. 





= of Head Between) Quantity | Number 
of Water | of Days 











of the Puech-Chabal system for the preliminary treatment of the water. June 17, 1909. 





Fitter No. 11 (Coverrp); 1770 SquARE METRES. 


| 
Loss of Head Between, Quantity 
| TwoCleanings. | of Water 


Number of 












































Two Cleanin 
Darts. ” | Filtered | Working DATES. Filtered Days Working 
Between | Between Between Between Two 
Two | Two Two Cleanings. * 
Initial. Final. |Cleanings. |Cleanings. Initial. Final, (Cleanings. 
1909. em. . em cub. m. | 1909 cm. em. cub. m. | 
z May 5 Cleaned by scraping May 10 oe . Cleaned by scraping \ 
Y » 6tol2 15 | 110 | 12,855 | 7 » I1lLtols.. 24 104 .| 12,976 5) Ee 
a. 8 Cleaned by scraping » 2 sia Cleaned by scrapin 3 
=f » 14to19 20 112 | 18,480 | 6 » 7 to2l.. 14 106— | 361 6] a 
s° <a : Cleaned Ly scraping » 22 - Cleaned by scrapin, gs 
$5) ., 21t0% 10 | 110 12,905 | 5 »» 23to %6.. 18 | 102 | 10,991 4\2e 
os » 2 aol Cleaned by scraping » 2 aoe t= Cleaned by scrapin aS 
£5 » 2 to » 28toJune 4 10 104 =| = 15,307 size 
@ June 8 | 4 | 110 28,000 | 13 June 5 ae ° Cleaned by scraping 3 
— |June9 Cleaned by scraping June 6 to 10 ‘ 8 106 12,582 5] 5 
\June 10 to 16 8 oe 14,700 71404 1 a Cleaned by scraping > 
», 17 toOct. 11) oe 115 184,075 st Re 12 to 16 8 oo | 14,192 3} 17 / 
33 } ———. » 17 to28 66 | 27,985 | 12j)/"' \@ ¢ 
ge 198,775 — 45 
= \ Oct. 11 F, lter laid off for re-sanding | 42,127 fs 
ig | », 28 to July6 Repairing filter, surface lightly scraped 2 g 
$3 July 7 to Oct. 31 3 21 | 284,850 | 117 8 
Se | Filter to continue working until the ze 
+ | loss of head reaches 1.15 m. 
New FIiLtTerInc PLant AT MAGDEBURG WATER Works. 
Results of working of four fine-sand filters after partial re-laying with new sand. Filters supplied with clarified water from 
Puech-Chabal gravel strainers and pre-filters. 
Fitter No. 1. Fitter No, 2. FILTER No. 3. Fitter No. 4. 
« lew |e = jet (8 o law if | we |e 
= 3324/5 = l23¢\5 = (33's | |= isd elf 
= \SB2is. 3 |S. = Sees. ls |SERIS. 
SeF asia Sal/Fusiag Se Fl ge! IS ale 332 
£2.35 /8C 22 gS 05 22 ge FS§| £28265 
Dates. a nee So. Dates. a5 hoe , Dates. me oar S| Dates. FRS|S od) 
32 SBS\s2 sE\SES 53 SESEE b= SESEBS 55 
5/3 83/20) S/S $3/20 SES= 20 |°3/8 52 20 
g5 sec les B5\a20 83 25822 5% 83\355 2% 
s°5 == hed | eel che So Serge els a7 ™ 
1009 1909 1909 1909 
Aug. 1 .| Re-filling after Aug. 14 .| Re-filling after Sept. 15 Re-filling after Oct. 12 .| Re-filling after 
2. re-sanding re-sanding re-sanding | re-sanding 
2s. -- a 450 
Zg54' » 2 288 oo 220| ,, 13 ) 120 
Zee ~ 2 190 ‘ Loop an , 196 |, 14 rt 
seg¢| 4 | 160 AUg- 4 ) a 2 148| ” 16 ii 3 68 
gee seg 2|. 127) ” 3 1 9 sel 1» «20 110} ,, 16 62 
pet 6 6) » 1 J : 21 $4 
” ~4 18 58 ” | 
.? oe | 62, » 2 86 
a 2 | 67 = 70 
Filter brought into service Filter brought into service Filter brought into service Filter brought into service 
August 9 August 19 September 24 October 17 
Aug. 9 to 14 2 9,675, 87 | | 
» 15 ,, 21 3 |14,925 27 Aug. 19 to 21) 7 | 3,150 55 
», 22 ,, 2% 8 /114,475| 21) ,, 22 ,, 28 7 18,825 48 | *_ 
” 29Sep. 4 3/13,050/ 20;  20Sep. 4) 7 12,675| 32 
Sept. 5 to 11 3 |13,725| 15 ‘Sept. 5 to 11. 7 |18,725 21 | 
» 12 4, 18) 4/14,125) 18) ,, 12 ,, 18) 7 114,175, 20 
» 19 ,, 25 4 /13,050 17) ,, 19 ,, 25, 7 13,125 16 Sept.24to25.. 2 | 3,000) 69 
» £6Oct. 2 411,190, 21 | ,, 26 Oct. 2) 8 13,125 19 | ,, 26 Oct. 2 2 | 10,500) 58 
Oct. 3 to 9 4 /|14,025 15 Oct. 3 to 9) 8 |14,025 9 lOct. Sto 9... 2 / 11,175) 41 | 
» 10 ,, 16 56 | 14,325 13 » 10 , 16 8 14,305 9 »» 10,,16..| 3 | 12,225) 32 | 
» 17 ,, 23| 5 |18,275'18| ,. 17 ,, 23 8 18,275, 10| ,, 17,,28..| 3 |18,200] 27 Oct. 17to23..| 3 |10,500! 42 
» 24 4, 30) 5|12,900' 15| ,, 24 ,, 30/ 8 |12,900 8| ,, 24,,30... 4 {13,900 23/ ,, 24,,30..! 4 |13,675, 25 
| 
The above table is compiled from statistics obtained by the Official Municipal Laboratory of the City of Magdeburg. 
New Fitrertnc PLant at MaGpEBuRG WaTER Works. 
Table showing the working of covered sand filters Nos, 9 to 18 after scraping and re-filling with water previously 
clarified by the Puech-Chabal gravel filters and pre-filters. 
{ 
Fitter No. 9. FILTER No. 10. Fitter No. 11, Fitter No, 12, Fitter No. 13. 
ee ae " ; gn hee S a pee me - ° 
=@ 2s | sd | es o eS | a ee} 3 P<} 
gf 45 35 | $e g£ | gE Be | 38 | ge 
me oO =m=2 | «ab =2 | aed me 20 | 2 1S) 
Dates.| 3& Eog | Date.| s& | Hog Dats. se | Ess | =5 | #53 at ae ee 
-| Se Ses | Dats.) SE | Eos Dates SE Ze | Dates.| 2 Ege | Date.| sG Eos 
gs ess gs |tse gs | ape | g5 ost | $8 83% 
go  gok 85 | go8 86 | B66 | go | gos go ,goe 
1909 | 1909 1909 | 1909 1909. | 
July 17 Cleaning. \July 7 Cleaning. July, 3 Cleaning. (July 14 Cleaning. July14| Cleaning. 
» 18 Re-filling. eo @® Re-filling. »o @ Re-filling. rn | Re-filling. » 16) Re-filling. 
» 19 4 17 a 5 9 5 5 et ye 4 15 on. :6 ¢ 2 
» 2 5 8 » 2 5 13 at © 5 a ls 4 30 i 4 45 
i. a 5 1t ice 5 16 - § 5 15 an 4 20 a 4 50 
» 2 5 14 os 5 9 ae 5 6 » 19 4 ee ee 4 22 
» 2 5 17 ee 5 14 © if 12 a 4 39 »» 20 4 27 
» 24 5 8 a 5 7 » 2 5 16 | 5 25 ae 4 26 
» 2 5 21 ~~ & 5 10 » 2 5 5 » 2 6 40 » 2 4 22 
~ a 5 12 » we 5 13 ae 5 9 — 6 27 1 4 28 
a 5 8 - 5 9 a 5 9 » «24 6 26 » 24 4 15 
” 5 16 » 20 5 4 =. 5 9 a 6 36 as an 4 64 
” 5 14 » 19 5 11 so 5 5 » 6 6 26 os = 4 22 
” 5 ll oe = 5 17 ae BD 5 8 —«a 6 32 » 2] 4 16 
” 5 11 — 5 20 AT 5 . | 2 6 20 » B 4 18 
Aug. 5 14 ; 2 5 - ic wil’ s 1 |; 29! 6 ssi}, @)] 4 2 
—— 3 16 ” 93 5 10 ” 19 5 9 | 30 6 18 wl 4 19 
standir 


ig this fact, the filter continued to give excel- 
lent results for a further period of nearly four months 
when supplied with water previously clarified. 

Filter No. 11 averaged about six days between | 
Scrapings, the average quantity of water filtered | 
being 12,643 cubic metres, or 7.14 cubic metres per 





square metre of area. It had been working for five 
days with raw water, when, on June 17, the Puech- 
Chabal filters were used for the first time, and it con- 
tinued to work for a further period of 12 days, when 
the loss of head had reached 66 centimetres only. At 
this time the filter was laid off for structural repairs, 








and before being brought into service again, on 
July 7, the surface of the sand was lightly scraped 
to a depth of 5 millimetres. After working for 
117 days, the filter had passed 284,850 cubic metres 
of water (160.93 cubic metres per square metre of 
surface), with a loss of head of 21 centimetres. As 
the limit of loss of head is 1.15 metres, it may be 
safely estimated that this filter will work without 
interruption for at least 12 months (at Suresnes, 
Paris, under similar conditions, the covered filters 
have worked with water from the Seine for no less 
than 28 months without cleaning). 

The slight increase in the loss of head, which is 
shown by the table, cannot be attributed to a 
deposit of mud on the surface of the sand, as in 
appearance this remains perfectly clean. The loss 
of head is probably due to the formation of zooglea 
jelly in the upper layers of sand, caused by the 
rapid increase in the number of bacteria in the 
surface layer of deposits left from the previous 
working of the filter, for, as already stated, the 
filter had only been partially cleaned before being 
put to work on July 7. 

Many of the final sand filters, which, owing to 
frequent scrapings, had been reduced in thick- 
ness, were cleared of all sand which appeared 
to be soiled in any way, and were re-filled with 
new sand to a depth of 1 metre. Some of these 
filters are already at work and giving excellent 
results without appreciable loss of head. The 
annexed table gives the results of working of 
four filters in which the filtering materials have 
been renewed since the Puech-Chabal plant was 
brought into operation. It might be thought that 
water already clarified would be incapable of form- 
ing the filtering membrane, but the results show 
that the filters ripened in a comparatively short 
period, and that excellent results were obtained 
from the first, although it is generally found that 
good results cannot be obtained under ordinary 
conditions of working sand filters for some con- 
siderable time after re-laying the filtering materials. 

Filter No. 1, referred to in the table, had been 
cleared of all the sand, with the exception of a 
layer of apparently clean sand, 15 centimetres (6 in.) 
deep, over the drains ; the bed was brought up to 
1 metre in thickness with new sand. After running 
to waste for six days, this filter was brought into 
use, and continued to give excellent and constant 
results. The initial loss of head of 2 centimetres 
had increased to only 5 centimetres after three 
months’ uninterrupted work—an increase of 1 centi- 
metre (0.4 in.) per month. 

In Filter No. 2 a layer 40 centimetres (16 in.) 
deep of the old sand was left in the bed, and 60 
centimetres of new sand placed over it, making a 
total thickness of 1 metre. This filter shows a some- 
what greater initial loss of head than No. 1, due, 
no doubt, to the greater depth of old sand which 
had been left in the filter, this layer being firmly 
compressed by previous use. The table shows that 
the character of the effluent on the second day after 
re-sanding complied with the conditions of the 
Imperial Council of Health for potable water. The 
increase in the loss of head amounted to 1 centi- 
metre only after three months’ working. 

Filter No. 3 was cleared almost entirely of the 
old sand, only 10 centimetres being left, anda 
depth of 90 centimetres of new sand was supplied. 
The initial loss of head with the new sand-bed was 
only 2 centimetres, but eight days were required to 
ripen the filter. 

Filter No. 4 was entirely cleared and new sand 
supplied. On the second day of working the 
number of bacteria in the effluent had fallen to 
less than 100 per cubic centimetre, and after four 
days the filter was brought into service, 

he above results apply to filters supplied with 
new filtering materials. In the ordinary course of 
filtering river water constant bacterial efficiency 
would not be looked for until the filters had been 
at work for a considerable period, while it has 
been found at Magdeburg that the fine-sand filters, 
after cleaning by scraping the surface, may be 
immediately brought into service, giving excellent 
bacteriological results from the first. 

The working of five of the covered filters during 
July is shown in the third table annexed. These 
filters had not been modified in any way, but 
were in use when the Puech-Chabal plant was 
introduced on June 17. They were cleaned in 
the ordinary way, by scraping the surface, and after- 
wards supplied with water previously clarified and 
partially purified in the new filters. 

During the first 24 hours of working, after clean- 
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ing, these filters yielded an effluent containing 5 a a rs owing to this fact that the remarkable constancy 
less than 30 bacteria per cubic centimetre, andthe [> © of the results of working of the filters on the 
results are so uniform that it would seem thatthe | ~ 3 Puech-Chabal system at Paris, Magdeburg, and 
regulation which provides that the effluent shall be other places has been attained. It is perhaps 
run to waste for the first 48 hours, so that-a hardly necessary to state that at Magdeburg, as at 
bacteriological examination can be completed, | almost all large water-works on the Continent, 
might with safety be dispensed with. there is a well-equipped laboratory at the works, 
Conclusions.—A comparison of the results of the | under the control of the City Municipal Council, 
working of the sand filters at Magdeburg, before | where constant chemical and bacteriological analyses 
and after the introduction of an efficient system of are made, and from which, unless otherwise stated, 
clarification previous to filtration, proves that the the above tables have been prepared. 
generally-accepted theory—that a layer of mjneral 
and organic matters must be formed on the surface 
of the sand before efticient filtration can be secured 
-—is erroneous. 
Contrary to expectation, it has been found that | 
the maximum efticiency of the filter is reached 
more rapidly when the water has been previously 
clarified than when raw water is used, and this 
applies both to new filter-beds and to those which 
have been in use for some time. 
It has been shown conclusively that when the 
number of bacteria has been reduced to 100 to 200 
per cubic centimetre by previous treatment of the 
water, sand filtration by means of slow sand filters 
will effect practically complete sterilisation, and the 
filters may be worked for prolonged periods with 
very slight variation in the loss of head, and 
consequently at a uniform rate of delivery. The 
fact that the water has been completely clarified | 
prevents the formation of patches of mud and vege- | 

















THE AUTOMATIC ELECTRIC COMPANY'S 
TELEPHONE SYSTEM. ; 

AN automatic telephone system is one in which the 
whole of the connecting-up and ringing-through is done 
by the subscribers themselves without the intervention 
of operators in a central office. A subscriber, by an 
operation at his telephone, must be capable of selecting 
any other subscriber out of, say, 10,000 connecting 
through to him and ringing him up, while arrangements 
must be made to prevent a subscriber connecting to 
another who is already in conversation with someone 
else. Further, for a satisfactory system, the whole of 
the connections must be automatically broken when 
the subscribers hang up their receivers, without the 
necessity for any further operations by them. Many 
automatic systems have been devised, of which some 
are limited to a small number of instruments, while 
others have met with no great success. At first 
sight, and to one unacquainted with the subject, 
the development of a satisfactory system meeting 
the above conditions, suitable for use with an un- 
limited-number of subscribers, and capable of indefi- 
nite expansion, would appear to be almost an impvssi- 





table growths on the surface of the sand, and 
ensures an absolutely even speed of filtration 
over the whole area of the filter. It is no doubt 
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bility ; but the existence of a system which is in use in 
scores of towns, and has over a quarter of a million 
instruments in service, clearly shows that the problem 
is in no way incapable of solution. This record is held 
by the system of the Automatic Electric Company, of 
Chicago, U.S.A., and 54, Duke-street, Birkenhead, 
which is described below. 

Scheme of Connections.—As the apparatus naturally 
consists of an assemblage of a considerable amount of 
detail, it will facilitate the description if, in the first 
instance, a general diagrammatic lay-out and method 
of making through connections is considered, the 
actual construction of the apparatus and method of 
operation being taken up later. Fig. 1, on page 166, 
has accordingly been prepared to illustrate the 
general electrical lay-out of a switchboard ee 
200 subscribers’ instruments, but it must be unders 
that this diagram is very incomplete, all subsidiary 
circuits being omitted, and only such connections in- 
dicated as are necessary for a general understanding of 





from any of the ten banks. In connection with each 
bank a pair of moving contacts, or wipers, is provided, 
as indicated at W in the figure. These wipers are 
controlled by relays in such a way that they may be 
moved up and down with a motion parallel to the 
vertical rows of contacts, and also rotated around their 
axes of suspension in the plane of any of the horizontal 
rows. These two motions enable connection to be 
made between any of the ten pairs of wipers and any 
of the 100 contacts in its bank, and as each of the 100 
telephones has a pair of contacts in each bank, each 
pair of wipers is able to make connection to any of the 
100 telephones. For convenience in reference we will 
call the 100 telephones connected to banks C-1 to C-10 
the ‘first hundred,” and as with this system it is 
necessary that all instruments have the same number 
of figures in their designations, this 100 instruments 
will be called 101, 102, &c., to 199, 100. These banks 
of contacts, together with their wipers and relays, are 
known as connectors. i 
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Fig. 3. 
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the scheme of connections. The whole of the appa- 
ratus shown on this diagram would be located in the 
central station, with the exception, of course, of the 
subscribers’ instruments which are represented by re- 
ceivers at the left-hand side of the figure. 

The ten rectangles marked C-1 to C-10 each contain 
100 pairs of short horizontal lines, which represent 
100 pairs of contacts. In the actual diagram it will 
be seen that only seven rectangles are shown, three 
having been omitted in order to bring the figure within 
the limits of the page, but the method of connecting 
up the three missing rectangles will be obvious. 
This remark also applies to the other three rows of 
rectangles. In the telephone switchboard these con- 
tacts are arranged in a of 100, as shown, in 
ten vertical rows and ten horizontal rows, round the 
interior of a segment of a cylinder. Each contact in 
each of the banks is connected to the corresponding 
contact in each of the remaining nine banks by means 
of common leads, which are shown running below the 
rectangles in the diagram. There would actually be 
200 of these leads (100 pairs), but only six are 
indicated in the figure, in order to reduce the number 
of lines and keep it as simple as possible. Each 
of the pairs of these 200 leads is connected to the 
lines leading to a telephone, so that the ten banks take 
care of 100 subscribers, and it will be evident that 
Connection can be made to any of the 100 subscribers 
















to C-10. Similarly, the leads from the second rows are 
common with those coming from the second rows of 
8-1 to 8-10, and connect to the wipers and relays of 
connectors C-11 to C-20. 

The selectors S-] to 8-20 are each fitted with a pair 
of wipers capable of making connection with any of 
their pairs of contacts, and it will be seen that each 
of these pairs of wipers is consequently capable of 
making connection with any of the 200 telephones ; 
since when any pair of wipers makes contact with any 
pair of contacts in its bottom row, it will interconnect 
with one pair of wipers in the set of connectors C-1 
to C-10, which all range over banks of contacts con- 
nected to the first hundred telephones. Similarly, when 
any pair of wipers makes contact with any pair of 
contacts in its second row, it will interconnect with 
a pair of wipers in the set of connectors C-11 to C-20, 
which all range over banks connected to the second 
hundred telephones. 

Above the selectors 8-1 to 8-10 a series of eight rows, 
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At the bottom of the diagram ten further connectors, 
marked C-11 to C-20, are shown; these are connected 
up in every way similarly to C-1 to C-10, except that 
their common leads connect to the ‘‘ second hundred ” 
telephones, numbered 201 to 200. 

Above the connectors C-1 to C-10, ten further banks 
of contacts, termed the ‘‘ selectors,” and marked 8-1 
to 8-10 on the diagram, are situated. The contacts in 
these banks are similarly arranged in vertical and 
horizontal rows round the interior of a cylinder, but for 
an installation of 200 telephones the two bottom rows 
only are connected up, the remaining eight rows con- 
sisting of idle contacts, whose purpose will be explained 
later. In thesetwo bottom rows, in each selector, each 
pair of contacts is interconnected with the correspond- 
ing pair of contacts in each of the remaining nine 
selectors, as shown, the ten pairs of common leads 
from the bottom rows being connected to the wipers 
and operating relays of the first set of ten connectors, 
while the leads from the second rows are connected to 
the corresponding wipers and relays on the second set 
of ten connectors, C-11 to C-20. Above this second 
set of connectors a second set of selectors 8-11 to 8-20 
is situated, whose two bottom horizontal rows are 








each containing ten contacts, is situated—in the actual 
apparatus there would be 100 such rows, corresponding 
to the 100 telephones controlled by this half of the 
equipment, but eight rows only are shown in order to 
keep the diagram as simple as possible. These rows 
are known as ‘‘line switch-banks,” and the eight shown, 
marked 10] to 106 and 199, 100, correspond to the first 
six and the last two telephones in the first hundred. The 
individual contacts of each of these horizontal rows are 
connected to the corresponding contacts in the other 
rows vertically below them, so that the arrangement 
consists of ten vertical rows, each of 100 contacts, the 
upper and lower contacts in each pair being electric- 
ally common throughout each row. The ten pairs 
of leads coming away from these ten vertical rows 
are connected to the wipers and relays of the 
ten selectors 8-1 to 8-10. A similar series of 100 
horizontal rows of contacts 201 to 200 is mounted 
above selectors C-11 to C-20, and similarly connected to 
their wipers and relays. Each row is furnished with 
a pair of wipers which is capable of moving horizon- 
— across the ten contacts, and making connection 
with any of them, so that there are 200 pairs of wipers 
for the 200 rows. These wipers differ from those which 


interconnected as before, the ten pairs of leads coming | are fitted to the selectors and connectors in that they 


away from the bottom rows being common with those |do not move verticall 


from one horizontal row to 


coming away from the bottom rows of selectors S-1 another, but are confined always each to their own 
to 8-10, which connect to the-wipers and relays onC-1 partieular row. These wipers are individually con- 
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nected to the incoming lines from the 200 telephones, 
which are also connected to the contacts in connectors 
C-1 to C-20. 

It will now be seen that connection may be estab- 
lished between any telephone and any of the remain- 
ing 199, through the intermediation of the line 
switch-banks, the selectors, and the connectors. For 
example, if telephone 101 wishes to communicate with 
telephone 202, the wipers connected to the lines from 
101 will connect to the first contact in their horizontal 
row in the line switch-banks, which connects through 
to the wipers and relay on selector 8-1. This relay 
then operates and steps up its wipers to the second 
horizontal row of contacts in the selector bank, and 
afterwards rotates them until they make connection 
with the first pair of contacts inthat row. Telephone 
101 will then be connected to the wipers and relay of 
connector C-11. This connector relay then steps up 
its wipers to the bottom horizontal row of contacts and 
afterwards rotates them until they make connection 
with the second pair of contacts in that row, which 
are in connection with telephone 202. This completes 
the through connection from 101 to 202. Similarly, it 
will be seen from the figure that through connection in 
either direction can be obtained between any two 
telephones out of the 200. If connection is required 
from 101 to any of the hundred telephones connected 
to connectors Gl to C-10, the wiper of selector S-1 will 
step up to its bottom horizontal row of contacts, instead 
of its second, and so connect through to the wipers 
and relay of connector C-1. 

Suppose now that telephone 101 is connected through 
to 202, as described above, and 102 wishes to speak with 
203. As before, the line switch-bank wipers connected 
to 102 will make connection with a pair of contacts in 
their horizontal row, butnow, since selectorS-1 isalready 
engaged by telephone 101, the wipers connected to 102 
will miss the first contact and connect to the second, 
which connects through to the wipers on selector S-2. 
As before, the wipers on S-2 will step up to the second 
row of contacts, but when they are rotated by the 
relay they will stop at the second contact instead of 
the first, since the first is connected up to connector 
C-11, which is already in use from telephone 101. 
The connection will consequently be made through to 
connector C-12, whose wipers will make connection 
with the contacts connected to 203. 

The process as above may be carried on until the 
whole of the ten vertical rows of contacts and the 
ten selectors controlling the first hundred telephones 
are occupied. When this stage is reached none of the 
remaining 90 telephones in the first 100 will be able 
to ring up, and, in the event of desiring to get 
through, would have to wait until one of the selectors 
was free again. This state of affairs corresponds 
exactly to the case of a limited number of trunk lines 
running between two stations in a manual telephone 
system, which, of course, allows only a limited number 
of subscribers to talk at the same time. The fitting 
of ten selectors per 100 subscribers is in no way an 
inherent feature of this automatic system, as there is 
nothing to prevent a selector being fitted for every 
telephone ; but experience shows that the proportion 
of subscribers wishing to talk at one and the same 
time is amply covered by this proportion between tele- 
phones and selectors ; while reducing the number of 
selectors greatly reduces the cost, and increases the 
simplicity, of the switchboard. This ten to one pro- 
portion allows 20 per cent. of the telephones to be in 
use at a time, since two-telephones are connected to a 
selector during conversation, and it is found that this 
amply covers all ordinary services. In some few cases 
10 Siachen are installed for 50 lines, while the actual 
apparatus is constructed so that a proportion of 
10 selectors for 25 lines may be used if necessary. 

One obvious possibility is ignored in the above out- 
line description of the method of making connections, 
which is that, as described, there is nothing to prevent 
two subscribers making connection to another, both at 
the same time. This possibility is, of course, allowed 
for, and prevented, in the actual i, but the 
system on which this is done cannot be described until 
the detail of the switches and method of operation have 
been gone into. 


In general the switches are operated by a series of | bell 


current impulses sent out from the instrument of the 
subscriber who is calling up. These impulses are con- 
trolled by the rotation of a small dial having a series of 
numbered finger-holes, whith is fixed on the front of 
the instrument, as shown in Fig. 2, on page 166. Con- 
fining our attention for the n.oment to the installation of 
200 telephones shown in Fig. 1, we will suppose that 
one of the subscribers in the first hundred wishes to call 
bf one of the second hundred, say 273. The sequence 
of operations will then be as follows :—The subscriber 
lifts his receiver from the hook and inserts his finger 
in hole 2, rotating the disc in a clockwise direction 
until his finger comes against the stop shown at the 
bottom of the instrument. The disc is then released 
and returns, under the action of a spring and governor, 
to its original position ; in returning a ratchet-wheel 
attached to the disc spindle makes and breaks a 
circuit a definite number of times, the number depend- 





ing obviously on the angle of rotation. The down- 


ward motion of the disc, irrespective of the number 


chosen or the angle through which it is rotated, sends 
a current impulse over the line, which causes the line 
switch-wipers to connect with one of the pairs of 
contacts in their horizontal row, the wipers auto- 
matically choosing a pair of contacts connected to a 
selector which is not at the moment in use. The return 
of the disc, under the action of its spring, sends a series 
of current impulses, which cause the relay of the se- 
lector to which the line is now connected to step up its 
wipers to the second horizontal row, whose contacts are 
connected to connectors controlling the second hundred 
telephones. The relay then automatically rotates the 
wipers until they make contact with a pair of contacts 


connected to a connector not at the moment in use, | 


Matters remain at this stage until the subscriber makes 
his second movement, placing his finger in the 7 hole, 
rotating and releasing as before, As the calling tele- 
phone is now connected to one of the connectors in the 


| transmitting device are made by momentarily con- 
| necting one or other of the lines to earth. For pur. 
s of distinction the lines from the telephone are 
nown as the vertical and rotary lines respectively— 
| V Land R Lin Fig. 3, on page 167, which shows the 
| parts and connections of a connector in a diagram- 
|matic way. The bank of contacts, with its wipers, js 
| shown at the bottom of the figure, and marked “ling 
bank ;” this bank corresponds to the bank of contacts 
| shown for each of the connectors in Fig. 1. Above 
this bank a second set of contacts with wipers, marked 
‘* private bank,” is shown; this forms part of the 
arrangement which prevents a subscriber making con. 
nection to a ‘‘ busy” telephone—that is, one which is 
| already connected through to someone else. 

The actual appearance of the banks of contacts will 
| be seen in the lower part of Fig. 5, below, which illus. 
trates three selectors mounted on a station switchboard 
|and connected up. Although this figure represents 
three selectors, it may also be taken as an adequate 








Fig. 5. 


second hundred, or U-11 to C-20 group, the impulses 
sent by this second movement of the dial cause the 
connector relay to step-up its wipers to the horizontal 
row corresponding to the 271 to 270 telephones. The 
disc is now rotated a third time, and since the tele- 
— required is 273, this third movement is made 
rom the 3 hole. The resulting series of impulses 
cause the connector relay to rotate its wipers across 
the horizontal row until they make connection with 
the contact connected to telephone 273. The connec- 
tion is now complete, and the caller notifies the sub- 
scriber called up by means of a press-button and call- 


It will be clear from the above description that con- 
nection may similarly be established between any 
telephone and any other out of the 200 by rotating 
the dise three times from the holes corresponding to 
the number required. This can be carried out very 
quickly, and there is nothing in the operation pw 
ing any particular intelligence on the subscriber’s part. 
The poe up is more speedy, and mistakes are less 
likely, than when numbers have to be orally communi- 
cated, as in a manual system. 

Details of Connectors.—Turning now to the actual 
detail construction and method of operation of the 
apparatus, it will be convenient if the connectors 
are considered first, followed by the selectors and line- 
switches, The apparatus, as described, is arranged 
for a common-battery system of operation, one side 
of the battery being earthed, and it should be under- 


stood that the operating impulses controlled by the 


representation of three connectors, as the two pieces of 
apparatus are mechanically similar and differ only in 
some electrical details. The contacts consist of flat 
metal springs secured to pieces of hard rubber, or 
treated fibre, cut in the form of a portion of a flat 
ring. The two contacts forming a pair are fastened 
to opposite parallel faces of a ring and project both 
inside and out. The inside projections form the 
rubbing contacts for the wipers, while the outside ones 
form tails for the reception of the connecting wires. 
The hard rubber pieces, with their springs, form units, 
each corresponding to one horizontal row of ten con- 
tacts, and are built up one above another to form the 
bank. 

It will be noticed in Fig. 5 that there are appa- 
rently three banks ; the two lower ones, however, to- 
gether form the line bank. By pees, | this bank 
into two parts and using two wipers, one half a pitch 
in advance of the other, it is possible to double the 
distance between the centres of the horizontal rows 
without increasing the effective pitch. This increases 
the insulation between the contacts, and minimises the 
possibility of cross-talking, without increasing the 
vertical travel of the wiper spindle. 

The method by which the current impulses ere 
utilised to give a vertical and rotary motion to the 
wiper spindle will be seen from Fig. 3. The impu'scs 
are received by the vertical and rotary relays, \ 
and KR, which distribute them through the spring 





contacts 8, and §, to the various parts of the con- 
nector. The wiper spindle is fitted with a hub H in 
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the centre, the upper part of which is milled into ten 
circumferential teeth, and the lower part into ten 
vertical teeth. These teeth are acted on by the pawls 
|’, and P, attached to the vertical and rotary arma- 
tures VA and RA, which are reciprocated by the 
magnets VV and RR in response to the current 
impulses. The to-and-fro motion of the pawl P, steps 
up the spindle one tooth at a time, while pawl P, 
correspondingly steps it round. The spindle is pre- 
vented from falling after each vertical impulse by the 
upper tooth T, of the double dog DD, while after 
rotation it is supported by the fixed dog F D. The 
lower tooth T, of the double dog similarly prevents the 
return of the shaft after rotation, as it tends to return 
under the action of the coiled spring CS. 

The current impulses are further distributed through- 
cut the connector by the three-way four-pole “ side 
switch ” shown in the figure. This switch is actuated 
by the spider-arm § A, which is pivoted at B and 
operated by the spring C. The position of the spider- 
arm, and consequently of the side switch, is deter- 
mined by the action of the private armature P A, with 
its escapement springs, on the ——— finger F. 
Normally the apparatus is in the position shown in the 
figure. An impulse through the private magnet P M 
pulls down the private armature P A, and allows F to 
rest against the first upper tooth of the escapement 
ES. On the cessation of the impulse the armature 
returns, and F passes over the first lower tooth of the 
escapement, so that the spider-arm swings the side 
switch into its second position. After the next impulse 
F passes over the second tooth, and is carried against, 
the stop X, while the side switch passes into its third 
position. 

Let us assume that the connector is in communication 
with a calling subseriber’s telephone, who by the first 
movement of his dial has connected, through a line 
switch and selector, to the incoming lines V L and RL 
of the connector. At this stage the various parts of 
the connector will be in the positions shown in Fig. 3. 
The subscriber now makes the second movement of his 
dial and generates a series of ground impulses over the 
vertical line, followed by one over the rotary line, the 
construction of the transmitting device being such that 
the vertical impulses are always followed by one rotary 
impulse. The grounding of the vertical line closes a 
circuit from that line through the vertical relay V R 
and the upper winding Y, of the relay Y, Y, to the 
battery. The vertical relay accordingly attracts its 
armature and throws ground on spring 8,, which conm- 
pletes a circuit through the spring contact of the 
private relay armature P A, pole a of the side switch 
and the vertical magnets V V, back to battery. 
A series of current impulses accordingly passes through 
V V, and the wiper-shaft is stepped up by a certain 
number of teeth, as determined by the original im- 
pulses coming from the transmitting instrument, The 
tinal impulse over the rotary line passes through rotary 
relay RR and the lower winding Y, of the relay 
Y, Yo. The armature of relay RR is accordingly 
attracted, which grounds spring S, and completes a 
circuit through the private magnet PM and the 
spring 8S, to battery. Armature P A is then attracted, 
and the spider-arm 8 A, together with the side switch, 
passes into its second position. 

The next series of impulses over the vertical line, 
caused by the third movement of the subscriber's disc, 
causes a series of impulses through the rotary magnets 
RR by way of pole a of the side switch, which is 
now standing at its second contact. This steps round 
the wiper-shaft by a number of teeth correspond- 
ing to the impulses, after which the final rotar 
impulse acts on the armature P A, and the side swite 
passes into its third position. It will now be seen 
that the vertical and rotary lines are connected 
through the side switches c and d to the wipers V W 
and R W, and so on to the circuit of the called tele- 
phone. The private wiper P W is connected to ground 
through side switch b. The calling subscriber now 
presses his ringing button, opening circuit through 
his receiver and again throwing ground on the vertical 
line. As before, the vertical relay V R operates, and 
throws the battery on to the ringer relay G R by way 
of position 3 of side-switch a, and spring 8, of relay 
Y, Y., which is now connected to the battery by the 
operation of armature Y A under the action of coil Y,. 
The operation of the ringer relay GR throws an 
alternating current from the generator on the called 
line, by way of the spring contacts ceen in the figure. 

The called subscriber now takes his receiver from 
the hook, which closes a circuit through the trans- 
mitter over the vertical line to the battery through coil 
Z,, and a circuit over the rotary line, through coil Z, 


to sround, thus supplying talking current for the 
called line. Coils Z, and Z., mounted on the same core, 


are wound so that their magnetic forces act in similar 
directions, so that armature ZA is attracted. This 


throws the rotary line of the calling subscriber, which 
1s connected to spring 8, from battery to ground. As 
the receiver of the calling subscriber is already removed 


from its hook, a circuit is now completed from ground 
at side switch b, through coils Y, and R R, over the 
calling line and back through coils VR and Y, to 








battery, thus supplying current to the other half of 
the line. Coils Y, and Y, are now in series, and are 
wound so that their magnetic forces oppose each other, 
so that armature Y A is not affected. Connection 
between the calling and called lines is made through 
two condensers, c, and d,, of two microfarads capacity 
each. The current over the calling line passes through 
the vertical and rotary relays, but it is immaterial 
whether these operate or not, since there is now no 
battery connection to the impulse springs. 

Afterthecompletion of theconversation the hanging up 
of the receiver grounds both lines, whichautomatically 
releases the connector wipers and restores the connec- 
tions to normal, ready for the next call. The ground- 
ing of the rotary line shunts out coil Y,, whereupon 
coil Y, attracts armature Y A and deprives the called 
line of battery, which is transferred to one side of the 
release magnet. Coils Z, and Z, are no longer energised, 
and release the armature Z A, which transfers the 
rotary side of the calling line from ground to battery. 
The vertical and rotary relays are immediately re- 
energised and close the front release springs S, and §,. 
Spring 8, is grounded through a half-ohm coil of a 
selector over the release line Rel. T, and 8, is joined 
to battery through the release magnet Rel. M. This 
magnet attracts its armature and causes the double dog 
to release its hold on the wiper-shaft, when the re- 
lease link Rel. L drops over the vertical finger of the 
double dog and holds it out of contact with the shaft 
until the connector is used again. The shaft, being 
released, is rotated back under the action of 
spring C § until it is sto by the finger 8 F 
striking the normal post P, when it drops to 
its original position. The same motion which 
withdraws the double dog also restores the arm S A 
to its normal position by means of the finger DF 
acting through the link S L upon the lever arm 8 A L. 
When the connector is next used, the first vertical 
impulse raises the release link by means of the finger 
V AF on the vertical armature, allowing the double 
dog to be acted on by a spring, which returns it to the 
shaft. 

Connection with a busy line is prevented by an auto- 
matic release of the connector. When a subscriber is 
being called up, the last impulse over the vertical line 
will have moved the wipers V W and R W on to 
the contacts connected to his line, and the private 
wiper P W on to the corresponding contacts of the 
private bank. But if the called telephone is already 
in use, its private-bank contacts will be grounded 
through position 3 of the side switch b of 
some other connector. The result is that the final 
impulse over the rotary line, operating the private 
magnet P M, throws the battery on the grounded 
private wiper by way of the springs 8; and 8, 
and the release magnet, thus effecting the release of 
the connector. The calling subscriber, not knowing 
that the connector has been released, grounds the 
vertical line by his bell-push, in order to ring up. 
The connector responds by raising the vertical shaft, 
which causes the off-normal springs O N to close. These 
springs are held open by the arm SF when the con- 
nector is in its normal position. The closing of these 
springs connects the rotary side of the line with the 
generator, which, by an inductive effect, produces the 
buzzing sound in the calling subscriber's instrument, 
which indicates that he is attempting to call up a busy 
line. , 

Details of Selectors,—A diagrammatic arrangement 
of a selector, with its circuits, is shown in Fig. 4 on 
page 167. The duty of a selector is to select a 
trunk leading to an unoccupied connector. In general 
construction and method of operation a selector is 
similar to a connector, but is somewhat simpler 
electrically, as the coils Y, Ys, Z, Z, and GR do 
not appear, a coil B Rel., called the ‘‘back release 
relay,” and the interrupter springs IS, are, however, 
added. The selector is operated by the impulses 
generated by the first movement of the calling sub- 
scriber’s dial. The series of impulses over the vertieal 
line step up the wipers to the row of contacts corre- 
sponding to the number of impulses, but the step-by- 
step rotary motion by which the wipers select a free 
trunk is automatic after the single impulse over the 
rotary line, which follows on the vertical series. This 
rotary impulse operates the private magnet P M, as in 
the connector, which, operating the private armature 
P A, allows the side switch to pass into its second 
position. This closes a circuit from groun1 through 
the switch a, contacts IS, and the rotary magnets 
R R, to battery. The rotary armature is ac»ordingly 
pulled down, which breaks the circuit by interposing 
the insulated finger I F between the springs I8. The 
pulling down of R A also causes the finger RA F to 
mechanically depress the private armature P A, which 
allows F to lie against the second upper tooth of the 
escapement. The circuit being broken, the rotary 


armature is pulled back by the action of a spring, and 
the private armature rising allows I’, and consequently 
the side switch, to pass into the third position. 

The wipers are thus left, by the one rotary impulse, 
on the first bank contact of the row to which they were 
The two lines V L 


carried by the vertical impulses. 





and RL are thus connected through to the first con- 
nector of the group, and further operation of the 
selector is prevented after the side switches c and d 
have passed into their third position. The private 
wiper P W now throws ground on the private bank 
contact through the half-ohm coil B Rel., which was 
mentioned above as being connected with the front 
release-spring S, of the connector over the release- 
line Rel. T. 

If another subscriber now calls into the group of 100 
telephones, which is looked after by the connector to 
which the selector is connected through, as described 
above, the selector of this second subscriber will avoid 
the trunk leading to the busy connector, and will 
automatically connect to one that is not in use. 
Assuming that Fig. 4 now represents the selector of 
this second subscriber, the impulse over the rotary 
line will cause the side-switch b to pass into its second 
position, as before, and the private wiper will engage 
the multiple of the contact previously grounded in the 
other selector. The interrupter finger I F now breaks 
the circuit through the rotary magnets, and allows the 
rotary armature to fall back. The private armature, 
however, remains held down, owing to the ground 
received by the private magnet through the wiper 
PW, so that the interrupter springs again close the 
cireuit, and the shaft is rotated another step. The 
private wiper will now rest on an ungrounded contact, 
so that the private armature is released, and the finger 
F, together with the side-switch, passes into the third 
position, and leaves the lines connected through to the 
second connector. If the first two connestors are 
engaged, the selector wipers will be rotated on to the 
third contact, and so on, the wipers continuing to 
rotate as long as the private wiper engages a grounded 
contact. 

Owing to the fact that the selector connections are 
eliminated from the line after the side switch reaches 
its third position, its release is effected by the connector 
over the release trunk Rel. T, shown in Fig. 3. This 
is connected with one of the contacts of the selector 

rivate bank, and from these to ground through the 
nack release-coil B Rel., when the private wiper en- 
gages the contact. When the front release-springs 8, 
and §, of the connector are closed during the release, 
the coil B Rel. is energised, and, attracting its arma- 
ture, throws ground on the release-magnet and releases 
the selector. Should the subscriber for any reason 
wish to release his selector before obtaining his con- 
nector, he grounds both the vertical and rotary lines. 
The rotary line energising the private magnet makes 
contact between springs 8, and §8,, which operates 
the release-magnet, since 8, received ground from the 
spring contact operated by the impulse through the 
vertical relay V R ’ 
(To be continued.) 








ATOMIC WRIGHTS OF CHEMICAL ELEMENTS.—The table 
for 1910 of the chemical elements, issued by the Chemical 
Society in accordance with the recommendations of the 
International Committee on Atomic Weights, lists eighty - 
one elements. Lutecium, one of the rare earth metals, with 
an atomic weight of 174, has recently been recognised 
as an element. Of the radioactive elements, radium alone 
—apart from thorium, which was known before the days 
of radioactivity— enjoys general recognition. The atomic 
weights are based upon the value oxygen O = 16; on this 
basis hydrogen is H = 1.008. Formerly hydrogen was 
poueelly accepted as unity, when the atomic weight of 
oxygen was a little less than 16. The International 
Committee consists of F. W. Clarke (Washington), 
W. Ostwald (Leipzig), T. E. Thorpe (London), and 
G. Urbain (Paris). It is a pity that a scientific inter- 
national committee cannot even agree upon the names 
of the elementsand their symbols. Several familiar names 
of elements are missing from the list, their places being 
taken by designations preferred in British circles, and 
uniformity in these matters would be a distinct advantage. 





Tue Tet Sprep-InpicaToR AND RECORDER FOR AUTO- 
MOBILES.—On page 182 of the eighty-seventh volume of 
ENGINEERING we gave a description of the Hasler speed- 
indicator and recorder for locomotives. The Hasler 
Telegraph Works, 26, Victoria-street, Westminster, 
S.W., have now adapted this appliance, in a smal! size, 
to automobiles under the name of the Tel Speed Indi- 
cator and Recorder. Thisinstrument employs a paper roll 
of a bare 1 in. in width, fed at the rate of } in. (3 milli- 
metres) per minute. On this paper is recorded the speed 
curve in a continuous line, giving all the records while 
running. In addition, a clockwork movement is pro- 
vided, which marks a straight ascending or descending 
line on the paper. This line rises during the hours of 
6 to 12, and falls for those between 12 and 6. If the car 
remains stationary, a vertical line is recorded. This line 
thus records the hour at which the car was taken out, any 
stop made, the hours the car was out, returned, and when 
it was next taken out. This addition to the instrument 
thus forms a check upon unauthorised use of the car. The 
paper roll will last eight days, and the car cannot be 
taken out without a record being made, neither can the 
instrument be opened without the fact being recorded on 
the roll. The speed record is visible from the driver's 
seat, and dial indicators show the momentary speed, 
py run, &c., while the clock is also provided with 
a dial, 
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THE PANAMA CANAL. 


A General Description of the Engineering and Construc- 
tional Features of the Panama Canal.* 


By Grorce W. GorTHaLs, Chairman and Chief 
Engineer, Isthmian Canal Commission. 


As the purpose of this paper is to give a general idea of 
the engineering and construction features of the Panama 
Canal, the history of the explorations and investigations 
of various routes that have received attention, as well as 
the considerations which led to the final adoption by 
the United States of the Panama route, must be 
over. Suffice it to say that the President of the United 
States, in conformity with the provisions of law, secured 
the necessary concession from the Republic of Panama 
for the construction of the canal across the isthmus, and 
purchased the rights and property of the New Panama 
Canal Company then engaged in its construction. The 
United States assumed control on May 4, 1904. 

Congressional action in formulating the laws under 
which the United States were to acquire possession was 
based upon the report of a Board of Engineers, appointed 
in pursuance of an Act approved March 3, 1899, submitted 
November 16, 1901. The plans and estimates submitted 
for a canal vid the Panama route, and subsequently 
adopted by Congress, were for a lock canal. The question 
of sea-level versus lock canal was, so far as the work in 





progress was concerned, settled by the Act of June 29, 
1906, which provides for a lock canal of the general type, 
proposed by the minority of an International Board of | 
Engineers, convened by the President to consider and | 
report upon the general question. While the various 
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reasons advanced cannot be discussed in'}this”paper,7it 
may not be amiss to state that the lock type, as building, 
offers the best solution of the control FP the Chagres, 
gives broader, easier, and safer channels for navigation, 
and can be built in less time and at less cost than the sea- 
level canal that was recommended as a substitute. 

The Isthmus of Panama (Fig. 1 opposite) runs nearly 

east and west, and the canal traverses the isthmus from the 
head of Limon Bay, near Colon, on the north, to Balboa, 
about two miles west of Panama, on the south. Leaving 
Limon Bay the line through the Sierra Quebrancha 
to the valley of the Chemee River at Gatun, three miles 
distant. Thence it follows this valley for 23 miles to the 
Obispo, where, leaving the Chagres, it follows the valley 
of the Obispo River for a portion of its length, crosses the 
continental divide at Culebra through a depression, the 
lowest part of which was 333.5 ft. above the sea, and 
reaches the Pacific through the valley of the Rio Grande. 
The general direction of the canal is from north-west to 
south-east, the Pacific terminus being 22 miles east of the 
entrance on the Atlantic side. The length of the com- 
pleted canal will be practically 50 miles from deep water 
(41 ft. at mean tide) in the Caribbean, to deep water 
(45 ft. at mean tide) in the Pacific. The tidal fluctuations 
are from 1.6 ft. to 2.57 ft. in Limon Bay, and from 18 ft. 
to 21.1 ft. in Panama Bay. 
_ The two formidable engineering difficulties presented 
by the Panama route are the control or disposition of the 
waters of the Ch s River and its tributaries, and the 
cut through the Continental divide, commonly known as 
Culebra Cut, or simply the Cut. 

The Chagres River rises in the San Blas Mountains, 
and drains a basin about 1200 square miles in extent, 
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To complete the Excavation 43,574,954 Cu.Yds. July 1, 1909. 
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valley is but little above sea-level, the low-water surface 
of the Chagres is 1 ft. above mean tide; at the mouth of 
the Obispo, 13 miles from Bohio, the low-water surface is 
45 ft. above: and at Alhajuela, 11 miles higher up by 
river, it is 95 ft. above the same datum. cond hio 
the Chagres valley is undulating, the hills becoming 
higher and steeper as the river is ascended, causing very 
rapid run off of the rains, which fall to the amount of 
100 in. and over in about eight or nine months—the 
average duration of the wet season. 

The maximum observed rainfall is 4.51 in. in one hour. 
The greatest recorded change in the river is a rise of 
35.6 ft. at Gamboa in twenty-four hours; its discharge 
at the beginning of the rise was 3850 cubic feet per 
second, increasing to 76,066 cubic feet per second at the 
peak of the flood. Similar changes, though of less extent, 
are not uncommon ; in fact, every heavy rain along its 
route is followed by a rise in the immediate vicinity and 
below. The excessive rainfall and the precipitous char- 
acter of the hills enclosing the valley make of it a tor- 
rential stream. The bars differ materially, depending 
upon the volume and velocity of the current during the 
freshets which form them; some are of sand, some of 
gravel, and others of pebbles and rounded stones 3 in. to 
6 in. in diameter. ravel taken from Matachin in the 
dry season by the railroad for ballast and other purposes 
is replaced by the river during the following wet season. 
In short, the river deposits are so t that the care of 


this material is an important factor in the problem of the 
control of the river, which is often omitted from con- 
sideration. 

The Chagres has twenty-six tributaries between the 
Obispo and Gatun, each rising in the same character of 
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country as the’Chagres; and though with much"smaller 
drainage areas, they are of the same torrential character, 
and must be reckoned with in the general question of the 
control of the Chagres and its tributaries. The rains are, 
as a rule, local; thus on June 18, 1909, a flood in the 
Mandinga River caused such damage to the Panama 
Railroad as to seriously interfere with traffic, though the 
Chagres was not in fi The largest tributaries are the 
Gatun and Trinidad, the former entering from the east 
with a drainage basin of about 160 square miles, and the 
latter from the west, draining an area of about 390 square 
miles. 

Various methods for the disposition or control of the 
Chagres have received consideration. After the abandon- 
ment of the sea-level project by the French, this control 
was to be effected by a dam at Bohio, where there is a 
decided contraction of the hills bordering the lower 
valley. It was expected that the dam would impound 
sufficient water for navigation purposes, including lock- 

es, and arrangements were to be provided for wasting 
the surplus through a spillway in the adjacent hills into 
the valley below. The New French Company and the 
Board of Engineers of 1899-1901 adopted the same plan, 
utilising the excavation that had already been done on 
the sea-level portion from Bohio to the sea. The plan 
adopted in 1906 located the dam across the valley at 
Gatun, reviving the solution origi 
de Lepinay at the International 
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ence of level. The bottom widths of the channels be- 


tween the Pacific locks and from Miraflores to deep water 
in the Pacific are 500 ft.; through the lake the bottom 
widths are not less than 1000 ft. for about 16 miles, 800 ft. 
for about 4 miles, and 500 ft. for about 3 miles. h 


the continental divide, from Bas Obispo to Pedro Miguel, 
a distance of about 9 miles, the bottom width is 300 ft. 

The work is divided into three parts : From deep water 
in the Caribbean to include the iam Locks and Dam ; 
from Gatun to Pedro Miguel ; and from Pedro Miguel to 
deep water in the Pacific ; and in its execution these con- 
stitute the three construction divisions. 

As the cutting through the continental divide consti- 
tutes the bulk of the excavation, the geological formation 
will be of interest to show more clearly the character of 
the material which must be handled. In this description 
I have drawn from the ‘‘ Report of the Geology of the 
Canal Zone,” prepared for the Commission by Mr. Ernest 
Howe, geologist, who carefully studied the isthmus. He 
divides the formations between Obispo and Pedro Miguel 
into two general classes, which he names the ‘‘ Obispo” 
and “Culebra.” The name ‘‘ Obispo” is given to a for- 
mation of characteristic occurrence in the vicinity of that 
locality, and consists of andesitic breccias, and associated 
lava-flows. The breccias found in the cut are of volcanic 
origin, and are composed of angular fragments of igneous 
rocks of various sizes, from fine gravel to blocks 1 ft. or 
more in diameter, firmly held together by some cement- 
ing material. 

The bfeccias, which make up a large part of the Obispo 
formation, are the result of volcanic eruptions of explosive 
violence by which great quantities of volcanic *‘ ash,” 
lapilli, and large and small blocks of igneous rock are 





hurled from the throat of the voleano. In such eruptions 
the finer material thrown out has been thoroughly calcined 
by the heat of the volcano, and subsequently liberated by 
the force of the explosion, possessing, therefore, the pro- 
— of a natural hydraulic cement, and needs only a 
ittle moisture to set and bind the ejected material into a 
solid rock. The fragments of Obispo breccias consist of 
andesite of a variety of textures, and show slight differ- 
ences in composition; the majority are of pyroxene- 
andesite, though a small reentage of hornblende- 
andesite is present. The colour on fresh exposures is a 
dark blue or green. At a few places, notably in the 
vicinity of Empire, lava-flows ff massive andesite are 
found associated with the breccias. 

The Culebra formation, extending from Las Cascadas 
to Pedro Miguel, consists of a series of soft shales with 
sandy conglomeratic and calcareous layers abundant. 
Limestones are also found, the most massive of these 
occurrences being south of Empire, though others are 
present apparently as lenses in the shales and sandstones. 
Although some thick beds of homogeneous pure clay 
shales occur, most of the formation is richly carbonaceous, 
and at a number of places lens-like seams of lignite are 
found, together with the remains of trees and plants, The 
ea of lignite and carbonaceous clays at the back of 

rijoles and Tabernilla, and the limestones on the upper 


ted by M. | Chagres, suggest that an actual connection may exist 
aris in 1879, | between the Culebra beds and the formation se the 


but not considered at that time, because of M. de Lesseps’ | vicinity of Bohio, but it has not yet been observed. 


desire for a sea-level canal. 


Provisions are to be made |Some time during the formative period eruptions or 


for discharging such flood waters of the Chagres and its | intrusions of basicrock took place in the isthmian region. 
tributaries as will not be needed for maintaining the | It is impossible in many cases to determine the form and 
navigable depth, for lockages and for the generation of | nature of these masses of basalt andesite ; whenever they 


electrical power. , j occur they appear as intrusions. The intrusives in the 
The project now in course of construction (Fig. 2, page.) Culebra Cut and in the region to the south seem to have 
170) consists of an interior lake 163.4 square miles in extent, | invaded the clays of the Culebra formation, while still 
the surface of which is fixed at reference 85 above mean | further to the south, in the region of Balboa, they cut out 
tide and created by the damat Gatun. From Gatun to the the acid tuffs, 
sea a channel 500 ft. wide at the bottom and 41 ft. deep| Mr. Howe classifies the material to be excavated in the 
will be excavated, and access to the lake will be effected | continental divide into earth, soft rock, and hard rock. 
by three locks in flight (Fig. 14, Plate XV.). Descent | Earth includes soil, alluvium—such as clay, sand, and 
from the summit level to the Pacific is by three locks: | gravel—and clays of decomposition in which all traces of 
one at Pedro Miguel with a lift of 30 ft., and two the criginal structure of the rocks from which they were 
in flight at Miraflores, to overcome the remaining differ- | derived were lost, Soft rock is understood to mean materia 


about half of which is above the point where the line of 
the canal leaves the river. Its course is generally parallel 
to the Caribbean as far as the mouth of the Obispo. where 
‘ turns almost at right angles to the westward, pursuing 
us general course to lesen, whence it traverses a 
tortuous channel in a general north-westerly direction, 
and enters the Caribbean Sea to the west of Limon Bay. 
At Bohio, up to which point the general elevation of the 
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* Paper read before the Engineering Section of the 
British Association at Winnipeg. 
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that is more or less consolidated, but still soft enough to be 
handled with picks and shovels. The rocks of all humid 
tropical regions are generally much altered near the sur- 
face. The basic igneous rocks, rich in plagioclase, feld- 
*p ar, ferro-magnesian silicates, are especially subject to 
this surface decay, yielding plastic red clays that grade 
downward to the firm unaltered rocks from which they 
are derived. This layer of clay of decomposition covers 
nearly all of the isthmian region. At the surface the 
clays mixed with vegetable remains are comparatively 
soft and loamy; below this layer of soil the red and 
yellow clays may extend downward for 50 ft. or more, 
oe grading imperceptibly into the hard, undecomposed 
rock. 

The excavation between Bas Obispo and Empire is 
entirely in the Obispo formation, or in hard rock consist- 
ing of andesite breccias, with possibly an occasional flow 
of massive andesite. From near Empire southward the 
cutting will be in the Culebra formation. The character 
of the contact between the Culebra beds and the andesite 
breccias is not known. The sudden change from one to 
the other, and the great thickness of the Culebra beds, 
suggest that the rocks of the two formations may be 
pee paca from one another by a fault ; but the fact that 
calcareous beds belonging to the upper part of the Culebra 
formation are found at many points resting on the Obispo 
rocks indicates that unconformable relations are more apt 
to exist between the two formations than that they are 
separated by a structural break. 

The physical character of the Culebra beds, consisting 
a3 they do of alternating layers of sandstone and shale, is 
peculiarly favourable to land-slides. Structurally, how- 
ever, the strata are so nearly horizontal that movements 
involving large masses of rock are improbable, while slopes 
with suitable angles will do away with the danger of 
minor slips. 

Gold Hill is bounded on the north and south by faults, 
the mass of the hill having sunk with respect to the rocks 
on the other sides of the faults. During the process of 
faulting the strata were twisted to the eastward, and now 
have steep dips in that direction. This structure is also 
complicated by large masses of intrusive basalt, which 
were included in the Culebra beds prior to the faulting. 
The induration resulting from these intrusions has been 
so extensive that all rocks in Gold Hill are very hard and 
firm, and the conditions are such as not to indicate land- 
slides. In Contractors’ Hill (Fig. 15, Plate X VI.), on the 
opposite side of the cut from Gold Hill, a heavy mass of 
breccia is underlaid with the soft Culebra beds, and slides 
are possible, depending upon the dip of the softer rock. 
South of Gold Hill at Cucaracha land-slides have taken 
place, causing considerable trouble both to the French 
and Americans. 

In order to hold their concession the French company 
continued work on the canal up to the time that the 
United States assumed control, and when the transfer of 
rights and property was formally made, the excavation in 
progress was carried on with the various tools and appli- 
ances then in use, consisting of side-excavators, dump- 
cars and locomotives, together with dredgers in the Pacific 
for maintaining the channel previously excavated to the 
Panama Railway wharf. 

The first two and a half years of American control were 
given to prep»ration. All energies were devoted during 
that time to making the isthmus healthy by thorough 
sanitation, to accumulating and organising a working 
force, and providing for it suitable houses, hotels, messes, 
kitchens, and an adequate food supply ; to assembling a 
plant to do the work, to enlarging the existing railway 
system so as to make it adequate, and to establishing a 
syetem of civil government for the zone, which is a strip 
of land 10 miles wide (5 miles on either side of the centre 
line of the canal) extending across the isthmus. 

Sanitation includes clearing of land, draining and filling 
of swamps for the extermination of the mosquito, hospitals 
for the care of the sick and injured, and the quarantine. 
In addition, for securing and maintaining better health 
conditions, municipal improvements were undertaken in 
Panama, Colon, and the various settlements along the 
line, such as the construction of reservoirs, with mains and 
adjuncts, for furnishing good and adequate water supplies, 
good systems of sewerage, and, for easy and rapid com- 
munication, a system of roads, including pavements, laid 
in the terminal cities. 

Buildings to the number of 1749 have been constructed, 
including office buildings, quarters, hospitals, hotels, 
messes, kitchens, shops, storehouses, and corrals ; in addi- 
tion, 1550 of the buildings turned over by the French have 
been remodelled and repaired for use. 

For securing the necessary force, recruiting agencies 
were established in the United States, Europe, and the 
West Indies. The commissary of the Panama Railroad 
was enlarged until it is now a great department store 
supplying whatever is necessary for the comfort and 
convenience of the employés. A manufacturing cold- 
storage and laundry plant was added, and turns out daily 
about 77 tons of ice, 13,000 loaves « f bread, 453 lb. of cake, 
239 gallons of ice-cream, 625 lb. of roasted coffee, 2400 
rolls, 290 pies, and 7500 pieces of lwugdry. 

The construction plant, consisting of locomotives, cars, 
unloaders, spreaders, track-shifters, pile-drivers, cranes 
of various sizes and kinds, dredges, steam-boats, i 
and barges, was purchased, for the most part knocked- 
down, and shops for erection and repair were constructed 
or enlarged. Some of the machinery was built from parts 
manufactured in the shops. The distance from home 
markets, with attendant vexatious delays, and the neces- 
sity for keeping the construction machinery in the most 
efficient condition for economical operation, makes it 
imperative that the shops be equipped to meet every 
possible contingency. ’ 

The capacity of the Panama Railroad, over a large Pay 
of which the spoil from Culebra Cut must be handled 





was increased, double-tracking it throughout except from 
Cristobal to Gatun and from Culsbra to Paraiso. Yards 
were enlarged and connections made to areas available for 
dumping-grounds, 

Laws were framed, and a civil government installed, 
with its necessary adjuncts of courts and subdivisions of 
law, police, fire companies, customs, taxes, po3t-offices, 
public works and treasury. 

A purchasing department was organised in the United 
States for securing supplies of all kinds and descriptions. 
On arrival on the [Isthmus the a are ares to the 
— of the work for which needed, or placed in store- 

ouses along the line for issue when required. Any of 
the foregoing essential parts of the work would form in 
itself a voluminous paper, and are mentioned here merely 
to give some idea not only of the extent and magnitude 
of the work, but of the organisation that had to ba pro- 
vided to successfully cope with and handle the enterprise. 

The cut is formidable on account of the magnitude of 
the work, and a!so because of the diffizulties attending it, 











must be hauled back, and secures a satisfactory drainags 
arrangement. 

The Americans have followed this same method, the 
only difference being in the character of machinery used, 
which, in addition to increased capacity, permits of a 
20-ft. to 22-ft. depth of cut, as against 16 ft. The width 
of channel adopted by the French was about 74 ft. ; the 

resent plan is for a channel 300 ft. wide at the bottom. 
When the Americans undertook the work they concen 
trated their efforts with available machinery to securing 
the nec23sary widths for the upper reaches before attempt- 
| ing aay increase in depth. The accompanying diagrams 
| (Figs. 3 to 12, and Fig. 13 on Plate XV.) give represent: 
| tions of the work done by the French and that accom 
| plished by the American3, as well as illustrating the 
finished profile. 

In 1904 the summit of the cut was near Gold Hill, and 
at reference 193. Whatever water entered the cut from 
| rains and ssepage was drained by gravity from thissummit 
to the Rio Grande on the south and to the Chagres on the 
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due to the excessive rainfall. To complete the present 
project, it was estimated as of May 4, 1904, that 
78,042,295 cubic yards of material had to be removed, 
all of which is confined in a relatively contracted space. 
The disposal of this amount of material was also a serious 
problem. The difficulties are accentuated by the dis- 
tance from available markets and labour centres. With 
modern machinery, larger cars, and heavier locomotives, 
with ample dumping-grounds that the present project 
makes available, with increased railroad facilities, and 
with sickness uced to a minimum, the task is some- 
what simplified. 

The French so planned the excavation of the cut that 
after the removal of the peak of the divide and lesser 
summits, they could work simultaneously a number of 
excavators at several points, so that a succession of 
trenches resulted, lying one above the other, each with 
the natural surface as the point of beginning. The form 
of profile would thus appear as a series of steps, each 
about 16 ft. high, the depth to which the excavators 
could work, and of sufficient width for the excavator and 


its train. In plan the appearance would be similar | 


to the plan for regular approaches in siege opera- 
tions. ty working in the direction of the length of the 
cut, the face of the bank gives the longest cutting pos- 
sible, reduces the number of times that the excavator 











--~-~----~~--- Total 100,642,292 Cw.Yds. ------- 





|north. As shovels in excess of those required for widen- 
ing the cut became available, they were put to work to 
secure increased depth, care being taken to maintain, as 
|far as possible, free, easy, and rapid drainage. Shovels 
jare started from either end and carried toward each 
| other, cutting out at a new summit somewhat removed to 
the north. ese pioneer shovels on the next lower grade 
make the “‘ pilot cuts,” which constitute the new drains, 
and to which water is led by laterals from various parts 
of the excavated area adjacent. The average grade or 
slope is about 36 ft. per mile to the south, and 23 ft. per 
mile to the north. The loading tracks for these shovels 
are on the level above. When the pilot shovel has pro- 
gressed sufficiently far, its cut or trench becomes the load- 
ing track for a second shovel, which is started to broaden 
| out the cut already made by the pioneer, and so the work 
| moves forward, the shovels approaching the summit from 
| either direction en echelon (Fig. 15 on Plate XVI.). The 
| summit at present is between Empire and Culebra, anc 
jis at elevation 140. It will be moved northward with 
| each pioneer cut until a point between Empire and Las 
Cascadas is reached, when no change in position will be 
made ; this will give the gunn 
south. 

The drainage to the south is by gravity, and will !e 
carried through the Pedro Miguel locks as soon as the 





rainage area to the 
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floors are laid. Until this is possible, all water is carried 
to the old bed of the Rio Grande to the west of the locks 
through a culvert under an abandoned embankment of the 
Panama Railroad, which has been lowered sufficiently for 
the purpose. 

The efficient and economical working of the plant re- 
quires that provision be made for the disposition of the 
large quantities of water that result from the rains. As 
already noted, the canal line, after leaving the Chagres, 
follows in part the valley of the Obispo River, which it 
crossed ten times, and the Rio Grande. The Obispo 
River has its source east of Gold Hill, and empties its 
waters into the Chagres ; measured along the centre line 
of the cut, it is approximately 5 miles long. The prin- 
cipal tributaries are the Masambi and Sardinilla Rivers 
from the east, and the Mandinga and Comacho Rivers 
from the west. Whatever rain is not carried off by these 
streams enters the cut, either through direct fall over the 
excavated area, or by seepage into it. Proper drainage 
of the cut is therefore an ever-existing problem, and two 
distinct phases are presented :—(1) To keep out the water 
of the surrounding country ; (2) to rid the excavation area 
of the water that collects in it. A system of diversion 
channels accomplishes the first, and gravity drains and 
pumps solve the second. 

In 1904 the French had constructed diversion channels 
on either side of the cut to keep out the waters of the 
Obispo and its tributaries. On the east side a ditch 
carried the water to points opposite Empire and Las 
Cascadas, where it was intended to construct aqueducts 
by which to carry it across the cut into the diversion 
channel on the west side. On the west side a ditch took 
the water between Empire and Las Cascadas, together 
with that received from the east, to a point opposite Bas 
Obispo, where it flowed through the natural channel of 
the Obispo to the Chagres. The greater width of the 
canal as at present planned made necessary a considerable 
change in the existing diversion channels, and, as now 
constructed, there is one channel on either side— the Obispo 
diversion on the east and the Comacho on the west. 

The Obispo diversion is constructed safely to carry 
6000 cubic feet per second, determined from the largest 
recorded flow in 48 hours. The minimum width of the 
channel is 50 ft., and its length is 5.5 miles. Beginning 
at a point opposite Culebra, near Gold Hill, the diversion 
runs along the east side practically parallel to the canal 
until opposite Haut Obispo, where it is carried round the 
hills bordering the cut through a saddle, or depression, 
and empties its waters into the Chagres 4 mile above 
Gamboa, and about 1 mile from the crossing of the canal 
and the Chagres. The construction of the Obispo diver- 
sion involved excavating 1,078,000 cubic yards of rock and 
earth, building 14 miles of dikes, driving sheet-piling 
along 896 ft. of the dikes, and building 1.6 miles of trestles, 
from which earth was dumped to make the dikes, for 
which material was obtained from the line of the diversion 
and from the cut (Fig. 16). 

The Comacho diversion runs from Culebra along the 
west side of the cut to the Ch River, into which it 
empties through the old channel of the Obispo River. _ It 
is about 4 miles long. Between Haut Obispo and Bas 
Obispo, where the river is deflected sharply by a hill, 
the French had built a tunnel for diverting Rood waters, 
which was utilised for part of the newdiversion. The tunnel 
is 420 ft. long, 16 ft. high from the floor to the crown of 
the arch, with a minimum cross-section of 100 square feet. 
A greater part of the work done by the Americans consisted 
in joining the diversion ditch dug by the French, which 
- ew into the cut at Las Cascadas, with the old channel 
of the Obispo River at Haut Obispo; revetting the sides 
of the ditch where it runs near the cut ; and cleaning out 
the tunnel and the ditch between the end of the tunnel 
and the Obispo River. About 85,000 cubic yards of 
material were excavated, and 4748 square yards of stone 
revetment laid. No reliable data are available as to the 
amount of run-off through this channel, but it diverts the 
Comacho, San Juan, and Mandinga Rivers. 

On the southern slope of the divide, the only stream 

that crosses the line of the canal between the limits of 
the cut is the Rio Grande. The French built a dam 
across this valley half a mile from the cut, thus impound- 
ing its waters. The dam has been raised, and the reser- 
voir furnishes water to the canal zone settlements between 
Culebra and Panama, and to the city of Panama. Dur- 
ing the dry season all the water is held in the reservoir ; 
during the rainy season the overflow is taken through a 
diversion channel built by the French to the old river- 
bed below. 
_ The reference of the low-water surface of the Chagres 
1s 43, at the point of its intersection with the centre line 
of the canal. The bottom of the completed canal is at 
reference 40. A dike se tes the cut from the Chagres, 
but this is overtopped during the higher floods. To get 
rid of the accumulated flood-waters six 24-in. pipes are to 
be laid through the dike ; two at + 46, two at + 52, and 
two at + 60, each with a suitable valve. All waterabove 
+ 46 will, therefore, be carried into the Chagres by 
gravity after the subsidence of any flood. To remove 
What remains recourse must be had to pumping. The 
pilot cut is down to + 38 at the dike, and here a sump 
With bottom at + 30 will be dug, to collect water flowing 
from the north slope of the cut, or that will remain below 
+ 46 after floods. It is difficult to estimate the quantity 
of water that will have to be handled, but arrangements 
are made to instal three pumps, each of which will dis- 
charge 12,000 gallons of water per minute, operating by 
steam. The pumpsare horizontal, duplex, piston pattern ; 
water cylinder 22 in. in diameter and 18-in. stroke. 

The most troublesome slides developed at various points 
along the cut are caused by the excessive rainfall, due to 
the saturation of the unconsolidated surface material and 
its movement on layers of slippery clays. The Cucaracha 


since the work was commenced in that vicinity by the 
French in 1884. The basin south and east of Gold Hill 
collects om uantities of water, which escapes through 
no well-defined drainage, but in springs along the cut. 
Though the slide at first was confined to a length of 
800 ft., measured along the line of excavation, it has 
extended to include the entire basin south of Gold Hill, 
or fora length of 2700 ft. The original slide covered an 
area of about 6 acres, but at the present time has been 
extended to over 27 acres, and over 700,000 cubic yards 
are in motion. The movement at one time in 1907 
reached the rate of 14 ft. in twenty-four hours, turned 
over one of the steam-shovels, and 113,C00 cubic yards of 
material had moved into the cut, preventing all move- 
ment of trains to the south (Fig. 17). Steam-shovels 
alone were not able to cope with the situation, and the 
were supplemented by a 4-in. stream of water under hig 
| a ne The French attempted an elaborate system of 
drainage to overcome the difficulty, but it proved entirely 
inadequate. The removal of the material seems to be the 
only remedy. 

Slides have also developed at Paraiso, Culebra, and 
Las Cascadas, causing trouble and annoyance. Another 
curious fact that has developed in prosecuting the work 
is the heaving up of the bottom of some of the cuts made 
by shovels, due to the pressure exerted by adjacent banks. 

hen the banks were cut away, (hive relieving the 
pressure, the heaving ceased. The annoyance and delay 
caused by the slides may be made somewhat clearer by a 
realisation that, all told, 884,530 cubic yards have already 
been removed from the various slides in the cut, and 
there remain 993,000 cubic yards in motion. 

Except for the slides, which are of earth, the material 

to be removed is rock, and requires blasting to enable the 
shovels to handle it expeditiously. The largest part of 
the drilling is done by churn or well drills, though _ 
drills replace them where the others cannot be u to 
advantage ; in some few instances hand-drilling must be 
done. The drills are operated by compressed air supplied 
by three compressor plants—one at Rio Grande, one at 
Empire, and one at Las Cascadas. These plants, aggre- 
gating twelve air-compressors, each with a capacity of 
2500 cubic feet per minute at 100 lb. pressure, are con- 
nected by 94 miles of 10-in. pipe-line mains, with 6-in. 
and 4-in. leads running into the cut. The air also operates 
coal-chutes, rock-crushers, and field repair-shops. The 
fuel is at present oil. The pressure required at the drills 
is 751b. The churn drills, in batteries of from four to 
twelve, precede the shovels (Fig. 18), covering a width 
of about 30 ft. to 50 ft. ; the holes, from 15 ft. to 30 ft. in 
depth, are spaced from 6 ft. to 16 ft. apart. In special 
cases holes up to 90 have been used. The distance apart, 
and the number of drills in a battery, as well as the 
amount of explosive used, depend upon the character of 
rock encountered. 
The explosive is dynamite, 45 per cent. and 60 per cent. 
nitro-glycerine. Excessive moisture and water in the 
holes prevent the use of wap | powder. When the 
holes in any section are ready for blasting, the holes are 
“sprung ”—that is, four to six sticks of dynamite are 
lowered to the bottom of each and — thereby 
forming a chamber for the reception of the charge. The 
charges ordinarily vary from 75 lb. to 200 lb. where the 
holes average 20ft. in depth ; the tamping follows, and 
the explosion is effected by electricity. Considering the 
quantity of dynamite used, an average of 1,000,000 lb. per 
month for the entire work, the number of accidents has 
been relatively small, but, due to the number of men in 
contracted areas, the casualties have been great. ; 

Premature explosions attributable to concussion during 
loading led to the substitution of pine-rammers for those 
of lignum vite. The ignition of part of a ch while 
loading led to making temperature tests prior to loading, 
as it was evident that in some cases great heat exists in 
the holes. Unexploded charges subsequently dug out by 
steam-shovels led to laying wires direct from electric- 
light plants to the cut, and the substitution of current 
from these generators for that obtained from the ordinary 
magneto-electric machine operated by hand ; as the result 
of experiments, the fuses are connected in Hel in 
lieu of in series, failure often occurring in the latter case, 
none by the former method. Seeking the cause of a pre- 
mature explosion of 22 tons of 45 per cent. dynamite 
loaded in fifty-three holes at Bas Obispo disclosed the 
presence of acidulated water in the holes, which, in the 
absence of any other cause, led to the conclusion that 
some of the nitroglycerine may have been liberated 
thereby and exploded by concussion due toa ‘ dobie” 
shot in the vicinity. As this is the only solution that 
offered, and as some of the holes had been loaded for 
several days, no holes are now loaded which cannot be 
fired thesame day. Some serious accidents have occurred 
by induction during electric storms, but the ey | precau- 
tions possible are taken by rs ag | work. Stringent 
rules and regulations for the storage, handling, and load- 
ing of dynamite are enforced. 


(To be continued.) 








“British SHrpsuripine.”--Under this title there has 
been published, at the price of 2s. 6d., by ‘“‘ The Syren 
and Shipping, Illustrated,” 91-93, Leadenhall-street, 
London, LC. a series of articles specially written for 
Syren and Shipping, with “the especial intention of 
sche before the shipping profession generally a concise 
rudimentary treatise dealing with the various elements 
affecting ship design.” These articles have been written 
by Mr. A. L. Ayre, Honours Medallist and King’s Prize- 
man, South Shields, and np: | deal with various phases of 
ship design, with the view of interesting shipowners and 
ship captains in the qualities of stability, &c. Apaer 
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WATER SUPPLY AND WATER 
FILTRATION, 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 8, Mr. James C. 
Inglis, President, in the chair, the papers read were :— 
**Notes on the Sheffield Water Supply, and Statistics 
Relating Thereto,” by Mr. L. 8S. M. Mars , M. Inst. C.E., 
and ‘Statistical and Experimental Data on Filtration,” 
by Mr. W. R. Baldwin-Wiseman, M.Sc., Assoc. M. Inst. 
C.E. The following are abstracts of the papers :— 

The first part of Mr. Marsh’s paper deals with the popu- 
lation of the district of supply, and the various quantities 
used for domestic, trade, and other purposes, giving infor- 
mation as to methods of supply and the prevention of 
waste. It also deals with the monthly, daily, and hourly 
variations in the supply, tables and diagrams showing the 
averages of the last recorded year as compared with the 
average over a series of years; and some particulars are 
given of a metered supply to a small block of cottage 
property. 

A tabulated statement is farnished showing the actual 
delivery through large trunk mains and the smaller ser- 
vice-pipes, with their lengths, and also the loss of head. 
With these are given the results of some experiments 
connected with the discharge from hydrants, fire-hose, 
and jets of different diameters, with different heads, and 
also the discharge and loss of head in lengths of lead pipe 
of different diameters, both with open ends and with stop- 
— attached. The length of this lead pipe may “ 
taken to approximate roughly to the ordinary length of 
a communication - pipe. tly, two experiments are 
given showing the great force of the concussion when a 
tap on a communication-pipe is suddenly closed. 

The second part of the paper deals with the quantity of 
water flowing off the mires watershed, showing what 
portion of water is utilised, wasted, evaporated, or ab- 
sorbed, &c., and a table is furnished covering the period 
1879 to 1907. 

The particular drought of 1904-5 (May, 1904, to January, 
1906), and that of 1887-8 (February, 1887, to January, 
1888) are also analysed in the same way, showing the 
monthly quantities, as well as that of the year 1901 show- 
ing the weekly quantities, these being periods when no 
water flowed to waste. 

Other tables show the rainfall, evaporation, and ab- 
sorption discharge from the watershed, &c., at the break 
up of the drought of 1901; the maximum discharges 
over the waste-weirs, and particulars of the reservoirs and 
drainage areas ; and the yearly and monthly rainfall at 
Redmires. 

The author then discusses the bearing of these tables 
on the usual practice of engineers when considering rain- 
fall, and the resultant flow from watersheds during a 
period of three consecutive dry years. 

The paper concludes witha short description of the 
method adopted for the prevention of the action of water 
upon lead, with an illustration showing the apparatus 
specially designed for this purpose. A diagram of the 
water stored in the reservoirs and the weekly rainfalls for 
the years 1884 to 1907 accompanies the paper. 

The second paper begins with a brief introduction 
pointing out the urgent necessity for a detailed survey 
and a strict conservation of the water resources of this 
country, if good and adequate supplies are to be afforded 
to the steadily increasing population and to the numbers 
likely to be inhabiting the land in the middle or end of 
the present century. 

The author next discusses the natural purification of 
streams, and refers to the several contradictory opinions 
and researches which have been published from time to 
time. 

Subsequently, he outlines the history of the researches 
upon slow filtration through sand, touching incidentally 
upon sedimentation and the development of methods of 
chemical and bacterial investigation of waters intended 
for public supply. 

e then describes at length his own experiments on 
the rate of flow of water through various thicknesses of 
British filter-sands, and the loss of pressure in them, and 
elaborates a formula connecting the rate of flow of water 
through any bed of sand under a constant difference of 
pressure with the superficial extent of the sand-grains 
and the volume of water retained by the sand. 

He concludes with a general review of modern improve- 
ments in the operation and construction of slow sand 
filters, the advantages and disadvantages of various types 
of mechanical filters, operated with or without coagu- 
lants and settling-basins, and the methods of chemical 
purification pe em or auxiliary to filtration. 





Copper Prick QuoTATION IN HaAmBuRG.—The Hamburg 
union of firms in the metal trades has decided to fix 
uotations every afternoon for prompt and term delivery 
or copper. The conditions for delivery stipulate for 
refined copper of good commercial quality, and electro- 
lytic copper of at least 99 per cent. purity. For copper 
with a larger percentage of purity—from 99.3 to 99.8 
per cent.—the vendor receives an additional 1 mark, 
and for copper more than 99.8 per cent. pure 2 marks 
per 100 kilogrammes. Raw copper with a purity per- 
centage of at least 94 per cent. may be delive with 
a reduction of three marks. The _- are per 100 kilo- 
grammes net for goods delivered at Hamburg warehouses, 
without any discount or allowance for short weight, &c. 
The vendor, however, is at liberty to deliver goods stocked 
in London with a reduction of 1.50 marks, or goods stored 
in Liverpool, Birkenhead, or Swansea, with a reduction of 
2 marks. The effect of this new departure is bein 
watched with considerable interest, especially with seaned 
to the possibility of Hamburg freeing itself from the 
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MACHINE-TOOLS FOR GRINDING, BORING, 
AND DRILLING. 


WE illustrate on page 178 two machine-tools con- 
structed by the Churchill Machine-Tool Company, 
Limited, of Frederick-road, Pendleton, Manchester. 
The first of these, shown in Figs. 1 and 2, is a plain 
grinding-machine, designed for the grinding of shafts, 
spindles, piston and valve-rods, &c. The machine takes 
work 51 in. long by 74 in. in diameter as a maximum. 
As will be seen, it follows the line of good modern 
plain grinders, great attention having been paid to 
rigidity and large bearing surfaces, which are essential 
for success in this class of tool. The machine is of 
the type in which the wheel is fixed and the work 
travels, an arrangement which, on the whole, has 
probably proved the most satisfactory for grinding- 
machines, as it enables a very rigid wheel-head to be 
constructed. In the present case the head has no 
overhang, and is mounted above a part of the body 
which is carried down directly to the floor at a 
point where one of the three feet is formed. The 
mounting of the body casting on three feet preserves 
alignment and prevents distortion in the event of the 
foundations being uneven, or giving way. The wheel- 
spindle is hardened and ground, and runs in adjust- 
able bronze self-oiling rings. The wheel-feed, 
which is automatic, acts at each reversal of the table, 
and is provided with a trip-motion, which can be 
arranged to cut out when the work has reached any 
desired diameter. The depth of cut is shown on a 
graduated quadrant, whiek operates the feed, and 
which can be set while the machine is running. 

The work-table is arranged to swivel on a central 
stud, and may be adjusted for grinding taper work. 
The adjustment is made by a screw at one end of the 
table, and a scale is fitted showing the angle and the 
taper in inches per foot. The table travel is auto- 
matic and is controlled by adjustable dogs on the front 
of the machine. The dogs, which can be seen in Fig. 1, 
slide on a rack fixed to the table, and their positions 
can be changed, while the machine is running, by 
pressing a thumb-latch which engages the rack. The 
dogs have a fine-screw arrangement for use when 
accurate adjustments are required, as when grinding 
up toa shoulder. The dogs engage a reversing lever, 
fitted with a spring plunger, which can be withdrawn 
when necessary, to allow the table to run beyond the 
reversing points without disturbing the adjustment of 
the dogs. The plunger automatically resumes its 
normal position when the table is returned. 

The head and tail-stocks, which hold the work, are 
clamped to the swivel-table by locking-handles. The 
tail-stock spindle has a spring tension to allow of the 
expansion of the work during grinding, and can be 
locked in any position. The tail-stock is also fitted 
with a diamond-holder, which allows of the truing-up 
of the grinding-wheel without’ removing the work from 
the machine. Rests or steadies are provided, as is 
usual in this class of tool. The work and table feeds 
are independent of each other, which allows of the 
two being proportioned in terms of the width of the 
P ter gn. Seta 3 The gears are entirely enclosed, and 

ust-caps are titted, where possible, to protect bearings, 
while oil-holes are protected, and all parts likely to 
be affected by grit covered up. The pump is of the 
vertical contithem! type, me with its tank is quite 
independent of the rest of the machine, so that the 
whole arrangement can be pulled away for cleaning. 

The second tool, shown in Figs. 3 and 4, is of some- 
what novel character, and may be described as a 
horizontal drilling, boring, milling, and tapping- 
machine. Its general lines will be clearly seen from 
the illustrations. It is adapted for dealing with 
machine-tool or engine parts in which various holes or 
surfaces require to be machined in exact relation to 
each other, and enables a variety of work to be carried 
out for which normally a jig would be required. It 
is, consequently, of value for cases in which the 
number of parts to be machined would not justify the 
making of a jig. The tool is also well adapted for 
jig manufacture, as the various settings and indexings, 
which are required, can be done as accurately as in the 
milling-machine, while additional advantage is derived 
from the greater range of travel of slides and head. 

As will be seen from the figures, the headstock is 
arranged with a vertical trivel, while the work-table 
has both longitudinal and transverse motions, with 
power-feeds in both directions. The longitudinal 
travel is used for drilling, boring, or tapping, a 
reversing gear bein fitted” for use with this latter, 
while the cross-travel is used for milling. The position 
of the headstock is controlled by a vertical screw, 
fitted with a ball thrust, and as both this screw and 
the cross-motion of the table are graduated in ;,4, in., 
the various holes or faces of a piece of work may be 
accurately machined without preliminary marking off. 
An outboard bearing is supplied for use with a boring- 
bar, and furnished with a scale indexed in ;;; in., 80 
that its position may either be set by scale or by 
gauging from the — os The headstock has a 
vertical travel of 1 ft. 6 in., while the table has a 
longitudinal travel of 4 ft. 3 in. when the outboard 


bearing is in position, and a travel of 3 ft. 6 in, when 
it is removed. The croas-travel of the table is 1 ft. 8 in. 
The headstock spindle has twelve speeds, and the 
table 8 feeds in all directions. The spindle-nose is 
screwed for mounting milling-cutters, and has a taper 
hole with slot for draw-bolt. The spindle runs on 
bronze bearings, and is fitted with a ball-thrust. The 
machine is self-contained, and no countershaft is 
required, while the gear-box is arranged so that it may 
be fitted either parallel or at right angles to the main 
spindle, to allow the best arrangement of shop lay-out. 
Fig. 5, above, shows the machine in use, drilling 
the oil-ways in acrank-shaft, and illustrates one of the 
numerous and frequently awkward jobs to which the 
tool readily lends itself. 








S THE MOTOR LAUNCH “AYUDANTE.” 
To remedy the inconvenience and delay which have 
existed at Callao, owing, among other causes, to the 








BORING AND DRILLING-MACHINE. 


CONSTRUCTED BY THE CHURCHILL MACHINE-TOOL CO, LTD., MANCHESTER. 
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has hitherto been possible the requirements of the 
vessels as to the"number of lighters necessary for dis- 
charging the cargo. The launch will also be used for 
the numerous other duties of the agents, which are 
usually carried out by oar-propelled boats. 

The dimensions of the launch are 25 ft. by 5 ft. 6 in., 
with only 18 in. draught. The hull is carvel-built, of 
mahogany, and is copper-sheathed to the water-line, to 
obviate the destructive effects of sea-water on timber 
in that part of the world. The motor is one of the 
new Thornycroft paraffin type, with two cylinders 
44 in. in diameter by 6 in. stroke, and develops 
15 brake horse-power. With this power a speed of 
over 9? miles per hour was attained on trial, as a mean 
of several runs, with and against the tide, the motor 
having a speed of 950 revolutions per minute. 

The general construction of the motor, so far as its 
external appearance is concerned, will be understood 
on reference to Figs. 2 and 3, page 178, from which 
it will be clear that the arrangement is very con- 


frequent inability to secure lighterage for their vessels | venient and compact. The cylinders are made of 
calling with cargo at the port, the Pacific Steam Navi-|close-grained cast iron, and ample jackets, having 

















gation —— have provided their agents there with 
a very neat-looking and seaworthy little motor-launch, 
named the Ayudante, which has been constructed by 
Messrs. John I. Thornycroft and Co., Limited, of South- 
ampton, and which we illustrate in Fig. 1, above, which 
is a view of the boat when in the water. A general 
perspective view of the motor is shown in Fig. 4, on 
the opposite page, while the motor is shown in front 
and in end elevation in Figs. 2 and 3. By means of this 





boat it will be possible to obtain more promptly than 
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large doors for ag are provided. The vapo- 
riser is fitted with a by-pass, so that benzine or 
other fuel may be used with economy when necessary. 


Water circulation is provided by means of a gear-pu™mp 
and forced lubrication is adopted, which is regu! ited 
by means of a simple relief-valve. The starting-year 


is permanently fitted to the engine and requires no 
outside attachments, and simple hand -contro! 's 
adopted for regulating the speed of the engine, though 
a governor can be fitted if automatic control should be 
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ENGINES OF THE MOTOR-LAUNCH 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND O©O., LIMITED, ENGINEERS, BASINGSTOKE. 














sl Fig.2 
alles 
} | 
Ge h eF= 7 
I KA ee 











9 


° 
ct 
aes Ay 5 


























Fig, 4. 


required. The reversing is performed either by lever or | metal at the lower ends: 
serew and hand-wheel. Ignition is of the high-tension | tensile steel, turned all over, and the cam-shafts are mild 
magneto, self-adjusting type. The connecting-rods are | steel, ground on the bearings, the cams themselves 
stee! stampings, and are bushed with phosphor-bronze at | being of hardened mild steel. Turned stampings of 
the upper ends, and with gun-metal lined with white- | 3 per cent. to 5 per cent. nickel steel are u 














The crank-shaft is of high- a 





“AYUDANTE.” 
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valves. The approximate weight of the motor is 
7} owt. 

The fittings of the boat are complete as for a ship's 
launch, including slings for hanging in the davits, brass 
stanchions, and canvas awning, the awning being 
arranged to tilt to either side to allow head-room when 
embarking; rowlocks, motor-horn, lamps, fenders, 
anchor » and bilge-pumps are also supplied. In 
addition to the tiller a steering-wheel is fitted close to 
the controlling levers, which enables the boat to be 
handled by one man. 

The launch was surveyed during construction by the 
Board of Trade, and was finally registered at Liverpool 
under the Merchants Shipping Act before being sent 
to Peru. 








Exnaust TurBso-DynamMo.—At the works of Mr. A: 
Borsig, of Tegel, near Berlin, an exhaust turbo-dynamo of 
500 kilowatts, which is to deal with 8500 kilogrammes 
(18,740 lb.) of steam per hour, was installed at the begin- 
ning of 1909. The plant comprises a Rateau heat accumu- 
lator with a capacity of cubic metres (1340 cubic 
feet), 3.1 metres in diameter, and 8 metres long (10 ft. 
and 26 ft.), working at a blow-off pressure of 17 Ib. 
per square inch; a turbine built by the Gutehoff- 
nungshiitte for 1500 revolutions, and a direct-current 
generator for 500 kilowatts at 230 volts coupled with the 
turbine. The injection-pump of the Westinghouse- 
Leblanc condenser, and the hot-well pump, are both 
driven by the same shunt motor. The guaranteed con- 
sumption was to be not more than 16.3 kilogrammes of 
steam per kilowatt-hour at a vacuum of 94 per cent. and 
a cold-water temperature of 15 deg. Cent. (59 deg. Fahr.). 
A vacuum of 97 per cent. isobtained in ordinary working. 





BriTIsH AND FOREIGN GUIDE TO THE ENGINEERING, 
Sreet, AND HARDWARE Trapes, 1910.—This guide, which 
has just been issued for the present year, contains much 
useful information regarding the trades to which its pages 
are devoted. All kinds of machinery, tools, metals, 
minerals, and railway plant are referred to, and the 
names and addresses of firms, all over the world, who 
are engaged either in or “¥ selling the articles 
named, are given. The volume also contains classified 
lists of exporters, importers, agents, mine-owners, and 
professional men connected with the metal, mineral, 
electrical, ordnance, and transportation industries located 
in every part of the civilised world. The classifications 
are printed in English, French, German, and Spanish, 
and the book is divided into four The first of 
these is devoted to machinery, me minerals, general 
ware, and railway materials; the second part to 
electricity and telegraphy ; the third to ordnance, arms, 
and ammunition; and the last to ships and boats. The 

ide is published 3 Adolphe Francis, Limited, 149, 

leet-street, London, E.C, 
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SWEDISH IRON. 


Tuk livelier dewand in Sweden for Lancashire iron has 
continued during the last quarter of 1909, and it has, con- 
trary to what was pothnr et | been possible to maintain the 
material rise in prices, which was necessitated by the great 
strike. The works are fully employed with orders, and many 
of them experience considerabledifficulty in executing them 
as fast as the buyers desire. The demand has somewhat 
subsided during the last few weeks, but this is generally 
the cise at the turn of the year, and no special import- 
ance is attached to this fact. The price of charcoal, which 
greatly influences the Lancashire market, continues very 
high, and although the supply may be larger than is gene- 
rally expected, it is not likely that the vendors, with the 
present good state of the timber market, will lower their 
demands. 

The production of Lancashire iron, as stated in a pre- 
vious article, has been materially reduced during 1909, 
and the quantities available for the present year are 
expected to just cover the demand. It must, however, 
be borne in mind that at various places abroad cheaper 
material has been substituted, though not to the extent to 
which Sweden’s output has been reduced, especially if one 
reckons with the further decrease in production resulting 
from the strike, and which will be felt this year. 

The large contracts for Lancashire blooms entered into 
for the present year will probably also, to some extent, 
diminish the supply of Lancashire iron. Some works find 
it advantageous, under the existing market conditions, to 
sell their iron in the shapes of blooms, and have availed 
themselves of the lively demand for this commodity, and 
placed their production six or seven months forward. 

Considerable sales of phosphorus-free rough bars and the 
s9-called steel iron have been effected during the last 
few months, in some cases for several years forward, which 
shows that the buyers are aware that the quantities are 
limited, and that no reduction in the price of these goods 
can be expected for a long time to come. 

What has been said about phosphorus-free rough bars 
also applies to export pig-iron, but the contracts in this 
case hardly extend hema 1910. 

Tue steel works are fully employed for some months to 
come with orders which accumulated during the strike, 
and new orders keep coming in satisfactorily. . The large 
contracts recently decided upon by the English Navy may 
help in procuring for the Srodieh makers of good tubs 
material some welcome orders. In various quarters 
cheaper stuff is substituted for Swedish steel, but it is 
noted with satisfaction that it is making fresh inroads in 
other directions. The rational methods of manufacture 
which have now been adopted at the large Swedish works 
have, of course, increased their competitive power. 

Shipments have been lively during the last few months 
of the old year, and those of blooms, pig, and rolled wire 
will probably reach the figures for 1908. Scrap, bar-iron 
cuttings, and nails had alrealy in November considerably 
exceeded the quantities for the previous year. 





Personat.—We have been requested by Messrs. 
Heenan and Froude, Limited, Worcester, to state that 
they have appointed Mr. W. D. Wansbrough as _ their 
Midlands agent, his office being 43-45, Exchange Build- 
ings, Birmingham.—We are requested to state that on 
the 14th inst., owing to increase of business, the London 
offices of Messrs. Everett, Edgcumbe, and Co., Limited, 
87, Victoria-street, Westminster, 8.W., will be removed 
to 117, Victoria-street, Westminster, S.W., to which 
address all communications should in future be sent. The 
telephone numbers and the telegraphic address of the 
firm will remain unaltered. 





Contracts.— Messrs. J. W. Brooke and Co., of Lowes- 
toft, inform us that the Royal Mail Steam Packet Com- 
pany’s s.s. Amazon, which sailed from Southampton on 
the 4th inst., took out to South America eleven motors, 
complete, with the necessary shafting, stern-tubes, pro- 
pellers, &c., manufactured by them. A further consign- 
ment of four of these motors, as well as a petrol loco- 
motive for one of the Argentine railways, manufactured 
by the same firm, will form part of the cargo of the s.s. 
Brecon Grange, which will sail from London on Satur- 
day, the 12th inst.—We have been requested to state by 
the Mirrlees Watson Company, Limited, Scotland-street, 
Glasgow, that they have recently secured a large number 
of orders for independent steam condensing plant from 
well-known firms, among whom may be mentioned the 
British Thomson-Houston Company, Limited, Rugby; 
Messrs. Walter Scott, Limited, a s Steel Works ; the 
Clifton and Kerstey Coal Company, Limited ; Messrs. 
John Brown and Co., Limited, Sheffield. 





True New Buitpines or tHE InstirugfON or Crvit 
Enaineers. —The design of Mr. James Miller, A.R.S.A., 
architect, 15, Blythswood-square, Glasgow, has been 
selected for the new buildings of the Institution of Civil 
Engineers, London. Some mcuths ago the Institution 
invited six leading firms of arcnitects to compete for the 
building—four of these ape | from London, one from 
Liverpool, and one from Glasgow,. cach competitor 
receiving a premium of 200 guineas,’ The scheme is a 
large and important one, and will involve an expenditure 
of over 100,000/, The site is one of ‘the most prominent 
in the West End of London. It is in Great George- 
street, Westminster, near the entrance to St. James's 
Park, from which the buildings will form a conspicuons 
feature. Mr, Miller, it may be recalled, was the architect 
of the buildings of the Glasgow International Exhibition, 
1901, and he is the author of ‘the designs from which the 


reconstruction of the Glasgow Royal Infirmary is at pre- 
sent being carried out, i 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morni 
pig-iron market opened with a weak tone, but closed 
rather firmer. The dealings consisted of 6500 tons of 
Cleveland warrants at from 51s. 14d. to 51s. 3d. cash, 
5ls. 14d. four days, 51s. 5d. one month, and 51s. 10d. 
April 26. Closing sellers quoted 51s. 34d. cash, 51s. 64d. 
one month, and 52s. 1d. three months. Sellers of hema- 
tite quoted 64s. 9d. cash. The market was stronger in 
the afternoon, when 3000 tons of Cleveland warrants 
were done at 5ls. 34d. and 51s. 4d. cash, 51s. 74d. one 
month, and 52s. 14d. threemonths. Sellers’ closing prices 
were 51s. 5d. cash, 51s. 8d. one month, and 52s. 24d. 
three months. Hematite—1000 tons—changed hands 
at 64s. 104d. March 17. On Friday morning a weak 
tone prevailed, and 6000 tons of Cleveland war- 
rants were dealt in at 51s. and 5ls. Ojd. cash, 51s. 0}d. 
seven days, 51s. 3d. one month, 51s. 7d. April 12, and 
51s. 9d. and 51s. 10d. three months. At the close sellers 

uoted 51s. 14d. cash, 51s. 5d. one month, and 51s. 104d. 
three months. Sellers of hematite quoted 64s. 104d. one 
month. There was a better feeling in the afternoon, and 
Cleveland warrants were done at 5ls. 2d. seven days, 
51s. 5d. twenty-one days, 51s. 74d. March 31, and from 
51s. 104d. to 51s. 114d. three months. The turnover was 
4000 tons, and closing sellers quoted 5ls. 24d. cash, 
51s. 6d. one month, and 52s. three months. On Monday 
morning the market was quietly steady, and 2500 tons 
of Cleveland warrants were put through at 51s. 2d. 
cash, 51s. 5d. one month, 51s. 7d. March 30, and 51s. 11d. 
three months. Closing quotations were 51s. 24d. cash, 
51s. 6d. one month, and 51s. 114d. three months sellers. 
The afternoon was also quiet, but Cleveland warrants 
became stronger. The business consisted of 1500 tons at 
5ls. 4d. four days and 52s. three months, closing with 
sellers at 51s. 44d. cash, 51s. 74d. one month, and 52s. 14d. 
three months. On Tuesday morning the market was 
easier inclined, and 5500 tons of Cleveland warrants were 
dealt in round 51s. 3d. cash and at 51s. 54d. one month. 
At the close there were sellers at 51s. 34d. cash, 51s. 64d. 
one month, and 52s. three months. In the afternoon an im- 

roved tone prevailed, and Cleveland warrants advanced. 
The dealings amounted to 2500 tons at 51s. 4d. cash, 51s. 8d. 
one month, and 52s. 1d. three months, and closing sellers 
uoted 51s. 54d. cash, 51s. 8hd. one month, and 52s. 2d. 
three months. When the market opened to-day (Wed- 
nesday) the tone was steady, and about 4500 tons of 
Cleveland warrants were done at 5ls. 4d. cash and 
five days, 51s. 7d. one month, and 52s. 04d. three months. 
Sellers’ closing quotations were 51s. 5d. cash, 51s. 8d. 
one month, and 52s. 2d. three months. One lot of hema- 
tite changed hands at 64s. 6d. cash. The market was 
firm in the afternoon, and Cleveland warrants were 
dealt in at 51s, 54d., 51s. 6d., and 51s. ¢ cash, 51s. 94d. 
March 17, and at 51s. 10d. and 51s. 1ld. March 28. At 
the close of the session prices were firm, with sellers 
quoting 51s. 6d. cash, 51s. 9d. one month, and 52s. 3d. three 
months. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 63s. 6d.; Calder, Gart- 
a — Pa pec peed emer yg Mee <5, Sa 
Joltness, (all ship at Glasgow) ; Glengarnock (at 
Ardrossan), 64s. 6d ; inert (at Leith), 64s. ; and Carron 
(at Grangemouth), 66s. 

Sulphate of Ammonia.—The sulphate of ammonia market 
has been rather quiet of late, and inquiries have not been 
over numerous, but the price remainssteady. The quota- 
tion to-day is unchanged at 11/. 6s. 3d. per ton for prompt 
delivery, Glasgow or Leith. The amount shipped from 
Leith Harbour last week was 1242 tons. 


Scotch Steel Trade.—The conditions prevailing in the 
Scotch steel trade this week are not quite so satisfactory, 
a specifications continue to be rather more numer- 
ous. ew business for the home market is very slow, but 
with the placing of several new orders with shipbuilders 
it is anticipated that an improved demand for heav 
material may be felt shortly. The export trade is eek, 
and .nquiries for a considerable amount are at present in 
the market. Canada is inquiring for a large quantity of 
— rails, and New Zealand for several thousand tons of 
plates. 
and bookings are heavy, full prices being paid. In struc- 
tural sections an increased inquiry both on home and 
foreign account is reported, the latter being largely from 
the Far East, Canada, and Australia. All round prices 
are firm, but in the case of heavy material some merchants 
are underselling producers. 

Malleable-Tron Tradc.—A slight improvement is notice- 
able in the malleable-iron trade of the West of Scotland, 
and makers are a little better employed. The export 
demand for bars has increased, and local buyers are 
inclined earn | a little more freely. The competition 
from Continental sources is not quite so keen at present, 
which is all in favour of the local producers. 


Scotch Pig-Iron Trade.—Makers of Scotch pig iron 
report a steady demand for the ordinary qualities, but 
mainly for the south and for export. In the latter con- 
nection the demand continues large, and heavy bookings 
have taken place. For the home market there seems to 
be rather less doing, but this is not to be wondered at, 
considering the large quantities which have recently been 
fixed up. Prices are still firm. With regard to hematite, 
the position has not —— Some makers are practi- 
cally out of the market, and forward deliveries will not be 
considered at all, except at advanced prices. 


Shipbuilding.—The Clyde Shipbuilding and Engineer- 
ing Company, Port Glasgow, have sec an order to 
build asteamer for service on the Canadian Lakes. The 
builders are tosupply the machinery. The same builders 
have also received an order to construct a high-class 
steamer for the well-known Austro-Hungarian shipping 


The demand for oo steel is indeed very active good. 


firm, the Adria Company, of Trieste. This vessel will 
carry 4800 tons dead weight.—The Dundee Shipbuilding 
Company have booked orders for three barges, of special 
dimensions, for South American owners, and also an order 
for a twin-screw steamer, of shallow draught, for foreign 
owners.—Messrs. Paton and Hendry, Glasgow, have 
placed orders for two steamers of 1050 tons each, one with 
Messrs. Mackie and Thomson, Govan, and the other 
with the Greenock and Grangemouth Dockyard Com- 
pany. These vessels will have a speed rather over the 
average of cargo coasting steamers. Mr. Lidgerwood, 
Coatbridge, will supply the machinery for the former 
vessel, while Messrs. David Rowan and Co., Glasgow, 
will supply the machinery for the latter one. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The Hull coal trade for last year 
comes near to the record of 1907, the port’s best year, 
when 6,527,296 tons were dealt with. The import figure 
last year is 6,100,640 tons, as against 5,906,880 tons in 1108 
and 5,063,184 tons in 1906, and more than 1,000,000 tons 
advance over any other year except 1900. This year has 
made a eplendid. beginning with 506,816 tons in January, 
the second time the half-million has been exceeded in 
the first month of a year. Last year the January 
tonnage was 422,864, and, in 1908, 595,712 tons, the 
January record. The coastal exports were last year 
853,456 (London, 573,230 tons) about the average since 
the big increase in 1906. t month the tonnage 
was 98,901, as compared with 68,708 in January last year. 
The total export last year was 3,212,250 tons, comparing 
with 2,875,157 tons in 1908 ; 3,449,340 tons in 1907 (record), 
and 2,531,002 tons in 1906. The January figure is a 
record increase—277,244 tons—the nearest being 175,192 
tons in 1907. South America, Germany, Holland, North 
Russia, and Sweden showed the biggest increases. The 
output of the Denaby pit has broken all its own records 
with 926,936 tons, and Manvers comes next with 309,224 
tons. 


South African Trade.—Sheffield’s chances of obtaining 
improved trade with South Africa were ~~ ly discussed . 
by manufacturers in interviews with Mr. R. 8. Holland, 
Colonial Commissioner for the Board of Trade in South 
Africa, who paid a special visit to the city. Mr. Holland 
stated that the improvement in the commercial situation 
was likely to continue as the result of the consolidation 
of the country and better conditions of labour. The de- 
mand for all kinds of goods was rapidly increasing, owing 
to mines development and the encouragement of farming 
by the Government. Sheftield had, however, unfortu- 
nately, lost a good deal of the tool trade, in which they 
were being ee by resourceful American rivals. 
But in spite of the keen competition of the pushing 
American macufacturer, who had made a businesslike 
study of the country’s requirements, Mr. Holland thought 
the city ought to get back a good deal of this trade. There 
was a tendency for the English maker to be given a pre- 
ference in orders if he studied the market requirements. 


- A Disappointing Year.—‘‘The year of 1909 has on the 
whole been a disappointing one for Sheffield trades.” 
This is one of the conclusions arrived at in the annual 
report of the Sheffield Chamber of Commerce and Manu- 
facturers, which has dealt during the year with matters 
vitally affecting the city’s interests. The report goes on 
to say that a Tack of confidence has existed, limiting 
enterprise and expansion. Small orders have been the 
rule with the armour-plate firms, and the shipbuilding 
trade has m unsatisfactory. Orders for railway 
materials have been restricted because of the rigid econo- 
mies of the companies. The best thing recorded is a 
considerable improvement in the export trade during 
the last quarter, with prospects of a eontinuance. The 
question of the carriage of hardware between Shef- 
field and the Continent is to come before the Rail- 
way Kates Committee. peg mer that the railway 
i 


companies are giving to imgham privileges in 
teat 308 ot witch they deny to S heffield. Action is 
likely to be taken by the Chamber, in concert with other 
Sheffield trade holies in regard. to false marking of 
s. Thenew French tariff has engaged a lot of atten- 
tion, and it is stated that the duties are in some cases s0 
serious as to prohibit certain branches of Sheffield trade 
with France. 


South Yorkshire Coal.—The collieries in South York- 
shire are working full time, and with a big output prices 
are fairly firm. The demand for beth house and steam 
fuel is brisk, and in the home markets of Lancashire and 
Yorkshire especially so. At the same time good business 
is being done with London, though, perhaps, the southern 
traffic generally is less than a fortnight ago. For first- 
grade coal the pits are getting from 12s. 6d. to 13s. per 
ton, Silkstone going up to 14s.a ton. The railway com- 
panies are buying largely of steam fuel at an advaneod 
price and the Humber trawling companies have, for the 
most part, given their contracts for next year at a corre- 
sponding price. Though the quotations for a good deal 
of the hard coal favour buyers, owing to the surplus on 
consignments, future contracts will be at full rates. First- 
grade fuel for the | season is steady at from 9s. 5d. 
to 9s. 6d. per ton, holders only taking a reduction on 
material wanted at once. The demand from Northum- 
land and Durham for coke is still materially benefiting 
local trade, and values for steam nuts, small fuel, and 
slacks are good. 

Tron and Stecl.—The quietness in iron and steel 's 
somewhat of a surprise to manufacturers, who had ex 
pected a brisk ordering at the close of the election. This 
quietness is pretty general, and is relieved ¥ only a few 
exceptional cases where certain departments of large works 





have an influx of business. This is mostly confined to 
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the heavy manufacturers. The lighter steel trade is very 
far from uniform. Some branches are doing well, and a 
lot of hand tools are going out to the Colonies. Ordi- 
nary engineering materials, however, are being very 
little asked for, except for agricultural purposes. 
The inflation in raw material quotation continues, and 
buyers are chary of taking pig-iron at the present 
high prices. Further advances are being made in 
billet prices, and iron and steel scrap has also gone 
up. A War Office contract for all-steel knives and 
forks is interesting, as showing the Government’s attitude 
towards labour. A number of questions have been asked 
manufacturers upon the working conditions of their em- 
ployees and the rates of pay. A Sheffield firm have laid 
down a second Siemen’s furnace, with a melting capacity 
of 20 tons; and Messrs. Vickers have been given the 
order for the electrical equipment of the new floating 
dock of the Aberdeen Harbour Board. Sheffield trade 
has benefited considerably by the half-yearly expenditure 
of the Great Central Railway Company, which, according 
to the report just issued, shows an increase of 42,254!. 
upon the copeeepeading period of the previous year. On 
the other hand, the North Eastern Railway cut down 
their half-yearly expenditure by 55,980/., and the Great 
Northern by 50,455/. In this figure the big decrease was 
on locomotive power, upon which 45,6767. less was spent. 








Our LocomotivE Exports.—The exports of locomo- 
tives from the United Kingdom in January represented 
a value of 142,320/., as compared with  246,628/. in Janu- 
ary, 1909, and 277,643/. in January, 1908. 





Tue Society oF Encrneers.—The first ordinary mest- 
ing of the new society, formed by the amalgamation of 
the Society of Engineers and the Civil and Mechanical 
Engineers’ Society, was held on Monday, February 7, 
1910, at Caxton Hall, Westminster. At the commence- 
ment, the meeting was presided over by Mr. E. J. 
Sileock, M. Inst. C.E., F.S.1., F.G.S., last president of 
the Society of Engineers, and Mr. W. Noble T'welvetrees, 
M.I.Mech.E., A.M.I.E.E., last president of the Civil 
and Mechanical Engineers’ Society. The premiums 
awarded by the Council of the Society of Engineers for 
papers read during 1909 were presented by Mr. E. J. 
Silcock as follows:—The president’s gold medal to Dr. 
David Sommerville, for his paper entitled ‘‘ Some Obser- 
vations on the Chemistry and Bateriology of —- 
Purification ;” the Nursey premium of books to Mr. E. 
R. Matthews for his paper on ‘‘The Corrosion of Steel 
Reinforcement in Concrete;” and a society’s premium 
of books to Mr. W. E. Haldwell for his paper on 
“The Sinlumkaba Ferro-Concrete Bridge.” Mr. W. 
Noble Twelvetrees presented the following premiums 
awarded by the Civil and Mechanical Engineers’ 
Society for papers read during the last session:—A 
xremium of books and instruments to Mr. R. O. 
Vynne-Roberts for his paper on ‘‘ The Past, Present, and 
Future of the Organisation of the Engineering Profession,” 
and a premium of books and instruments to Mr. H. Lau- 
rence Butler for his paper on ‘* cifications for Engi- 
neering Works.” Mr. Diogo A. conn, M. Inst. C.E., 
M.I. Mech. E., the first President of the new society, 
having taken the chair, votes of thanks to the Presidents 
of the constituent societies were proposed by the senior 
Past Presidents, and seconded by the senior Vice-Presi- 
dents of the Society of Engineers and of the Civil and 
Mechanical Engineers’ Society. These resolutions were 
carried by acclamation, and the President then delivered 
his inaugural address. 





FLAMELESS CorpiTe.—Important trials were carried out 
on February 2 at the Coventry Ordnance Works, Limited, 
with the invention of Mr. F. Marten Hale, of the Cotton 
Powder Company, Limited, London, having for its 
object the reduction and prevention of muzzle-flame when 
firing cordite or other modern propelling-powders. The 
invention is applicable to all arms, from the rifle to the 
largest gun in use. The tests were made with a 4-in. 
Mark VII. naval gun, firing a cordite charge weighing 
9 lb. 15 oz., and very satisfactory results were secured, 
a great feature being that the use of the invention 
does not ay interfere with the standard ballistics, 
only a very slightly increased weight of cordite being 
necessary to overcome the inertness created by the flame- 
quenching material. The ‘“‘ Hale flame-killer” is not in- 
corporated with the cordite (or other powder that may be 
in use) itself, so that the objections that have hitherto 
been raised to such treatment on the grounds that the 
stability and ballistics of the powder may be impaired 
now disappear. The ‘*flame-killer” is not brought into 
contact with the powder at all, but is inserted quite 
separately in a silk-cloth bag in a convenient position 
within the powder charge, the gaseous products from the 
‘‘ fame-killer” (which include no solid residue whatever), 
liberated simultaneously with the ignition of the cordite 
charge, immediately extinguish the flame created by the 
latter, but not until complete combustion ha&taken place, 
ind the projectile has approximately reached the muzzle 
of the gun; hence there is no muzzle-flame to disclose 
to the enemy the position or location from which the 
firing 1s proceeding, or to dazzle and interfere with the 
vision of the gunnersserving and firing the gun ; also there 
can be no back-flash, thus dispensing with the mechanism 
now in use for clearing the gun of flame after firing. The 
pets mene of the flame by this new invention also very 
considerably reduces the temperature set up in the gun, 
thereby prolonging the life of the weapon and the accu- 
racy of fire. The alkaline products resulting from the 


volatilisation of the ‘‘flame-killer” (which is in iteelf 
® neutral compound) neutralise to a large extent the 
acid products arising from the explosion of the cordite, 
a so materially decrease the erosion which now takes 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—The pig-iron trade con- 
tinues quiet but steady. Only a small amount of business 
is passing, but a cheerful undertone is apparent, and there 
is a general feeling of confidence in the future. Though 
shipments this month do not come up to einntiailens te 
output of pig iron is almost absorbed, the additions to 
the stocks now being trifling. A feature of the market 
just now is the extreme scarcity of forge iron, with the 
result that high rates are being realised for that quality 
in comparison with quotations for other kinds. Not only 
have furnaces been working well, and thus oe ogy wd 
little forge pig, but the quantity taken up lately has 
been more than usual, considerable shipments to Belgium 
having been recorded, in addition to a good home 
demand. No. 3 g.m.b. Cleveland pig is 51s. 74d. for 
early f.o.b. delivery, and both makers and merchants 
have sold at that price. No. 1 is 53s. 104d.; No. 4 
foundry, 50s. 104d.; No. 4 forge, 50s. 9d.; and mottled 
and white, each 50s. 3d. East Coast hematite pig is 
rather easy, notwithstanding the high and increasing 
cost of production. Mixed numbers stand at 65s. for 
early delivery—a figure that can leave little, if any, profit 
to makers. A feeling prevails that the quotation will 
shortly be raised, but for the present no difficulty is 
experienced in ay at the foregoing figure. Dealers in 
foreign ore report a further upward tendency, though it 
can hardly be said that prices have been quotably raised 
since our last report. Sellers have good contracts made, 
and are in no hurry to book further orders. - Rubio of 50 
per cent. quality is fully 20s. 6d. ex-ship Tees over the 
first half of the year, and for delivery further ahead 
21s. and 2ls. 6d. are quoted. There is a fairly plentiful 
supply of coke, and, in spite of the unrest in the coal 
trade, average blast-furnace coke is on sale at 18s. deli- 
vered here. 


Manufactured Iron and Steel.—Encouraging accounts 
are given of the manufactured iron and steel industries. 
The output in nearly all branches is large, producers have 
— orders on hand, and prospects may be described as 
airly bright. There is improved demand for finished 
iron, and more favourable reports generally are given by 
steel manufacturers. Iron ship-rivets are rather dearer, 
and steel rails have been advanced by half-a-crown per 
ton. Common iron bars are 7/.; best bars, 7/. 7s. 6d. ; 
best best bars, 7/. 15s. ; pees. 5/. 5s ; iron ship- 
plates, 6/. ; iron ship-angles, 7/. ; iron ship-rivets, 7/. 5s. ; 
steel bars, 6/. 5s.; steel ship-plates, 67. 5s.; steel ship- 
angles, 5/. 17s. 6d.; steel strip, 6/. 7s. 6d. ; steel hoops, 
6l. 10s. ; and steel joists, 6/. 2s. 6d. to 6/. 5s.—all less the 
customary 24 per cent. discount ; whilst cast-iron chairs 
are 3. 10s. ; cast-iron columns, 6/. 10s. ; light iron rails, 
6l. 7s. 6d. ; heavy steel rails, 5/. 7s. Gd. ; and steel railway 
sleepers, 6/. 10s.—all net cash at works. Iron or steel 
galvanised corrugated sheets, 24 gauge, in bundles, are 
11/. 10s. f.0.b., less the usual 4 per cent. 


The Cleveland Institute of Engineers.—At the meeting 
of the Cleveland Institute of Engineers, held on Monday 
night, in the hall of the Cleveland Literary and Philo- 
sophical Society, Middlesbrough, Mr. J. E.. Stead, 
F RS. delivered a most interesting and instructive 
lecture upon the formation and structure of Cleveland 
ironstone. With regard to the formation of the Cleve- 
land ironstone, he said there were two theories. The first 
was that at the bottom of a big lake or sea iron in some 
kind of oxide was precipitated, and eventually became 
solidified and conver into carbonate of iron. The 
other theory, advanced by Dr. Sorby, of Sheffield, was 
that the stone was really at one time impure limestone, 
and that percolations of iron passed through the limestone, 
converting it into ironstone. The iron from the strata 
above percolated through the stone, and the lime went off 
in a solution and escaped. Which of those theories was 
correct they did not know, and he was far from arriving 
at a definite conclusion. They were still very ignorant of 
the structure of Cleveland ironstone. Perhaps, after they 
had studied it for another 100 years, they might be able to 
arrive at a reasonable hypothesis. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has been inactive and 
the tone has been generally easy for immediate shipments. 
The best large has made 16s. 6d. to 17s. per ton, while 
secondary qualities have ran from 15s. to 16s. 6d. per 
ton. The best ordinary smalls have been quoted at 8s. to 
8s. 6d. per ton. Household coal has shown little change ; 
the best ordinary qualities have brought 15s. 6d. to 16s. 6d. 
perton; No.3 Rhondda large has been quoted at 17s. 3d. 
to 17s. 6d. ; smalls have made 10s. to 10s. 3d. per ton. 
Foundry coke has been quoted at 19s. to 20s.; and 
furnace ditto at 17s. to 17s. 6d. per ton. As regards iron 
ore, Rubio has brought 20s. to 20s. 6d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

The Swansea Valley.—There has been an_ increased 
demand for steel bars, and this has resulted in large 
clearances of steel ingots from stocks accumulated in com- 
paratively slack times. The tin-plate trade has shown 
activity. The output of some collieries has been in- 
creasing. 


Rhymney Iron Company, Limited.—The directors report 
that the output of coal for the past half-year was 505,118 
tons, an increase of 55,204 tons. The quantity of coke 
made was 23,700 tons, an increase of 3502 tons. The 
demand for coke was not good during the past half-year, 
but as the iron and aol trades show signs of revival 
there is likely to be an improvement in this respect. A 





number of the older ovens are being rebuilt. During the! 





latter part of 1909 the market for Welsh steam coal im- 
proved, and the directors took advantage of this to place 
a considerable quantity of coal for delivery over 1910 at 
satisfactory prices. 


Bristol Wagon Company.—The directors of the Bristol 
and South Wales Railway Wagon Company, Limited, 
in their report for 1909, state that the revenue account 
shows a dis ble balance of 16,378/.; out of this an 
interim dividend of 5 per cent., amounting, with income- 
tax, to 7500/., has mn paid, and the directors recom- 
mend a further dividend of 5 per cent., leaving a balance 
of 1378/.,to be carried forward. The contingent fund 
stands at 50,0007. - 


_ Ott Fuel at Portsmouth.—Four oil-fuel tanks are now 
in use at Portsmouth; they have been constructed on 
land abutting on Torton Creek, which runs direct into 
the harbour. Storage has been provided for 20,000 tons 
of oil, 5000 tons in each tank. Pi lead from the 
tanks to a creek running up to Clarance’s victualling 
yard, and oil-fuel tank-ships are able to take in oil some 
distance from the magazine at Priddy’s Hard. It is not 
improbable that a pier or jetty will be eventually con- 
structed at the end cf Clarence Creek, alongside which 
the — battleship or armour-plated cruiser could be 
berthed. 

Dowlais.—Both the Bessemer and Goat Mills have been 
well —— and there has been a fair output of steel 


rails, metallic sleepers, and other railway matéricl, Tin 
bar has been in good demand. 








DreaDNnovucat Ratt-PLangrs.—The success of the files 
with teeth cut in curved rows across the face, introduced 
some time ago by the Patent File and Tool Company, 
Limited, 8, White-street, London, E.C., and noticed on 

662 of our eighty-second volume, has been suth 
that the makers have now brought out what they call 
a rail-planer, cut on the same principle and bearing 
the same name. The cutting part, or what consti- 
tutes the file proper, is fixed on a carrier, which is 
provided with handles like a jack-plane or a trying-plane, 
so that it can be used in a similar way to these tools. 
They are specially adapted for levelling railway and 
tramway rail joints and for smoothing irregularities.in 
rails of every description. The blades being cut with 
teeth on both faces can be reversed when one face is 
worn smooth. The special advantages claimed for these 
planers are that they are portable and are easily handled, 
the teeth take a shearing cut, they cut from 300 to 5 

r cent. faster than ordinary files, and the cutting edge 
fasts very much longer than that of other tools used for a 
similar purpose, the teeth do not clog, and the surface left 
is quite smooth. These planers are made either straight 
or curved, and suitable for use either by one or by two 
men. 





Tue Bricuton Company’s ELkEvatep Exvrcrric Ralt- 
way.—At the half-yearly meeting, held on Wednesday, 
the 2nd inst., the Chairman of the London, Brighton, 
and South Coast Railway Company, speaking of the 
success of the single-phase electric railway, said :—‘‘ The 
electrical train services between London Bridge and 
Victoria were commenced on December 1, and met with 
immediate and considerable response on the part of the 
yublic, particularly in the populous districts of Denmark 
fi, Peckham Rye, and Queen’s-road, through which 
the electrically-equipped line runs. In the very first 
week we had an increase of over 40,000 passengers, and 
it is obvious that neither curiosity nor the novelty of the 
system has been the attraction, as we have now had two 
months’ experience of the working, and week by week 
there has beeri a steady and continuous gain. The in- 
crease of sengers in essusber was 189,669, or 55 per 
cent., pad in January, 250,867, or 71 -per cent., the total 
for the two months being 440,536, or 63 per cent. - From 
the opening day the services have run with great regu- 
larity and without breakdown of any importance what- 
soever. gy | credit must be given to the principal 
contractors, the Allgemeine Company, of Berlin, for 
the very thorough and careful manner in which the 
constructional work has been done and the equipment 
installed. They readily subscribed to the conditions im- 
posed by the contract that, with the exception of the 
motors, which are the patents of Drs. Winter and 
EKichberg, and not made in this country, the whole 
of the plant and work should be English. It is satis- 
factory to know that the distinguished President, Dr. 
Rathenau, and the managing director, Mr. Hams- 
pohn, of the Allgemeine Company, who were re- 
cently in London, are most appreciative of the way in 
which the work has been carried out by their sub-con- 
tractors, Messrs. R. W. Blackwell and Co., and have 
testified to the excellence of the overhead structure, to 
the perfection of the electrical work, and to the solidity, 
comfort, and smooth running of the rolling-stock, for 
which latter the Metropolitan Amalgamated Carriage 
Company, of Birmingham, was responsible. We must, 
however, not forget to say that the system was brought 
forward by the eminent consulting electrical engineer, 
Mr. Philip Dawson, and that it was he who adapted 
its design to the requirements of this railway. He 
has supervised the work throughout, and thanks are 
due to him for the capable way in which ho has carried 
out his duties, and has dealt with and solved many diffi- 
cult problems Dees on by the peculiar conditions of the 
line. The traffic results show that in the first two months 
of electrical working nearly the whole of our lost traffic 
on that section has been regained, and naturally these 
results have led the railway company to think of the 
advisability of extensions, a question which is already en- 





gaging their serious and earnest attention.” A description 
of this railway was published by us on February 5, 1909, 
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NOTICES OF MEETINGS. 


THe PuysicaL Society or Lonpon.—Friday, February 11, at 
8 p.m., at the Imperial College of Science, Imperial Institute- 
road, South Kensington. The annual general meeting of the 
Society will be held. President’s address. 

Tue STAFFORDSHIRE IRON AND Stes. InstiruTe.—Saturday, Feb- 
ruary 12, at 7 p.m., at the Institute, Dudley. A paper will be 
read on “ Manganese Sulphide in Iron and Steel,” by Mr. D. M. 
Levy, #.R.S.M. 

Tue Nortu or ENGLAND InstituTe OF MINING AND MECHANICAL 
Enoingers.—Saturday, February 12, at 2 p.m., in the Wood 
Memorial Hall, Newcastle-upon-Tyne. The following papers will 
be open for discussion :—‘‘ Some Results of Experiments made to 
Test the Effect of Sprayers upon the Moisture of Main Roads at 
Brandon Colliery,” by Mr. T. L. Elwen (Trans. Inst. M.E., vol. 
xxxviii., page 311). ‘Sinking the John Shaft at Hamsterley 
Colliery, through Sand and Gravel, by Means of Underhanging 
Tubbing,” by Mr. John Cummings (Trans. Inst. M.E., vol. xxxviii., 
page 320). ‘‘ Electric Shot-Firing,” by Mr. James Douglas (Trans. 

nst. M.E., vol. xxxviii., page 332). ‘‘ A Natal Colliery Explosion, 
and Underground Fires in Fiery Mines,” by Mr. William Taylor 
Heslop (Trans. Inst. M.E., vol. xxxviii., 338). The following 
papers will be read or taken as read :—‘‘ Fence-Gates for Winding- 
Shaft Cages,” by Mr. Charles Arthur Crofton. ‘‘ The Geol of 
the Little Whin Sill, Weardale, County Durham,” by Mr. William 
Morley Egglestone. ‘‘The Cunynghame-Cadman Gas-Detecting 
Device,” by Mr. E. A. Hailwood. (With experimental illustrations.) 

Tue INSTITUTE OF MARINE EnoInesrs.— Monday, February 14, at 
8 p.m. Discussion on Mr. J. Clark’s paper on ‘‘ Cylinder Losses 
and the Adiabatic Expansion of Steam with and without Super- 
heat.” 

THE INSTITUTION OF MECHANICAL ENGINERRS : GRADUATES’ ASSOCIA- 
TIoN.—Monday, February 14. A special lecture ‘on “ Petrol- 
Motors” will be given by Mr. F. Leigh Martineau, Member, of 
London. All classes of members are invited to this special 
lecture. 

Tue Royvat Society or Arts.—Monday, February 14, at 8 p.m,— 
Cantor Lecture.—‘‘ The Petrol-Motor,” by Professor W. Watson, 
D.Se., F.R.S. (Lecture Il.) Wednesday, February 16, at 8 p.m. 
“The Lifeboat and Its Work,” by Sir John Cameron Lamb, C.B., 
O.M.G., Deputy-Chairman of the Royal National Lifeboat Institu- 
tion. Colonel Sir Fitzroy Clayton, K.C.V.O., Chairman of the 
Royal National Lifeboat Institution, will preside. Thu y, Feb- 
ruary 17, at 4.30 p.m.—Indian Section.—‘‘The Bombay Housing 

uestion,” by Mr. George Owen W. Dunn, M. Inst. C.E., Chairman, 

mbay City Improvement Trust, 1904-9, and President of the 
Bombay Municipal Corporation, 1908-9. The Right Hon. Lord 
Sandhurst, G.C.S.L, G.C.1.E., will preside. 

Tue InstiTtuTION OF CiviL ENoIngers.—Tuesday, February 15, 
at 8 p.m. Papers to be further discussed ;—‘‘ Notes on the 
Sheffield Water Supply, and Statistics Relating thereto,” by Mr. 
Leonard Swaine Mortlock Marsh, M. Inst. C.E. ; ‘‘ Statistical and 
Experimental Data on Filtration,” by Mr. William Ralph Baldwin- 
Wiseman, M.Sc., Assoc. M. Inst. C.E. Students’ meetings, Fridays, 
February 18 and 25, at 8 p.m. — Vernon-Harcourt lectures on 
“Trrigation Works,” by Sir R. Hanbury Brown, K.C.M.G., M. 
Inst. C.E. Sir Alexander R. Binnie, Past-President Inst. C.E., 
will occupy the chair on February 18. Members of all classes of 
the Institution are invited to attend these lectures. 

Tue Rovat MerrorowoeicaL Socrety.—Wednesday, February 16, 
at 7.30 p.m., at the Institution of Civil Engineers. Papers to be 
read :—1. ‘‘ Report on the Phenological Observations for 1909,” by 
Mr. Edward Mawley, F.R.H.S. 2. ‘‘The North Atlantic Anti- 
cyclone. Tracks of the Centres of High Areas, 1882-3,” by Colonel 
H. E. Rawson, C.B., F.R. Met. Soc. 

Tue InstiruTion or ELecrRicAL ENGINKERS : BirMInGHAM LOCAL 
Secrion.—Wednesday, February 16, at 7.30 p.m., in the Chemical 
Theatre, the University, Edmund-street. Paper to be read in 
abstract :—‘‘The Influence of Various Cooling Media upon the 
Rise in Temperature of Soft-Iron Stampings,” by Mr. R. D. 
Gifford, M.Sc., Student. Paper to be taken as read, and discussed :— 
‘* Equitable Charges for Tramway Supply,” by Mr. H. E. Yerbury, 
Member. 

Tue InstirvTion OF MINING AND METALLURGY.—Thursday, Feb- 
ruary 17, at 8 p.m., at the Rooms of the Segoe oem Society, Bur- 
lington House, Piccadilly, London, W. The following papers will 
be discussed :—‘‘The Detection of Minute of Gold in 
Country Rock,” by Mr. Arthur R. Andrew, Associate. ‘‘ Errors 
Due to the Presence of Potassium Iodide in Testing Cyanide 
Solutions for Protective Alkalinity,” by Mr. Bede Collingridge. 
The following paper will be introduced, and the discussion upon 
it adjourned to a succeeding meeting :—‘‘ The Surface-Condenser 
in Mining Power-Plant,” by Mr. W. A. MacLeod, Member. 

Tue Institution or ExvecrricaL ENGIngERS.—Thursday, Feb- 
ruary 17, at 8 p.m., at the Institution of Civil Engineers. ‘‘ Elec- 
tric Clocks,” by Mr. F. Hope-Jones, Member, 

Tue Royat InstiruTion OF GREAT Brirain.—Friday, February 18, 
at 9 o’clock. ‘‘ Halley's Comet,” by Professor H. H. Turner, D.Sc., 
D.C.L., F.R.S. Afternoon lectures next week at 3 o'clock. Tues- 
day, February 15, Professor Frederick W. Mott, M.D., F.R.S., 
F.RG P., Fullerian Professor of Physiology, R.L, on ‘The 
Emotions and their Expression.” (Lecture Il.) Thursday, Feb- 
ruary 17, Professor Silvanus P. Thompson, D.Sc., F.R.S., M.R.L., 
on ‘‘Iilumination ; Natural and Artificial” (experimentally illus- 
trated). (Lecture I.) Saturday, February 19, Professor Sir J. J. 
Thomson, M.A., LL.D., D.Sc., F.R.S., M.R.L., Professor of Natural 
Philosophy R.I., on “ Electric Waves and the Electromagnetic 
Theory of Light.” (Lecture II.) 

Tue INSTITUTION OF MECHANICAL ENGINEERS.—Friday, February 18, 
at 8 o’clock. Annual general meeting. The report of the Council 
will be presen The results of the ballot for the annual elec- 
tion of the President, Vice-Presidents, and Members of Council 
will be announced. Adjourned discussion on :—‘‘ Ninth Report 
to the Alloys Research Committee: On the Properties of some 
Alloys of Copper, Aluminium, Mang ” (With an Appen- 
dix on “‘ The Corrosion of Alloys of Copper and Aluminium when 
Exposed to the Sea”), by Dr. W Rosenhain and Mr. F. ©. A. H. 
Lantsberry, of the National Physical Laboratory, Teddington. 
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COLLEGE TRAINING FOR ENGINEERS. 


A CORRESPONDENT in our issue of last week calls 
attention to the difficulty which college-trained 
men often have in getting a satisfactory job at the 
end of their training. He states, quite truly, that 
the question of engineering training is an ever-green 
one, which will bear a good deal of discussion ; but 
in dealing with the matter there are some points 








which, though very obvious in themselves, do not 
appear to be grasped by the majority of those who 
indulge in such discussions. 

The whole question of the college educatior of 
engineers is a very wide one, and the various 
branches of engineering differ so. greatly that it is 
obviously impossible to lay down any hard-and- 
fast rules for education which will suit every 
branch. There are, however, several fundamental 
principles, applicable to all branches of engineering 
work, which it is desirable should be borne in mind, 
but which do not appear to be always understood. 
The most important of these is the fact that for all 
practical purposes the only object of running an 
engineering business is to make money. It is no 
doubt true that there are a few factories in the 
world which are not run for this purpose, but are 
controlled by men who have already as much of 
this world’s goods as they need, and who keep 
their works in operation for the interest they 
afford, or to provide occupation for their hands, and 
not for the purpose of accumulating more wealth. 
This state of things is, however, so exceptional that 
the amount of employment to be got from it is a 
negligible quantity, and the ordinary man who goes 
into the profession must do so in the a 
of getting a job from some firm who thinks it can 
oa money out of his work. 

If this fundamental fact could be once thoroughly 
grasped by educationalists, it would save a vast 
amount of iuk being spent on the discussion of engi- 
neering education. Our correspondent himself fur- 
nishes a very clear example of this in his letter. He 
speaks of the man who works in a drawing-offive and 
learns to draw neatly, to calculate stresses, &c., as 
not having learnt anything ‘‘ useful.” If, however, 
an employer is ready to pay someone for doing this 
work, it may surely be assumed that it is of some 
use to him, and therefore to the people from whom 
he takes contracts. No doubt what the young 
man would like is at once to be put in charge of a 
large factory, employing several thousand hands, 
me to receive a proportionately large salary. Un- 
fortunately there are not many such jobs to be had, 
and the few that exist are held by men who, for one 
reason or another, are specially suitable for them. 
Unless young men have a very large amount of 
capital of their own, or in some way under their 
control, they must be content at first not to take 
the place of such men, but to work under them, and 
to do what their superiors think ‘‘useful,” receiving 
a gehen small salary. 

e great defect of college education in general 
appears to be that it does not always render people 
of as much use to their employers as they might 
be, particularly for the purpose of making money 
for them. Hence in many cases students fail to 
find jobs at all, and in others only get very small 
salaries. It matters little to an employer what 
salary he pays to his men as long as they are 
worth it—1.e., as long as the work they turn out 
is worth more to him than the salary paid. This is 
his sole standard of excellence, and it is one which 
is often entirely overlooked in college training. 

We may take as an example the college-trained 
draughtsman who wants a job.. He may be able to 
do the most elaborate calculations, and, in his own 
estimation at all events, could very much improve 
all the designs of the firm he is with, and make 
them far more scientific. In the vast majority of 
cases, however, his designs would be such that, 
for one reason or another, no one would buy them, 
or else they would be of such an expensive nature 
that they could only be sold at a loss. This latter 
is a most important point, which requires far more 
attention at the hands of those who educate 
draughtsmen than it gets at present. In getting 
out the design of a machine it should always be 
remembered that the scle object of making that 
machine is to secure a profit, and that a design 
which cannot be made and sold at a profit is not, 
from the manufacturer's point of view, worth the 
paper it is drawn on, whatever may be its scientific 
excellencies. 

Now the whole difference between making a 
profit and a loss is a very small percentage of the 
total cost, and, therefore, if a design is to be 
successful, the cost of each part must be very 
carefully considered. The whole cost of a design 
is made up of the cost of the various parts, and 
therefore, though each of these may be a very small 
matter in itself, its cost should not be neglected. 
Yet if we take the average college - educated 
draughtsmen, how many of them, after getting out 
the design of a lot of details, can say that the 
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design is the cheapest which will do the work 
satisfactorily, and that the convenience of machin- 
ing and erecting has been so well considered 
that there is no room for improvement? In this 
respect the man who is brought up in a commercial 
shop is far more likely to make a satisfactory 
design than the man who is brought up in a 
college of the average sort. In the commercial shop 
the whole tendency is to think in £ s.d., while the 
tendency of too many colleges is to be superior to 
£s.d.altogether. Hence acollege-educated man may 
make designs for a machine which will do its work, 
when made, excellently and economically, but which 
it is quite impossible to manufacture except at a 
cost considerably in excess of the selling price, 
a result due to want of knowledge on the part 
of the draughtsman of the best way of arranging 
arts for manufacture. Not only will the man 
srought up in the drawing-office of a commercial 
factory breathe a more commercial atmosphere, 
but the designs in use in that shop will be of the 
type which by trial and error have been found to 
give the best results commercially. Further, in 
getting out any new designs there is frequently a 
good deal of discussion between the works manager 
and head draughtsman as to the most convenient 
arrangement from a manufacturing point of view, 
and often alterations are made in the design at the 
request of the works manager in order to facilitate 
manufacture. Any draughtsman who keeps his eyes 
and ears open can learn a great deal as to what 
designs can be most conveniently manufactured and 
sell best when made. 

A good deal is said by our correspondent and 
others as to the difficulty of employees in getting 
information, and our correspondent goes so far as 
to say that all information and data of any real 
value are carefully locked up in the chief's office. 
There is a great deal of exaggeration in this again, 
for the reason that those who make such statements 
appear to be in total ignorance of what information 
is of real value. In a great many cases, undoubtedly 
most valuable information is daily before the eyes 
of employees, yet they do not assimilate it. It is, 
for instance, most useful to be able to estimate the 
time a job is likely to take machining. Any man 
who works in a machine-shop can learn to do this 
by simply noting down the time various jobs are 
started and when they are finished, and if this is 
done fairly often with reference to the machines 
which may be near his own position in the shop, he 
will, in course of a very short time, be able to judge 
with fair accuracy how long any ordinary job will 
take, and what type of machine it can be done in 
most quickly. But how many men do this ? 

The fact is that a very large proportion of those 
who talk about the difficulty of competent men 
getting work ignore the fact that money is earned, 
not by doing what one wants to, but by doing 
efficiently and willingly what some one else wants 
one to do; and, further, that the business of em- 
ployees is not to tell their principal how he ought 
to run his business, but to carry out his instructions. 
On the whole, the men who are at the top of 
large businesses know a great deal more about the 
running of them than any of their employees, and 
have very good reasons for the policy they pursue. 

In many ways a manufacturer is in exactly the 
same position as any other employee, and his cus- 
tomers are his employers. Thus it is not of the 
very slightest use to make an article, however 
scientific it may be, if the people who purchase 
articles of that type oy something else. There 
are, in fact, innumerable factors affecting the design 
and construction of engineering products besides the 
scientific aspect of the design ; and while these are 
well known to the principal of the firm, he cannot 
spend the whole of his time explaining his reasons 
for doing things to his subordinates, especially those 
of the lower grades. What he wants, therefore, 
in these subordinates, is that they shall loyally 
and intelligently carry out his instructions and look 
after details ; and for men who are able and willing 
to do this there is no lack of employment. Further, 
however little information may be available as to 
the major points of design, there is no difficulty in 
employees learning how to carry out details if they 
keep their eyes open. The whole point is, how- 


ever, that men must fit themselves for the sub- 
ordinate positions, and prove that they can do detail 
work, before they can expect to have more impor- 
tant jobs offered them, and that is exactly what a 
very large proportion of the men leaving our 
colleges do not appear to be able or willing to do. 
One point again, which is of very great import- 





ance, can hardly by any possibility be taught in the 
college, and that is, the control of men. The majority 
of engineers who expect to be something better than 
fitters or junior draughtsmen aspire to get positions 
in which they will have men under them, and if 
they are to fulfil such positions satisfactorily, they 
must, of necessity, be able to control them and 
to get them to work. It is quite well known 
that the faculty of getting work out of men 
and keeping order is a matter in which some 
people are intinitely superior to others, and that 
the most scientifically - educated people are by 
no means the best at it. In fact, every school- 
boy knows that the science and mathematical 
masters, so far from being the best at keeping 
order, are generally the worst. To a certain extent 
this faculty of effective control is born, not made, 
like all other faculties. But it can be cultivated by 
observation and practice, and the man who has gone 
through the shops, and associated with the type of 
men he has to command, will have an enormous 
advantage over the one who has not done so, and 
to whom their characteristics are in many ways 
strange. Here, again, the knowledge of what a 
man can do in a given time, which can be obtained 
by anyone who works in a commercial shop, is of 
the very utmost value, and no amount of purely 
scientific knowledge will make up for the want of it. 

We have no desire whatever to decry the merits 
of college education in its right place, but merely 
to point out why a purely college education will 
not in itself necessarily fit a man for earning 
his own living at commercial engineering. There 
are many points in which the college will be able 
to teach more clearly than the shop, as the college 
can approach the matter from a purely abstract 

int of view. Hence, if time and money can be 
ound, there is no doubt that a certain amount of 
college training is of great value. But it must 
always be kept in mind that while colleges can 
teach the principles of engineering, they are very 
ill-adapted to teach the practice, however much the 
— may strive to keep the practical side 
efore themselves and their pupils. Indeed, it is 
not desirable that they should extend themselves 
too much on the practical side, as they may 
easily thereby cripple their efficiency in teaching 
principles, which is, after all, their proper voca- 
tion. If the college-bred engineer will remember 
that an employer pays for the knowledge which 
he wants, and not for that which he does not 
want, and that he is the best judge of his own 
requirements, then the applicant for employinent 
will understand why his remuneration will be low 
at first. If his education has been on the right 
lines, this condition of affairs should not last very 
long, for he ought to have learned how to learn, 
and should rapidly catch up with those who have 
been much longer in the works. If, however, his 
college education does not help him to assimilate 
the knowledge of the drawing-office and the shop, 
it is no use railing at the employers who will not 
employ him, for they are quite entitled to choose 
what men suit them, and in general know far better 
than anyone else what type of man is most suitable 
for the job. The fault is in this case with the 
college—always supposing the pupil is capable of 
being taught. 








THE RAILWAYS OF AUSTRIA AND 
HUNGARY. 

THE report, issued some few months ago, of the 
proceedings, &c., of the Board of Trade Railway Con- 
ference contained a lengthy memorandum—form- 
ing, in.fact, the longest section of the Blue-Book— 
on the railways of Germany. As recently the rail- 
ways of Prussia have often been pointed to as 
models of State ownership and management, this 
report proved of considerable interest, more espe- 
cially because the picture therein drawn differed 
materially from the representations of the enthu- 
siastic advocates of the conversion of the railways 
of this country into a nationalised system. To cite 
one point only, we have recently had Mr. R. Bell's 
testimony that the conditions of work of the railway 
servants under State management on the Prussian 
systems are, as shown in this report, much less 
satisfactory than those obtaining here. This, how- 
ever, is by the way, and we merely draw attention 
now to this report because another, also drawn up 
by Messrs. C. H. Pearson and N. 8. Reyntiens, 
has now been issued by the Board of Trade.* This 

* Report to the Board of Trade on Railways in 
Austria and Hungary. Cd. 4878.] Price 104d. 





later report deals with the railway systems of 
Austria and Hungary, which were examined by 
Messrs. Pearson and Reyntiens when they were 
deputed to visit the Continent recently, to report 
on these and on the German railways. 

Though the more recent report is not perhaps of 
quite so great an interest from the nationalisation 
point of view, it contains a mass of information 
concerning the intricate conditions under which the 
railways of the Dual Kingdom are managed. These - 
railways in the aggregate had a length of 40,019 
kilometres (24,812 miles) at the close of 1906. (Of 
this total rather more than half was in Austria, 
The systems going to make up this figure represent 
nearly every kind of control and management 
possible. There are, for instance, in Austria the 
State-owned and managed systems, having a length 
of rather more than 10,000 kilometres (6200 miles) ; 
there are alsu railways of about 4900 kilometres 
(3038 miles) in length privately owned, but worked 
by the State. Again, there are State lines that are 
leased, some being worked by foreign States and 
some by private companies, while besides these 
there exist privately-owned and worked systems, 
and also private lines worked by other private com- 
panies. The methods of control are multiplied in 
the case of State-worked private lines, as these are 
either worked for the State account, for the account 
of the proprietors, or on a basis of the payment of 
actual cost. The State-owned lines in Hungary have 
a length of 7802 kilometres (4837 miles). The private 
lines have a length of about 11,197 kilometres (6942 
miles), but of these 7986 kilometres (4951 miles) are 
worked by the State. In both cuuntries, therefore, 
State management is a very important factor. The 
railways, apart from certain undertakings classified 
as ‘*Kleinbahnen” in Austria, are divided into 
Hauptbahnen (main lines) and Lokalbahnen (sub- 
sidiary lines). In Austria about 8678 kilometres 
(5380 miles) of the main lines are in the hands of 
the State, and 4600 kilometres (2852 miles) in the 
hands of private companies. Of the Lokalbahnen 
2268 kilometres (1406 miles) are owned and managed 
by private companies, 1340 kilometres (831 miles) 
by the State, and 4434 kilometres (2749 miles) are 
represented by private lines worked by the State. 
In Hungary the State owns and works 7447 kilo- 
metres (4617 miles) of Hauptbahnen, compared with 
1271 kilometres (788 miles) by private companies. 
Of the Lokalbahnen, about 1940 kilometres (1203 
miles) are owned and worked by private com- 
panies, and over 8400 kilometres (5208 miles) are 
owned or managed by the State, the State-owned 
lines in this category amounting, however, to 
merely 354 kilometres (219 miles). 

The present complicated situation is largely due 
to the methods at one time or another adopted by 
the States to promote railway construction. In one 
phase of the countries’ railway history the States 
were active participators in the work of construc- 
tion; at others they have encouraged private 
enterprise by concessions of various kinds. The 
tendency now is to terminate the concessions 
granted in the past, and gradually to reassume the 
working of the systems, with the ultimate object 
in view of complete nationalisation. The reasons 
for this are many, but chief amongst them is the 
fact that the guarantees have formed a_ heavy 
burden, at least in the case of Austria ; while the 
present system would naturally become consider- 
ably simplified if the control were in fewer hands. 

On the other hand, there is evidence to show 
that on the nationalised systems politics affect the 
management to an undesirable extent ; that methods 
of nationalised systems are not so businesslike and 
satisfactory to the trader as those of the private 
companies, and that complete nationalisation would 
be followed by an increase in rates. 

In the concessions granted there has been a good 
deal of variation, due to the different earning pro- 
spects, military importance, &c., of the proposed 
systems. They, however, nearly invariably em- 
bodied terms relating to their termination, and to 
the control of the State over private management. 
For instance, in Austria concessions have been 
granted for ninety years, at the end of which time 
the railway land and buildings revert to the State 
gratuitously, the equipment exclusively used 1 
transport remaining in the hands of the owners. 
The rates had to be approved by the Ministry, who 
reserved the right to insist on reductions if the 
railway net profits exceeded 15 or so per cent. In 
other instances any profit over 10 per cent. was 
to be halved between the railway and the State. 
The guarantees granted by the State secured for 
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the investors the return of a fixed percentage (5 per 
cent. or so) on their capital in the event of the net 
profits failing to realise that rate ; the difference was 
made good by the State. In Austria the subsidies 
actually claimed up to the end of 1906 amounted 
to nearly 195} million kronen (8,145,8001.). In 
1906 the guarantees paid amounted to 7,342,348 
kr. (305,9311.), the amount paid in the case of 
privately-owned and worked railways amounting to 
377.5 kronen per kilometre (25.41. per mile), while 
in the case of State-worked private lines the amount 
paid worked out to 970 kronen per kilometre (65.181. 
per mile). 

The terms of the concessions granted for Lokal- 
bahnen, in Austria, are slightly different, and 
include the gradual repayment of sums advanced for 
the guarantee, should the railway at any time make 
more than a certain per cent. profit, together with 
interest on the advance made. On the expiration 
of the concession the whole of the property is 
handed over to the State, but it may be purchased 
before the end of this term by payment of a sum equi- 
valent to the capitalinvested. In Hungary similar, 
though not necessarily identical, terms obtain. 
Clauses are there sometimes inserted to the effect 
that materials are as far as possible to be purchased 
in the country. The State and provinces are inte- 
rested financially in the Lokalbahnen to the extent of 
about 46} million kronen (1,937,500!.) and 28 mil- 
lion kronen (1,166,7001.) respectively in Austria, 
irrespective of those systems owned and worked 
by the State, while in Hungary the municipalities 
contribute some 13 per cent. of the Lokalbahnen 
capital. The Hungarian Government, moreover, pays 
for postal services and special subsidies, amounts 
equal to 15.4 per cent. of the Lokalbahnen capital. 

It has been mentioned above that the State 
frequently works private railways. This is car- 
ried out in several ways. The State may work 
the line, all accounts, &c., being kept by the 
State and presented to the company. The com- 
pany provides rolling-stock, and reimburses the 
State for actual working expenses, the payment 
for supervision being based on a percentage of the 
total amount of the other payments. If the rail- 
way takes advantage of a State guarantee of interest, 
the State administration has control of the fixing of 
rates, &c. In another system in vogue the State 
pays a certain rental for the system, and operates 
it, keeping any profit that may accrue from the 
working. In Hungary privately-owned Lokalbahnen 
are worked by the State on three bases. In some 
cases the proprietors pay to the State some 48 to 
54 per cent. of the traffic receipts ; in others they 
hand over 50 per cent. of the passenger receipts, 
and, in addition, pay a fixed amount per ton-kilo- 
metre for the freight traffic; or, again, the State 
may be allowed to retain a fixed amount per pas- 
senger—and also per ton—kilometre. The effect of 
this management of private railways by the Govern- 
ment on the State finances is not discernible, no 
tigures on this matter being procurable. 

The economic results are so varied that, as a 
matter of fact, few reliable lessons can be drawn 
from them. The Kaiser Ferdinands Nordbahns, 
recently nationalised, has paid dividends of nearly 
13 per cent. for some years. Other private systems 
have paid 5 and 6 per cent. without using the 
State guarantee, but the Sudbahn pays no dividend. 
The State Railways of Austria pay scarcely 3.01 
per cent. The State Railways of Hungary pay 
8.70 per cent. In both the latter cases the per- 
centage is given of net profits to invested capital, 
but the capital charges are actually much higher 
than these figures, so that the working results in 
deficits. Private railways in Hungary appear to 
give a return about the same as the State lines. 

In order to make good these deficits, the Austrian 
State has had recourse to several little taxes, as the 
Stationsgebithr (a tax on goods), and stamp taxes on 
way-bills levied on quantity. Nationalisation of 
the main lines in that country has now proceeded 
so far as to be virtually complete, and a general 
raising of rates is anticipated to meet the heavy 
deticits.. In Hungary an attempt to raise rates 
made a few years ag> was unsuccessful, owing to 
the opposition aroused. The taxation of the Hun- 
garian private railways is complicated, but heavy, 
amounting to about 10 per cent. for Government 
income-tax, and 10 per cent. for local taxes. 

in the matter of management, the arrangements 
made are to some extent similar. In Austria, how- 
ever, the chief isa minister, and not a permanent 
official, as in Hungary. In Austria decentralised 
control of thirteen districts prevails, while in Hun- 





gary the supreme executive is supported by officers 
over nine districts. The working regulations, &c., 
are alike in the two countries. ‘I'here exists, more- 
over, strict Government inspection and control on 
the private systems, covering all aspects of working, 
including tariffs. In Austria there is an advisory 
Council of seventy-five members, to assist the 
Ministry in railway matters. This Council is com- 
posed of fourteen members elected by the minister, 
thirty-six chosen by chambers of commerce and in- 
dustry, nineteen by chambers of agriculture, and nine 
representing mining interests. These are formed 
into committees, at the deliberations of which rail- 
way Officials are often present to assist with infor- 
mation. In Hungary the corresponding Council 
is also concerned with other public services. With 
regard to success of management, Messrs. Pearson 
and Reyntiens inform us that public opinion leans 
to the Hungarian system of a permanent chief as 
more satisfactory than a member of the Govern- 
ment, while the preference is given to private 
management as against State working, on account of 
the promptitude with which business matters are 
dealt with, compared with the red-tape delays of 
the latter management. 

It is impossible for us to deal exhaustively with 
the great part of this recent report—the information 
it contains is of so varied a character. It goes fully 
into the question of rates, dealing with tariffs for 
slow and fast goods, and all the innumerable com- 
plications of Ausnahme tariffs, transport duties, 
rebates, export rates, experimental rates, &c. It 
may be said that, in general, the export rates 
are intended to assist the trade of the country, 
while Ausnahme tariffs are designed to meet com- 
petition between railways, or with water traftic, 
and to encourage industries, &c., in certain dis- 
tricts. Import rates are not in vogue, and even 
adverse discrimination is suggested against im- 
ported goods in Austria. As in Germany, the 
‘*Spediteur” is largely employed by shippers. 
The host of little vexatious charges existing in 
Germany find their parallel in Austria-Hungary. 
There are charges for forms and for stamping, for 
way-bills, declarations, certificates, &c. ; weighing, 
unloading, and transferring goods, checking and 
cranage, customs, &c.—all charged for separately, as 
are also warehousing and demurrage. The goods 
traftic is worked on a time-allowance system, which 
does not encourage the railways to emulate one 
another in service facilities. The demurrage regu- 
lations are strict, and all contain terms enforcing, 
in case of need, a very considerable reduction in 
the unloading and loading times allowed, this being 
reduced in some cases to even six hours, if rolling- 
stock is scarce. The ordering of wagons is accom- 
panied with a superabundance of regulations, in- 
cluding security for one day’s demurrage. Credit 
accounts can only be opened on the deposit of cash 
(bearing no interest) or securities amounting to 
14 times the amount of the credit, and on other 
conditions. Private wagons ere quite exceptional. 
Competition exists, but is more important in con- 
nection with traftic to Central Europe, or in connec- 
tion with water transport, than between railways. 
Water transport has in some routes so great an 
influence that the winter railwey rates (when the 
water route is closed) are as much as 70 per cent. 
higher than the summer rates. 

As regards passenger traftic, the fares are mostly 
arranged on the zone system, with, as in the goods 
tariffs, a reduction in the rate corresponding to 
additional distance. The passenger fares are com- 
piled for fast and slow trains. In 1906, in Austria, 
of 203,823,670 passengers, nearly 195 million 
travelled by slow trains. Only 3.13 per cent. of 
the third-class passengers travelled by the fast 
trains, which is a distinct contrast to the privileges 
third-class travellers enjoy here without any extra 
charge. Of the passenger receipts, 72.76 per cent. 
are due to third-class traftic, 19.67 per cent. to 
second-class, and 5.66 per cent. to first-class. Many 
specially-reduced tickets and fares are available, and 
workmen's fares are in force. In several cases the 
holder’s photograph has to be aftixed to his ticket, 
while a workman can only get a workman’s ticket on 
Ss a certificate from his employer. Reduced 
ares are in force for workmen travelling in search 
of employment. 

On the conditions under which the staff work we 
can only mention two or three points. The engine- 
drivers and certain other grades, in addition to their 
regular wage, receive allowances based on the dis- 
tance travelled or time on duty. Drivers and 
firemen also receive allowances for economy of fuel 








and materials. On one system, for instance, for 
coal saved 1.60 kr. (1s. 4d.) per ton is paid, of 
which 75 per cent. goes to the driver and 26 
per cent. to the fireman. All oils are reduced 
according to a recognised scale to a theoretical 
equivalent oi], for which an allowance of 7 heller 
(0.7d.) for each kilogramme saved is paid. In- 
cluding kilometric allowances, lodging allowances, 
bonus, &c., a driver’s pay may be supplemented to 
the extent of some 1797 kr. (74.8l.) in a year, a first- 
class driver’s yearly pay amounting to from 1300 kr. 
to 3000 kr. (54.11. to 1251.). Pension funds of one 
kind or another, on a contributory basis, exist on 
the railways for employees of all classes, including 
the officials, the scales of contribution varying, as 
do also the benefits. The system of fining for 
breaches of discipline, &c., is in force on most lines. 
The officials and employees form committees to 
discuss questions submitted to them by the manage- 
ment, so that they have the privilege of acting to 
some extent, in an advisory capacity. The com- 
mittees are divided into sections according to the 
grades of employees, and these discuss matters sepa- 
rately, or, at times, together. Officials and male 
employees of thirty years of age and three years’ 
standing are eligible for election by their fellows 
to these committees, the management also appoint- 
ing a member to each section. Membership is 
honorary, and a member undergoing punishment 
for breach of discipline cannot sit. 








THE HUMPHREY GAS-PUMP. 

Tue recent discussion at the Institution of 
Mechanical Engineers afforded clear evidence that 
many of the speakers had failed to grasp the basic 
principles of the very ingenious internal-combus- 
tion pump described by Mr. H. A. Humphrey. The 
idea was obviously widespread that a very long 
play-pipe, such as was used in Professor Unwin’s 
experiments, was in principle essential to the work- 
ing of the.apparatus, and on this hypothesis ob- 
jection was taken to the fact that in the diagrams, 
in which the space occupied by the new ee was 
compared with that taken up by its older rival, 
this play-pipe was omitted. Others again were 
under the impression that the length of horizontal 
pipe must be a large multiple of the lift, and were 
thus disposed to limit the utility of the new pump 
to a somewhat narrow field of development. In 
actual fact the opinions above discussed are quite 
unfounded, and improvements in the suction- 
valves are the only elements lacking, to the cutting 
down of the play-pipe to a few feet only, and to the 
adoption of much higher velocities of flow than were 
owl use of in the trials referred to in the paper. 
The design of suction-valves to pass very lerge 
volumes of water, and at the same time of such 
a type as not to interfere with the free oscillation 
of the water-column in the play-pipe, is a problem 
of some difficulty; but we have no doubt that 
it will not prove insuperable to Mr. Humphrey’s 
ingenuity, and that even better results than any 
yet recorded at Dudley Port will, before long, be 
obtained. 

A detailed examination into the theory of the 
pump shows that there is not necessarily any connec- 
tion between the cquivalent head, against which 
the pump works, and the length of the play-pipe. 
If, for instance, the pumping is effected against 
an artificial head due to the pressure of the air con- 
tained in an air vessel, the length of play-pipe 
may be actually shorter than the equivalent hydro- 
static head. For example, in Professor Unwin’s 
experiments, described in our issue of October 15 
last, the head was wholly ‘‘ artificial.” A large air 
vessel was provided at the end of the play-pipe, and 
the head desired was produced by throttling the 
discharge from this vessel. Actually the play-pipe 
between the air vessel and the combustion-chamber 
was long, but, so far as the mathematical principles 
of the pump are concerned, there is no reason why 
it should not have been some 10 ft., or even less, in 
which case it would have been a mere fraction of the 
effective head. In fact, were perfect inlet-valves 
available, the shorter the play-pipe the greater would 
be the output of the pump for a given maximum 
velocity of flow, and the higher the over-all efficiency 
of the apparatus. Thus, under such conditions, 
with a play-pipe 2 ft. in diameter, and with a 
maximum velocity of flow of 14 ft. per second, the 
figures on the next page show the number of cycles 
per minute, the discharge of the pump, and the 
efficiency for different lengths of play-pipe, the 
equivalent hydrostatic head being 35 ft. 
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: Ft. Ft. Ft. Ft. |seen, but a fraction of the gross stroke H E. The — 150 f 0.3512 }= 64.1 Ib. 

Length of play-pipe ... 25 50-100, 200 | net delivery of water per cycle is represented by 0.37 | 2.221 
Cycles per minute ___... 75 38 17.6 8.66 the distance SE 
ee ee 650 552 514 The water acquires its maximum velocity at the sa con huge age 

| ee 600 # 
te: . Tar Pump H.P. oo 06.95 0.91 \ gg | point B of the diagram, at which point the absolute H T x { 64.1 — 30.1 } = 32.98 foot-pounds. 
ifficiency : 7-5 fe os : pres exactly balances the absolute hydrostatic! Whence 

The advantage of the short pipe is, it will be seen, — plus the oe age hype tom. ” a aaa HT = 0.971 ft. 

very considerable. In actual practice, with the | ‘"° ae a ~ aa y ibpte thee. lites a The equivalent clearance 
valve arrangement now used, a 25-ft. pipe is prob- | P&T Second, If 18, OF course, easy to calcu . FH= HT = 9-971 _ 9 ga7o te. 


ably shorter than it would be possible to work effi- 
ciently. The long cycle which is associated with the 
long play-pipe affords ample time for the inlet- 
valves to open and close. There is thus less wire- 
drawing of the water, and less waste in eddies round 
these valves. In practice, therefore, it will be 
necessary to effect a compromise between the con- 
siderations imposed by the inefficiency of the suc- 
tion-valves, which, taken per se, is reduced by the 
use of a long play-pipe, and the conflicting claims 
based on the essential principles of the pump, 
which, on the other hand, make a reduction in the 
length of this pipe advisable. 

As Mr. Humphrey said at the meeting, the 
mathematical theory of the pump is by no means 
simple. His own calculations have been based on 
a step-by-step integration of the forces acting on 
the water column at any instant. This undoubtedly 
is the most accurate method of procedure, but it 
is necessarily long and somewhat tedious.* For 
such a comparison as is the subject of this article, 
however, a less precise mode of calculation suttices, 
and the numbers tabulated above have been ob- 
tained as the result of certain approximate assump- 
tions which considerably simplify the arithmetic. 
It is our intention to explain the sequence of con- 
ditions which would occur in working with the 
shortest length of play-pipe named above, the 
equivalent hydrostatic head being, as stated, 35 ft. 

Fig. 1 is a diagram showing the forces and veloci- 
ties existing during the delivery stroke of the pump 
for the conditions already noted above, takin 
the play-pipe as 25 ft. in length. Here A B 
denotes the expansion line of the charge, the 
initial pressure being taken as 150 lb. absolute, and 
thé law of expansion as given by the relation PV!“ 
= constant. 

Assuming that the exhaust and scavenger valves 
open at 4 lb. below the atmosphere, the expansion 
curve ends at C, where the pressure is 14.2 abso- 
lute. When the valve opens, the pressure, of course, 
rises to the atmospheric line. The remainder of 
the stroke from D to E is effected by the inertia of 
the water. As this moves forward in the pipe the 
space in the rear is filled up by inflow through the 
suction valves, and it has been assumed for the pur- 
pose of the present investigation that the length of 
the column of water in movement at any time is 
constant. This is, of course, not quite exact, as the 
actual length of the column in motion alters with 
the level of the water in the combustion-chamber, 
as does also the hydrostatic head ; but from the 
point of view now in question this is immaterial ; 
and, in fact, the assumption of constancy is to the 
disadvantage of the short play-pipe. The inflow 
through the suction-valves keeps the water-level in 
the combustion-chamber up to a level correspond- 
ing to the point S, and S H is the length of the 
compression stroke, which is accordingly, it will be 


* An accurate treatment of the problem, in which any 
variations in the hydrostatic head, or in the length of 
column in oscillation, occurring during the stroke, are fully 
taken into account, can be derived as follows, though, 
for the particular object in view in the above article, the 
approximate method there adopted seems preferable. 

wet E denote the kinetic energy of the column at any 
instant. Then the frictional resistance at the same 
instant may be expressed as k EK, where k is constant for a 
given pipe diameter, but independent of the length of the 
water column in motion. 

At any moment E is equal to the work done, up to that 
time, by the pressure in the combustion-chamber, less the 
negative work done by the back pressure and the fric- 
tional resistances—t.e., if P be the forward pressure and p 
the back pressure. 


E=](P-p-kE£)dz, 


or E_p-» 
dx 


kE + 


Whence 
E = Ae~*z+ cts fener — p)da, 


Here A is an arbitrary constant, chosen so that the 
energy is zero at the commencement of the stroke. Un- 
fortunately P varies as a fractional power of x, so that the 
equation as it stands is not immediately integrable, but it 
would be easy to substitute for P an approximate 


expression to which this objection would not arise, 





corresponding friction head. 
According to Unwin, the friction head of a clean- 
cast-iron pipe is given by the relation 
Friction head = 0,005 (1+) yy. oe 
12d/ d 2g 
where d is the diameter of the pipe in feet, L the 
length, in feet, of the pipe, v the velocity of flow 
in feet per second, and g = gravity. 

For a 2-ft. pipe 25 ft. long, and for a velocity of 
14 ft. per second, the friction head from this formula 
is 0.79 ft., or 0.341b. persquare inch. The assumed 
hydrostatic head being 35 ft., or 15.17 lb. per 
square inch, the total edits pressure at the point 
of maximum velocity is 

15.17 + 0.34 + 14.7 = 30.21 Ib., 


which fixes the point B in the diagram. The curve 
of velocity between H and B has the shape indi- 
cated, which is approximately the quadrant of an 
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Next consider the work done in expansion down 
to the opening of the exhaust-valve at C, when the 
pressure is assumed to be 14.2 lb. absolute. Then 
we have 

1 

'D= Pi is =o.0710(2 \rg = 2.449 
FD = FH x [ick 1.37 = 0.971 (i¢o)™ 442 ft. 

The absolute work per square inch done by the 
expanding gases down to this point will be, of 
course, 


1_{P, V,-P; Va} = 


: { 150 x 0.4372 - 14.2 2.442) 
n—l 


1 
0.37 
= 85.49 foot-pounds = 54.0 net, 
on subtracting work done against atmosphere. 
Then, if s denote the total stroke of the pump 

















ellipse. The curve of velocity from the point B to the 
end of the stroke is really compound, the negative 
acceleration being a varying one from the point B to 
the opening of the exhaust-valve at C, and thence 
is nearly constant for the remainder of the stroke. 
The latter portion of the curve is therefore para- 
bolic, but the complete curve from B to E is again 
fairly well represented by an elliptic quadrant. 
Assuming these curves to be elliptical, the average 
velocity of flow will be 0.7854 of the maximum, and 
the average frictional resistance will be two-thirds 
of the maximum frictional resistance. 

Now the work done by the expanding gases down 
to the point B will be equal to the average absolute 
pressure down to this point multiplied by the 
distance H T. 

Assuming, as is sufficient for the special object 
here in view, that the hydrostatic head is constant, 
the absolute negative work due to the resist- 
ances down to the same point will be H T multi- 
plied by the absolute hydrostatic head + the mean 
friction head—i.e., 

HT x (15.17 + 14.7 + § x 0.34) = 30.10 HT. 

The difference between the positive and the 
negative work down to B is, of course, equal to the 
kinetic energy of the moving column of fluid per 
square inch of pipe section. This, reckoned per 
square inch of section is, of course 

c.4384 Lx 
29 
= 0.4334 x 25 x 1® = 32.98 foot-pounds. 
64.4 
The mean pressure during the expansion from 


150 down to 30.21 lb. absolute is obtained from the 
usual equation—viz., 


B [s- (re) | 
(era | 
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from H to E, we have 
54.0 = 8 {15.17 + § x 0.34}, 


the quantity in the brackets being the total net 
average resistance overcome measured in pounds 
per square inch of pipe section. This gives 
s = 3.50 ft., and if the average velocity is 0.7854 
of the maximum, as assumed, the time taken for 
making the delivery stroke is 


__3.50___ = 0,318 seconds. 
14 x 0.7854 
Unless special provision is made, the maximum 
compression pressure is fixed by the hydrostatic 
head. Thus let Fig. 2 be the diagram during the 
compression stroke ; then the work done in com- 
ressing the gases from S to H, plus the friction 
oss, must be equal to the work done by the water 
column in moving the same distance. In other 
words, the mean absolute pressure during compres- 
sion, plus the mean friction head, must be equal to 
the absolute hydrostatic head. The mean absolute 
pressure during compression will be given by the 
relation 
1 f 7. > 7 * =! | 
+. { Pu Va =P, Vi } = (Ve - Vu), 
where P, denotes the pressure at the point H, 
Fig. 2, and V, the volume, whilst P, and V, denote 
as pope | the pressure and volume at the point 5. 
f we put V, = rV,, then P, = P, 1". On sub- 
stituting we get 


CB ins wWis -1); 
Pmean = em ak pil 1; = Ve (1 rs ’ 


Pimean = 


or 


The distance FH is already known, being 
the same as in Fig. 1—viz., 0.4372 ft. If the 
pressure at S is 14.2 lb. absolute, and r is the 
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ratio of FS to F H, we get from the forego- 
ing — = (n — 1). ae ad where H is the 


absolute hydrostatic head, and h the mean friction 
head, both measured in pounds, whilst P, = 14.2. 
Assuming h = 0.028, this gives, in the present 
instance, r = 3.07 nearly, taking as 1.4, whence 
the compression pressure is 14.2 x 3.07'*=68.27 lb. 
absolute, and FS = 1.342 ft. The velocity on the 
compression stroke is a maximum when the gas 
pressure just balances the absolute hydrostatic plus 
the maximum friction head. Assuming the latter to 
be 0.04 lb., we can find on the diagram the point V, 


mw\ 1 
since then FW=FH x (eo = 0.7887ft. The 


kinetic energy of the water column at W is, of 
course, equal to the work done by the water less 
that expended in friction and in compressing the 
gases from S to W. The absolute work done by 
the water column per square inch of area is 
16.52 foot-pounds; that lost in friction is 0.01 
foot-pound, and that expended in compressing the 
gases from S to W is 11.30 foot-pounds, so that the 
kinetic energy of the column is 5,21 foot-pounds per 
square inch of area. Its maximum velocity is, 
accordingly, 5.56 ft. per second. This gives a cor- 
rected maximum friction head of 0.05 lb., and a 
mean of 0.03 lb., which is near enough to that 
assumed to make a fresh calculation unnecessary. 
The time taken for the compression stroke is 
0.905 + 5.56 x 0.7854 = 0.207 second. The work 
lost in friction is 0.027 foot-pound per square inch 
of area. 

The maximum pressure reached on the cushion 
stroke can be regulated within certain limits by 
suitably fixing the level of the exhaust stem. This 
must in any case be fixed high enough to permit 
of a full charge being drawn in on the inlet stroke. 
The whole of the energy developed on the admis- 
sion and final compression strokes is derived from 
that put into the air on the cushion stroke. The 
latter will therefore be longer than the compres- 
sion stroke by an amount sufficient to overcome all 
the losses, frictional and otherwise, experienced in 
the whole three strokes—viz., the cushion, the 
admission, and the final compression stroke. To 
this, strictly speaking, should be added a small 
correction, due to the fact that the cushion volume 
is smaller than the compression volume. As a first 
approximation, we may take the losses in the three 
strokes to be 0.4 foot-pound in the aggregate. 

Assume, then, the cushion pressure to be 172 lb. 
absolute, then the mean effective pressure (atmo- 
sphere deducted) will be 36.6 lb. The net work 
stored in the cushion must, as stated, be equal to 
the work done on compression plus the friction, or 
14.0 foot-pounds. Hence the distance moved by the 
water column after the exhaust-valve closes will be 
14.0 + 36.6 = 0.38 ft., and the total stroke, on 
the other hand, will be 14.6 + 15.17 = 0.925 ft. 
The corresponding maximum velocity of flow will 
be 7.05 ft. per second, so that the time taken for 
the cushion stroke will be 0.131 second. The 
friction loss will be 0.22 foot-pound on this stroke, 
and nearly as much on the inlet stroke ; the total 
losses due to fluid friction being thus, say, 0.45 
foot-pound, which is practically that assumed. 

Summing up, the pump in question will make 
75 cycles per minute. The quantity delivered 
will be about 650 cubic feet per minute, and the 
efficiency will be 98 per cent. . 

This estimate is, of course, based on losses by 
pipe-friction merely, and in practice will be in- 
creased by losses at the suction-valves. Further, 
the delivery into the tank should, of course, take 
place through a gently-tapering pipe, or there will 
he further losses due to the waste, in eddies, of the 
kinetic energy carried over by the inflowing liquid. 
If the maximum velocity is limited to 8 ft. per 
second instead of 14 ft., the efficiency will, of 
course, be greater, but the volume delivered per 
minute less. In the foregoing, moreover, the 
hydrostatic head has been taken as constant, 
whereas, as already stated, it necessarily varies 
with the level of the water in the combustion- 
chamber, and this variation is the greater the 
greater the length of the play-pipe, and, as a 
consequence, the relative efficiency of the long pipe 
is overestimated in the table given above. For the 
purpose of showing the advantage of a short, as 
compared with a long, play-pipe, this fact, being 
to the disadvantage of the former, need not be 
taken into consideration, and this has been the 
primary object of this article. 





THE TESTING OF RUBBER FOR 
ELECTRICAL WORK. 


INDIA-RUBBER occupies such an important posi- 
tion in the electrical industry that any information 
bearing on its testing and durability is always of 
interest. Purely electrical tests do not appear to 
afford satisfactory evidence as to the permanence 
of the properties of the material, and a much more 
satisfactory estimate of quality may be made by 
combining such tests with physical and chemical 
ones. Rubber lends itself so readily to ‘‘com- 
pounding ” with a variety of materials that a pur- 
chaser, buying in the open market, frequently has 
no means of estimating the real quality of his pur- 
chase unless he is able to submit it to a series 
of chemical and physical tests, which may be diffi- 
cult or impossible. In electrical work rubber 
is, of course, chiefly of importance in connection 
with the cable industry, and most of the cable 
manufacturers now possess rubber machinery of 
their own, although in some cases the material is 
still purchased from rubber companies, usually in 
accordance with a specific composition. In the 
case of the small, or casual, purchaser, however, 
arrangements of this sort may be impossible. 

From the point of view of the general user of 
rubber, physical tests are likely to be more satis- 
factory than chemical ones, as they do not require 
so high a degree of specialised skill in the person 
who carries them out. The drawing up of a series 
of inexpensive and easily carried out tests of this 
sort, should, however, be of assistance not only to 
the small user, but also to cable manufacturers and 
others who use the material on a large scale. An 
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interesting account of a series of such tests, carried 
out by Professor A. Schwartz, was given in a paper 
read by him before the Institution of Electrical 
Engineers at Manchester, on the 11th ult. The 
experiments were confined to tension tests, and 
to a determination of the hysteresis loop for various 
specimens under various conditions. Professor 
Schwartz suggested that systematic experiment, and 
comparison of results over a number of years, should 
establish a series of simple physical tests which 
could be relied on to give information as to the 
percentage and quality of caoutchouc in a commer- 
cial rubber, together with some indication of the 
class of filling used, and the degree of vulcanisa- 
tion. 

When testing rubber in tension many difficulties 
peculiar to the material crop up. High-grade 
vulcanised rubber will stretch to seven or eight 
times its original length before breaking. To allow 
of this, a specimen under tension must flow to a 
considerable extent. Professor Schwartz feund, as 
may be expected, that this led to breakimg at the 
grips. With lower grade rubbers, having a 
smaller extension, this trouble was not expe- 
rienced. Various methods of overcoming this 
breaking at the grips have been proposed and 
experimented with. Of these, the method which 
employs a ring-shaped test-piece punched from a 
sheet and stretched between two pulleys, is the 
most satisfactory for a determination of the 
breaking stress. With this system more accurate 
results are obtained if the pulleys are rotated during 
the test, to avoid local crushing. Professor 
Schwartz did not employ this method, however, as 
his experiments were chiefly concerned with the 
testing of rubber cable coverings, stripped from 
the cable, which did not furnish large enough sheets 
to enable the necessary rings to be made. His 
method was to employ rectangular test-pieces of 
uniform width, secured by small metal grips, the 
tests being carried out below the breaking-point of 
the material. 

The hysteresis machine was arranged to effect the 








extension of a specimen by means of a load in- 
creased at a given rate, until either a predeter- 
mined load, or a predetermined extension, was 
reached. It consisted of a horizontal table carry- 
ing a vertical upright. One end of the specimen to 
be tested was secured to the top of the upright, while 
the other end was a in a moving lower grip. To 
this lower grip a cord was attached, which passed 
vertically downwards, round a floating pulley, and 
then upwards again, where it was secured to one 
end of a spiral spring fixed to the top of the upright. 
Load was put on to the specimen by feeding the 
floating pulley downwards by means of a nut and 
leading screw. A cord was attached to the lower 
end of the specimen and led round a fixed pulley 
to a pencil which moved to and fro across the 
horizontal table in the plane of the upright. The 
position of this pencil at any time in reference to a 
zero line consequently represented the extension of 
the test-piece. Between the moving pencil and 
the fixed table a light moving table carrying a 
paper chart was placed. This light table moved 
to and fro at right angles to the movement of the 

ncil, being controlled by a cord attached to the 
ower end of the spiral spring, so that the posi- 
tion of the chart at any time in reference to a zero 
line represented the load on the specimen. The 
combination of the motions of the pencil and the 
chart enabled stress-strain or hysteresis diagrams 
to be traced. 

The general type of hysteresis diagram given by 
the machine is shown in the accompanying figure. 
This diagram gives a graphical record of the exten- 
sion of the rubber test-piece, as the load is 
increased from zero to the given maximum, and 
then decreased again to zero. In this diagram the 
work done in extension is, of course, given by the 
area © BC O, and the work done in retraction by 
DBCD. The area of the hysteresis loop O BDO 
gives the work —— in the rubber, while the 
length O D gives the sub-permanent set. The rate 
of extension with load at any point of the test is 
given by the slope of the tangent of the curves O B 
or B D. It will be seen from the figure that the 
extension curve may be divided into three distinct 
stages, in the first of which the curve is convex to 
the line of load, and the increased extension per 
unit of load is small. In the second stage the 
increased extension becomes greater, and the 
curve is linear, while for the third stage the 
increased extension falls again, so that the curve 
is concave in reference to the line of load. 
These three stages are characteristic of normally 
vulcanised specimens of high-grade rubber stretched 
nearly to the breaking-point. The proportions of 
these three stages give an indication of the quality 
of the rubber under test. With high-grade rubbers 
which are correctly vulcanised, or with rubbers 
which are under-vulcanised, or contain a small pro- 
portion of substitute, stages 1 and 3 are small 
while stage 2 is large. With hard rubbers, which 
are over-vulcanised, or contain a large proportion 
of mineral matter, stages 2 and 3 are small, or 
suppressed, and stage 1 is large. 

As already mentioned, Professor Schwartz’s tests 
were carried out with rubber strips cut from cable- 
coverings. With 2500-megohm grade material he 
obtained very consistent results, but with 600- 
megohm grade there was considerable variation ; 
some loops showing much harder material than 
others, indicative generally of faulty vulcanisation. 
A series of tests were carried out to ascertain the 
effects of temperature and speed of loading, which 
went to show that, within ordinary limits, these 
considerations could be left out of account in com- 
mercial testing. 

Experiments were carried out in which the speci- 
mens were subjected to successive cycles of exten- 
sion and retraction. The limit of such a series of 
cycles could be set either by a given maximum 
load, or a given maximum extension. If the ex- 
tension limit was used, however, a series of loops 
was obtained which lay close together, and were not 
easily discriminated ; whereas, with the load limit 
the loops were more strongly differentiated, and 
lent themselves more readily to accurate treatment. 
It was found that the — of mineral matter 
in the rubber exercised considerable effect on the 
area of the loops for the first cycle, and also on 
the increments of extension of subsequent cycles. 
For high-grade rubbers the areas of the loops be- 
came constant after the sixth cycle ; lower grades 
only approximating to this condition. For cable 
coverings the area of the sixth loop may, however, 
roughly be said to be constant. Professor Schwartz 
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found that the rate of augmentation of extension for 


a given load-limit increased, according to a loga- 


rithmic law, from the second cycle onwards. The 


time taken to draw the extension-curve for each 
cycle was approximately constant, so that if the 


{ 


| 


Ural Mountains to Jekaterinburg. This section 
had a length of 310 miles. The new, almost com- 
leted, track cuts in a nearly straight course from 
erm via Kuara to Jekaterinburg, avoiding the 
mining districts which the old line served, 


increment of extension for each cycle was mea-| and reducing the length of the section to 244 
sured and plotted against the logarithms of the miles. Beyond Jekaterinburg the old track led 


number of cycles, a series of straight-line curves | via Cheljabinsk and Tjumén to Omsk, on the River 


was obtained. 


These curves practically repre-| Irtisch. The new track passes via Cheljabinsk and 


sented the power of recovery of the specimens, | Kurgan (on Asiatic territory), and Petropavlovsk 


and their differences in slope formed a convenient 
method of comparing the value of the different 
compositions in this respect. 

A series of experiments was also carried out 
on samples subjected to the constant extension 
method. Specimens were stretched between two 
fixed points, and arrangements made to measure 
the decrease in tension at definite time-intervals. 
In this case also, on plotting the tensions against 
the logarithms of the time, a straight-line curve was 
obtained. A series of experiments was carried out 
with this method to ascertain the relative dura- 
bility of specimens made from the same compound, 
but vulcanised at a given temperature for different 
lengths of time. It was found that the decrease 
in tension for the under-vulcanised and for the 
over-vulcanised specimens was in each case greater 
than that for the correctly-vulcanised ones. A 
series of tests on this method, carried out with 
cable coverings, did not place the materials in the 
same order of merit as that of their respective 
C.M.A. grades. This was attributed to the fact 
that they were made up of three distinct layers of 
different composition which had different rates of 
deterioration. On the whole the experiments 
carried out with this system were somewhat in- 
conclusive. 

In conclusion, Professor Schwartz suggested that 
C.M.A. cables, which are already standardised in 
regard to thickness of dielectric and minimum insu- 
lation, might be further standardised in reference 
to the physical properties of the rubber, in order to 
discriminate further between C.M.A. cables and 
others, which are on the market, described as 
‘fequal to C.M.A.”’ The feasibility of this sugges- 
tion was examined by testing a series of C.M.A. 
cable coverings against others. An extension of 
150 per cent. was fixed for the 600-megohm class, 
and it was found that of similar non-association 
cables all but one failed to reach this extension 
before breaking. An extension of 200 per cent. 
was fixed for the C.M.A. 2500-megohm grade, and 
it was found that only two of the 600-megohm 
grade C.M.A. cables did not break before reaching 
this extension, while the area of the hysteresis 
loops were larger than in the case of the 2500- 
megohm grades. These tests tended to show that 
physical tests of this sort may be trusted to give 
reliable information as to the quality of cable 
covering, and to discriminate between different 
C©.M.A. grades and between C.M.A. and a cheaper 
class of article. 

On the whole, Professor Schwartz’s paper is sug- 
gestive rather than definitive, but his work would 
appear to indicate the general lines on which ex- 

eriment should be conducted. He suggested thaf 
or cable coverings the following physical properties 
might be specified :— 

1. The hysteresis loop for a given grade to be 
within certain limits of load, extension, and area. 

2. The hysteresis loop after the specimen has 
been heated under specified conditions as to time 
and temperature, should not vary from the loop 
under (1) by more than a specific amount. 

3. The increment of extension for successive 
cycles to fall within specified limits. 








NOTES. 
Tue Srpertan Ramway. 

Last September we pointed out that the repairs 
of the Siberian Railway, projected in connection 
with the doubling of the track, would have to be 
far more extensive than had been thought. On 
the Baikal section, and on the Atschinsk-Irkutsk 
section, the line will have to be rebuilt, as gradients 
and curves impede the traffic too much. In spite 
of these alterations and of other changes in the 
eastern and western portions, partly on European 
territory, it is hoped, as we see from Russian 
journals, that the reconstruction of the line will be 
completed by 1912. From St. Petersburg the actual 
line proceeds via Wiatka in an easterly direction to 
Perm. The old line went from Perm first north- 
east and then south, via Nishny Tagilsk, along the 





to Omsk ; and 100 miles will be saved on this section, 
which has only recently been taken in hand. The 
direct service from St. Petersburg to Omsk is to be 
carried on at a minimum average speed of 26 miles 
per hour. Further important changes and addi- 
tions are planned in the Extreme East. So far, 
the line cuts through Manchuria, where the railway 
is partly under Russian, and partly under Japanese, 
administration, and ends at Vladivostock, the Rus- 
sian port on the Japanese Sea, in the same latitude 
as London. Pekin is reached from Harbin junc- 
tion in Manchuria by a branch proceeding to the 
south-east ria Mukden and Hsinmintun. In order 
to connect Pekin directly with the Siberian, and thus 
with the European, railway system, a line is to be 
built from Pekin north, through Eastern Mongolia. 
The section of this line which lies in China proper, 
from Pekin to Kalgan, 135 miles long, is already 
working (see page 51 ante). Following more or 
less the great caravan route across Eastern Mon- 
golis, the railway is to join the Siberian system via 

iaichta, south of Lake Baikal, near Myssowaja ; 
this Mongolian railway will have a length of 
nearly 1000 miles. |. When these projects have 
been carried out, the journey from Paris to Pekin, 
a distance of about 6300 miles (instead of 7500 
miles via Harbin and Mukden), will be completed 
in 9$ days; at present it takes nearly fourteen 
days. The lengths of the various sections, and the 
average times to be taken on them, are the follow- 
ing :—Paris-Berlin, 626 miles, in 18 hours ; Berlin- 
St. Petersburg, 1020 miles, in 28 hours ; St. Peters- 
burg-Perm, 1075 miles, in 41 hours ; Perm-Irkutsk, 
2315 miles, in 90 hours; Irkutsk-Kiichta, about 
300 miles, in 12 hours; and Kiiichta-Pekin, about 
930 miles, in 40 hours. 


THe AmmoniA-Sopa Process. 

On Monday last Professor A. Colson, of Paris, 
read a paper before the Society of Chemical Industry 
on ‘‘The Ammonia-Soda Process.” Mr. Colson is 
professor at the Ecole Polytechnique, of Paris, 
and he is also manager of the well-known St. 
Gobain Alkali Works, in which the ammonia-soda 

rocess is used. Professor Colson dealt in his 
ecture with the present state and possible modi- 
fications of the ammonia-soda process. The 
lecturer stated that the value of the soda produced 
by the process was about 2 million pounds annu- 
ally ; owing to the salt duty, France produced only 
300,0001. worth—less than England and Germany. 
Four operations might be distinguished :—The de- 
composition of limestone into quicklime and carbon 
dioxide ; the precipitation of sodium bicarbonate 
from ordinary salt solution by means of ammonia 
and carbonic acid; the calcination of the sodium bi- 
carbonate to carbonate (soda) ; and the regeneration 
of ammonia from the chloride formed by means of 
caustic lime. The ammonia played an intermediate, 
though most important part. The total heat-balance 
of the whole reactions was the evolution of 5200 
calories ; but 44,500 calories were required for 
decomposition of the limestone, and coal was 
hardly required for the other reactions. There 
were many difficulties in the different operations, 
more perhaps for the engineer than for the 
chemist ; for the chemistry was well understood. 
For instance, the pumps drawing off the carbon 
dioxide were rapidly destroyed by the gas and the 
flue-dust. The precipitation of the bicarbonate had 
to be rapid, lest a double carbonate of ammonium 
and sodium be formed, or some ammonium chlo- 
ride be precipitated with the carbonate ; the latter 
would be destructive to the calcinating plant. The 
regeneration of the ammonia was now effected 
by quicklime, not by milk of lime, and the 
ammonia was absorbed by water. The operation 
took place in column apparatus, such as were 
used for the rectification of alcohol ; but they 
were much larger, as volumes of 15 and 20 cubic 
metres had to be dealt with per hour. In one 
case gas-discharge pipes of insufficient cross-sec- 
tion had ca very serious trouble. It was 
also most essential to secure actual contact between 
the lime and the ammonium chloride. In some 





French works solid salt was the raw material of the 
soda ; in others brine was used, which was exclu- 
sively applied in England. The process as worked 
out in various Solvay works was now considered 
almost perfect, especially after the introduction 
of machinery to replace manual labour ; that, 
however, required large capital. More than 2.5 
kilogrammes of ammonia should not be lost in the 
cycle of operations if the process were to pay. 
Professor Colson then explained that his various 
experiments had been conducted not so much with 
the object of improving the various operations as 
with the object of suppressing some of them. He 
proceeded to show how this could be done when 
sodium nitrate was substituted asraw material for the 
chloride (ordinary salt). The by-product would then 
be a mixture of sodium and calcium nitrates, which 
was as valuable almost to agriculture as the original 
Chili saltpetre. The discussion of the paper was 
disappointing. One gentleman employed in the 
ammonia-soda industry said that he had almost 
been afraid that Professor Colson might give away 
some of the secret manipulations by which the 
troubles were overcome. One cannot help feeling 
that the discussions in our engineering and electrical 
societies, in which trade secrets used to be so 
jealously guarded, have of late years risen to a 
higher level. 


THe Barance-SHEET oF BRITISH SHIPPING. 


As indicated in the report of the Liverpool 
Steamship Owners’ Association to the annual 
meeting on Monday last, the long continuance of 
unremunerative freights is due ‘‘to the existence 
of a considerable and permanent excess of ton- 
nage over the requirements of the trade of the 
world,” and it is therefore important to note 
from the return of Lloyd’s Register of British and 
Foreign Shipping, issued this week, that the total 
fleet owned in Britain, including 21,199 vessels, of 
18,402,725 tons, is only 151,210 tons more than 
in the previous year, notwithstanding the very 
considerable addition of newly-built ships. This 
increase is slightly more than that of 1908, 
but, with this exception, is the smallest addi- 
tion in any year for a very considerable period. 
Indeed, the average annual net addition for a 
decade is from three to four times greater. In 
sailing tonnage there has been a decrease greater 
than the average, as the number of ships—9402— 
is 140 less, and the tonnage—which is 1,411,185 
tons—is 104,608 tons less than in the previous year. 
On the other hand, the steam tonnage is 255,818 
tons greater, and now amounts to 16,991,540 tons, 
the measurement of 11,797 steamers. The feature 
of the return is the elimination of old vessels from 
our fleet. Thus 193 steamers, of 278,799 tons, and 
103 sailing ships, of 85,919 tons, were sold to 
foreign owners, and these were, for the most 
part, old vessels, more or less obsolete, so far 
as economical working is concerned. Only 18} per 
cent. of these vessels are less than ten years old, 
28 per cent. are less than fifteen years old, and 
more than half are of greater age than twenty 
years. Foreign owners presumably make these 
old vessels pay, and the explanation is found in 
the report of the Liverpool Association to the effect 
that legislation bears less severely upon foreign 
ships than on those which fly the Union Jack. The 
new vessels added to the British Fleet include 482 
steamers, of 758,772 tons, and 127 sailing ships, of 
15,662 tons. As these two combined make 774,000 
tons, it will be realised that the carrying capacity 
and efficiency of the British merchant fleet has been 
increased to a much greater extent than is sug- 
gested by the net increase of 151,210 tons. A few 
vessels have been bought from foreign countries, but 
the sales to our competitors beyond the seas enor- 
mously exceed the purchases. Indeed, the sales 
to foreigners considerably exceed even the natural 
wastage of tonnage, because the number of steamers 
broken up or lost is 154, and their tonnage 219,562 
tons, while the number of sailing ships which have 
met the same fate is 273, and their tonnage 48,350 
tons. The principal countries that purchased ships 
were Italy (which took 84,035 tons), Norway (69,997 
tons), Holland (48,139 tons), and Germany (34,162 
tons). But it will be understood, of course, that 
all of these nations have not only added to their 
merchant fleet from British shipbuilding yards, 
but have had tonnage built in their own country. 
There is some relief to British shipowners in 
the smaller net addition to the merchant fleet ; 
but the augmentation of the foreign fleets intensifies 
competition, 
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** FORGING BY PRESSURE.” 
To THE EprTor oF ENGINEERING. 

Sir,—I am very glad that the question of forging by 
pressure has m opened in your columns, and it is 
astonishing how limited the general engineer’s knowledge 
is on this point. No instruction on this important pro- 
cess is impar at any of our universities or technical 
classes, and I doubt if any of our professors could solve 
similar problems to the following :— 

A. A 1-in. round mild steel bar 4 in. long is placed in a 
die, and is to be pressed into a rectangular i of the same 
length and diameter ; its weight being 0.89 lb. 

3. A 1.464-in. cube of mild steel, also weighing 0.89 lb., 
is to be pressed into a rectangular die 1.772 in. by 1.772 in., 
and made to fill it. 

Both these operations to be performed at riveting tem- 
perature, say 2200 deg. Fahr. What pressures would be 
necessary to complete the processes in one and two 
seconds ? 

It appears that the problem turns on the question of 
the distance of the flow of the metal and the internal 
friction. 

Yours truly, 
PRESSURE. 





“THE TREATMENT OF WATER ANTE- 
CEDENT TO FILTRATION.” 
To THE EpiToR OF ENGINEERING. 

Sirn,—From the remarks made in Mr. Clemence’s 
article on the above, which appeared in your last issue, 
one is inclined to infer that his opinion is that practically 
all the purification done in a slow sand filter is performed 
by a filtering film on the surface of the bed, and that no 
impurities pass into or through the bed, for he states 
“the sand is found perfectly clean below the 4 in. scraped 
off the surface each time the bed is scraped.” You 
probably are unable to afford space in your paper to go 
fully into the facts, which prove that such a statement 
could only apply to a few exceptional cases, where the 
nature of the impurities in the raw water is such as ver 
readily to form an efficient filtering film capable of elimi- 
nating from the raw water the other very fine impurities 
and bacteria. 

Until such a filtering film is formed on the surface of 
the sand-bed, the greater portion of the fine impurities 
must pass into or through the bed, and either appear in 
the filtrate or lodge in the under drains, or adhere to the 
sand particles and the coarser material comprising the 
whole 4 

Is it not a fact that the general purity of water is im- 
proved by its passage pee coarse gravel filters where 
no film is formed on the surface? But it is certain that the 
purification is effected by the adhesion of the impurities 
to the gravel particles. The sand below the surface in a 
slow sand filter, of course, is clean compared with the 
top layer after it has been at work some time; but what 
about the disgusting mass of filth of vegetable and living 
matter which is found in a greater or less degree in every 
slow sand-bed which is completely cleaned out after having 
been at work for some considerable time. 

Is this not sufficient evidence that the impurities do 
pass through the fine sand to a certain extent, and toa 
greater degree probably before the efficient filtering film 
isformed. The less the depth of the filter-bed the less 
time these impurities will take to get through. Surely 
the above is a strong argument in favour of the adoption 
of chemical treatment, coagulation, and mechanically- 
cleansed rapid filters. 

It is, however, very important that the bed in such 
filters should be cleansed from top to bottom every time 
the operation is performed. The area, depth of bed, and 
capacity of the filters must also be fixed so as to give 
ample margin between the times of cleansing, to make 
certain that the impurities that are caught in the bed do 
not reach the bottom before the expiration of the time 
allowed between the cleansing operations. I would be 
pleased to send Mr. Clemence full particulars of one of 
the most recent and successful mechanical filters put on 
the market. 

Yours truly, 
BALFouR BRAMWELL. 

39, Chichester-street, Belfast, February 7, 1910. 








THE SPHINGOMETER. 
To THe Eprror oF ENGINEERING. 

Sirn,—I was very pleased to see Professor C. A. Smith’s 
sphingometer so well described in your issue of October 29 
and November 5. I have been looking for such a descrip- 
tion for some time. 

One is struck by the very small changes in length Pro- 
fessor Smith detects. Some of the most accurate methods 
f mesuring length that I am acquainted with are as 

OlLOW :-— 

Michelson, Beroit, and others measured the metre to 
1 part in 10 millions—that is, to in. ; that is an ab- 
solute measurement. 

Mr. Searle, by a micrometer screw and spirit-level 
arrangement, measured changes in length to sqyq in. 

Ewing’s extensometer, by a combined optical and 
Micrometer arrangement, enabled changes of length to be 
Measured to sao in. 

Mr. Shakspear, in his work on ‘‘ Young’s Modulus” 
at Cambridge, by an “interference” method, measured 
changes in length to one-fiftieth of a wave-length of light. 


Taking yellow (sodium) light, this is about 


200,000 


7 Zoo0,000 in. 
— pose 597, under Table B, Professor Smith states 
— ibration of his strips is doubtful only in the eighth 


That is, a deflection of exactly one division on his 


scale is accurate to 0.00000001 in., or sea een in. This is 


the accepted value for the diameter of a hydrogen 
molecule. It is not likely that any measurement of length 
will exceed this dimension. This is fifty times the accu- 
racy obtained by Shakspear in an elaborate “‘interfer- 
ence” measurement, or, in other words, the twisted strip 
— show a change of »,/55 part of a wave-length of sodium 
ight. 

In his actual extensions (fourth column of Table B) 
readings are given as accurate to 0.0000005 in. at least, 


which is ananen in., or jy of a wave-length of sodium light. 
He states elsewhere (page 594) that strips can be wound 
to detect —). in 


590,000 . 

Now a specimen 3 in. long extends, say, caaes in. per 
1 deg. Cent. This means that the 3-in. test-piece must 
not change in temperature more than 4 eg. Cent., 
in order to give this degree of accuracy. Is it probable 
that under working conditions the temperature of the 
test-piece is constant even to } deg. Cent.? But how do 
the strips vary with temperature? They are very small 
masses of metal compared with the test-piece, and I pre- 
sume an operator is within a few feet of them. Is it 
likely that they will not change their temperature by 
even 1 deg. Cent.? Even for delicate laboratory work 
Duddell found it necessary to modify the Ayrton-Perry 
twisted strip ammeter, as its zero wandered so much, due 
to temperature changes during the experiment. Even 
with his temperature compensation device, to overcome 
outside temperature effects, the zero still wandered to a 
certain extent. 

The instrument depends upon its calibration. A very 
brief and inadequate account of the calibration is given in 
the paper I have before me. Supposing you could turn 
the micrometer head from one point to another on its 
circumference accurately, and this gave about 500 scale 
divisions, then the micrometer screw itself would have to 
be made accurately to one-fifth of a wave-length of sodium 
light, say ao oo in. Again, supposing the screw had a 
perfectly accurate pitch of 100 threads to the inch, which 
1s a very fine thread. Then, to give 500 scale divisions, 
it would have to move longitudinally 0.01096 in. (strip I., 
Table B, page 597), with an error of 0.000005 in. 
That is, about one complete turn of the micrometer head 
with an error of 5 parts in 10,000, or 1 part in 2000. 
Taking the head of the screw as 2 in. in diameter, or 6 in. 
in circumference, the reading on the head of the screw 
would have to be accurate to s}, in. This is probably 
only possible with a vernier. That is to say, the 500 
divisions on the scale enable the accuracy of the micro- 
meter screw to be multiplied 500 times. Taking Searle’s 
accuracy of measurements, the expected accuracy of cali- 
bration for the division might become 55, 4 in., in actual 
working under most careful laboratory conditions. Pro- 
fessor Smith states his accuracy to jj im. for one 
division, although he only states his measured strains to 

1 . 


2,000,000 1 

‘The causes of inaccuracy in the instrument are :— 

1. Temperature causing the zero to wander during 
experiment. 

2. Temperature causing the test-piece to vary in length. 

3. Backlash and vibration, which seem to be small. 

4. Accuracy of the calibrating micrometer screw. 

It seems to me that Professor Smith has exaggerated 
the accuracy of his calibration by probably 100 times 
owing to temperature variations alone, and his actual ex- 


° 1 ° 
tensions are probably accurate to am rather than 


2.000.000 12+, &8 given in Table B, for the same reason. This 


accuracy compares very well with that obtained by Pro- 
fessor Marten’s optical extensometer. 

While I doubt the extreme accuracy of measurement 
stated, I am anxious to hear Professor Smith’s reply to my 

uestions, as he doubtless has good reasons for be confi- 
) aa in the instrument he has contrived and perfected 
and put to such good use. 

Has the calibrating micrometer screw been itself cali- 
brated ? 

The instrument possesses some very good points. Its 
handiness and convenience for fixing and working seems 
superior to Marten’s arrangement. The ease with which 
strips of different degrees of accuracy can be changed, 
and the measurement of strain in three planes, are both 
points of great value. 

I do not wish to in any way detract from the great 
credit due to Professor Smith and the manufacturer of 
the instrument. It is undoubtedly a step forward in the 
accurate and rapid measurement of strain. A more accu- 
rate instrument is of incalculable value in furthering 
knowledge, as history well demonstrates. 


May I ask the derivation of the term “ sphingometer ” ? | 


And may I congratulate Professor Smith, through your 
pages, on such a fine achievement ? , 
I have the honour to be, Sir, 
Yours faithfully, 
G. F. Savineos: 


223, Bridge-road, Glebe Point, Sydney, N.S. W., 
January 3, 1910. 








“GAS OR OIL-ENGINES FOR MARINE 
PROPULSION.” 
To THE Epitor or ENGINEERING. 

Sir,—Referring to the letter from Mr. Dunlop under 
the above heading, in your issue of the 28th ult., your 
correspondent says :—‘‘I have been acquainted with the 
Bolinders two-stroke type of engine for the last twenty 
years, and have a great admiration for the simplicity of 
its construction ; but the fact that it has no valve-gear, 








and will run in whichever direction it is started, will not 
make it any more suitable for propulsion of a ship than 
an ordinary four-stroke engine is.” 

Later he says :—‘‘Finally, I would repeat that gas 
or oil-engines, to be suitable for the requirements of 
marine-engines and the purposes of ship-propulsion, must 
fulfil the following conditions :— 

**(1) They must be of the simplest possible construction. 

**(2) They must be capable of starting instantly and 
always, no matter what amount of manceuvring 
may be required of them.” 

I would refer your readers to ENGINEERING of December 
10, 1909, and other leading technical papers of same 
date. 

**(3) They must be capable of being reversed as quickly 
and easily as a steam-engine is, and with an equal 
immunity from risk.” 

The Bolinders VII. has run over 8000 miles without 

having her engines in the shops. 

**(4) They must be capable of running at any power 
and speed required without loss in economy of 
operation due to reduction of speed.” 

I do not know the minimum poseunings loss of econdmy 
which Mr. Dunlop would consider worthy of notive, and 
so cannot deal with this point in a letter. Meanwhile, I 
can only thank him for the unsolicited testimonial to the 
mer tne A simplicity and reversibility of the Bolinders 
engines. he demonstration vessel, Bolinders VII., will 
be at Glasgow in about six weeks, when an opportunity 
will be given your correspondent of comparing the modern 
Bolinders two-cycle motor with its prototype. 

Yours, &c., 
Wa ter Po..ock, Director, 
J. Potiock, Sons, anp Co., Limirep, 

3, Lloyd’s-avenue, London, E.C., February 3, 1910. 








* THE FORCE OF THE WIND.” 
To THE Eprror oF ENGINEERING. 

Srr,—I should be much obliged to you if you would 
kindly allow me to ask Mr. A. W. Johns to state some- 
what more precisely what he calls ‘‘corresponding speeds,” 
and on what assumptions is based his statement that at 
120 miles per hour one might expect to get the same coeffi- 
cient for a plate 5 ft. square as for a plate 1.77 in. square 
at 20 miles per hour. 

Being greatly interested in this question, further details 
would be greatly welcomed, as it would be misleading to 
draw inferences that may, be based on a misunderstanding 
of the exact meaning of Mr. Johns’ words. 

I am, yours faithfully, 
M. E. J. Gueury. 

Cairo House, Balcaskie-road, Eltham, Feb. 8, 1910, 








‘*SPEED-REDUCTION GEARS FOR STEAM- 
TURBINES.” 
To THE Epiror or ENGINEERING. 

Srr,—In your article on the above in your issue of the 
4th inst. you state that it is interesting to reflect that 
the adoption of gearing on board ship would mark a rever- 
sion to an earlier practice in which spur gearing was used 
to increase the speed of propeller above that of the slow- 
running engines. 

Permit us to point out that there is hardly more 
similarity between the gears which are now being experi- 
mented with in connection with steam-turbines, and those 
which were used in the early days, than there is between 
the respective prime movers. It is probably not too 
much to say that recent developments in high-speed 
gearing have opened fields of application in connection 
with modern high-speed machinery which have hitherto 
been regarded as entirely impracticable. 

Whilst we agree that the hydraulic transmission gear 
proposed by Dr. Féttinger may prove superior where 
a reversals and variations of speed are a necessity, 
such as is the case in warships, we believe in the ulti- 
mate success of the machine-cut double-helical type of 
geering such as we manufacture under the Wust patents, 
or passenger and cargo vessels, so long as an efficient 
compromise between turbine and propeller speeds has not 
been arrived at, which will make the interposition of some 
speed-reducing device unnecessary. 

The type of gear to which we refer has been adopted 
by the Parsons Marine Steam-Turbine Company for their 
experimental drive on the s.s. Vespasian, and was cut by 
us, and no doubt the firm conducting the experiments 
will ultimately publish details of the gearing. At the 
present stage we ourselves do not feel justified in doing so, 

e are, Sir, yours faithfully, 
Tue Power Piant Company, Limirep, 

West Drayton, Middlesex, February 5, 1910, 








Tue Institution or Crvit ENcringgers: StupeEnts’ 
Meetinc.—At the students’ meeting held at the Institu- 
tion on Friday, February 4, at 8 p.m., Mr. C. H. Cooper, 
M. Inst. C. ia occupying the chair, Mr. L. T. Wilson, 
Stud. Inst. C.E., read a paper entitled ‘‘ The UConstruc- 
tion and Setting-Out of the L.C.C. Low-Level Sewer, 
Stepney to Belgrave Square.” The author described at 
length the methods employed in driving the tunnel and 
the shafts, and concluded his paper by discussing the sur- 
veying and setting-out of the line of sewer. @ paper 
was illustrated by a number of lantern slides, and the 
author exhibited various appliances employed in the 
driving and levelling of the tunnel. The meeting was 
well attended, and an interesting discussion followed the 
ree the paper, in which Messrs. K. G. Lov ve, 
A. M. Walton, M.W. Pretyman, A. G. Haigh, G. y, 
H. G. Hoskings, and M. F. Ryan took part. 
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INDUSTRIAL NOTES. 


A LARGE number of the Labour orn were 
opened on. the Ist inst., and Mr. Winston Churchill 
visited two at least in London—one at Hackney, the 
other at Camberwell. The reports , ntapin d speak 
well of the way the arrangements have been made, and 
of the businesslike manner of the start. The real value 
of these institutions—the central and local—can only 
be realised by the test of time and experience, but, 
judging by their operation in Germany, much may be 
expected. The applicants for employment have no 
fees to pay, nor Lave employers in want of workers. 
It will not be surprising if these exchanges have 
the effect of emphasising the difference between the 
idler and the loafer who do not want work, and 
those who really desire work as the means of living. 
However, we dealt with this subject at length in our 
leading article last week. 


There are indications of a possible, not to sa 

robable, huge strike of miners in all the chief coal- 
fields in the United States. The prosecution and 
sentences upon the chief officials of the American 
Federation of Labour, among whom was and is the 
chief leader of the Miners’ Federation—Mr. Mitchell 
-—have exasperated the whole of the American unions 
until they appear to have. determined to attack the 
reat combines, in which scores of millions sterling are 
invested, mostly by a few millionaires, the majority of 
whom are determined opponents of trade unions in 
most of the chief industries. The attack decided 
upon so far is against the Steel Trust by legal indict- 
ment, and against the coalowners by a great strike. The 
decision of the Supreme Court of the United States 
has yet to be given in the case of the leaders in the 
American Federation of Labour, but this will not affect 
the situation as regards the attitude of the unions 
against the Steel Trust and the coalowners. There is 
one way in which the contemplated coal strike might 
be averted—namely, by prompt action on the part 
of the ‘*‘ Civic Federation,” in which representatives 
of millionaires and workmen sit. That federation 
was intended to avert labour troubles, but so far 
little has been done—so little that very little notice 
of its existence is recorded. Here is a grand chance 
of valuable action to avert a great disaster. To stop 
supplies of fuel means the closing up of great works of 
all Finds, factories of all sorts, and dire distress in the 
homes of the poor. It is worth a grand effort to effect 
an agreement which shall avert such a disaster. 


The Tenth Annual Conference of the Labour Party, 
postponed from January owing to the General Elec- 
tion, was held this week at Newport. The proceed- 
ings of the conference proper did not open until 

ednesday, but on Monday and Tuesday there were 
special conferences of the Women’s Labour League, 
and the important conference of the three great bodies 

-the Parliamentary Committee of the Trades Union 
Congress, of the General Federation of Trade Unions, 
and the Labour Party—‘‘on the House of Lords’ Deci- 
sion on Labour Representation.” Of the first little need 
be said. It represented the affiliated bodies of the 
women’s unions, and did not represent the or 
movement, militant or otherwise, though probably 
most of the delegates agree with woman suffrage, 
as do many of the leaders of the Labour Party. 
A wider interest attaches to the special conference on 
the question of labour levies, through the trade unions, 
in support of labour representation. The joint board 
of the three bodies above named met in London prior 
to this week’s conference, and agreed to resolutions 
thereon to be submitted to the annual conference. 
These call for an alteration in the definition of a trade 
union as given in the Act of 1876, and quoted in the 
House of Lords in the case before it, and urge that 
all affiliated organisations to the joint board shall take 
steps meanwhile to form branches for the collection of 
voluntary contributions to a Parliamentary Election 
and Maintenance Fund. The views of the Labour 
Party’s executive on the Lords’ decision is given in 
the following ge of the report :—‘‘ If the decision 
of the Lords is to remain, trade-unionism will suffer 

reater impediments in its activities than were the 
Taft Vale judgment imposed on it, for, so far as we 
can see, the effect of it is to define a trade union to 
be a combination of men who are not entitled to 
take any action in their common defence, except 
industrial action—that is, carrying on negotiations with 
employers, engaging in strikes and lock-outs and 
similar things. is attempt to confine trade unionists 
to methods which no longer meet the attacks made 
upon labour, and no longer enable workmen to defend 
themselves against the encroachments and activities 
of employers, would have been resented at the time 
when the Trade Union Acts, 1871 and 1876, were 
passed, and to-day practically means that trade 
unionism, as a national force and as an industrial 
protection, is a negligible factor. We do not believe 
that Parliament will allow the injunction to remain.” 
The Joint Board will pre a measure, or measures, 


to amend the Act, and will seek an interview with the 





Prime Minister on the subject. The endorsement of 
this policy by the Conference will unite all sections 
for its full attainment. 

To the above, two amendments*are on the agenda 
to be moved, but they in no way interfere with the 

licy. They can be added as addenda. It is that 

arliament be urged to pass an Act for the payment 
of members, as is now done generally in Europe, 
America, and the Colonies, and also to pay certain 
expenses pertaining to the election, such as the 
presiding officer’s expenses, costs of polling stations, 
and further facilities as to registration. But if Parlia- 
ment should accede to this, it will not altogether meet 
the requirements of trade unions, for the latter want 
power and means to promote the candidatures of their 
own selection in various constituencies, which expen- 
diture is prior to the final adoption of such candidates 
by the constituencies. It involves agency on the part 
of the candidates, it may be, extending over many 
months; indeed, ‘‘nursing the constituency ” some- 
times extends over years, between one election and 
another. To meet the case of the Labour Party, both 
measures are deemed to be essential. 


The differences in the Northumberland coal districts 
have not been settled at date of writing ; on the con- 
trary, they seem inclined to increase. The executive 
committee and the trustee of the association met in 
the latter part of last week to consider the financial 
question, and whether they should extend the pay- 
ment to idle members who had been idle since the last 
relief-money was paid at the end of January. It was 
agreed to pay such relief benefit; this will extend 
to all men not working because of the dispute over 
the eight-hours agreement signed by the leaders and 
officials. It is reported that some of the men are 
averse to such payment, contending that it is not legal, 
and legal proceedings, have, it is said, been threatened 
to restrain the trustees from such payments. This 
will only complicate matters, and the proceedings will 
be costly. But a greater danger still threatens the 
association. The representatives of a number of col- 
lieries met last week to consider the situation. The 
result of the conference was that it wasagreed to send 
delegates to all the collieries that are working to dis- 
cuss the questions at issue, the evident intention being 
to gain over those at work to the views of those out, 
which might eventuate in a general strike. This is to 
be done before the ballot is taken. The contention of 
the men is that the two-shift system shall be enforced, 
and not the three-shift system as desired and urged by 
the coal-owners. The whole country is to be dealt 
with in three sections, delegates to visit each. 

In the Durham coalfields there appears to be a 
chance of settlement, for the different collieries have 
been discussing and making terms with the proprietors 
and managers for eenmniods; and upon such settle- 
ment of terms the men resume work. But there again 
there is the ballot to come, in which the conduct and 
attitude of the executive and agents is involved. At 
present the situation is strained ; it may involve the 
retirement of the old officials, and the election of a new 
lot. 

Negotiations between the representatives of the 
coalowners and miners were continued last week by 
the Conciliation Board for the coal trade of Monmouth- 
shire and South Wales, for the purpose of regulatin 
wages in the new agreement to be ultimately decided 
upon when the present one expires. At date of 
writing, little progress appears to have been made. 
There were differences as to a new clause prepared 
by the miners as to extra payment where the con- 
ditions in the mine are abnormal. The negotiations 
seem to have been conducted in a friendly spirit, but 
the views of the parties on some points were so 
‘ary that great concessions will have to be made 
if the agreement is to be adopted. The conces- 
sions can scarcely be all on one side, but it is hoped 
that a modus vivendi will be reached. Troubles have 
also arisen in the Scottish coal trade in consequence of 
reductions in wages. In Lanarkshire six pits were 
idle last week, and it is stated that other coalowners 
in other counties were making similar reductions, 
further stoppages being threatened. It seems at 
present that the chief labour difficulties are in the 
coal trade, but that trade affects all other industries 
that need fuel for carrying on business. One strike, 
at a colliery near Glasgow, was settled last week 
after a four months’ duration, work being resumed on 
Monday last. In Yorkshire and most of the Midland 
counties, mine-owners and miners have, at least tem- 
porarily, settled most of their differences as to the 
operation of the Mines Fight-Hours Act. At parti- 
cular collieries or pits differences have been arranged, 
so that the stoppages of work have ended. 





The indications of a revival of trade in the iron, 
steel, and other metal trades, and in the vast indus- 
tries which depend upon them, were not very bright 
at the beginning of this year. But as a set-off it 
should be remembered that the political situation 
was uncertain and acute, and then the General Elec- 
tion in the middle of January continued that uncer- 





tainty, and absorbed }the attention jof employers™and 
workers alike. But there were signs of improvement 
as compared with the closing months of 1909, and also 
with the same period in 1908. Those signs did not 
disappear, but they were checked by the events alluded 
to and by the usual holidays at the end of December, 
and the festivities of New Year’s Day, especially in 
Scotland. There was a decline of three in the number 
of furnaces in blast at the end of the year, but an 
increase of eleven over a year ago. In iron and steel 
works there was an increase in the volume of employ- 
ment of 2.8 per cent. over the month previous, and of 
9.6 per cent. over the same month a year ago, chiefly 
in steel production. The improvement was mainly in 
Sheffield, Rotherham, Wales,and Monmouth. The num- 
ber of men employed in most districts had increased. 
The tin-plate trade continued brisk, and had increased. 
Employment was good, the supply of labour being 
insufficient. Employment in the engineering trades 
had improved, and was improving. A slight increase 
was reported at the close of the year 1909. The 
situation was much better than a year ago. In 
Lancashire there was improvement, and in the ordnance 
shops at Newcastle. On the Clyde there was more 
activity, the New Year’s holidays being shortened. In 
the shipbuilding industries employment was better by 
2.4 per cent. over the month previous, and by 7.8 per 
cent. over a year ago. In the miscellaneous iron and 
steel-using trades there was a decrease in the number 
of unemployed, varying according to the branches of 
trade enumerated in the returns. 

The Ironworkers’ Journal for the current month 
opens with a valuable article by a Factory Inspector 
on ‘* Accidents and Disablements,’’ which commences 
thus: ‘‘It is generally found, that within recent 
years, accidental wounds caused in industrial processes 
rarely heal without septic inflammation or blood 
poisoning, although operation wounds in hospitals do 
not, as a rule, show any such tendency.” The 
writer goes on to say that ‘‘workmen are often in- 
capacitated for lengthy periods by minor accidents, 
and the statistics of friendly societies show that the 
sum paid out to members for accidents is nearly 
double to that of former years.” One of the two chief 
causes is attributed ‘‘ to the increase of blood-poison- 
ing cases.” Thus the employer has to bear a larger 
share of expense, and the injured person endures 
longer suffering. The subject of the progress of the 
iron and steel industry in China is also dealt with. 
In the Editorial Notes, termed ‘‘Gleanings,” some 
men are cautioned as to their conduct. They had 
forfeited their work and were discharged ; the branch 
officers got them reinstated ; and then the officers were 
abused for their trouble. The men are told that if 
this is repeated the names of the offenders will be pub- 
lished, and all the facts made clear in the Journal. 

In the Midland Iron Market and on Manchester 
’Change at the end of last week there was a lull in 
business, and the tone was scarcely so good as a couple 
of weeks ago. Customers seemed to have secured 
sufficient supplies for the present, so that buying was 
not at all active in any section of iron or steel, but the 
prospects of greater activity are good. 





The members of the Amalgamated Society of Engi- 
neers have taken a fresh ballot on the question of pay- 
ment of the 1s. levy for Parliamentary purposes, with 
the result that it was carried by a majority of more 
than two to one. The levy is to be a voluntary one, 
and any member of the society objecting thereto must 
send his objection in writing to the branch secretary 
of his union. As a matter of book-keeping the levy 
will be entered on his card in the usual way, but the 
fund will be to all intents and purposes kept separate 
and apart, as is the case with the superannuation fund. 





Sir Alfred Bateman, the arbitrator appointed by the 
Central Conciliation Board, has given his award _ in 
the case of the North Staffordshire Railway men. The 
award makes no change in wages, and does not concede 
the eight-hour day, as asked for by the men in all 
cases. But it gives to firemen and drivers time and 4 
half for all work from Saturday midnight to Sunday 
midnight, instead of, as at present, time and a quarter, 
and it allows time and a quarter for all work beyond 
the ten-hour day. Mr. R. Bell is still engaged in 
another arbitration case, and will not, therefore, 
enter upon his duties in connection with the labour 
exchanges until the case is settled. His official con- 
nection with the Amalgamated Society of Railway 
Servants will then cease. 





Prat ror Locomorives.—The Swedish Government 
is experimenting on the use of peat fuel for the State 
railways. On the Wexié Light Railway peat has been 
used for five years without necessitating any change 10 
the furnaces of the pg gee 4 > has yom pre ie s 
mixture of equal parts by weight of peat and coal, 0 
two baskets of peat to one of coal, answers best ; the grates 
then can more easily be kept clear than with coal. The 
utilisation of peat seems to become profitable when the 
price of coal on the spot is twice that of the peat—!° kr. 
per ton against 9 kr. 
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MAGNETIC CLUTCH 


FOR ROLLING-MILLS. 





Fic. 


(1543 a) 


AN interesting electro-magnetic clutch, known as 
the ‘‘S.M.,” is being introduced to the English market 
by Messrs. Cecil E. Lugard and Co., of Field’s Build- 
ings, Middlesbrough. It is illustrated in Figs. 1, 2, 
and 3, above. Many forms of magnetic clutch have 
been devised at one time and another, but in general 
arrangements of this sort have not come into use on a 
very extensive scale. The present example, however, 
has met with considerable success on the Continent, 
and has been made in sizes up to 1200 horse-power. A 
clutch of this latter size has been in use driving a 
three-high rod mill in the Sosnowicer Iron Works, 
Poland, for some tén months, while other large 
clutches for rolling-mills have been supplied. The 
example illustrated in Fig. 1, which is of 800 horse- 
power, is situated in the works of the Societa 
Anonima Ferriere Piemontesi (late Vandel and Co.), 
of Turin, and drives a merchant mill rolling rounds 
up to 1}§ in. in diameter, squares up to 2? in., and 
flats 2}§ in. by g in. The clutch runs at 215 revo- 
lutions per minute. An example of the durability of 
this type of clutch is given by the installation at the 
Poldihiitte Works, Kladno, Bohemia, which consists 
of fifty-eight clutches that have been running night and 
day since December, 1903, without repairs or break- 
down of any kind. In this case most of the clutches 
are used as fast and loose pulleys for driving lathes. 

The clutch shown in Figs. 2 and 3 is intended for 
connecting two shafts in line, the one on the left being 
the driver, and the one on the right the driven. As 
will be gathered from the figures, the clutch is of very 
simple construction. It consists essentially of three 
parts only—the stationary magnet a and the right and 
left-hand armatures b andc. The stationary magnet- 
trame, which is made of cast steel, is of a ring-shaped 
‘orm with a channel section, and carries the magne- 
Using coil inside, as shown. ‘It is made in two parts 
in order to get the coil into place, one of the parts 
being provided with feet, which are secured to a 
roof, wall, or girder, when the clutch is installed 
in position. As the coil, which is the only current- 
carrying part of the appliance, is held in this stationary 
irame and does not revolve, no slip-rings nor current- 
Cullectors are required. This is one of the features 
of chief interest in the clutch, adding greatly to its 
simplicity, and eliminating most of the possibilities of 
breakdown. 

rhe right and left-hand armatures are made of cast 
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steel. The left-hand one ¢ is keyed to the driving- 
shaft, while the right-hand one } drives the driven 
shaft through a fixed feather, on which it can slide. 
The driving-armature ¢ has a ground cone-shaped 
internal recess, into which a cone-shaped projection on 
the driven armature } fits. This cone on b is faced 
with phosphor-bronze or fibre, ground into place and 
secured by a washer as shown. The coned faces are 
normally kept apart by the spiral spring, which can be 
seen in the figure, and which presses the armature } 
outwards against the collar shown on the shaft. When 
the coil is energised, however, a magnetic circuit is 
formed through the armatures, and the magnet-frame 
and the coned faces are drawn together, the drive 
taking place through them and depending partly on 
— grip and partly on friction. Armature b is 
made in two parts, screwing one on to the other, and 
secured with keys. This arrangement, which can be 
seen in Fig. 2, allows of the adjustment of the contact- 
cone after wear. As the clutch is constructed, an air- 
gap is always maintained between the magnet-frame 
and the flanges of the armatures, and also between the 
armatures themselves, so that residual magnetism 
effects are prevented, and the clutch releases instantly 
when the current is broken. 

The clutch is built in various forms for different 
services. It may be arranged as a fast and loose 
pulley, or constructed with two magnets to act as a 
we ear. In this latter form it is particularly 
design or planing-machines. For this purpose, 
owing to the absence of moving belts or belt gear, it 
allows of machines being s ed up considerably 
higher than is possible with the usual arrangement. 
When used for rolling-mills the property of instant 
disengagement possessed by the clutch is frequently of 
value, and may on occasion prevent serious damage. 
The excitation current of the clutch varies, of course, 
with its dimensions and horse-power, but for small 
sizes is in the order of 2 or 3 amperes at 110 volts. 











| LarcE Coprrr-Ork Deposits In Brazit.—The impor- 
| tant copper-ore deposits in the state of Rio Grande do 
Sul are attracting increased attention. i 
already partly being worked, and preparations are being 
made for further extending the working of the mines at 
Camognam, San Martinho, and Primavera. The copper- 
ore veins are stated to be unusually rich and to contain 
some little gold, 





ALLOYS OF COPPER, ALUMINIUM, AND 
MANGANESE. 
Ninth Report to the Alloys Research Committee, on the 


Properties of Some Alloys of Copper, Aluminiwm, and 

Manganese. 

With an Appendix on the Corrosion of Alloys of Copper 
and Aluminium when E: to the Sea. 

By Dr. W. Rosennain and Mr. F. C. A. H. Lants- 
BERRY, of the National Physical Laboratory, Ted- 
dington. 

(Continued from page 161.) 


Fresh and Sea-Water Corrosion Tests.—These have 
been carried out on the three selected alloys in a manner 
exactly comparable with that adopted with the copper- 
aluminium alloys in the Eighth Report. Cast specimens 
of the alloys, measuring 3 in. square 2 2 in. thick, were 
machined to 2? in. square by 0.3 in. thick for the fresh- 
water tests, and by + in. thick for the sea-water tests. 
A specimen of an alloy of copper and aluminium only, 
and containing 9.65 per cent. of aluminium, was prepared 
and tested with the ternary alloys for the purpose of 
checking the comparison of the results obtained in the 
— tests with the tests desoribed in the Kighth 

rt. 

Presh- Water Tests.—The specimens were suspended by 
string in such a way as to be completely immersed in a 
glass vessel containing ordinary clean tap-water of the 
same kind as that = | in the experiments described in the 
Eighth Report, the tank holding about three ons. 
One set of specimens was hung alone, while another set 
was bolted to steel plates which had been previously 
machined on the contact surface so as to ensure good con- 
tact ; the contact surfaces were found to have remained 
bright and unaffected at the end of the experiments. 
Each specimen was suspended in such a way that there 
was no possibility of electrical contacts being formed out- 
side the water. The water was changed once every seven 
days, and the specimens were also cleaned by rubbing 
with a cloth and a paint-brush to remove adhering slime, 
&c. The specimens were weighed, after careful cleaning, 
at the end of every month, the experiments being con- 
tinued over a period of 102 ee The loss of weight of 
the specimens is shown in Table XL., in terms both of 
percentage change of weight of the specimens and .in 
terms of change of weight per square foot of exposed 
surface per month ; the areas exposed were, in the speci- 
mens suspended alone, 0.13 square foot, and in the speci- 
mens bolted to steel plates, 0.077 square foot. 


TasLe XL. 
Alteration in Weight 


Alteration oo aes per Square Foot in 


No. | per Cent. Pounds M 
| r ; per Month of 
of 30 Bay 8. 30 Days. 
OOalone.. s 0.0005 loss 0.000026 loss 
00 bolted to steel . 0.0010 ,, 0.0000985 , 
2alone... oot 0.0010 gain 0.000050 gain 
2 bolted to steel. . 0.00046 loss 0.000040 loss 
Salone... oa 0.0024 ,, 0.000125 
8 bolted to steel. . 0.00076 ,, 0.000064 ,, 
Galone.. - 0.0016 ,, 0.000083 ,, 
6 bolted to steel. . 0.00048 gain 0.000042 gain 


With regard to the appearance of the specimens 
exposed to fresh water, the surfaces of those which had 
been exposed alone remained bright or only very slightly 
dimmed, but those attached to the steel plates were 
found to be covered by a thin slimy deposit of what 
proved to be practically calcium carbonate. This obser- 
vation—that a deposit of carbonate of lime is only formed 
on these alloys when subjected to galvanic action— 
throws an interesting light on the origin of the deposits 
of calcium carbonate frequently found on copper alloys 
in practice. The actual figures for the loss by corrosion 
in fresh water given above all indicate a very slight 
amount of corrosion ; in two cases there is an actual gain 
in weight which may possibly arise from the presence of 
combined oxygen in the sample after testing, but it 
seems more probable that the somewhat —_ cleaning 
process was not sufficient to remove all adherent foreign 
matter, and that the weight of this foreign matter more 
than counterbalanced any minute loss by corrosion. It 
will be seen that the loss in weight of the specimen of 
binary copper-aluminium alloy in these experiments is 
much cane than that recorded for a similar alloy in the 
Kighth Report (see Eighth Report, page 220), being, in 
fact, only one-fourth as great; the variation is presum- 
ably due to the fact that the actual losses observed are 
extremely minute. A remarkable fact is that in the case 
of alloys Nos. 00 and 2 the specimen attached to the steel 

late Tost rather more than the one suspended alone. 

his is ibly due to a minute amount of abrasion 
during the process of removing the film of calcium car- 
bonate just mentioned. The comparison of the results 
among themselves appear to show that No. 2 is superior 
to the pure copper-aluminium alloy as regards resistance 
to fresh water when exposed to it both alone and in con- 
tact with steel—in the latter circumstances, in fact, all 
three ternary alloys are superior to the binary alloy. 
No. 3, however, appears to lose at a considerably higher 
rate when ex] alone, although even this rate is much 





* Abstract of the report read before the Institution of 


| Mechanical Engineers, London, Friday, January 21, 
Several mines are | 


1910. Owing to the great length of this report, as pre- 
sented, it has been found necessary in the reproduction in 
these columns to condense it in certain parts. Some of 
the tables are also omitted, but only where the important 
points are recorded in corresponding diagrams which are 
reproduced. 
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smaller than that found by Messrs. Carpenter and 
Edwards for the best of the binary alloys. In the present 
series of experiments, in fact, the entire effects of fresh- 
water corrosion are so small that they may almost be 
regarded as entirely absent. ’ 

Sca-Water Corrosion Tests.—These tests were carried 
out in the laboratory in a manner very similar to that 
adopted for fresh-water tests. ‘The glass tank used held 
about three gallons of sea-water, which was changed 
approximately every three weeks, and the specimens 
were gently cleaned each time that the water was changed. 
The water was, however, violently stirred once ever ay. 
The duration of the test was ninety-one days, The ob- 
served changes of weight are given in Table XLI., below, 
in the same manner as those for the fresh-water tests. 

Here the binary alloy forming the “blank” of the 
present series has lost considerably more than the cor- 
responding specimen described in the Eighth Report (see 
Table LX a? 218 of that report), but the amount 
of loss of No. 00 “ alone ” is still much less than the loss 
sustained by Muntz metal and naval brass in the experi- 
ments of Messrs. Carpenter and Edwards. Of the ternary 
alloys, No. 2 appears to lose nearly as much as naval 
M Fig. 23. Pp 
vA 1x i 
Ca 2 4 6 100A 

(47.0) 

brass, but No. 6 shows no signs of corrosion whatever, the 
causes of the slight gain being those already su ted. 

While these corrosion tests, carried out in as taboo 
tory over a comparatively short time, are useful as indicat- 
ing the general properties of the alloys, it is admittedly 
desirable to carry out more prolonged tests by exposure 
to actual sea-water. Such tests, carried out by the pre- 
sent authors, with the kind co-operation of the Board of 
Admiralty at Portsmouth Dockyard, are described in an 
appendix to the present report. Specimens of the three 

Tanie XLI. 
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Alteration in Weight 


Alteration in Weight per Square Foot in 


No. per — Month Pounds per Month of 
. ys. 30 Days. 

alone... - 0.022 loss 0.000895 loss 
00 bolted to steel . . 0.0085 gain 0.000577 gain 

Zalone.. me 0.044 loss 0.00182 loss 

2 bolted to steel .. 0.000 0.00 

Salone... -s 0.0384 loss 0.00153 loss 

% bolted to steel .. 0.00044 gain 0,00003 gain 

Galone.. Ks 0.00214 ,, 0.000089 ,, 

6 bolted to steel .. 0.00021 ,, 0.000015 ,, 


most important ternary alloys have also been prepared, 
and are, at the time of writing, undergoing immersion in 
the sea at Portsmouth Dockyard. Fora period of about 
one year it is proposed to immerse them completely, and 
subsequently to suspend them in such a manner as to be 
exposed alternately to the air and the sea-water, since it 
is supposed that the latter condition is that of greatest 
severity. The results of these prolonged tests cannot, of 
course, be included in the present report. 

Special Experiments.—It has been stated above that the 
alloys investigated in the present report have been pre- 
pared by the use of ‘‘ Thermite” manganese, or of cupro- 
manganese, derived from this comparatively pure form of 
manganese. As there is a considerably cheaper source of 
manganese in the industrial ferro-manganese alloys, the 
question arose whether it would be possible to utilise this 
relatively cheap industrial material as a basis for the 
ternary alloys here under investigation. The preparation 
of cupro-manganese from ferro-manganese was accordingly 
tried in the first instance. 

A supply of commercial ferro-manganese was obtained 
in the ordinary way from Messrs. G. G. Blackwell, of 
Liverpool, and this was found to contain 79.92 per cent 
of manganese. An attempt was made to melt this 
material with copper, with a view to obtaining an 
alloy containing about 50 per cent. of manganese. 
Eleven pounds of the ferrro-manganese were melted with 
8 lb. of copper in a Fletcher - Russell ‘concentric ” 
furnace in the laboratory, in small batches; the result- 
ing ingots were then malced up together and the molten 
metal was granulated by pouring into water which was 
kept vigorously stirred. For the purpose of protecting 
the molten metal from the atmosphere, and also of effect- 
ing some refining of the ferro-manganese and the resulting 
cupro-manganese, these meltings were undertaken under 
a layer of slag consisting of vorax saturated with man- 
ganous oxide (MnQ), the surface of the metal being 
cleaned by means of graphite rods just before pouring. 

It was found that there was always a more or less infu- 
sible residue left in the bottom of the crucible, and only 
about 8 lb. of granulated alloy were obtained. Analysis 
of an average sample of this alloy gave the following 


result :— 

Per Cent 
Copper + ae ei Ss ‘a 66.14 
Manganese ... ns = stg * 31.38 
Silicon a = ni os s 0.014 
Iron ... es - kad = . 1.86 
Aluminium ... = oes = re Nil 
Nickel 45. a 4 ms 0.3 
Carbon Ls ‘i at ‘i i 0.053 








It would appear from the lowness of the manganese 
content of this alloy that better yields would be obtained 
if an alloy of lower manganese content were aimed at in 
the first instance. 

To test the effect of using the ‘‘cupro-ferro-manga- 
nese” just described, on the heavy alloys of the copper- 
aluminium-manganese group, the alloy No. 6 was chosen, 
since its higher manganese content would tend to render 
the effect more pronounced than it would be in the other 
alloys. Accordingly, 185 oz. of copper were melted, and 
20.5 oz. of aluminium and 22 oz. of cupro-ferro-manga- 
nese were added in the same way as that already described 
for the preparation of alloys made with ‘‘ pure” cupro- 
manganese. The resulting alloy was found to have the 
following composition :— 


Per Cent. 
Copper fee es ore de oa 87.98 
Aluminium ... ‘an = = oa 8.77 
Manganese ... - = she on 2.88 
a aes ad mas ed 0.3 
Silicon ist ree Sli a i 0.06 
Carbon eG oy = a ~~ Nil 
Nickel Se ad ae sae ws a 
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With this composition we may compare the results of a 
complete analysis of the original alloy No. 6, which 
gave :— 





Per Cent. 
Copper | es a ie 88.11 
Aluminium ... aoe et bs " 8.77 
Manganese ... Fie ae = - 2.98 
Tron ... aa aes ia 7 c 0.02 
Silicon rf : ré : a 0.02 
Carbon and nickel ... cash ae nil 


As would he anticipated from the nature of the 
materials used in each case, the principal difference 
between the two materials lies in the iron content, which 
is much higher in the alloy made with the cupro-ferro- 
manganese. 

Four sand-castings and three chill-castings were made 
of this alloy, and the results of tests on these castings are 
given in Table XLII., where the corresponding results 
of the original alloy No. 6 are included for comparison. 
Taste XLII.—Tensile Tests on Sand and Chill-Castings 

of Alloy No. 68 made from Cupro-Ferro-Mangancse. 





} - ries “Maatin Elongation 
No. | Conditior. he ag yg rg on 2 In. per 
| . | F Cent. 
68 | Sand-casting 11.38 $2.20 | 0.35 84.5 
6 Ditto 10.80 31.60 0.34 24 
68 —s- Chill-casting 12.92 35.72 0.39 36 
6 | Ditto 14.80 34.40 | 0.43 26 











With the exception of the yield-point of the chill- 
castings, all the tomo for the alloy No. 6p are better 
than those for the original alloy No. 6; this is parti- 
cularly notable as regards the elongations, which are very 
markedly better in the alloy containing a small propor- 
tion of iron. This result may perhaps open up a further 
means of improving the qualities of these alloys, but, at all 
events, the present experiment appears to show very 
clearly that there is no disadvantage in using a cupro- 
manganese containing a moderate percentage of iron, 
such as can be readily obtained when an 80 per cent. 
ferro-manganese is used as the original source of man- 


nese. 
“ee attempt was also made to introduce the manganese 
into these alloys directly in the form of ferro-manganese, 
but the attempt was abandoned on account of the very 
great difficulty experienced in dissolving the ferro-man- 
ganese in the molten alloy even at very high temperatures; 
lumps of unaltered ferro-manganese were always left in 
the crucible and no satisfactory results could be obtained. 

The Constitution of the Alloys.—It has already been 
pointed out, in the introduction, that the adequate study 
of the constitution of a ternary system of alloys, by the 


Fig. 25. 1NVERSE-RATE” COOLING-CURVES 
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methods and with the degree of completeness attained in 
the case of binary alloys, would involve an almost probi- 
bitive amount of bmg Therefore, although the authors 
hope at some future time to make an attempt to investi- 
gate the entire ternary system now under study, for the 
purposes of the present report their investigations of the 
constitution of the alloys has been confined to a range 
embracing the useful alloys, with a sufficiently wide 
margin to allow of sound conclusions being drawn—a 
margin of this kind being rcquired in order to show the 
future trend of curves, whose meaning in the absence of 
this wider information would be obscure. The range 
chosen, so far as the alloys rich in copper are concerned, 
covers a lozenge-shaped area of the ternary diagram, repre- 
sented by the area CuAPM in Fig. 23, annexed, where the 
line AP represents an aluminium content of 11 per cent., 
while the line MP represents 10 per cent. of manganese. 
It will be seen that this area is approximately co-exten- 
sive with that dealt with in the exploratory heats. Of the 
alloys lying within this area over one hundred have been 
prepared. Most of these were prepared in laboratory 
quantities only—viz., small meltings nee 250 grammes 
were made for purposes of observing the cooling-curves 
and the micro-structures ; the alloys already made for the 
exploratory heats and for the large heats were «lso 
examined ee the pur of the constitutional model, 
about 300 grammes of the alloy being re-melted in the 
laboratory and observed for cooling-curve purposes. 

The cooling-curves of all these alloys were taken by 
means of the “‘inverse-rate” method ; for the purpose of 
determining the freezing-point this is practically the only 
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available method, and since it has been shown that this 
method can be made adequately sensitive to detect even 
minor evolutions of heat at subsequent stages of the 
cooling process, these time observations were carried down 
to a temperature of 450 deg. Cent. (842 deg. Fahr.). In 
the greater number of cases these cooling curves were 
taken in duplicate, while in certain instances an addi- 
tional number of cooling-curves were taken for the pur- 
pose of clearing up special difficulties. The duplicate 
curves always agreed very closely. Typical examples of 
these curves are illustrated in Figs. 24, 25, 26, and 27, 


page 188. ce f F 
In addition to these inverse-rate cooing curves, both 
Fig.28. DERIVED DIFFERENTIAL 


HEATING AND COOLING CURVES. 
Fe: 





57. 
Movement of Differential Galvanometer 


(serv) 








of the alloys whose cooling curves had been taken on the 
ternary diagram, the ingot was drilled, and the drillings 
analysed, for the purpose of making accurate determina- 
tions of the copper and manganese content ; the large 
number of alloys to be dealt with precluded the possi- 
bility of making a complete analysis of each of them, but 
complete analyses of the three selected alloys were made, 
and in the remainder the aluminium was estimated by 
difference. From the small proportions of impurities 
present in these alloys, the error involved in thus neglect- 
ing them will, as a rule, be less than 0.1 per cent., and 
in many cases less than 0.05 per cent.—errors which, for 
purposes of constitutional study, may be safely neglected. 





and it should be pointed out that most of these cover a 
range of from 15 deg. to 45 deg.—from the first definite 
deflection of the curve to a point where it can be defi- 
nitely said from the shape of the curve that the evolu- 
tion of heat is at an end. The temperatures given in 
the table lie in the centre of these ranges, and indicate 
—as will be seen on reference to the curves reproduced 
in Figs. 24 to 27—the point of maximum deflection of 
the curve, since this point indicates the temperature at 
which the change in question occurs most vigorously ; 
since, however, the exact shape of each such peak is 
dependent upon the rate of cooling, as well as upon the 
properties of the alloy itself, the precise temperatures 
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DERIVED DIFFERENTIAL HEATING AND COOLING CURVES. 
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heating and cooling-curves by the differential method were | : ; 
taken in the case of all the alloys made in larger quanti- | in Table X LIII., annexed, where the initial freezing-point 
ties (the nine selected alloys), since the authors regard an rded 
accurate knowledge of the thermal behaviour of these 
alloys as an essential preliminary to experiments on the 
amount 


heat treatment of the alloys. Owing to the la 


of time occupied by these observations, the authors were 


Cu APY 


shown in Figs, 28 to 32 (above) inclusive, where the curves 
are plotted in the form of the ‘derived differential” 
curves, which one of the authors* has shown to be the | omission. ] 
best form of representation for these observations. These | ‘‘inverse-rate ” method used with the delicate potentio- 
curves were taken down to a temperature of 300 deg. Cent. | meter of the laboratory, and with thermo-couples re- 
peatedly standardised by recognised freezing-points in the 


(572 deg. Fahr.). 


1 For the purpose of locating the exact position of =i 
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| and subsequent arrest-points or retardations are reco: , 


The points there recorded are only those which un- 
doubtedly exist, as shown by duplicate observations ; in 
uite certain whether a 
small irregularity in the curve really indicated a retarda- 
obliged to abandon for the present their original project | tion or not, but in those cases the authors prefer not to 
of t — differential curves of all the alloys in the area | record a point; in any event these retardations represent 
The differential curves actually taken are | extremely minute evolutions of heat, and it is probable 

| that no serious error will result—so far as the poses 
eir 

y the 





| one or two instances it was not 





state of our knowled 


of these alloys can iy 
Table XLIII. refers to observations 


usual manner. 4 
The initial freezing-points, as stated in that table, 


nce Curves,” by W. | represent, in the majority of cases, definite arrest-points 


esce 
Re ~ uhain. Proceedings of the Physical Society, London, | which can only be interpreted in one way ; the “‘retarda- 
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tions on cooling,” however, are not of so definite a nature, 





The results of several of the cooling curves are tabulated 
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400° 
—300* | ee 2 
Movement of Differential Galwanometer 
TasLe XLIIL* 
Retardations of | 
3 | Cooling between! § 
& ev 
2 
“" sal taal we 
— te |jsece 
No. | Composition. q S458 8252) ss 
Fy} OmnCm BOR; _ 
| > © ah as Ss 
2 |. spdeeel . sooo tb 
| & sees psse) °3 
joao os z n 
| 2 SER TRSa| Bs 
eS |Scxciscxn| gc 
= |8 rm 
Cu. Al. Mn. (dg. ¢ 
59 97.57 1.19 1.14 1077 
43 93.20 1.42 5.38 | 1028 481 
29, | 90.74 O81 816 | 1011 505 
71 87.85 191 10.24 | 985 
68 97.31 269 a 1075 
47 93.87 2.31 3.82 | 1045 500 
24 87.87 237 9.76 996 
50 93.32 3.71 2.97 | 1042 605 
16 91.91 3.29 4.80 | 10% 540 
37 90.04 3.08 6.88 | 1015 
28 88.15 3.95 7.95 995 
60 | 96.33 4.67 .. | 1067 
54 94.09 4.14 1.77 | 1054 
46 | 91.66 4.48 3.86 | 1036 | 605 
021 | 8628 412 9.60 975 
67 | 93.81 5.21 0.98 | 1050 
2 89.93 5.21 4.86 | 1018 593 | 
41 | 8814 5.86 6.00 | 1001 ak 2 
36 | 8809 5.19 6.72 998 624 
1 85.21 5.99 9.50 | 976 59S 
56 92.14 688 0.98 | 1025 
45 90.21 6.29 8.50 | 1022 
32 85°72 6.26 8.02 978 | 
23 84.08 6.91 9.06 957 | 
69 92.04 7.96 * 1037 | | 
52 | 89.08 7.98 1.94 1015 : = 500 
010 89.70 7.61 279 | 1012 : 678 
48 89.60 7.30 3.10 1013 vs | 505 
17 87.30 7.96 4.74 | 1000 928 
9 87.16 7.92 4.92 | 1003 912 | 482 
01s 86.89 7.36 5.74 990 * 490 
26 84.11 7.81 8.08 971 804 
63 91.45 8.56 a 1026 - fh 
6 | $8.11 8.91 2.98 | 1028 862 StL 
8 | 8304 802 3.94 | 1017 939 499 
40 | 86.00 818 5.82 859 493 
31 83.86 842 7.73 | 987 760 
25 8285 867 848 | 985] .. 636 481 
00 | 90.39 9.61 we 1042 805 
4 | 89.91 916 0.93 | 1039 | 906 523 
8 | 8830 9.82 1.88 | 1036 | 9802 | Bil 
O15 | 85.55 971 4.74 | 1028) 841 A 611 
22 | 81.20 9.22 9.58 979) =. 588 605 
70 | 89.25 10.75 -. | 1046 | -- | 6 
2 89.06 10.02 0.92 | 1040 757 | 623 
1+ Bao 
44 | 85.93 10.38 3.74 | 1021 | and 
493 
3 85.17 10.07 4.76 | 1017 | 757 575 487 
30 81.38 10.78 7.84 | 995 | . 487 
21 79.00 11.08 9.32 | 981 | | 605 
* This table has been considerably curtailed, 
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given in the tables possess no very great significance ; 
they depend somewhat upon the exact method of ex- 
periment adopted; and, indeed, it has been found 
that the corresponding temperatures takem from derived 
differential curves (see Figs. 28 to 32) are slightly 
different. This difference is not due to any error in 
either method, but simply to the fact that the differential 
observations were taken at a slower rate of cooling—the 
actual ranges covered by the various transformations are 
very nearly the same in the curves derived from both 
methods; at all events, the maxima found by either 
method always lie within the range as determined by the 
other method. 

The results obtained have been used for the ccnstruc- 
tion of a graphical representation of the freezing-points 
of the system of ternary alloys within the limits of 
composition already indicated. In the case of a binary 
system the locus of the freezing-points of all the alloys 
can be represented in the well-known manner by means 
of a freezing-point curve ; in the case of a ternary 
system, however, we have already seen *+hat the repre- 
sentation of the compositions of the alloys alre:dy re- 
quires the use of a two-dimensioned di m, so that for 
the representation of any of the properties of the alloys 
« three-dimensional method of representation is necc ssary. 
For the present purpose a model of this kind has been 


Fig .33. CONTOUR LINES OF THE “Ligquious” 
+ SURFACE OF THE ALLOYS OF Cu WITH 





cate its presence. In view of the microscopic observa- 
tions to be described later the authors take the view that 
this minimum is not associated with the presence of any 
special constituent, but arises somewhat in the manner in 
which slight curvatures of liquidus curves arise in portions 
of binary systems from some change in the molecular 
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however, the line of section cuts the curiously curved 
path of the ternary minimum, and a slight cusp is thus 
introduced into the diagram. As will be seen later, this 
cusp represents the transition from the series of homo- 
geneous solid solutions (the a body) to the region of 
duplex alloys. 

Before proceeding to any discussion of the constitution 
of these alloys, and to the examination of their micro-struc- 
ture, reference must be made to the lower arrest-points, 
as tabulated in Table XLIII., and as derived from the 
differential curves of Figs. 28 to32inclusive. These points 
have been sages on the ternary diagram, Fig. 41, and 
the path of the ternary minimum has also been indicated 
on this re An examination of this figure, and of the 
table, will at once show that the study of these lower evo- 
lutions of heat presents a series of problems ef great con)- 
plexity. Indeed, if it is borne in mind that a perfectly 
satisfactory explanation of the corresponding points in 
the binary system copper-aluminium has not yet been 
arrived at, it will be obvious that it is as yet somewhat 
hopeless to attempt a complete study of this complex 
ternary system. Perhaps the most perplexing feature 
about these critical points is the fact that while more or 
less closely corresponding points are observed in a large 
numper of alloys, other intermediate alloys show no signs 
of these heat evolutions, although the cooling experiments 


Fig.4. TERNARY DIAGRAM 
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constructed by the process of erecting vertical co-ordinates 
representing the freezing temperatures upon the various 
points of the ternary diagram, and subsequently modelling 
a smooth surface to fit the points thus determined. The 
actual process employed by the authors consisted in the 
erection of actual verticals, in the shape of steel wires 
accurately cut to the required length, upon a wooden base 
set out to represent the ternary diagram on a scale of 
20 millimetres for every one per cent., while the vertical 
scale adopted was 1 millimetre per deg. Cent.—this very 
open temperature scale being required in order to show 
the features of the freezing-point surface clearly in the 
model. From the array of wires thus obtained, cardboard 
templates, representing sections of the resulting surface 
along a series of lines parallel to the edges of the model, 
were taken and fitted together to form a lozenge-shaped 
box, made up of small lozenge-shaped reticulations. These 
were then filled to a certain height with plaster-of-paris 
and the remainder filled in with plasticene, which was 
then modelled by hand to give a smooth surface fitting 
the cardboard templates as closely as possible. The 
original observations were thus subjected to a small 
amount of ‘‘smoothing,” but the actual distance of the 
modelled surface from the observed points as represented 
by the ends of the original wires nowhere exceeds 6 
millimetres (representing 6 deg. Cent.), and with the 
exception of a few points, the agreement is within 
3 millimetres (3 deg. Cent.). 

A photograph of the model, or rather of a plaster cast 
taken from it, is reproduced in Fig. 32a, herewith. 

The contour-lines representing each 10 deg. of tempera- 
ture have been drawn on the model, and are shown in 
plan in Fig. 33, annexed, while Figs. 34, 35, 36, 37, 38, 
39, and 40 represent sections of the model along the lines 
corresponding to the stated compositions in each case. 

An inspection of the model of the ternary “liquidus” 
surface at once indicates the fact that in general terms 
the ternary alloys within the limits of the present model 
reproduce the characteristics of the copper-aluminium 
series with a considerable degree of fidelity. The sections 
of the model taken along lines of constant manganese 
content, Figs. 37, 38, and 39, all show the deep minimum 
which is found in the pure copper-aluminium series between 
7 and 9 per cent. of aluminium, although both the position 
and depth of this minimum varies considerably with 
various proportions of manganese. There is, however, 
a remarkable feature in the model surface which is indi- 
cated by the peculiar shape of the contour-lines in the 
region between 3 and 8 per cent. manganese and 0 to 3 
per cent. of aluminium ; on the model itself this feature 
appears as a hollow or depression, and it makes itself 
apparent also in the smaller minima indicated on the sec- 
tions of the model along the lines of constant manganese 
already referred to. It must, of course, be borne in mind 
that the scale of both models and diagrams is very large, 
and consequently this minimum is neither very deep or 
sharply defined, but the pyrometric data undeniably indi- 
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volume of one of the dissolved metals in the series of solid | were conducted under precisely similar conditions. Thus 


solutions which this portion of the model represents. 
The sections of the diagram parallel to the edge repre- 
senting the alloys of copper and manganese also repro- 


duce the features of the parent binary system very closely ; | 


in Table XLIII. we have, as an example, alloys Nos. * 
and 16, both showing an arrest-point below 550 deg. Ce: 

(1022 deg. Fahr.), while an intermediate alloy (No. (! |. 
Cu 93.08, Al 3.93, Mn 2.99) does not. Results of this kin! 


except in the case of the alloys along the line of 7.5 per | become still more evident when the negative results are 
cent. aluminium there is no departure from the smooth | included in the diagram of Fig. 41. In that figure alloy 


curve of the binary system; in that particular section, 


showing no definite arrest-point below the initial freezing 
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GROUP I.—ALLoys witH 9 To 10 PER CENT, 


(For Description, see Page 187.) 
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Fig. 42. 


Alloy No. 0.01 (9.86 per cent. Al, 0.93 per cent. Mn). 
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(100 diameters. ) Alloy No. 010 (7.51 per cent. Al, 2.7 



































Fig, 46, 
Alloy No. 07 (9.35 per cent. Al, 1.92 per cent. Mn). 











Fig. 52. 
Alloy No, 015 (9.71 per cent. Al, 4.74 per cent. Mn). 


Group III.—ALLoys witH 4 PER Cent. AL. 
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Fie. 64. 
Alloy No. 011 (3.93 per cent. Al, 2.99 per cent. Mn). 


(100 diameters.) 


Fie. 56. 
































(100 diameters, 

















Fig, 67. 
Alloy No, 021 (4.12 per cent. Al, 9.€0 per cent. Mn). 


Fig. 60. 


(100 diameters. ) Alloy No, 018 (7.36 per cent. Al, 5.75 


Grove IV.—ALLoys with 10 per Cent. AL. 


Sanp CastTINGs 





Fig, 71. 


a a yo 











Fig, 73. 
(100 diameters. ) Alloy No, 04 (10.41 per cent. Al, 1.91 per cent, } 
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Alloy No. 03 (10.97 per cent. Al, 1.91 per cent. Mn). 
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SELECTED ALLOYS OF COPPER, ALUMINIUM, AND MANGANESY. | 
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Fie, 102 
Alloy No, 6, (100 diameters.) 
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Fig. 106, 
Alloy No. 1. (100 diameters. ) 





Alloy No, 2. 























Fig. 107. 
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Fig. 109. 
Alloy No. 6. (100 diameters.) 


Alloy No. 9. (100 diameters.) 
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point are indicated by black dots, as distinguished from 
the small crosses which indicate alloys having arrest- 
points at the temperatures indicated. Perhaps the 
only generalisation which can be arrived at from these 
results is that the alloys lying on the copper side 
of the ternary minimum either show no arrest-point 
or at most one only at a moderately low temperature ; 
the temperatures range from 481 deg. to 624 deg. Cent. 
(898 deg. to 1155 deg. Fahr.), but show no regular varia- 
tion in passing from one part of this area to another ; 
none of the alloys containing more than 95 per cent. of 
copper show any arrest-point at Of the alloys 
lying to the right (the aluminium side) of the ternary 
minimum, the majority show arrest-points, and ae of 
these show two, one of which generally lies above 800 deg 
Cent. (1472 deg. Fahr.), while the other lies below 600 deg. 
Cent. (1112 deg. Fahr.); but there are exceptions even to 
this vague rule, since some of the alloys, such as No. 44, 
show two distinct points—namely, at 540 deg. and 493 deg. 
Cent. (1004 deg. to 919 deg. Fahr.) respectively. 

In view of these complex and perplexing data, the 
authors have made no attempt to arrive at any interpre- 
tation of the constitutional meaning of these heat-evolu- 





tions, particularly as an attempt to elucidate this problem 
would have absorbed the entire time at their disposal for | 
the present research. No doubt, from the purely scien- | 
tific point of view, the elucidation of such a problem 

wail be of considerable value and interest, but it does | 
not appear to the authors to lie properly within the scope ' 








Fig. 112. ANNEALED aT 550 DEG. 
Cent. (1022 pec. Fagr.). 
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Fig. 120. 
Cent. (1022 pec. Fanr.). 


Fie. 121. 
CENT. 


ANNEALED aT 550 DEG. 


of the investigation referred to them by the Alloys | 
Research Committee, particularly since it is perfectly 
possible to arrive at an adequate understanding of the 
micro-structure of the more important members of this 
group of alloys, and also to obtain a knowledge of the 
effects of heat treatment, without undertaking the larger 
task of studying the complete constitution of the ternary | 
system. While the authors hope that they may subse- | 
quently be able to pursue the study of these alloys from 
the es metallographic point of view, they have here | 
published the data so far obtained with a view to indi- | 
cating the nature of the problems to be faced in such a 
question, and ibly as an aid to others who may be | 
aoueegeang this or a similarly complex group of ternary | 
alloys, 


Tuer Micro-StrRucturRE OF THE ALLOYS. 


n 
In snigios the micro-structures* of these alloys the limi- | 
tations of time again made it impossible to carry out the 
process with that degree of completeness which would be 
regarded as satisfactory in the study of a binary system. 
lhe plan adopted by the authors has therefore been to ex- 
amine the structure of the sand-castings and the chill-cast- 
ings of each of the “exploratory heats.” In addition to 
these the nine selected alloys made on the larger scale were 
examined in the sand and chill-cast condition and also 
* The photo-micrographs given in the report are not 
all reproduced herewith. The numbering of the report, | 
confusion in 





however, has been retained in order to avoid 
reference. 





ALLOY No. 


Fic. 113. QuENCHED FROM 550 DEG. 
Cent, (1022 pec. Faur.),. 


No. 6.—QUENCHED 


_ — crm 


QUENCHED FROM 550 DEG. 


in the form of hot-rolled bars, in five cases the structure | curve of this group is shown in Fig. 34, page 190, which is a 
of the cold-drawn bars has also been examined. Finally, | smooth continuous curve, ay ay freezing-point which 
the three alloys Nos. 2, 3, and 6 were also examined in | first rises very slightly and then falls continuously with 
the condition attained after both annealing and quenching anny ' manganese content. From the contour dia- 
at certain selected temperatures. In describing these | gram of Fig. 33 we see that the line of 9.5 per cent. 
Se au —iemae | aluminium lies entirely on the aluminium side of the 
ternary minimum. From these facts we should anticipate 
| that the micro-structure of all these alloys should be similar 
| to that of the alloy of copper with 9.5 per cent. of alumi- 
| nium, and from an examination of the photo-mi hs,* 
| of which we reproduce on Plates X VIL. and X VIIL., Figs. 
42, 43, 46, 47, 52, and 53, which represent the sand and 
| chill-castings of alloys Nos. 01, 07, and 015 respectively, 
we see that this is very markedly the case. The influence 
| of manganese upon the micro-structure is by no means 
strongly marked ; no third constituent appears, and the 
only effect of the manganese appears to be to replace a 
| small amount of aluminium, thus tending to increase the 
| proportion of the dark-etching constituent present in the 
| alloys. This is more markedly visible in the chill-castings 
than in the sand-castings. This effect is quite in accord- 
ance with the influence of manganese on the mechanical 
properties of this group of alloys, the increase in the dark- 
etching constituent being accompanied by an increase in 
tensile strength and a decrease in ductility (see Fig. 4). 
The next group of alloys to be considered are those 
containing approximately 7.5 per cent. aluminium, whose 
mechanical properties are represented in Figs. 6 and 7 
(page 127 ante), while the freezing-point curve is given in 
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Fig, 123. 
Cent. (1652 pec. Faur. ). 


(QUENCHED FROM 900 DEG, 
(1022 pec. Fanr.). 


Fig. 35, page 190. It will be seen that this series is dis- 
continuous in the respect that the freezing-point diagram 
(Fig. 35) shows a cusp or break between 3 and 4 per cent. 
of manganese. This cusp, of course, corresponds with 
the point where the plane of this section crosses the 
ternary minimum of the liquidus surface. Figs. 6 and 7 
show corresponding discontinuities in the mechanical 
properties. In the sand-castings particularly there is a 
sudden rise in tensile strength which begins between 
3 and 4 per cent. of manganese, while in both kinds of 
castings there is a peculiar break in the ductility 
curve near the same concentration. If we may inter- 
pret the meaning of the ternary minimum in a general 
way on the poe which epply in the case of 
the binary alloys of copper and aluminium, then this 
rapid rise in tensile strength on passing the minimum 
should be due to the appearance of a second, harder, 
stronger, and less ductile constituent—viz., the dark- 
etching constituent. The photo-mic phs of this series 
of alloys, of which we reproduce from the report, Figs. 54, 
55, 56, 57, 60, and 61, on Plate X VII., representing the 
sand and chill-castings of alloys Nos. 010, 014, and 018, 
bear this view out to a considerable extent. Fig. 54, re- 
presenting Nos. 010, certainly shows a considerable 
amount of a dark constituent, but it also shows another 
feature which has some bearing on the matter—viz., each 





Fie. 124. Attoy No. 010, ANNEALED aT 700 DEG. 
Cent. (1292 pec. Faur.) ror 1 Hour. 


photo-micrographs the same order as that already adopted 
in dealing with the results of mechanical tests will be 
followed. 

Exploratory Heats.—The first group of these alloys are 
those whose mechanical properties are represen in 
Fig. 4 (page 127 ante), all of which contain approxi- 
mately 9.5 per cent. of aluminium. The freezing-point 


* With the exception of Fig. 123, which is (x 150 
diameters), all <v ent. Fl in the report were 
taken at 150 diameters, and ~ onl to 100 diameters on 
reproduction. 
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of the larger crystals or ins shows a shaded appear- 
ance, being darkest near the centre and lighter near the 
periphery. This is the typical appearance of a solid solu- 
tion in which “cores” of different concentration are 
present, and the existence of this feature indicates that 
the solid solution in question is not uniformly saturated 
and must have been cooled at a rate insufficiently slow to 
allow of the attainment of complete equilibrium. In the 
case of alloy No. 010 we are dealing with a concentration 
which lies very near the boundary between what we have 
supposed to be the region of single-phase and that of 
duplex alloys, so that any slight displacement of the con- 
contration of the liquid during the freezing process would 
easily result in the crystallisation of some of the second 
phase in a metastable condition. This is the explana- 
tion of the appearance of the dark constituent in Figs. 
54 and 55, since it is found that annealing this allo 


at 
a temperature above 800 deg. Cent. (1472 deg. Fahr.) I 


renders it completely homogeneous, even when anneal- 
ing is followed by slow cooling. A micro-section of 
the structure of this alloy, after annealing for one 
hour at 700 deg. Cent. (1292 deg. Fahr.), is given in 
Fig. 124, page 191. It follows that the dark-etching 
constituent in this alloy is formed on metastable solidi- 
fication, and is not formed as a decomposition product 
of a reaction whose existence may be inferred from the 
evolution of heat which occurs in this alloy at a tempera- 
ture of 678 deg. Cent. (1252 deg. Fahr.). As we pass on 
tu alloys which lie definitely beyond the ternary mini- 
mum _ no doubt as to the origin of the second constituent 
remains, and its quantity increases slightly; it cannot 
increase very much, since the plane of this section remains 
very near the line of the ternary minimum. Fig. 57, re- 
presenting the chill-casting of alloy No. 014, is another 
example of ‘‘core” formation in a rapidly-cooled solid 
solution—the rounded dendritic bodies disappear in the 
more slowly-cooled sand-casting, Fig. 56. 
The next group of alloys are those containing approxi- 
mately 4 per cent. of aluminium: their mechanical pro- 

erties are shown in Figs. 8 and 9, page 127 antc, while their 
reezing-point curve is given in Fig. 36, page 190. This 
latter curve is an almost uniform slope, never approaching 
the ternary minimum, and only showing a ver aight flat- 
tening near the concentration of 1 per cent. of manganese 
owing to the presence of the subsidiary hollow in the 
liquidus surface already described. In accordance with 
this form of the liquidus curve, we find the curves of the 
mechanical properties smooth and continuous also, while 
the micro-structures of the three alloys in question—viz., 
Nos. 011, 020, and 021—are also very similar, the structure 
in all cases being that of a single-phase solid solution in 
which the formation of ‘‘cores” is again very marked. 
On Plate XVII. we reproduce, in Figs. 64, 64a, 67, and 
68, micro-photographs of sand and chill-castings of 
alloys Nos. 011 and 021. The occurrence of these very 
distinctly marked cores is somewhat surprising in these 
alloys, since the formation of such cores implies some- 
what wide differences of concentration between the 
first and last portions of the alloys to solidify ; and it 
is not easy to suppose that any wide differences of con- 
centration can exist unless there is a correspondingly 
wide range of temperature between the liquidus and the 
solidus curves of these alloys. The cooling-curves (some 
of which are reproduced in Figs. 24 to 27) show no sign of 
such a range, the alloys, in fact, appearing to solidify in 
a very short range of temperature. The explanation of 
this apparent discrepancy when found should throw much 
light on the true constitution of these alloys. 

Although the majority of the ‘‘exploratory heats” 

have now been dealt with, it is intéresting to carry the 
comparison between mechanical properties, freezing-point 
curves and micro-structures, further, in the same manner 
as has already n done in the case of the mechanical 
properties of the re smepe heats—viz., by grouping the 
alloys along other planes of the ternary model. Thus we 
may take the plane of 3 per cent. manganese, for which 
the mechanical properties are given in Figs. 10 and 11, 
yages 127 and 128 ante, and the freezing-point curve in 
Fig. 39. Here we have a section of the ternary model 
which crosses the ternary minimum at a concentration 
between 7 and 8 per cent. of aluminium, and the curve of 
tensile strength and ductility shows a discontinuity 
similar to that already described in the case of the alloys 
with 7.5 per cent. aluminium. The micro-structures of 
the alloys, which have already been given in Figs. 64 and 
64a (No. O11), Figs. 54 and 55 (No. 010), as well as 
others not reproduced from the ety also illustrate 
the discontinuity ; Figs. 54 and 55 show a typical single- 
phase solid solution, while the other alloys just enume- 
rated, which lie on that part of the section beyond the 
ternary minimum, show the presence of increasing pro- 
portions of the second constituent with the —— ing 
increase in tensile strength and reduction in ductility. 

The group of alloys containing 90 per cent. of copper 
offers little of special interest ; the mechanical properties 
are shown in Figs. 12 and 13, page 128 ante, while the 
freezing-point curve is given i: Fig. 40. The latter, it 
will be seen, crosses the ternary minimum at a concentra- 
tion of 2 per cent. aluminium and 8 per cent. manganese, 
and the micro-structure of the allo Nos. 02, 014, and 
020, agrees with the general conclusion that the alloys on 
the aluminium side of the ternary minimum are duplex, 
while those on the other side are single-phase solid solu- 
tions. In this series there is no very sudden change in 
the mechanical properties on crossing the minimum, but 
the alloys observed are not favourably situated for deter- 
mining such a discontinuity if it does exist. 

Three further ‘‘exploratory heats,” which do not lie on 
any of the lines already discussed, have also been ex- 
amined microscopically. Alloy No. 03 lies nearer to the 
** Al” corner of the investigated area and shows a duplex 
structure, Figs. 71 and 72, Plate X VII., which closely re- 
sembles that of the binary alloy of similar concentration 





of aluminium (see Kighth Report, Fig. 73) alloy No. 04 
(Figs. 73 and 74) differs from No. 03 only in containing 
0.5 per cent. less aluminium, but its micro-structure is 
markedly different—a difference which is probably to be 
ascribed to changes undergone by the alloy after solidi- 
fication. 

Micro-Structure of the Nine Sclected Alloys.—Although 
the nine selected He whose mechanical properties 
have been somewhat fully described above, lie within the 
region already explo by means of the exploratory 
heats, and therefore show micro-structures very similar to 
those which have already been described, it is desirable 
to illustrate the actual structures of the alloys as used in 
the experiments described above, and the micro-structures 
of the sand and chill-castings of these nine alloys are 
accordingly given in Figs. 79 to 96 of the report, some of 
which are reproduced on Plate XVIII. The structure of 
the alloys Nos. 1 to 7 are very similar to one another, an 
also to the binary alloy of 10 per cent. aluminium with 
copper ; the similarity of mechanical properties is thus 
readily understood. They are not, however, exactly alike, 
and it is interesting to compare the detailed variations 
of these structures with the variations of the mechanical 
properties in the corresponding alloys. A comparison 
of this sort is more readily made by eye than by 
verbal description, but it suggests interesting possibili- 
ties as to the detailed correlation between micro-struc- 
ture and physical properties. The last two alloys of the 
series, Nos. 8 and 9), are somewhat different, since they 
contain less aluminium, and therefore show a much smaller 
proportion of the dark-etching constituent. 

Micro-Structurce of Rolled-Bars.—Specimens were taken 
from the rolled bars of the nine selected alloys, and their 
micro-structures are illustrated in Figs. 97, 98, 102, and 
105, Plate X VIII. In the case of alloys Nos, 1, 2, 3, 6, 
and 9, cold-drawn bars were also available, and their micro- 
structure, as seen in longitudinal section, is shown (with 
the exception of No. 3, not reproduced) in Figs. 106, 107, 
109, nom 110, Plate XVIII. It will be seen that, as 
regards the hot-rolled bars, the scale of their structure is 
intermediate between that of the sand and chill-castings 
respectively, but the similarity in micro-structure between 
the chill-cast and hot-rolled specimens is not nearly so 
marked in these alloys as in the case of the binary allo 
with 10 percent. of aluminium, as described in the ighth 
Report. Correspondingly in the present series the 
mechanical properties of the rolled bars are always 
superior to those of the chill-castings. Apart from the size 
of grain, the structure of the a differs somewhat 
from that of both types of castings in that the outlines of 
the light-coloured grains of the rolled bars are more 
feathery and r , and not so smooth and rounded as 
those of the castings. The hot-rolled bars were examined 
both in transverse and longitudinal section, but no sign 
of any difference of structure could be detected ; there 
was ~ Bac en no trace of cold working in these materials 
as tested. 

The micro-structure of the cold-drawn bars does not 
differ very markedly from that of the hot-rolled material, 
especially in alloys Nos. 1, 3, and 6. In No. 2 there is a 
decided difference, the ‘‘ ragged” character of the white 
grains, already described, being very much intensified. 
Even in the cold-drawn bars there is not much longi- 
tudinal extension of the structure. It should, perhaps, 
added that the exact appearance of these sections depends 
to some extent upon the depth of etching employed and 
on the reagent used. In the present investigation, the 
same reagent has been used in all photo-micrographs 
utilised for comparison purposes (acid ferric chloride 
solution) and approximately the same depth of etching 
has been maintained. An example of deeper etching is 
shown in Fig. 111, page 191, rex 4 is taken from another 
specimen of alloy No. 9, cold-drawn. This shows the 
crystalline structure of the white (a) body with the 
twinned ——- typical of copper, and its (a) alloys after 
mechanical work has been put upon them. 

Micro-Structure of Alloys Nos. 2, 3, and 6 after Heat- 
Trcatment.—The heat-treatment experiments now to be 
described were based on a knowledge of. the critical 
points of these alloys as derived from the differential 
cooling curves which have already ‘been reproduced 
(Figs. 28 to 32). The heating curve of alloy No. 2 shows 
two absorptions of heat quite near together, at 529 deg. 
Cent. (984 deg. Fahr.) and 589 deg. Cent. (1092 deg. Fahr.) 
respectively, while on cooling there is an evolution of 
heat at 729 deg. Cent. (1344 deg. Fahr.) and at 514 deg. 
Cent. (957 deg. Fahr.). It was therefore decided to anneal 
and quench this alloy at and from temperatures of 500 deg 
Cent. (932 deg. Fahr.) and 800 deg. Cent. (1472 deg. Fahr.) 
respectively, thus covering both the critical ranges re- 
vealed by the pyrometer. In the case of No. 3 the tem- 
peratures chosen were 850 deg. Cent. (1562 deg. Fahr.) 
and 550 deg. Cent. respectively, since in this alloy the 
higher point on cooling lies at 785 deg. Cent. (1445 deg. 
Fahr.), and there seemed some uncertainty whether the 
change which was reversed on cooling through the latter 
temperature might not occur gradually on heating at a 
higher temperature, as there is no definite heat-absorption 
to correspond with this change on heating. In the case 
of alloy No. 6 the temperatures employed were 900 deg. 
Cent. (1652 deg. Fahr.) and 550 deg. Cent.; in this alloy 
the higher point on cooling lies at 851 deg. Cent. (1564 
deg. Fahr.). The specimens employed in these experi- 
ments were the rough sand-castings made for purposes of 
tensile tests, and in each case two such specimens were 
placed in a muffle furnace ther, with the thermo-couple 
of the pyrometer attached to one of them, and a piece 
of ordinary wire fixed to the other. The former specimen 
was kept in the furnace for the annealing experiment, 
while the latter was pulled out and quenched when 
desired. The specimens were heated up with the muffle, 
and heated for one hour after attaining the desired tem- 
perature, then one was quenched in a trough of cold 





water, and the other was allowed to cool slowly in th: 
furnace, a process occupying some three or four hours 
Specimens for microscopic examination were cut from the 
ends of the test-pieces after these had been machined and 
broken in the testing-machine. 

The resulting micro-structures are shown in Figs. 112 
to 123 of the report, of which we reproduce Figs. 112-115 
and 120-123, page 191. The micro-structures of the 
specimens annealed at the lower temperature are shown 
in Figs 112 and 120; it will be seen at once that the; 
differ very little from those of the untreated sand- 
castings. The specimens quenched from the lower tem- 
peratures also show very little change ; their structure is 
still of a very similar grain, but if there is any change at 
all, it is to be found in the minute structure of the dark- 
etching constituents (Figs. 113, 121). In the annealed 
and untreated material this always shows a fine duplex 


d | structure, but in the quenched specimens it appears to be 


more nearly homogeneous. 

The effect of annealing and quenching at the higher 
temperatures is much more striking ; the annealed speci- 
mens (Figs. 114 and 122) show an exceedingly coarse 
structure, with a well-developed duplex structure in the 
dark areas ; the quenched specimens, on the other hand 
(Figs. 115 and 123), show a very typical structure which 
closely resembles that obtained when a binary alloy con- 
taining 10 per cent. of aluminium is quenched from 
similarly high temperatures (see Eighth Report, Fig. 111, 
Plate 10). In the case of No. 2 the typical acicular or 
** Martensitic ” structure of the quenched alloys is found 
in juxtaposition with apparently unchanged crystals of 
the a body, but in the other two specimens no traces of 
the original structure remain. 

A similar series of annealing and quenching experi- 
ments was also carried out on rolled bars of these alloys, 
and the resulting structures were exactly the same as 
those already illustrated. It was further thought that 
possibly the somewhat large size and rather crude method 
of quenching these specimens might have adversely 
influenced the results, and some small specimens of the 
same alloys were therefore quenched im vacuo in the 
special a ee designed for this purpose by one of the 
authors,* but it was found that the resulting structures 
were very similar to those found with the larger pieces of 
metal—a result which indicates that the actual rate of 
cooling is not very vital in quenching these alloys. 

From the pyrometric aa microscopic observations de- 
scribed above, the authors cannot make any attempt to 
construct a detailed diagram or model of the constitution 
of the ternary alloys, even within the range dealt with in 
their experiments, but they consider that the following 
conclusions are justified by the evidence at their dis- 

1. In general terms the constitution of the ternary alloys 
of ages SSoaeem, and manganese within the limits 
of an aluminium content not exceeding 11 per cent. and a 
manganese content not exceeding 10 per cent., very closely 
resembles the constitution of the binary alloys of copper 
and aluminium. 

2. In these ternary alloys manganese influences the 
properties of the alloys in a manner somewhat similar to 
that of aluminium, but at a different rate. No exact 
equivalence between manganese and aluminium can be 
set up, because calculations based on different properties 
give different equivalents. In no case does the presence 
of manganese give rise to the formation of a third phase, 
so that all the alloys consist of either a single phase or two 
phases, in each of which manganese appears to exist in 
the form of a solid solution. Tf the view is accepted that 
the body Cu; Al is present in copper-aluminium alloys 
containing more than 8 per cent. of aluminium, then this 

y.is also present in the corresponding ternary alloys, 
but in that case it holds manganese ‘in solid solution. 
There is no evidence of the formation of any ternary com- 
pound within the limits of concentration investigated, nor 
any indication of the existence of such a compound within 
the vicinity of this region. 

_3. The anal between the ternary alloys under con- 
sideration and the binary alloys of copper and aluminium 
is to be interpreted on the basis of the similarity of the 
sectional diagrams of the liquidus surface taken on planes 
parallel to that of manganese. All these sections cut the 
ternary minimum, and thus show a marked minimum; 
this minimum corresponds with the one observed in the 
freezing-point curve of copper and aluminium, and while 
alloys on the ya side of this minimum consist of the 
homogeneous a body, those on the opposite side of the 
minimum are duplex. 

4. As regards the effects of annealing and quenching on 
the constitution of the alloys so far investigated (contain- 
ing only small proportions of manganese), the close re- 
semblance to the binary alloys containing a similar propor- 
tion of aluminium is strongly marked. 


(To be continued.) 








CALIFORNIAN PETROLEUM.—The production of petroleum 
in California is still making wonderful progress. ‘The 
industry was commenced in 1887, when the production 
was 678,572 barrels. In 1897 the yield had expanded to 
1,911,569 barrels. In the ten years ending with 1:08 
inclusive the output has been as follows :— 


Year. Barrels. Year. Barrels. 

1899... “ .. 2,677,875 1904. «see 29,736,003 
1900... om “a 4,329,950 1905... ee .. 34,275,701 
1901.. asa .. 7,710,815 1906. . be -. 32,624,000 
1902... .. 14,356,910  1907.. me .. 40,311,171 
1903... om -. 24,340,839 1908. . = .. 48,306,910 





* W. Rosenhain, Journal of the Iron and Steel Insti- 
tute, 1908, I., page 89. 
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FOREIGN ENGINEERING PROJECTS. 


We give below a list of Colonial and foreign engineering 
projects, tenders for which are in many cases asked. 
Further data concerning these projects can be obtained 
from the Commercial Intelligence Branch of the Board of 
Trade, 73, Basinghall-street, E.C. 

Eyypt: H.M. Consul at Cairo (Mr. A. D. Alban) re- 
ports that tenders are invited by the Egyptian Ministry 
of Public Works for the supply and erection of a com- 
plete sewage-pumping plant, consisting of four sewage- 
pumping engines, four steam-generators, with superheaters 
and economiser, and other appurtenant works. In ad- 
judicating the tenders, excellence of design and arrange- 
ment, and economy of fuel, will receive special considera- 
tion. Tenders, marked ‘‘ Tenders for Contract IX., 
Cairo Main Drainage,” will be received by His Excel- 
lency the Minister of Public Works of the Egyptian 
Government, Cairo, up to noon on April 14. A deposit 
equal to 1 per cent. of the estimated total value of the con- 
tract will be required to qualify any tender, to be increased 
by the successful tenderer to 5 percent. of the value. The 
competition is limited to firms who, or whose predecessors 
in business, have carried out works of a similar class, of the 
aggregate value of not less than E£100,000 (102,600/.) 
during the last ten years. Copies of the ‘‘ Specification 
and Detailed Description of Work,” together with plans, 
drawings, &c., may be obtained, on payment of 5/. 2s. 6d., 
at the offices of Mr. A. L. Webb, C.M.G., Queen Anne’s 
Chambers, Broadway, Westminster, London, S.W. 
Copies may be seen by British contractors on application 
at the Commercial Intelligence Branch of the Board of 
Trade, 73, Basinghall-street, London, E.C. It is to be 
noted that in the case of the above contract (legal) 
domicile at Cairo is necessary. For conditions under 
which temporary (legal) domicile may be obtained by 
British firms at the British Consulate at Cairo, see 
Board of Trade Journal of March 4, 1909, p: § 

Spain: The Gaceta of January 12 men} es a notice 
inviting tenders for the supply of material and plant, in- 
cluding three pumps, two electric motors, one steam- 
motor with steam-generating plant, suction-tubes, crane, 
&c., required in connection with the work of raising the 
waters of the Canal de Isabel II. A deposit of 8000 
pesetas (about 286/.) will be required to qualify any tender, 
to be increased by the successful tenderer to 10 per cent. 
of the accepted contract price. Tenders will be admitted 
at the “‘ Secretaria del Canal de Isabel II.,” Alarcon, up to 
2p.m., on April 11, and will be opened on the following 
day at noon. Local representation is necessary. The 
Gaccta de Madrid of January 22 contains Royal decrees 
inviting tenders, up to July 26, for the construction of 
strategic railways (1) from Huelva to Ayamonte via 
Gibraleén, (2) from Palma to Santajiy, (3) from Santiago 
to Carballo. The railways are to have a single track, with 
rails weighing not less than 30 kilogrammes per metre. 
Means must be provided for the transport of artillery. 
Projects may be submitted providing for electric traction. 
These contracts are open to Spanish firms only, but it is 
protahte that some of the material required will have to 
e purchased out of Spain. The same Gaceta contains a 
notice to the effect that an application having been made 
by D.S. Serra y Lloret for a concession for the con- 
struction of a railway from Alcdzar de San Juan to 
Madridejos, and from that place to Toledo, a period of 
seventy days is allowed within which competing offers 
will be received at the Direccién General de Obras 
Piiblicas, Ministerio de Fomento, Madrid. The above- 
named applicant will have certain preferential rights in 
the competition. Local representation is necessary. 

Netherlands: The Bulletin Commercial (Brussels) of 
January 29 reports, on the authority of the Dutch 
Vaderland, that the Nederlandsche Spoorweg Maats- 
chappij have decided to extend their Rotterdam-Elst 
railway as far as Zevenaar or Elten, then through Boven- 
Betuwe, thus connecting Rotterdam directly with Ger- 
many.—The Nederlandsche Staatscourant of January 29 
publishes the text of an agreement between the Minister 
van Waterstaat and the Naamlooze Vennootschap Spoor- 
(Tram-)weg Wieringen-Schagen, domiciled at Wieringer- 
waard, in respect of a concession for the construction and 
working of a railway from Van Ewijcksluis to Schagen. 

1e concessionary company will receive advances from 
the State, from the province of North Holland, and from 
various communal districts, 

Bulgaria; His Majesty’s Representative at Sofia reports 
that the Bulgarian Budget for 1910 provides for an extra- 
ordinary expenditure of 1,480,000/. on railways and har- 
bour construction. 209,000. is to be spent on the ports of 
Varna, Burgas, Bela, Rustchuk, Sistov, and Widin, 
133,000/. bemg allotted for the first-named port. Of 
772,0001. allotted for railway construction, 200,000/. is to 
be expended on the Boruschitza-Toulovo-Stara-Zagora 
line. 160,000/. is to be spent on buildings. 

Portugal: The Diario do Governo (Lisbon) of January 19 
contains a decree approving the plans and estimate of 
121,700 milreis (about 24,340/.) for the construction of the 
first portion of the third section of the railway from Evora 
to Ponte de Sor, situated between Mora and Rui-Vaz. 
The piece of line in question is 84 miles long. 

Rownania: The Curier Financiar (Bucharest) of 
January 16 announces that tenders are invited for the 
building of a metal bridge about 360 ft. long over the 

iver Buzau, in the Department of Braila. The upset 
price is put at 205,000 francs (8200/.). Tenders will be 
opened at 11 a.m. on March 3, at the ‘‘ Ministére des Tra- 
vaux Publics,” Bucharest, and at the ‘‘ Prefecture du Dé- 
partement de Braila,” Braila. It is understood that the 
~ “competition is limited to firms who may be invited 

ender, 

Chili: The same British syndicate which has obtained 
the contract for the construction of the northern section, 
from Pueblo Hundido to Lagunas, of the Longitudinal 








Railway may possibly also be given the contract for the 
southern section—from Cabildo to Copiapé. This would 
make the total value of the contract exceed 7,000,000/.— 
With reference to the invitation for tenders for the con- 
struction of a dry dock at the Naval Station at Talca- 
huano, the Commercial Intelligence Branch of the Board 
of Trade are now informed by the Chilian Naval Com- 
mission in London that the date for the opening of tenders 
in this connection has been altered from March 1 to 
June 2, 1910. 

Natal: The Imperial Trade Correspondent at Durban 
(Mr. A. D. C. Agnew) reports that the Natal Government 
intend to introduce a Bill into Parliament during the 
current session to provide for the construction and main- 
tenance of the following lines of railway :—(1) From Gin- 
gindhlovu to Eshowe (Zululand); (2) from Empangeni 
via Vryheid to Hlobane (Zululand) ; (3) from a point on 
(2) between Vryheid and Hlobane to the Pongolo River 
on the Natal-Transvaal border (Zululand); (4) from a 
point on the Greytown branch line to Krantzkop ; (5) 
from Winterton Station to Hongerspoort, near the “— 
River ; (6) from Donnybrook, on the Natal-Cape il- 
way, to Underberg (imeville) ; (7) from Murchison 
Flats, Alfred County Railway, to Tugela Poort, on the 
border of East Griqualand ; (8) from Elandskop, on the 
Natal-Cape Railway, via Impendhle to the Loteni River. 
The gauge of these railways is not to exceed 3 ft. 6 in. 
They may be constructed either departmentally or by 
contract, or they be constructed and worked by any person 
or company authorised by the Governor to do so. The 
probable cost of constructing these lines is unofficially esti- 
mated to be not less than 4,000,000/., equal to about 10,0007. 
per mile. It is not expected that the construction of all 
the various lines will be undertaken within the next two 
or three years.—With reference to the notice on 148 
of the Board of Trade Journal of July 22 last, relative to 
the inclusion in the Natal estimates for 1909-10 of sums of 
money for certain public works, the Natal Government 
Gazette of December 23 publishes the text of the Act 
making provision for this expenditure. Among the 
items may noted :—210,155/. for public buildings (in- 
cluding bridge construction) ; 387,463/. for the develop- 
ment and improvement of railways and railway buildings ; 
293,9481. for the construction of railways; 66,073/. for 
harbour works ; and 20,200/. for telegraph and telephone 
extension. 

Mexico: The Mexican Herald of January 7 states that 
a concession has been granted by the Mexican Govern- 
ment to a citizen of Hermosillo to dam the Sonora River 
at a point 10 miles above that town. It is stated by 
Government engineers that there is sufficient water to 
irrigate a stretch of land 60 miles long and 20 miles wide. 
The concessionnaire has to construct a dam, reservoir, and 
canals of sufficient capacity to carry all the water neces- 
sary, and it is proposed also to set up an electric-power 
plant. The undertaking is to be capitalised by an 
American company.—The Diario Oficial of January 15 
publishes the text of a contract between the Mexican 
Government and Juan Pérez Castro, empowering the 
latter to utilise the waters of the River San Pedro de los 
Pirules, in the State of Aguascalientes, to an extent not 
exceeding 50 litres per second, for the purpose of irrigat- 
ing the lands called ‘‘ El] Puente y Sandovales de Abajo.” 
The concessionnaire engages to commence operations 
within 24 months, and to complete the work in seven 
years. He is granted the right to import free of duty, 
once only, all the machinery and apparatus necessary for 
executing the work, and is further authorised to construct 
any bridges, telegraph and telephone lines that may be 
required.—The Mexican Herald of January 12 publishes 
a report to the effect that the Southern Pacific Railway 
intend to build a branch railway from Navajoa to the 
Gulf of California. Preliminary surveys are now being 
made. 





Pus.ic Works tn Eeypt.—It is proposed to make 
an expenditure of 1,656,000/. this year on public works 
in Egypt. Of this amount, the irrigation service 
will absorb 694,000. ; sanitation at Cairo, 180,000/.; rail- 
ways, 400,000/,; ports and lighthouses, 28,000/. ; and 
railway development in the Soudan,’ 354,000/. Of the 
400,000/. proposed to be expended upon railways, 86,0001. 
is to be devoted to the construction of a line from 
Achmoun to the barrage, 14,810/. to the construction of a 
line from Zifta to Zagazig, 42,0007. to an extension of the 
line from Cairo to Cairo-Marg, and Khanka and Aboa 
Zabal, 74,0001. to the improvement of the signal service 
on the Egyptian main railway, 25,000/. to the recon- 
struction of the Alexandria station, and 45,000/. to the 
reconstruction of the Talkha bridge. 





Tur Wor.p’s Goip.—The value of the production of 
gold throughout the world last year was 91,513,456/., as 
compared with 88,686,905. in 1908. The Transvaal con- 
tributed a value of 30,380,000/. last year, as compared 
with 29,163,803/. in 1908 ; the United States 19,300,000/., 
as compared with 18,912,000/. ; and Australia, 14,396, 156/., 
as compared with 14,662,934/. It will be seen that the 

roduction increased last year in the Transvaal and the 

Inited States, but that it was barely maintained in 
Australia. The value of the world’s gold production for 
the ten years ending with 1910, inclusive, was as an- 
nexed :— 


Year. Value. Year. Value. 
£ £ 
1900.. 51,765,940 1905. . 75,682,211 
1901.. 52,175,486 1906. . 81,110,204 
1902.. 59,762,499 1907.. .. 82,268,891 
1903... 65,895,081 1908. . .. 88,686,905 
1904.. 69,817,659 1909... +. 91,513,456 


It will be observed that the world’s gold output is still 
steadily growing year by year. 





CATALOGUES. 


A CATALOGUE section illustrating a number of ware- 
house and wharf cranes operated by electric or hydraulic 
ower has been issued by Messrs. R. Waygood and Co., 

imited, Falmouth-road, Great Dover-street, 8. E. 


From the British Central Electrical Company, 17 
Hatton Garden, E.C., we have received a leaflet illus- 
trating the ‘‘ Guardian” electric portable hand-lamp, the 
‘*Guardian ” pendant lamp-holder, and the ‘* Handshield ” 
pin-plug. ese articles are manufactured to comply 
with the requirements of the Home Office. 


Mansfield’s patent oil-gas apparatus is described in a 
booklet to hand from Messrs. Mansfield and Sons, Limited, 
Derby-square, James-street, Liverpool. The apparatus, 
which is intended to be used for lighting small towns, 
railway stations, country houses, &c., where no coal-gas 
supply is available, consists of a retort heated by a coal 
or wood fire to a red-heat. Oil is admitted to this retort, 
where it isinstantly gasified, the gas passing off through 
an hydraulic box to a gas-holder for storage. In this 
country low-grade shale oils are generally used, but 
almost any kind of oil, fat, or grease can be gasitied and 
burnt in fiat-flame or incandescent burners. 


We have received from Messrs. W. H. Willcox and Co., 
Limited, 23, 32, 34, and 36, Southwark-street, S.K., a 
catalogue of ‘‘ Penberthy ” automatic and ‘‘ auto-positive” 
injectors. The latter work at higher pressures, and 
handle hotter water, than the former. The injectors are 
made for pipe connections from g-in. to 24-in. in diameter, 
and some special types are offered for traction engines, 
motor-wagons, &c. The catalogue gives sufficient in- 
formation to enable an injector of the right type and size 
to be selected, and also gives instructions for connecting 
up and working. Particulars of the ‘ XL.-96” injectors 
or steam-jet pumps are also given. 


A pamphlet, illustrating and describing the Nash- 
Century steering-engine, reached us from the Century 
Engineering Company, Ogdensburgh, N.Y., U.S.A. This 
engine consists of a single steam cylinder with a piston- 

passing out through stuffing-boxes at each end. To 
these rods a wire rope controlling the rudder is connected 
through a two-to-one multiplying sheave. The admission 
of steam to the cylinder is so controlled, by means of 
piston-valves, that the piston, and therefore the rudder, 
accurately follows the movements of the steering-wheel. 
The apparatus can be placed in almost any position 
either athwartship or fore-and-aft ; it is silent in action 
and takes up very little room. 


Two circulars received from the Lahmeyer Electrical 
Company, Limited, Bank Buildin 109 to 111, New 
Oxford-street, W.C., describe and illustrate their turbo- 
generators and automatic high-tension oil-switches. The 
circular dealing with turbo-generators briefly describes 
the construction of both direct-current machines and 
alternators, and illustrates several examples of the machines 
direct “oo to Zoelly turbines manufactured by Messrs. 
Escher, Wyss, and Co., of Ziirich. The other circular 
describes the construction and methods of operating oil- 
switches for high-tension currents. ‘I‘hese switches are 
arranged for hand-operation or remote control, and can 
be fitted with time-limit overload releases, no-voltage 
releases, and other safety devices. 


The London gee and Bronze Company, 
St. Leonard’s-road, South Bromley, E., have sent us « 
catalogue of their products, which consist of the “‘ Ibis” 
and ‘‘Arma” brands of phosphor - bronze, phosphor- 
copper, and phosphor-tin, anti-friction metals, and print- 
ing metals. Phosphor-bronze is supplied in ingots of 
several different qualities, and also in the form of chilled 
castings in sticks for pump-rods, &c. Rolling-mill brasses 
are also supplied in this metal. A large number of anti 
friction metals are described, including white brass and 
bronze, Babbitt metal, plastic metal, and some alloys for 
special purposes. The firm also supplies metals for use 
in Linotype and Monotype machines, as well as for 
stereotyping. 

From Mr. A. H. Sharpe, 8, Eastcheap, E.C., we have 
received a catalogue of iron castings manufactured by 
Messrs. Wilsons, Pease, and Co., Timited, Tees Tron 
Works, Middlesbrough-on-Tees. The castings illustrated 
include railway chairs, tramway anchor-chairs, brake- 
blocks, tank-plates, bollards, pile-choes, gullies and man- 
holes, and chilled castin he firm also supplies cast- 
ings up to 6 tons in weight, direct from the blast-furnace, 
made either in closed moulds or in the pig-bed. Among 
these direct castings are illustrated skew-backs, blocks 
and buckstaves for the tuyere-houses of blast-furnaces, 
grids for Cowper’s hot-blast stoves, furnace-doors, flooring- 
plates, fire-bars, balance-weights, and many other articles. 
The metal from which the direct castings are made has 
especially good heat-resisting qualities. 








CANADIAN RaILway PrRoGRESS.—In 1898 the length of 
railway in operation in Canada was 16,870 miles, the 
gross earnings of the year were 59,715,105 dols., and the 


working expenses were 39,137,549 dols., leaving the net 
revenue at 20,577,556 dols. In 1909 the length of line 


in working had increased to 22,966 miles, the gross 
earnings to 146,918,314 dols., the working expenses to 
107,304,143 dols., and the net revenue {to 39,614,171 
dols. The ab made with the building of the 
Grand Tru acific Railway last year opened up mil- 
lions of acres hitherto commercially inaccessible. The 
Canadian Pacific and the Canadian Northern Railways 
rendered similar services in other districts, and by the 
close of 1910 there will be few localities in the three 
Canadian provinces which will not be within reach 
of some point on the great railway systems of the 
Dominion, 





et 


6 AE! Sere rk 


EPR LEALRT A a me pee te eS PE 


So eee 


mR 


194 


ENGINEERING. 





[Fes. 11, 1910. 








‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
ppt ot wi J none is mentioned, the ‘Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
— PGneipeutons, _ ap tee ae Patent Office, Sale 

i i ions J i e Pa ce, 

“Franch, ao pton Buildings, Chancery-lane, W.C., at 








26, ©, oh pt 
the uniform Ze of 8d. 
The date of the advertisement of the t of a Complet. 
Specification is, in each case, given the abstract, unless the 


‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grownds mentioned in the Act. 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


27,982. C.C.S. Knap, London. Water-Tube Boilers. 
{9 Figs.] December 23, 1908,—The present invention relates to the 
construction of the tube-headers and connecting-caps of water- 
tube boilers. The inclined headers a are of a plain, hollow box-like 
form, with flat parallel sides and semi-circular ends, In the inner 
side of each header sockets are formed for receiving the ends of a 
pair of the boiler-tubes b, whilst in the front face of the header 
sockets are formed which are adapted to receive the ends of the 
connecting-caps c, whereby the respective headers of a vertical 
row are joined up to provide for the circulation of water there- 
through. The tubes are connected up with the sockets by ex- 
panding the ends, whilst the bends ¢ are formed with coned 
spigot ends to fit into the correspondingly-shaped sockets on the 
outer sides of the header. The outer face of each header is pro- 











vided with fittings a, a4 to receive the heads of the bolts by 
which the bends ¢ are secured ; whilst in order to provide for the 
various headers fitting closely against one another in rows or 
series, they each have applied to them separate = plates d, d) 
having inclined middle portions running into vertical or upright 
ends. The plates are shaped so that when applied to the header 
from opposite sides their opposed at top and bottom come 
together and completely enclose and surround the header, suit- 
able clearance being left for expansion and contraction of the 
parts. The plates d, d! are secured by bolts or screws passing 
through lugs on the sides of the header. When the complete 
boiler is built up, the plates d, dl take a bearing against and 
engage with one another, or fit one into the other, so as to form 
the back or front (as the case may be) of the whole nest of tubes 
of the boiler. (Sealed January 27, 1910.) 


17,921. Ak eselischaft Brown, Boveri, and Co., 
Baden, Switzerland. Turbines. {5 Figs.) ‘August 3, 
1909. — This invention relates to the control of turbines. It 
consists in imparting a rotary motion, besides the up -and - 
down motion due to the governor, to the well-known piston- 
slide of the ‘‘ servo,” or auxiliary motor, so as to vary per revo- 
lution as required the area of the exhaust-port for the fuid 
actuating the ‘‘servo” motor by means of an edge provided on 
the slide, and moving out of the plane vertical to the axis of the 
slide. In Fig. 1 @ indicates an inlet-valve for the fluid, which, 
coming from 6, flows, when the valve ais open, at ¢ into the 
turbine, so as to perform work therein. The pipe d passes the 
pressure fluid—-e.g., oil—serving for eae and dadne the valve 
veneath a piston J arranged on the valve-spindle and subjected to 
the action of a spring on one side, the piston being able to slide 
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in a cylinder g. The exhaust-pipe A passes from this cylinder to 
a box i, which is provided with a chamber k. This chamber com- 
municates by means of a slot 1 with the internal bore m of the 
box. In the bore m a slide n rotates, having an edge 0, not 
situated within one plane, the same being, for instance, undu- 
lated, so that the portion of the slot 1 not covered over by the 
slide n—i.e., the clear exhaust port for the pressure fluid—con- 
tinually varies. In this manner continual fluctuationsin pressure 
are produced beneath the piston f, so that consequently this 
iston continually moves up and down with the inlet-valve a. 
number of oscillations per revolution can be determined as 
desired by suitably shaping the edge o. The slide n executes a 
second movement in the direction of its longitudinal axis, the 





edge o being adjusted as is its level, or height in front of 
the slot J, in accordance with the load on the turbine, so that the 


valve op or moves farther away from its seat indepen- 
dently of its rotary movements. In Fig. 3 the itions of the 
edge o of the slide n, which is drawn to a somewhat larger scale, 
are shown in dng egg at no load, medium or average load, and 
full load. From Fig. 3 it will be seen how at full load the 
smallest, and at no load the greatest, variable opening or clear- 
ance is operative. The pressure beneath the piston f (Fig. 1) 
rises at full load or decreases at no load, and, in accordance there- 
with, the central line, about which the valve swings or oscillates, 
ascends ordescends. (Accepted November 24, 1909. 


8114. Deighton’s Patent Flue and Tube Com: . 
Limited, and c Leeds. Tubular Boilers. 
(3 Figs.| April 5, 1909. is invention relates to that type of 
tubular boiler wherein two central superposed chambers, forming 
the fire-box and smoke-box respectively, are enclosed within a 
horizontal casing, forming the boiler proper, the cylindrical casing 
having bustion-chambers situated in its two ends, connected 





Fig. 1. 
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by means of two sets of smoke-tubes with the fire-box and smoke- 
box respectively, and being extended down around the fire-bc x so 
as to form a water-jacket. According to this invention, the fire- 
box 1 is made of circular formation in plan and in vertical section 
in the form of a bell, the upper and narrowest part of the fire-box 
1 being flattened on two opposite sides, so as to form straight or 
flat portions 2 for the reception of the smoke-tubes 3. (Accepted. 
November 24, 1909.) 


13,766. L. S. Polychroniadis, Constantinople, 
Turkey. Turbines. (2 Figs.) June 11, 1909.—This invention 
relates to turbines of the radial or outward-flow type, in which the 
rotor is provided on each side with blades formed of increasing 
length according to their position from the centre of the turbine 
outwards, and according to the drop steam pressure. An ahead 
turbine and a reverse turbine are mounted upon the same shaft. 
Each turbine comprises a rotor a arranged within a stator b, the 
sides of which are formed as removable covers ¢. The rotor and 
stator are of such shape that the spaces between them gradually 
increase in cross-sectional area from the centre outwards, so that 
the blades which are fitted in grooves in the rotor and stator 
respectively increase in length from the centre outwards accord- 
ingly as the steam pressure falls. The rotor a is provided with a 
boss d keyed upon a hollow shaft e. The boss d is formed with a 
central annular space f which communicates by ports g with 
annular spaces h that converge into the spaces between the rotor 
and stator. The boss d protrudes at each side through bosses i 
formed on the casing 6, and a steam-tight joint is made at each 


ST ESS 
TD ones Za T) . 
SHESS FaeiA y 
Sor 4 
SC ee 
S LLSTILIS IS 07 WLI I4* 
KG 





of these parts by means of stuffing-boxes and packing-collars, 
which col l, however, are not intended to take any thrust. 
Steam is admitted to the turbines through the hollow shaft ¢, the 
interior of which communicates with the annular steam spaces f 
by meansof ports m. These ports are controlled by piston-valves 
n sliding within a liner fitted within the hollow shaft e. The piston 
valves n are grooved in their peripheries, so that steam, which 
enters through a large annular passage p and ports q, can pass 
through the grooves in the valves, which are thereby balanced, 
and to the respective turbine according to the positions of the 
valves. When the piston-valves are in their central position both 
sets of ports m are clesed, but when the piston-valves n are moved 
towards one end or the other of the space within the hollow shaft 
e one or the other set of ports m is uncovered, and steam can pass 
to the respective turbine. The valves n are mounted upon a 
piston-rod 7, by which they may be slid longitudinally, the end s 
of the rod being squared or feathered and sliding in a correspond- 
ing recess in the end of the shaft that is to be driven. (Accepted 
November 24, 1909.) 


TEXTILE MACHINERY. 
25,070. A. Brown and and Smalley, 
Castleton. 


Tweedales 
-Engines. [4 Figs.) Nov- 
ember 21, 1908.—This invention relates to apparatus designed for 





preventing the covers of carding-engine cylinders being open»d 
whilst the driving-belt is on the fast pulley, and also after the 
belt has heen transferred to the loose pulley until the cylinder has 
ceased to rotate. According to this invention, on the arm 1 of 
the hi cover 2 is fixed a stud 3, the end of which proje:ts 
into a slot 4in an arm 5 mounted on, or forming a part of, the 
horizontal rod 6, which is free to slide in the bearings 7 fixed to 
the side frame 8 of the engine On the rod 6 is a vertical key 9, 
and at or near the end of this is a notch or recess 10, which is 
engaged by the tilting-catch 11 pivoted to a stationary casing. 
The strap guide 12 is carried on the stud 13 projecting from the 
framework of the engine, and is free to slide to and fro on such 
stud 13. The lower end of the guide 12 is cranked inwards, or has 
an inwardly projecting pin 14 fixed to it, and this pin 14 passes 
through a hole 15 in the casing 16, which is fixed on the side 
frame 8 of the engine. Inside the casing 16 is the key or feather 9 
and also the tilting-catch or latch 11. It will be seen that the 
catch or latch 11 extends into, or lies behind, the internal flanye 
of the drum 17 fixed to, or forming a part of, the fast driving 
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pulley 18, and it will also be seen that the periphery of the drum 
17 is provided with a series of holes 19. The action is as follows :— 
When the driving-belt is on the fast pulley 18, and the engine is 
in motion, and the cover 2 closed, the several parts are in the 
position shown by Figs. 1, 2, and 3, and the rod 6 is locked by the 
tilting-catch 11 engaging the notch 10 (see Fig. 3). When the 
strap-guide 12 is moved and the belt transferred to the loose 
age 20, the pin 14 (see Fig. 2) is withdrawn from the casing 16, 

ut the cover cannot be opened owing to the catch 11 still engag- 
ing the notch 10, and it is not until the cylinder, and with it the 
drum 17, has entirely ceased to rotate that the catch 11 can be 
disengaged by the attendant introducing a pin through one of 
the holes 19 in the periphery of the drum 17 and tilting the catch 
11 on its pin. As soon as this is done the cover can be opened, 
and the movement of the cover causes the rod 6 to move in its 
bearings, and the key 9 is brought into line with the pin 14 (see 
Fig. 4), and the strap-guide 12 cannot be moved nor the belt 
transferred to the fast pulley 18 until the cover is again closed, 
the obstruction 9 removed, and the catch 11 has again engaged 
the notch 10 by moving up the incline’21 as the rod 6 is slided end- 
wise in its bearings on the cover 2 being closed. (Sealed January 


27, 1910.) 
MISCELLANEOUS. 


1408. M. Fawcett, Westmineter. Steel aud Con- 
crete Construction. (2 Figs.) January 20, 1909.—This 
invention consists in a method of steel and concrete construction. 
Girders a of I-section are used, but with the bottom flanges a! 
larger than the top flanges a2, and with large rhomboidal-shaped 
openings ) in the webs. A lattice girder is thus formed with the 
compression bars removed, these not being necessary to take the 
compression when good concrete is —— ed, and for the same 
reason less metal is required to take the longitudinal compression, 
as this is obtained from the concrete itself. These girders are 
placed at varying distances apart to suit the spans and loads, and 
centering having been placed below or suspended from above, the 
concrete d is filled in and allowed to extend 1} in. to 2 in. below 
the girders and come level or above the top. This concrete ¢, 
passing through the large rhomboidal-shay openings b in the 














web, becomes, when set, one monolithic mass, in which the gir‘:rs 
are embedded. To allow for the expansion of the girder, tiles ¢ 
can be used under the bottom flanges of the girders, which tiles 
can be utilised as a packing for fixing the centering. The bottom 
flanges a! of the girders a resist the tensional stresses, and (he 
concrete d, assisted by the small top flanges a? of the girders 4, 
resists the compressional stresses, and any tendency to expanc 'n 
the direction of the length of the girders is resisted by the w« b 
metal ¢ holding against the concrete in the rhomboidal-sha))- 

penings b. Expansion in the opposite direction—that is, aj rizht 
angles to the girders—is resisted by placing twisted metal strips 
or bars in the rhomboidal-shaped openings, which bec: me 
embedded. in the concrete ; such bars also serve to reinforce {*¢ 
concrete transversely between girder and girder. (Acc¢/ U 
November 24, 1909. 
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FOUNDRY PLANT AND MACHINERY. 
No. III. 
By JoserH Horner. 

ortance of tracks in foundries has not 
been ple appreciated until recent years. Scarcely 
any of the older foundries had them. They are not 
included in all recent ones. Their advantages are 
great. The slight objection made to them is that 
they permanently occupy the central area, and thus 
prevent its temporary occupation with work in 
progress. The position of the foundry in this 
respect is rather peculiar. At certain stages of 
moulding operations the floor is covered with parts 
of boxes laid open for cleaning up and coring. 
Patterns, or parts of patterns, also are laid down 
temporarily on the floor when preparing to mould, 
or during delivery, and there are also empty 


Fig.9. 
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clear middle course. 
should be left. 
pulling and pushing a single trolley-load have been 


often requisitioned. bal hi 
slung from crane to crane, or carried in shank 
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\ding-boxes, supplies of sand in boxes or in| 
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s, all of which are cleared away by casting 





time. Apart from the tracks, the strewing of the 
floor thus matters nothing, so that a straight gang- 
Way is cleared before the metal is ready. This is 
how the matter is regarded in some shops. 

(nd yet a foreman who loves order will insist on 
having a clear aisle all day long, tracks or no 
tracks, and will preserve a width of from 6 ft. to} 
8 ft down the shop, so preventing detours which 
are wasteful of time. Then tracks can be always 
usec, instead of only early in the morning, for taking 
out cistings, and at casting time. Even an overhead | 
traveiling power-crane cannot cope with the rush of | 
Work in the early morning, when castings and boxes | 
have io be taken out, and boxes and supplies of | 
Sani brought in ; nur in the afternoon, when many 
near of metal have to be conveyed from cupolas to 

oulas 


This is another argument in favour of a 
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ladles, or run on the sand floor in barrow or other 
kinds of ladles. 

Though the utility of rails down the centre aisle 
alone has been considered in the foregoing remarks, 
yet when such a system is installed it is generally 
made to include much more in its ramifications ; 
and the larger the foundry and the more diversified 
its work, the greater are the resulting economies. 
Turntables and switches permit of connections 
being made between departments, which no crane 
would be capable of serving, and of connections 
between moulding floors and cupolas, core-stoves, 
sand-bins, &c., as well as with the yard outside, 
and of the other departments which constitute the 
works. 

The objection to tracks on the score of their 
expense, which perhaps lies at the basis of other 
presumed difficulties, is rather a narrow one. The 
bour costs saved, should, in a large foundry, soon 


And if this width is main- 
tained, then it is much better that it should be 
occupied with tracks than that a soft sand floor 
What this means when flat-wheeled 
trolleys have to be dragged along with their load 
of boxes, sand, or castings, the writer, in common 
with others, has very vivid recollections of. The 
services of from half-a-dozen to a dozen labourers 


Ladles of metal have to be 


repay the capital expenditure ontracks. Not only 
is less unskilled labour required, and standing 
expenses reduced, but the work is expedited. 
Moulders are not kept waiting for help which is 
required elsewhere, or for cranes that are held up. 
Orders can be got through more quickly, and with 
less loss of temper. 

An objection to rail - tracks is that the rails 
either stand up above the floor, or the flange 
| spaces lie beneath it. If the first, they are some- 
itimes a cause of stumbling; if the latter, they 
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Service TRACKS AT THE FouNDRY OF THE 


are liable to become choked with sand. For these 
reasons and to save some expense, foundries often 
lay down plain plates, without rails, on which 
smooth-wheeled trolleys run as they do on the wood 
floors of many machine-shops. Such plates are 
made of cast iron, and they are a.considerable ad- 
vance on the sand floors, since they greatly lessen 
the tractive efforts required for hauling the trolleys 
along. Neither turntables nor switches are neces- 
sary for guidance, so long as these plates are laid 
to the localities with which connection is desired. 
But rail-tracks are superior for many reasons. 

There are two classes of narrow-gauge tracks 
suitable for foundry use. In one the rails are 
cast solidly with plates, in the other they are 
attached to sleepers. The first are better for a sand 
floor, because they can be sunk so that the tops of 
the rails come level with the floor. The iron plates, 
when roughened, also afford a better foothold than 
uneven sand ; and wheel-barrows, or barrow-ladles, 
can be run along on them as well as trolleys on the 
rails. Such tracks cannot be made cheaply in 
foundries for their own use. It is not merely a 
case of making plaifi plates, but of providing 
straight and curved tracks, with switches and 
turntables. Simple though such castings appear, 
yet, like all plated and ribbed work, they are very 
liable to curve and buckle in cooling, with the result 
of laps at the end joints. For these reasons the 
manufacture of tracks has become a specialised de- 
vartment, with the result that good tracks can be 
ought more cheaply than they can be made in 
foundries for their own service. 

In considering a system of tracks the question of 
auge is one of the first problems to be determined. 
he standard 4 ft. 8} in. is out of the question, 

because of the width of space appropriated and 
blocked by the passage of trucks. The standard 
gauge must often be used about the yard in order 
to transfer goods to and from railway lines. Then 
there are two courses open, one being to bring the 
line just within the shops which have to be served 
with raw material, and whence work has to be re- 
moved. The other is to run a narrow gauge within 
the standard one, and use either as happens to be 
more convenient. Both methods are in common 
use. Speaking generally, all the shops of a works 
are served most economically by an intercommuni- 
cation of narrow tracks, reserving the standard 
gauge for railway shipments, or for exceptionally 
heavy work taken between the shops. It is prac- 
ticable to carry several tons weight on narrow 
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tracks, provided the rails used are of suitable 
section. In most foundries the majority of the loads 
carried would be much under 5 tons, whether metal, 
castings, or boxes, the averages ranging from, say, 
1 to 2tons. Anything very heavy can be tackled 
by the overhead traveller, and taken from or put 
on a standard truck just within the foundry door. 
In such work the narrow tracks would be unneces- 
sary, because, since the crane is wanted to pick up 
and lower, it can also transport, instead of troubling 
to lower work on a trolley and lift it off again. _ 
Narrow-gauge tracks may range between 18 in. 
and 24 in.; the latter need never be exceeded. The 
C. W. Hunt Company, of West New Brighton, 
New York, make their tracks to 214 in., but 
the dimension is taken outside the rail-heads, which 
would make the gauge, according to usual measure- 
ment, from 19 in. to 194 in., depending on the 
width of the rail-heads. This system has been 
laid in many large works, some plan views of which 
are given. It is marked by several distinguishing 
features, as follows :— 
The tracks are made either as solid castings 
(Fig. 9) or with rails riveted to steel sleepers 
(Fig. 10). All curves 


res =e gy are of uniform radius 











as with the tracks outside. The largest central 
area is occupied by the work of light castings and 
moulding-machines, a northern area by castings of 
medium size, and a southern area, served by 
separate cupolas, with heavy castings. Two 
separate portions are set apart for core-makers, 
with two sets of core-ovens. Other references will 
be noticed on the plan. It may be observed 
that though there are many changes in the 
directions of the tracks, there are few turntables, 
these being reserved for the inside of the foundry, 
where 12 ft. radius curves would occupy too much 
of the moulding floor. 

The diagram, Fig. 12, illustrates the Hunt system 
as applied to the foundries of the British Thomson- 
Houston Company, Limited, of Rugby. Here the 
tracks are part of the larger works system, as indi- 
cated by the machine-shop wall, and the wall of the 
stores and warehouse to the left. The pattern-shop 
and stores are connected with both brass and iron 
foundries, and standard and narrow-gauge tracks 
cross, 

Fig. 13 shows the Hunt tracks as laid in the 
iron foundry of the General Electric Company, of 
Schenectady, N.Y. This is a big foundry, 503 ft. 
long by 140 ft. wide over the walls of the main 
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and large radius in many cases avoids the use of 
turntables. Curves up to 90 deg. are made in 
units corresponding with 11} deg., 224 deg., and 
33} deg. In order to ensure ease of running with- | 
out coning of the wheel-treads is the object of 
placing the flanges outside the rails. The design 
of outer rail adopted causes the flange of the outer 
wheel to mount on the track (Fig. 10), and pro- 
duce the coning which is necessary to prevent slip 
when going round curves. To permit of this, the 
axle bearings are pivoted in the centre between the 
wheels. 

Three views of foundries are given in which these | 
tracks are laid down. | 

The plan, Fig. 11, page 195, illustrates the foundry 
of Messrs. Ludw. Loewe and Co., A.G., at Berlin, 
laid out and served by the C. W. Hunt industrial 
tracks. The general arrangement of these works 
has already beén shown in ENGINEERING. The! 
whole of the works have inter-communication by | 
standard and narrow-gauge tracks. The former | 
may be seen entering the works at the south and | 
serving the coke-sheds, the iron-yard, and the sand, 
sheds on the east of the foundry building. The 
small tracks take supplies of these materials and 
carry them into the east of the building, to the | 
cupolas and the various moulding areas. On the 
south side there is a large flask storage yard, from 


which the boxes can be run into the foundry on | 


either side, the tracks encircling the building. A 
pattern-room on the north receives patterns by the | 


same means of transport. This room is located | 


conveniently close to the offices whence the work 
is given out. The various bays of the foundry 
have inter-communication with one another, as weil 


tracks. At one locality, where the castings have to 
be taken into the fettling-room, a track of 3 ft. 
gauge is laid to supplement the 21}-in. gauge for 
the heaviest castings. The lettering on the plan 
renders the general foundry arrangements clear at 
a glance. 








THE CENTENARY OF CAVENDISH, 
1731-1810. 

From the time of Newton down to the present 
day, science in England has had no more devoted 
student, no more patient inquirer, no more acute 
thinker, than the Hon. Henry Cavendish, who died 
on March 10 a hundred years ago. The labours of 
Cavendish as a chemist, as a physicist, and as a 
mathematician were all of a high order, and for a 
considerable portion of his life he’ was the most 
distinguished natural philosopher England could 
boast of. 

Cavendish was born at Nice, on October 10, 1731. 
He was the elder of two sons of Lord Charles 
Cavendish, the third son of the second Duke of 
Devonshire. At the age of eleven he was placed 
ata school in Hackney, from which he passed in 
1749 to Peterhouse College, Cambridge. In 1753 
he left the university without taking a degree. For 
ten years after this his personal history is almost a 
blank. He joined the Royal Society in 1760, and 
published his first paper in its Transactions six 
years afterwards. Some of his earliest experiments 
were probably made in some stables at the back of 
Great Marlborough-street. In later years he lived 
at a house on Clapham Common, though he had a 
town house in Gower-street and another house for 





his library at Dean-street, Soho. For many years 
he was dependent on his father for his yearly 
allowance of about 500/., but soon after his fortieth 
year he received a large legacy from an aunt, and 
at his death he left over a million sterling. Biot, 
in his sketch of Cavendish in the Biographie Uni- 
verselle, speaks of him as ‘‘le plus riche de tous les 
savants, et probablement aussi le plus savant de 
tous le riches.” Cavendish’s fame rests chiefly on 
his experiments on gases, his discovery of the 
composition of water, his famous ‘‘ Cavendish ex- 
periment,” and his electrical researches. 

The brilliant career of discovery of Cavendish 
coincided with the revolution of chemical science 
which took place between the years 1770 and 1790, 
The discovery of oxygen by Priestley and by Schule, 
the establishment of the true theory of combus- 
tion by Lavoisier, the reformation of chemical 
nomenclature by Guyton de Morveau, Fourcroy, 
and others, the works of Black, Bergmann, 
Laplace, Berthollet Monge, Darcet, and a score 
beside, rendered these two decades memorable 
in the history of modern chemistry. Onca 
and for all the foundations of the science were 
well and truly laid, and the share Cavendish 
bore in this work was of the first import- 
ance. His principal memoirs relating to chemical 
subjects include ‘‘ Experiments on Factitious 
Airs, 1766 ;” ‘‘An Account of a New Eudiometer, 
1783 ;” ‘*‘ Experiments on Air, 1784 and 1785 ;” and 
another paper in 1788. A brief account of these 
papers will be found in Sir William Ramsay’s book 
‘*The Gases of the Atmosphere.” ‘‘It was,” says 
Sir William, ‘in 1777 that he commenced his beau- 
tiful experiments on air, the first account of which 
was published in 1783. They led to the discovery 
of the constant quantitative composition of the 
atmosphere, of the compound nature of water, and 
of the composition of nitric acid, and pointed the 
way to the recent discovery of argon.” Through 
Cavendish’s reluctance to publish his results unless 
quite perfect, a controversy afterwards arose as to 
his right to the priority of the discovery of the 
composition of water. The question first lay be- 
tween Watt and Cavendish. Lavoisier was also a 
claimant, though few supported him. After the 
initial discussion the question appeared settled in 
favour of Cavendish. In 1835, however, Arap, in 
his éloge on Watt, reopened the discussion, with 
the result that half the scientific world became en- 
tangled in a long and violent warfare. In a milder 
form the trouble appeared again about twenty years 
since, over the publication of ‘‘ La Chemique Revo- 
lution,” by Bertholet, who, it was thought, claimed 
more for Lavoisier than was his due. The side of 
Cavendish was taken by Professor (now Sir Edward) 
Thorpe, who devoted his address to the Chemical 
Section of the British Association in 1890 to a 
review of the points involved. There is much 
inner history which is necessary to a complete 
understanding of the water controversy, but there 
can be no doubt that had Cavendish been in 
possession of Faraday’s advice to every student of 
research, ‘‘ Work, finish, publish,” the controversy 
would never have arisen. 

Side by side with his chemical researches, 
Cavendish prosecuted his inquiries into the nature 
and laws of electricity. Though one or two of his 
papers were read before the Royal Society, much of 
his work lay hidden for nearly a century in his manu- 
scripts and note-books. It was not till after the 
appointment of Clerk Maxwell as Cavendish Pro- 
fessor at Cambridge that any serious effort was 
made to make them public. Maxwell edited them, 
and published them in 1879, just before his death. 
The insight Cavendish had into the laws of 
electricity, his conception of potential, and his 
investigation of the resistance of electrolytes, 
showed that in electricity, as in much else, he was 
far in advance of his time. The last important 
scientific work Cavendish published was his account 
of the celebrated experiment on attraction, and the 
density of the earth. Since his day many physicists 
have pursued the same subject with all the refine- 
ments possible, but their results detract nothing 
from the excellence of Cavendish’s original invest!- 
gation. 

From the host of clever and brilliant contem- 

raries who surrounded him Cavendish stands 
isolated by the strangeness of his character, 10 
judging which no ordinary standard can be used. 
Shy, reserved, taciturn, his life of routine seemed 
wholly absorbed by questions of physical science. 
Though a regular attendant at the meetings of the 
opal Society and the dinners of the Royal Socicty 
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Club, none of his Fellows succeeded in gaining his 
affections. Desiring no companionship, allowing 
no real intimacy, indifferent alike to wealth, position, 
and distinction, possessing no appreciation of the 
sublime and beautiful, without loving or being loved, 
he passed through life eae a total stranger to 
the joys and sorrows, the alternations of happiness 
and despair, which fall to the lot of the ordinary 
mortal. Even the joys of discovery, such as Kepler 
and Newton and Davy experienced, it was not given 
Cavendish to feel. To Cavendish the exultation of 
Archimedes must have been an enigma. Professor 
Wilson, after a careful study of all that could be 
known of Cavendish, says:—‘*‘ He was almost 
passionless. All that needed for its apprehension 
more than the pure intellect, or required the exer- 
cise of fancy, imagination, affection, or faith, was 
distasteful to Cavendish. An intellectual head 
thinking, a pair of wonderfully acute eyes observ- 
ing, and a pair of very skilful hands experimenting 
and recording, are all that I realise in reading his 
memorials.” 





NOTE ON THE MESSINA EARTH- 
QUAKE. 

Tue critical examination by scientific experts of 
the scene of the Messina earthquake, in which the 
loss of life was greater than in any recorded in 
history, was likely to be productive of information 
useful in two directions. First, by indicating the 
character of the precautions that would diminish 
the loss of life in similar and inevitable disasters, 
and, secondly, by discovering the causes of the 
catastrophe, learning what spots should be avoided 
as specially liable to such distressing calamities. 
On these points Professor Omori, of the Tokio 
Observatory, whose wide experience entitles his 
observations to very great weight, has reported to 
his Government, and the result of his examination 
has been recently issued. He shows that the 
character of the disturbance was precisely the same, 
though of greater intensity than that of the Calabrian 
earthquake of 1905. The teleseismic movements 
were practically repeated in Japan, proving that 
the origin of the disturbance and the course of the 
waves were identical. 

In the recent earthquake the motion was dis- 
tinctly noticeable over an area whose radius was 
200 kilometres, but buildings were destroyed, or 
heavily damaged, only within an elliptical area of 
about 30 kilometres in length and 20 kilometres in 
width. The region of violent motion, therefore, 
was quite limited in extent, and the great loss of 
life and destruction of property was due to the 
fact that the epicentre was near two large towns— 
Messina and Reggio, having populations of 150,000 
and 40,000 respectively. In Messina practically 
all buildings were found cracked or absolutely 
reduced to masses of ruins. Even those houses 
whose perimetral walls were not overthrown had 
their roofs and floors knocked down from top to 
bottom, so that the inside was filled with débris. 
Frequently fifteen or more dead bodies were found 
buried one upon the other in the space of a single 
small room on the ground floor. The city streets, 
whose width was less than about 11 metres, were 
covered by the débris of the houses to a height of 
40 or 60 ft. The blocking of the streets by the 
falling débris contributed immensely to the loss of 
life, and points to an error in town planning in 
earthquake countries. Under no circumstances 
could the majority of the people have saved them- 
selves, even if they had escaped from the falling 
houses. The total number of victims, it is stated, 
even now that all panic has subsided and the esti- 
mate is made with cautious deliberation, exceeded 
100,000. Professor Omari does not scruple to say 
that every 998 out of 1000 of the number killed in 
Messina must be regarded as having fallen victims to 
a seismologically-faulty construction of the houses. 

The origin of the earthquake was situated in the 
Messina Strait, between Messina and Reggio, a 
little nearer to the latter place. The cause was 
not, as at first my tg due to a violent volcanic 
explosion in the Straits, but to the sudden forma- 
Hon or extension of a crack in the earth’s crust in 
an E.S.E. and W.N.W. direction. If the cause 


had been a volcanic explosion, the direction of the 
first displacement of the earthquake motion would 
have been inwards towards the centre, and the 
second or counter motion outwards. The observa- 
Hons at near stations show that the opposite 
occurred, so that the hypothesis of the volcanic 
explosion is untenable. 








The motion of the water and the da caused 
the'so-called ‘‘ tidal wave ”.on. both sides of the 
essina Strait perhaps suggested the volcanic 
theory. These waves, which were capable of over- 
throwing a railway bridge 42 metres Sine. shatter- 
ing houses, and carrying off the very soil on which 
they were built, were probably due to the commu- 
nication of the seismic energy to the water of the 
Strait, causing it to behave as a kind of fluid pen- 
dulum, but the sinking or depression under the sea 
contributed to the violence. It is remarkable that 
the tidal wave was not strongest at those places 
where the earthquake shock was most violent, 
suggesting that the position of the origin of the 
earthquake and of the tidal wave were not coin- 
cident. 

The seismic history of the Italian peninsula is 
instructive. In the fast two and a half centuries 
there have been thirteen destructive earthquakes, 
whose epicentres have been determined with some 
degree of certainty. When these seismic areas are 
plotted on a map, they are seen to form a seismic 
zone, extending from central Italy, through Calabria 
to the vicinity of Catania. A definite line of weak- 
ness in the earth’s crust is clearly indicated, but it 
is also noticeable that the areas of violent motion 
are independent of each other, whence, says Pro- 
fessor Omori, ‘‘ it may be concluded that the great 
disturbances are not repeated from one and the 
same centre, but happen successively from diffe- 
rent points along the seismic zone.” The inference 
is that it is precisely those points which have not 
been visited by an earthquake that are the most 
liable to catastrophe. The two wrecked cities of 
Messina and Reggio, which hitherto had escaped 
telluric convulsion, have paid their penalty on the 
present occasion, and for that very reason may be 
supposed to be free from the danger of a future 
seismic overthrow. Hence it would be better to 
reconstruct these cities on the same site, rather 
than to select another hard by which has hitherto 
been immune. 


b 








BAGASSE AND BAGASSE FURNACES. 

So long as the West Indies had the monopoly of 
sugar production, the lot of a planter was an easy 
one. He made money rapidly, and did not trouble 
himself to investigate every improvement that was 
brought forward, or to seek for every trifling source 
of economy. If he secured two-thirds of the sugar 
in the cane, he did well, while the cost of fuel did 
not concern him, because the cane trash, or bagasse, 
rich as it was in sugar, provided an ample supply of 
steam. But with the advent of beet sugar a new con- 
dition of affairs arose. The old, easy-going methods 
had to be abandoned, and it was only by the use 
of the most scientific processes and the best machi- 
nery that cane-sugar could be produced at a profit. 
The crushing of the cane had to be carried out 
more thoroughly. This involved greater power, and 
reduced the calorific value of the bagasse, so that 
the production of steam became less easy. British 
engineers were asked to supply boilers that would 
provide more steam from a given amount of fuel, 
and found themselves in the awkward position of 
having to design steam-generators to use a very 
special fuel, of which they had no practical know- 
ledge. However, they succeeded very well, con- 
sidering the difficulties, as they have often done 
under similar conditions ; but they will, neverthe- 
less, welcome the information we now lay before 
them, detailing the results of elaborate experiments 
made in the sugar-cane districts. This we are en- 
abled to do because the Louisiana State University 
has recently issued a bulletin entitled ‘‘ Bagasse and 
Bagasse Furnaces,”* in which are detailed fully the 
results of a number of tests carried out on actual in- 
stallations in Louisiana and Cuba. These tests were 
conducted by Professor E. W. Kerr on behalf of the 
Agricultural Experimental Station of the Univer- 
sity, which is fortunate in having material support 
from the Government for such researches. In 
addition to setting forth clearly the results obtained, 
the characteristics of the fuel are dealt with in the 
bulletin, and also the essential qualities of the fur- 
nace for its successful employment. 

Before proceeding to record the chief results 
obtained it would be well to consider the leading 
points in connection with the use of bagasse as fuel. 





* “Louisiana Bulletin No. 117: An Experimental 
Study of Bagasse and Bagasse Furnaces,” by E. W. Kerr, 

.E., Professor of Mechanical Engineering, Louisiana 
State University ; assisted by E. M. Percy, » B.Sc. 
Baton Rouge: The New Advocate, Official Journal. 





Compared with other fuels in general use it is 
very bulky, occupying some eight or ten times the 
space of an equal weight of coal. Being very 
porous, it carries a large amount of air into the fur- 
nace, and also holds an excessive quantity of 
moisture, this latter constituting some 50 per cent. 
of its weight. The exact composition of bagasse 
depends much on the quality of the cane dealt with 
and the degree of crushing resorted to. Thus in 
comparing results from different installations these 
points must not be lost sight of. 

The bagasse usually employed consists of fibrous 
matter, 33 to 50 per cent.; a small quantity of 
sugar, about 7 to 10 per cent.; and contained mois- 
ture from 32 to 56 per cent. by weight. The fibre 
consists of cellulose, which is a compound of carbon, 
hydrogen, and oxygen, its formula being C,H,,0,, 
and the sugar is a similar compound, having a 
formula C,. H,.0,,. In both cases it will be 
seen that the proportions of hydrogen and oxygen 
are such as to form water, and thus the carbon is 
alone available for the production of heat. It has 
been claimed that the water would become dis- 
sociated owing to the high temperature of the fur- 
nace, and thus add to the heating effect by the result- 
ing combustion of the hydrogen. Dissociation, 
however, is always accompanied by the absorption 
of heat equal to that to be obtained by the re- 
combustion of the elements. Further, it would 
appear that a temperature of 1700 deg. Fahr. is 
not exceeded in bagasse furnaces, and since the 
dissociation does not take place until a temperature 
of over 1800 deg. is reached, no such result can 
be realised. The heating effect of the fibre and the 
sugar are practically the same, the percentages 
of carbon being 44.4 and 42.1 respectively, so that 
the total solid matter contained in the bagasse 
gives a definite indication of its fuel value, after 
due allowance is made for ash. This ash varies 
according to the class of cane, averaging from 1.58 
to 2.24 per cent. of the solids contained in the 


e. 

In order to indicate the effect of varying degrees 
of extraction,* and also of the different classes of 
cane on the heating value of the resulting bagasse, 
Table I., annexed, has been prepared. 

In this table the data (a) refer to cane having 
10 per cent. fibre, and yielding a juice containing 
15 per cent. solids, this representing the conditions 
in Louisiana ; (b) refers to a cane of 12 per cent. 
fibre and juice of 18 per cent. solids, representing 
Cuban conditions. In both cases the air tempera- 
ture is taken as 80 deg., and the chimney tempera- 
ture at 500 deg. Fahr., and no allowance is made 
for ash. 





Tape I. 
| 7 7 
Bagasse. Heat vereer Pound, 
Degree of 
Extraction Net Value. 
© Cont, Mo’s- Sugar, | 
—. ture, | Fibre. | “go. * | Total. No Ex. | 52 per 
osss Ale Cent, Ex- 
‘ | eess Air, 
per cent per cent per cent | 
(70 | 86.7 | 383 | 10 | 3626) 2209 2090 
(a)< 76 51 40 9 | 4100 | 2666 2528 
(so 42.8 | 50 7.2 | 4816 | 3845 3184 
f 70 49.2 40 10.8 4254 2792 2662 
(b)! 76 42.6 48 9.4 | 4807 33835 $174 
\ 80 328 | 60 7.2 4092 3906 


5628 


The “net values” given are obtained by deducting from the 
‘total heat” the amount absorbed by the gases of combustion 
and by the “free” and produced HyO, An allowance of 5 per 
cent. for radiation is also included. 

Before touching on the question of the design of 
bagasse furnaces it would be convenient to con- 
sider the effects produced in burning the fuel. For 
this purpose let us take the case of bagasse from 
a cane of 10 per cent. fibre giving a juice of 15 per 
cent. solids, and assume an ‘‘ extraction” of 75 per 
cent. According to Table I. the composition of 
the bagasse would be 51 per cent. moisture, 40 per 
cent. fibre, and 9 per cent. sugar. 

The fibre consists, as before mentioned, of 44.4 
per cent. carbon and the sugar, 42.1 per cent., the 
balance of the constituents of these substances, on 
combustion, forming water amounting to 55.6 and 
57.9 per cent. respectively. The total carbon per 
pound of bagasse therefore is 

(0.444 x 0.40) + (0.421 x 0.09) = 0.215 Ib. 


The moisture contained in the bagasse is 51 per 


* The degree of extraction is the amount of juice ex- 
tracted from the cane expressed as a percentage of the 








original weight of the cane. 
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cent., and to this must be added the produced 
moisture :— 


(0.556 x 0.40) + (0.579 x 0.09) = 0.28, 


thus making the total moisture up to 0.79 Ib. 

The combustion of the carbon would require 
2.49 lb. of air, and would produce 2.7 lb. of CO, ; 
allowing for 50 per cent. excess of air a further 
1.25 lb. must be taken into account. 

























































be deducted for radiation losses, we obtain 1615 | involved, 


and specially designed combustion- 


B.T.U. as the figure for the theoretical heating | chambers used in order to allow these gases to 
value of 1 1b. of bagasse having the composition | mix thoroughly and ignite before passing to the 


assumed. 


| heating surface of the boiler. 


This latter is of 


As just mentioned, the gases Poteet consist of | special importance on account of the very larg. 


2.7 Ib. CO,, 1.25 lb. of air, an 


0.79 lb. of steam, 
which at the chimney temperature of 500 deg. Fahr. | 


| proportion of moisture in the fuel. 


In order to give some idea of the various methods 


would represent 43.2 + 30.06 + 31.9 = 105.16 | adopted for burning bagasse, we reproduce several 
cubic feet. 
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The heat produced by the combustion of the: 


carbon would be 14,600 x 0.215 = 3139 B.T.U.* 
From this quantity of hxat, however, must be 
deducted the amount required for evaporating the 
moisture, and also that carried away by the waste 
gases. Assuming an atmospheric temperature of 
80 deg. Fahr., and that of the chimney as 500 deg., 
it will be found that 986 B.T.U. are absorbed by 
the moisture, and 453 B.T.U. by the gases, making 
a total of 1439 B.T.U. lost, thus leaving 1700 
B.T.U. as available heat. If a further 5 per cent. 
* This figure is considerably | iven i 
Table “I,” but the figures ham prey pty 
determined value of 16 samples of dry bagasse (viz., 8875 


hoe gag to the proportions of solid matter in 





assumed in the furnace 
the volume of the gases 
would be 227 cubic 
feet. Comparing these 
figures with those simi- 
larly obtained for 1 1b. 

















If a temperature of 1500 deg. Fahr. be | diagrams showing a few of the furnaces on which 
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of bituminous coal, and 
bearing in mind that about 5.61b. of bagasse would 
be required to give the same heating value as the 
coal, we find that the relative volumes of gases are 
581 and 314 at the chimney and 1248 and 447 in the 
furnace. 

A consideration of these figures will at once make 
it apparent that, in order to work satisfactorily with 
bagasse, specially large flues and passages must be 


provided to deal with the greater volume of gases 


Professor Kerr carried out tests. In general, there 
are three forms of furnace used :—The ordinary 
grate (as Figs. 1 and 2), the hearth (as Figs. 5 and 6), 
and the Dutch-oven (as Figs. 7 to 15) ; in addition 
there are various combinations of these types. 

Figs. 1 and 2 represent an ordinary grate furnace 
as fitted to a battery of three return-tube boilers. 
In this case no partition walls are placed between 
the boilers. 
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Figs. 3 and 4 represent a combined grate formed 
of an inclined ‘‘ step” grate made up of flat hori- 
zontal bars and an ordinary grate. 

Figs. 5 and 6 show a furnace of the hearth type, 
and there are no grate bars. Forced draught is 
supplied through a series of tuyeres. The arrange- 
ment is otherwise similar to Figs. 1 and 2. 

Figs. 7 and 8 represent a furnace of the Dutch- 
oven type, with a hearth supplied with forced 
draught. This is fitted to two Babcock boilers. 

Figs. 9 and 10 represent a furnace of the Dutch- 
oven type, fitted to a battery of boilers. The fur- 
nace is provided with a division wall, but the 
arrangement is otherwise as in the case of Figs. 1 
and 2, 

Figs. 11 and 12 show a Dutch-oven furnace fitted 
to a Stirling boiler. A special feature is the 
‘‘hottle-neck ” construction of the combustion 
chamber, which is intended to assist the mixing 
of the gases. : 

Figs. 13, 14, and 15 show a furnace of the Dutch- 
oven type applied to a ‘*Climax” water-tube boiler. 
The furnace in this case is cylindrical, and has a 
circular fire-grate. Natural draught was used in 
this case, and a notable feature is the specially 
long combustion-chamber. 

The designs represented by these diagrams give 
a general idea of the 35 furnaces included in the 
tests carried out, though the proportions and 
arrangement of the representatives of each type 
varied considerably. The results of the tests do 
not point to any form or type being more effective 
than another, provided due care is taken in the 
proportions of the furnace. The type of furnace 
shown in Figs. 1 and 5, however, does not meet the 
requirements for bagasse burning, inasmuch as the 
combustion-chamber is not completely surrounded 
by firebrick. The presence of the comparatively 
cool boiler immediately above the grate is practi- 
cally certain to cause a proportion of unburnt 
gases to pass to the chimney. The distance of the 
boiler above the grate varied considerably, in some 
cases being 4 ft. and rising to as much as 9 ft. 

In this connection better results would be 
expected from furnaces of the Dutch-oven type, 
provided ample opportunity were allowed for 
complete mixing and combustion of the gases 
before they came in contact with the heating 
surface. In this type, however, precaution should 
be taken, especially when working with natural 
draught, to prevent strata of cold air, brought in 
with the bagasse, forming at the top of the furnace, 
since this may reduce the gases to below the burn- 
ing temperature. The employment of baffles, such 
as that shown at the top of the furnace in Figs. 3 
and 4, is resorted to in some instances, and the 
entrance of the cold air is minimised by using 
balanced dampers in the bagasse hoppers. The 
‘* bottle-neck ” construction of the furnace, shown 
in Figs. land 12 provides for the mixing of the 
gases leaving the oven, by the restricted passage 
formed, and also prevents an accumulation of cold 
air admitted with the bagasse. The arrangements 
of the grates in use at the various factories show 
various modifications in proportions. The use of 
hollow bars is adopted generally where forced 
draught is employed, in some cases tuyeres also 
being used above the grate level ; in some grates 
the hollow bars alternate with plain bars, or bars of 
“‘herring-bone ” design. 

_In Fig. 3 a grate of special design is shown con- 
sisting of flat horizontal bars placed in step forma- 
tion. The angle of the grate is so chosen that the 
bagasse rolls downwards at such a rate that whilst 
the bars are kept covered, an accumulation does 
not take place on the bottom bars. This type of 
grate, however, requires much attention to keep 
the fuel evenly distributed, and displays a tendency 
to form air-holes to the detriment of efficient com- 
bustion. 

The circular furnace shown in Fig. 13 has the 
advantage that a uniform bed of fuel is easily kept, 
and the long downward inclined passage between 
the furnace and boiler allows of a thorough mixing 
of the gases. 

In dealing with bagasse, however, as in the case 
of other classes of fuel, apart from the design of 
the furnace, the results obtained depend largely 
on the care and skill with which the furnace is 
operated. 

The principal object of the tests carried out was 
to obtain comparative results of the various fur- 
naces at varying rates of combustion and air 
supply. In all cases expert labour was employed, 
and, where possible, ial elvedtans was taken of 








the records of the chemical department of the 
factory. In all the modern mills an accurate deter- 
mination is made, and full records kept, of the 
quantity of cane crushed, and also of the percen- 
tage of fibre, sugar and moisture, &c., contained 
inthe cane. Where the records were not available, 
careful determination was made, and every pre- 
caution taken to obtain accurate results. 

In all, seventy-four tests were carried out (the 
leading results being recorded in Table II.), and, 
whilst care was taken to obtain good conditions 
of working, the experiments were taken as nearly 
as possible under the normal working condition. 
Samples of bagasse were taken at the various fac- 
tories, and calorimeter tests made of the dried fuel. 
The figures obtained show a relatively small varia- 
tion for the bagasse from the various plantations. 
In the case of the Louisiana factories the heat 
value varied from 8283 to 8431, and in the case of 
the Cuban from 8300 to 8650 B.T.U., the variations 
being 1 and 2.5 per cent. from the average value in 
the two cases (these averages being 8368 and 8433 
B.T.U. respectively). As previously pointed out, 
the proportion of ash in the dry bagasse is the chief 
factor affecting the heat value. e average ash 
contained in the Louisiana bagasse was 2.24 per 
cent., and in the case of the Cuban 1.58 per cent., 
which figures would appear to account for the varia- 
tion in heating values. If duc allowance be made 
for the ash, the average heat values for Louisiana 
and Cuba bagasse practically agree, being 8559 and 
8568 B.T.U. per pound of combustible respectively. 

Great variation is found in the quantity of fuel 
burnt per square foot of grate, the difference being 
from 44 lb. to 197 lb. per hour. In considering 
these figures the different forms of furnace and the 
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Norge.—The Fig. No. refers to the type of furnace only. The 
letters ‘‘a” and “‘b” indicate Louisiana and Cuba respectively. 
varying conditions must be borne in mind, but in all 
cases the best results were obtained with rates of 
1001b. or more. In fact, two of the best results were 
obtained at rates of 130 lb. and.170 lb., these tests 
being carried out on furnaces of the types shown in 
Figs. 5 and 13 respectively. In these two cases the 
analyses of the flue gases gave CO, 16.3 and 17.9 per 
cent., CO 0.46 and 1.8 per cent., O 3.16 and 1 per 
cent., while the excess air was 28 and 17 per cent. 
It will be noted that the sum of the CO,, CO, and O 
for the two cases amounts to 19.6 and 20.7, thus 





being in close agreement with the theoretical 

figure, which, on the assumption that the gases 

a of carbon compounds and oxygen, would 
21. 

In general, however, the analysis of the flue 
pases did not give such good results, the average 

ing CO, 9.01 per cent., CO 0.17 per cent., O 9.83 
per cent. It was naturally found that where the 
air supply was unduly reduced, appreciable quan- 
tities of CO were found, and it would appear that 
an excess of 50 percent. of air gives the best 
results. 

In this connection it was found as a general rule 
that with the higher rates of combustion a lower cor- 
responding excess of air occurred, and also that by 
increasing the thickness of the fuel on the grate 
the excess could be lowered ; as a result of experi- 
ment it was ascertained that the more satisfactory 
results were obtained with a fuel bed having a 
thickness of at least 15 in. 

The rate of combustion, conditions being other- 
wise equal, will depend upon the percentage of 
moisture in the bagasse ; but at the same time, by 
arranging for a suflicient air supply, it is possible, 
within reasonable limits, to increase the rate irre- 
spective of the degree of moisture. If too great an 
excess of air is employed, however, the tempera- 
ture of the furnace is liable to become lowered, 
though the effect of a given excess will vary in the 
different forms of furnace. It will also depend in 
great measure upon the thoroughness with which 
the air is mixed with the gases in the furnace. 
Several tests were carried out in this connection, 
the results of which are shown in Table III. 

It will be seen from Table IT. that a great varia- 
tion occurs in the ratio of heating surface to grate 
surface, the differences being so great as from 
21 to 425. It was found, however, as a general 
rule, that with a lower ratio than 80 to 1, an 
excessive chimney temperature was caused. The 
general practice of the Cuban factories in this 
respect was much better than is the case of the 
Louisiana factories, and a consistently lower 
chimney temperature was found to be the result, 
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A Manual of Locomotive Engineering. By W. ¥F. Prrti- 
crew. Third Edition. London: Charles Griffin and 
Co., Limited, Exeter-street, Strand. [Price 21s. net. ] 

Tue demand for a third edition of this book in 
what is, for such a work, a comparatively short 
time, is proof of the service it has been to those for 
whom it was intended. The author addressed him- 
self to engine-builders, designers, and draughts- 
men, and succeeded in producing a book not only 
possessing intrinsic value of its own, but one which 
occupied a dignified and unique position amid the 
modern English literature devoted to the loco- 
motive. It is ten years since the first edition of 
the work appeared, and, unfortunately for the 
author, those ten years have witnessed unprece- 
dented activity and progress in locomotive design. 
Just about the time of the first edition, locomotive 
engineers, after having allowed design to become 
more or less stereotyped, awoke to the fact that the 
possibilities of the steam-locomotive had not, by 
any means, reached finality, and rapid development 
followed. Under these circumstances, one would 
naturally expect the volume under review to have 
undergone corresponding changes, and, in fact, 
the author claims in the preface to the new edition 
that ‘‘ the opportunity has been taken to thoroughly 
revise throughout.” The great importance of 
furnishing designers with reliable information on 
current practice and progressive movements is our 
excuse for specially examining the manner in which 
this revision has been carried out. 

The most noticeable change is the deletion of 
two whole chapters. This, it will be allowed, 
is no great loss, as they were never adequate as 
reviews of American and Continental locomotive 
practice, and were, in many particulars, not up to 
date even when first published. Formerly the book 
appeared under the names of two authors. Mr. 
Pettigrew is now, by the removal of these two 
chapters, solelyresponsible for the work. The matter 
removed amounted to some seventy-one pages. 
We find on going through the book that the new 
matter amounts to no more than about eleven pages, 
only part of which is additional to, while part takes 
the place of, old. The net result is a reduction of 
the book in bulk from 430 pages to 356. We lay no 
great stress, however, on changes in volume. The 
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real point in such a work is trustworthiness. This, 
owing ‘to lapse of time and changes not recorded, 
is now, we regret to say, largely lacking, as we shall 
proceed to show. 

We may at once pass over the historical chapter 
as of little present interest, and proceed to the 
second, entitled ‘‘ Modern Locomotives : Simple.” 
The author, in this, retains many examples of types 
which might well now give place to locomotives 
more recently built. After stating that this chapter 
is concerned with a ‘‘ selection of the latest types,” 
and making a few general remarks, the author pro- 
ceeds to describe ‘‘the new outside-cylinder express 
engines’ designed by Mr. W. Adams. No stretch 
of imagination will permit the 5 age now of the 
term ‘‘new” to engines built before 1895. Further 
on it is stated that Mr. Drummond’s four-cylinder 
locomotive has ‘‘ lately commenced working.” The 
engine here referred to was put on the road in the 
early part of 1898. Mr. Drummond’s fire-box tubes 
are still described as a new departure. It is scarcely 
necessary to point out that carelessness in such 
details conveys an altogether erroneous impression 
of modern practice. 

We might proceed through the chapter pointing 
out how much old, and how little new, work is now 
noticed therein. To deal in detail with this part of 
the book would, however, be tedious, and we may 
summarise our criticism of the chapter by séating 
that, though some later work, on some of the systems, 
is dealt with, of the types mentioned, the large 
majority were built before 1899. The same may 
be said of those chosen for illustration by means of 
the line sketches. Of the examples mentioned, we 
might, without error, go further and say that many 
were already old in 1899. The modern work that 
appears to have been thought unworthy of record 
is too extensive for us to enumerate here, but it 
includes many of the most notable and successful 
engines now in service. After all, the author’s choice 
must be final, and all we may do is to judge how 
far he fulfils the purpose he set out to accom- 
plish. Had he arranged his descriptions under 
‘** types” the mention of one or two engines of 
a type would have sufticed. Having chosen the 
unsatisfactory method of dealing with the many 
designs under the headings of their respective 
railways, the author is uaconsciously involved in 
making invidious selectiors. Far greater justice 
to modern work might have been done by other 
methods, with fewer examples. At the close of 
Chapter II. is an unillustrated thirteen-line refer- 
ence to rail motor-cars, the only one in the book 
as far as we can gather, for no corresponding 
heading appears in the index. Twenty-one systems 
in the United Kingdom (instead of seventeen, as 
mentioned by the author) now use these vehicles, 
but no designer will profit in his work by reference 
to Mr. Pettigrew’s paragraph devoted to them. 


In the chapter entitled ‘‘ Modern Locomotives : | 
Compound,” the matter also suffers from unfortu- 














nate selection, descriptions in some instances being 
retained of systems that never attained great popu- 
larity, while others more extensively used have 
been passed over. In this chapter the author 
speaks of the late Mr. F. W. Webb as if he were 
still among us, though the reference is correctly 
made in the previous chapter. His description of 
the London and North-Western Railway’s ‘‘ Black 
Prince” is incorrect as far as the double exhaust is 
concerned, as this arrangement was retained only 
for a few weeks, the engine being, very soon after 
coming out, converted to single blast. No notice 
is given of this fact, neither is mention made of the 
withdrawal of the large majority of the Webb three- 
cylinder compounds by Mr. Whale, nothing being 
said to suggest that the old three-cylinder type were 
not altogether successful. 

Passing to the next chapter, the author discusses 
the primary considerations in locomotive design. 
Sesihion of heating surface, he gives certain pro- 
portions which, he says, held good three years ago, 
‘** but since that time at least six express engines 
have been designed and built with cylinders 19 in. 
in diameter, in which the heating surface ranges 
from 1442 to 2052.8 square feet.” Actually the 
designs coming within this category represent, we 
believe, more than thirteen classes, some of which 
stand for large numbers of locomotives. On this 
subject of design the author’s statements are for the 
most part identical with those of his first edition. 
He even reiterates the statement that the most 
powerful locomotives of the normal type have 
cylinders 19 in. by 26 in. This was roughly correct 
ten years ago, but is certainly not so now. 

In regard to grate area, the original words still 
ap as to it being doubtful whether a grate 
8 ft. 6 in. long could be worked economically, 
and that such a grate would involve a distance 
|of at least 11 ft. 8 in. between driving-wheel 
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centres. Now grates of this length, and even 
longer, have been in use for several years. so 
that rather more definite assertions might have 
been made as to their working. Also such grates 
have been arranged for without the use of 
11-ft. 8-in. coupling-rods. There is, in fact, at least 
one instance of a 10-ft. grate on a four-coupled 
engine with 6-ft. 8-in. wheels, the coupling-rods 
being not more than 8 ft. 6in. between centres. It 
is further stated that, in the endeavour to produce 
powerful engines, designers have had to fall back 
on such types as the well-known Winby failure of 
1893. The retention of any reference to this 
abnormal engine seems now hardly justified, in 
view of the fact that engineers, proceeding along 
much more rational lines, have had running for 
years, engines of equal, and even superior, power 
and boiler capacity. On the author’s note regarding 
side-rods, we may remark that the figures quoted 
by him of extreme length have been surpassed, rods 
of 10-ft. centres being in successful use here at the 
present time. ; 
Nearly the whole of the new matter is included in 
the two chapters on so-called modern locomotives. 
The rest of the book, devoted largely to details of 
design, remains for the most part unchanged. We 
cannot go all through the book in detail, but must 
content ourselves with pointing to a few of the 
directions in which progress has been ignored. 
On the subject of cylinder design no mention 
is made, nor illustrations given, of the outside 
cylinders on the modern Great Northern, Great 
Western, and London, Brighton, and South 
Coast Railway engines, neither is any notice vouch- 
safed of four-cylinder arrangements. Later, two 
rough sections, without scale or dimensions, 0! 
spokes of wrought-iron driving-wheels continue t 
waste half a page. These wheels are said to be still 
used, though being gradually replaced by cast-stec! 
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SELF-DUMPING BARGE FOR STOCKHOLM. 


CONSTRUCTED BY MR. A. F. WIKING, ENGINEER AND SHIPBUILDER, STOCKHOLM. 
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tion of employing built-up cranks.” These words, 


meantime Mr. Web 
from active work on the London and North- 
Western Railway, but even from among mortal 


common and are giving great satisfaction. 


or of the modified form of this valve used on the 
Great Northern Railway, the Lancashire and York- 
shire Railway, &c. The only balanced valve noticed 
is Beattie’s, a type introduced in 1871, and now, we 
believe, obsolete, as regards locomotive work. We 
would remind the author that relief-valves are com- 
monly applied to locomotives in this country, and 
have not been peculiar to America for a long time, 
though he implies the contrary. Similarly, the 
swing-link bogie is used to so large an extent here 
that an adequate illustration of such a design should 
certainly be included in a book that refers essen- 
tially to English practice. Passing over other 
points, we come to the chapter on ‘‘ Boiler Design,” 
which has undergone slight revision. It is never- 
theless still stated therein that boiler-barrels are 
/ = 4 be 2in. in Seatac ft. 4 in, and 

\ ap i t. 5 in. being exceptionally e. ven ten 
; aa + |years ago this vo hardly so, but it is now abso- 








centres. We need hardly point out that the transi- 
tion was sufficiently complete for cast-steel centres 
to be acknowledged as modern practice eight or ten 
years since. Apropos of built-up cranks it is re- 
marked that ‘‘this mode of production has not 
yet been found to present any great advantage in 
locomotive construction.”” ‘‘ Mr. Webb,” the author 
continues, ‘‘of the London and North-Western 
Railway, has, however, made a move in the direc- 


again, stand as aes d did ten years ago. In the 
has been removed not only 

men, while built-up cranks have become quite 
No mention is made of the Allan- Richardson valve 
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lutely incorrect. Reference is still made to the 
Strong locomotive in a manner which would lead 
one to infer that this design was typical of current 
American practice, instead of having long ago been 
proved a failure. The space occupied by this re- 
ference would have been better spent on modern 
Great Western, Great Northern, or other boilers 
inadequately treated. No drawing of a wide Great 
Northern or London, Brighton, and South Coast 
Railway fire-box is given. The author's statement 
that the large smoke-box ‘‘ does not offer any direct 
advantage ” will not be agreed to now by many 
engineers. In fact, one of the tendencies of the 
last ten years has been towards increased smoke- 
box volume, and this has been proved to be sound 
by tests at home and abroad. We regret that no 
illustration is given of a modern smoke-box. 
Further on in the book we findan illustration show- 
ing the outside of a grease-separator for the exhaust 
injector. Anything less instructive than this can 
hardly be imagined. A sectional drawing is, of 
course, needed. Other, and in some cases more 
important, details we must pass without comment 
for lack of space. 

With regard to the appendix, which consists of a 
specification drawn up more than ten years ago, we 
think some reference might well have been made 
here to the admirable and detailed work, on specifi- 
cations for locomotive material, done by the British 
Standards Committee, ‘which, as far as we can 
gather, has been completely overlooked in the work 
under notice. 

The author has made no attempt to bring his few 
isolated remarks on ‘American practice into line 
with current design in that country. We can only 
touch on one or two points in this connection. For 
instance, he states, as he did ten years ago, that a 
single-bar type of crosshead is growing in favour 
here and in America. It has made but little pro- 
gress here, as a matter of fact, while in the United 
States the type had practically given place, even 
before the fivst edition of the book appeared, to 
the ‘‘alligator” two-bar type. Ten years ago the 
author used the following words in a paragraph on 
locomotive wheel centres :—‘‘In America cast-iron 
wheel centres are used almost entirely. Some of 
these are made in one piece without tyres, the tread 
of the wheel being hardened or chilled . . . ,” &c. 
This is in desperate need of revision. It conveys 
an impression, never accurate, even when taking 
into account a certain reservation made with regard 
to passenger stock, The retention of the block 
roughly illustrating an American bar-frame is‘now 
invidious. As it and the accompanying remarks 
give no fair idea of modern American practice, it 
might well be omitted. With regard to fire-boxes, 
the statement is put forward that American fire- 
boxes are narrow, and pass between the engine 
frames. This is an entire misconception, arising 
from a study of old designs or engines of small 
power. It has been the practice for years now, in 
America, to make the box rest on the top of the 
bar frames. Thus a width of grate mnie & larger 
by about 2 in. is obtained with the American narrow 
box than in boxes passing between the plate frames, 
as in English practice. 

We need not further multiply examples of inaccu- 
racy. We have said enough, without exhausting 
the book in any one section, to show that as a 
designer's guide to modern practice and tendencies 
it is by no means trustworthy. It is extremely 
disappointing to us to tind that what promised to 
be for long a standard work has been allowed to 
drop behind, The new edition is, in fact, scarcely 
a revision at all; it isa reprint except for a few 
alterations. That this is virtually so is repeatedly 
proved where the author refers to some period of 
time, as, for instance, when he speaks of *‘ the last 
four or five years.”’ Identical words of this kind 
appear in both the first and third editions, though 
ten years elapsed between the two. Naturally, 
therefore, in the later edit.on they should have 
appeared as ‘‘fourteen or fifteen” instead of re- 
maining ‘‘four or five.” This occurs time after 
time, and it is no credit to the revision. We notice 
also several points with regard to the index. In 
the index to the first edition, there appeared a re- 
ference to Dacré which should have been Sacré. 
Though in the third edition all reference to Mr. 
Sacré’s work has been deleted, the incorrect refer- 
ence still appears in the index. Several other now 


useless references in the index might also be re- 
moved. Many of the illustrations suffer from the 
blocks being worn out, and are so blurred as to be 
extremely indistinct and unpleasant, as, for in- 





stance, that on page 71, of a North-Eastern Rail- 
way tank ; the cylinders on page 95; the valve- 
gear, page 149; fire-box, page 204; and several 
others. 

We have drawn attention to these points in the 
hope that, should another edition be required, 
those responsible will take steps to produce a book 
which, from a designer’s point of view, may form a 
rather more accurate reflex of recent practice. 
The preface to the third edition reads very well, 
but is not borne out in the book. This is the more 
annoying, as it certainly cannot arise from any want 
of knowledge on the part of the author, whose prac- 
tical experience renders him admirably adapted for 
the production of a book of this kind. The new 
edition, in fact, suggests that in carrying out the 
revision the economical advantage of retaining as 
much as possible of the original matter has been 
kept too strongly in view. We would suggest that 
in the next edition some mention be made of super- 
heating, feed-heating, and other important develop- 
ments, and that attention be not devoted almost 
exclusively to locomotives for passsenger work. 
There must also be no hesitation in cancelling illus- 
trations relating to types of engines, or to details, 
which are now out of date, and which should be 
replaced by adequate engravings recording really 
modern practice. 





The Prevention of Industrial Accidents. No. 1.—General 
Pamphlet. _Prepared by Frank E. Law, M.E., 
and Wm. Newer, A.B., M.E. Published by the 
Fidelity and Casualty Company, 92-94, Liberty-street, 
New York. [Price 25 cents. ] 

THERE can be no doubt that since the passing of 
the Workmen’s Compensation Act much greater 
care for the prevention of all kinds of industrial 
accidents has been exercised than was previously 
the case. Not that this country was backward in 
legislation for the protection of the lives and limbs 
of the artisan population, for the Factory Acts had 
for a long time previous to the passing of the 
Workmen’s Compensation Act done good work in 
this direction. The guarding of machinery, how- 
ever, received a great stimulus when damage 
suffered by any man from accident meant the 
almost certain payment of compensation by the 
employer or an insurance company. It has fol- 
lowed that the guarding of machinery has now 
become almost a special art, and many and in- 
genious are the contrivances adopted whereby lives 
and limbs may be protected. This is, of course, 
as it should be, but even with the best methods of 
guarding there are still unavoidably many chances 
left to the artisan whereby his life may be cut 
short, or he may be permanently maimed. Many 
causes go to produce these ever-present dangers. 
Overcrowding of machinery, ignorance, careless- 
ness, unsuitable clothing worn by the workpeople, 
overwork, and intoxicants may be said to be re- 
sponsible practically for all of them. We see, 
therefore, that accidents are very largely prevent- 
able. Among all the causes, however, the most 
prolific is no doubt carelessness, and it is against 
this that the workman has to be protected as far 
as possible by the aid of mechanical appliances and 
by stringent rules, which should be strictly en- 
forced, 

In the pamphlet under review we have this matter 
ecanedtie mine into, and the book is full of useful 
hints as to the best methods of meeting existing 
dangers, and the best and most economical ways of 
guarding all kinds of machinery. In addition to 
the introduction, which is chiefly devoted to statis- 
tical matters in connection with the percentages of 
deaths and injuries from some of the causes we have 
enumerated, and to which we have previously had 
occasion to allude (see ENGINEERING, vol. 1xxxvi., 
pages 145 and 757), the book is divided into eight 
different parts. These treat separately on the care 
on the part of employers and employees, on safety 
devices, steam-boilers, engines, electrical apparatus, 
elevators, the factory, and wood-working machi- 
nery. There is also a very good index. Steam 
boilers and engines naturally occupy a large portion 
of the volume, many useful hints as to their care 
and management being given. The racing of engines, 
due to failures of governors or governing gear, is 
referred to at some length, and several good 
devices whereby accidents caused by the breaking 
of the governor-belt may be prevented are described 
and illustrated. The risk there is of bursting fly- 
wheels due to racing does not appear always to be 
so fully appreciated as it ought to be ; for it is not 
by any means a common practice to fix any form 





of safety appliance for stopping the engine in case 
the governor should break down. 

Perhaps, however, the most important section of 
the book is that devoted to ‘‘The Factory,” for 
under this heading are included so many appliances 
likely, when carelessly used, to cause accidents. 
We all know the innumerable mechanical details 
which go to make up a factory, but which cannot 
very well be placed under any distinct class. Then 
there is the shafting, which will probably always 
be a prolific source of mishap. In connection with 
the factory a very large proportion of the accidents 
seem to be met with by the attendants when they are 
cleaning the machinery while it is in motion. In the 
State of Massachusetts alone, in the year 1907, out 
of 1866 accidents (not including fatal ones) over 
44 per cent. happened to persons who were attempt- 


‘ing to clean machinery in motion, or to remove 


waste bobbins, &c., before stopping the machine. 
The advice given in this part of the book seems to 
be particularly good, as also does that referring to 
wood-working machinery. We must, however, 
leave the book to speak for itself. 
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Les Flottes de Combat en 1910. Par Commandant Dr 
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The Universal Electrical Directory (J. A. Berly’s), contain- 
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CENTRAL TECHNICAL COLLEGE: OLD StTupENTS’ Asso- 
cIATION.—The twelfth annual dinner of the Central Tech- 
nical College Old. Students’ Association was held on 
Saturday last at the Trocadero Restaurant, Mr. H. A. 
Humphrey, F.C.C.I., being in the chair. Among the 
guests of the evening were Sir Philip Magnus, M.P., who, 
in proposing the toast of the association, mentioned the 
great progress the Central Technical College had made 
since its inception, and the invaluable training received 
there; Mr. W. H. Allen, of Bedford, who responded to the 
toast of the visitors; and Mr. A. L. ©. Fell, of the 
London County Council Tramways Department. The 
secretary's report showed that the membership had in- 
créased to 750 during the past year; also that the em- 
ployment agency had been enabled to do much useful 
work. Pokaan W. J. Pope, F.C.C.1., of Cambridge, 
was elected President for 1910. After the speeches a 
successful concert was held. 





Dust-PREVENTION.—The Judges’ Committee—Messrs. 
A. Dryland, A.M. Inst. C.E. (County Surveyor, Surrey), 
H. P. Maybury (County Surveyor, Kent), Geo. W. 
Manning (Surveyor, Staines, R.D.C.), and W. J. Atkin- 
son Butterfield, M.A., F.1.C., Assoc. Inst. C. E. (Consult 
ing and Analytical Chemist)—left London on the 11th 
inst. for Cheshire, to inspect certain roads under the 
jurisdiction of the Cheshire County Council and the 
Northwich Urban District Council in connection with 
the official test of calcium chloride as a dust-laying 
material, which is Leing conducted by the Roads In- 

rovement Association (Incorporated). Some question 
Pas arisen as to the effect upon the road-surface durin 
the winter of a continuous treatment of calcium chloride 
during the previous summer, and the visit is in con- 
nection with the judges’ investigation into this point. 
The date originally fixed for the visit was Friday, 
January 28, but owing to the inclement weather, and 
to the fact that the roads were covered with snow and 
ice, it had been postponed. 











Fes. 18, 1910.] 


ENGINEERING. 











203 








A SELF-DUMPING BARGE. 


Tue problem of the best method of dumping stone, 
dirt, or other spoil into water is of particular interest 
in Stockholm, where rock-blasting and removal is con- 
tinually being carried out for extensions to the har- 
bour, or the streets. The dumping has in general 
been carried out by means of the usual type of hopper 
barge, with doors in the bottom; but with a view to 
facilitate the work, many ese have been made 
for some form of automatic dumping a One 
of these suggestions has matu in the form of the 
self-dumping barge, which is shown in Figs. 1 and 2, 
on page 200. As will be gathered from these figures, 
the barge is Luilt with a flush deck with low bulwarks 
on three sides, the fourth side being either left open, 
as shown, or provided with doors which are opened by 
the pressure of the load on deck, when the barge tilts 
over for dumping. The self-tilting of the barge is 
obtained by forcing water, by means of compressed 
air, into a cylindrical tank, which is carried by means 
of tripods at a height of some 16 ft. above the deck. 
The admission of water to this tank upsets the 
stability of the barge, with the result that it tilts 
over and discharges its load, as shown in Fig. 2. 

The methods which are employed for the admission 
of water to the upper tank, and also for emptying it 
after the barge has discharged its load, will be seen 
from Figs. 3 to 6, on page 201. Briefly, the arrange- 
ment consists of four cylindrical vessels or tanks, 
shown at A, B, C, and D in the figures. At the com- 
mencement of the cycle of operations—that is, when 
the loaded barge has been towed to position over the 
dumping-ground—the tank A contains water, B con- 
tains compressed air, while C and D are empty, and 
are open to atmosphere. A pipe is run so that 
the upper tank is always in communication 
with A; further, by means of valves, A may. be 
connected with the compressed-air tank B, while 
C may be put in communication concurrently 
with D and A. When the barge is to be tipped, the 
valve between A and B is opened, so that the com- 
pressed air in B forces the water in A into the upper 
tank D. This destroys the stability of the barge, 
which tips over, so that the load slides off into the 
water. The connection between A and B is now closed, 
and A is at the same time put in communication with 
the atmosphere; normally at this stage D will be 
higher than A, so that the water in D flows back into 
A, and the barge returns to an upright position. If, 
however, owing to the nature of the load, dumping 
does not occur until the tank D is at or near the 
surface of the water, the above operation will not 
right the barge, as the level of D will then be below A. 
In this case the valve putting C concurrently in con- 
nection with D and A is opened, and as C is always 
lower than D, the water flows from D to C, and the 
barge begins to return to an even keel, until a posi- 
tion is reached when A is lower than C, when the 
water flows into A, and the a rights as before. 

The valves and mechanism by which the various 
interconnections between the tanks are made, or 
broken, are detailed in Figs. 7 to 9, on page 201, while 
the positions of the various ty and the operating rope 
are shown in Figs. 3 to6. The valve-chest, shown in 
section in Fig. o. is connected by the pipe d to the 
compressed-air tank B and by pipe ) to water-tank A. 
The stop-valve e is used to shut off the compressed- 
air supply from the valve chamber F until the barge 
is ready for dumping, when it is opened, — 
the compressed air to the back of the slide-valve H. 
Depending on the position of the slide-valve, pipe b 
connecting to tank A is in connection either with 
the compressed air in chest F, or with the atmo- 
sphere through the left-hand side valve-port. The 
position of the valve-chest on the barge is shown 
in the top left-hand corner of Fig. 4. This figure also 
shows the pipes connecting from the valve-chest to 
tanks A an B the pipe E connecting tanks D and A, 
and the rope /, which is pulled to operate the slide- 
valve, when it is desired to dump. This rope is carried 
to the tug which is towing the barge. When the 
barge takes up an extreme position while dumping, as 
explained above, it is necessary to inter-connect tanks 
DandC. This is done by opening the valve g, which 
may be seen in Fig. 4. The valve is operated by a rod 
ounertialy from the lever » on the slide-valve gear as 
shown. 

The arrangement of the valve-operating mechanism 
will be seen from Figs. 7 to 9. The cross-head of the 
slide-valve rod is fitted with a pin and roller, which 
work in the grooved path of a cam carried by the 
operating-lever spindle. One side of the cam is formed 
with four ratchet-teeth, which are acted on by a pawl 
- oted on the operating lever, in such a way that as the 
ever is pulled forward through 90 deg. into the posi- 
tion indicated by the chain-dotted centre line in Fig. 7, 
the cam will also be rotated through 90 deg. In addi- 
tion to operating the slide-valve the grooved cam is 
also arranged to control the position of the lever n, 
which is connected to valve g. The short end of the 
lever is formed with a spherical bearing surface which 
lies in the cam groove in such relation that the lever 


is swung through an are of about 30 deg. by the 
variation in the radius of the groove. The arrange- 
ment will be understood from Figs. 7 and 8. 

At the commencement of a cycle of operations the 
apparatus will stand as shown in Fig. 7, except that 
stop-valve e will be open, admitting com sensed ole to 
the valve-chamber. hen it is desi to tip the 
barge, the rope / is given a first pull. . This causes the 
apparatus to take up the position shown in Fig. 9, the 
slide-valve then admitting compressed air to pipe } 
and so totank A. The lever x is unaffected by this first 
movement. When the rope is released the operating- 
lever x returns under the action of the spiral spring, 
without any further movement of the cam. It will 
now be clear that a second pull on the rope, rotating 
the cam through a further 90 deg., will return the 


y | apparatus to its original position, as shown in Fig. 7, 


with the exception that the cam will be turned through 
180 deg. from the position shown. If, owing to the 
nature of the load, the barge has dumped without the 
level of tank D falling below that of A, these two pulls 
on the rope / will have completed the operation, and 
the barge may be returned to harbour fora fresh load ; 
but if it is necessary to admit water to tank C, as 
before explained, a third pull is given to the rope. 
Owing to the position of the cam, this third pull does 
not affect the slide-valve, but causes a movement of lever 
n, Which opens the valve g, so that the — gradu- 
ally rights, as before explained. A fourth pull on the 
rope restores matters to the position shown in Fig. 7. 

The tank B is supplied with compressed air at about 
7 atmospheres pressure, and is charged by coupling a 
hose to the top of the valve-chest. Tank A requires 
about 6 tons of water for every 200 tons of load on 
deck. The barge illustrated has been supplied to 
Stockholm, and was designed and Pverloe. § by Mr. 
A. F. Wiking, of Stockholm. 








THE AUTOMATIC ELECTRIC COMPANY’S 
TELEPHONE SYSTEM. 
(Concluded from page 169.) 

Details of Line-Swiiches.—The line-switch, which is 
the third part making up the telephone switchboard, is 
shown diagrammatically in Fig. 6, on page 204, while 
Fig. 8, on page 205, shows a part of a bank of such 
switches, with the master-switch above, and Fig. 9, on 
the same page, an independent line-switch unit re- 
moved from the bank. in the general description of 
the method of making connections, as shown in Fig.1, 
on page 166, in our issue of the 11th inst., the line- 
switches were spoken of as containing movable wipers, 
which were rotated across fixed lines of contacts. 
This was done in order to simplify the diagram, and 
to keep the description in line with the arrangement 
employed in the selectors and connectors, but actually 
no moving contact is used in this part of the apparatus, 
the horizontal lines of contacts consisting of rows of 
double contacts instead of single ones, as shown in 
Fig. 1. The actual arrangement is shown in the lower 
part of Fig. 6, where the contacts on the right-hand 
side, which are joined up to heavy leads, correspond 
to those shown in Fig. 1. It will be seen that there are 
two spring contacts, which are forced into contact with 
two rigid ones by means of the small fibre roller on 
the end of the plunger-finger. The spring contacts 
attached to the incoming lines from a telephone are 
connected together throughout the horizontal row of 
ten, so that the electrical result is the same as that 
obtained with the arrangement shown in Fig. 1. 

The general arrangement of the lines of contacts 
and line - switches is shown in Fig. 8. The upper 
switch arm, plunger, and relay on the right-hand side 
have been removed in order to show the contacts more 
clearly. The plunger fingers with their fibre rollers 
range backwards and forwards over the contacts, being 
driven by a feather which engages the slots in their 
fan-shaped heads. This feather forms part of a 
vertical shaft running in front of the gear, which is 
reciprocated by the master-switch shown at the top of 
the figure. 

The horizontal lines of contacts are built up, one 
above another, usually in sets of twenty-five, but 
four such sets controlling the hundred telephones 
of a group are actuated from one master - switch. 
The line -switch relays are arranged in front of 
the contacts and on each side, the two rows being 
staggered in reference to each other to save vertica 
space, as shown in Fig. 8. Each line-switch relay 
consists of various operating coils and a plunger- 
arm, with a finger carrying the fibre roller, which 
is forced into the lines of contacts, as before ex- 
plained. A plunger-arm and finger with their plunger- 
operating coil are shown in Fig. 9. In the normal 

ition of the plunger-arms—i.e., when the fingers are 
ee from the contacts—the slot in the fan-shaped head 
engages the feather on the oscillating shaft running in 
front of the gear. The shaft has an oscillating travel 
of about 30 deg., and swinging to and fro carries the 

lunger - fingers with it, the fibre rollers moving 
ckwards and forwards above the rows of contacts. 








This oscillating shaft is shown in section in Fig. 6, 


where one of the plunger-fingers is shown engaging the 
feather, the other being in its forward position with 
its roller in the contact bank, so that the fan-head 
slot clears the shaft feather. When one of the line- 
switches is in use and its plunger-arm attracted 
downwards, the swinging shaft carries the remainder 
of the fingers backwards and forwards, as before, with- 
out affecting the one in use; while when a line- 
switch is released and its arm lifts, its fan-head is 
carried against the feather which slides along it until 
the notch is reached, when it again engages, and the 
finger is carried round by the shaft as before. In 
Fig. 8 the upper plunger has been released, as above, 
and the fan-head is lying against the feather waiting 
to engage when it has travelled round to the slot, 
while the second plunger is in the bank of contacts 
and quite free from the oscillating shaft. The slots 
in the remaining plungers are engaged by the feather, 
so that the plungers are carried to and fro as the shaft 
oscillates. The point at the extreme end of the finger, 
below the roller, as shown in Figs. 6 and 9, engages 
with a guide when the finger is in the position of the 
top one in Fig. 8, so that the friction of the feather 
against the circumference of the fan-head cannot move 
the finger from its position. When the slot engages 
with the feather and the finger takes its normal posi- 
tion, the extra outward movement causes the point to 
clear the guide, and the plunger is free to swing to and 
fro under the action of the shaft. 

The electrical connections of the line-switch are 
shown in Fig. 6. Switch No. 1, as illustrated, has its 
finger released from the shaft and engaging trunk 
No. 6, while switch No. 2 is engaged with the shaft, 
and is in a position to make contact with trunk No. 7 
on the next call. The line-switch is operated by the 
first downward movement of the subscriber’s dial, 
which sends an initial ground impulse over the rotary 
line, which is followed by the impulses over the 
vertical and rotary lines, which operate the selector. 
Referring to Fig. 6, and assuming that switch No. 1 
is in its outer position engaging the shaft, it will be 
seen that the rotary impulse will pass through the two 
lower springs of the cut-off relay, and through the 
trip magnets back to battery. This will cause the 
trip-coil armature to be attracted, which releases the 
plunger-arm at c, and allows the finger to drive its 
fibre wheel into the bank contact, which it is opposite 
to, under the action of the spring 8. The lines from 
the calling telephone are now connected to trunks 
running to one of the selectors, No. 6 in the figure, 
and further impulses over the line do not affect the 
line-switch in any way. 

The duty of the master-switch shown in the upper 
part of the figure is to swing the shaft controlling the 
position of the fingers, so that when one trunk has been 
occupied by the dropping of one line-switch, as No. 6 
in the figure, the whole of the remaining fingers may 
be swung forward to the next eee | trunk ready 
fe call on any of the Ss lines. The move- 
ment of the master-switch takes place immediately one 
of the fingers has made contact with the bank, it being 
set in motion by the action of the pair of contacts on 
the left-hand side of the fibre wheel in the bank, 
which are closed simultaneously with the trunk con- 
tacts. When the fibre wheel plunges into the bank, 
a circuit is closed, through these left-hand con- 
tacts, from the battery through the release-magnete, 
the master-switch bank and the lower half of the 
master-switch relay to ground. The master-switch 
bank is merely a ten-way switch, which is operated 
by the movement of the swinging arm, and connects 
to whichever of the trunks the plunger-fingers are 
opposite to for the time being. The master-switch 
relay has two coils wound in opposite directions, and 
opposing each other. When circuit is completed, as 
above, through the lower coil of the master-switch 
relay, the upper coil being shunted out, the relay 
attracts its armature, and throws the battery on the 
circuit leading to the master-switch magnet. This 
magnet, through its armature, then causes the pawl to 
engage the ratchet shown, the spindle of which is 
arranged to drive the vertical shaft, which controls 
the position of the plunger-fingers. As the armature 
moves down it propels the ratchet-wheel round a dis- 
tance equal to the pitch of one tooth, but, at the same 
time, the circuit through the magnet is broken at the 
springs 8, and §,, so that the armature returns to 
its original position. When this occurs, however, the 
slight rotation of the fibre disc with unequal teeth, 
which is secured to the ratchet spindle, and is clearly 
seen in the figure, will have brought contacts 8, and S, 
into connection, so that, although connection may now 
be broken on the master-switch bank as the wiper 
moves over towards its next contact, the current 
through the lower half of the master-switch relay is 
continued through 8, and 8,, and its armature remains 
down. The result is that as soon as the master-switch 
armature springs back, owing to the breaking of its 
circuit at 8, and §,, its coil is again energised, and it 
is re-attracted. A pumping action is thus produced, 
and the ratchet-wheel is stepped round until the 
spring S, reaches the end of its tooth, when it drops 








into one of the spaces. This breaks circuit through 





d 
f 


eens 





204 


ENGINEERING. 





[Fes. 18, 1910. 








the lower coil of the master-switch relay, and its arma- 
ture returns to its off position, the two coils of the 
winding then acting together and opposing each other. 

The variable pitch of the teeth in the fibre wheel 
is necessary because the rotary motion of this wheel 
is translated into the reciprocating motion of the 
link which drives the oscillating shaft, and to obtain 
a series of equal horizontal components from the motion 
of a point on the circumference of a wheel, the arc of 
travel of the point must necessarily vary with its 

»sition in relation to the line of horizontal travel. 
The point at which the spring S, separates from §, 
and drops into a s corresponds to a position of the 
master-switch bank over a set of unoccupied contacts. 
If the next contact to the one which the plunger- 
fingers move away from is occupied, they will continue 
to move forward on to the following one, and so on, until 
an unoccupied position is reached, owing to the auxili- 
ary contacts in the bank continuing connection through 
the lower half of the master-switch relay. When the 
conversation is concluded, and the telephone receiver 
hung up on its hook, ground is thrown on to both lines, 
and the impulse through the release-coil causes it to 
draw up its armature, so that the catch at c engages 
with the plunger armature, with the result that as the 
armature drops after the passing of the impulse, it 
withdraws the plunger from the contacts, and puts 
the line-switch in position for a new call. 

The actual arrangement of the master-switch is 
shown in the upper part of Fig. 8, and the arrange- 
ment for driving the oscillating shaft can be seen. 
This shaft is carried at the end of a double arm, which 
is secured at the other end to a short vertical spindle, 
which can be seen in the front of the ratchet wheel in 
the figure. The spindle carries a bridle at its centre, 
on to which the forked end of the crank-pin fits. The 
crank-pin fits loosely in a hole in the ratchet-wheel, so 
that as this latter rotates, the forked end of the pin 
swings in the bridle, and rotates the vertical shaft, 
first in one direction and then in the other, through an 
angle of about 30 deg. The arrangement gives a very 
simple method of getting the to-and-fro motion of the 
shaft from the rotary motion of the ratchet-wheel. 

Details of Transmitter.—The only remaining part of 
the system is the transmitting apparatus on the sub- 
seriber’s telephone, by which the various operating im- 
pulses are generated. Fig. 2, on e 166, in our issue 
of the 11th inst., illustrates a wall telephone with its 
transmitting disc, which is used in the manner before 
described, while Fig. 7, on this page, shows the internal 
connections of the apparatus. The internal impulse- 
wheel has eleven teeth, the first ten corresponding 
to the finger-holes in the disc, while the eleventh, 
marked T in the figure, grounds the rotary line 
once on the downward movement of the disc and once 
on the return. The disc is locked until the receiver 
has been removed from its hook, after which the 
first downward movement of the dial sends the initial 
impulse over the rotary line, which operates the line- 
switch, and on its return sends a series over the vertical 
line, followed by the final rotary impulse. The vertical 
impulses are generated by the impulse-wheel teeth 
forcing the spring 8, against the ground spring on its 
return, while the rotary impulses are prea generated 
from the spring 8,. ‘These springs are so constructed 
that the vertical line is not grounded on the downward 
movement of the wheel. hen the receiver is hun 
upon completion of the call, ground is thrown on bot 
sides of the line through the release-springs. 

Conclusion.—From the above description the general 
construction and method of operation of the system 
should be clear, and although the description has been 
confined to an installation of 200 instruments, the 
extension of the system to larger installations will be 
understood without difficulty. It will be remembered 
that each 100 telephones in the 200-instrument instal- 
lation required a switchboard containing 100 line- 
switches, ten selectors, and ten connectors, and this 
amount of apparatus per 100 telephones applies in all 
installations of from 200 to 1000. When dealing with 
the selectors for the 200-instrument installation, it was 
explained that only the first two horizontal rows of 
contacts were connected up, the remaining eight being 
idle ; but if the installation is extended to one of 300, 
another row will be utilised, the contacts being con- 
nected through to the ten connectors of the third 100 
instruments. Similarly, a line of contacts will be used 
for each extra 100, until, when the complete installa- 
tion of 1000 is installed, the w.ole of the ten rows will 
be connected up. 

For an installation of 1000 telephones the method 
of cinging through would be exactly as described for 
the 200 installation above, except that the first series 
of impulses would step up the selector wipers to the 
row corresponding to one of the hundreds out of the 
ten hundred making up the thousand, instead of 
merely having to select one of the hundreds out of the 
two hundred. 

The next stage in the extension of the apparatus— 
i.¢., when the number of telephones becomes greater 
than one thousand—requires the addition of another 
ten selectors for each hundred telephones, the two 
sets being then known as first selectors and second 





selectors respectively. Each telephone must now have 
four figures in its number, and four movements of the 
transmitting disc are required to connect through. 
The first movement acts on the first selector, and 
causes it to select an unoccupied second selector in 
the thousands groups corresponding to the number of 
impulses. The second movement then acts on the 
second selector, causing it to select a connector in 
the hundreds groups corresponding to the second set 
of impulses, and so on, as before. The fitting of the 
first selectors gives an installation of apparatus 
capable of dealing with ten thousand telephones. If 
a less number of thousands than ten are in use, there 
will be a certain number of idle rows in the first 
selectors, in the same way that eight idle rows existed 
in the selectors of the two hundred installation. 

When more than 10,000 instruments are in use a 
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saving in cables and lines, compared with manual 
systems, which its adoption ensures. Consider, for 
instance, the case of a number of small towns, «: 
scattered residential districts, surrounding a large 
telephone centre, but at some distance away. With a 
manual system, if the districts are not sufficiently 
large to justify the erection of sub-stations, or tle 
attendant cost of their staffing and superintendence, 
the only way to give a service will be to run a pair of 
lines to each individual subscriber from the larye 
centre to the various outer districts. If the total tele- 
phone demand is fairly heavy, but very scattered, the 
result will be that a large amount of capital will have 
to be spent on the lines, probably out of all propor- 
tion to their revenue-earning power. With the auto- 
matic system, however, such a service can be given by 
using a series of small scattered sub-stations placed so 
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further ten selectors for each 100 telephones must be 
fitted, resulting in an apparatus which is capable of 
taking care of 100,000subscribers, each subscriber’s tele- 
phone having five figures in its number. This process 
may be continued indefinitely, but it is obviously im- 
probable that more than three selectors are ever likely 
to be required in practice. It will probably be clear 
at this stage, but should, perhaps, be pointed out that 
for an installation of 100 instruments only no selectors 
are required, and that the line-switch can be arranged 
to connect through direct to an unoccupied connector, 
two movements of the disc only being required to con- 
nect through. 

As stated at the beginning, this system has proved 


in every way successful in practice, and is in com- 
mercial use by about a quarter of a million subscribers. 
There is a feature of the apparatus to which this suc- 
cess is partly due, and which should be briefly noticed. 
This is the elasticity of the system, and the great 





that every subscriber will be within reasonable dis- 
tance of one of them. The subscribers’ lines will then 
run to the sub-stations, and from these trunks will be 
run to the central office, no more trunks being run than 
is required to deal with the peak of the load. These 
sub-stations would be quite small, and could be placed 
in quite inexpensive buildings, or even in street tanks. 
They would be run without attendants. 

It will be understood that this apparatus cannot be 
run absolutely without attention any more than any 
other apparatus can, and that with the small sub- 
stations as described above a certain number of roac- 
men would be required who would visit each periodic- 
ally. Similarly, for larger stations, attendants would 
be required to deal with trouble that might arise, and 
to generally look after the ama | of the plant. The 
number of these attendants would, of course, be muc) 
smaller than with a corresponding manual plant. °° 
that the cost of the buildings and furniture for their 
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accommodation would be less, as also the cost of super- 
intendence. Further, since these attendants welll be 
men, the type of accommodation would be of a cheaper 
and less complete type than it is necessary to provide 
for a staff of girls. 

Fig. 10, above, shows the interior of the Omaha 
automatic exchange, and illustrates the method of 
mounting the apparatus in vertical frames. It will 
be seen that the frames can be stacked comparatively 
close together, relatively narrow passages between 
them sufficing for inspection and repair, so that appa- 
ratus for a larger number of subscribers than is pos- 
sible with a manual system may be placed on a given 
area. This feature is of importance in exchanges situ- 
ated in the centre of towns, where land is expensive. 
In conclusion, it may be said that the Automatic 
Electric Company are now introducing a modification 
of the system described above, in which, instead of 
grounding the rotary and vertical lines, the mane | 
impulses are sent, in one or other direction, a 
the circuit formed by the two lines. Although the 
apparatus is modified in detail to suit this new system, 
the general scheme of connections and method of 
operation is not changed. 











Ex.ectric SHocks 1x Pusiic Batus. — A peculiar 
series of troubles from electric shocks, which recently 
befell the visitors of the public baths in Solingen, a busy 
manufacturing town of Westphalia, emphasises, among 
other things, the difficulties of securing a good earth. 
For three consecutive days bathers received shocks 
between the hours of 5 and 6.30 p.m. Those who went 
into the douche rooms suffered most when touching the 
rose, the rails, and the metallic soap basins, but the stair 
balustrade and the rails around the swimming baths also 
gave shocks, and bathers in their metallic tubs were 
troubled when getting into or out of their baths. Accord- 
ing to the Electrotechnische Zeitschrift, the trouble was 
traced down by the administration of the baths to the 
defective suspension of an alternating arc lamp for 15 
amperes at 34 volts. The carbons of this lamp are 
renewed every fourth day. When the upper carbon- 
holder was pushed up for this purpose, the naked 
stranded copper conductor—which was coiled about a 
rod, contrary to regulations—came sufficiently near the 
suspension chain afterwards to establish contact when the 
lamp was gently swinging to and fro and the carbon- 
holder slowly gliding down. It might have been thought 
that the douches and metallic baths would have been 
sufhciently earthed through the system of water-pipes, 
but this was evidentlv not so, 
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** COLLEGE TRAINING FOR ENGINEERS.” 
To THE Epitor oF ENGINEERING. , 

Sir,—I was much interested in your leading article, 
entitled ‘‘ College Training for Engineers,” in last week’s 
ENGINEERING. The following article deals with an aspect 
of the case which you did not refer to, and which, I 
think, is too often ignored. It appeared in the Glasgow 
Technical College Magazine in March, 1909, and it was 
written by a college-trained engineer, who would fain 
apply his scientific knowledge to practical work. 


Tue ENGINEERING INSTINCT. 

After many years of arduous labour attending technical classes 
the young engineer naturally thinks that he is fit to take a respon- 
sible position in the engineering world. A post of some respon- 
sibility falls vacant in the works where he served his apprentice- 
ship, but, much to his surprise and chagrin, he is over, and 
the appointment is given toa man with practically no technical 
education. The re has previously declared his belief in 
technical classes, and yet has given the appointment to the man 
least qualified in this respect. The explanation of this seeming 
paradox is that the most suitable man for the job was the man 
with the strongest engineering instinct, and that, too, in spite of 
the fact that of all the applicants he had the least technical 
education. By means of this instinct he can tell whether a design 
is good or bad, recognising the weak features at a glance ; and 
obviously a man able to do this is of much greater value than one 
who has to go through laborious calculations before he can form 
his opinions, and who will form entirely erroneous opinions if he 
makes a mistake with his decimal point. The consequence is that 
the men in responsible positions are not necessarily scientific. 
They are men who know instinctively when the calculations of 
their scientific assistants are correct. 

Generally an experienced engineer can arrive at a first approxi- 
mation without any science, and it is only when greater accuracy 
is required that the scientist, or so-called ‘‘ tame mathematician,” 
is called in. Keen competition has brought the scientist into 
more prominence, but still he is not so fun ental as the engi- 
neer, and therefore the engineer rather than the scientist is 
entitled to the greater remuneration, 

It is not only wasteful, it is dangerous, to place a man without 
instinct in a responsible position. For instance, the Quebec 
Bridge collapsed owing to the failure of a lower chord member. 
Instances might be multiplied, but enough has been said to show 
that the engineering instinct is a most valuable possession. To a 
certain extent it is hereditary, but undoubtedly it is developed 
by developing the faculty of observation. The reason, therefore, 
why it is often so much stronger in a man whose father has been 
an engineer is that the boy has grown up with engineering 
objects and ideas always before his eyes. 

Recognising the importance of this instinct and the fact that 
it is developed by observation, the young engineer should strive 
to keep his eyes open in all places, to pass no mechanism or 
structure—and where is the engineer's handiwork not to be seen 
nowadays ?—without asking the why and wherefore of it, to study 
as many engineering periodicals as possible, to listen to all criticism 
of work, and consider why some work is good and some bad. The 
country smithy and cycle-repair - ’ have been often a source of 
inspiration to the young engineer. Examples of work known to 
be bad often repay study, and may start a most far-reaching train 
of thought. 

Engineering is becoming more and more a science every day, 
but ic can never become a pure science; and if our technical 
colleges, instead of turning out scientific engineers, take engi- 
neers and make them merely scientists ; or, what is more to the 
point, if our engineering students devote too mnch time to pure 
theory in preference to the study of actual practice, then will the 
good work done by our colleges become of little advantage to the 
engineering industry. 


The above was written in response to the usual remark 
that employers showed themselves blind to their own 
interests in treating technically-trained men as they do. 
I feel, though, that apprentices have really some cause 
for complaint in shops where they are kept for the first 
year or two of their time as message-boys and candle- 
holders for journeymen, and for the rest of their time on 
a constant repetition of the same work. Such a policy 
may be a money-making one to the employer, but it is 
certainly not so to the nation. 

Yours truly, 
J. M. «MACKINTOSH 

8, Balshagray-avenue, Partick, February 14, 1910. 





To THE Eprror or ENGINEERING. 

Str,—Thanks to ‘‘ Perplexed,” whose letter has drawn 
from you such an excellent leading article on the above 
subject. Having served all the time usually given to 
apprenticeship in securing a college training, ‘‘ Per- 
plexed,” when about twenty years of age, wishes to spend 
a maximum of three years on practical work in the 
pattern-shop, fitting-shop, boiler-shop, drawing-office, 
and possibly foundry, plumbers’ shop, &c. Not having 
any time to spare on such work as young apprentices do, 
he would require to be put through a special course of 
training, necessitating the constant attention of the shop 
foreman ; he not only will earn nothing for his employer, 
but the extra cost of putting him through this course calls 
for a substantial premium weeny Ura by him, and as I do 
not take premium apprentices, being wishful to give all 
my boys an equal chance, I leave him to those who do. 

Whilst an experience of six months in each department 
might prove beneficial to ‘‘ Perplexed,” his practical 
knowledge of the work in any one of these special depart- 
ments would be of the most superficial character, and of 
little or no value to an employer as an asset. 

As a manager for many years who has been interested 
in turning out young engineers from these works as fully 
equipped as possible, and having allowed for some years 
alener proportion of apprentices to attend the day classes 
at our college than neighbouring firms, I am sorry to have 
to admit that the results of our college students has been 
far from satisfactory. Whatever be the cause, it is a fact 
that, in the majority of cases, youths who are allowed to 
go through the three-year course at our coll return to 


us at the end of a session without a particle of zest or 
enthusiasm for shop-work ; they not only have lost all their 
go and activity, but they come back with such an amount 
of self-satisfaction as leads one to conclude that in their 
own minds they have determined that 
is of little or no value. 


— work 


The results of college examina- 





tions also suggest that many of them aretreating the course 
as a holiday, and we have been compelled not only 
to fix a minimum number of marks they must obtain, 
but to take strict account of their attitude in the works, 
and decide from these as to whether they are to be per- 
mitted to continue their college course. 

Far be it from me to say anything against either our 
colleges or the tutors, but results do suggest that those 
whose business it is to make the appointments do place 
far too much reliance on men who hold diplomas, and far 
too little on those who have the special gift of cultivating 
active habits and enthusiasm for work in the pupils. 

Having had thirty years’ connection with science and 
art classes, as student, teacher, secretary, and chairman of 
committee, I naturally keep comparing results from these 
evening classes with those of our technical colleges, and, 
as I said before, I am far from satisfied with college results, 
even allowing for the time it takes to get a college into 
proper working order. I certainly feel that those parents 
who are unable to give their sons a college training, and 
have to be satisfied with their boys working a full five 
ape in the shops and making up their technical education 

y attending evening science classes, have nothing to fear. 
Yours faithfully, 
ALFRED HARRISON. 

Scotia Engine Works, Sunderland, February 15, 1910. 





To THE Epitor OF ENGINEERING. 

Sir,—In common, I am sure, with a large number of 
your readers, I greatly appreciate the article bearing the 
above title, which appeared in your issue of last week. 
I feel very strongly myself that what is wanted in educa- 
tion is to learn to do what you have to do, and that the 
best way to learn is to go on trying todoittill youcan. If 
you want to learn to skate, you will learn quicker by 
getting a pair of skates and practising than by studying 
the theory of the inertia of moving bodies, on which 
stability when doing, let us say, “‘ rockers” depends, If 
you can get a good skater to watch, you will learn quicker 
still. So I believe that the first step towards making 
money in engineering is to get into good works which 
are doing so, and see actually how it is done. 

It seems to me that for the very large proportion of 
jobs which a young engineer is likely to get, the college 
education is of little use and the shop knowledge invalu- 
able. I speak, of course, most from my own experience, 
which was also that of the fair number of pupils who, 
during later years, passed through my hands. Amongst 
these there were many who, after their term, could not be 
trusted with the command of half-a-dozen men or the 
fitting of an engine into a boat or similar work; yet 
this is the sort of job a man must prove himself capable 
of doing before he gets a more responsible one. College 
education would have made these men no better—perhaps 
worse. 

How can a college man learn all the innumerable 
points upon which the success in commanding men depends 
—e.g., how to get two antagonistic men to work together, 
how to keep his men sober, &c. ? The man who has worked 
as a mate with the men in the shop learns their ways, but 
this is not taught at college as a rule. 

Personally, I think in my management of my own 
business, I made, even at the start, very few mistakes 
which would have been avoided by a more scientitic 
training, but innumerable errors owing to the want of 
practical experience. Perhaps this has prejudiced me, 
and I have no wish to decry the merits of a college for 
teaching certain things; but I am sure that it will not en- 
tirely or even mainly take the place of shop practice. The 

eat advantage of the college is that it can look at things 

rom a theoretical and outside point of view, and can 
analyse the reasons why things are done, while in the 
shop those concerned are generally content to know that 
they are done without knowing wae. ‘ 


I am, yours truly, 
London, February 15, 1910. An EMPLOYER. 





To THE Eprror oF ENGINEERING. 

S1r,—I read with great interest the letter on the subject 
of ‘‘ Engineering Education,” written by ‘‘ Perplexed,” 
which you published in your issue of the 4th inst. The 
education or training of engineers is such an important 
subject, and the present system is, to my mind, so far 
removed from the ideal, that correspondence dealing with 
it will, at this time, be more widely read than that upon 
any other subject. 

The training of engineers may be divided into the theo- 
retical side and the practical side, and I should like to deal 
briefly with both. Taking first the theoretical side, the 
salient facts are as follow :—There are many good institu- 
tions (universities, colle and technical schools), with 
able men on the staff, and with well-equipped laboratories, 
engaged in the training of young men in the theoretical side 
of engineering ; from these facts the uninitiated would 
conclude that this side is not only well provided for, but 
also well done. But ‘‘ Perplexed ” in his letter says: 
‘*Having been to college, in many instances, is an actual 
ep to a young man, instead of being the making of 
him.” I have no doubt that this statement will be en- 
dorsed by many men who have been through a college 


course. 

I believe the reason for this is that the young men 
are taught what is called “ practical wok ” ain the 
college, but the college practical work is not wanted in 
the works, and the young engineer on learning this feels 
as ‘‘ Perplexed” must have done when he wrote his letter. 
I wish to suggest three changes or modifications in the 
theoretical side of engineering training ; two of these are 
rendered n by the complaint in ‘‘ Perplexed’s” 
statement above, while the second is the outcome of 
the experience of many of my friends ; these suggestions 


1. I strongly condemn workshop practice in a university 





or similar institution, for the simple reason that what the 
students get is not engineering workshop practice, but 
college workshop practice, and this is anything but the 
‘“*real.thing.” In order to learn engineering workshop 

ractice one must work in a shop in which the dominat- 
ing factors are excellence of workmanship and economy ; 
that is, in a shop where machinery is manufactured 
to sell in competition with the products of other 
works. Such experience cannot be obtained in the colleve 
workshop, because there equipment and conditions of 
working are not suitable; and I suggest that the time now 
spent in the workshop be devo partly to laboratory 
work and partly to learning to use measuring instruments 
and limit-gauges, marking-off, hand-work, and simple 
processes, which, while being part of the engineering 
workshop training, can still be efficiently taught in the 
college workshop. ; 

2. 4 suggest that an engineer should be taught mathe- 
matics by an engineer, and not by a mathematician ; I 
make this suggestion because the mathematician, having 
to teach physicists, chemists, and mathematicians, as well 
as engineers, can only regard his subject from the mathe- 
matician’s point of view, and the engineer may therefore 
be compelled to spend valuable time in the study of 
things which are of little use to him. 

3. I am of opinion that the teaching of ‘‘ machine 
design” will be greatly improved if students are taught 
to get out quantities and to estimate times and costs; but 
this knowledge must be imparted in a rational manner, by 
which I mean the student will find it a help, and not a 
hindrance, in the drawing-oftice of the works. I would, 
therefore, like to see every design, no matter how simple, 
accompanied by a table of quantities and an estimate of 
the cost and time, 

If these suggestions be adopted, the works manager 
will look upon the college student as an acquisition rather 
than as one who has much to unlearn, as he often does 
to-day, and the statement of ‘‘ Perplexed,” referred to 
above, will bea thing of the past. 

In regard to the practical side of engineering training, I 
notice that ‘* Perplexed” says: ‘‘Thus aman who wants to 
be a first-class engineer can only officially enter one shop, 
generally the fitting-shop, as an apprentice fitter, and 
what he learns of other trades, such as pattern-making, 
moulding, &c., is done on the sly...” I am glad to 
say that everything points to the fact that we are slowly 
but surely putting this bad system behind us ; some time 
must elapse before the correct system of workshop train- 
ing, in which the young man goes through all the shops, 
is universally adopted; but it is certainly coming. 
Whether we are following the Germans in this, or 
whether we are waking up to the fact that we must 
revise our system of practical training “‘on our own,” it 
is difficult to say ; very probably both these influences are 
at work. 

The Germans are far ahead of us in the matter 
of workshop training, not only in regard to the system, 
but also in what we might call accessories ; for example, 
they have books dealing with the ‘‘ workshop alpha- 
bet,” those things one acquires unconsciously when 
working for several years in the workshop — things 
which the workman considers to be so simple that they 
are not worth telling. The young man who goes into 
the workshop for the first time is greatly assisted by a 
book which deals with these ‘‘ easy-when-you-know-how ” 
things; and I am glad to see that Messrs. Archibald 
Constable and Co., Limited, are to publish one of these 
books translated from the German. I feel sure that such 
a book will help the change from the old to the new and 
improved system of practical engineering training. 

Yours truly, 
JOHN A. DAVENPORT. 

20, North John-street, Liverpool,'February 16, 1910. 








“GAS OR OIL-ENGINES FOR MARINE 
PROPULSION.” 
To THE Epitor or ENGINEERING. 

Smr,—An engine that is simple in construction, but 
notoriously inefficient in operation—an engine that is so 
limited in its starting capabilities that once it is started, 
and the vessel is unmoored, it cannot be permitted to stop, 
in case it will not start again at the instant required—an 
= that is only capable of being reversed by violent 
and excessive straining of its parts is not, in my opinion, 
a satisfactory engine for marine propulsion. If anything 
I have written can be taken as an “‘unsolicited testi- 
monial” for such an engine, then Mr. Walter Pollock is 
quite welcome to it. 

His statement, ‘‘The Bolinders VII. has run_ over 
8000 miles without having her engines in the shops,” it is 
very agpaceet, conveys a considerable amount of surprise 
and relief that the engines have proved capable of stand- 
ing the ill-treatment meted out to them. Comparatively 
small engines are usually built with such a possibility 
before them. es 

I wonder if Mr. Pollock would be quite so happy in his 
mind had the engines been 900-horse-power instead of *0 
only. I shall be happy to avail myself of his offer to 
inspect the engines, and in return will give him an oppor- 
tunity of seeing how internal-combustion marine engines 
should be built to obviate all the present difficulties, and 
to make such engines act in all respects like the present 
steéam-engine. 

Until these engines can do so, there is no prospect of 
any decided progress in ship-propulsion by internal-c.12- 
bustion engines being made. What would be tolerated 
on a fishing-smack or a barge could not in any way %¢ 
— on a ship requiring thousands of horse-pow er 
or its propulsion. 

To argue that experience with clutches, gear-boxes, 
uty ropellers, or even reversible — suchi as 


Mr. Pollock’s, is of any further value than that of shows 
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ing what to avoid when considering the propulsion of 
ships, seems to me quite beside the question. ; 

There has been a fair amount of progress made with 
high-power gas-engines in land service, and it is nearly 
ten years since gas-engines began to be prominently dis- 
cussed as probable competitors with the steam-engine in 
marine service, but in the latter service little or no pro- 
gress has been made. To me the reason appears to be 
that established gas-engine builders have not sufficient 
inducement to enter the field, while such marine-engine 
builders as have attempted to do so have relied too much 
on land-engine precedent, and produced engines which are 
neither land nor marine engines. 

There are certain constructional features wherein the 
internal-combustion marine engine must resemble the 
land engine in the same way that the marine steam-engine 
resembles the land steam-engine ; but beyond that point 
the internal-combustion marine engine is not likely to 
develop on similar lines to existing constructions. 

Neither is it at all probable that electricity will be 
called in to assist in the development. The speed of a 
gas-engine is not the speed of a steam-turbine ; in fact, is 
quite as limited as the speed of the steam-engine. : 

When enthusiastic advocates of the gas-engine refrain 
from absurd statements that peter ary can be built 
lighter than steam-engines, and content themselves with 
promising as light an installation as the steam installa- 
tion, and one that will operate with the established 
economy of gas-engine installations, there will be fewer 
cases of disappointment and disillusionment. 

Yours truly, 
Jas. DUNLOP. 

69, Armadale-street, Dennistoun, Glasgow, 

February 14, 1910. 








‘THE SPHINGOMETER.” 
To THe Eprrorn oF ENGINEERING. 

Sir,—Your correspondent, Mr. Davidson, in_his letter 
published on page 185 of your last issue, raises issues 
similar to those raised by Mr. Scoble a month or two ago. 
Doubtless he did not see in time the replies to those queries. 

Regarding the question of changes of temperature, it 
seems certain that a heavy piece of steel, fixed in a 
machine of great mass, will not be quickly susceptible to 
the very slight variations in temperature of the air of the 
laboratory. It is also unlikely that the heat produced 
by the work of straining the specimen will be enough to 
cause an appreciable temperature rise. The experiments 
made by Professor Smith to determine the shift of the 
zero over a given time have shown that for his work the 
change is such that it may be neglected. 

It may also be noticed that the strip is of fairly con- 
siderable mass, and is shielded by heavy brass tubes. 

Mr. Davidson, in common with many other critics of 
the sphingometer, seems to make the mistake of confusing 
two problems. 

1. That of measuring lengths of, say, 1 yard to within 
is _ in. 

2. That of measuring small increases of length of, say, 
in Professor Smith’s case, z,55 in. hese are two en- 
tirely distinct matters. The first uires an accuracy 
to within 1 part in 100,000, and sensitiveness to deter- 
mine the last figure. The second a comparatively small 
real accuracy, say, 1 part in 100, but the sensitiveness as 
high as possible. Mr. Davidson rightly says that Pro- 
fessor Smith detects changes of 5 jo, 99 12- 


When dealing with the detection and measurement of 
these small quantities, we determine by some means (the 
micrometer in this case) as accurately as possible the 
maximum extension required, and wind a strip so as to 
give, with this extension, movement of the spot of light 
of about 500 millimetres. These may be estimated to one- 
tenths, so that we can subdivide the maximum extension 
into 5000 parts. In Professor Smith’s instrument about 
iooe 1M. Was so subdivided. Some strips have been tried 
in which the maximum extension was about yqy5 in., but 
— were too sensitive for ordinary testing-machine 
work, 

_-\s the maker, and one partly responsible for the mecha- 
nical arrangement of the instrument, I thank Mr. David- 
son for his appreciation in last week’s issue. 

Faithfully yours, 
; E. rans Cook. 

68, Dawlish-read, Leyton, N.E., February 16, 1910. 





To THE Eprtor or ENGINEERING. 

‘in,—I have to thank Mr. Davidson for his letter in 
your issue of last week. His appreciation of the tests 
1uade with the sphingometer is most encouraging. 

"he name has puzzled several friends, and possibly 
Sule sort of explanation of it is needed. It was desired 
to express the fact that the principle of the instrument 
could be applied to measure strains in any direction. 
‘us it could measure extensions, compressions, deflec- 
tions (due to bending of beams), and torsion strains. It 
was considered to bean extensometer, torsion-meter, &c., 
and therefore the words ‘extensometer ” and “ torsion- 
meter” did not seem altogether spitable. Further, it 
did et So extensometers do not do: it 
‘measured the bending of columns, and maximum as well 

mean strains. Our Professor of Classics kindly sought 
cut a suitable word. He su ted, and we accepted, 

phingometer.” He toand the most suitable word 

‘vy, or sphingo, to compress. We might have used 
compressometer, but the word hardly conveyed the mean- 
ing required. We therefore adopted the word above. It 
as, at any rate, something different from torsion-meter 
or extensometer. 
i Neither myself nor the makers of the instrument claim’ 
a accuracy suggested by Mr. Davidson. When, in 
able B, I wrote for calibration of strip 1 the one scale 








division = 0.0000219., I put down the figure 219, from the 
slide-rule division, and the decimal places were then added. 
It is a common practice to work to that figure on the 
slide-rule, irrespective of the sensitiveness of the strip. 
In plotting the curve such refinements disappear. 

o greater accwracy is claimed than is obtainable with 
any extensometer calibrated with a micrometer screw. 
_ We do, however, obtain a greater sensitiveness. This 
is most useful for detecting the earliest signs of yie!ding. 

Accuracy is essential only for (1) calculation of stress 
distribution at elastic breakdown, (2) calculation of con- 
stants. 

The total extension of a bar up to yield-point is used 
to determine (1) and (2). Thus the figure 0.0000219, may 
become of the order 0.0219. By plotting scale divisions 
against micrometer readings we obtain the records. 

Sensitiveness is quite another problem. 

We do not claim to obtain the yy, in. more accurately 
than the makers of other instruments ; we do, however, 
claim to divide the ;sy5 in. more accurately. 

_ The twisted strip gives a la motion to a beam of 
light when the strip is only slightly extended. This 
renders it possible to make small measurements of the 
second order with the same accuracy as the micrometer 
makes smal] measurements of the first order. 

It may be well to state clearly the claims made for the 
sphingometer; they are :— 

Measurement of strains in any direction. 

2. Measurement for calculation of maximum as well as 
mean strain. 

3. Flexibility as regards length between gauge-points. 

4. Low initial cost. 

We have made tests concerning the effect of tempera- 
ture and find that it is a much-over-rated trouble. It 
must be remembered that a test is made immediately 
after calibration. The temperature of the laboratory 
containing a testing-machine does not usually vary appre- 
ciably in half-an-hour. 

If extremely small and very accurate measurements 
are uired, it would seem that the principle of the 
twisted strip lends itself to such work. The difficulties 
to be overcome are, of course, numerous, but they do not 
seem to be insuperable. 

Yours faithfully, 
C. Atrrep M. Smira. 

East London College, University of London. 








“THE FORCE OF THE WIND.” 
To THE EpiTor OF ENGINEERING. 

Sir,—In reply to Mr. Gheury’s letter in your current 
number, ‘‘ corresponding speeds” is a term used in naval 
architecture in connection with the law of similarity. 

If the linear dimensions of two similar bodies are in the 
ratio of Z to 1, the “‘ corresponding speeds” are in the 
ratio .//to 1. At such speeds the phenomena attending 
the motion of the two bodies are exactly similar. In the 
case of square plates of sides 5 ft. and 1.77 in. respec- 
tively, 2 is nearly 36, and the speed of the larger plate 
“corresponding” to 20 miles an hour for the smaller is 
thus ,/36 x 20 = 120 miles an hour. 

I am, Sir, yours faithfully, 
A. W. Jouns, R.C.N.C. 

104, Huron-road, Upper Tooting, 8S. W. 

February 14, 1910. 








THE LOCAL GOVERNMENT BOARD AND 
REINFORCED CONCRETE. 
To tHE Eprror oF ENGINEERING. 

Srr,—The attitude of the Local Government Board or 
their engineer in refusing to allow loans tw local authori- 
ties for the construction of works in reinforced concrete 
on the same terms as in cases where other materials are 
used, is by this time sufficiently notorious. But we think 
that the hardship inflicted upon small local authorities, 
and upon firms such as our own, whose business it is to 
design or oe work in the material, is not fully 
appreciated. e should like, therefore, to call attention 
to a recent case (which is far from being an isolated one) 
in which we have received a letter from our client stating 
that he has just been informed by the Local Government 
Board that only ten years can be allowed for a loan with 
which a reinforced-concrete tank was to be constructed, 
and that therefore the project must be abandoned. 
Several designs for this tank have been prepared by 
us, and negotiations have been continued between 
the contractor, our client, and ourselves for some 
months ; yet when these have been brought to a 
conclusion that is eminently satisfactory to the would- 
be owners of the tank, owing to the economy, both in 
original cost and upkeep, of reinforced concrete as com- 
pared with any other material, the whole of the trouble 
and expense is absolutely thrown away by the action of 
the Local Government Board. In addition to the waste 
of labour thus caused, the Local Government Board are 
preventing the local authorities in question from reaping 
the benefit of the economy and other advantages of this 
material. 

That such acventnate do actually exist, and are not 
merely the product of imagination, is sufficiently proved 
by the action of the Admiralty, War Office, rd of 

orks, railway companies, and large commercial firms, 
who have to such a large and increasing extent embarked 
upon the use of reinforced concrete. _ 

It is absurd to suppose that such bodies would adopt a 
material whose life was supposed by their technical ad- 
visers to be only ten years. Up to the present, deputa- 
tions, correspondence, and personal interviews have all 
met with the same fate, and have proved to be utterly 
ineffectual in obtaining the necessary consideration. 

The President of the Local Government Board is, no 
doubt, ruled in these matters by his chief technical ad- 





viser; but surely when the consensus of professional 
opinion is so clearly against the advice which appears to 
be given to him, it would be to the public advantage if a 
committee of independent experts were appointed by 
the President of the Local Government Board to advise 
him as to whether the action of his technical adviser is 
in accordance with the accepted opinion of the engineer- 
ing profession, or is the outcome of a more or less personal 
bias against the particular material in question. 
Yours faithfully, 
Patent INDENTED Stet Bar Company, Limitep. 
Queen Anne’s Chambers, Westminster, 
London, 8.W., February 8, 1910. 








THE EXAMINATION OF THE INSTITUTION 
OF CIVIL ENGINEERS. 
To THE Eprtor oF ENGINEERING. 

Srr,--In the recent examination for the election of 
associate members of the Institution of Civil Engineers, 
question 1 of the Theory of Structures r reads as 
follows :—‘‘ A continuous girder of length | 4 rests upon 
three re on the same level, the spans being equal. 
A load W is placed on the centre of each span ; find the 
pressure on each of the supports, and draw the diagrams 
of the bending moments and shearing stresses. A hinge 
to be placed at a point one-ninth of the span on the abut- 
ment side of the centre piers, but no hinge in central 
span.” Now it seems to me that if the girder rests on 
three supports, there can be no central span, and only 
one centre pier; in any case the meaning is not clear. 
Would it not be well to have the papers worked by some 
independent person before they are set at the examina- 
tion, so that any unnecessary difficulties that occur may 
be eliminated ? 

Yours truly, 
STUDENT. 








‘*THE HUMPHREY GAS-PUMP.” 
To THE Eprtor oF ENGINEERING. 

Srr,—I have read with much interest your excellent 
article on the mathematics of the Humphrey pump, and 
you appear to have stated the case very clearly. 

In my remarks in the discussion at the Institution of 
Mechanical Engineers I stated (perhaps with not suffi- 
cient explanation) that under certain conditions the 
length of play-pipe would become a considerable multiple 
of the length of the lift. 

My reason for making such a statement was my prac- 
tical —— of the obstinacy of pump-valves, which 
must limit the number of cycles, and I assumed the 
number in use. 

I am not a mathematician, but, assuming the number of 
cycles to be constant, is it not the case that the length 
of play-pipe becomes a multiple of the length of the lift? 


Yours wey, 
Ewell, February 14, 1910. ENRY DAVEY. 


P.S.—I gave my formula to Mr. Humphrey at the 
meeting, which showed clearly that the length of play- 
pipe might be shortened by decreasing the volume 
pumped per cycle. 

[We are not quite certain that we fully understand 
Mr. Davey’s query in the last paragraph of his letter. 
As our article showed, a short she-oles can be used, so 
far as the mathematics of the pump are concerned, with 
any head and with any number of cycles per minute. 
Fixing the number of cycles, in fact, is merely equivalent 
to fixing the maximum velocity, and this can be chosen 
at will. In our article we took 14 ft. per second as the 
maximum velocity of the liquid, and with the 25-ft. pipe 
this gave 75 cycles per second. If the maximum velocity 
were halved, the number of cycles with the same play- 

ipe and the same lift would also be ap moe how 
ay whilst were the maximum velocity Aoublod the 
number of cycles with the same length of play-pipe and 
same height of lift would be approximately doubled. 
There is thus no direct connection between the length of 
play-pipe and the height of the lift. In practice, of 
course, there are limits to the maximum velocity of flow 
which is practicable, but the difficulties are not inherent 
in the principle of the pump, but in such matters as the 
provision of adequate valves and the like.—Ed. E.] 








WOHLER TESTS. 
To THE Epiror or ENGINEERING. 

Sir,—I shall be obliged if any of your readers can refer 
me to any modern torsion experiments with mild steel 
specimens under varying loads—t.c., under the Wohler 
test—and also to any tests made to determine the ratio 
between the strength of mild steel in shear and the 
strength in tension under the Woéhler test. What is the 
character of the fracture in the Wohler torsion test? I 
understand that ductile mild steel under the Woihler 
tension test fractures like a brittle material. Is this 
result always obtained in Wohler tests? 

Yours truly, 


T 








Tae Humpurey Pump: Erxratvm.—An error in tran- 
scription appears in our article on the above pump, pub- 
lished in our last issue. The equation near the top of the 
third column, page 182, printed as 


pm 4. 150 \_ 
FD =FH x| +11. |i = 0.9710 (2% \im = 2.442 ft. 
x [its |e? 0.9710 (35 ew 2,442 ft., 
should read 


P, 41 150 \.} 
FD=FH 1 | ica7 = 0.4872 ( ) = , 
x (a's li 37 7 14.9 1.37 = 2.442 ft 





The final result was printed correctly, as shown 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 2. 

Tue extraordinary demand for basic pig iron during 
the past two months has had the effect of stimulating 
production to the very utmost. Three or four furnaces 
in Northern Alabama have been turned on to basic, 
and production everywhere has been expanded. Some 
recent happenings in the market would make it appear 
that the stringency and upward tendency were past. 
Incidental to the development was a speculative de- 
mand, which for the time imparted a false appearance 
of activity. The basic iron which was purchased by 
speculators gave the market the appearance of scarcity, 
which was not in accordance with the actual condition. 
Within a few days a disposition has been shown to let 
basic go at a little lower figure. Its price just before 
the close of the year was 17.50 dols. at Valley furnaces. 
Within a day or two sales have been made at 16.25 dols. 
for second-quarter delivery, and 16.75 dols. for third- 
quarter delivery. With every furnace producing to 
the limit, with forward requirements fairly covered, 
and with speculatively-held iron being offered on the 
market, it is not to be wondered at that basic pig has 
weakened somewhat. It would not be surprising to 
see a further slight decline in the market. The large 
buyers of foundry iron, who usually purchase early in 
the spring, are now making inquiries, and if any con- 
cessions are offered, large transactions will result. The 
same is true of forged iron, so far as the Western mills 


are concerned. Should furnace interests hold prices at 
the top Jevel, it is probable that there would be little 
activity in pig iron for a few weeks to come. With 


coke showing signs of weakness, consumers do not fee) 
that prices should remain at the top notch. The pro- 
duction of coke will be considerably enlarged by mid- 
summer, aud quite a number of the larger coke con- 
sumers have contracts covering up to that time. 

The arrivals of ore at this port from other countries 
for the first three weeks of this year amounted to 
135,000 tons, which is the heaviest on record for three 
weeks. The supply of hard and soft coal is abundant, 
and the only cloud in the sky is the possibility of 
strikes for higher wages. The National Convention of 
Miners has been in session for some time, and the tone 
of the proceedings and speeches is indicative of a spirit 
of unrest. There may be no strikes, but with the cost 
of living climbing upward, the indications are the other 
how The Miners’ organisation is a compact body, 
and if they make demands they will be seriously con- 
sidered by their employers before courting trouble. 
The demands might amount to a 10 per cent. increase. 
Agitation continues among all classes over the higl 
price of living, and the agitation will not subsidk 
unless some earnest attempts are made to check the 
tendency and to bring about normal prices. 


February 9. 

A slight wavering in prices for nearly all iron and 
steel products has been noticed within a week. The 
meaning of this unexpected condition is giving quite a 
number of consumers something to think about. Early 
in the year there was heavy buying of material and 
ordering for late delivery, which was a surprise to 
most of the large manufacturers. The bulk of these 
early January orders were taken at the very topmost 

rices. The evidences of an expanding demand which 
yecame manifest in the early autumn aroused the 
attention of the manufacturers to the probabilities of 
a long continuance of these favourable conditions. 
This led to efforts to expand capacity, which has been 
going on ever since. At the same time speculators 
entered the market and created a false demand, 
which deceived some of the larger consumers. A 
ood many of the larger consumers have recently 
decided to await developments, and not place their 
orders as soon as they otherwise would have done. 
This decision has brought about a lessening of demand, 
especially in all kinds of crude material for steel and 
semi-finished steel. As an outcome of this policy 
there has been a quivering in the stability of prices. 
The orders for the past week have been exceptionally 
light. Demand will naturally be held until the larger 
consumers can determine what is best to do under the 
evidences of increasing production. It is not believed 
in well-informed circles that there will be any material 
decline in prices; but it appears to be pretty well 
established that there will be no advance. The steel 
industry cannot be much affected, because it is pretty 
well sold up for five or six months, on bars, plates, 
sheets, tin-plates, and shapes. 

Steel-makers and the builders of railway equipment 
are giving close attention to the possibilities of ex- 
panding their export trade. There are possibilities in 
the Orient, especially in China, for a large volume of 
business, and it is being looked up. Car-builders are 
doing a fair business in cars for tramways in different 
countries. Those who are keeping in touch with the 

ibilities in this direction recognise that in the next 
ew years the new methods of city transportation will 
become very general, and that a large business can be 
pats established. American steel-makers are 
ooking far ahead, and recognise that the establish- 
ment of an export trade is of vital importance. 





THE BREAKING 


UP OF HMS. 


«THUNDERER.” 











Tue illustration above 1s an interesting reflex ot the 
continuous advance in naval construction, especially 
in view of the juxtaposition of the engraving of the 
Vanguard. The view shows the old battleship Thun- 
derer being broken up after 33 years’ service, during 
which she never appeared in war. Sle was coughed 
in 1877, and was 285 ft. long, 62 ft. 3 in. beam, and at 
a draught of 27 ft. displaced 9330 tons. She had a 
central citadel of 12-in. and 10-in. 





BUILDING SHED 











armour, which in the view above resembles a concrete 


‘citadel wall, and within this were located the two 


wrought-iron | 


pairs of guns. Originally the vessel had only two 
38-ton muzzle-loading guns ; but later was fitted with 
the four 10-in. 29-ton guns seen in the view. For 
some years the Thunderer has lain at Motherbank as an 
obsolete ship, and was lately sold to Castles’ Shipbreak- 
ing Company, Ltd.,at Woolwich. She will give employ- 
ment to 100men for nearly two years in demolishing her. 


FOR THE ADMIRALTY ATRSHIP. 











THE accompanying illustration 1s interesting, not 
only from the point of view of constructional steel- 
work, but also as an indication of the provision made 
to ensure secrecy in connection with some forms of 


Government work. The view shows the shed being | as is the case withthe airship buil ing-shed, and 
erected at the Vickers naval construction establishment | any case the reputation of the Vickers Company 


at Barrow-in-Furness to enable the firm to construct 
the one for the British Admiralty without the work 
being visibl 
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one to the other, with framing to carry the hght canvas 
covering which will be sufficient protection against 
weather and prying eyes. We believe that the progress 


made with the material of the airship itself is as great 
it 


18 


sufficient to ensure not only satisfactory design and 
rapid construction, but also exhaustive experimen il 


e to the public. The building, as seen from | research during oe aaa of the work, and with tne 


the public road, seems to be about 600 ft. long, and its | ship when complete 


height considerably exceeds 100 ft. Its great dimen- 
sions are snneenel | by the comparative proportions of 
the men who may be discerned as small specks on some 
of the roof principals. i 
of columns and roof principal is practically a con- 


tinuous unit, of lattice construction, thoroughly braced | T 





It will be noted that each pair! Company, Limited, announce an interim dividend 








GiovucesteR Wacon, &c., Company, LiMIrvED. —The 
directors of the Gloucester Railway Carriage and Wag: 


~ 


r cent. per annum for the second half of last year, 


5 
is is the usual interim distribution, 
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centrated on the hull construction, whereas the Barrow 
establishment, during the period of construction of the 
Vanguard, has been employed on much equally im- 
portant work, to be completed with corresponding 
expedition. Only exceptional resources and the avoid- 
ance of labour difficulties can ensure the completion of 
a Dreadnought within two years. Of this fact the 
appended table affords testimony. It shows the dates 
of the laying of the keel and of commissioning of six 
Dreadnoughts, and the time occupied in their con- 
struction. 























Where P Com Time 
Name. Built. Keel Laid. missioned, taken. 
months 
Bellerophon .. Portsmouth! Dec. 3, 1906 Feb. 20, 1909 26: 
Téméraire .. Devonport Jan. 1,1907 May 15, 1909 28. 
Superb . Elswick Feb. 6, 1907 »» 29, 1909 27 
St. Vincent .. Portsmouth| Dec. 30,1907 March, 1910 27 
Collingwood.. Devonport | Feb. 3, 1908 pA 1910 26 
Vanguard Barrow April 2, 1908 » 1, 1910 23 


The Vanguard has been completed just within the 
23 months, but the other ships have taken from 26 to 
284 months. It is true that labour disputes have 
influenced the results, but these are contingencies 
which must be ahticipated. In arranging a 
to ensure our required standard of prams! relative to 
any foreign fleet at any future date, 27 months would 
seem, therefore, to be the minimum period allowable, 
notwithstanding the creditable performance of the 
Vickers Company. 








NEW STEAMERS FOR THE NIPPON 
YUSEN KAISHA. 
(Concluded from page 144.) 

In continuation of the illustrations of the four new 
twin-screw steamers built for the Nippon Yusen 
Kaisha by the Mitsu-Bishi Dockyard and Engine 
Works, Nagasaki, Japan, we reproduce on our two- 
page plate plans and sections showing the general 
arrangement of the machinery on the ships, and on 

ge 212 a perspective view of the Kitano Maru on 
trial, and of the machinery of the Atsuta Maru in the 
shops. 

Each vessel is fitted with a twin set of triple-expan- 
sion engines, each set having a high-pressure cylinder 
25 in. in diameter, an intermediate cylinder 414 in. in 
diameter, and a low-pressure cylinder 69 in. in dia- 
meter, the stroke in all cases being 48 in., to work with 
a steam pressure of 200 1b. per square inch. The 
arrangement of the cylinders is shown on the plan, 
Fig. 28. The high-pressure cylinder is fitted with 
piston-valve, and the intermediate and low-pressure 
cylinders with slide-valves. The intermediate-pressure 
cylinder slide-valve is balanced, and is known as a 
square piston-valve. Dewrance’s impermeators are 
fitted to the intermediate and low-pressure casin 
covers. The packing-rings for the high pressure anc 
intermediate-pressure pistons are of the Ramsbottom 
type, provided with restricted movement. Packing for 
the low-pressure piston is of simple design, so that 
spare springs may be easily procured. 

All the working parts of the engine are made to 
standard gauge, so that the minimum of spare gearin 
has to be carried. They are of ingot forged steel, 
while the propeller shafts are of patent ‘‘ Lockfast” 
iron. The propellers are right an 
with four blades, of Stone’s manganese bronze, and 
fitted with a large elongated cone over the nut. After 
a series of trials the propellers proved to be highly 
efficient. 

Box columns are adopted for supporting engine 
eylindefs, as shown in Figs. 27 and 34: one serves as 
a hot-well and ale-veesel for the air-pump, while 
others serve as reservoirs for lubricating oil. 

The condensers, which are separate, have stron 
cast-iron casing, with rolled gun-metal tube-plate, an 
tinned, solid-drawn brass tubes. The top of the 
condenser is se shaped (Fig. 29), so that the 
exhaust steam from the engine flows uniformly all over 
the tubes. 

The various auxiliary appliances, as shown on the 
lan and sections on the two-page plate, are as fol- 
ow :—Edwards’ patent single-acting air-pump, Weir's 
patent teed-heater and automatic pumps, circulating 
pump, feed-water filter, auxiliary condenser of Mori- 
son’s ‘*Contraflo” typ2, also pumos forsanitary purposes, 
for washing decks and fire-extinguishing, and for 
supplying fresh water for passengers’ use. There are 
also bilge and ballast pumps. The distilling plant 
consists of one large evaporator, by Messrs. Weir, 
capable of producing from sea-water 40 tons of fresh 
water per twenty-four hours, and one distilling con- 
denser having an output of 7000 gallons of pure fresh 
drinking water per day. 

The engine compartment, notwithstanding the com- 
pleteness of all auxiliary appliances, is very roomy, as 
is shown in Fig. 28. 

The boilers are arranged in one compartment, as 
shown in Figs. 27, 28, and 30. There are six single- 
ended boilers. Each boiler (Fig. 30) is 14 ft. 3 in. in 


left-handed, each | 8Y 





diameter and 11 ft. 6 in. long, and has three fur- 
naces. The flues, which are of Morison bulb suspen- 
sion type, have an internal diameter of 3 ft. 5 in. 
The boilers are worked at a pressure of 200 lb. to the 
square inch, and are on the Howden forced-draught 
system. Two fans are fitted as shown in Figs. 27 and 
30. Each has one special high-speed single-cylinder 
double-acting engine of the open type, and is capable 
of working all, boilers when the main engines are 
running at indicated horse-power on service. 
There is one large funnel, circular on plan, 12 ft. 9 in. 
in diameter and rising to a height of 110 ft. above the 
keel of the vessel. The funnel is double, the space 
between the inner and outer funnels being utilised for 
ventilating the boiler-room and stokeholds. The pro- 
vision for the disposal of the ashes has been made b 
fitting two powerful See’s ash-ejectors, one in eac 
stokehold, worked by a special donkey-pump (Fig. 30). 
In all cases the lanapeos trials were run on the 
measured three-mile Government course outside of 
Nagasaki Harbour, under the supervision of the 
Government officials. Table III. gives the results of 
those runs : ~ 
Tasie III.—Mean Results of Full-Speed Trials of ‘‘ Kamo 
. ** Hirano Maru,” Atsuta Maru,” and ‘‘ Kitano 
aru. 





** Kitano 


























“ Kamo * Hirano ** Atsuta 
Maru.” Maru.” Maru.” Maru.” 
Number 
Runs. | 16/6/1908. 16/11/1908. 15/2/1909. | 12/4/1909, 
Speed| Revs. Speed. Revs. Speed. Revs.|Speed Revs. 
no | knots knots knots 
1 down (16.554 93 16.510 93.25) 16.687 98.25 | 17.053) 96 
2up_ .. 16.284) 93.5 16.621 | 93.25 | 17.387 | 97.75 | 17.218 97.25 
38 down 16.594 93.5 16.532 | 93.75 | 16,710 93.25 17.194 97.38 
4up ../ 16.467 93.5 16.598 (93.75 17.314 | 97.75 17.266 97 
5 down = 16.105 90.5 16.598 93.50 16.621 97.5 | 17.030) 96 
6up .. 16.084 90.25 16.554 93.75 17.266 97.5 | 17.194) 96.25 
Mean 
of 16.41 16.437 17 | 17.19 
Means J | 


It will be seen that the performances of all the  ~ 
were exceptionally favourable and satisfactory. In 
service the four vessels have proved themselves most 
economical in working, and have given every satis- 
faction to the owners, 





Ruapy ENGINngertnG Society CoNVERSAZIONE.—The 
Rugby Engineering Society held their second conver- 
sazione at the Town Hall, Rugby, on Friday last, the 
11th inst., which was attended by upwards of 400 mem- 
bers and friends. This conversazione has become one of 
the functions of the winter season, and was carried out 
in such a manner and on such a scale as to make it com- 

re favourably with similar functions organised by the 
eading technical societies in the kingdom. The exhibits, 
of which there were a very large number, were scientific 
in character and popular in form, and appealed equally 
both to members a their non-technical frends. Among 
them we may mention that, by the courtesy of the 
‘Humber Company, a full-size Blériot monoplane was 
on exhibition, and a large number of aeroplane models 
were exhibited by various members of the society of 
their own design and construction. In addition to the 
above, there were working models and demonstrations of 
rostats, a working model of the Brennan mono-rail car, 
a demonstration of the optiphone, also a Foucault 
pendulum iit operation, demonstrating the rotation of 
the earth. There were also five short lectures with 
lantern illustrations. 





New SrTeaMer “‘SNAEFELL.”—The most recent addition 
to the well-known fleet of the Isle of Man Steam Packet 
Company, Limited, was successfully launched from the 
Tranmere Shipbuilding Yard of Messrs. Cammell Laird 
and Co., Limited, Birkenhead, on Saturday, the 12th 
inst. In consequence of the growing importance of the 
winter passenger traffic between Liverpool and the Isle 
of Man, the company, with its characteristic enterprise, 
decided upon providing for public convenience the most 
modern class of steamer, which should have every kind of 
comfort, and should be of a design well calculated to be 
steady and easy in the roughest of weather. She will 
also a speed of about 20 knots, which will permit 
of her being considered a fast and high-class summer 
vessel also. The dimensions of the new vessel are as 
follow :—Length between perpendiculars, 270 ft.; beam, 
41 ft. 6 in.; depth moulded to shelter-deck, 24 ft. 3 in. 
The vessel has also a shelter-deck extending fore and aft, 
with promenade-deck and boat-deck amidships for the 
use of first-class passengers. The promenade-deck for 
second-class passengers 1s provided over the deck-house 
aft. On the promenade-deck there is a ladies’ cabin. 
The vessel is fitted with twin-screws, and the engines are 
of the direct-acting inverted triple-expansion type, with 
four cylinders, and are constructed for a working pressure 
of 195 pounds per square inch. The boilers, four in 
number, are of the ordinary single-ended marine type, 
and are worked under forced draught on the chnand-eheiee 
hold system. The vessel has been constructed under the 
supervision of Captain Keig, the marine superintendent 
and commodore-commander of the company, and her 
machinery under the supervision of Mr. C. J. Blackburn, 


the superintendent engineer of the Isle of Man Company. 





NOTES FROM THE NORTH. 
Giascow Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened firm, and 4500 tons of Cleveland 
warrants changed hands at from 5ls. 6d. to 51s. 74d. 
cash, at 51s. 9d. and 5ls. 94d. twenty-two days, and 
51s. 10d. one month. At the close there were sellers at 
51s. 74d. cash, 51s. 104d. one month, and 52s. 44d. three 
months. Inthe afternoon the tone remained firm, and 
Cleveland warrants were put through at 5s. 8d. cash 
and six days, and 51s. 104d. one month, with closing 
sellers at 5ls. 8d. cash, 51s. 11d. one month, and 
52s. 5d. three months. The turnover was 3500 tons. 
On Friday morning the market was quieter, with an 
easier tone. The business consisted of only one Cleve. 
land warrant at 5is. 8d. cash, and closing quota- 
tions were 5ls. 7$d. cash, 51s. 104d. one month, and 
52s. 44d. three months sellers. At the afternoon session 
Cleveland warrants fell away, and some 3000 tons were 
done at 51s. 44d. and 51s. 4d. cash, 51s. 5d. ten days, 
51s. 7d. one month, and 52s. 1d. and 52s. O4d. three 
months. There were sellers over at 51s. 44d. cash, 
51s. 74d. one month, and 52s. 1d. three months. On 
Monday morning the market was again weak, and Cleve- 
land warrants were dealt in at 51s. 3d. cash, 51s. 24d. 
four days, 51s. aid. eleven days, 51s. 6d. one month, and 
52s. three months. The turnover was 5500 tons, and 
closing sellers quoted 51s. 34d. cash, 51s. 64d. one month, 
and 52s. . three months. In the afternoon the market 
was di idle, but prices were nominally 2d. up, and 
at the close there were sellers of Cleveland warrants at 
51s. 54d. cash, 51s. 84d. one month, and 52s. 24d. three 
months. On Tuesday morning Cleveland warrants were 
again quite idle, and the tone was a shade easier with 
closing sellers quoting 51s. 44d. cash, 51s. 74d. one month, 
and 52s. 1d. three months. Two lots of hematite changed 
hands at 64s. 74d. March 21. There was little change 
in the afternoon, and no dealing of any kind took 
lace. Cleveland warrants were quoted a sellers at 
d. above the morning closing prices. When the 
market opened to-day (Wednesday) a steady tone 
prevailed, but business was quiet. Cleveland warrants 
—500 tons—changed hands at 5ls. 54d. five days, 
and closing sellers quoted 51s. 5d. cash, 5ls. 8d. one 
month, and 52s. 1 three months. There was no 
change in the tone of the market in the afternoon, 
and the only transactions consisted of two lots of Cleve- 
land warrants at 51s. 44d. cash, and 51s. 5d. five days. 
The closing quotations were unchanged from the morn- 
ing. Buyers of standard foundry iron offered 50s. 9d. 
cash. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 63s. 6d.; Calder, Gart- 
sherrie, and Langloan, 64s.; Summerlee, 65s. 6d.; and 
Coltness, 85s. (all ship at Glasgow) ; Glengarnock (at 
Ardrossan), 64s. 6d ; Shotts (at Leith), 64s.; and Carron 
(at Grangemouth), 66s. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is rather stronger this week, and the price for 
prompt business is 12/. per ton, Glasgow or Leith. The 
amount shipped last week from Leith Harbour was 2132 
tons. 

Notr.—The quotation given last week should have 
been 11/. 16s. 3d. per ton, and not 11/. 6s. 3d. as printed. 


Scotch Steel Trade.—A somewhat better tone prevails 
in the Scotch steel trade this week, and makers report an 
improvement in inquiry. An increase has also taken place 
in the number of specifications for ship-plates and angles 
for local consumption, and the majority of the rolling- 
mills are consequently much better employed. Boiler- 
plates are the subject of a better inquiry. In light 
material there has been no falling-off in the demand, 
which is, perhaps, stronger than ever: This is indeed 
noticeable for light sheets, few of the makers of which 
can look at fresh business for prompt delivery, and most 
of them are booked a good way ahead. For structural 
sections a fairly healthy tone prevails. 


Malleable-Iron Trade.—Makers of malleable iron in the 
West of Scotland have lately been in receipt of a better 
demand against contracts, specifications being rather 
more numerous. Since the advance in prices, however, 
the booking of new business has not been on a large 
scale. The Continental competition is again on the 
decrease. 


Scotch Pig-Iron Trade.—No change falls to be recorded 
this week in connection with the Scotch pig-iron trade. 
Although the local buyers are not purchasing so freely, a 
fair demand still exists both for the South and for ship- 
ment ab New business in hematite is slow, as the 
price is very firm. 

Scotch Imports of Iron and Stcel.—The following state- 
ment shows the registered imports of the undernoted 
metals during the month of January into the ports of 
Glasgow, Grangemouth, Leith, Dundee, and Aberdeen 





Ex Continent. Ex U.S.A. 
Tons. Value. Tons. Value. 
£ & 
Iron wrought in bars, angles, &c. 727 4,740 
Steel - « ne 694 5,039 
Iron and steel hoops and strips 126 940 203 2436 
Iron and steel sheets and plates 778 6,545 150 1065 
2325 17,264 353 3501 


Shipbuilding.—Messrs. Scott’s Shipbuilding and Engi 
neering Company, Limited, Greenock, have secured « 
contract from the Booth Steamship Company, Live: 
pool, to build a twin-screw passenger - steamer wit! 
quadruple-expansion engines. She will have a speed 
16 knots, and be of the following dimensions :—Length, 
440 ft.; breadth, 54 ft.; depth, 38 ft.; and tonnag:, 
7000 tons gross. his vessel will have accommod: 
tion for two hundred first-class and four hundred secon: 
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class passengers.—Messrs. D. and W. Henderson and Co., 
Limited, Partick, have received an order from the Anchor 
Line for a large passenger and cargo-steamer for service 
between Glasgow and New York. She will be 515 ft. in 
length, 62 ft. in breadth, and 36 ft. 6 in. in depth, and 
have capacity for 6500 tons of cargo. There will be accom- 
modation for 1750 passengers. Fitted with quadruple- 
expansion engines, the new vessel will have a speed of 
17 knots at sea when fully loaded.—The Fairfield Ship- 
building and Engineering Company, Limited, Govan, 
have received the order to build, for the Canadian Pacific 
Railway Company, a small single-screw steamer for ser- 
vice on the Pacific Coast.—Messrs. Bow, M’Lachlan, and 
Co., Paisley, have been instructed to build a tug 210 ft. 
in length for the same owners.—Messrs. George Brown 
and Co., Greenock, are to construct a double-crane grab- 
hopper dredger for the Cork Harbour Commissioners. 
She will have propelling machinery, supplied by Messrs. 
Gauldie, Gillespie, and Co., Glasgow, and will be able to 
carry 400 tons of dredgings.—Messrs. William Hamilton 
and Co., Port Glasgow, have received an order for a 
steamer for a well-known firm of owners. — Messrs. 
Murdoch and Murray, Port Glasgow, have secured con- 
tracts to build two passenger steamers for service in 
South American waters, and one for service in China. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Brodsworth Strike.—There is more coal trouble in 
South Yorkshire, and unless a settlement is speedily 
arrived at the whole of this part of the country may be 
seriously affected. The dispute is at Brodsworth, one of 
the new collieries near Doncaster. On Saturday the pit 
was Closed down, and 1800 men are now on strike. The 
price-list is the question at issue, and the men also object 
to separating the hard coal from the soft below ground. 
The road and day men are amongst those affected, and 
the employers desire them to continue at work to keep 
the workings in order. Many of them were willing 
to do so, but were refused sanction by the Yorkshire 
Miners’ Association. It is stated that the council of 
the association have promised to make the Brodsworth 
price-list a county matter if necessary. Lock-out pay 
will be distributed after the end of this week. So far 
there have been no disturbances, but there is an uneasy 
feeling in regard to the action of the men at the new 
Bentley Pit, where the same question of price-list is still 
unsettled, and at Hickleton Main Pit, the directors of 
which are interested in Brodsworth. Meanwhile, at a 
recent meeting of the men, a unanimous decision was come 
to in favour of continuing the strike until better terms 
are offered. 


River Pollution.—The pollution of rivers by the dis- 
charge into them of spent gas liquors from coke-ovens was 
the subject of an interesting paper given by Dr. H. 
Maclean Wilson, chief inspector of the West Riding 
Rivers’ Board, at a meeting in Sheffield of the Midland 
Institute of Civil and Mining Engineers. Dr. Wilson 
said the matter had caused the Rivers’ Board much 
trouble and anxiety, but they had hesitated before exer- 
cising their legal powers, because they knew it was due to 
development of trade. But the law might now be 
enforced, because processes of treating the liquors, so 
that they should not pollute streams, had been dis- 
covered. These spent liquors killed fish and vegetation, 
were poisonous to cattle, and made the water useless for 
manufacturing purposes. In some cases the discharge of 
the liquor into streams had been entirely prevented. Old 
pit workings had been utilised, and in some places the 
refuse had en used for washing coal. 


Tron and Stecl.—The big prices which are still demanded 
for raw materials affect trade considerably, and are 
responsible for advanced quotations in various quarters. 
At a meeting of the South Yorkshire Bar-Iron Associa- 
tion the basis price was raised from 6/. 10s. to 6/. 15s. 
Makers of soft basic billets have, in the absence of Conti- 
nental competition, been able to put on a second advance 
of 5s. this year, bringing the price to 5/. 10s. There is a 
similar increase on Sheffield high-carbon billets. Manu- 
facturers will not book distant-date orders for hematites ; 
and, though East Coast are not likely to change during 
the quarter — the present figure is 72s. 6d. (subject), 
an advance is asked on orders for the next three months. 
West Coast are not selling much locally, and Derbyshire 
iron is being given the preference over Lincolnshire brands. 
Features of the heavy steel trades are the very largely 
increased demand from the United States, the satis- 
factory export to Japan, and increasing trade with the 
Colonies ; at home there is not so much activity. Railway 
steel has gone up, corresponding with the rise in raw 
materials, together with spring steel, and the cost of pro- 
duction generally shows a marked augmentation. The 
‘igineering trade manifests slight signs of an awakening, 
d orders are expected shortly for new machinery, bot 
_¥ and foreign account. Edge-tools are in good 
iomand, 

South Yorkshire Coal Trade.—Apart from the dead- 
k of the Brodsworth Pit, where 1800 men are on strike, 
ide generally is brisk, with the collieries in full working. 
‘anufacturers are making a big demand for hard eal. 
insley best hards fetch from 8s. 9d. to 9s., and Derby- 
ire best quality &s. 3d. to 8s, 6d. per ton. At some of 
> collieries, where there are stocks on hand, slightly 
wer rates are being quoted, but nowhere are the stocks 
avy. Steam fuel is going excellently, the biggest buyers 
st at present being the railway companies, who, in addi- 
n to large quantities on contract, are snapping up chea 
ts of reserves. The shipping season is not yet in full 
swing, so that the pres2nt demand is slow; 9s. 6d. per ton 
for best grades is, however, an advance quotation which is 
likely to be justified when the big call comes for supplies. 
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Steam nuts are steady at about 8s. per ton (washed) and 
cheap steam cobbles at from 7s. 6d. to 7s. 9d. Gas fuel 
is slow, but coke is selling briskly. The quantity of 
house coal sent out is below the average for the time of 
year. Amongst a general slackening off in orders the 
diminished demand from London is noticeable. An 
explanation given is that stocks are being used up in 
expectation of reduced prices. At any rate, current 
prices have a lower tendency, though Silkstone, owing to 
a limited supply, commands a higher figure. Best house 
coal at pits is 10s. to 10s, 6d. a ton, and secondary quali- 
ties 8s. 6d. to 9s. 3d., and cheaper qualities are quoted at 
from 7s. 3d. to 8s. 


Railway Agreement.—The South Yorkshire coalfield is 
directly interested in the agreement between the North- 
Eastern and Hull and Barnsley Railway Companies in 
regard to the working of their lines and docks in Huii. 
The two companies pro to work together in Hull, so 
as to make the most of the accommodation of the port and 
restrict competition. The sanction of the Hull Corpora- 
tion is required for the scheme. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Extreme quietness in the 
pose trade is being experienced just now. Very little 
usiness indeed is reported, but producers are in a posi- 
tion to take a firm stand, having good contracts booked, 
with the result that they are not necessitated to press 
sales. The output of Cleveland pig iron continues in 
excess of the requirements, as is shown by the steady 
additions to the warrant stores. e increases, how- 
ever, are on only asmall scale. The production of hematite 
pig has been increased by the ag re of a furnace at 
the Thornaby Works of y Prey hitwell and Co., and 
one at the Consett Company’s works. This branch of the 
staple industry is not hampered now by stock in the war- 
rant stores. Better reports are to hand concerning trade 
on the Continent. Reduction is understood to be taking 
lace in stocks of pig iron in Germany, where makers have 
had a lot of iron stored. No. 3 g.m.b. Cleveland pig is 
uiet, but steady at 51s. 6d. f.o.b., and other qualities of 
leveland iron are in the proportions that have recently 
ruled, No. 1 being 53s. 9d.; No. 4 foundry, 50s. 9d.; No. 4 
— 50s. 6d.; and mottled and white, each 50s.—all for 
early delivery. East Coast hematite pig remains at 65s. for 
early delivery of mixed numbers, efforts to buy at less 
being unsuccessful. Foreign ore fully maintains its value, 
but for the time being buyersare rather backward. Rubio, 
of 50 per cent. quality, stands at 20s. 6d. ex-ship Tees to 
the end of June, and for delivery further ahead up to 
21s. 6d. is quoted. The local consumption of coke is 
heavy, and 18s. 6d. is generally asked for average blast- 
furnace qualities, but it is understood that purchases can 
be made at rather less. 


Manufactured Iron and Steel.—Satisfactory and en- 
couraging accounts are now given of nearly all branches 
of the manufactured iron oan steel industries. Most of 
the works are now actively employed, and several firms 
have contracts made. Advances in values of some 
descriptions are expected to be announced at an early 
date. Common iron bars are 7/.; best bars, 7/. 7s. 6d.; 
best best bars, 7/. 15s. ; packing-iron, 5/. 5s ; iron ship- 
plates, 6/. to 6/. 5s.; iron ship-angles, 7/.; steel bars, 
6l. 5s.; steel ship-plates, 6/. 5s.; steel ship-angles, 
5l. 17s. 6d. ; steel strip, 6/. 7s. 6d. ; steel —y = 6. ¥ 
and steel joists, 6/. 2s. 6d. to 6/. 5s.—all less the custom- 
ary 24 per cent. Cast-iron railway chairs are 31. 10s. ; 
cast-iron columns, 6/. 10s.; light iron rails, 6/. 7s. 6d. ; 
heavy steel rails, 5/. 7s. 6d. ; and steel railway sleepers, 
62. 10s.—all net cash at works. Iron or steel galvanised 
corrugated sheets, 24 gauge, in bundles, stand at 11/. 10s. 
f.o.b., less 4 per cent. 


Iron and Steel Shipments.—Shipments of pig iron fall 
short of expectations, but they are an average for this 
season of the year. Up to to-night (Wednesday) they 
average this month 2740 tons per working day, the total 
clearances amounting to 38,358 tons, 30,446 tons of which 
have gone from Middlesbrough, and 7912 tons from Skin- 
ningrove. To,the same date last month the total load- 
ings of pig reached 63,530 tons, or a daily average of 
4538 tons; and for the corresponding part of February 
last year the despatches of pig amounted to 38,832 tons, 
or an average of 2717 tons per working day. Manu- 
factured iron shipped to date this month is returned at 
5423 tons, and steel at 12,610 tons. 


Middlesbrough Association of Foremen Engineers and 
Chief Draughtsmen.—“‘ Cleveland Pig-Iron and its Manu- 
facture ” formed the aes of an instructive paper read 
by Mr. E. Lansdale, of Yarm, last Saturday evening, to 
the Middlesbrough Association of Foremen Engineers 
and Chief Draughtsmen. The gathering was held in the 
Corporation Hotel, and there was a large attendance of 
members and friends, the president (Mr. A. E. Waterfall) 
being in the chair. . 


- 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Business in steam-coal has been restricted, 
both for prompt and forward delivery. Under these 
circumstances buyers for early shipment have matters 
very much their own way ; for distant loading, however, 
colliery-owners decline to make concessions of any im- 
portance. . Several pits are reported to be suffering from 
a shortage of wagons. The best large steam-coal has made 
16s. 3d. to 16s. 9d. per ton, while secondary qualities have 
ra from 15s. to 16s. 3d. per ton. The best ordinary 
smalls have brought 7s. 9d. to 8s. 3d. per ton. The best 
ordinary household coal has been quoted at from 15s. 6d. 





to 16s. 6d. per ton; No. 3 Rhondda large has brought 
16s. 9d. to 17s. 3d. ; and smalls, 10s. to 10s. 3d. per ton. 
No. 2 Rhondda large has been quoted at 13s. to 13s. 3d. 
r ton. Foundry coke has made 19s. to 20s,; and 
urnace ditto, 17s. to 17s. 6d. per ton. As regards iron 
ore, Rubio has been quoted at 19s. 9d. to 20s. 3d. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


The Forest of Dean.—The half-yearly payments for 
royalties on coal and iron ore won in the Forest of Dean 
during the second half of last year were made on Friday 
to local officials representing the Commissioners of Works 
and Forests. . 


South Wales Coal Exports.—The exports of coal in 
January from the six principal Welsh ports—Cardiff, 
Newport, Swansea, Port Talbot, Neath, and Llanelly— 
were as follow :—Cardiff—foreign, 1,304,107 tons ; coast- 
wise, 227,751 tons; total, 1,531,858 tons. Newport— 
foreign, 343,908 tons; coastwise, 54,083 tons; total, 
397,991 tons. Swansea—foreign, 255,806 tons; coastwise, 
19,241 tons; total, 275,047 tons. Port Talbot—foreign, 
110,344 tons; coastwise, 9866 tons; total, 120,210 tons. 
Neath—foreign, 11,737 tons; coastwise, 17,183 tons ; 
total, 28,920 tons. Llanelly—foreign, 15,708 tons ; coast- 
wise, 2822 tons ; total, 18,530 tons. The aggregate ship- 
ments for the month were, accordingly, 2,372,576 tons. 
The corresponding shipments for January, 1909, were 
2,424,616 tons. 


The Usk.—At the last meeting of the Newport Harbour 
Board, Mr. T. E. Watson proposed the adoption of a 
report of the dredging committee, which recommended 
the appointment of Ar. W. Rhys Williams, of the 
Cardiff Railway Company, as engineer to carry out 
proposed dredging works. This was to. 


Penarth.—Last year 2270 steamers, of an a gate 
burthen of 1,624,070 tons, cleared from Penarth. The 
corresponding clearances in 1908 were 2477 steamers, re- 
presenting an aggregate of 1,823,280 tons. The move- 
ment of sailing vessels last year was 846, of an aggregate 
burthen of 120,919 tons, as compared with 845, of an aggre- 
gate burthen of 111,879 tons. Last year’s imports 
amounted to 141,596 tons, as compared with 186,723 tons 
in 1908. The exports were 3,922,891 tons, as com d 
with 4,271,192 tons. In these latter totals coal and coke 
figured for 3,916,760 tons and 4,257,585 tons respectively. 
It will be seen that last year’s exports showed a certain 
reduction ; this was due to the dislocation of business 
occasioned by the Mines’ Eight Hours Act. 


Dowlais.—The Bessemer Separtnet has been working 
full time, and the same may be said of the Goat Mill. 
The Big Mill, however, has been running for only about 
four days per week, The Goat Mill has been turning out 
tin bars, metallic sleepers, &c.; the other mill has been 
engaged upon small orders. 

Watcr Supply of Cardiff.—The capacity of the existing 
storage reservoirs at Cardiff is 1,065,000,000 gallons—viz., 
Beacons, 345,000,000 gallons; Cantreff, 323,000,000 gallons; 
Llanishen, 317,000,000 gallons; and Lisvane, 80,000,000 
gallons. A third storage reservoir (Llynn On) is now to 
be proceeded with almost immediately. This reservoir 
will hold 1,200,000,000 gallons. 








Erruer-Sipe Rarway-Wacon Brakes.—The Board 
of Trade give notice, pursuant to Section 2 (1) of the 
Railway Employment (Prevention of Accidents) Act, 
1900, that they propose to makea rule with respect to 
the subject of fo all on both sides of wagons, being 
the first of the matters specified in the schedule to the 
above Act. Copies of the draft rule may be obtained at 
the offices of the Board of Trade, 7, Whitehall-gardens, 
London, 8.W. Any objection or naperien made with 
respect to the draft rule, by or on behalf of persons 
affected, must be lodged with the Board of Trade within 
five weeks from February 10, 1910. 





Tue Juntor InNstTiTUTION OF Encinrers.—The 26th 
anniversary dinner of members of the Junior Institution 
of Engineers was held on Saturday night at the Hotel 
Cecil. Engineer Vice-Admiral H. J. Oram, C.B., the 
president, was in the chair, and among those present 
were Lord Pirrie, Dr. Macnamara, M.P., Sir Philip 
Watts, F.R.S. (Director of Naval Construction), Sir 
William White, F.R.S., Captain G. G. Goodwin (De- 

uty-Engineer-in-Chief of the Fleet), Sir John Durston, 
Mr James Swinburne, F.R.S,, Mr. S. Hunter, and Mr. 
J. W. Hel There was a long toast-list, the speakers 
including Dr. Macnamara, the Financial Secretary to the 
Admiralty, Sir William White, Mr. James Swinburne, 
Mr. 8S. Hunter, and Lord Pirrie. Naturally, the naval 
and shipbuilding side of engineering was kept much in 
view. The dinner was most successful. 





Quick Reparrs.—Messrs. Bayliss, Jones and Bayliss, 
Limited, of Wolverhampton, who had their power- 
station completely destroyed by fire on Saturday night, 
February 5, bringing a total horse-power of in 
motors to a standstill, have in seven days been able to 
re-start the whole of the works again, an engineeri 
feat which reflects the greatest credit to Mr. W. E. 
Bryce, M.I.M.E., the chief engineer, and Mr. W. Smith, 
the chief electrician, and staff. Working night and day, 
they cleared an adjacent building, installed 1000 kilawatts 
in converters, erected and — new high and low- 
tension switchboards, and laid and jointed overhead and 
underground cables to the new station. The converters, 
a 500-kilowatt ‘‘La Cour” and a 500-kilowatt E.C.C., 
were loaned by Mr. Shawfield, the Wolverhampton 
Corporation’s chief engineer, the whole being put to work 
and running under test on Saturday, the 12th inst. 
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NOTICES OF MEETINGS. 


Tue InstiTUTION OF MECHANICAL ENGInERRS.—Friday, February 18, 
at 8 o'clock. Annual general meeting. The report of the Council 
will be presented. The results of the ballot for the annual elec- 
tion of the Presid Vice-P; ts, and Members of Council 
will be announced. Adjourned discussion on :—‘‘ Ninth Report 
to the Alloys Research Committee : On the Properties of some 
Alloys of Copper, Aluminium, and } ” (With an Appen- 
dix on ‘‘ The Corrosion of Alloys of Copper and Aluminium when 
Exposed to the Sea”), by Dr. W. Rosenhain and Mr. F. C. A. H. 
Lantsberry, of the National Phy: sical Laboratory, Teddington. 

Tue Norra- East Coast INSTITUTION OF ENGINEERS AND SuHip- 
BUILDERS.—Friday, February 18, at 7.30 p.m., in the Lecture 
Theatre of the Literary and Philosophical Society, Westgate-road, 
Newcastle-upon-Tyne. A paper on ‘“‘The Corrugated Sides of 
8.8. Monitoria and their Effect,” by Mr. Arthur H. Haver. 

Tue INSTITUTE OF MARINE ENGINEERS. — Monday, February 21, at 
8 p.m. A paper on “The Application of Oxy-Acetylene Welding 
to the Repair of Marine Boilers and Hulls,” with Demonstrations, 
by Mr. Leonard M. Fox (Member). 

THE Roya Society or Arts.—Monday, February 21, at 8 p.m.— 
Cantor Lecture. ‘‘The Petrol-Motor,” by Professor W. Watson, 
D.Sc., F.R.S. (Lecture III.) Wednesday, Februar, y 23, at 8 p.m. 
Paper to be read :—‘ Oxy-Acetylene Welding,” vy Mr. H. 8. 
Smith. Mr. Charles Vernon Boys, F.R.S., will preside. 

Tue Surveyors’ InstrruTION.—Monday, February 21, at 5 p.m. 
The next ordinary general meeting, being the second ‘of the two 
afternoon meetings arranged for the convenience of country 
members, will be held in the Lecture Hall of the Institution, when 
a paper will be read entitled ‘‘ Land Banks and Small Holdings,” 
by Mr. Robert M. D. Sanders (Fellow). 

Tue INstiruTiOn OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND. 
- Tuesday, February 22, at 8 p.m., in the Rankine Hall of the 
Institution, Elmbank-crescent, Glasgow. A paper on ‘The Design 
of Surface Condensers,” by Mr. R. M. Neilson, will be discussed, 
and a paper on “ Steamshij Repairs by Electric and Autogenous 
Welding,” by Mr. A. Scott Younger, B.Sc., will be read. 

Tue Institution oF Civi, Enarngers.—Tuesday, February 22, 
at 8 p.m. Paper to be read: ‘‘The Hudson River Tunnels of the 
Hudson and Manhattan Railroad Company,” by Mr. Charles 
Mattathias Jacobs, M. Inst. C.E. Students’ visit, Wednesday, 
February 23, to the new station of the London Hydraulic Power 
Company, Grosvenor-road, Westminster. Students’ meeting, 
Friday, February 25, at 8 p.m. Second Vernon-Harcourt lecture 
on “Irrigation Works,” by Sir R. Hanbury Brown, K.C.M.G., 
M. Inst. C.E. Sir John W. Ottley, K.C.LE, M. Inst. C.E., will 
occupy the chair. Members of all classes of the Institution are 
invited to attend this lecture. 

Tue Liverroo, Enerneerine Society.— Wednesday, February 23, 
at 7.30 p.m., at the Royal Institution, Colquitt-street. The ad- 
journed disc ussion on Mr. John Brodie’s paper, on “* Some Engi- 
neering Aspects of the Development of the City of Liverpool,” will 
be resumed. At 8 o’clock a paper will be read by Mr. A. H. 
Wheeler, entitled “‘ Granite-Quarrying.” 

Tux InstiruTion OF ELECTRICAL ENGINKERS : LEEDS LOCAL SECTION, 
—Wednesday, February 23, at 7.15 p.m., at the University, Leeds. 
Paper to be read by Mr. W. B. Woodhouse, on “‘ Notes on Over- 
head Lines.” 

Tue Roya MeTeorRoLoaicaL Socrety.— Wednesday, February 23, 
at 5 p.m., in the Physical Laboratory of the University, Man- 
chester. Papers to be read :—1. ‘‘ Investigation of the Electrical 
State of the Upper Atmosphere made at the Howard Estate 
Observatory, Glossop,” by Dr. W. Makower, Mr. A. J. Makower, 
and Miss M. White. 2. ‘‘Results of the Hourly Registering- 
Balloon Ascents from Manchester, June 2 and 3, 199,” by Mr. 
W. A. Harwood, M.Se. 3. ‘‘ Line Squalls and Associated Pheno- 
mena,” by Mr. R. G. K. Lempfert, M.A., F.R. Met. Soc., and Mr. 
R Corless, B.A., F.R. Met. Soc. 
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Rayleigh, 0.M., P.C., D.C.L., LL.D., D.Se., F.R.S., M.R.I. After- 
noon lectures next week at 3 o'clock. Tuesday, February 22, 
Professor Frederick W. Mott, M.D., F.R.S., F.R.C.P., Fullerian 
Professor of Physiology, R.I., on ‘*The Emotions and their 
Expression.” (Lecture III.) Thursday, February 24, Professor 
Silvanus P. Thompson, D.Sc., F.R.S., M.R.I., on ‘Illumination : 
Natural and Artificial” (experimentally illustrated). (Lecture II.) 
Saturday, February 26, Professor Sir J. J. Thomson, M.A., 
LL.D., D.Sc., F.R.S., M.R.I., Professor of Natural Philosophy R.1., 
on “Electric Waves and the Electromagnetic Theory of Light.” 
(Lecture IIL.) 

Tue PuysicaL Socirry or Lonpon.—Friday, February 25, at 
5 p.m., at the Imperial College of Science, Imperial Institute- 
a South Kensington. The following papers will be read : 

. “Telephone Circuits,” by Professor J. Perry, F.R.S. 2. “On 
tine Laws Regarding the Direction of Thermo-Electric Currents 
Enunciated by M. Thomas,” by Professor C. H. Lees, F.R.S. 3. 
‘*4 New Method of Determining Thermal Conductivity,” by Mr. 
H. R. Nettleton, B.Sc. 
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CAISSON DISEASE. 


SomME two years ago an important contribution 
to our knowledge of effective measures for the pre- 
vention of caisson, or compressed-air, disease was 
made, as the result of an investigation carried out by 
a committee appointed by the Admiralty. This in- 
vestigation was conducted with the object of dealing, 
more particularly, with troubles arising in diving ; 
but its findings are applicable, to a considerable 
extent, to other conditions under which working in 
compressed air is necessary, The importance of 
the subject is a point which need not be laboured, 
in view of the absolute dependence of the success 
of so much of our modern engineering enterprise on 
the ability of men to work under air pressure. In 
tunnelling and shaft or caisson sinking, and even 
in the preparation of the foundations for the modern 
‘*sky-scraper,” the use of air under pressure has 


often been the only known means of rendering 
Its use, however, 


the necessary work possible. 





at first, rather outstripped our knowledge of the 
dangers that followed in its train. Although many 
investigators have for long pursued the subject, 
knowledge only recently seems to have reached 
something of a logical, though not, even yet, a final 
basis. 

The chief points on which the work of thy 
Admiralty Committee threw useful light were two 
in number. One of these had reference to the 
presence of carbon dioxide in the air breathed, while 
the other referred to the rate of saturation and 
desaturation of the blood and tissues, and the 
bearing this had on the manner of decompression. 
With regard to the first point, it was found that 
this matter was one which need not give rise to so 
much apprehension as it has in the past. At 
atmospheric pressure the percentage of carbonic- 
acid gas in the alveolar cells has been found to be 
about 5.6 per cent. While the percentage becomes 
reduced as the pressure of the air breathed increases, 
no danger arises from this so long as the percentage 
of carbon dioxide in the air is kept well below the 
figure corresponding to the amount present in the 
alveolar air. In diving work it is necessary to pay 
especial attention to this point, but unnecessary 
stress appears to have been laid on it in the case of 
many tunnelling works, where the CO, has been 
restricted to extremely small amounts, in some 
instances to even a tenth of an amount which 
would produce no ill effect, according to our modern 
knowledge. 

As a rule little difficulty is found, in tunnelling, in 
keeping the percentage of carbonic-acid gas down 
to very small amounts, owing to the leakage of air 
at the face. This leakage necessitates a supply of 
air, in order to maintain the necessary pressure, 
far in excess of the amount required per man ac- 
cording to rules for good ventilation. In the past 
it has been thought that the presence of CO, had a 
direct bearing on the occurrence of caisson disease, 
but recent investigations, as well as records kept 
on actual operations, do not confirm this in any way. 

The effect of the work of the Admiralty Com- 
mittee on the subject of saturation was to 
establish conclusively the connection of this with 
caisson disease, and to reduce knowledge resulting 
from its own labours, as also that acquired by pre- 
vious workers, to something like a practical basis. 
The absorption, or saturation, theory is based upon 
Dalton’s law, the blood and tissues taking up a 
quantity of air proportional to the pressure to which 
the body is exposed. Of the increased air thus 
taken up under pressure, on passage through the 
lungs, the oxygen has no harmful effect, being 
dealt with by the hemoglobin of the blood. The 
nitrogen, however, does not enter into any chemical 
combination, and merély remains dissolved until 
the pressure is lowered. On the pressure being 
lowered this nitrogen will tend to become dis- 
engaged from the blood and tissues, and. there is 
little doubt that caisson disease is directly due to 
the liberation of bubbles of nitrogen in this way in 
the veins to such an extent that circulation is par 
tially, or completely, arrested. It will be or a 
that a state of saturation at a high pressure becomes 
one of supersaturation at a lower pressure. Recent 
investigation has largely centred round this point. 
The endeavour now is so to manage decompression 
that the blood shall never become supersaturated 
to an extent that renders probable the liberation of 
bubbles of nitrogen in the circulatory system. 

Though earlier workers accepted the absorption 
theory, they do not seem to have followed the 
matter upfarenough. They admitted that various 
parts of the body took different lengths of time 
to become completely saturated, but erroneously 
decided that the case would be fully met if de- 
saturation were regulated according to what was 
considered a safe uniform rate. The fallacy of this 
conclusion was pointed out by Dr. Haldane in a 
lecture he gave in November, 1907, before the 
Royal Society of Arts, of which we gave an account 
at the time. The danger in uniform decompression 
lies in the fact that the slowly-saturating and 
desaturating parts of the body run the risk of still 
containing a dangerous amount of absorbed gas 
when the pressure is finally released down to the 
atmosphere; while in working very short. shifts 
these slowly-saturating parts may still be actually 
absorbing more gases, up to a certain stage, while 
decompression is proceeding, and so contain more 
at release than when decompression commenced. 
To thoroughly obviate all risk of a dangerous quan- 
tity of absorbed gas remaining in the body at the 





moment of final release, the time of decompression 
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must be extended to an altogether impracticable 
length under the uniform rate system. It is now 
established that with this system there is also a 
great waste of time in the earlier part of the opera- 
tion. 

From what may be called the operating point of 
view, all present systems are open to two objections. 
The first is that lengthy detention, in uncomfort- 
able and often crowded locks and chambers, is only 
complied with by the men with reluctance ; while 
the second point has relation to the nature of the 
work, which is often such that progress would be 
seriously impeded by prolonged occupation of the 
lock. From all aspects, in fact, it is desirable to 
reduce the lockage times to the shortest possible 
limit compatible with safety. A material advance 
in this direction was made when the Admiralty 
Committee’s work resulted in the introduction of 
stage compression. The uniform rate system is 
open to greater objection on the score of length of 
detention during lockage than is the system of stage 
decompression, for the latter reduces the safe lockage 
times to more practical limits. 

This system, advocated by Dr. Haldane, is based 
upon the fact that no cases of caisson disease are 
known to have occurred with rapid decompression 
from a pressure of rather less than 2 atmospheres, 
while at a figure something above this the cases 
recorded have only been of a slight character. This, 
it was thought, might be taken as a unit for ‘‘ stage” 
working. Having come to a decision as to the 
extent of this safe drop, and concluded that 19 Ib. 
per square inch to atmosphere was a conservative 
estimate, the improved method was built up on the 
fact that any corresponding relative drop of pres- 
sure should be equally safe. The method in prac- 
tice may be worked out to give a series of drops to 
intermediate pressures, with safe delays between 
the drops. i experimental work this system 
proved safe and, comparatively speaking, expe- 
ditious, while in diving it has been adopted as 
regular Admiralty practice. The question, as far 
as engineering work is concerned, is now one of 
whether the rates recommended by the originators 
of the idea can be still further shortened, by using 
greater drops of pressure than Dr. Haldane thought 
it advisable to suggest. 

Some interesting information on this point has 
been contributed lately to the Transactions of the 
American Society of Civil Engineers in a paper by 
Mr. Henry Japp, who was managing engineer for 
Messrs. S. Pearson and Son, Inc., on the East 
River Tunnels contract for the Pennsylvania Com- 
pany, New York. Dr. Haldane gave the total safe 
time for decompression from 40 lb, gauge pressure 
as 91 minutes after the first three-hour spell, and 
115 minutes after six hours’ or more work in com- 
pressed air. On the East River tunnels the time 
taken to decompress was, in all, about 48 minutes 
from 40 lb., and with this rate no severe or fatal 
cases resulted, though slight cases were recorded. 

In the earlier stages of the work not a few cases, 
some of them fatal, occurred when the pressure was 
well below 40 1b. per square inch. By the time 
operations had reached a stage when this higher 
pressure became necessary, the tunnel had been 
divided into three sections by bulkheads. The 
working section only was kept at the pressure of 
40 lb., the intermediate length being kept at a pres- 
sure of 29 lb., and the outer chamber at 12} lb. 
pressure. In leaving the working face, therefore, 
the men were decompressed in stages. The time 
to be taken in the first lock was 5 minutes, in 
the second lock 8 minutes, and 15 minutes in 
the third. The bulkheads were about 1000 ft. 
apart, and the walk from lock to lock, and the 
gathering in of the stragglers, took about 10 
minutes. The exertion of walking is considered 
to have been beneficial and to have facilitated 
desaturation. This timing was based on a much 
higher residual equivalent pressure in the blood at 
the moment of release than Dy. Haldane proposed, 
27 lb. gauge pressure mr in fact, taken as the 
safe limit instead of 191lb. Mr. Japp contends 
that so high a limit as this will result in no serious 
case, though slight cases will occur. It should be 
noted, however, that the men, on whom decom- 
pression on these lines was used, were all seasoned 
workers. It is possible that this had something to 
do with their remarkable immunity from the 
disease, and, as Dr. Haldane points out, with 
‘* green ” men a lower limit would be safer. 

On the assumption that the use of the figure 27 
is justifiable, the pressure in one lock might be 
sedentd from 401b, to 12$ 1b. persquare inch gauge 





pressure in 3 minutes, and the total time of 
48 minutes completed by, as far as we understand 
Mr. Japp, a final gradual fall in small stages to the 
atmosphere. In the contributions to the discus- 
sion on Mr. Japp’s paper there seems to be a 
general consensus of opinion that this system of 
stage decompression is, in principle at least, a dis- 
tinct advance on previous practice. These contribu- 
tions emanate not only from scientific investigators 
such as Dr. Haldane, but also from medical ofticers, 
engineers, &c., in direct touch with engineering 
work carried out under air pressure. The limit 
set by Mr. Japp, though it materially shortens the 
time of decompression, is, if anything, considered 
rather high. The practical manner of applying the 
stage method to actual work must still remain 
unsettled, and must depend on the circumstances 
of the work. In some cases it might, as in the 
East River case, be introduced in a modified form 
with but little trouble. In other cases it is a 
method for which it would be difficult to make 
provision, and the question must then be considered 
as to how far expedition in work must give way to 
safety. In caisson work there appears to be rather 
greater immunity from the illness than in tunnel- 
ling. This is thought to be due to the gradual 
seasoning of the men as the depth increases. 

Mr. Japp, in his paper, draws attention to the 
danger of uniform decompression, as have also other 
authorities on this subject. This method is, how- 
ever, still advocated, and, in fact, enforced. In 
- on of the valuable contributions to the subject of 
the last few years, a new law compelling its use has 
been signed, and is to come into force in the State 
of New York at the beginning of the coming year. 
According to this law unnecessarily long times 
will be compulsory for low pressures, while for 
higher pressures the limits appear, according to the 
absorption theory, to by no means safe. Mr. 
Japp calculates that, decompressing from 41.99 Ib. 
gauge pressure in the time of 42 minutes, as fixed 
according to this new law, the saturation of the 
blood would still be that corresponding to a pres- 
sure of 31.25 lb. on emerging. Adopting stage 
compression on the base of 25 lb., which, as far as 
experience goes, appears to be a pressure within 
the safe limit, the time could be in this case 
reduced to 37 minutes, with far greater certainty 
of safety. This, it must be noted, is a case in 


which a two-hour shift only is to be allowed with- | po 


out interval, and Mr. Japp has figured out the 
saturation for a spell of this length. 

It must be a matter of no little regret to all 
interested that valuable experience should in this 
way be disregarded when it is a question of legis- 
lation. It is satisfactory that over here, before 
the matter has reached the stage of general legisla- 
tion, a Government service has evinced a com- 
mendable readiness to listen to the promptings of 
science, stage decompression having been adopted 
as standard practice by the Admiralty, with 
thoroughly satisfactory results. 








PROPERTIES OF SAND. 

Last Friday evening’s discourse at the Royal 
Institution was given by Mr. Charles E. S. Phillips, 
F.R.S.E., of Charlton, on ‘‘ Electrical and other 
Properties of Sand.” Having referred to sand- 
dune formation and to glass-making, which was 
introduced into England about 1611, the lecturer 
demonstrated that a stream of sand striking a sheet 
of tin electrified it to3000 volts; the potential quickly 
went down to 600 volts again, however, because 
the metallic surface became covered with a layer of 
dust, which prevented further contact. Pieces of 
filter-paper, not especially dried, kept their charge 
longer, because the fresh sand particles cut through 
the fibres. The metal or paper became positively 
electrified. But when a rod of silica was rubbed 
on paper, the latter assumed a negative charge. 
This peculiarity had been noticed by Faraday in 
1843 ; the sign of the charge seemed to depend 
upon the condition of the surfaces, and powders 
with sharp edges generally assumed a negative 
charge by friction, imparting a positive charge to 
the struck surface, while smooth rubbing made the 
latter negative. 

The lecturer proceeded to show that dry sand 
flowing from an orifice will form a cone whose base 
angle is 35deg. ; the sand was coloured, and a 
further supply of white sand simply ran down 
the slope of the cone. A man walking on the wet 
sand of the sea-shore saw that his boot became 
temporarily surrounded by a dry zone when resting 


on the sand, but when the foot was lifted, the 
cavity produced was very damp. That had been 
explained by Osborne Reynolds. A number of 
regular or irregular grains might fit together in 
such a way that the size of the spaces enclosed by 
them was either a maximum ora minimum ; the 
latter corresponded to normal, the former to 
abnormal piling. The wet sand of the shore was in 
normal piling, and water filled the capillary spaces : 
the pressure of the foot disturbed the piling, and 
larger spaces were produced, which for the moment 
were deficient in water and looked dry ; the water 
rushed into the partial vacuum, however, and thus 
a little puddle was left. Mr. Phillips exemplified 
this effect by filling a bag with sand and coloured 
water, and fitting an indicator tube into the bag ; 
on tapping the bag the sand became normally 
piled ; when the bag was pinched afterwards, the 
grains were made to ride abnormally on one 
another, and the water in the tube sank. The 
grains of quick-sands, he continued, did not appear 
to be extraordinary. The fact of their giving 
way was generally ascribed to a soft under- 
lying stratum of clay or mud. But Mr. Carus- 
Wilson had pointed out that imprisoned gas, 
due to decomposing organic matter, might also 
be responsible, and Mr. Phillips showed that 
the sand in one beaker supported a weight applied, 
but that the same sand in another beaker 
did not, because that sand had been mixed with an 
effervescing powder. In the neighbourhood of the 
dangerous bogs of Ireland, he added, gas was im- 
a in the mud, When really good contact 

etween wet sand and an object had been estab- 
lished so as to exclude air, that object would be 
held by the atmospheric pressure, and any object 
so held and tilted would become embedded in the 
sand. In this way vessels had been embedded in 
the Goodwin Sands, under which solid chalk was 
found at 80 ft. below the surface. 

Passing to the flow of sand, the lecturer demon- 
strated that sand issued from a tube at a rate 
independent of the height of the sand-column. 
Further, to elucidate this apparent destruction of 
“head,” Mr. Phillips used a rectangular glass 
cell, which he closed below by pushing into it a 
wooden cone, pointing upward, over which a strip 
of felt was placed, resembling an inverted Y. 
When sand was poured in from above the felt sup- 
rted the sand and a weight placed on the top 
of it, and the felt was not dislodged after removal 
of the cone which had rested on a strut. The base 
angle of the wooden cone was 35 deg., the apex angle 
therefore 110 deg., or twice 55 deg. A vertical down- 
ward pressure would be resolved into two compo- 
nents, making angles of 55 deg. with the vertical. If 
W represented the load, r the radius of the base of 
the cone, h its height, and H the horizontal thrust in 
a system of a symmetrical frame loaded at the apex, 
then H = 2r W/4 h, and as h = r tan 35 deg., 
H = W/2 tan 35 deg. = W/1.4. Thus the ratio 
of the force applied vertically to that of the lateral 
thrust was equal to twice the tangent of the base 
angle of the cone. When a weight of 100 lb. was 
supported, the .frictional resistance between the 
sand and the containing tube would amount to 
50 lb., and the total lateral pressure to 70 lb., and 
a piston resting upon a column of sand only a few 
diameters high, contained in a strong tube closed 
below merely by a thin membrane, would be able 
to sustain a heavy load. In another demonstra- 
tion of this peculiarity, the lecturer used a sand 
column, 0.5 in. in diameter, 6 diameters (3 in.) in 
height, closed below by a piece of cigarette paper, 
which was held in position by a rubber band. An 
iron plunger rested on the sand and a cross-bar was 
attached to the plunger. The whole was suspended, 
and the assistant of the lecturer, having taken hold 
of the cross-bar, was freely supported by the small 
sand column ; when the piece of paper was removed, 
he came down with a jerk. 

This absence of a ‘‘ head,” Mr. Phillips continued, 
explained why the flow of sand from a tube was 
iellapeuiend of the height of the sand column. The 
flow was not quite uniferm, however. When the 
tube was oiled inside, the sand came out in slow 
regular jerks, accompanied by a rattling noise, an l 
the motion could be made sufficiently regular t» 

roduce a musical sound. Mr. Carus-Wilson }\! 
ound in Eigg Island (in the Hebrides) and els 
where so-ca!led musical sands, which gave a piercit' 
note when struck by a plunger in a suitable cup. 
We would refer our readers to a paper read by Mr. 
Skinner in the Physical Society last year, who us«: 


~ 





la mortar and pestle. To produce sound, M:. 
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Phillips stated, the grains should be fairly of the 
same size, rounded, clean and free from dust, and the 
vessel should have sloping sides. When black iron- 
sand was discharged froma glass tube and magnetised 
longitudinally by fitting a solenoid over the tube, 
the sound became very loud every time the circuit 
was closed ; the pitch depended upon the closeness 
of the grain and other conditions. The walls of 
the tube experienced a periodic expansion, because 
the lateral pressure was intermittently applied and 
released. That was shown by filling a tube with 
alternating layers of white and black sands. When 
the nozzle was opened below, the sand sank in the 
centre of the lowest layer, and as no eddies could 
form, a core of moving particles and a surrounding 
mass of dead sand could be distinguished. After 
a while the lateral pressure would be released, as 
the axial portion was rapidly moving downward ; 
then the column would suddenly slip down, and 
temporarily become closely packed again. Hence 
the periodic expansions of the walls mentioned, 
and the note would change when the tube was 
gripped in some part. 








NEW TREATMENT OF FEED-WATER. 

In our issue of January 28 last we published a 
letter from a correspondent on the subject of water- 
softening, which very briefly described a simple 
piece of apparatus for which seemingly marvellous 
things were claimed. This apparatus was called 
by our correspondent a water-softener, but it 
should perhaps be more correctly named a scale- 
softener, for it appears to have no power of soften- 
ing water, but merely of preventing some of the 
worst results that usually follow the use of hard 
waters in steam-boilers—namely, the formation of 
hard scale on the tubes and plates. 

The apparatus referred to is of the simplest kind, 
consisting merely of a piece of thin sheet aluminium, 
which is bent into a series of deep corrugations, 
usually about } in. wide, the corresponding depth 
being about 1 in. These dimensions, however, vary 
according to the amount of water to be treated and 
its degree of hardness. This corrugated strip, about 
5 in. wide and some 3 ft. or 4 ft. long, is fixed in an 
almost vertical position (actually about 86 degrees 
from the horizontal), and the water to be treated is 
fed to it from a kind of hepper at the top, through 
a number of small tubes, each of which leads into 
one of the corrugations of the apparatus. The 
amount of water flowing down the corrugations is 
just sufficient partially to fill them, but not to over- 
flow their tops. From the bottom of the apparatus 
the water falls into a storage tank, and this is all 
the treatment it receives. 

Now one would naturally expect that such a 
piece of apparatus, put to such a purpose, would 
prove perfectly futile in attaining any useful end. 
Yet the evidence that comes from numerous sources, 
and from men whose word is beyond doubt, proves 
clearly that something has happened to the water 
during its passage down the aluminium corruga- 
tions, and the change brought about enables it to 
be used in steam boilers without danger of hard 
scale being deposited on the plates and tubes. 
We have ourselves made some very careful inquiries 
into the matter, and have visited works where 
the apparatus is installed, and the evidence is 
everywhere the same: water which before being 
passed over the ‘‘ Luminator” (as the appliance is 
called) gave great trouble by the hard, flinty scale 
it deposited, has, since the application of the appa- 
ratus, ceased to give any trouble, all the precipitates 
from the water forming only soft mud, which can 
be easily brushed away. More than this also, the 
treated water is said, after being in use for some time, 
to bring off old hard scale. In one railway estab- 
lishment which we visited the apparatus had been 
in use for about six months, and was then treating 
nearly 1000 gallons of water per hour, the water 
being used in both locomotive and stationary boilers. 
This water has a hardness of from 20 to 30 grains 
per gallon, and had given much trouble before the 
‘“‘Luminator ” was installed, owing toa very hard 
deposit of flinty scale, which required chipping off 
at frequent intervals. Now, this trouble seems to 
have disappeared, all precipitates being easily 


washed or swept out. 

The question will be asked, What happens to the 
water during its passage over the aluminium corru- 
gations? To this there seems to be at present no 
Satisfactory answer. That the change in the nature 
of t he water is not chemical is clear, because analysis 
of the water before and after treatment shows that 








there is no difference in the chemical constitution, 
and, so faras the proportion of soap-destroying con- 
stituents are concerned, the water is practically 
unchanged. One theory brought forward (that men- 
tioned in our correspondent’s letter) is that the ultra- 
violet rays of light are responsible for the results 
noticed; but it seems that, in certain places where 
this apparatus is working satisfactorily, these rays are 
few in number, which fact is, of course, somewhat 
against this theory. It is stated by the firm who 
are introducing the apparatus into this country 
that where water is passing over the ‘‘ Luminator ” 
continually day and night, without any break, it is 
necessary to give the apparatus twelve hours’ con- 
tinuous rest during daylight every seventh day. 
If this be a fact, it looks as though light had some- 
thing to do with the action of the apparatus. In 
confirmation of this, experiments seem to show 
that in the treated water calcium sulphate pre- 
cipitates as a finely-divided amorphous powder, 
and that magnesium sulphate is completely ionised, 
the magnesium being precipitated as a fine powder. 
Moreover, any nitrate or nitrite in the water is 
also ionised, the nitric or nitrous ion disappearing, 
possibly in the steam, the sodium with which it was 
originally associated being left in the water in solu- 
tion, to be found when blown out associated with 
the sulphuric ion originally associated with the 
magnesium. This last fact seems to corroborate 
the claim that the process also prevents corrosion. 

The uncertainty as to the cause of the action of 
the apparatus is, of course, unsatisfactory, but no 
doubt some acceptable explanation will in time be 
forthcoming, and we understand from the owners, 
Messrs. Andrews, Croucher, and Co., Limited, of 
81, Cannon-street, E.C., that the matter is now 
being carefully investigated at the Imperial Tor- 
pedo Works, Friedrichsort, Kiel, so that some light 
may before long be thrown on it. -The action can- 
not for long be allowed to remain a mystery. 





ELECTRIC WAVES AND THE ELECTRO- 
MAGNETIC THEORY OF LIGHT. 

As the subject of his present course of lectures 
at the Royal Institution, Sir J. J. Thomson has 
chosen that of electric waves and the electro- 
magnetic theory of light. The first of the series 
was delivered on Saturday afternoon last. 

In opening his discourse, Professor Thomson 
said that he proposed to consider in the first place 
the properties of electrical waves, and afterwards 
to pass on to the electro-magnetic theory of light. 
In this latter theory light was regarded as an elec- 
trical phenomenon, and light waves as electrical 
waves. The discharge of the Leyden jar, he con- 
tinued, was the best way of producing electric waves. 
Up till seventy years ago physicists were quite 
satisfied that they knew all about such diseharges. 
According to them the theory was simple. When 
the jar was charged there was, say, positive elec- 
tricity inside, and negative on the outer coating. 
On connecting the two coatings by a wire it was 
thought that all that happened was that positive 
electricity flowed through the wire in one direction, 
and negative in the other, the two charges simply 
neutralising each other. This was the view uni- 
versally held up till 1840, when Professor Henry, 
of Princetown University, a man of great insight 
and originality, made certain experiments on the 
demagnetising of needles by the discharge from a 
Leyden jar. This discharge was effected by a 
current through a connecting wire, thus producin 
a magnetic force capable of demagnetising a stee 
needle. 

Sir Joseph said that he would try and repeat one 
of Henry’s experiments, which had led that observer 
to see that the then ordinary view as to the discharge 
of a Leyden jar was quite inadequate. In this ex- 
periment two needles magnetised to saturation were 
placed in the neighbourhood of the wire through 
which the discharge of the jar was effected, being 
arranged so that similar poles pointed in opposite 
directions. If the current on the discharge flowed 
in one direction, its magnetic field would have no 
effect upon one needle, since that was already satu- 
rated, whilst it would tend to demagnetise the other. 
In actual fact, however, it was found that both 
needles were demagnetised, but one to a greater 
degree than the other. In the demonstration of the 
experiment by Professor Thomson, one needle, when 
tested, proved to be nearly wholly demagnetised, 
whilst the other had its original magnetism much 
weakened. On the old theory as to the discharge 
of the jar, this fact constituted, he said, a mystery. 





Henry accordingly made a whole series of experi- 
ments showing the most remarkable insight, and in 
a paper published in 1842 stated definitely that the 
phenomena were such as to lead him to admit the 
existence of a primary discharge in one direction, 
and then a series of reflex actions backwards and 
forwards until equilibrium was established. 

As further evidence of this oscillatory discharge, 
Professor Thomson showed that with a vacuum 
tube charged with neon, and subjected to a dis- 
charge constant in direction, there was a great diffc- 
rence in appearance between the ends of the tube, 
one electrode being surrounded by a bright yellow 
glow, whilst at the other there was a mere speck of 
light. When, however, a jar was discharged 
through such a tube, the yellow glow was seen at 
both ends, the two appearing symmetrical. Hence, 
as concluded by Henry in 1842, the current, when 
a jar was discharged, oscillated backwards and 
forwards. Henry’s work, being published in maga- 
zines of small circulation, attracted little attention ; 
but, with the audacity of genius, Helmholtz, though 
ignorant of Henry’s work, and having made no 
experiments in the matter himself, in his 1847 
paper, on ‘*The Conservation of Energy,” stated 

dly that he would assume that the discharge of 
a jar was not a simple flow of current in one 
direction, but an oscillation backwards and for- 
wards. He had, in fact, no doubt about the matter, 
and did not need to experiment. Next, Lord 
Kelvin, in 1853, showed on electrical principles that 
the discharge must be of a backwards and forwards 
character. He could not, the lecturer continued, 
enter into the mathematics of the subject on that 
occasion, but he could give an idea of the principles 
which would lead them to expect this conclusion. 
A jar, charged to begin with, had tential energy, 
since sparks and heating were produced on its dis- 
charge. In other words, the electricity in the jar 
possessed energy in virtue of its position. If the 
two coatings were connected by a conductor, the 
electricity moved along the wire, and there was 
thus a current. Electricity in motion also pos- 
sessed energy, which was converted into heat as 
the current gradually died away. When the jar 
was discharged, therefore, the energy of the electri- 
city due to its position was converted into the 
energy of the electricity in motion, and as the charge 
disappeared the whole of the original energy 
became that due to the motion of the electricity 
along the wire. Whenever such a transformation 
of potential into kinetic energy took place, the 
process did not cease with the disappearance 
of the potential energy, but the kinetic 
tended to flow back into potential, to be fol- 
lowed by a re-conversion into kinetic, and so on, 
each in turn flowing back into the other. The 
system was, in fact, equivalent to a U-tube, having 
bulbs at each end, and nearly filled with liquid. 
When the level was disturbed, so that it was higher 
in one bulb than in the other, liquid flowed through 
the tube and restored the level; but it did not 
stop there, the flow continuing so as to raise the 
level in the second bulb, which in turn gave rise to 
a reversal of the flow. The fluid swayed accord- 
ingly backwards and forwards, being first higher in 
one bulb and then in the other. Kelvin’s investiga- 
tion was based on the foregoing lines, and he actually 
found an expression for the time of one oscillation. 

Visual proof of the oscillatory character of the 
discharge, the leeturer proceeded, was afforded by 
a famous experiment of Feddersen, a modification 
of which he would, he said, exhibit. The difficulty 
of obtaining direct evidence of the oscillatory 
character of the discharge arose from the immense 
rapidity of the oscillations. It was in fact a 
matter, not of hundreds a second, but of hundreds 
of thousands or even millions. No ordinary indi- 
cating instrument was therefore able to follow the 
motion of the current. A galvanometer, for in- 
stance, was so distracted by the advice given it to 
move first one way and then the other, that iis 
needle remained stationary. If the discharge were 
visible, however, it was obvious that the light would 
wax and wane with the current. If viewed direct, 
however, the retina merely averaged out the succes- 
sive impressions ; but if it pocteecp, dha in a rotat- 
ing mirror, theintermittent character of the discharge 
became obvious. The mirror having moved between 
successive discharges, a succession of bright and dark 
bands were observed, as the lecturer proceeded to 
demonstrate, using a neon tube for the passage of 
the discharge. 

Reverting to the analogy of the oscillations of a 
liquid in a (J-tube, the lecturer remarked that 
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on using a very viscous liquid, such as treacle, the 
levels gradually settled down without oscillations, 
and one got a condition corresponding to what the 
older physicists thought always occurred on dis- 
charging a Leyden jar. If, again, the latter were 
likened to a spring, it was known that if such a 
spring were compressed and then let go, it would 
oscillate. But were it immersed in a very viscous 
fluid its motion would be dead beat, and on release 
it would merely creep back to its zero. It was 
possible to put into the discharge circuit of a Leyden 
jar something that corresponded to the friction of 
the viscous fluid in the above cases, and then the 
appearance of the discharge, as viewed in the 
rotating mirror, was entirely altered. This the 
lecturer showed by including a length of wet string 
in the discharge circuit. 

Another method of establishing the oscillatory 
character of the discharge, Sir Joseph went on, 
made use of the principle of resonance, first applied 
to this end by Sir Oliver Lodge. The lecturer 
showed an apparatus comprising two condensers, 
each consisting of two parallel plates separated by 
an air-gap, and each coupled up to a rectangular 
metallic circuit. The two rectangles were arranged 
opposite and parallel to each other. One of the 
condensers was coupled up to a coil, and discharged 
itself through its rectangular circuit. The other 
had, included in its circuit, a neon tube, and was 
arranged so that one bar of the rectangle could be 
slid over the others, in this way altering the self- 
induction in the circuit. Provision was also made 
for altering the capacity of this condenser by sepa- 
rating the plates to a greater or a lesser degree. 

The discharge currents in the first rectangle 
induced currents in the other, but in general, the 
lecturer stated, these induced currents were too 
feeble to produce any visible effect, just as if two 
tuning-forks were taken at random and one struck, 
the other would, in general, not respond. If, how- 
ever, the second fork were of exactly the same 
pitch as the first, it would itself give forth an 
audible note when the first was struck. 

Lord Kelvin, the lecturer proceeded, had shown 
that the periodicity of a condenser circuit was pro- 


portional to VLC, where L denoted the self-induc- 


tion of the circuit, and C the capacity. The quantity 
L depended upon the length of the wire between the 
coatings, and, in the case of the resonator used by 
him, could be altered by sliding in one way or the 
other the movable bar of the rectangle. He showed 
that, on shifting this bar, a position could be found 
in which the neon tube in the circuit glowed brightly 
in. response to the oscillations in the primary rect- 
angle. The tuning of the circuit, he went on, could 
also be altered by separating to a greater extent 
the plates of the condenser. This diminished the 
capacity, and hence, to bring the resonator into 
tune again, it was necessary to increase the size 
of the rectangle by pulling out the sliding bar. 
Again, without altering the distance between the 
lates, the capacity could be changed by placing 

tween them a sheet of ebonite, which increased 
the capacity; and to restore the balance it was then 
necessary, he showed, to diminish the self-induc- 
tion. This latter experiment, he continued, was 
capable of giving very good results in the measure- 
ment of specific inductive capacities at very high 
frequencies. 

To illustrate the very high frequency (often many 
hundred thousand oscillations per second) of the 
discharge-circuit of a Leyden jar, the lecturer 
showed that if two coils were placed side by side, 
and one coupled up with the electric-lighting cir- 
cuit having a frequency of 100 per second, a lamp 
coupled up to the other lit > under the currents 
then induced. Interposing a sheet of tinfoil between 
the two coils there was no perceptible diminution 
in the brightness of the lamp, though on the sub- 
stitution of a stout plate of copper the effect on the 
brightness was very appreciable. The effect: de- 
pended, he said, on the frequency of the alterna- 
tions, and when these were slow a plate, to act as 
a screen, required to be of very considerable thick- 
ness and of very considerable conductivity. 

Repeating a similar experiment with a primary 
coil inserted in the discharge circuit of a jar, whilst 
a neon tube acted as indicator for the secondary cir- 
cuit, he showed that with the rapid vibrations then 
in operation the tinfoil acted as an effective screen. 
That the screening effect was not due to electrostatic 
action he showed by substituting for the tinfoil a 
sheet of wet paper, which proved to have no effect 


on the brightness of the indicating tube. The pro- 





cedure illustrated in this experiment, he went on, 
could be used to measure the resistance of fluid 
electrolytes under alternations of several 100,000 
per second. In this case the coils were arranged 
vertically one above the other, in a vessel filled 
with the liquid under examination, and by noting 
the distance between the coils necessary to extin- 
guish the light the resistance of the liquid at these 
very high frequencies could be determined. With 
these high frequencies, he added, a good deal of con- 
ductivity was shown by substances not generally 
considered conductors at all—such, for instance, as 
highly rarefied gases. 

To illustrate this, he showed an experiment in 
which a glass globe was surrounded by a coil form- 
ing the discharge circuit of a condenser. At the 
centre of this glass globe was a second, smaller 
one, sealed and filled with hydrogen at a very low 
pressure. The outer globe was itself partially 
exhausted, and was provided with a stem contain- 
ing charcoal, and this stem could be dipped into 
liquid air, thus causing the charcoal to oe 8 the 
gas and alter the pressure. At the outset the gas 
in the outer globe, being at a fairly high pressure, 
would not conduct. The charcoal on absorbing 
the gas rendered the residue conductive, and this 
was then capable of screening off the effect on the 
inner bulb, which required, he said, a very con- 
siderable conductivity. 

Un making the experiment, the lecturer showed 
that, at the outset, a ring of light circulated round 
and round the inner globe when the condenser was 
discharged through the outer coil. On then im- 
mersing the stem attached to the outer globe in 
liquid air the light diminished, and at one period 
of the experiment there was no light in either 
globe. As the pressure in the outer was, however, 
further diminished, a ring of light circulated round 
this outer globe, whilst the inner one remained 
quite dark. 

The lecturer next proceeded to show that these 
high-frequency currents were confined to the sur- 
faces of the conductors traversed by them, whilst 
a steady current flowed through the whole cross- 
section. High-frequency currents, on the other 
hand, extended only a small fraction of a milli- 
metre into the skin of the conductor, which might 
accordingly as well be a tube as solid. The appa- 
ratus used consisted of two coils connected up in 
series with the Leyden jars, one of the coils having 
an exhausted bulb to act as an indicator, this bulb 
lighting up when the discharge passed. Putting a 
piece of brass into the first coil, no effect was pro- 
duced on the brightness of the light in the bulb, 
whilst a similar block of iron caused an extinction 
of the light. The same effect followed on slipping 
a thin cover of iron over the brass and putting the 
latter back into the coil. This made it evident, 
Sir Joseph said, that the currents penetrated but a 
very short distance into the iron, and also that the 
latter still retained its magnetic properties when 
traversed by these high-frequency currents. 





TRIAL OF MARSHALL’ MILITARY 
TRACTOR. 

Ir will be recollected that on the occasion of the 
War-Oftice trial for military tractors in March last 
year only three out of eleven vehicles entered pre- 
sented themselves for trial, and of these only one 
fulfilled the conditions of radius of action laid down 
by the War Office. The requirements of the trial 
necessitated very considerable departures in design 
from that of any existing vehicle, and there can be 
no doubt that the time which elapsed between the 
invitation to compete and the carrying out of the 
tests was hardly long enough for the construction 
and proper tuning-up of a suitable machine. 

Among those who failed to get ready in time 
were Messrs. Marshall, Sons, and Co., Limited, 
Geinshorough, who constructed a tractor with a 
four-cylinder internal-combustion engine, which we 
illustrated in our issue of March 5, 1909. Since 
the date of the War-Office trials this machine has 
been lying at their yard, but on the 10th inst. our 
representative attended a test run of 100 miles, 
undertaken in order to demonstrate its powers pre- 
viously to its being sent to the Brussels Exhibition. 

The route consisted of two runs from Gains- 
borough to Market Rasen and back, making a 
distance of 80 miles, and of two short runs round 
Gainsborough to make the total up to 100 miles. 
The load consisted of a truck loaded with pig iron 
and of a sleeping-van for the accommodation of the 
drivers and observers, making a total of 8 tons, this 





being the load which the War Office specified the 
tractors should be capable of drawing. Two sets of 
drivers were provided, and these were changed 
approximately every 10 miles, a stop being made 
for the purpose. 

The log of the run is as follows :— 

8.30 a.m., Thursday, start from works. 
8.50 a.m., stop for broken valve-cotter; messenger 
sent back on foot for new one. 
9.55 a.m., journey resumed. 
11.15 a.m., arrived Caenby Corner (10 miles). 
11.18 a.m., journey resumed. 
12.45 p.m., arrived Market Rasen (20 miles) ; oiled 
engine and other parts. 
1.5 p.m:, journey resumed. 
2.40 p.m., arrived Caenby Corner (30 miles). 
2.45 p.m., journey resumed. 
4.10p.m., arrived Gainsborough (40 miles); 10 
gallons of paraffin put in tank. 
4.25 p.m., left Gainsborough on second journey to 
Market Rasen. 
6.0 p.m., arrived Caenby Corner (50 miles). 
6.7 p.m., journey resumed. 
7.50 p.m., arrived Market Rasen second time (60 
miles) ; general oil-up. 
7.58 p.m., journey resumed. 
9.26 p.m., te soe | Caenby Corner (70 miles). 
9.53 p.m., journey resumed. 
11.35 p.m., arrived Gainsborough (80 miles); 15 
gallons of paraffin put in tank. 
12.5 a.m. Friday, started for first 10-mile round. 
1.45 a.m., finished first 10-mile round. 
2.0 a.m., started for second round. 
3.45 a.m., completed distance of 100 miles. 

Almost immediately after starting a valve-cotter 
broke. No spare cotter being on board, a man had 
to walk back to the works to get one, which 
caused a delay of over an hour. In ordinary 
running it may be presumed that spare valves and 
cotters would be carried, as is aes motors, and 
that the delay would have therefore only been a 
few minutes. After that the engine ran con- 
tinuously till the finish at the works, the time it 
was actually running being over 18 hours, and there 
appeared no reason why it should not run for any 
further reasonable time required if fuel was supplied. 

The whole 100 miles was accomplished in 19 hours 
15 minutes, which gives an average speed of 5.2 
miles an hour, including all stoppages. Of the 
total time, however, 3 hours 5 minutes were occu- 
pied by stoppages, making the total running time 
16 hours 10 minutes, an average running speed of 
6.2 miles an hour. Considering that the roads 
were very heavy, this is a very creditable perform- 
ance. There was nostop whatever for any mechanical 
cause except the broken cotter, but the stops to 
change drivers mounted up to a_ considerable 
amount, as the men appeared desirous of stretch- 
ing their legs well at each change, especially towards 
the end of the run, when they had been on duty 
over 12 hours. 

It had been intended to take the consumption 
of fuel, but it was found that the flange of the 
paraffin tank was leaking badly, and that a good 
deal of paraffin had been lost during the first part 
of the run. As it was not known exactly how 
much had been thus lost, the precaution was taken 
later in the day of replenishing the tank. After 
the trial, however, the tank was filled up, and it 
was found that in spite of the leakage, and the fact 
that the engine was kept running through the stop- 
pages, the total amount used was considerably less 
than the full capacity of the tank (115 gallons), so 
that there is no doubt that the machine is capable 
of complying with the condition laid down by the 
War Office, that it must run 100 miles without 
filling up with fuel. The water used was only 16 
gallons, which is a very small proportion of the total 
capacity of the tank, and it would obviously be 
possible to run several hundred miles without 
taking in water. 

We illustrated this tractor in our issue of March 5, 
1909, but since the photograph then reproduced was 
taken the vehicle has had ordinary traction-engine 
wheels fitted in place of those then shown. While 
we need not, therefore, recapitulate the whole of 
the description then given, it may be said that the 
general outline of the arrangements follows those of 
the ordinary motor-car, there being a vertical four- 
cylinder engine placed towards the front, with the 
crank-shaft longitudinal, driving on to a chan: 
speed gear-box through a friction clutch. 
single gear-box of very substantial construction 
placed nearly over the back axle contains tic 
change-speed gear, bevel gear, and the cross-sha't 
on which is placed the differential gear. Two 

inions, one on each end of the cross-shaft, ge" 
into spur-wheels fixed to the driving-whee's. 
The axle is a revolving one, but as each whee! 's 
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driven separately, no twisting stress is transmitted 
by it except when the winding-drum is in use. The 
vear-box provides three speeds of two, five, and 
seven miles an hour at the normal engine speed of 
750 revolutions. 

The engine has four separate cylinders, 7 in. by 
7 in., cast separately, and having all the valves 
direct driven, and on the same side. Five bearings 
are provided to the crank-shaft—i.e., one between 
each pair of cranks—and both the crank-pins and 
main bearings are exceptionally long, and are fitted 
with forced lubrication. The fuel supply is a special 
feature. The paraftin tank holds 115 gallons, and 
is carried below the frame to facilitate filling, while 
a pump on the engine delivers the fuel to a small 
subsidiary tank on the dashboard, which, by this 
means, is kept always full, the excess returning to 
the main tank by an overflow. This small tank has 
two compartments, for, in addition to the space for 
the paraftin, there is a compartment holding about 
2 gallons of petrol. From this small tank the 
fuel flows to the vaporiser under a constant head, 
separate connections being arranged so that either 
petrol or paraftin may be used. The engine may 
thus be started on petrol and the paraftin turned 
on when the vaporiser gets hot enough. The latter 
is of the exhaust-heated type and appeared to work 
very well indeed on the trial, the exhaust being 
remarkably free from smoke whether the engine 
was running light or loaded. In case petrol cannot 
be obtained, a lamp may be used to heat the 
vaporiser for starting. In front of the engine isa 
radiator, through which air is drawn by means of a 
friction-driven fan, and this proved quite satisfac- 
tory in keeping the engine cool. 

The whole engine is carried on a channel steel 
frame, both axles being mounted on springs, and 
the steering being of the traction-engine type, with 
the driver close to the brake of the vehicle in a 
most convenient position. Altogether the vehicle 
is a very workmanlike machine, and it is a very 
great pity that it could not have been got ready in 
time to take part in the trials last March. 








NOTES. 
THE INTERNATIONAL ASSOCIATION FOR TESTING 
MATERIALS. 

One of the resolutions passed at the Copenhagen 
Congress in September last, dealing with pig iron, 
was to the following effect :—‘‘ For the purpose of 
defining more accurately the quality of pig iron 
than was possible by the present method of grading 
by fracture appearance, the Congress recommended 
that Committee 1 (Sub-Committee 14) be instructed 
to inquire in the various countries concerned, as to 
how far specifications on analysis might be usefully 
substituted for the present method of grading by 
fracture appearance, and that they be authorised to 
take such steps as they may deem advisable to 
give effect to this resolution.” We gave the dis- 
cussions upon this point in our reports upon the 
proceedings of the Congress (see vol. Ixxxviii., 
page 409). A joint meeting of British members of 
the International Association and of representatives 
of British associations interested in this matter, was 
held at the offices of the Iron and Steel Institute, on 
Thursday, the 10th inst., under the chairmanship 
of Mr. J. E. Stead, F.R.S., when the subject of the 
resolution was gone into thoroughly, and discussed 
at great length. Mr. T. C. Hutchinson, on behalf 
of the Cleveland Ironmasters’ Association, stated 
that that body would refuse to be bound by any re- 
solution to sell pig iron by analysis only. Mr. 
H. J. Skelton, for the British Iron Trade Associa- 
tion, added that he considered the proposal imprac- 
ticable ; while Mr. W. H. Butlin, also for the 
British Iron Trade Associavion, stated that the 
great bulk of opinion in his district (Northampton- 
shire) was in favour of grading by fracture. Mr. 
". Adamson referred to the differences existing 
between American and British practice, and Mr. H. 
Pilkington, on behalf of the British Foundrymen’s 
Association, expressed the desire that considera- 
tion of the matter should be postponed. Mr. Stead 
having informed the meeting that he had been de- 
sired, on behalf of the Iron and Steel Institute, to 
oppose any suggestion to change the existing 
methods of grading, the following resolution, drawn 
up by Dr. W. Rosenhain, was unanimously adopted, 
on the motion of Mr. G. H. Roberts (Royal Arsenal, 
Woolwich), seconded by Mr. W. H. Butlin :— 
‘‘ That the conditions governing the sale of pig iron 
in Great Britain make it undesirable to recommend 
any immediate change in the existing practice of 








grading, whether by fracture or by analysis.” We 
take this to mean that in those cases in which pig 
iron has been sold on fracture appearance to 
the complete satisfaction of both parties, the 
custom of so selling by fracture appearance will 
continue to prevail ; while where business is done 
upon analysis this is also to continue as formerly, 
the British members of the International Associa- 
tion for Testing Materials having no desire to be 
tied down by exclusive rules in the matter. 


A New Arc-Lamp. 


An interesting novelty in arc-lamps, reminding 
the electrician of the old Jablochkoff candle, is 
described by Professor Wedding in the Elektrotech- 
nische Zeitschrift, of January 13. The mechanism 
is very simple. Two arcs are combined to form a 
double-series lamp. There are two pairs of elec- 
trodes fixed to an iron plate, which serves also as 
a reflector. Both pairs lie horizontally, and parallel 
to one another, the one pair being pivoted at the 
left, and the other at the right. In each pair the 
positive carbon is the upper. Above the plate is 
an electro-magnet provided with two armatures ; of 
which one is arranged to tilt the upper carbon on the 
left, and the other armature to tilt the upper carbon 
on the right. When the lamp is not switched on, 
the upper carbons rest with their ends on the lower, 
and slightly inclined downward. The lower carbons 
are supported by pins. When the lamp is turned on, 
the upper carbons are raised a little until they 
strike against stops, and the are is formed. Pro- 
fessor Wedding found that the lamps burned 
steadily on 110-volt circuits as long as the current 
intensity, normally 11 amperes, did not sink below 
4 amperes. When that happened, one of the upper 
carbons dropped on to its fellow, as the electro- 
magnet could not hold it up any longer ; the arc 
on that side then became extinguished, and the other 
arc received more current. It sometimes happened 
that the arc did not form at the extremities, and 
in such cases Professor Wedding observed fluctua- 
tions for about half a minute. hen the carbons 
are nearly spent, the lower one drops, as the sup- 
porting stop is placed close to the holder; thus 
the arc is interrupted. The electro-magnet which 
regulates the lamp is also arranged to blow out the 
ares, one to the left, the other to the right. The 
carbons were originally made as circular rods, but an 
oval shape is now preferred. They burn ten hours. 
The lamp forms a cylindrical box, closed below by 
a hinged glass cover, which is dome-shaped. It 
will be seen that there are no wheels nor delicate 
mechanisms in the lamp, which is known by the 
name Timar-Dreger, and is being brought out by the 
Gesellschaft fiir Elektrotechnische Industrie, of 
Berlin. 


ENGINEERING IN THE STRAITS SETTLEMENTS. 


The British Empire covers such a wide area, and 
its relations to the other countries of the world are 
so complex, that the relative importance of its 
various parts is apt to be wrongly estimated, as 
position often counts for more than size. For 
instance, Singapore is the gateway of the Pacific, 
and as such is a strategical point, round which 
radiate the three divisions of the British Eastern 
Fleet—the East Indian, the China, and the 
Australian squadrons, which are based respectively 
on Bombay, Hong Kong, and Sydney. In time 
of war, Singapore would be the central rendezvous 
of these three squadrons for coaling, victualling, 
and refitting, as well as for offensive movement. 
These considerations, no doubt, led the Govern- 
ment to acquire the Tanjong Pagar Docks, and to 
develop the accommodation in Singapore Harbour. 
A loan of 5,000,0001. was raised in 1907 under the 
provisions of the Loan Ordinance, which authorised 
the Colonial Government to borrow a sum not ex- 
ceeding 7,861,4571. for works in the Settlement. 
A report recently issued by the Colonial Office 
states that good progress has been made with the 
harbour works, and details are given of some of 
the operations, a total of 45,9341. (the equivalent 
of 393,654 dols.) having been paid to the con- 
tractors during the year for work done during 
1908. The total’ number of men employed was 
1388, including 130 Europeans. Progress was made 
during the year with the new Lagoon Dock and 
the reconstruction of the wharves at Tanjong 
Pagar. Tenders for this work were received in 
1907, and Messrs. John Aird and Co.’s tender of 
998,7001. was accepted. The wet dock is to have an 
area of 244 acres, providing 3837 ft. of additional 
quay-wall, with a minimum depth alongside of 30 ft. 








The various sections of the work are being rapidly 
pushed forward. The plant and appliances pro- 
vided by the contractors are most complete and 
leave nothing to be desired, and it is expected that 
the rate of completion of the permanent works will 
increase rapidly. Three prominent contracting firms 
are now at work in Singapore under contract with 
the Government—viz., Sir John Jackson, Limited, 
Messrs, John Aird and Co., and Messrs. Topham, 
Jones, and Railton ; while the Westminster Con- 
struction Company are also carrying out contracts 
with the Singapore Municipality for the construc- 
tion of a new reservoir at Kabang, filter-beds and 
a clear-water tank at Woodleigh, and have com- 
pleted their contract for the abutments of the new 
bridge at the mouth of the Singapore River. It 
may be noted that the year under review in the 
report was an exceptionally bad one for the trade 
of the colony ; not only was the depression through- 
out the world felt there, but, as was pointed out by 
both the chairmen of the Chambers of Commerce 
of Singapore and Penang, the depression was accen- 
tuated by the fact that many of the Chinese firms, 
who had speculated in tin and exchange by means 
of ‘‘long credit,” were unable to weather the de- 
pression. The results were disastrous, the loss in 
Singapore alone being estimated at four to five 
million dollars. 








THE LATE MR. RUDOLPH HAACK. 

Wits Mr. Rudolph Haack, who died in Neustadt- 
Eberswalde, near Berlin, some weeks ago, there has 
passed away a man who exercised a great influence on 
the early development of the German Navy. Born 
in 1833 at Wolgast, a small port on the Baltic, in what 
used to be known as Swedish Pommerania, he went to 
school in his native town and became an apprentice in 
one of the shipbuilding yards there. Having visited 
England, he attended the technical school at Stettin, 
and then the school of naval architecture at Grabow, 
near Stettin, the only one of its kind in Germany at 
that time. In 1856 he was appointed chief engineer 
to Messrs. Fiirchtenicht and Brock, of Bredow, near 
Stettin, a firm which, in 1857, was converted into the 
famous ‘‘ Stettiner Maschinenbau A.-G. Vulcan.” 
During the wars of 1864 and 1866 he was on military 
duty in Stettin, but he took active part in the war 
of 1870, and returned decorated with the Iron Cross. 

Before this war the German Admiralty had been 
negotiating with the Vulean Company as to the con- 
struction of an ironclad. To most people such a con- 
struction in Germany seemed to involve too great a 
risk, and the negotiations came toa standstill. But 
Haack undertook the responsibility, and the Preussen 
was successfully launched in 1873. The success helped 
German shipbuilding and the iron industry in general 
to its remarkable rise. Orders for the Navy and 
merchant service remained in the country. Among 
the warships which Haack constructed for foreign 
navies were the Ting Yuen and Chen Yuen, which 
went to China. In 1887 Haack left Stettin and settled 
in Berlin, retaining his connection with the Vulcan in 
a consulting capacity. He wrote on naval matters, 
and was, in 1898, charged by the Government with 
the experiments on ships’ resistance on canals. His 
often-quoted trials were conducted on the Dortmund- 
Ems Canal ; one of his rewards was the Gold Medal 
of the Paris Exhibition of 1900. In conjunction with 
Mr. R. Cramer, who predeceased him, he was the judge 
of the designs for the great ship-lifting plant on the 
Dortmund-Ems Canal, at Henrichenburg, near Herne ; 
the ———— construction finally decided upon has often 


been described. 
When the North-East Sea Canal was planned, Mr. 
Haack advocated bigger locks, without being able to 


carry his point. After the death of his friend Midden- 
dorf, technical director of the Germanic Lloyd, in 1903, 
Haack acted for some time as his successor. He was 
a past-president of the Berlin branch of the Verein 
Deutscher Ingenieure, and was last year elected an 
honorary member of the Schiffbautechnische Gesell- 
schaft. In 1904 he retired to Neustadt-Eberswalde, 
where he died, universally regretted as a most kindly, 
active, and reliable man. 








EXHIBITION OF APPARATUS FOR Rapip PHOTOGRAPHIC 
PRINTING.—AIll firms possessing their own photographic 
studio and staff will have experienced the need of quickly 
producing a number of prints on bromide paper to meet 
some sudden demand, and the proprietors of the British 
Journal of Photography, to enable such emergencies to be 
met, have opened free, at their offices, 24, Wellington- 
street, Strand, W.C., a little exhibition which has been 
the means of collecting togatiaee quite a number of ma- 
chines for rapid printing o' teards and larger sheets. 
There is also a great variety of printing frames of different 
sizes fitted with attachments for the clamping of the nega- 
tive and the quick registration and fixing of the sensitive 
sheet, so that the exposure may be promptly carried out 
in the dark room without risk of spoiling material. The 
exhibition remains open till the 26th inst. 
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TESTS OF ZOELLY STEAM-TURBINES. 


W« have received from Messrs. Escher, Wyss, and 
Co., of Zurich, particulars of recent careful trials of 
turbines built by them, varying in size from 300 up to 
2300 kilowatts rated capacity. As will be seen from 
the figures given below, the steam consumption was 
very good, the steam being highly superheated, and the 
vacuum (which was measured at the:exhaust-pipe) high. 
A noticeable feature of the whole series of turbines is 
the flatness of the curve showing the steam taken per 
kilowatt-hour at different loads. From other data 
sent us it appears that the efficiency ratio, reckoned 
from the condition of the steam at the first row 
of guide-blades to the switchboard, of the 700-kilo- 
watt unit, at 859 kilowatts, was 60.6 per cent.; of 
the 1000-kilowatt machine, at 1060 kilowatts, 61.8 

r cent.; and of the 2300-kilowatt machine, at 2508 

ilowatts, 64.6 These figures have been calculated 
from the new tables of Messrs. Marks and Davis, and are 
based upon the common assumption that the superheat 
is the same below the governor-valve as it is above, an 
assumption which provides for some loss of heat by 
conduction at the valve. The trials were, we under- 


1000 K.W. TURBINE. 


BUILT FOR :-AN INITIAL PRESSURE OF UWATM.(GAUGE) 
REVS.-3000. STEAM TEMPERATURE 300°C. 





TasLe 1.—300-Kilowstt Turbine for the Buderus’che 
Eisenwerke, Lollar, Designed to Run at 3000 Revolutions 
per Minute. 





Test No. .. “s - ee 1. 2. 3. 4. 
Revolutions per minute . 8040 3033 3010 3030 
Load in kilowatts, including 

excitation ee es -»| 815.5 160.2 339 315 
Pressure at stop-valve (gauge) 

Ib. per sq. in. 119 1183 ©1111 | 1103 

Temperature of steam, deg. F. 674.9 | 587.8 594.4 | 67.1 
Superheat deg. F. 234.2 247.6 2588 | 202.1 
Vacuum in exhaust-pipe — in. 28.98 29.19 29 O1 28.98 
Total steam perhour.. Ib. 5271 3096 5635 5079 
Consumption per kilowatt- 

hour as + Ib. 16,82 19.14 16.62 16.14 


Turbine for the Electricity 


Taste ITI.—700- Kilowatt 
3000 Revolutions per 


Supply Station, Helsingfors ; 





Minute. 
Test No. 1, 2; 3. 4. 5. 
Revolutions per minute _«+| 8000 3005 | 3010 3020 , 3000 
ad in kilowatts, including | 

excitation oe - ..,| 720 535] 355 | 185] 859 
Pressure at stop-valve (gauge) 

Ib. per sq. in.) 188.2 192.6 | 190.4 192.6 , 189.6 

Temperature of steam, deg. F.| 582.3 572.9 | 570.2 575.6 579.2 
Superheat. . ‘ deg. Fahr.| 199.2 188.1 | 186.2 190.8 195.7 
Vacuum in exhaust-pipe in. | 28.74 | 28.95 | 29.01 | 29.22 , 28.44 
Total steam per hour .. Ib. 10,857 8433 | 5986 3622 12,742 


Consumption per kilowatt-hour 


| 
Ib, 15.08 15.78/| 16.89 19,58 14.84 





Tani IIT.—1000-Kilowatt Turbine for the Desigheimer 
Oelfabriken, Bremen; 3000 Revolutions per Minute. 


Test No. .. én 7” Hs ie * 2. | 





Revolutions per minute -. 8004 3001 3000 2909 
Load in kilowatts, including 

excitation ‘ os 766 534 1042 1060 
Pressure at stop-valve 

Ib, per sq. in. 160.2 173.3 148 149.9 

Temperature of steam deg. F. 569.4 601.5 568.4 572 
Superheat as ee 198.6 224.8 203.3 206 
Vacuum in exhaust-pipe in. 28.71 28. 88 28.56 28.59 
Total steam per hour .. Ib. 11,860 8641 15,365 15,497 
Consumption per kilowatt- | 

hour os as Ib. 15.50 16.16 14.70 14.62 


TABLE 1V.—2300-Kilowatt Turbine for the Electricity 
Supply Works, Stuttgart- Miinster ; 1500 Revolutions 


per Minute. 

Test No. 1 2. 3. 
Revolutions per minute ‘ ..| 1504 1508.7 1501 
Load in kilowatts, including excitation..; 1120 1621 2507.7 
Pressure at stop-valve (gauge) 

Ib. per sq. in.| 183.0 190.5 183.5 
Temperature of steam deg. F.! 600.0 604.2 607.9 
Superheat .. oe oe » | 2104]; 220.2 226.9 
Vacuum in exhaust-pipe .. .. dn! 2880) 2853; 27.99 
Total steam per hour - ..  Tbd.| 17,298 23,640 35,430 
Consumption per kilowatt-hour.. Ib.) 15.43) 14.60) 14,11 








stand, reception trials. It would be of extreme in- 
terest to have the figures for similar tests made with- 
out overhauling the turbines after twelve months’ run. 
It is well known that some patterns of high-efficiency 
reciprocating engines are extremely liable to show a 
marked reduction in steam economy in such a test, 
whilst turbines in other cases have proved to have lost 
little, if any, of their primal efficiency. In one of the 
European navies, for instance, famous for the results 
obtained on trial with reciprocating engines, later 
turbine-fitted craft, though beaten in the matter of 
coal consumption at three-quarters and lower speeds, 
have in service proved at little, if any, disadvantage in 
this respect, it being impossible for the ordinary engine- 
room staff to maintain the reciprocating engines up to 
concert pitch in service conditions. 

The annexed tables show the results obtained, whilst 
the figure above them illustrates well the extreme flat- 
ness of the consumption curve in the case of the 1000- 
kilowatt unit. 








B.T.H. Execrriciry Metrrs.—It has been brought to 
the attention of the British Thomson Houston Company, 
Limited, that certain statements are_being made to the 
effect that the B.T.H. type M.H. mercury meter for 
continuous-current circuits, and types A.C.T. and R.H. 
for alternating-current circuits, are manufactured abroad. 
They desire to state that these are manufactured at their 
works at Rugby, and any report to the contrary is false. 





LarGe Gas-EnGiInes.—We understand that two large 
Cockerill-Westgarth gas-engines have recently been sup- 
jlied by Messrs. Richardson, Westgarth, and Co., 

imited, Middlesbrough, to the Coltness Iron Company, 
Newmains, N.B. The engines use blast-furnace gas, and 
are each of 1100 brake horse-power. The leading dimen- 
sions are :—Gas-cylinders, 394 in. in diameter ; air-cylin- 
ders, 96 in. in diameter; and the stroke, 434 in. The 
engines are fitted with the Southwark patent sliding air- 
valves, and run at 70 revolutions per minute. One of them 
has recently made a non-stop run of over five months. 





MANCHESTER Suip Canat.—The expenditure made by 
the Manchester Ship Canal Company on capital account 
to the close of last year was 16,790,490/.; the outlay in the 
past six months was 10,856/. The revenue collected in the 
second half of last year was 288,856/., while the working 
expenses were 136,170/., leaving a balance of 152,686/.— 
increased to 166,258/. by the profit realised in the same 
period upon the Bridgwater Canal. Including 2547/. re- 
ceived for bankers and general interest, the company had 
a final available balance of 168,805/. After providing for 
sundry interest and fixed charges, a balance of 96,933/. 
remained to be handed to the Manchester City Council 
for interest on debentures held by it. The transfer of this 
balance made the total amount paid to the City Council for 
1909 153,010/. The whole interest payable to the Council 
for the year upon the 5,000,000/. loan made by it was 
160,000/., and the shortage of 6990/. will be satisfied by the 
issue to the Council of 6990/. Manchester Ship Canal 3} 
per cent. preference stock. The weight of toll-paying 
merchandise which passed over the canal in the past six 
months was 2,378,619 tons, showing an increase of 65,236 
tons. The receipts expanded during the past six months 
to the extent of 18,711/., while the working expenses were 
larger by 5131/., so that there was an increase of 13,580/. 
in the revenue. There was also an increase of 3102/. in 
the net revenue acquired upon the Bridgwater Canal. 
The revenue of 288,856/. acquired in the second half of 
last year compared with 270,145/. in the second half of 
1908, 287,231/. in the second half of 1907, 265,661/. in the 
second half of 1906, and 240,691/. in the second half of 
1905. 


Conrracts.—Messrs. Joseph Wright and Co., of 
Tipton and London, have recently booked orders for their 
yatent water-purifying plants for Messrs. Loders and 
Nucoline, of jae te ll = ; Messrs. Craddock, Allison, 
and Co., Limited, Eaglescliff, Co. Durham; Messrs. 
J. G. Ingram and Son, Hackney Wick, London; and the 
Melbourne Corporation electricity department. They 
further have at present in hand or just executed other 
plants for seven companies throughout the United King- 
dom.—The contract for the electric lighting of the new 
buildings of the Institution of Electrical Engineers, who, it 
will be remembered, purchased the premises of the Royal 
College of Surgeons, hes been placed with Messrs. Drake 
and Gorham, Limited, of Westminster, at 1018/.—The 
Power Gas Corporation, Limited, Stockton-on-Tees, have 
recently booked the following orders :—2000-horse-power 
Mond ammonia-recovery gas plant for the new large gas- 
engine works of the National Gas-Engine Company, 
Limited, Ashton-under-Lyne ; electrical power installa- 
tion, consisting of 1000-horse-power Mond gas plant, 
gas-engines, dynamos, &c., for the Straits Trading Com- 
pany, Singapore ; Mond heating producer and two cal- 
cining furnaces for metallurgical works on the Tyne ; 
Mond heating producer and large open-hearth tin-smelt- 
ing tooweny b the Penpoll Tin-Smelting Company, of 
Liverpool ; Mond heating producer plant (extension to 
existing plant) for firing tin-smelting furnaces, Singapore: 
Mond heating producer and wire-annealing ovens for a 
Tyneside rope works ; Mond heating producer and four 
late-heating furnaces for Messrs. Ruston, Proctor, and 

On, Limited, Lincoln, in connection with extensions to 
their boiler works. Messrs. Wm. Simons and Co., 
Limited, Renfrew, have received an. important order 
from the British Admiralty for a 2000-ton Simons suction 
cutter hopper. This vessel will be able to dredge its 


own flotation by means of a cutter in the suction-pipe, 
and up to a depth of 60 ft. of water. 





THE EMPLOYERS’ LIABILITY AND 
MERCHANT SHIPPING ACTS. 
Hovse or Lorps JuDGMENT. 


A Rigger not a Seaman.—Under the Merchant Shipping 
Act sailors are specially provided for, and therefore they 
are barred from recovering in any action under the Em- 
— Liability Act. 

his was the point that induced Macbeth and Co., 
shipowners, Glasgow, to appeal against the decision of the 
Courts which upheld the claim of a rigger named John 
Chislett, of Bootle. The case hasalready been mentioned 
in these columns, but it is of interest now, as it has gone 
to the House of Lords, and on the 7th inst. the Lord 
Chancellor, with all his four colleagues, decided to uphold 
the Courts below. It was argued before the House of Lords 
that the word ‘‘seaman” in the Employers’ Liability and 
Employers and Workmen Acts ougbt to be construed sub- 
ject to the definition in the Merchant Shipping Act, Sec 
tion 2, and therefore within such definition the respondent 
was really a seaman to whom the Employers and Work- 
men Act did not apply. The Lord Chancellor, in giving 
judgment, said the Court had not to go by the definition 
in some previous Statute, but to find out for itself 
whether the man was actually a seafaring man, and 
employed to work at sea and incur maritime risks. At 
Liverpool County Court it was found he had been a 
rigger, and in pursuance of his ordinary vocation assisted 
to move the ship belonging to the appellants across the 
Langdon Dock. He was not one of the ship’s crew. The 
House of Lords dismissed the appeal, so that all the 
Courts held that the word ‘‘ seaman” must be taken in 
its literal meaning, and that any reference to the Mer- 
chant Shipping Act definition is confusing and mislead. 
ing. The Sone of Appeal here, and the Court of Session 
in Edinburgh, were agreed in the common interpretation 
of the word “seaman,” which should not depend on the 
provision or definition of the Merchant Shipping Act of 
1854. There is no reference to this Act in the Employers, 
Liability Act, 1880. Thus an argument based on legal 
pedantry goes down before the common-sense of the 
Courts me with the approval of the House of Lords. 








THE QUEEN’s ENGINEERING WorRKS MAGAZINE, JANU- 
ARY, 1910.—The firm of Messrs. W. H. Allen, Sons, and Co., 
Limited, of Bedford, must, we think, be gratified by the 
appearance of the seventh annual number of their works 
magazine, which was published in January, for indirectly 
it indicates a vitality in the constitution of the firm which 
can only be a source of satisfaction. The magazine is 
well got up, and contains in all 56 pages and 33 illustra- 
tions, most of which latter are half-tones. The matter 
covers a variety of subjects, some of them being, as is 
natural, of an engineering nature. One of these is a 
review of events in 1909, written by the chairman of the 
company, and includes a reference to a new large 30-ton 
testing-machine recently added to the works, also an 
allusion to a metallurgical microscope made by Messrs. 
W. Watson and Sons, of Birmingham, and to some im- 
portant pump-work carried out for Sasebo Naval Dock- 
yard. Another article, by H. H. Bentley, is devoted to 
commutating-pole dynamos and motors, while in ‘A 
Few Notes on the Tool Room,” by A. Carmichael, some 
useful information is given. The pupils’ and appren- 
tices’ section forms an admirable part of the magazine. 
In this there are short accounts from former pupils who 
are now settled in different parts of the world, describing 
the work on which they are engaged. The social side of 
the life at the Queen’s Engineering Works is not over- 
looked, and the doings of the cricket club and of the 
Allen Institute band are recounted. here is also a 
directory of the former pupils of the company. 





THE JuNIoR INSTITUTION OF ENGINEERS. — At a recent 
meeting of this Institution, held at the Royal United 
Service Institution, Whitehall, the chairman, Mr. Geo. 
T. Bullock, presiding, the honorary members’ lecture of 
the year was delivered by Mr. R. H. Hammersley 
Heenan, M.Inst.C.E., late Consulting Engineer to the 
Harbour Commissioners of Port Elizabeth, who took as 
his subject ‘‘ The Creation and Development of a 
Successful Commercial Port.” With the harbour of 
Algoa Bay, or Port Elizabeth, as an illustration, the 
lecturer showed how great natural difficulties could be 
overcome in port development, and provision made for a 
satisfactory harbour. Both failures and successes were 
considered in the course of the lecture, reference being 
made to the breakwater of 1856, the design for docks in 
the bay in 1876, jetties and sea-walls, mode of working 
the port, improvement of jetties, landing-stage for ex- 
plosives, hydraulic dock, slipway, land reclamation, and 
fishing interests. The effects of improvements and 
the results of experience were dwelt upon, and the 
lecturer concluded with an interesting review of the 
various projects which had been put forward from time 
to time, including the latest proposal of Messrs. Coode, 
Son, and Matthews, the breakwaters of which would 
enclose an area of 740 acres, the general design being one 
recommended to the Harbour Commissioners by Mr. 
Heenan some years previously. When those great works 
would be carried out it was hard to say, but 1t was even 
more difficult to imagine that a country with the enormous 
potentialities of South Africa, and with an enterprising 
and energetic people, would — to develop, when 3 
suitable time arrived, one of the most important ports 
which it ~~: Moved from the chair, seconded by 
Mr. F. E. Powell, of the Auckland Harbour Work:, 
N.Z., and supported by Mr. R. W. Newman, Mr. A. H. 
Tyler, Mr. J. Wylie Nisbet, and Mr. B. E. Dunbar 

ilburn, a cordial vote of thanks was passed to the 
lecturer. 
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INDUSTRIAL NOTES. 


Tue Report of the Labour Department of the Board 
of Trade is based on the following extensive and reli- 
able returns as regards the general state of employ- 
ment in the chief groups of industries in the United 
Kingdom :— 

In addition to the 2883 employment returns from 
trade unions used for the chart, 3726 were received 
from employers relating to 1,026,157 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6609 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 
From the above returns it appears that employment 
was, on the whole, not quite so good. Shipbuildin 
and engineering continued to improve, but nearly all 
the textile trades showed some falling off, especiall 
cotton. There wasalso a seasonal decline in the build- 
ing and printing trades. As compared with a year 
ago, all the principal industries, except cotton, showed 
an improvement. 

The 416 trade unions making returns had a net 
membership of 694,456, of whom 47,259 (or 6.8 per 
cent.) were reported as unemployed, compared with 
6.6 per cent. a month ago and 8.7 per cent. a year ago. 


Employment in coal-mining was good, and, after 
making due allowance for holidays and disputes, 
ome slight improvement, and was better than a 
year ago. The average number of days worked by 
the pits was 4.89, as compared with 5.49 days a month 
ago, and 5.03 days a year ago. The time lost on 
account of holidays and disputes amounted to 0.68 of 
a day per week ; a year ago, the time lost on account 
of holidays amounted to 0.30 of a day per week. 

In the iron-mining industry employment was fairly 
good on the whole, and showed little change as com- 
pared with either a month ago or a yearago. The 
average number of days worked per week by all mines 
and open works included in the returns was 5.57, as 
compared with 5.58 the same month a year ago. Both 
these averages are reduced on account of holidays. 

Employment in the pig-iron industry continued 
moderate. It was, however, better than a year ago. 
Returns received relating to the works of 108 iron- 
masters, employing 22,600 workpeople, showed 301 fur- 
naces in blast, as compared with 300 a month ago, and 
284 a year ago. 

Employment at iron and steel works was about the 
same on the whole and was better than a year ago. 
The number of men employed was reduced, but the 
average number of shifts worked increased. Taking 
into account both the numbers employed and the shifts 
worked, the volume of employment at the works from 
which returns were received was 0.1 per cent. less 
than a month ago, and 7.3 per cent. greater than a 
year ago. 

In tin-plate and steel-sheet manufacture employ- 
ment continued very good, and was better than a year 
ago. The number of tin-plate and steel-sheet mills 
working was 471, as compared with the same number 
a month ago, and with 448 a year ago. 





Employment in the engineering trades continued to 
improve, and was much better than a yearago. Trade 
unions with a membership of 168,848 reported 8.5 per 
cent. unemployed, as compared with 9.8 per cent. a 
month ago, and 13.1 per cent. a year ago. 

In the shipbuilding trades employment showed a 
further improvement, and was much better than a 
year ago. Branches of trade unions with 56,817 
members reported 16.1 per cent. unemployed, as com- 
pared with 16.9 per cent. a month ago, and 23 per 
cent. @ year age. 





Employment in the spinning branch of the cotton 
trade continued bad. Organised short time to the 
extent of 154 hours weekly was worked in mills spin- 
ning American cotton. In the weaving branch em- 
ployment was also bad, with much slackness and 
waiting for warps. In both branches employment was 
worse than a month ago, and much worse than a year 
ago. Returns from firms employing 124,451 work- 
people showed a decrease of 4 per cent. in the amount 
of wages paid as compared with a month ago, and of 
15.7 per cent. as compared with a year ago. 

In the woollen trade employment was good on the 
whole. It showed some decline as compared with a 
month ago, but was much better than a year ago. 
Returns from firms employing 28,327 workpeople 
showed a decrease of 4 per cent. in the amount of 
wages paid as compared with a month ago, but an 
increase of 14.5 per cent. as compared with a year ago. 

Employment in the worsted trade was good. It 
showed little change as compared with a month ago, 
and was better than a year ago. Returns from firms 
employing 46,170 workpeople showed a decrease of 
0.8 per cent. in the amount of wages paid as compared 





with a month ago, and an increase of 9.1 per cent. as 


compared with a year ago. 

In the linen trade employment continued good, and 
was much better than a year ago. Returns from firms 
employing 49,382 workpeople showed a decrease of 
1.3 per cent. in the wages paid as compared with a 
month ago, and an increase of 10.3 per cent. as com- 
pared with a year ago. 

Employment in the jute trade was good. It showed 
a slight improvement compared with a month ago, and 
was better than a yearago. Returns from firms em- 
ploying 18,592 workpeople showed increases in the 
wages paid of 1 per cent. as compared with a month 
ago, and 8.4 per cent. as compared with a year ago. 

The lace trade continued moderate on the whole. It 
was worse than a month ago, but better than a year 
ago. Returns from firms employing 9191 workpeople 
showed a decrease in the amount of wages paid of D8 
per cent. as compared with a month ago, and an in- 
crease of 2.4 per cent. as compared with a year ago. 

Employment in the hosiery trade continued good, 
and was much better than a year ago. Returns from 
firms employing 19,624 workpeople showed a decrease 
of 0.9 per cent. in the amount of wages paid as com- 
pared with a month ago, and an increase of 13.9 per 
cent. as compared with a year ago. 





In the boot and shoe trade employment continued 
fair, and was rather better than a year ago. Returns 
from firms employing 62,771 wockapnagle showed an 
increase of 0.4 per cent. in the amount of wages paid 
compared with a month ago, and 1.7 per cent. com- 
pared with a year ago. 

Employment in other leather trades continued fair, 
on the whole, and was better than a year ago. Trade 
unions with 3244 members reported 5.1 per cent. un- 
employed, as compared with 5.5 per cent. a month 
ago, and 7.9 per cent. a year ago. 


Employment in the paper-making trades continued 
good, and was better than a year ago. 

In the printing and bookbinding trades employment 
at the al of the month was slack on the whole. It 
showed a seasonal decline, and little change compared 
with a year ago. ‘Trade unions in the printing trades 
with a membership of 50,966 perth 6.3 per cent. 
unemployed as compared with 4.2 a month ago and 
6.3 a year ago. In the bookbinding trades the corre- 
sponding percentages relating to 6773 members were 
5.9, 3.8, and 6.6. 

The building trades continued slack, and were rather 
worse than a month ago, outside work being seriously 
interrupted by bad weather. Employment was better 
than a year ago. The percentage unemployed among 
trade-union carpenters and m= ach oven was 13.7, as 
compared with 12.9 a month ago and 15.1 a year ago. 

Employment in the furnishing and wood-working 
trades continued, on the whole, dull. It showed a 
slight decline compared with a month ago, but was 
better than a yearago. Trade unions with a member- 
ship of 34,109 reported 9.3 per cent. of their members 
unemployed, as compared with 9 per cent. a month 
ago and 10.4 per cent. a year ago. 

The glass trades, on the whole, were bad, and worse 
than a month ago and a year ago. Returns received 
from firms employing 7436 workpeople showed a de- 
crease of 6.3 per cent. in the amount of wages paid 
as compared with a month ago, and of 7.6 per cent. as 
compared with a year ago. 

Employment continued bad, on the whole, in the 
pottery trade, and was slack in the brick and tile 
trades. Much short time was worked. 

Agricultural employment was generally regular, 
but a few days were lost by day labourers in most 
districts throvgh unfavourable weather. Owing to 
farm work being somewhat backward, the demand for 
this class of labour was fair for this time of year; the 
supply was, as a rule, sufficient. 

‘mployment of dock and riverside labour in London 
was fair generally ; not quite so good as a month ago, 
but better than a year ago. At Liverpool employ- 
ment was slack, na worse than a month ago ; there 
was also a decline on the previous month at the other 
principal ports, where, on the whole, employment was 
moderate. The average number of labourers em- 

loyed daily at the docks and principal wharves in 
mdon (exclusive of Tilbury) was 13,672, a decrease 
of 2.7 per cent. as’ compared with a month ago, and 
an increase of 8.4 per cent. as compared with a 
year ago. 





Two serious disputes in the coal-mining industry 
took place arising out of differences as to the arrange- 
ments to be made in connection with the operation of 
the Coal Mines Regulation Act (1908), involving 
directly and indirectly about 30,000 workpeople in 
Northumberland and about 80,000 in Durham. In 
addition ten disputes began during the month, making 
a totai of twelve disputes, as com with eight in 
the previous month, and twenty-eight in same month 
a year ago. The total number of workpeople involved 


in disputes which began or were in progress was 
114,224, or 105,702 more than in the month previous, 
and 102,203 more than in same month a year ago. The 
aggregate duration of all the disputes of the month, 
new and old, amounted to 1,187,700 working days, or 
1,055,800 more than in same month a year ago, and 
1,055,300 more than in the month previous. Definite 
results were reported in the case of eight disputes, 
new and old, directly involving 569 persons. Of these 
eight disputes, one was decided in favour of the work- 
people, four in favour of the employers, and three were 
compromised. 

The changes in rates of wages affected 163,000 work- 
people, of whom 29,000 received increases, and 134,000 
sustained decreases. Amongst those whose wages 
were increased were 7500 ironstone miners in Cleve- 
land, 6900 blastfurnacemen in Cleveland, Durham, and 
Cumberland, 3400 ironworkers in the North of England, 
and 5750 steel workers in the West of Scotland. The 
number whose wages were reduced included 125,000 
coal-miners in Durham and 6250 blastfurnacemen and 
iron and steel workers in South Wales and Monmouth- 
shire. The computed total effect of all the changes 
was a decrease in wages of about 7550/. per week. 





The annual meeting proper of the Labour Party did 
not begin until Wellnestey in last week, the two 
preceding days being spent upon special business— 
namely, the work and measures proposed by the 
Women’s Trade Union Section, and the proposed 
amendment of the law on the question of the Parlia- 
mentary levy to meet the House of Lords’ decision. 
The presidential address did little in the way of pro- 
nouncement — the policy of the Labour Party in 
the present Parliament beyond asserting that it 
would be independent of both political parties. Some 
might feel inclined to say : ‘‘ Methinks the lady doth 
protest too much.” Be that as it may, the old 
motto of independence was reiterated. The Con- 
ference refused to alter its name by adding ‘‘ and 
Socialist ” to its approved candidates. On the House 
of Lords question, abolition was voted. Electoral 
Reform was advocated and adopted, but the confer- 
ence did not adopt the proposal to vote against it if 
women were not Tdmitted to the franchise. The right- 
to-work question was put into an omnibus resolution 
covering many things as to wages, hours of work, State 
insurance, and reform of the Poor Laws. The chair- 
man suggested that in future the Trades Union Con- 
gress should undertake all trade questions, leaving to 
the Labour Party the work of Parliamentary elections 
and legislative work. The latter has been the work of 
the Parliamentary Committee from the first. Pay- 
ment of Members was adopted as part of electoral 
reform. The only angry scene in the conference was 
with regard to Mr. Ben Tillett’s candidature for 
Swansea, but it ended smoothly. The Conference re- 
affirmed the resolution for secular education as the 
educational policy of the nation, with better chances 
all round for the poorer classes. 





The Amalgamated Engineers’ Journal deals first with 
the recent General Election in a series of ‘* Editorial 
Notes.” It considers that the Labour Party did well 
in the election, all things considered, and is especially 
gratified that the two engineers’ representatives were 
returned by larger majorities. It expresses sympathy 
and appreciation of Messrs. Burt and Fenwick’s past 
services to the Labour cause, but does not express 
> a that they have elected to stand by the Liberal- 
Labour Party, instead of joining the Labour Party b 
signing the constitution. It gives all, or nearly all, 
the credit of the Labour legislation in the last Parlia- 
ment to the Labour Party, instead of to the Govern- 
ment. The position of the engineering trades as 
regards employment is shown in a chart, from which 
it appears that the improvement shown in the last 
six months of last year was arrested in the last 
month, due to seasonal causes, and to the disturbed 
state of politics and the resulting General Election. 
The uenhie declined by 53, the total number of 
members at date of report being 107,499. Of these, 
8386 were on donation benefit—increase, 500 over pre- 
vious month ; on sick benefit, 2793—increase, 157 ; and 
on superannuation benefit 5924-—an increase of one 
only. Compared with a year ago, the number on 
superannuation benefit had increased by 266. The 
total on the three chief benefits was 16,996 in 
January of this year, costing 7306/., or 1s, 84d. per 
paying full member per week. The Journal gives the 
numbers voting for and against the Parliamentary levy, 
the majority for being 3054, on asmall vote. It is 
noted that the present numerical strengths of trade 
unions in the various countries are :—Germany, 
2,453,940; Britain, 2,106,283 ; United States, 1,970,700; 
France, 896,012; Italy, 617,582; Austria, 510,094; 
Sweden, 200,924 ; Belgium, 158,116; Hungary, 153,332; 
Switzerland, 135,377; Holland, 128,845 ; Denmark, 
98,482 ; Spain, 32,408 ; Norway, 25,339; Australia, 
100,626 ; New Zealand, 27,714. 





The Monthly Report of the Ironfounders’ Society 
expresses contentment with the improved conditions of 
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WESTINGHOUSE TURBINES WITH MELVILLE-McALPLINE REDUCTION-GEAR. 
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trade in this branch, but even more so with the pro- 
spects for the near future. The total number on the 
funds was 4089, showing a decrease of 303. The only 
increase was five on superannuation allowance. There 
was a decrease of 254 on donation benefit, of 35 other 
rage fa members, and of 11 on dispute benefit. 
The total weekly cost was 1409/. 12s. 10d., or 2s. O}d. 
per member per week. The aggregate membership was 
18,068—a decrease of 733 since the same date a year 
ago. The cash balance was 30,003/. 1s. 4d.—decrease 
in the month, 1745/. 6s. 5d. The expenditure still 
exceeds the income week by week. The report states 
that the letters from branches indicate ‘‘ that trade is 
beginning to brighten up.” The branch returns show 
this by an increase of from 8 to 11 where trade is very 








good, and from 8 to 16 where it is good. The proportions 
are even greater when the number of members affected 
by the improvement is taken into account. The | 
members of the society are specially jubilant at the | 
re-election of Mr. Henderson, the chairman of the | 
Labour Party, for the Barnari Castle division. He | 
is not only the representative of the union as such, 
but he is the recognised organ‘sing secretary of the | 
society. He has now undertaken to organise the 
branches for the collection of the voluntary Parlia- | 
mentary levy, so as to avoid any chance of litigation | 
under the recent decision of the House of Lords. 





| 
The Monthly Report of the Amalgamated Society of 
Carpenters and Joiners reviews the situation politically | 
as the result of the General Election. The society put 
forward three candidates, of whom two were defeated. | 
The cost of the candidatures will be given in the next 
report. The Parliamentary fund was more than suffi- 
cient for all purposes, though it had to be changed 
from compulsory to voluntary levies. The total member- 
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ship at date was 56,322 ; of these 6569 were unemployed 
caibe the different heads; the total in receipt of 
unemployed benefit was 4211; sick benefit, 1807 ; 
and on superannuation allowance, 2543. In addi- 
tion eight members were on travel and were in 
receipt of trayelling benefit on the presentation 
of their cards. A large number of joinery manu- 
facturing firms are still closed to the members, and 
some jobs are on the black-list. Trade is still bad 
in most parts of South Africa, and in parts of New 
South Wales and Australia. In Canals it is from 
moderate to bad generally, only two branches reporting 
it as good. In the United States employment is 
moderate to good in a large number of cases, but in 
several districts it is still bad. But the American 
branch reports speak favourably of a brighter outlook 
in the near future of the present year. In the branch 
resolutions there is one from Hull protesting against 
the co-partnership scheme on the North-East Coast as 
antagonistic to unionism ; but the men on the North- 
Kast Coast think differently, so, perhaps, will the Hull 
branches when the system is tried there, as probably 
it will be at no distant date. 





The monthly report of the Steam-Engine-Makers’ 
Society says: ‘‘We are pleased to note a distinct 
improvement in trade generally as compared with a 
year ago. This improvement is even more marked in 
the engineering trades, the proportion of unem- 
ployed having fallen from 14 to 9.8 per cent., show- 
ing a decrease of 4.2 per cent.” The proportion is 
still high on the North-East Coast, where it is 16.8 

r cent., against 21.6 per cent. a year ago. In 
zancashire it is deplored that trade is in several 
of the districts, the —— out of work being 
higher than for years past. e report states that 





there is an increasing demand for pattern-makers, 
turners, and machine-men. Some of the branch secre- 
taries are blamed for not keeping the general officer well 
informed as to members out of situations, the result of 
which is that chances of employment are often passed 
by. The report pays a high tribute to the Labour 
Exchanges opened under the Act since the Ist inst. 
It notes that eighty-three were opened on the first day, 
and that seventeen were in London at date of writing 
the report. It speaks also of some ten or a dozen 
opened in some of the great centres of industry in the 

rovinces. Attention is called to the then approaching 
abour conference at Newport, and some of the more 
important resolutions are referred to and commended. 





The iron market of last week did not indicate any 
great expansion in trade, though the tone was not in 
any sense despondent. It would seem that both pro- 
ducers and users were waiting for a sign, and the sign 
did not appear. The one thing noticeable was that 

roducers did not feel inclined to do business on the 

is of present prices for future deliveries. Some 
advances in pig iron strengthened their hands, but the 
outlook is more favourable than it has been of late. 


The ballot of the Northumberland miners is adverse 
to a strike. Instead of a two-thirds majority, the 
advocates of a strike did not even poll as many as 
there were against it. The idea of a stoppage ma} 
now be said to be over. a 

No decisive agreement has, up to date of writing, 
been made between the coal-owners and miners 1n 
South Wales, but the negotiations are not yet at a” 
end. It is not only possible, but probable, that some 
arrangement will be effected which will avert a stop- 
page of work at the pits, 
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WESTINGHOUSE TURBINE 


WITH FLEXIBLE 





BLADING. 




















Fie. 5. 














Fie. 6. 


Ox the present and opposite pages we show an 
irrangement of turbine and gearing recently proposed 
to the United States Navy Board by Mr. George 
Westinghouse for application to the third-class cruiser 
Baltimore, now in course of refitting. This boat, of 
+413 tons displacement and 20 knots speed, was built 
in 1888, and was, of course, fitted with twin-screw 
engines. Mr. Westinghouse proposes to replace the 


old reciprocating engines with turbines of 6000 horse- 
power, each driving one of the screws through the 
ntermediary of the Melville-McAlpine reduction-gear, 
which was illustrated and described in our issues of 
September 17 and December 3, 1909. The total 
weight of the proposed 6000-horse-power unit is but 
90,000 Ib., or 15 Ib. per horse-power. By increasing 








the blade-lengths and other small variations, 10,000 
horse-power could be developed on very nearly the 
same weight, or, in other words, the weight would 
im that case be only about 12 lb. per horse-power. 
The exhaustive trials of the large gear already carried 
out at the Westinghouse works have, Mr. Westing- 
house claims, raised the device above the status of an 
experiment. One great advantage claimed for the use 
of gearing lies in the light weights to be handled on 

in case repairs are necessary. In the case of 
some twin-screw turbine-driven warships the rotors 
alone, of the 15,000-horse-power units, weigh 80 tons, 
and necessitate very wag’ | and complete lifting gear. 
Further, the turbine Mr. Westinghouse proposes to use 
is itself of special design, being arranged in such fashion 








Fie. 7. 


that the blades in the lower half of the casing can be 
removed for inspection or replacement without lifting 
the rotor. 

Coming to our illustrations, Figs. 1 and 2 show 
very clearly the proposed arrangement of the machi- 
nery. The moderate dimensions of the high-speed 
turbine pupa are particularly noteworthy in com- 
parison with current marine practice, since the turbine 
proper is, though an astern turbine is provided for in 
the same casing, of less size than the gear-box. The 
gear-box is shown separately in Figs. 3and 4. The 
special feature of the gear, as already described in our 
issue of September 17 last, is that the pinion is supported 
ina “‘ floating frame,” the position of which is capable 
of self-adjustment, so as to distribute the total pres- 
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sure evenly over the wheel-teeth. This frame is 
secured to [-beams solidly fixed to the casing of the 
main gearing. The webs of these I-beams have a 
certain degree of flexibility, and accordingly allow the 
‘* floating frame ” to adjust itself in such fashion as to 
secure equality of pressure between the interacting 
teeth. 


A general view of a Westinghouse marine turbine 
and gear is represented in Fig. 5. This turbine has 
for its high-pressure section a velocity-compounded 
impulse wheel, reaction blading being used for the 
remainder of the steam path. A reverse turbine is 

rovided within the same casing, the impulse section 
Soins identical with that of the ahead turbine ; but as 
steam economy in going astern is a matter of very 
minor importance, there are fewer rows of reaction 
blading. The output of the turbine is varied by turn- 
ing the steam into different sets of nozzles at the high- 
pressure end, this arrangement being possible because 
the wheel works with partial admission. By using 
nozzles of different sizes a very large variation in the 
power developed is provided for with but a few diffe- 
rent valves. 'o enable the turbine to be, if desired, 
controlled direct from the bridge, Mr. Westinghouse 
suggests the fitting of an electro- pneumatic gear 
operating the ahead and astern stop-valves. 

In order to secure the utmost accessibility all 
pipe - connections are made to the bottom half of 
the turbine casing, so that the top half can be lifted 
without breaking a single pipe-joint. To increase 
further the accessibility the rows of blades in the 
lower half of the casing can be arranged so that 
they can be removed ily without lifting the 
rotor. This is provided for by mounting the rows 
of blades in pairs on movable bronze strips, which 
can be bodily slid into or out of grooves cut in the 
casing. These strips are shown separately in Fig. 6. 
The bronze strips extend to meet each other on each 
side, so that the casing is practically completely 
lined with bronze. As will be seen, each strip 
is backed by a relatively light spring, instead of b 
the solid metal of the casing, and it has accord- 
ingly been found possible to assemble the turbine 
with the tips in actual contact with the opposing 
surface of the rotor. The yielding of the springs pre- 
vents any rubbing contact of sufficient intensity to 
bend or distort the blades, and the clearances 
accordingly adjust themselves by actual wear. This 
system of blade-mounting has been tested in a tur- 
bine of 20,000 horse - power, which has been in 
operation since April, 1 When opened and ex- 
amined 17 months later, the blading was found to be 
in perfect condition. An interior view of a turbine 
cylinder cover is represented in Fig..7. It is of 
the Westinghouse-Parsons type, with a high-pressure 
impulse wheel at the centre, whence the steam passes 
both ways through reaction blading, and is finally ex- 
hausted at both ends. 








Pusiic WATER-SuPPLY - les 5 tere ae BP a 
judge from a r recently read before the ociation 
of Water Pa ns by Mr. C. W. 8S. Oldham, borough 
water engineer for Ipswich, there appears to exist quite 
a state of chaos in different towns with regard to fire- 
hydrants, and the vere io made for water-supply to these 
hydrants. It isenacted by law that the undertakers of a 
public wpe, on! shall provide water for fire purposes, 
through public fire-hydrants, free of charge, and that the 
pressure, unless otherwise stated in private Acts, shall be 
sufficient to reach the top storey of the highest house within 
the limits of thesupply. Although the water authority is 
bound to supply water through such hydrants free of 
charge, there is no mention as to what quantity shall be 
so delivered. Although the quantity is supy to 
“efficient,” who is to decide what this means? The 
urban authorities, and not the water undertakers, are 
responsible for the supply, and there is nothing in the 
Water-Works Clause Act, 1847, to compel a water autho- 
rity to supply, at their own expense, a pipe of sufficient 
size for an effective fire-plug. In thirty-one important 
cities and towns in this country, the charges for private 
fire-hydrants vary from 42s. to 4s, per annum for each 
hydrant. In the case of sprinklers, water is supplied, in 
some cases, by meter only, and in others a certain charge 
is made on the number of sprinkler heads, while in other 
cases the payment is made according to the floor area 
protected, or on the installation without regard to size. 
Again, there are cases in which the size of the connection 
to the public main governs the emount paid, and others, 
in which no charge is made. There is no fixed practice 
whatever. Where drenchers are installed the variation 
in practice is as great. These drenchers consist of a 
system of pipes erected on the external walls of a building 
as a means of protection against danger of fire from 
another building. The pipes are kept empty, and are 
fitted with open drencher heads over each window or 
doorway. Water is turned on when required. In order 
to insure sprinklers against frost, what is known as 
the ‘dry system” is sometimes adopted. The pipes are 
filled with air under pressure, an equilibrium valve being 
thus kept closed, holding back the water. When the 
sprinklers get hot, the air is released and the water is 
discharged. It is estimated that the average time 


sprinklers actually operate is only twenty minutes, and 
that the consumption of water is less than 1000 gallons 
per fire. 





THE PHYSICAL SOCIETY OF LONDON. 

AT the meeting held on January 21, 1910, Dr. C. Chree, 
F.R.S., President, in the chair, a paper on ‘‘ Saturation 
Specific Heats, dc., with Van der Waals’ and Clausius’ 


Characteristics,” was read by Mr. R. E. Baynes. In this | pa 


paper the author has shown that by use of a special 
variable, exact expressions may be found with Van der 
Waals’ characteristic for the specific heats s, 5’ of satu- 
rated liquid and vapour and for all other magnitudes 
connected with the state of saturation ; and it is deduced 
that, if k denotes the isometric specific heat, which is con- 
stant or a function of the temperature only, (i.) s—k is 
always positive, increasing from R to » as the redu 
temperature 7 rises from 0 to 1; (ii.) k—s’ is always 
positive, having a minimum value 4.96 R when 7 = 0.72, 
and being » when 7 is either 0 or 1; (iii.) inversion in 
the sign of s’ can thus occur when k/R > 4.96, or 
k=1+ Rk < 1.202, 
so that, on the assumption that 
kK/R=N+4 

for an N-atomic gas, inversion can occur only if the gas 
has at least five atoms in its molecule; (iv.) the latent 
heat of vaporisation increases continuously from 0 to its 
largest value (27/8) R T as 7 falls from 1 to 0, T being the 
absolute critical temperature ; so) the work of vaporisa- 
tion has a maximum value 0.55 R T when 7 = 0.70. 

Clausius’ characteristic similarly treated gives widely 
different results: (i.) while s — k is always positive, it is 
2 when 7 is either 0 or 1, having a minimum value 15.3 
R for’7 = 0.83; (ii.) k — 5’ is always positive, is 2 when 
7 is either 0 orl, and has a minimum value 11.36 R for 
7 = 0.81; (iii.) inversion in the sign of s’ can thus only 


occur if 
k/R>11.36 or «<1,088, 


or, on the above assumption, if there are at least eleven 
atoms in the molecule ; (iv.) the latent heat of vaporisation 
increases continuously from 0 to » as 7 falls from 1 to 0; 
(v.) the work of* vaporisation has a maximum value 
0.69 R T when 7 = 0.77. 

The contrast between these results is especially marked 
for s--k and the latent heat; it subsists further in the 
neighbourhood of the critical point where dm/dr is 4 
(v. d. W.) and 7 (Cl.), WRT </ (1-7) is 6 (v.d. W.) and 
14.8 (Cl.), (s —k) \/ (1—7)/R is 1.5 (v. d. W) and 7.4 (CL). 

Professor C. H. Lees expressed his interest in the 
paper, and remarked on the utility of the introduction 
of the new variable u. He asked if a simple relation 
could be given between saturation pressure and tempera- 
ture in terms of this variable. The very different results 
the author had obtained from Van der Waals’ and from 
Clausius’ equations might suggest a crucial experiment 
which would decide in favour oT one of them. 

The author, in reply to Professor Lees, said he had not 
been able by means of his special variable to express in 
simple terms the relation between saturated pressure and 
absolute temperature. 

A paper on “‘ The Polarisation of Dielectrics in a Steady 
Field of Force” was read by Professor Thornton. The 
paper contains an account of experiments on the polarisa- 
tion of dielectric ellipsoids and cylinders suspended in a 
steady electric field. From measurements of the field- 
intensity, the dimensions of the ellipsoids, and the fre- 
ar of torsional swings with and without the field, the 

ielectric constant can be found from time to time. The 
method is essentially the same as that using alternating 
fields, described in the Royal Society’s Proceedings, 
vol. lxxxii., page 422, In the present case the longitudinal 
component of polarisation reached a higher value than 
previously recorded. This was found to be independent 
of the intensity of the field inside the ellipsoid, and to be 
quasi-elastic in type. The substances examined were 
quartz, fused and crystalline, flint-glass, amber, sulphur, 
ebonite, rubber, gutta-percha, ffin-wax, resin, and 
sealing-wax. From the rate of increase of the dielectric 
constant the specific resistance of these was found by con- 
sidering the change of polarisation to be equivalent toa 
current. The rate of depolarisation when the field was 
reversed was found to be the same as that of polarisation 
and to be uniform for, in most cases, several hours. It is 
as that the cause of this and for the independence 
of the field-intensity is to be looked for in the continued 
separation of molecular charge by the attraction of the 
opposite charges on adjacent molecules induced by the 
a of the field. From acomparison of the results 
of the r and those in alternating fields, the variation 
of ber ielectric constants with frequency can be antici- 
pated. 

Mr. Jacob said that some of the author’s curves 
showed that he was dealing with dielectric hysteresis. 
The results for gutta-percha given in the paper could not 
be applied in telephonic work because of the high fre- 

uencies employed in the latter case. He pointed out 
that the field strengths used in the paper were much 
smaller than those csousving in actual work on cables. 

Mr. Rayner doubted whether the method described 
was accurate to one part in a thousand, as stated by the 
author. The distance between the electrodes was 
large, compared with their size, that there would 
difficulty in determining accurately the strength of the 
field at the centre. The difficulties in connection with 
the determination of the change of period, especially 
when it was large, would alse be great. He drew atten- 
tion to the necessity of having the surfaces of the insu- 
lators perfectly clean and dry. 

Professor C. H. Lees asked if the variation in the 
period at the start could be ascribed to the motion of the 
1ons in the vessel or to the dielectric. 

Mr. G. L. Addenbrooke asked what steps had been 
taken with regard to the purity of the materials em- 
ployed. He asked also what was the shortest time in 





which it was possible to get an observation. It would be 
interesting to know if the author had investigated the 
effects described at different temperatures. 

Dr. Russell stated that he was deeply indebted to Pro- 
fessor Thornton for his most interesting and instructive 
r. The methods of measuring the dielectric co- 
efficient and the insulativity of dielectrics were both nove! 
and valuable. He had a difficulty, however, in under- 
standing why the apparent value of the dielectric coeffi 
cient, when the insulating substance was left in an electric 
field for a long time, did not become infinite. At first 
sight the experimental results seem to indicate that it was 
ane to have a potential difference between points in a 

ielectric, and yet no current. He found it easier to 
believe that when the steady state was reached there was 
a minute current flowing across the electrified air to the 
insulating substance. It was also possible to explain the 
results by supposing that there was a certain distribution 
of electric charge inside the dielectric. The subject was 
one of t practical and theoretical importance, and 
he hoped that the author would continue his researches 
and clear up the remaining difficulties. 

Mr. A. Campbell said that the results, which in them- 
selves were highly interesting, were not directly applic- 
able to telephone cables, since the frequency used with 
these was of the order of 1000 periods per second. In 
connection with the large polarisation shown by gutta- 
percha, he gave an example of a coil of gutta-percha- 
covered wire which gave an apparent insulation resistance 
of 200,000 meghoms with direct current and 1 minute’s 
electrification, but only a fraction of a megohm when 
tested at 1000 periods per second. 

Professor Thornton, in reply, said that the very rapid 
rise of the ——_ at the start made it difficult to 
measure it there. The movements of the ellipsoids would 
have to be recorded photographically. With regard to 
the accuracy of the method, it was only at low values 
that it was sensitive. It was found that with electrodes 
15 centimetres square and 6 centimetres apart the field at 
the centre was uniform. The swings had an average 
amplitude of 3 deg. The influence of moisture or surface 
impurity was a at an early s . The speci- 
mens were carefully wiped before suspension, and dried 
in a warm room in vacuo, over phosphorus pentoxide, for 
days or weeks before the field was applied. With regard 
to the influence of ions, it was found that exposing the 
specimen to radium greatly reduced its apparent polar- 
isation. This effect was a double one: the gradient was 
lowered at the centre of the field, and the ions collected 
around the ends of the ellipsoid, marking the effective 
charges there. The polarisation recorded in the paper 
always increased, though in the later stage the rate of 
falling from the linear increase might be in part due to 
ions. The purity of the [ and glass specimens was 
guaranteed po essrs. Hilger, who made them; the 
paraffin was also pure, the rest were carefully selected. 

It is suggested in the paper that the limit to the polarisa- 
tion is that of the separation of charge in the molecule. 
If the polarisation came from a source external to the 
ellipsoid, it always should increase to infinity, and have 
the same values for different specimens, such, for example, 
as quartz cut parallel and perpendicular to the optic 
axis, for which, in fact, it is ay different. 

A en “On the Use of Mutual Inductometers” was 
read by Mr. A. Campbell. In the use of mutual inducto- 
meters (or variable inductances) already described by the 
author, the use of a balancing coil in one arm of the bridge 
causes considerable loss of sensitivity. With an equal- 
arm bridge this difficulty is overcome by putting the two 
halves of the secondary circuit in adjacent arms of the 
bridge. The auxiliary balancing coil is thus dispensed 
with and the usual formula is still applicable. 

The author next discusses the measurement of effective 
resistance, which is in general much more troublesome 
than that of self-inductance. As the effective resistance 
determines the total power spent by a given alternating 
current in a conductor, it is a most important quantity, in 
telephonic and other high-frequency work. When it is 
measured by an ordinary ‘self-inductance bridge, Glebe 
has shown that large errors may be introduced by the 
small residual inductances of the ratio arms. The author 
works out the analogous formule for mutual inductance 
bridges, which indicate that the inductances of the ratio 
arms must be accurately proportional to their resistances 
if errors are to be ponee: Ay 

He next describes a null method in iron-testing analogous 
to Max Wien’s self-induction method. The ring to be 
tested is wound with primary and secondary coils. The 
magnetising current p is through the primary 
coil, the primary circuit of a mutual inductometer, and « 
slide-wire resistance. The detecting instrument—a vibra- 
tion galvanometer or a tuned telephone—is put across a 
circuit consisting of the secondaries of the ring and the 
inductometer in en and a part Q of the slide-wire 
resistance. By adjusting Q and the reading M of the 
inductometer a balance is obtained, in which case the 
power lost in the ring (due to hysteresis and eddy 
currents) is equal to QI,? x N,/ Ny, where N, and N,» are 
the numbers of turns in the windings of the ring. In 
certain cases the permeability can also be directly found. 
The method is immediately applicable to the testing of 
current-transformers. If the instrument usually in the 
secondary circuit of the tranformer be replaced by « 
suitable low resistance S, then, when a balance is ob- 
tained, 

tan @ = 24rn M/Q, and I,/I, = 8/Q, 
where ¢ is the angle of lag between the primary “gg h 
he 


reve secondary currents, and n is the frequency. 1 
primary current should have a sine-wave form. The 
method gives directly the two quantities wanted in prac- 


tice, but, owing to considerations of wave form, the 
results must be interpreted with caution. ; 
Mr. C. C. Paterson congratulated the author upon his 
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null method of iron-testing, and pointed out some of its 
— 1 

Mr. W. Duddell remarked, with to the self- 
inductance of the ratio arms, that the time constants of 
the two should be the same, and suggested the use of 
woven resistances. 

Mr. Campbell, in reply to Mr. Duddell, stated that 
when the ratio arms of the bridge could be of high resist- 
ance the employment of woven resistances could ensure 
that their time constants were equal. The main difficulty, 
however, arose with ratio arms of relatively low resist- 
ance (e.g., 10: 1000 ohms) ; for such values woven resist- 
ances did not appear quite applicable. 
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Ninth Report to the Alloys Research Committee, on the 
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With an Appendix on the Corrosion of Alloys of Copper 

and Aluminiwm when Exposed to the Sea. 

By Dr. W. Rosgnnarn and Mr. F. C. A. H. Lants- 
BERRY, of the National Physical Laboratory, Ted- 


dington. 
(Concluded from page 192.) 
PART II. 


Tue AtLoys Rich IN ALUMINIUM. 

The authors commenced their work on the alloys at 
the light end of the series with an, investigation of 
the binary system of manganese-aluminium alloys. 
In carrying out this preliminary investigation, they 
have been confronted with several serious difficulties, 
one of which has been the difficulty of securing a supply 
of adequately pure metallic — eee The purest 
samples of this metal obtainable industrially contain over 
4 per cent. of impurities, while the purest samples which 
the authors have themselves succeeded in preparing have 
attained a manganese content of slightly over 99 per cent., 
but this was only obtained in very small quantities, which 
were not sufficient for the purpose of the research. This 
difficulty has rendered the exact details of the manganese 
end of the binary series too uncertain to rded as 
even approximately satisfactory, while at the aluminium 
end of the series a difficulty arises in obtaining a satis- 
factory determination of the composition of the alloys by 
means of chemical analysis owing to the fact that a rela- 
tively very dense body separates from the alloys during the 
freezing, and therefore s gates in the lower parts of the 
ingots, making it impossible to obtain an average sample. 
The authors therefore prefer to reserve publication of the 
details of their investigation of this binary system until a 
later stage, when they hope to have overcome both these 
difficulties ; for the purpose of the study of the ternary 
alloys in the present investigation, the following state- 
ment of the approximate results, so far as the alloys rich 
in aluminium are concerned, will sufficient. These 
approximate results are that the addition of manganese 
to aluminium up to a concentration of between 3 and 4 
per cent. depresses the freezing-point of aluminium until 
a eutectic point is reached where the freezing-point of the 
alloy is 650 deg. Cent. On further addition of man- 
ganese, the freezing-point rises rapidly along a smooth 
curve until a concentration of approximately 40 per cent. 
of manganese is reached, corresponding to the compound 
Al,;Mn, where there is a marked change of slope in the 
liquidus curve. The existence of the compound Al;Mn is 
further borne out by the fact that throughout the series 
of alloys up to this concentration, microscopic examina- 
tion reveals the presence of a dense, hard, and brittle 
body crystallising in well-defined needles, which gradually 
increase in quantity until the composition of the com- 
pound is attained, when the needles occupy the entire 
area of the specimens. The eutectic of aluminium with 
this compound lies so near the aluminium end of the 
series that the eutectic cannot show the laminated 
structure usually associated with these bodies—the alu- 
minium is present in such preponderating quantities that 
the eutectic takes the form of a ground-mass of aluminium 
in which crystals of the aluminium-manganese compound 
are embedded. Traces of these crystals can, however, 
be observed even in alloys containing as little as 1 per 
cent. of manganese, in which the separate crystallisation 
of the eutectic can also be shamead epcemahledie. It 
may therefore be concluded that there is little or no 
solubility of manganese in aluminium. 

This preliminary result of the study of the aluminium- 
manganese L pee toa considerable extent destroys the 
hopes formed for the ternary system so far as light alloys 
are concerned ; the existence of a hard, brittle manganese- 
aluminium compound at once suggests that the effect of 
adding manganese to aluminium or aluminium-copper 
alloys will be rapidly to render them hard and brittle. The 
.uthors consequently decided that it would be useless to 
extend even an exploratory study of these alloys beyond 
. very small range in the direction of added manganese, 
and as the results embodied in the Eighth Report indi- 
cate that, so far as the copper-aluminium series is con- 
cerned, the limit of usefulness is reached with an addition 
of 4 per cent. of copper, the entire range of ternary alloys 
which could be usefully studied was limited to a range 
included between pure aluminium and a concentration of 
4 per cent. of manganese on the one side and 4 per cent. 

* Abstract of the report read before the Institution of 
Mechanical Engineers, London, Friday, January 21, 
1910. Owing to the great length of this report, as pre- 
sented, it has been found necessary in the reproduction in 





these columns to condense it in certain parts. Some of | fi 


the tables are also omitted, but only where the important 
points are recorded in corresponding diagrams which are 


reproduced. 





of copper on the other. As in the case of the alloys rich 
in copper, described in the first part of the present report, 
this range was first studied by means of a series of explo- 
ratory heats. 

Exploratory Heats.--The raw materials used were the 
same as those already described in connection with the 
alloys rich in copper. The meltings were carried out in 
No. 10 “Salamander” crucibles, the weight of alloy 
a being slightly over 6 1b. ; owing to the low 

ensity of these alloys, this yielded a quantity of metal 
sufficient for the preliminary tests. In the production of 
the alloys the aluminium was first melted, and was then 
superheated until it attained a temperature between 900 
deg. and 1000 deg. Cent. (1652 deg. and 1832 deg. Fahr.), 
when the copper and manganese, previously weighed out, 
were added in small pieces and the whole stirred with a 
graphite rod. It was found that unless the aluminium 
were heated to such a high temperature the manganese 
would not dissolve in it. Owing to the ratio of man- 
ganese to copper desired in these alloys it was not possible 
to make them by the use of cupro- manganese alone, 
although this alloy was subsequently used in the larger 
heats as far as possible. 

The casting was done at a moderate temperature, the 
sand-castings being poured before the chill-castings. The 
patterns and chill-mould were the same as those already 
described in connection with the heavy alloys. Four 
sand-castings and two chill-castings of each alloy were 
cast, and two of the sand-castings and one of the chill- 
castings were subsequently machined and tested. In con- 
nection with the castings made in the chill moulds it was 
found that the alloys exhibited a strong tendency for 
these castings to crack owing to severe contraction 
stresses ; this made itself felt more particularly if any of 
the metal had been allowed to overflow the lip of the 
mould, but even in the absence of such a “lip” it was 
found desirable to remove the chill-castings from the 
moulds as soon as they had set sufficiently. 

The compositions of the alloys both as aimed at and 
as found by analysis, together with the weights of mate- 
rials used, are given in Table X .» below. 

The results of tensile tests on the sand-castings from 
these alloys are given in Table XLV., while those from 
the chill-castings are given in Table XLVI. herewith. 

m comparing the results given in Tables XLIV. to 
XLVI. with those for the corresponding group of copper- 
aluminium alloys, as given in the Eighth port (see 
Tables LX XI. and LXXIV. of that report), it will be 
seen that the present series presents no marked superiority 
over the binary alloys. In the sand-castings the best ulti- 
mate stress recorded in the present series is that of No. 026a 
at 8.1 tons per square inch with an elongation of 5 per cent., 


Taste XLIV. 





No, | Weights Used in Composition position Found 
4 Ounces. Aimed at. by Analysis. * 
AL Cu. Mn. Al. Cu. Mn. Al. Cu. Mn. 
022 64 1.33 066 97 2 1 96.97 2.15 0.88 
023 64 2.00 0.33 96.5 3 0.5 96.20 3.11 0.57 
024 6% 30 LO 96 3 1 95.74 8.28 0.98 
025 107 +10 20 97 1 2 96.67 1.27 2.06 
026 «6107 «©6228 «622 96 2 2 | 96.08 2.02 1.90 
026, 906 2.0 2.0 96 2 2 95.94 2.15 1.91 
027 8% «30 20 9% 3 2 | 95.35 2.89 1.76 
028 94 40 2.0 4 4 2 93.95 4.13 1.92 


* The ee on analysis were found to contain about 0.07 per 
cent. of insoluble matter, probable alumina. The alloys also con- 
tain a small amount of iron, but this does not exceed 0,12 per 
cent., which is included in the figures given above for aluininium. 


Taste XLV.—Tensile Tests on Sand-Castings of 
Exploratory Heats. 














| 
. int Yield- | Ultimate | Elastic | Elongation 

No. | Comporition. Point. Stress. Ratio. | on 2 In. 

Cu Mn. tons per | tons per | per cent. 

sq. in. sq. in. 

022 © «215 = 0.88 468 | 616 | 0.76 5 
023 3.11 0.57 5.04 6.89 | 0.73 4 
O24 3.28 0.98 5.05 6.26 | O81 4 
025 | 127 «206 | 5.64 6.84 | 0.88 4.7 
026 «2.02.90 | 5.88 6.38 0.92 3 
026A 2.15 1.91 6.68 8.10 0.82 5 
o7 | 289 61.76 | 640 | 7.66 084 3.5 
0:8 4.13 1.92 1.44 | 1.44 ee 2.5 


TABLE XLVI.—Tensile Tests on Chill-Castings 
of Exploratory Heats. 








7 ona ‘ect; blonga- 

No. | Composition. _—_ naoeng _—_ — 
Cu. Mu, tons per tons per per cent 

sq. in. | 8q. in. 
022 2.15 0,88 5.54 8.53 0.65 6 
023 3.11 0.57 5.02 | 8.26 0.61 5.5 
024 3.28 0.98 6.32 } 8-38 0.75 5 
025 1.27 2.06 6.16 6.18 1.00 6 
026 2.02 1.90 6.20 | 9.76 0.64 7 
026, «2.15 Lg 7.80 | 10.00 0-78 5 
027 289 1.76 6.08 | 6,80 0.90 5 
028 4.13 1.92 6.37 | 8.28 0.77 3.5 


while the alloy No. 37 of Messrs. Carpenter and Edwards 
gave 7.49 tons with 5 per cent. of elongation. In the chill- 
castings the same alloy of the present series gives an 
ultimate stress of 10 tons per square inch with 5 per cent. 
elongation, as against the alloy No. 39 of Messrs. Car- 
penter and Edwards, which gives almost exactly the same 
gures. No. 026 of the present series gives a somewhat 
higher elongation (7 per cent.), but none of the alloys 
show any very remarkable advance on the binary alloys 
of copper and aluminium. The fact, however, that there 








was such a marked difference between the results of 
Nos. 026 and 026a, which differ only very slightly in 
composition, led the authors to sup) that these alloys 
are sensitive to the exact method Mf casting adopted, and 
they therefore hoped that in preparing larger quantities 
of the best of the alloys, with the experience already 
gained in their manipulation, better results might ke 
obtained. This anticipation was to some extent justified. 

From Tables XLV. and XLVI. it is evident that 
manganese influences the aluminium in much the same 
way as copper, rendering it at first both harder and 
stronger, but less ductile, and subsequently decreasing 
the strength as well as the ductility. 

Further Study of Two Selected Alloys.—The two most 
promising alloys from among the range of those investi- 
gated by the exploratory heats were selected for further 
study. One of these two selected alloys was made with 
a view to approximating to the composition of No. 026a 
—viz., 2 per cent. of copper and 2 per cent. of man- 
ganese, fo for the second alloy a composition of 3 per 
cent. of copper with 1 per cent. of manganese was aimed 
at. The composition and weights of materials used in 
the production of these two alloys on the larger scale are 
given in Table XLVII. ‘ 

The preparation of the alloys was, in general terms, ° 
very similar to that already described for the smaller 
heats, but the use of cupro-manganese made it possible to 
avoid the use of such high temperatures in melting the 
metal. With regard to casting temperatures also, the 
experience gained with the smaller heats enabled the 
authors to gauge more correctly the lowest temperature 
at which the metal would fill the moulds adequately. An 
experiment on the effect of casting temperature on the 
properties of one of these alloys was subsequently carried 
out, and is described below. 


TaBLE XLVII.—Composition of Two Selected Alloys. 


Tot . Composition Composition 
Weights Used. Aimed at. Found by Analysis 
No . - 
Al. | Cu.) Mn. af Ai. Cu. | Mn Al. Cu. Mn, 
Senthil vaieall oad A —| | | | ne 
oz oz. | oz. oz. | 
10 | 322... | %5 | 10 96 2 | 2 95.18t] 2.06 1.04 
11 | 360) 3.5 | 11.5 96 3 1 95.65+) 2.89 0.04 


* Cupro-manganese was used containing 32.42 per cent. of 
mangancse, 

t No. 10 contained 0,57 per cent. silicon and 0.30 per cent. iron. 
No. 11 contained 0.25 per cent. silicon and 0.27 per cent. iron. 

In pouring the castings the small chill-moulds were 
filled first, then the large billet, and finally the sand- 
moulds, enough metal being left for ‘‘ following up” the 
sand-castings. The moulds used and thesize and number 
of castings made were exactly similar to those al y de- 
scribed in the case of the alloys rich in copper. 

Sand and Chill-Castings of the Two Selected Alloys.— 
The results of tensile tests on sand and chill-castings of 
these two alloys are givenin Tables XLVIITI. and XLIX. 
respectively. 

comparison of the results given in the above tables 
with the figures for the approximately corresponding 
alloys in the exploratory heats—viz., Nos. 0264 and 024 
—at once show that the more favourable: conditions 
ruling in the larger heats have resulted in a very 
material improvement in the alloys. Comparing the 
figures for the two selected alloys given in Table XX XIX. 
with Table LX XT. of the Eight rt, we find that 
No. 10 of the present series is decidedly superior to any 
of the light siege of aluminium with copper alone, the 
considerable rise in the yield-point being particularly 
noticeable. Thus No. 11 of the present series gives the 
same tensile strength and elongation, in sand-castings, as 
alloy No. 37 of the Eighth Report, containing 3.76 per 


Taste XLVIII.—Tensile Tests on Sand-Castings of 
Two Selected (Light) Alloys. 





mee rr Elonga- 
. . sat - | Ultimate Elastic | ,;; 
No.| Composition. | Yield-Point. Stress. Ratio. | = on 
Cu. Mn tons per tons per per cent, 
sq. in. sq. in, 
10 2.06 1.94 5.80 8.45 0.86 4 
11 2.89 0.94 6 7.48 0.80 5 


Tape XLIX.—Tensile Tests on Chill-Castings of Two 
Selected (Light) Alloys. 








wet ‘eatin | Hlonga- 

, sos * +, | Ultimate Elastic | ,; 

‘ eld. P : 
No.' Composition. Yield-Point.| Stress. Ratio. — 

Cu Mn tons per tons per per cent 

8q. in. 8q. in 

10 2.06 1.94 6.40 9.06 0.53 5.0 
ll 289 0.94 7.27 12.06 0.60 13.5 


cent. of copper, but the yield-point of the former is found 
at 4.9 tons per square inch, while the present No. 11 
shows no signs of permanent set until a load of 6 tons per 
square inch is reached. The present No. 10 again, shows 
a tensile strength 1 ton per square inch higher than an 
of the binary alloys of the same group, while its yield- 
point also compares favourably with those of the binary 
alloys. The differences, it must be admitted are not 
large, but they are of interest as showing the influence of 
manganese on the alloys, slihengh—en hen already been 
suggested—differences of treatment as regards melting 
and casting temperatures can easily produce differences 
much larger than those just disc , 

The figures relating to chill-castings of the two selected 
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alloys present a more marked improvement u 
results of the exploratory heats and upon 
bi alloys as given in the Eighth Report than those 
al y indicated in the case of sand-castings. The chill- 


castings of the present No. 11 are particularly remark- | did not consider it advisable to carry out any experiments 
ding | on the strength of these alloys in the form of rolled sheets. 


able, being 50 per cent. better than the correspond 
test of the ‘‘exploratory” series. Since both castings 


gave sound fractures when broken in the tensile tests, it | corresponding binary alloys may, with very little un- 


follows that the wide difference arises from some differ- 
ence in treatment, presumably in the casting temperature. 
The results of the chill-casting of No. 11 stands out as 
very decidedly superior to any of the results found with 
light alloys of aluminium with copper alone, the best of 
these giving a tenacity of 9.6 tons with an elongation of 
10 per cent. (see Eighth Report, Table XIV.), 
while the present alloy gives 12 tons with 13.5 per cent. 
elongation, while the yield-point is also correspondingly 
higher. This result serves to show that with proper 
treatment the ternary light alloys are capable of giving 
results decidedly superior to those of the binary series. 

As in the case of the heavy alloys described in the first 
part of the present report, some of the sand-castings in 
the two large heats now under discussion were moulded 
to the approximate shape of the tensile test-pieces, while 
others were cast in the shape of solid cylinders. The 
results obtained from the two kinds of castings are given 
in Table L. in the case of alloy No. 10, and it will be seen 
that there is very little difference. 

Rolled Drawn Bars of Two Selected ee ed Alloys. 
—The billets cast in the manner already indicated were 
sent to the works of the British Aluminium Company at 
Milton, and were there treated in a manner exactly corre- 
sponding to that —— for the light alloys described in 
the Eighth Report, work being carried out, by the 
kindness of the British Aluminium Company, in the pre- 
sence of one of the authors. 


TasLe L.—Comparison of Tensile Tests on Shaped and 
Solid Cast Tcst-Pieces of Light Alloy No. 10. 


—_— Ultimate Stress. Elonge: tg = 





tons per sq. in. per cent, 
Shaped casting ° 8.48 4 
Solid casting. . he “4 8.72 4 





The billets were first filed to remove some smal] fins 
and roughness, and were then heated to ne peg f 
400 deg. Cent. and hot-rolled to a diameter of 14 in. full, 
giving bars 11 ft. long ; from these bars lengths of 2 ft. 6 in. 
were cut off and retained for test. In the case of alloy 
No. 10 a length of 18 in. was cut off and cold-drawn by 
steps of i in. down to a diameter of j in., when it drew 
hollow, this hollow drawing having probably commenced 
at a diameter of }} in. In the case of alloy No. 11 no 
cold-drawing without annealing was attempted, since it 
was known from its copper content, er with the 
added manganese, that this alloy would not bear such 
treatment. The remainder of the bar was then divided 
into two portions, one-half being again heated to 400 deg. 
Cent. and rolled down to }# in. in diameter, both alloys 
rolling well and giving sound bars by this process. The 
second half was cold-drawn to 1, 1n., annealed, cold- 
drawn to 1 in., again annealed, and then cold-drawn by 
steps of 7; in. down to a diameter of { in., when it n 
to draw hollow. In the case of No. 11 it was found that 
— of the bar drawn cold with annealing had drawn 

ollow. 

Asa result of these operations material was available 
for tests in the form of hot-rolled bars of 14 in. and }# in. 
diameter, and in the case of alloy No. 10 of a bar which 
had been cold-drawn, with annealing, to { in. in diameter. 
The results of tensile tests on these three classes of 
material are given in Table LI. 


Taste LI.—Tensile Tests on Rolled and Drawn Bars of 
Two Selected (Light) Alloys. 


| 











3 Ss ; : : 
oP . i> | g rolling, measuring 2 in. square by 15 in. long. The cast- 
Compo- Condition. = (3g 3.6 2 |=. |ing temperatures, as determined by the temperature of 
sition. = | £2 25 3 | 3¢ | the metal in the crucible when the pouring of each castin 
3 ¢ |2s <3 gl z= was commenced, and again after the pouring was finished, 
| ide ee | were as follows in Table LIT. :— 
Ou. Mn. iis pc. | p.t ee TaBiE LII. 
10] 2.06 1.94 { Motroiiedto” 10.1 16.45 0.61 18.5 | 49.5 2) Ct 
bo ——- Commenced at Ended at 
10} 2.06 1.04 { Hotfotedto} j213/ 17.08 O71 16 | 37.6 
Drawn with} ‘hi deg. Cent. deg. Cent. 
10] 2.06 1.94 J annealing to} 11.98 1832 056 6 | 112 = oo lal on bend 
a: . * * . iP) 
| Bet eenate Chill-casting No.2 ss 687 675 
11} 2.89 0.94 hin } 8.80 15.76 0.56 20 | 32.8 | Billet No. 2 eel table 662 650 
‘ Chill-casting No. 3 a os 650 Metal freezing 


1 
- Hotrolledto) yanliase a7 
11) 2.89 0.94 { fin, } 1280/1650 0.78 15 | 38 


The results of the tests on ro:led and drawn bars con- 
tained in the above table are, it must be admitted, some- 
what disappointing; comparison with the corresponding 
data of the alloys of aluminium with copper alone (see 
Tables LXXV. to LXXVIII. of the Righth Report) 
shows that the superiority found in the present alloy 
No, 11 in the form of small chill-casti as not been 


both the | (2.06) and manganese (1.94) of the ternary alloy is 4 per 
e results of | cent. 


a manganese content of 1.93 per cent. with 2.01 per cent. 
of copper, thus closely corresponding to No. 10, above. 


In view of ‘the somewhat Sting results obtained 
from the rolled bars of these ternary alloys, the authors 


The great similarity between these ternary alloys and the 


certainty, be extended to their behaviour in that form 
iso. 

Experiment on the Effect of Casting Temperature on 
Alloy No. 10.—For this purpose a quantity of about 20 Ib. 
of this alloy were et in the same manner as that 
already described, and the crucible containing the molten 
alloy was taken out of the furnace while still much too 
hot. The temperature was then measured by means of a 
platinum-platinum-iridium thermo-couple enclosed in a 
thin tube of fused silica; this sheathing, being much 
thinner and a much better conductor of heat than a fire- 
clay protector-tube, and also free from the danger of 
cracking owing to sudden heating, was found very suit- 
able for this purpose, although it has the disadvantage 
that the metallic oxides at the surface of the bath of 
molten metal attack the silica somewhat rapidly, and after 


Fig. 125. ELASTICITY OBSERVATIONS ON LIGHT ALLOYS, 
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“INVERSE-RATE” GOOLING-CURVES OF LIGHT ALLOYS, eae paar OF ARREST-POINTS. 


alloy (see Table XL.), the result of the casting poured a: 
a temperature only 70 deg. Cent. higher is very ba:! 
indeed. If, as appears very probable, a similar degree « { 
sensitiveness to casting temperature exists in other ligh+ 
alloys consisting largely of aluminium, it is evident tha: 
very careful attention to the determination of castiny 
temperatures is essential to success in the use of th« 
mate 

The two small billets were sent to the Milton Works of 
the British Aluminium Com y, and were there hot- 
rolled to }4 in. in diameter, ay 4 kindness of the coi 
pany. The results of tensile tests made on these bars are 
given in Table LIV. 

It will be seen at once that there is very little differ- 
ence between the two billets, although the temperatures 
at which casting was commenced differ by over 60 deg. 
Cent., the subsequent heating and mechanical treatment 
having evidently obliterated the effects of different 
casting temperatures; at the same time it is quite 
possible that if a_ billet were cast at a still higher 
temperature than No. 1, the injurious results might 
not disappear after hot-rolling. In comparing the figures 
of Table LIV. with those of Table LI. for the corre. 
sponding rolled bars of the larger heats, it will be 
seen that the results of the former table (No. LIV.) are 
decidedly inferior to those of the latter (No. LI). 
This is to be ascribed to the fact that the billets made in 
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a time weaken the protector-tube to such an extent that 
it breaks off very easily. The thermo-couple assumed the 
temperature of the bath of metal in a few seconds, and 
the changes of temperature as the metal cooled in the 
crucible could be readily followed. The castings made 
were three small chill-castings and two small billets for 





The results of tensile tests on the three chill-castings 
are given in Table XLIV., the alloy on analysis showing 





maintained in the rolled .condition. e highest ten- 
sile strength in the bars rolled hot to }4 in. diameter 
of the present series (No. 10 with 17 tons per square inch) 
is almost exactly the same as ys 3 No. 37 of the Eighth | 
Ragent, with 17 tons also, but the binary alloy shows 
rather a greater oy oe and reduction of area. It is 


interesting to note, however, that in these tests man- 


ese replaces copper almost quantitatively. Thus, of | of pouring castings of thisalloy at too high a temperature, 
pared, the binary alloy has a/|for while the results of two of the present set mo castings 


two alloys just. com 





copper content of 3.76 per cent., while the sum of copper ! are better than the results of the large heat of the same 


Taste LIII. 
No. of Yield- Ultimate —_ Elastic | Elongation 
Casting. | Point. | Stress. Ratio. on 2 In. 
| | | per cent. 
1 Not observed 5.77 | - | 2 
2 5.79 11.62 0.50 8 
3 5.37 | 11.26 0.52 8 





These figures clearly show the very deleterious influence 
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the experiments on casting temperature had a much 
smaller original cross-section (4 square inches of area as 

inst 7.05 square inches), so that the amount of mecha- 
nical work put on the material in reducing it to |} in. 
was much less in the case of the small billets ; the figures 


TABLE LIV.—Tensile Tests on Bars Hot-Rolled to }}-In. 
Diameter from Billets made in Experiments on Casting 
_ Temperatures. 


| . 
No. of | Yield- | Ultimate Elastic | Elongation | Reduction 








Billet. | Point. | Stress. | Ratio. on2In. | of Area. 
pm wat TA } } a 
| percent. | per cent. 
1 11.96 | 15.92 0.75 ll 32.6 
2 11.04 15.70 0.70 | ll | 32.0 


TaBLE LV.—Specific Gravities of Two (Light) Alloys in 
Grammes per Culiic Centimetre. 





Specific Gravity in Grammes per Cubic 
Centimetre. 


No. | Composition. sae ea — 








elo tii | Olt 
Sand-Cast. Chill-Cast. Rolled. Drawn. 

; Cu Mn | | 4 
10| 206 1.94 2.71 272 | 280 | 277 
11; 289 2.79 2.79 


0.94 2.67 27% #86| § 
of Table LIV. are therefore really more comparable 
with those referring to bars hot-rolled to 14 in. diameter 
than with the others in Table LI. 

Specific Gravity of the Two Sclected Alloys. —These hay e 
been determined in the sand-cast, chill-cast, hot-rolled, 
and cold-drawn conditions, and are given in Table LV., 
where the figures represent the weight of a cubic centi- 
metre of the alloys in grammes, and in Table LVI., page 
225, where the same results are expressed in terms of 
pounds per cubic foot. 
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Further Tests on Two Selected (hight) Alloys.—Speci- 
mens cut from the bars of alloys Nos. 10 and 11, whic 
had been hot-rolled to }4 in. in diameter, were ——S 
for a series of further tests similar to some of those already 
described in the case of the three selected heavy alloys 
(see page 159 ante). 


TaBLE LVI.—Specific Gravities of Two (Light) Alloys 
Foot. 


in Pownds per c \ 





Specific Gravities in Pounds per Cubic Foot. 





No., Composition. | - 
: 0 Hot- | Cold- 
Sand-Cast. | Chill-Cast. Rolled. Drown. 

‘i Cu. Mn. 

| 2.06 1.94 | 169 170 175 175 

il 2.89 0.94 | 172 174 | 174 


167 | 


} 





Determination of the Elastic Modulus and Limit of Elas- 
ticity.—These determinations were made on specimens 
8 in. between gauge-marks, and turned to a diameter of 
0.5 in., and readings were taken with the Ewing extenso- 
meter for every 0.1 ton of actual load. The resulting 
curves are plotted in Fig. 125, page 224, while’ the elastic 
limits and elastic moduli found are given in Table LVI. 
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LVIII., compared with the same data derived from 2-in. 
specimens. 

















TasLe LVIII. 
| | | | 
is gs |8 8 iss 8 |8 
- = s s | 
Composi- 3 3 : @ Fe & § |&§ 
tion. oe a= z= & is 8 
| Sec =e ' Ba E 00 Be) 3 Ss iic 
é om B= | Se! Be is} § or 
Al BO PSs So gal Bo a |S 
| Cu. Mn. | |pe 
10) 2.06 1.94 12.13 | 10.0) 17.04 | 16.1 | 16 | 10390 37.6 |50.4 
11] 289 0.94 12.80 | 10.6 | 16.60 | 14.65 | 6.90 | 38.0 |48.4 


15 | 





Apart from the difference in elongation, which arises to 
a large extent from the very considerable local elongation 
at the fracture, these two sets of results are in reasonable 
agreement. 

Dynamic Tests on Two Selected (Light) Alloys.—These 
were carried out by Dr. Stanton in the Engineering De- 
partment along with the tests on the heavy alloys already 
described. The details of specimens and tests were the 
same as thoseemployed for the heavy alloys, with the differ- 
ence that the range of stresses was modified so as to suit the 
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Fic. 129. Attoy or ALMn, sHowING 
CRYSTALS OF THE CompouND AL.Mn. 





Fic. 133. Attoy No. 11, Sanp- Fie. 134. 


CasTING. 


In these alloys the discrepancy between apparent yield- 
point and the elastic limit determined as the limit of 
proportionality with the extensometer is not nearly so 


Tasik LVII.—Elastic Properties of Two Selected 
(Light) Alloys. 





No. | Composition. | Elastic Limit. Elastic Modulus. 
Cu. Mn. tons per sq. in. | Ib. per sq. in. 
10 2.06 1.84 | 7.15 | 10.75 108 
ll 2.89 0.94 | 7.15 10.4 x 106 


large as was found in the case of the heavy alloys de- 
scribed on page 159 ante. The limits given in Table | 
LVII. are in reasonable agreement with the stress-ranges | 
determined by means of alternating-stress tests, the latter 
indicating that the specimens examined with the extenso- 
meter have an elastic limit in tension which has been | 
slightly raised by cold working. In view of the low tem- | 
perature at which these alloys were finished in the rolling 
process, this is not surprising, while the micro-structure 
(see Figs, 135 and 136, annexed) also confirms this view. 
The elastic moduli are very low in these alloys, a fact | 
which to some extent accounts fdr their relatively great 
resistance to impact ; but this fact would have to be taken | 
into account if an attempt were made to turn the com- 
bined lightness and strength of these alloys to account in 
the design of rapidly-moving parts of machinery. A con. | 
siderable proportion of the bars cold-drawn with annealing 
having proved to be drawn hollow, no material was avail- | 
able for tests on the elastic properties of these alloys in | 
that condition. 
Autographic stress-strain diagrams of the two selected | 
alloys have also been prepared, and are shown in Fig. 126. | 
The yield-points and maximum stresses of the two alloys 
when tested as 8-in. specimens are shown in Table | 
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Fic. 135. Attoy No. 
Bar. 


Attoy No. 11, C#rLt- 
CASTING. 


weaker character of the light alloys. The details need 


not, therefore, be repeated here. 


These tests were carried out at the same rapid rate of | — 


alternation as those on the heavy alloys of this mapas, 
and for purposes of comparison with the figures of the 
Eighth Sept an addition of 10 per cent. should be made 
to the present figures. 


TasLe LIX.—Alternating Stress Tests on Two Selected 
(Light) Alloys. 


| 


Range of Stress | eumber of Reversals for Fracture. 








No. of Poa 
1 in Tons per | 
Specimens. | Square Inch. 
No. 10. No. 11. 
1 } 17.35 8,000 
2 | 12.05 73,000 51,000 
3 10.26 “a 104,000 
4 9.40 1,000,000* 
5 8.86 as 1,000,000* 
* Not broken. 


The ranges of maximum safe stress under which these 
alloys would bear an unlimited number of reversals, as 
calculated from the results in the above tables, are: for 
No. 10 a ra of 9.4 tons per square inch, and for No. 11 
a range of 8.8 tons. 

Impact Tests on the Izod Impact Tester.—These gave the 
results shown in Table LX., in the next column. 

As these figures are rather more than half those found 
for the heavy alloys, which have a tensile strength in 
some cases nearly three times as high, they appear to in- 
dicate that these light oa possess a great power of 
resisting shock and of absorbing work, as com with 
their strength as estimated by tensile tests. In terms of 
work absorbed per pound of metal, these figures would 
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_| structure in various conditions. 














































TABLE mae Tests (Single- Blow Izod) on 
(Light) Alloys. 





Alloy No. Foot-Pounds Absorbed. | Mean, 
10 { = } 4.1 
5.4 
1 { as } 5.5 
el still more remarkable, on account of the low density 
of these alloys. 
Bending-Impact Tests.—These could not be 
carried out with the weight of tup and height of fall used 


for heavy alloys, since the first blow would have thrown 
the specimens out of shape too seriously. A lower 
height of fall was therefore adopted, so that it is not 
easy to compare the tests with any others upon known 
materials; the results are, however, given, since they 
may prove of interest in themselves, and may at a future 
date serve for comparis6n with other alloys of like 
character. The close similarity between these two alloys 
is preserved under this test. 

Structure and Constitution of the Light Alloys.—For 
reasons already given the present section is confined to 
the freezing and cooling curves of the alloys described 
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Bar. 
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Taste LXI.—Repeated Bending- Impact Tests on Two 
(Light) Alloys. 


Weight of Number of 
No. of Alloys. | Striking Tupin Height of Fall. Blows for 
Pounds, Fracture. 
in. 
10 4.71 0.71 590 
ll 4.71 0.71 672 


above, and a series of micro-photographs illustrating their 


Freezing-Points of Light Alloys.—The initial and subse- 
quent arrest-points observed by means of the ‘‘inverse 
rate” method of taking cooling-curves are given in Table 
LXII., page 226, the alloys represented in this table being 
the eight exploratory heats as well as a number of specially 
made alloys, prepared in the laboratory, in quantities ~ 
sufficient wd the observation of cooling-curves. It will be 
seen that all the alloys show at least two well-marked 
arrests, while some show three, and one even exhibits four. 
With rd to the exact meaning of these various arrest- 

ints the authors no not feel in a position to speak de- 

nitely, beyond stating that there is good reason to 
believe that the solidification of the alloys is not com- 
pleted until the lowest of these arrest-points has been 
in each case. It will be seen that these lower 
arrest-points do not all occur at one temperature, as 
would be the case if they all arose from the solidification 
of a ternary eutectic of aluminium, the aluminium-copper 
compound CuAlg, and the aluminium-manganese com- 
= AlsMn. It seems bable that the arrests 
tween 650 deg. Cent. (1202 deg. Fahr) and 550 deg. Cent. 
(1022 deg. Fahr.), which, with two exceptions, lie be- 
tween 650 deg. Cent. and 640 deg. Cent. (1202 deg. Fahr. 
and 1184 deg. Fahr.), are due to the solidification of the 
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binary eutectic of aluminium and the compound Al,Mn, 
whose freezing-point would be depressed, in a system of 
ternary alloys, by the presence of copper, or rather 
of the compound CuAl, in the mother-liquor. In the 
same way some of the higher ones among the-arrest- 
points below 550 deg. Cent. may probably be regarded 
as due to the freezing of the eutectic of aluminium 
and the compound Cu Al, which by itself freezes 
between 530 deg. and 540 deg. Cent. (986 deg. and 1004 
deg. Fahr.), but whose freezing temperature would be 
altered by the presence of Al;Mn in the mother-liquor. 
The lowest of the arrest-points, on the other hand—viz., 
those lying just above 520 deg. Cent. (968 deg. Fahr.)— 
may probably be ascribed to the freezing of the ternary 
eutectic referred to above; but from the distribution of 
the arrest-points and their observed intensity it would 
appear that the formation of this ternary eutectic does 
not extend quite to the aluminium corner of the ternary 
diagram. The data available at present are not sufficient 
to allow of the satisfactory construction of a model 
representing the whole of this complicated system of 
equilibria. 

To indicate the character of the various arrest-points 
tabulated above, the ‘‘inverse-rate” cooling-curves of 
alloys Nos. H 10, H 11, 027, 028, and No. 88 are repro- 
duced in Figs. 127 and 128, page 224. 


TaBLe LXII.—Arrest-Points in the Cooling-Curves 
of Light Alloys. 


Retardations of, Retarda- 
Cooling Between| tions of 


Initial 650deg. Cent. | Cooling 
| 

















No. | Composition. | Freezing- and 550 deg. | Below 600 
Point. Cent. (1202 deg. | deg. Cent. 
| | | Fahr. and 1022 | (1112 deg. 
deg. Fahr.). | Fahr.). 
| .' Cu.: Mn. ldeg. Cent. | 
81 | 97.69 1.47 0.84| 650 | 522 
625 | 96.67 1.27 2.06; 652 | ¥ 523 
84 96.44 1.16 2.40! 663 | 640 528 
8% | 95.87 1.65 2.48 652 | 646 523 
022 | 96.93 2.15 0.88 649 = 529 
H 10 | 96.00 2.06 1.94 645 “i 529 
85 | 94.81 2.00 3.19} 6838 650 534 
86 | 96.36 2.89 0.75 650 | as 534 
H11 | 96.17 2.89 0.94 645 | 529 
87 | 95.61 2.86 1.53] 649 s 535 
027 | 95.28 2.96 1.76!) 650 | 593 540 
88 | 94.60 2.95 2.45) 662 | 661, 647, 641 536 
83 | 98.85 2.33 3.82] 692 650 
023 | 96.32 3.11 0.57 647 604 529 
91 | 94.56 3.94 1.50 647 oe 541 
92 | 93.80 3.84 2.36 654 644 537 
89 | 93.49 3.02 3.49 677 642 534 
9 | 95.11 4.09 0.80 647 - 540 
028 | 93.95 4.13 1.92 644 ie 552 
4.07 3.20 671 640, 592 533 


03 | 92.73 





In connection with the cooling-curve observations on 
the alloys of this group, the authors made the observation 
that the free surface of the ingot, which had solidified in 
these experiments in a small crucible, in most of the 
alloys showed a small button of extremely crystalline 
metal which had apparently been forced out from the 
mass at the end of the freezing process; closer observa- 
tion showed that this button resulted from the expulsion 
from the body of the ingot of a small quantity of pasty 
metal = on the point of final freezing at that o- of 
the coo ing. process when the lowest arrest-point was being 
passed. This appearance would suggest that the ternary 
eutectic undergoes considerable expansion on freezing, 
and thus forces a portion to escape from the surface of 
the ingot. The existence of these buttons of extruded 
metal rendered the analysis of the ingots somewhat diffi- 
cult, and to overcome this difficulty the authors adopted 
the plan of quickly re-melting the little ingots and pourin 
the entire contents of the crucible into a cold iron mould, 
thus chilling the metal and preventing any serious amount 
of segregation. Drillings from these chilled ingots gave 
uniform analytical results, the drill-holes being made 
large as oungere with the size of the entire ingots. 
Another observation made in connection with these 
alloys may be recorded here. The binary alloys of 
aluminium and manganese containing between 30 and 65 
per cent. of manganese—1.c., those consisting largely of 
the compound Al;Mn—solidify from fusion in the ordinary 
way as solid ingots of metal, varying in appearance, ha 
ness, brittleness, and density, according to their composi- 
tion, but in a short time—in some cases in the course of a 
few hours—these ingots begin to disintegrate and ulti- 
mately break down into a fine glistening crystalline grey 
powder. At first the authors were disposed to assume 
that this disintegration was the result of oxidation, but 
an analysis of the powder immediately showed that it did 
not contain any notable proportion of oxygen. This 
result indicates that the disintegration is the result of 
some transformation occurring in the compound Al,;Mn 
somewhat similar to that which occurs in tin at low tem- 
peratures. The question naturally presents itself whether 
this process of disintegration is liable to occur in such 
alloys as Nos. 10 and 11 of the oresent series, but the 
evidence obtained by the present authors tends entirely 
to negative this suggestion. Ever pure binary alloys of 
aluminium and manganese, containing less than 25 per 
cent. of manganese, show no signs of Suletegeation even 
on prolonged storage, and the alloys-Nos. 10 and 11, some 
specimens of which have now been under observation 
for considerably over a year, show no signs of any change. 
It is therefore probably quite safe to conclude that alloys 
of aluminium, copper, and manganese containing so little 
as 2 per cent. of manganese are entirely free from this 
danger. If, however, makers of alloys should wish to 
ay oy an aluminium-manganese alloy rich in manganese, 
or the purpose of adding manganese to such alloys in a 
more advantageons manner, they would find considerable 








difficulty from this rapid disintegration ; the fine powder 
resulting from this process exposes such a large surface to 
oxidation that it could not be used for making alloys, 
since the greater part of it would be burnt before being 
incorporated with the molten metal to which it was to be 
added. The further fact that the curve of freezing-points 
of the aluminium-manganese series slopes rapidly up- 
wards from the first eutectic point (which lies within 
3 per cent. of pure aluminium) also militates against the 
use of rich aluminium-manganese alloys for purposes of 
alloy-making. 

Differential Cooling-Curves of Light Alloys.—Cooling 
observations by the differential method were taken on the 
two alloys which have been closely studied above from 
the mechanical point of view—viz., Nos. 10 and 11—but 
no signs of any evolutions or absorptions of heat could be 
detected during either heating or cooling, below the tem- 
perature of complete solidification. This result indicates 
that heat-treatment of these alloys could have very little 
effect on their properties, a conclusion which is further 
supported by the stentionn of Messrs. Carpenter and 

‘dwards on the insensitiveness of rich aluminium alloys 
to rapid or slow cooling. No experiments on the effects 
<a treatment on these alloys were therefore under- 
taken. 

The Micro-Structure of the Light Alloys.—To some 
extent the micro-structure of these alloys has already been 
indicated in connection with the general remarks as to 
the cooling-curves, so that it only remains to refer in 
detail to the figures illustrating the structures observed. 
The micro-photographs* reproduced in Figs. 129 to 136, 
page 225, represent three of the most important of the 
ternary alloys and one of the binary alloys of aluminium 
and manganese. The latter is shown in Fig. 129, where 
the hard crystals of the body, already indicated as a com- 

und of the formula Al;Mn, are readily distinguished. 

races of this body can be recognised under the micro- 
scope in-all specimens of the light ternary alloys, but their 
identification in the photographs is not so easy, since the 
photographs do not reproduce the peculiar lustre and 
characteristic surface assumed by this substance. Some 
fairly large crystals of the compound can, however, be 
readily recognised in Fig. 130, which is taken from a sec- 
tion of hot-rolled bar of alloy No. 10. The fact that in 
the binary alloy these crystals appear light, while they 
are darker in the ternary alloys, is due to the manner in 
which the etching process is affected by the presence of 
—— in the ternary alloys. 

Lhe appearance of sections of alloy No. 10 in the form 
of sand and chill-castings is shown in Figs. 131 and 132. 
The former figure shows very marked “ cores,” repre- 
sented by the hazy light areas in the centres of the 
crystals. These indicate that the alloy consists in part 
of a solid solution which has not quite attained its equili- 
brium condition. At the same time this specimen shows 
traces of the (aluminium—Al],Cu) eutectic as well as some 
specks—seen in the photograph as somewhat minute 
angular patches—of the compound Al,;Mn. In the chill- 
castings of the same alloy, Fig. 132, the eutectic is seen in 
much larger proportion, indicating that the ground-mass 
of solid solution is still less saturated than in the case of 
the sand-castings—a result to be expected from the more 
rapid rate of cooling of the former, There is also a corre- 
sponding difference in the general size of grain of the two 
kinds of castings. 

The structures of sand and chill-castings of the alloy 
No. 11 areshown in Figs. 133 and 134. In the sand-cast- 
ings the core formation is less marked than in the case of 
alloy No. 10, probably owing to the fact that the soluble 
element, copper, is present in smaller proportion. On 
the other hand, the eutectic constituent is more promi- 
nent and better developed, portions of this constituent 
probably representing the ternary eutectic which was the 
last to solidify. The chill-casting shows a structure very 
similar to that of No. 10 alloy, but with somewhat less 
eutectic. 

The structures of both alloys Nos. 10 and 11, in the 
form of hot-rolled bars, are shown in Figs. 135 and 136. 
Both of these figures show signs of a general deformation 
of the structure of the alloy in the direction of rolling ; 
but in No. 11, Fig. 136, this is extremely marked, the 
bar showing a structure resembling that usually asso- 
ciated ‘with cold-worked material. The inference is that 
for this alloy the finishing temperature employed in the 
rolling process was decidedly too low. 

Special Experiments with Light Alloys.—The authors 
made some experiments on the production of the light 
ternary alloys by the use of ferro-manganese, either direct 
or with the intermediate preparation of cupro-man- 
ganese from the ferro alloy. 

A heat of alloy No. 11 was made, in which the copper 
and manganese were introduced in the form of cupro- 
ferro-manganese made from ferro-manganese in the manner 
already described, the cupro-manganese used being the 
same as that employed in connection with the heavy 
alloys. The weights used were 96 oz. of aluminium, 
3 oz. of cupro-ferro-manganese, and 1 oz. of copper, the 
resulting alloy on analysis being found to contain :—- 


Per Cent. 


Aluminium ... ie ne “a ae 95.70 
Copper ae ee ie om is 3.08 
Manganese ... sen ; a ize 0.88 
Iron ... ive sha aa jes 0.10 
Silicon a ~ a of we 0.24 
Carbon rm See sa iia a Nil 


Four sand and three chill-castings were made of this 
material, and gave the following results :— 








* The micro-photographs in the report were taken at 
om diameters, and reduced to 100 diameters on repro- 
uction, 





Taste LXIII.—Tensile Tests on Alloy No. 118 made 
from Cupro-Ferro-Manganese. 


Yield- Ultimate | Elastic | Elongation 





Condition. Point. Stress. | Ratio. on 2 In. 
: | 
| per cent. 
Sand-casting .. -.| £28 7.32 0.72 4.5 
Original No. 11 (sand- 
casting) oa --| 6 7.48 0.80 5.0 
Chill-casting .. --| 5.92 10.40 0.57 8.5 
Original No. 11 (chill- 
casting) ‘ oe) Rae 12.05 0.60 13.5 


In the case of the sand-castings there is very little dif- 
ference; in the chill-castings the original alloy, made 
from pure cupro-manganese, shows a decided advantage, 
but some allowance must be made for such factors as the 
great sensitiveness of this alloy to casting temperatures. 

A further experiment was then undertaken, in which 
the alloy was made by the use of ferro- manganese 
direct. The alloy No. 10 was chosen for this pa on 
account of its higher manganese content, which would 
render the effect of the iron introduced more evident. 
The ferro-manganese employed was the same as that 
used in the preparation of the cupro-ferro-manganese 
described above, and contained 79.92 per cent. of man- 
ganese ; 96 oz. of aluminium were used, with 2 oz. of 
copper and 2.5 oz. of ferro-manganese, the resulting 
alloy giving the following analysis :— 


Per Cent. 
Aluminium ... ie ae 95.08 
Copper Be Ea ban ‘an as 2.34 
Manganese ... ae = a sag 1.78 
Iron ... = ae bd oo aad 0.52 
Silicon a Phe ne oe sé 0.28 
Carbon «ee si os Trace 


The results of tests on sand and chill-castings of this 
material are given in Table LXIV., the figures for the 
original alloy No. 10 being included for comparison. It 
will be seen that the differences are very slight and are 
in the direction indicated by the somewhat higher copper 
content of this alloy as compared with No. 10. 


TABLE LXIV.—Tenstle Tests on Alloy No. 10n 
made from Ferro-Manganese. 


| Yield- | Ultimate} Elastic Elongation 





Condition. | Point. | Stress. Ratio. on 2 In. 
per cent, 
Sand-Casting No. 10z 6.40 9.48 0.68 5 
Sand-casting (origina! 

No. 10) be --| 5680 | 848 0.68 4 
Chill-casting No. 10z..| 6.80 10.48 0.65 4 
Chill-casting (original) 

No. 10) +. .-| 6.40 9.06 0.63 5 





The results of both the above experiments appear to 
indicate that the comparatively expensive use of pure 
cupro-manganese is not essential for the production of 
these alloys, and that the introduction of small propor- 
tions of iron by the use of ferro-manganese, as the 
original source of manganese, does not involve any serious 
deterioration of the mechanical properties of the alloys. 

Corrosion Tests.—These have nm carried out on chill- 
castings of the two selected alloys (Nos. 10 and 11), and 
on a similar chill-casting of pure aluminium for purposes 
of comparison. The general arrangement of the tests 
was similar to that adopted in the case of the alloys rich 
in copper, but in the present group of alloys tests on speci- 
mens forming galvanic couples with steel were not made. 

he specimens, machined from the castings, measured 
2? in. square, with a thickness of } in., giving an ex- 
posed surface of 4 of 1 square foot. The specimens were 
suspended in glass troughs containing ordinary tap-water 
and sea-water respectively by means of string, and the 
suspension was so arranged as to avoid any possibility 
of galvanic contacts occurring at any point. The water 
was changed and the specimens removed, cleaned, and 
weighed at intervals, at first of fourteen days, and later of 
one month, the total period of immersion up to the time 
of writing having been 121 days. The loss of weight of 
the specimens is shown in Table LXV. in terms both 
of percentage change of weight of the specimen, and in 
terms of loss per square foot of surface exposed per 
month of 30 days. 

TABLE LXV. 


I - | Loss of Weight per 
| amet bey dng Square Foot per 
| “| Month of 30 Days. 














Alloy No. - 
| 
Tap- | Sea- |  Tap- Sea- 
Water. Water. | Water. Water. 
iad Ov we per cent. | per cent. Ib. Ib. 
Purealuminium  ..| 0.0083 0.0740 0.000121 | 0.0022 
10 
Copper (2.06 per) | 
cent.) : ” , a 2 
Manganese (1.94 per j 0.0184 0.0287 0.000275 0.00042 
cent.) 7 4 
ll 
Copper (2.89 per) 
cent.) t | 28 0048 
Manganese (0.94 per 0.0085 0.0320 | 0.000128 0.0% 
cent.) J 


( 








After 121 days’ immersion, the specimens exposed to 
tap-water show a slightly iridescent surface, quite smooth 
and free from any pitting; of the specimens exposed tv 
sea-water, the pure aluminium shows very marked 
pitting and roughening, one of the pits passing entirely 
through the specimen. The comparative vigour of the 
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corrosive action on the aluminium is also indicated by the 
accumulation of a small heap of white gelatinous material 
(probably alumina) on the bottom of the vessel under this 
specimen. As compared with the behaviour of the pure 
aluminium, that of the two alloys Nos. 10 and 11 in sea- 
water is decidedly superior ; their surfaces have remained 
much smoother, and are to a considerable extent covered 
with a dark coating or “patina,” whose appearance sug- 
gests that it is principally oy cory of oxide of manganese, 
and this patina appears to have acted as a protective 
coating. th these alloys have corroded considerably 
less than the pure aluminium, and this appears to be con- 
nected to some extent with the presence of manganese in 
the alloys, since that one containing the highest propor- 
tion of manganese is least attacked. In this respect these 
two light alloys compare favourably with the pure 
aluminium-copperalloys described in the Eighth Report ; 
while these also corroded rather less than pure aluminium, 
the difference is considerably greater with the present 
alloys, while the sample of aluminium used in the present 
experiments has itself corroded much less than that used 
by Messrs. Carpenter and Edwards. 

Acid-Resisting Power of Aluminiuwm-Manganese Alloys. 
—At thesu tion of Dr. Seligmann, the authors made a 
determination of the acid-resisting power of some alloys 
of aluminium with manganese, the suggestion being that 
these alloys might prove more resistent to nitric and 
sulphuric acids than pure aluminium. This anticipation 
was not fulfilled. 

For the purposes of the experiment, small castings were 
prepared of alloys containing approximately 1, 2.5, 5, 7.5, 
and 10 per cent. of manganese ; these were machined into 
the shape of rectangular blocks measuring 1 in. by 1 in. 
by 4 in., and were weighed and then immersed in acids of 
the strengths stated in the table below ; at the expiration 
of the stated time the blocks were removed from the acid, 
rinsed in water, and dried with a clean cloth and weighed 
again. The same blocks were re-immersed and the 
further loss of weight at the expiration of the longer 
periods of immersion determined. The vessels in which 
the immersion took place were large, and care was taken 
not to allow the different specimens to come into contact 
with one another. The results are given in terms of the 
loss of weight of each block in grammes, in Table LX VI. 


Taste LX VI.—Acid-Resisting Power of Light Alloys. 


Manganese 
Content of » 
Alege par 0 1 2.5 , 7.5 10 
Cent. 
Tene of 10 per Cent. Sulphuric Acid 
Immersion. ahaa P 
} hour 0.0002 | 0.0006 | 0.0002 | 0.0014 | 0.0010 | 0.0014 
2 hours 0.0004 | 0.0006 0.0002 | 0.0015 0.0028 0.0038 
hours 0.0004 | 00010 0.0014 | 0.0026 | 0.0060 | 0.0072 
50 per Cent. Sulphuric Acid. 
} hour 0.0014 ; 0.0014 | 0,0018 | 0.0020 | 0.0024 | 0.0036 
2 hours 0.0016 | 0.0022 | 0.0044 | 0.0082 0.0132 | 0.0132 
4 hours 0.0056 . 0.0272 | 0.0082 | 0.0138 0.0178 | 0.0220 
10 per Cent. Nitric Acid. 
1 hour 0.0006 | 0.0010 | 0.0008 0.0014 0.0020 0.0024 
2 hours 0.0000 | 0.0000 | 0.0008 | 0.0018 0.0054 0.0048 
4 hours 6.0008 | 0.0014 . 0.0012 0.0042 | 0.0050 0.0068 
50 per Cent. Nitric Acid. 
1 hour 0.0014 0.0012 | 0.0020 ; 0.0086 | 0.0070 0.0074 
2 hours 0.0010 0.0014 0.0028 | 0.0064 0.0164 0.0220 
4 hours 0.0032 0.0044 0.0056 | 0.0104 0.0214 0.0248 


MAGNETIC PROPERTIES OF THE ALLOYS. 


Owing to the fact that the ternary system of the copper- 
aluminium-manganese includes the etic alloys gene- 
rally known under the name of ‘‘ Heuser,” some interest 
attaches to the question of the magnetic properties of 
the alloys described in the present report. The mag- 
netic permeability of the alloys has therefore been 
testel by a very delicate method, with the result 
that the nine ‘‘selected” alloys rich in copper and the 
two light alloys studied in detail have been found to be 
entirely non-magnetic. On the other hand, it has been 
found that the area of the ternary diagram included in 
the work on the constitution of the alloys rich in copper 
includes some magnetic alloys. Thus in Fig. 41 (page 190 
ante) the alloys lying to the right of the dotted line M M 
are perceptibly magnetic (these are the alloys Nos. 21, 22, 
23, 25, 26, 30, 31, 35, 39, 44, 75, 77, 79, 80, and 3 of 
Table XLIII.,- page 189 ante), alloys Nos. 21 and 22, 
which lie in the extreme corner of the region studied, 
heing quite strongly magnetic when examined in the cast 
and slowly-cooled condition. As the composition of the 
«lloys approaches the line M M their magnetic properties 
become less marked, and are only just perceptible in such 
alloys as Nos. 30, 31, 44, and 79. - 

The authors conclude their report by acknowledging 
their deep indebtedness to the Director of the National 
Physical Laboratory, Dr. R. T. Glazebrook, F.R.S., 


for his personal interest in the work, and also for | 
arrangements made by him; to Dr. T. E. Stanton, who | 


carried out the dynamic tests on the alloys; and Mr. 
Guy Barr, in connection with the chemical analyses ; to 
Messrs. P. A. Tucker, G. A. M. Cunningham, and others. 
The conduct of the researches described in the present 
report has been greatly aided by the co-operation of a 
number of firms and gentlemen, by gifts of valuable 
material or by granting facilities for carrying out opera- 
tions impossible in a Isboratory. The Committee desire 
to express their thanks in this connection especially to 


the Board of Admiralty, the Broughton Copper Com- | 





pany, the British Aluminium Company, and Messrs. 
ermite, Limited. 


APPENDIX. 


Corrosion Trsts oF CoppeR-ALUMINIUM ALLOYS IN 
THE Ska. 


At the oy of the Alloys Research Committee the 
present authors undertook to carry out a series of cor- 
rosion tests on the alloys of copper and aluminium (rich 
in copper) by exposure to the sea. At the request of 
the Committee the consent and co-operation of the Board 
of Admiralty was kindly accorded, and arrangements 
were made for exposing specimens of the alloys in the sea 
at Portsmouth. The Committee would desire to place 
on record their appreciation of the courtesy thus extended 
to them. 

The specimens of alloys used fur these experiments 
were the same which had a’ y been used by Messrs. 
Carpenter and Edwards in their laboratory corrosion 
tests described in the Eighth Report. The surfaces of 
these specimens were so littlo changed from their original 
condition that it appeared unnecessary to prepare a fresh 
set of castings; the use of the old specimens further 
ensures direct comparability between the laboratory and 
open-sea tests. The alloys tested in the sea were thus 
as given in Table LX VII., below. 

or pu of exposure to the sea these specimens 
were attached to stout teak boards ; one set of specimens 
was to be exposed out of contact with other metal of any 
kind, and for that purpose the specimens were framed 
between two teak boards, each specimen being contained 
in a rebated cavity somewhat larger than the specimen, 
much as a loose-fitting sheet of » ani might be held in a 
picture-frame. The other set of specimens were bolted 
to mild-steel plates, and these were in turn bolted to the 
teak board. In the case of the specimens exposed alone 


Fig. 137, CORROSION CURVES OF THE Cu-Al. ALLOYS. 
Numbers refer to Eighth Report, Janv.1907. 
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the entire surface of 'the piece of metal (front and back) 

| was exposed to the action of the sea-water, but in the 
case of the specimens fixed to steel plates the contact- 
surface was made sufficiently plane to prevent the 
entrance of the water, so that the outer surfaces of these 
specimens only were ex to the action of the sea ; 
this difference in ex area has, of course, been taken 
into account in calculating the results. 


Taste LXVII. 


No. of Alloy Composition. 
as in Al. 
Eighth Report. Per Cent. 
2 1.06 
4 3.01 
6 5.00 
9 7.50 
13 9.90 
Naval brass oe 
Muntz metal oa 


The two boards, with specimens attached, were im- 
mersed in the sea at Portsmouth Dockyard on March 27, 
1907; the spot for their immersion was chosen, after 
consultation with the Dockyard authorities, by one of 
the authors, and one of them has always been present 
when the specimens were re-immersed after examination. 
The boards were suspended by light iron chains from the 
underside of one of the jetties at the dockyard, at a place 
as free as possible from sewage or fresh-water contamina- 
tion, and out of reach of boats or other objects liable to 
scrape or injure the specimens. At the spot chosen there 
is a depth of 7 ft. of water at low tide, and the boards 
were hung so as to have their upper edges at a level of 
2 ft. 6 in. below low-water level. The specimens were 
thus completely immersed for the whole period. 

After the first immersion, the specimens were removed 
for examination at the end of 67 days, but the changes 
found wereso small that the authors decided to adopt 
intervals of three months for further examination ; this 
interval has been adhered to until February 8, 1909, when 
the epecimens had been exposed to the sea for a total 
posted af 639 days. 

When the specimens were removed from the sea for 
examination and weighing, it was found that those 
specimens which had been exposed alone were fairly 
clean, merely showing some patches of greenish rx ae 
| which could be readily rubbed off ; the pieces which had 
| been attached to steel plates, however, were always 
thickly coated with slime and numerous small barnacles 
adhered tothem. The cleaning of the latter specimens, 
| after they had been detached from the steel plates, was 
a matter of some difficulty, and after some trials the use 
of a piece of blunt copper as a scraper was adopted. In 
order to test the effect of this comparatively vigorous 
cleaning process upon the weight of the plates, a plate 








which had been previously cleaned was weighed before 
and after scraping in the manner adopted, and a difference 
of weight of only 2 milligrammes on a total weight of 
247 grammes was found. This difference is, of course, 
quite small in comparison with the actual changes of 
weight observed in the plates. ; 

The results found for the various alloys are given in 
Table LX VII. and LXVIIL., and in Fig. 137. In the 
tables the results are expressed first in terms of loss of 
weight per cent. and in pounds per square foot per month 
of thirty days averaged over the whole period of immer- 
sion, the figures of the laboratory tests of the Eighth 
Report being included for comparison. As shown by the 
curves of Fig. 137, in which the actual losses of weight 
of the specimens are plotted against time of immersion, 
the rate of loss of weight in all cases falls off towards the 
end of the test, so that in Table LXIX. are tabulated 
the rates of loss at different periods of immersion, 


Taste LX VIII.—Corrosion Tests in the Sca on Copper- 
Aluminium Alloys out of Contact with other Metals. 





| Change in 








Compo-| Change in Change in 
sition. | Weight per | Pounds per | cone o 
No. | Cent. per Square Foot | r Month 
Month per Month of | do Days) in 
Al. (30 Days). 50 Days. Laboratory. 
per cent | 
2 1.06 0.039 loss 0.0017 loss 0.0028 loss 
4 3.01 0.021 ,, 0. e 0.0001 ,, 
6 5.00 0.024 ,, 0.00093 ,, 0.0000 
9 7.50 0.021 ,, 0 00087 ,, 0.6000 
13 9.90 0.020 ,, 0.00081 ,, 0.0001 gain 
Naval brass wi 0.029 ,, 0.00124 ,, 0.0018 loss 
Muntz metal 0.053 0.0023 ,, 0.0014 ,, 





Tasie LXIX.—Corrosion Tests in the Sca on Copper- 
Aluminium Alloys attached to Mild-Steel Plates. 


























Composi-| Change in Change in Result of 
tion. Weight Pounds per | Laboratory 
No. per Cent. per Square Foot Tests 
at Month per Month of | in Eighth 
Al. (30 Days). 30 Days. Report. 
Per cent. | 
2 1.06 | 0.001 gain | 0.000077 gain 
4 3.01 0.0013, 000004 ,, 
6 5.00 | 0.0021 ,, | 0.000149 No per- 
9 7.50 0.0051 ae 0.000346 ,, ceptible 
13 9.90 0.0007 loss — 0.000041 loss change. 
Naval brass | 0.0011 0.000075 ,, 
Muntz meta! 0.00004 ,, 0.000069, 
Taste LXX. 
. Loss in Pounds per Square 
No. of z ry Soonee eee eee Foot per Month of 30 
Alloy lp ye tee Fi: st 100 Dave, Days over the Remaining 
ays for Firs’ y 539 Days. 
2 0.00212 0.00161 
4 0.00156 0.00077 
6 0.00135 0.00086 
9 0,00130* 0.00034* 
13 | 0.00206 0.00057 
Naval brass 0.0017 0.00115 
0.00328 0,00208 


Muntz — 


* The figures in the case of alloy No. 9, owing to the peculiar 
shape of the curve (see Fig. 137), refer to the first 850 days and the 
remaining 289 days respectively. 


The results of these tables require little comment ; 
in the case of those alloys which suffer very small losses, 
it is not surprising to find that the more prolonged test 
gives results slightly different from those of shorter labore- 
tory tests, but on the whole the exposure to the sea 
gives results of much the same order as those found in 
the laboratory. The somewhat anomalous result of the 
laboratory experiments as regards naval brass (see 
Eighth Keport) is not confirmed by the present series 
of tests, as, when exposed alone, Muntz metal is found 
to corrode decidedly more rapidly than naval brass. 
Alloy No. 2 is found to corrode rather more than naval 
brass, but the other four alloys show a rate of corrosion 
decidedly less than that of Naval brass, although even 
this slow rate of loss mes quite appreciable in the 
present prolonged test. 

In the case of galvanic couples of the alloys with mild 
steel, alloys Nos. 2, 4, 6, and 9 show a definite gain of 
weight, which persisted in spite of the comparatively 
vigorous rubbing described above ; as already suggested 
in the Eighth Report, this is probably due to a super- 
ficial collision of the metal. Alloy No. 13, however, 
shows a very slight rate of loss, and in these experiments 
naval brass appears to lose rather more than Muntz 
metal. In general terms, however, the rate of change 
of these alloys when exposed in contact with steel is so 
slow es to confirm the result of laboratory tests to the 
effect that the alloys are ractically not affected. 

The curves of Fig. is? relating to the corrosion of the 
alloys exposed alone, are of interest as indicating the 
general fact that there is in all the alloys a slight falling 
off in the rate of corrosion after the first year of exposure. 
In alloy No. 4 this is quite marked, but it becomes very 
pronounced in alloy No. 9, while in alloy No. 13 the rate 
of loss for the first month is disproportionately high as 
compared with its subsequent behaviour. These two 
latter alloys are duplex as regards micro-structure, while 
the others (except Muntz metal) consist of a single phase 
only ; it may therefore be that the second phase in alloys 
Nos. 9 and 13 is more readily attacked, but when this has 
n removed from the surface layer the rate of corrosion 
falls off very markedly. 





The authors considered that an exposure of nearly two 
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years was sufficiently long to establish the corrosive pro- 
perties of these alloys in a satisfactory manner, and this 
series of tests has therefore been discontinued ; as it is 
supposed, however, that more serious corrosion takes 
place when the metal is exposed ‘‘ between wind and 
water ”—i.¢., in such a way 4s to be alternately exposed 
to the air and to sea-water—the specimens of alloys de- 
scribed above have now been suspended at Portsmouth, 
in a position mid-way between high and low-water levels, 
so as to be uncov at each tide, and the authors pro- 
pose to examine them at intervals of three months for 
some time. A set of similar corrosion test-pieces of the 
alloys described in the present (Ninth) Report have also 
been suspended in the sea at Portsmouth, the immersions 
adopted in the first instance being again complete, 

It was su ted by several gentlemen, especially by 
Mr. Apsey, Chief Constructor at Portsmouth, that the 
corrosion of alloys in other seas was probably different 
from that experienced in the comparatively cold water 
of Portsmouth Harbour. At the uest of the Alloys 
Research Committee, the Board of Admiralty have very 
kindly arranged to have a set of similar test-pieces im- 
mersed in the sea at Malta Dockyard, and a set of test- 
pieces, mounted in the same manner as those here de- 
scribed, have been forwarded to Malta ; it is proposed to 
have these returned to the Laboratory for examination 
at intervals of one year. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a list of colonial and foreign engineering 
projects. For several of these, tenders are asked ; further 
data concerning them can be obtained from the Commer- 
cial Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, B.C. ; 

Canada ; With reference to the construction of the new 
gs Bridge, H.M. Trade Commissioner for Canada 
(Mr. R. Grigg) reports that the contract for the sub- 
structure has Soon let locally. Tenders for the super- 
structure will not be called for earlier than May 1, and 
two months will be allowed for eotering. Plans have 
been prepared for a cantilever bridge, but designs will be 
received from contractors with tenders. Plans and speci- 
fications of the proposed design are issued by the Board 
of Engineers to bridge-builders of approved standing. 
Any firms proposing to tender should send enginéers to 
Canada without loss of time. With reference to the pro- 
pe extension of the electric tramway service of Toronto, 

.M. Trade Commissioner also states that the Board of 
Control have submitted to the City Council a_ report 
recommending that application be made to the — 
ture for power to expropriate the Toronto Street Railway 
Company, and also for power to establish and work a 
further system of surface and underground tramways. 
H.M. Trade Commissioner says that these powers will 
doubtless be applied for and obtained. It is generally 
thought, however, that the time is not yet ripe for the 
construction of a subway involving very heavy expen- 
diture. 

South Australia : The Board of Trade have received a 
copy of a South Australian Act providing for the con- 
struction, subject to the approval of the ratepayers in the 
districts through which the line is to pass, of a railway, 
about 30 miles long, from Goodwood to Willunga. The 
line is to have a gauge of 5 ft. 3in., and the rails to be 
used are to be of not less than 60 Ib. wae pa yard. 

Western Australia: The Report on the Working of the 
Government Railways of Western Australia for the year 
ended June 30, 1909, states that the construction of the 
following lines, which has been authorised by Parliament, 
would probably be put in hand shortly :—Port Hedland- 
Marble Bar line, 115 miles; Bridgetown-Wilgarrup line, 
22 miles. A work which requires urgent consideration, 
says the report, is the re-laying with 60-lb. rails of the 
light line between Yornaning and Beverley. ‘ 

Spain: The Gaceta de Madrid publishes a_ notice, 
issued by the municipal authorities of Madrid, inviting 
tenders for the construction of reinforced-concrete sewers 
and for kindred works in various streets of Madrid. The 
upset price is put at 203,660 pesetas (about 7270/.), 5 per 
cent. of which amount will be required to qualify any 
tender, to be increased by the successful tenderer to 10 per 
cent. The adjudication is fixed for March 7, and tenders, 
which will be admitted up to 2 p.m. on the es dey, 
should be addressed to the N iado de Subastas de 
Secretaria, Casa Consistorial, Plaza de la Villa, Madrid. 
Local representation is necessary. type ioe! 

Italy : The Gazzetta Ufficiale contains a notice invitin 
tenders for the execution of the work in connection wit 
the regulating of the bed of the River Livenza, and with 
defence works for peongary np ge against floods. 
The upset price is put at 552,000 lire (22,080/.), and to 
qualify any tender a deposit of 20,000 lire (800/.) will be 
required, to be increased by the successful tenderer to 10 per 
cent. of the accepted contract price. At 10a.m.on March 4 
tenders will be opened simultaneously at the offices of 
the Direttore Generale delle Opere Idrauliche, Ministero 
dei Lavori Pubblici, Rome, and at the Prefettura di 
Treviso, Treviso, to either of which addresses they 
should accordingly be directed, in sealed envelo 
Although it is probable that the above contract wi 
awarded to Italian firms, nevertheless the carrying out of 
= — may involve the purchase of some materials out 
of a 

pe : The Curier Financiar ‘contains a notice, 
issued by the Roumanian Ministry of Public Works, in- 
viting tenders for the construction of a bridge over the 
River Ialomitza, which will also serve as an approach to 
the railway station at Slobozie. The upset = is put at 
300,000 francs (12,000/.). The work must be completed 
by January 13, 1911. Tenders, which will be opened on 

arch 28, should be addressed to the Ministére des 


Travaux Publics, Bucharest. It is understood that the 


above competition is limited to firms who may be invited 
to tender. 
Turkey (Asia Minor) : H. M. Consul-General at Smyrna 





\(Mr. H. D. ham, C.M.G.) reports that a scheme 
| has been adopted for the following improvements at that 
| town :—(1) The construction of a boulevard, 1070 metres 
| long and 22.5 metres wide, from the Bourse to Basma 


Khane station (terminus of the Cassaba and Bournabat 
Railways); (2) The construction of a boulevard, 1208 
metres long and 15 metres wide, from the Basma Khane 
station to the Bellavista; (3) The construction of a 
boulevard, 1140 metres long and 18.75 metres wide, 
from Tschakmak Fourno (in the first-mentioned boule- 
vard) to the Konak (Government House). The total 
area to be constructed is estimated at 88,886 metres. The 
cost of expropriation, reconstruction, paving, decoration, 
and tramway construction is estimated at £T1,498,400. It 
is also pro to construct sho dwelling-houses, 
offices, a public bath, &c. Persons desiring to tender for 
the construction of the new roads should present their 
tenders, in sealed envelopes, to the Council of Adminis- 
tration of Smyrna, not later than March 15. Tenders 
should be accompanied by a certificate, furnished we 

ised bank, that the tenderers are financially capable 
of carrying out the undertaking. 

United States of America (Philippine Islands): The 
annual report of the Acting Insular Collector of Customs 
for the‘Philippine Islands'for the year ended June 30, 1909, 
contains the following recommendations for improvements 
in Manila Harbour and in the Pasig River :—1. That the 
present gap in the breakwater at Manila Harbour be 
closed and that a new channel be dredged round the south 
end of the breakwater. If this is not deemed souuuner. 
it is recommended that the present opening in the break- 
water be reduced so as not to exceed 400 ft. in width. It 
is further recommended that the portion of the harbour 
between Engineer Island and the entrance be dredged 
closer to the breakwater, in order to provide additional 
mooring ground for ee vessels. 2. That the 
river wall between the Bridge of Spain and the Magal- 
lanes Monument in the Pasig River be completed at once, 
and that the river wall on the south bank be continued 
from the Maestranza to Fort Santiago, with fill behind 
the wall. 3. That a bridge with easy approaches be built 
across the Pasig River from Calle rio on the north 
side, in order to admit of the ready transportation of mer- 
chandise to and from coastwise vessels berthing on the 
south side of the river. 

Brazil: The plans, and the estimate of 4,653,322 milreis 
(about 291,000/.), submitted by the North-Western Rail- 
way Company of Brazil for the construction of the last 
section of the line from Baurti to Itapura have been ap- 
proved. The section in question comprises 62 miles.—The 
opening of a credit at the Ministry of Ways and Commu- 
nications of 250,000 milreis (about 15,6007.) to provide for 
the cost of the construction of the branch line of the 
Central Railway of Brazil from Sabara Station to Fer1os 
is authorised.—The plans, and estimate of 1,184,844 milreis 
(about 74,000/.), submitted by the contractors for the 
building of the ‘‘ Estrada de Ferro Central do Rio Grande 
do Norte,” for the construction of a section of this line 
19 miles long are authorised.—A decree has been pub- 
lished authorising the making of a contract with the 
Companhia Viagio Ferrea Sapucahy for the leasing 
of the Sul-Mineira railway system, starting from the 
station of Cruzeiro on the Central Railway of Brazil, and 
consisting of (1) the Minas and Rio Railway; (2) the sec- 
tion of the Muzambinho Railway from Tres Coracoes to 
Monte Bello; (3) the construction of an additional line 
from Monte Bello to Santa Rita de Cassia, with a branch 
to Passos, and thence to the border of Rio Grande ; (4) 
the extension of the line from a convenient point between 
Tres Coracoes and Varginha to the Western of Minas 
Railway at Lavras ; (5) the extension of the Campanha 
branch, passing by way of S. Goucalo do Sapucahy to 
Rio Sapucahy ; (6) the extension of the Alfenas branch 
to Machado ; and (7) the navigation of the rivers com- 
prised in the Sul-Mineira zone. A decree has also been 
published authorising the opening of a credit of 100,000 
milreis (6250/.) at the Ministerio da Viacio e Obras 
Publicas, Rio de Janeiro, to be applied to dredging 
the River Cuyaba, in the State of Matto Grosso. 
Among the more important amendments to the Brazilian 
estimates for the Ministry of Public Works, the following 
have been voted :—Towards the cost of a new post office, 
1,000,000 milreis (62,500/.); for the unification of tele- 
yor in the city of Rio de Janeiro (amount not stated); 

or port works at Columba, 500,000 milreis (31,250/.); to 
reorganise the railway system of Bahia, general author- 
isation (amount not stated) ; for removing obstructions in 
the River Sapucahy, 100,000 milreis (6250/.) ; for dredging 
operations in Rio Grande do Sul, 500,000 milreis (31,2502. ); 
for extension of the Rio sewage works to Campinho and 
Madureira (amount not stated); for port works at Para- 
nagua, 250,000 milreis (15,625/.). The Diario Oficial, of 
December 31, publishes a decree authorising the making 
of a contract with the South American Railway Con- 
struction Company, Limited, for the leasing of various 
lines of railway which constitute the system called 
“*Viacio Cearense,” and also for the construction of 
various extensions and branch lines affecting the follow- 
ing districts:—Miguel, Calmon, Macapdé, Icé, Crato, 
Gratheus, Therezina, Fortaleza, Uruburetama, &c. The 
Diario Oficial, of December 31, publishes the text of the 
Brazilian Budget expenditure for 1910, approved by 
ag ag te December 30. The total sum provided for 
in the Budget amounts to 349,455,469 milreis, currency, 
and 53,628,371 milreis, gold. Among other items of 
interest the following may be noted :—The Ministry of 
Communications and Public Works is authori to 
expend : Up to 200,000 milreis (currency) for renewin 

and improving telegraph lines ; 200,000 milreis (currency 
for laying special telegraph lines in Rio de Janeiro and 








in various States ; 60,000 milreis (currency) for wireless 
telegraphy 5 1,000,000 milreis (currency) for extend- 
ing the Lorena-Piquete Railway to Itajubé, State of 
Minas Geraes ; 300,000 milreis (currency) for. the pur- 
chase of a suction dredger and for dredging work, 


&c., in Maranhao Harbour ; 300,000 milreis (currency) 
for a similar p in the harbours of Fortaleza 
and Camocin ; 1,323,185 milreis (currency) in respect of 


new se works in Rio de Janeiro. e President of 
the Republic is authorised :—To expend up to 300,000 
milreis (currency) for the construction of a bridge over the 
River Uruguay at Passo do Goyoen ; to arrange contract: 
with neighbouring countries for the construction of tele- 
graph lines, and for telegraph services, &c., for which 
purpose a credit up to 500,000 milreis (currency) will be 
opened ; to open credits for the following purposes : the 
construction of a branch railway line from Sabard to 
Ferros (Central Railway of Brazil); to build a branch 
line on the Sapucahy Railway ; to build strategic tele- 
graph and railway lines, in respect of which the Minister 
of Public Works and the Minister of War will make 
arrangements conjointly ; to complete the construction 
of a railway to join the towns of S. Borja and S. Luiz 
to the Porto Alegre and Uruguayan Railway at the 
station of 8. Pedro; to complete the work, suspended 
since 1896, of extending a branch line from Ouro 
Preto to Marianna on the Central Railway of Brazil ; 
to construct a branch line from Quarahy to Alegrete ; 
also a branch line from Jaguario to Bagé on the Rio 
Grande Railway, The President of the Republic is 
further authorised to grant :—Up to 200,000 milreis (cur- 
rency) for channelling operations between Laguna and 
Porto Alegre ; up to 200,000 milreis (currency) for dredg- 
ing the River Subahé at Santo Amaro, State of Bahia ; 
up to 200,000 milreis (currency) for dredging the River 
Parnahyba from its mouth to the town of Floriano, and 
for the purchase ofa dredger. Under the heading of 
** Application of Special Funds,” a sum of 7,900,000 
milreis (gold) and 13,560,000 milreis (currency) is in- 
cluded for harbour improvements. The Brazilian Legis- 
ture is authorised to open the necessary credits up to a 
sum of 300,000 milreis (currency) for the purpose of 
awarding a premium of 100 milreis per ton for vessels of 
not less than 80 tons constructed in the Republic. For 
combating the injurious effects of drought in the Northern 
States of Brazil, the Diario of January 8 contains a decree 
embodying regulations for carrying into effect the scheme 
drawn up in this connection, which provides for dam 
works, irrigation works, &c. 

Norre.—Milreis (currency) = 1s. 3d., 
(gold) =2s. 3d. 

Chili: With reference to an invitation for tenders for 
the construction of a dry dock at the naval station at 
Talcahuano, it is to be noted that copies of the specifi- 
cation, &c., in mgenien, and an English translation 
thereof, may now be obtained from the Chilian Naval 
Commission, 72, Victoria-street, Westminster, London, 
S.W. Copies may also be seen by British firms interested 
on .~“T7 at the Commercial Intelligence Branch of 
the rd of Trade. The Tropenpflanzer (Berlin) for 
February states that the Chilian Government have laid 
before the Legislature a Bill providing for important 
irrigation works, including the following :—The building 
of a canal from the Laja River, at a cost of 1,000,000 pesos, 
for irrigating a large tract of land ; the construction, at a 
cost of 500,000 pesos, of a dam in the Zeno lagune ; irriga- 
tion works at Nilahue, in the department of Vichuquen, 
involving an expenditure of 5,000,000 pesos ; the extension 
of the Melpilla canal by 120 kilometres (about 75 miles) ; 
the irrigation of the plains of La Chimba, in the depart- 
ment of Ovalle. The sum of 5,000,000 pesos is to be pro- 
— by the Legislature for the beginning of these 
works. 


about ; milreis 








Pig In GERMANY.—The output of pig in Germany in 
January was 1,177,574 tons, as compared with 1,021,721 
tons in January, 1909. The output for the whole of 1909 
was 12,917,653 tons, as compa with 11,813,511 tons for 
the whole of 1908, 13,045,760 tons for the whole of 1907, 
and 12,475,267 tons for the whole of 1906. 





Tuer Turbine Hat or THE A.E.G.—In October last 
the Allgemeine Elektricitiits - Gesellschaft opened at 
Berlin the new turbine-shops—the biggest, it is claimed, 
in Euro the building of which had only been com- 
menced last April. A new building for turbine construc- 
tion was wanted, as the dimensions of the old bays, and 
especially the capacity of the old cranes, proved insufti- 
cient for the turbo-dynamos of 20,000 horse-power. The 
new cranes are at a height of about 50 ft., and take 
loads of 100 tons. The main bay has a width of 39.3 
metres (nearly 130 ft.), and a height of 25 metres (82 ft.). 
The building was designed by Professor Behrens, and is 
constructed in ferro-concrete. By the beginning of 
December, 1909, the A.E.G. had built turbines aggre- 
gating 1,131,460 horse-power. 





Tue German Navy.—The Posen, a fourth ironclad of 
the Nassau type, is being completed at Kiel. The cruiser 
Koln has made further at Kiel, and the con- 
struction of the ironclad Tie igoland has also been con- 
tinued. The ironclad Rheinland is expected to be short!y 
ready for service, and the cruiser Falke, has been com- 
menced. The ironclad Heimdall has also been commenced 
at Hamburg. The finishing touches have been given to 
the armoured cruiser Von der Tann, the armoured cruiser 
G will shortly be launched, and the construction of the 
armoured cruiser H has been commenced. The ironclad 
Thuringen is being completed at Gropelingen, and 
smal! cruiser, to be named the Bussard, has been laid 
down. Another small cruiser, named the Kolberg, 15 
being completed at Dantzic, and the ironclad Frithjof 
has been commenced. 
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CATALOGUES. 


Tur Armorduct Manufacturing Company, Limited, 
Farringdon-avenue, E.C., have issued a list of “‘ Gral” 
metal-filament lamps, and fittings for use with them. 
Particulars are also given of the ‘“‘ Armorduct ” auto-trans- 
formers. 

From the Western Electric Comune, Norfolk House, 
Victoria Embankment, W.C., we have received a pre- 
liminary list of telephone instruments. The list deals 
with bell circuit telephone installations, -central battery 
and magneto wall and desk sets, portable sets for military 
use, and automatic inter-communication telephones. 
Prices are stated for all the instruments and acces- 
sories. 

Messrs. O. Shanks and Co., 17, Little King-street, 
Camden Town, N.W., have sent us circulars describing 
the ‘‘ Osco” paraffin brazing apparatus. The oil is con- 
tained in a cylinder fitted with an air-pump and pressure- 
gauge, and is supplied to the burner through a long 
flexible pipe. The apparatus, which is suitable for forg- 
ing, brazing, tool-tempering, and general heating pur- 
poses, is made in three sizes, in which the maximum 
Hame-length varies from 16 in. to 24 in. 


We have received from the Eyre Smelting Company, 
Limited, Barden-Road Works, Tonbridge, Kent, a booklet 
containing notes on the qualities and applications of 
Eyre anti-friction bearing metal. This metal has a low 
coefficient of friction, and at the same time is sufficiently 
strong to be used as a solid bearing for heavy machinery. 
It can also be applied toa brass shell in the same manner 
as white metal. The booklet deals particularly with the 
application of Eyre metal to railway journals. 


A catalogue giving prices and particulars of their type 
M direct-current dynamos and motors has reached us 
from the Adnil Electric Company, Limited, Adnil-build- 
ing, Artillery-lane, E.C. The catalogue describes the 
machine and gives data of dynamos for outputs varying 
from 0.046 to 4.3 kilowatts up to 230 volts, and for motors 
of jj; to 6 horse-power for voltages from 110 to 500. 
Prices are stated for shunt-regulators, motor-starters, 
and spare parts for the machines, and also for motor- 
generator sets. 


A circular to hand from Messrs. Vickers Sons and 
Maxim, Limited, 32, Victoria-street, S.W., illustrates 
and gives prices and particulars of the V.S.M. ‘‘ Turret” 
lock-nut. In these nuts a projecting collar or turret is 
pierced by six or more holes, each pair being diametric- 
ally opposite. Two slots are cut in the bolt, and, after 
the nut is tightened up, a split-pin is sed through a 
pair of holes in the collar and one of these slots ; a con- 
siderable range of adjustment is thus obtained. The 
circular gives prices of bolts and nuts, increasing by 
steps of js in. from } in. to 1 in. in diameter. 


Messrs. Alfred Herbert, Limited, Coventry, have sent 
us a copy of the eighth edition of their catalogue, section 
H, dnlng with the ‘‘ Coventry ” self-opening die-heads. 
These are made to take work of maximum diameters 
varying from } in. to 44 in. The catalogue illustrates and 
describes the construction of the tools, and also the 
special features of the straight-cut dies, which are made 
of a special brand of high-speed steel. Very complete 
instructions for grinding the dies are also given, and a 
special fixture enabling all four dies to be ground at once 
on any surface or cutter grinding machine is also 
described. 


We have received from Messrs. R. Hunt and Co., 
Limited, Atlas Works, Earls Colne, Essex, a copy of the 
latest edition of their catalogue of pulleys, shafting, and 
power-transmission accessories. The fittings illustrated 
include plummer-blocks of all types, A standards, J and 
sling-hangers, wall-brackets, &c., with plain or swivel 
bearings; flanged, split-muff and cone couplings, and 
Whitfield couplings are also dealt with. The catalogue 
gives particulars of cast-iron belt-pulleys up to 8 ft. in 
diameter, rope-pulleys up to 6 ft. im diameter, fast and 
loose pulleys, flanged pulleys, and speed-cones, mitre- 
wheels, &c. Prices of all the articles are stated. 


We have received from Messrs. George Cradock and 
Co., Limited, Wakefield, a circular giving the results 
of tests of various special steels manufactured by them. 
Nickel-steels are supplied in several brands suitable for 
case-hardening, die and other forgings, motor-car parts, 
springs, &c. Two brands of nickel-chrome steel are 
manufactured for steering-gears, gear-wheels, axles, and 
other parts subjected to severe shocks. A special 
Swedish steel is also described, having a breaking stress 
of 40 tons per square inch in tension. This steel is easily 
worked, and is specially adapted for die and other forg- 
ings. All these steels are supplied in the form of ingots, 
h«mmered or rolled blooms, billets, or bars. 


Messrs. Crompton and Co., Limited, Salisbury House, 
London Wall, HO. have sent us a catalogue section de- 
voted to electrical mining equipments. The catalogue 
first deals with the power-station, and illustrates gene- 
rators driven by steam-engines and turbines, main switch- 
boards, motor-generators, boosters, and electrically-driven 
viliary machinery, such as boiler-feed and air-pumps. 
Crompton regenerative main winding system and 
vious haulage systems are next described, and these 
followed by illustrations of electrically-driven pumps, 
s, and a and some machine-tools for 
air-shop use. The section concludes with a list of some 
‘ the colheries and mines in which Crompton machinery 
s been installed. ‘ 


‘he Wimperis accelerometer and gradient-measurer is 
de-cribed in a circular to hand from Messrs. Elliott 
Brothers, Century Works, Lewisham, S.E. The instru- 
ment 1s intended to measure directly the acceleration and 
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retardation of trains, motor-cars, and other vehicles, and 
to enable measurements of tractive effort, frictional resist- 
ance, and other quantities to be easily made. Gradients 
over which a vehicle is passing with a uniform velocity 
are also read directly on the instrument. The mechanism 
of the accelerometer consists of an eccentrically-mounted 
copper disc which can turn about a vertical axis, and is 
controlled by a light spiral spring. The disc is damped 
magnetically, An its movements are communicated to a 
needle which moves over a scale. The instrument is com- 

nsated so as to be unaffected by accelerations in other 

irections than that of the motion of the vehicle. 


We have received from Messrs. James Archdale and 
Co., Limited, Manchester Works, Ledsam-street, Bir- 
mingham, a copy of their general catalogue of machine- 
tools. Illustrations with specifications and dimensions 
are given of high-speed radial drills, of which tools the 
firm makes a speciality, and also of sensitive and mul- 
tiple -spindle drilling- machines. High-speed sliding, 
surfacing, and screw-cutting lathes, ranging from 6-in. to 
16-in. centres, are dealt with, as also are turret lathes, 
high-speed capstan lathes, brass-finishers’ lathes, hori- 
zontal and vertical milling-machines, profiling and grind- 
ing-machines. The catalogue also describes many other 
tools, such as pipe and bolt-screwing machines, boring- 
machines, planing, shaping, and slotting - machines, 

resses for cutting out, cupping and drawing sheet-metal 
or the manufacture of cartridge-cases, and concludes with 
a few pages of useful information. 


A pamphlet from the Cubitt Concrete Construction 
Company, 260, Gray’s Inn-road, W.C., describes the 
**Medusa” water-proof compound for cement and con- 
crete. A small quantity—about 2 per cent.—of this 
compound mixed with cement and sand causes the 
mortar to be impervious to water. This mortar applied 
as a rendering coat to concrete walls, reservoir linings, 
&c., effectually prevents the percolation of water. In 
the manufacture of hollow concrete building blocks, con- 
crete pipes, &c., the use of the compound enables a larger 
proportion of sand to be used than would otherwise be 
permissible, thus effecting a considerable saving in cement. 
The pamphlet also describes a white Portland cement 
which can be used for stucco and other decorative work, 
concrete building blocks, and many other. purposes. By 
the addition of ordinary pigments, bright or delicate 
colours can be obtained much more easily than with 
ordinary Portland cement. : 


We have received from Messrs. F. Reddaway and Co., 
Limited, 212, Shaftesbury-avenue, W.C., a catalogue of 
fire-hose and fire-extinguishing appliances. The cata- 
logue states prices of hand-woven and other canvas hose, 
rubber - lined canvas hose, cotton and linen jacketed 
rubber hose, and also riveted leather hose; several 

ualities of suction hose, and the well-known ‘‘ Sphincter 

rip” armoured rubber hose are also described. Among 
the fire-fittings dealt with are stand-pipes and fire-valves, 
branch pipes and nozzles, collecting and dividing breech- 
ings, hose-couplings, suction strainers, hose-drying fittings, 
scaling-ladders, and other appliances for fire brigade or 
private use. A pressure augmentor is also illustrated, 
which is intended for use in buildings where the pressure 
of water on the upper floors is not sufficient to supply a 
good stream. This appliance consists of a hand-operated 
rotary pump connected to the hydrant and delivering 
into the hose, thus enabling a powerful jet to be thrown. 


We have received from the Lune Valley Engineerin 
Company, Wheatfield-street, Lancaster, an illustra 
catalogue of high-pressure water-tube boilers, paraffin- 
burners, high-s' launch engines and steam-launches. 
Prices and particulars are given of boilers for the evapora- 
tion of 100 Ib. to 2250 lb. of water per hour ; they can be 
used with liquid or any form of solid fuel, and are suitable 
for launches, motor vehicles, and for other purposes 
requiring a light quick-steaming boiler. With these 
bolas, working under favourable conditions, an evapora- 
tion of 15 lb. of water, from and at 212 deg. Fahr., has 
been obtained per pound of paraffin oil consumed in the 
firm’s patent burner, and steam can be raised to 300 lb. 
pressure per square inch in eight minutes, starting all 
cold. The paraffin- burners are also illustrated and 
described, together with suitable riveted and welded steel 
oil-tanks. he catalogue also contains particulars of 
compound, triple, and quadruple expansion engines for 
launches, yachts, &c., and a number of complete vessels 
for river and sea use, including some fast racing craft, are 
also illustrated. 


From the Westinghouse Machine Company, East Pitts- 
burg, Pa., U.S.A., we have received a circular describing 
the Westinghouse gas-producers for bituminous fuels. 
The producer consists of an upper part, where the fuel 
is coked, and a lower part, in which it is ified ; the 
ashes are removed from a water-basin under the lower 
part, so that the producer can be worked continuously. 
A gas-exhauster poe off the gas from the middle part 
of the producer through an annular casting which serves 
as the vaporiser for supplying the necessary steam, and 
also contains conical poke-holes for stirring the fire. The 
gas passes through a washer to a large header, ard thence 
to J segments tm nd which forces it into the mains under 
the required pressure. This pressure is kept constant 
for varying demands on the system by an automati- 
cally-operated valve, by means of which some of the gas 
is by-passed back into the header if the pressure in the 
mains become too great. The circular gives the results of 
trials carried out with the plant running for long periods 
on many different fuels, ranging from high-grade bitu- 
minous coals to low-grade lignite containing a very large 
proportion of volatile matter and moisture. 


From the Chloride Electrical Storage Company, 
Limited, Clifton Junction, Manchester, we have received 








acircular describing the ‘‘Entz” boosters, which consist of 


a reversible booster with its motor and a small separate 
exciter, all coupled to the same shaft. These machines 
enable part of the load of electric power-plants running 
on traction load or supplying heavy electrical machinery 
to be taken by a battery of cells which are charged when 
the line current is less than a certain average amount. 
The method of regulating the booster is the most-inter- 
esting feature of the apparatus. A three-wire system 
from the battery contains a pile of carbon contact-plates 
in each of the outers, and the middle wire contains the 
shunt coil of the exciter which supplies the booster field. 
One or other of the carbon piles is compressed by a spring- 
controlled lever, operated by a solenoid carrying the main 
current, so that the quantity and direction of the current 
in the exciter field, and consequently the vol of the 
booster, are made to depend upon the load. us the 
booster is automatically regulated so that it charges the 
batteries in times of light load, and allows current to 
pass from them to the bus-bars when the heavy load 
comes on, keeping the load on the generator practical] 
constant. The circular also describes a number of instal- 
lations that have been carried out on this system, in- 
cluding that at the Dalzell Steel and Iron Works of Messrs. 
David Colville and Sons, Limited. 


A catalogue describing and illustrating the Draeger 
oxygen apparatus, and the equipment of mine. rescue 
stations has reached us from Mr. Richard Jacobson, 70, 
Shoe-lane, E.C. With this apparatus there is stra »ped 
to the back of the wearer an oxygen cylinder, a cooling- 
chamber, and two cartridges containing a mixture of 
caustic potash and caustic soda, in granular form, spread 
on trays. In front of the wearer are two , or air re- 
servoirs, and from one of these the exhaled air passes 
through a pipe to the two cartridges in which the carbon 
dioxide and surplus water vapour are absorbed. Leaving 
the cartridges the air passes through the cooler, back to 
the other bag, receiving on its way a proper quantity of 
oxygen, which is admitted in the form of a jet, so as to 
assist the circulation through the apparatus. The two 
bags are connected by pipes to the smoke-helmet or to 
the mouth of the wearer, valves being provided so that 
the air is always drawn from the fresh-air bag and de- 
livered to the other. The catalogue gives a full descrip- 
tion, with a number of illustrations of different forms of 
the apparatus, and also instructions for using it. Test- 
ing apparatus for use in mine rescue stations 1s also dealt 
with, and among this is a work-meter and recorder, 
which enables records to be kept of the work done by 
persons wearing the breathing apparatus. Another in- 
wt device illustrated is the Draeger pulmotor for 
artificial respiration. With this apparatus oxygenated 
air is automatically forced into and drawn from the lungs 
of a person overcome by poisonous gases. In conclusion, 
the catalogue contains a bibliography of rescue apparatus, 
and also a large number of extracts from newspaper 
reports of colliery explosions in which the Draeger appa- 
ratus has been used. ° 





Tue Scumipt SuPERHEATER FOR LocomoTives.—A 
pment has reached us from Messrs. Schmidt’s Super- 

eating Company, Limited, 28, Victoria-street, West- 
minster, S.W., giving reproductions of photographs of 
several British locomotives fitted with this system. The 
first examples are of two Lancashire and Yorkshire loco- 
motives, one a six-coupled goods, and the other a four- 
coupled bogie passenger engine. Two locomotives of the 
Great Northern Railway are shown. One of these is an 
eight-coupled mineral engine, and the other an ‘‘Atlantic” 
type passenger locomotive, not, however, with one of Mr. 
Ivatt's big boilers, and one working at only 160 lb, pres- 
sure. Two 4-4-2 tank-engines of the London, Brighton, 
and South Coast Railway are shown, one having 21-in. by 
26-in. cylinders and wooking at 160 lb. and weighing 74 
tons, A six-coupled Great Central goods engine is also 
illustrated. The English locomotives fitted, and thus 
represented, number twenty-eight actually in service, and 
a further twenty are under construction at the present 
time. A half-tone is also eg) of a class of ten Con- 
solidation engines built by the North British Locomotive 
Company, Limited, Atlas Works, Glasgow, for the Sao 
Paulo Railway, and also fitted with Schmidt superheaters. 





THe Universav Evecrricat Directory (J. A. BERLY’s) 
FOR 1910.—The last edition of this directory has just been 
published and has been brought up to date. It is divided 
into four sections, comprising the British, with 13,192 
names, Colonial and General, with 5400 names, Conti- 
nental, with 8037 names, and the United States, with 
6466 names, or a total of 33,095 names. Each of these 
sections is subdivided into alphabetical and classified 
sections, while, in the case of the British, a geographical 
section has been added which will be appreciated by all 
travellers. By means of a thumb index any section can be 
readily referred to. In the alphabetical sections telegraphic 
addresses, telephone numbers, and codes are given. Finan- 
cial particulars of British limited liability companies, and of 
foreign companies with a British address, are also included. 
The lists of electricity undertakings will be found useful. 
These include those in the United Kingdom, British 
Colonies, and some other countries. Arranged alphabeti- 
cally in the British section, according to the name of the 
article, is a very useful list of specialities, the name of 
the article appearing first, followed by the maker's 
or agent’s name anc dress. The directory is pub- 
lished by Messrs. H. Alabaster, Gatehouse, and Co., 
4, Ludgate Hill, London, E.C., the price t free, 
being, in the United Kingdom 14s., in the Colonies 15s, 
in the United States 18s., and in other countries 18s. The 
‘*A” edition, started a few years ago for the convenience 
of home and colonial firms, contains the British, the 
Colonial, and the General sections only, the prices being 
4s. less in each case, 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
ranch, 25, a Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
The date of the a advertisement of the nce of a Complete 
Specification is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement 4 the acceptance of a Complete Specification, 
ive notice at the Patent Office of opposition to the grant of a 
‘atent on any of the grow mentioned in the Act. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


9901. H. W. W! Abertillery. Gas-Producers. 
{2 Figs.} April 26, 1909.—This invention relates to gas-producers, 
and the primary object is to provide an easily-transported and 
erected gas-producer of the type in which the combustion-chamber 
is surrounded by a water-jacket, by building the same up of inter- 
fitting metal sections, whereby a worn-out or otherwise damag 
section is adapted to be replaced by a similar section with facility. 
A further object of the invention is the provision of means for 
utilising the heat of exhaust gases from a gas-engine by the gas- 
producer, to assist in heating the vaporiser thereof. a is the gas- 
producer. In accordance with the invention, the apparatus is 
constructed in sections to facilitate renewal, the exterior wall e¢ of 
the water-jacket d being com i of a plurality of supe 
annular sections provided with flanged bosses where required for 





Fig.t. 








connection to the steam and other pipes. To centre one section 
upon another, one edge of each is formed with a centering flange, 
the junction of which with the body of the section constitutes a 
shoulder, on which the edge of the next section rests. The flanges 
may be situated either inside or outside the apparatus. In the 
modification shown in Fig. 2, the outer wall of the water-jacket d 
is surrounded by a casing p of larger diameter, and in the annular 
space so enclosed the exhaust gases from the engine served by the 
gas-producer are adapted to circulate and assist in heating the 
water contained in the water-jacket d. To promote the inter- 
change of heat from the exhaust gases to the water, a series of 
tubes q are provided, the tubes being situated in the space be- 
tween the casing p and the water-jacket d, and connected at their 
ends to the upper and lower portions of the latter respectively. 
(Accepted December 1, 1909.) 


HYDRAULIC MACHINERY. 


3207. R. Janney, W' xr. Hydraulic Trans- 
mission M (3 Figs.) February 10, 1909.—This 
invention relates to that class of hydraulic transmission mechanism 
in which variable-delivery hydraulic pumps are used to operate 
hydraulic-pressure engines. The object of the invention is to 
provide means for obtaining a direct drive when it is desired to 
run the driven shaft at the same speed and in the same direction 
as the driving-shaft, so as to eliminate the losses due to friction, 
leakage, and the like. The drawing shows an hydraulic trans- 
mission mechanism of the kind described, in which the casings A, Al 
are mounted in ball-bearings B, B!, and are normally prevented 
from rotation by the band-brakeC. The shaft Dis driven at constant 
speed, and transmits energy and drives the shaft E at the desired 
speed. The speed variation is controlled by the angle of a tilting- 
box ; a method of varying the angle of the tilting-box is illustrated 
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in the drawings in which a rod H, woraing through a stuffing-box 
G, isconnected to the tilting-box, and the angle of the latteris varied 
by the longitudinal movement of the rod H, which carries at its 
extremity a roller K which engages in a circular track L carried 
by the slide N, which is connected to the lever M, so that when 
the lever M is moved the rod H is caused to impart an alteration 
to the angle of the tilting-box, which effects a corresponding 
alteration. in the speed of the shaft E. In the casing A! is shown 
a sliding-piston O, with its spring P, which normally tends to force 
the piston into the body of oil inside the casing, so that if the 
casing is filled with oil when the piston O is partially drawn out 
— the compression of the spring P, the latter will enable the 
piston to follow up any leakage of oil, or to yield if the tempera- 
ture causes the oil to expand. It will therefore be obvious that 
when the brake is slackened off, the casings A, Al, which are 
rigidly connected to the valve-plate Q, will rotate with the shafts 





D and E, the only difference in speed being due to the leakage 
of the oil from the cylinder-barrels or valve-plate. (Accepted 
December 1, 1909.) 


25,405. R. Sgper. Now York, U.S.A. Hydraulic 
Transmission M (2 Figs.) November 25, 1908. 
—This invention relates to apparatus for transmitting rotary 
motion, and has for its object to provide means for controlling 
the inclination of the tilting-box of hydraulic transmission 
mechanism. The tilting-box 3 is provided with pairs of horns 4, 
the working faces of which extend parallel to a radius drawn 
through the axis 2 of the tilting-box. Between the working faces 
are slidably mounted guide-blocks 5, adapted to take over trun- 
nions 6, carried by a non-rotatable nut 7. The outer extremities 
of the trunnions 6 carry guide-shoes 8, slidable in grooves 8a 
formed in the casing 9 of the apparatus, and extending tangen- 
tially with reference to the axis x. The nut 7 is internally screw- 





threaded to work upon a screwed controlling shaft 10 which 
extends parallel to the guide-grooves 8a. The shaft 10 is jour- 
nalled at its lower extremity in a gland 11, serving to close an 
aperture in the casing 9, the upper extremity of the shaft passing 
to the exterior of the casing wr 4 a stufting-box bearing 12. 
As will be seen, the inclination of the tilting-box 3 will be varied 
by rotating the controlling shaft 10, the rotary motion being im- 
parted thereto by any suitable means. The grooves 8a provided in 
the casing 9 (and consequently also the horns 4 on the tilting-box) 
may be so placed as to permit of the travel of the adjustable 
sliding-piece or nut 7 being in a direction normal, parallel, or at 
any desired angle to the longitudinal centre line 2, 2 of the power- 
transmission mechanism. (Accepted December 1, 1909.) 


MOTOR ROAD VEHICLES. 


6355. C. Dutordoir, De Lecluse (Nord), France. 
Speed-Indicating Apparatus. [5 Figs.) March 17, 1909 
—This invention relates to apparatus of the kind adapted to 
indicate at any desired moment the speed of a car, and this in a 
clear manner and so that it may be seen from a distance by a 
great number of persons atatime. The motion of the shaft or 
wheels is transmitted to a governor 1 which, through the medium 
of a fork 2 and transmitting device 3, actuates the shaft 4 of the 
show-disc. Freely mounted on the shaft 4is a cylinder 5, which is 
screw-threaded on its periphery, and is rendered stationary by a 
finger 6 in the casing 7 which surrounds the show-disc. The 
front wall of this casing is made of transparent material. The 
cylinder 5 forms a shaft carrying three discs 9, 10, 11. The first, 
9, of these discs is that on which the speeds are read, and is 
held on the hollow shaft 5 by means of nuts, and is provided with 
a sector-shaped slot 14. Through this slot 14 the discs 10, 11 are 
introduced, so as to mask the disc 9, the latter carrying a scale on 
the circumference. The disc 10 is cut away in a similar manner 
to the disc 9, and is provided with a concentric opening 16. It is 
——— on the shaft 5 through the medium of the arm 17 and 
of the internally screw-threaded sleeve 18. The movement of the 
shaft 4 is transmitted to the disc 10 by means of a rod 19 which 
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rojects between the two branches of a fork carried by the arm 17, 

he disc 10—which is, for example, painted green—follows the 
—— of the centrifugal governor, and more or less completely 

ides the disc 9, which is white. In the ition shown, the disc 
10 shows on the disc 9 a speed of 26 kilometres per hour. The 
disc 11—which is, for instance, painted red—is hidden, under ordi- 
nary circumstances, and is carried by the arm 22 and the screw- 
threaded sleeve 23. It is also cut away in a similar manner to the 
disc 9, and_ has, like the disc 10, a concentric opening. But, 
unlike the disc 10, it is held behind the disc 9 by the action of a 
spiral s ring 26, which has a fixed bearing point on a pin 27, which 
is ri y connected with the stationary dise 9. e dise 11 is 
rov ded at 28 with a projection or notch adapted to be engaged 
oy @ flexible stop 29, which is parallel to the axis of rotation of 
the discs, and is secured to the casing 7 verpendicularly above 
the ber which indicates the determined extreme speed. The 
arrangement of the sleeves 18 and 23 on the shaft 5 is such that 
the disc 10, when rotating, is adapted to superpose itself to the 
disc 9, and that in turn the disc 11 is adapted, when rotating, to 
superpose itself to the disc 10, Finally, the dise 10 carries an 
eccentric curved projection 30, intended to raise the flexible stop 
29 when the edge of this disc, which edge plays the part of a hand 
or index, has passed in front of the number 40, which, in the 
example chosen, designates the extreme speed. Finally, the 








pulsations of the centrifugal governor are also transmitted 
through a wheel 33 to a hand 34 moving in front of a dial 35 
carrying a scale and protected by a glass plate, this dial being 
provided at the upper part of the apparatus. Owing to thi 

arrangement, the dial is adapted to be seen by the driver of th: 
car, whilst the discs are seen by persons in front of the vehicle. 
The action is as follows :—The red disc 11 has been rotated so a: 
to uncover the white disc 9, whereby the spiral spring 26 has bee»: 
tensioned, and finally the flexible stop 29 has been engaged int« 
the notch 28 (this operation is carried out by means of a ke, 

adapted to rotate the sleeve 23, which to this end carries a rod 
provided with a square 32 at its end). The green disc 10 then 
moves under the action of the governor 1. This green dis 

10 indicates at any moment the speed of the vehicle by th 

numeral of the scale of the white disc, which can be read 
opposite the edge of the green disc; if the speed increases unti| 
it reaches the speed of 40 kilometres per hour, the eccentric 
curved projection 30 of the green disc raises the flexible stop 
29, freeing the red disc, which, under the action of the spiral! 
—s 26, entirely hides and covers the white disc, ing over 
the green disc, and thus indicating, in a manner which is visible 
from a distance by a great number of observers, that the extreme 
speed has been exceeded. (Accepted December 1, 1909.) 
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26,884. S. E. Alley, Glasgow. Air-Compressors. 
{1 Fig.] December 11, 1908.—This invention relates to single-stage 
air-compressors of the vertical trunk-piston type. The trunk-piston 
A, B is of two diameters, the greater, A, above, and the lesser, P, 
beneath, thus forming a down-stroke compression chamber ( 
between the annular area formed by the reduction of the cylinder 
to fit the lower smaller piston part B and the annular piston area 
due to thedifference in area between the lesser lower piston part B 
and the greater upper piston part A ; while between the upper sur- 
face of the piston part A—the piston-head—and the cylinder cover 
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D is formed the usual up-stroke compression space E. Inlet and 
discharge of air from the two compression spaces C, E are con- 
trolled by a piston-valve G, between the discharge-ports H, J from 
which and the delivery K from the compressor are automatic 
valves controlling that delivery. These valves consist of thimbles 
L fitted in cylindrical cavities and bearing upon seats in passages 
formed in valve-boxes M arranged in the delivery-pipes, springs N 
within the thimbles and acting between them and covers P on the 
valve-boxes being provided to operate them. (Accepted December 


1, 1909.) 
MISCELLANEOUS. 


6586. D.Hollas, Wadsworth. Lubricators. (3 Fig».| 
March 19, 1909.—This invention relates to lubricators of the type 
embodying an oil-reservoir, below which are two revolving plugs. 
An oil-cup or reservoir A is placed above and connected with two 
separate taps B,C. Each tap has a revolving plug N provided 
with the usual recess, and the plugs are adjusted so that they 
receive and discharge the lubricant simultaneously if desired, or 
otherwise, in the ordinary way. The taps B, C are connected by 
a tube D (having portions cut away), within which is fitted an 
inner glass tube R. A funnel S fits within the upper portion in the 
vertical plane of the recesses in the plugs N, and a needle rests 
within the funnel. The lubricant by these means trickles down 

















the needle and drops directly into the bottom of the tube !), 
where‘ it is taken up by the recess in the plug N of tap ©. 
this manner the lubricant, in being so directed from the top plur 
to the lower plug, does not come in contact with the glass por- 
tion R, and therefore does not affect its transparency, but perm 
the action of the lubricator to be noted at will. The lower tap 
may communicate directly with the cylinder or the like by pipe '. 
The spindle F of each tap is revolved simultaneously by ratchet 
ratchet-wheel H, lever J, and connecting-rod L, actuated | v 
lever K connected with any reciprocating part of the engine. + 
holes M in levers J are for varying the speed of rotation of 
plugs N. (Accepted December 1, 1909.) 
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SHRINKING AND TEMPERING SHOP 
FOR GUNS AT WOOLWICH ARSENAL. 
One of the most interesting problems that has 


been recently faced by the Building Works — 
en 


ment of the Royal Arsenal at Woolwich has 






Fig. 30. 


as well to give a short account of what had pre- 
viously been accomplished in this direction. 

As is well known to engineers, modern built-u 
guns have steel tubes and liners which require oil- 
hardening, and as these guns are in some cases of 
great length, it will be understood that adequate 
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that of constructing a large shop in which to carry 
out the shrinking and tempering of heavy guns. The 
problem was not an easy one, and the way in which 
it has been solved adds another important under- 
taking to the many already completed by the 
department. Before we enter more fully, however, 
into a detailed description of this work, it may be 





means must be provided for lifting the guns to con- 
siderable heights. During the last thirty years 
various appliances have been designed and con- 
structed in order to deal with the constantly in- 
creasing size and weight of guns. In 1880 a large 
radial crane was erected at Woolwich, which has 
served its purpose admirably up to the present 





time. It was designed for lifting and moving guns 
when the tubes and jackets were being oil-hardened 
and tempered, as well as while shrinking and 
driving were being carried out, and also for dealing 
with complete guns. The total lift had, of course, 
to be twice the length of the gun, and, to gain 
space, the pits were sunk beneath the floor, and in 
these pits oil-tanks were placed. The crane origi- 
nally worked in the open, but is now covered in, 
and it has two lifts, one for 150 tons and the other 
for 50 tons, the maximum height of lift from the 
floor being 43 ft. The total rake of the crane is 
45 ft. in the clear. The depth of the pits is 60 ft., 
and the furnaces are only suitable for tubes 54 ft. 
long. 

With the increase in the size of guns this crane 
became unsuitable, and in order to meet modern 
requirements, as well as a_ possible further 
lengthening of guns, it was decided that the new 
building should be 300 ft. long in the clear (the first 
part to be constructed being 150 ft.), 60 ft. wide, 
and 90 ft. high from the floor-level to the gantry 
rail. On these lines it has been built. It was also 
stipulated that an electro-hydraulic travelling crane 
should be installed, capable of lifting 120 tons, and 
of travelling with its oa at a speed of 75 ft. per 
minute, the speed of the cross-traverse under 
similar conditions being 35 ft. per minute. It had, 
moreover, to possess the special feature that it must 
be able to lower a weight of 60 tons at a speed of 
500 ft. per minute ; this last requirement being of 
great importance, on account of the necessity of 
dipping the guns rapidly into the oil in the process 
of hardening. 

The lines on which the building was constructed 
may be seen on reference to Figs. 1, 2, 3, and 4, on 
Plate XX., which are respectively a transverse 
section, a longitudinal section, a sectional plan, and 
a roof plan with the covering omitted. Fig. 3 does 
not show the arrangement of the furnaces, but the 
pits to take these are three in number—viz. : two 
elliptical in plan, each 26 ft. by 19 ft. and 30 ft. 
deep, and one circular in plan, 17 ft. in diameter 
and 30 ft. deep. There are also two deep pits, each 
11 ft. in diameter, for oil-hardening tanks, one 
shallower overflow pit 10 ft. in diameter, one driv- 
ing pit 18 ft. in diameter, with anvil bottom, and 
one shrinking pit, the upper part of which is 36 ft. 
in diameter, while the lower part, which is eccen- 
tric to the upper portion, has a diameter of 18 ft. 

The pits shown in Figs. 30 and 31, annexed, 
were constructed first, cast-iron tubbing similar to 
that employed in the construction of the lift-shafts 
of the tube railways being used. This tubbing 
varied in thickness, according to the pressure to be 
withstood, from 1} in. to2 in. Steel cutting-edges 
were provided, which were bolted to the lowest 
sections of each pit-lining, and projected about 4 in. 
beyond the outside of the linings. The linings 
were thickened at intervals to form rubbing streaks. 
This helped to keep the pits plumb and reduced 
the friction between the linings and the sides of the 
excavation to a minimum. hen operations com- 
menced, a rectangular excavation was first got out 
to a depth of 11 ft. ; four steel rail-guides were 
then set up plumb and secured by timber framing. 
The steel cutting-edge of the first section of the 
tubbing was then correctly placed in position, and 
other sections bolted on to a convenient height 
above the floor-level. The core was excavated by 
means of asteam-grab, and kentledge was placed on 
the top of the tubbing to assist the sinking of the 
cutting-edge. The amount of kentledge required 
to sink the shallower pits was from 200 to 250 tons, 
but this had to be increased to 450 and 500 tons forthe 
pits of medium depth, and to from 550 to 600 tonsfor 
the deepest pits. All the flanges of the tubbing sec- 
tions were planed, and provision made for a caulk- 
ing joint 1} in. deep, the bolt-holes being placed 
behind the caulking joints. In some cases the 
caulking joint was made 4 in. deep, and the 
bolts passed through the caulking joint. This 
latter form of joint is recommended where con- 
siderable pressure of water is expected. 

The pits were sunk into and through a bed 
of water-logged ballast, and heavy pumping was 
necessary. It was found that under heavy pressure 
the ordinary rust joint, made with salammoniac 
and steel filings, would not stand, and it became 
necessary to caulk the joints with lead rod worked 
in with caulking tools, and then fill in with rust 
cement. In the bottom joints lead caulking alone 
was used. 

Much trouble was experienced in fixing the 
bottoms into the pits, owing to the water pressure 
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being so great. These bottoms rest on Portland 
cement concrete, two methods being employed in 
laying the concrete. In one case pumping was 
stopped, and the concrete was passed down through 
the water, and in the other the pumping was con- 
tinued from a sump made close to one side of, and 
lower than, the bottom of the concrete while the 
latter was put in. In each case the concrete was 
found to be quite porous. Another method had 
therefore to be tried, which consisted in drilling 
a hole 15in. in diameter through that section of the 
cast-iron bottom which would lie over the sump, and 
around the margin of the sump a number of tapped 
holes were made and a cover-plate was prepared 
with screwed bolts ready for fixing. The suction- 
pipe was then inserted, and pumping was continued 
until the remaining sections of the bottom were in 
place and properly caulked. The cast-iron bottom 
was then securely strutted down with heavy balks 
of timber, after which the pumping was stopped 
and the cover-plate bolted down as rapidly as 
possible. Before this was done a number of grout- 
ing-holes with screw-plugs had been provided in the 
bottom and sides of the pit, through which cement 
grout was forced at a pressure of 70 lb. per 
square inch. Even this, however, did not quite 
succeed in stopping the water, a small quantity 
still finding its way through. The bottoms of 
the deeper pits were therefore strengthened 
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with steel joists placed across the top of the cast- 
iron bottom, and securely fixed to the sides. Con- 
crete was then filled in to a level of about 3 in. 
above the joists, the strutting having been re- 
moved. The total weight of cast iron in the lining 
of the pits is 1441 tons. The contractors for the 
vits were Messrs. Henry Lovatt, Limited, of 
Volverhampton. 

Coming now to the actual building, it may be 
said that much thought and care were bestowed on 
its design, and the advantages and disadvantages of 
various materials were considered. It was at first 
thought that ferro-concrete might be suitable, but 
this idea was abandoned, mainly because the design 
submitted by an expert was not considered sufli- 
ciently stable. Next it was thought that a gun- 
house* designed for Messrs. Beardmore and the 
Coventry Ordnance Company might be taken more 
or less as a model, but this again was rejected, as it 
did not lend itself to extension. It was finally 
decided to adopt the design brought forward by 
Colonel Arthur H. Bagnold, C.B., R.E., the Super- 
intendent of the Building Works Department of the 
Arsenal. If our illustrations be examined, it will 
be seen that one of the special recommendations of 
the design is that the building can be easily ex- 
tended when necessary. 

The general arrangement is that of a covered-in 
gantry, and it is such that the framework of the cover- 
ing can be removed without at*ecting the gantry so 
far as its capabilities of working are concerned, for 
it is built on the gantry, the roof being carried mainly 
on back legs or struts. The crane having been de- 
signed and contracted for, weighed 180 tons, of which 
the crab, or jinny, was 20 tons. With a load on the 
crane of 120 tons this worked out at 270 tons on the 
north side, and 170 tons on the south side of the 
building. This is shown in Fig. 5, Plate XX., which 
also shows the distribution of the loads as well as 
that of the wind pressure on the sides of the build- 
ing. The preponderance of the: load at one end of 





* See ENGINEERING, vol. Ixxxvii., page 513. 


the crane is brought about by the presence at that 
end of tanks, motors, pumps, and jiggers. 

The gantry-girders are of the fish-bellied type, 
one of them being shown in Figs. 6, 7, 8, 
and 9. They are triple-webbed, 5 ft. deep at 
the centre, and weigh 15 tons each on the heavy 
side of the building, and 12 tons on the light 
side. The maximum rolling load on the girders 
is 270 tons; a maximum working load of 5 tons 
per square inch on the bottom flange and 4.6 tons 

r square inch on the top flange was adopted. 

he stresses were worked out in the usual way, 
the wind pressures being assumed as varying from 
25 lb. per square foot on the ground-level to 50-1b. 
per square foot near the roof. The total loads on 
the main stanchions carrying the crane and the 
roof were 486 tons on each of the stanchions 
on the heavy side of the building, and 386 tons 
on each of those on the light side of the building. 

As soon as the total loads, as stated above, 
were known, the foundations were proceeded with. 
From borings taken it was evident that heavy 
piling would be necessary, which was carried out, 
as will be described presently. The groups of piles 
under the main stanchions were firmly held together 
by reinforced-concrete ties, which are shown in 
detail in Figs. 32, 33, and 34, page 231. 

It was decided to use reinforced-concrete piles, 
and these were made departmentally in the Arsenal. 





























added 0.837d. to the foot-cube cost of the building. 
A steel beam runs through the shelf of the 
shrinking-pit, and the bottom of the stanchions 
are buried in concrete for preservation and 
strength. 

A very interesting and important part of the 
building is the steel framework, which has been 
designed to give ample strength and stiffness. The 
steel used was specified to have an ultimate tensile 
strength of from 28 to 30 tons per square inch, 
with an elongation of not less ‘than 20 per cent. in 
8 in., and a reduction of area not less than 40 per 
cent. The contract for the steel-work was signed 
on February 4, 1908, the first delivery took 
place on July 27 of the same year, and the con- 
tract was completed on June 24, 1909. 

As the particulars of the steel-work are so clearly 
shown by the drawings which we publish, it will 
not be necessary for us to enter closely into detail 
with regard to them. The methods of erection 
are, however, of interest, and we will therefore 
describe these. To commence with, two sets of 
4-ft. 84-in. gauge railway lines were laid within the 
building site, parallel to the side-walls and at 31-ft. 
centres, and on these were placed three trolleys, 
An ordinary three-towered timber gantry, 50 ft. in 
height, was then built up on the trolleys, the top of 
these gantries being connected by a strong timber 
platform. On the platform a 6-ton electric crane 
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The manner in which they were grouped under the 
main stanchions is shown in plan in Fig. 35, annexed, 
and in elevation in Fig. 30, page 231. In the latter 
of these illustrations may also be seen some of the pits 
in side elevation. Fig. 36 shows the heads of two of 
the piles with the method of anchoring the stanchion. 
Under the heavy side of the building each group 
consists of nine piles, and on the light side of seven 
eg Each group of piles is connected underground 

y a ferro-concrete beam 5 ft. deep and 2 ft. wide, 
and under each of these beams were placed 
two piles as a precautionary measure. The ferro- 
concrete fpiles are 30 ft. long and 14 in. by 
14 in., made in wooden moulds on the Henne- 
bique principle. Exclusive of the first cost of 
the moulds, but inclusive of their maintenance, these 
piles cost 2s. 9d. per cubic foot. Three piles were 
moulded per day of 9 hours by 16 labourers, two 
carpenters, and one ganger. Eight men did the 
ramming, and each pile got about 2} hours’ actual 
ramming. They were made from clean Thames 
ballast (broken to ?-in. gauge) and washed sand in 
the proportions of 3 parts of ballast, 14 part sand, 
and 1 part of Portland cement. The piles were 
seasoned for six months, and all stood the driving 
well, a 2-ton steam monkey being used for driving the 
main groups, the heads of the piles being protected by 
a sawdust cushion fitting into the bottom receptacle 
in a cast-iron helmet, the helmet being recessed to 
receive the end of an elm wire-wound dolly, on which 
the actual blow was delivered. The piles were con- 
sidered safe when they drove }$ in. with ten 
blows of the monkey, falling from a height of 3 ft. 
An ordinary pile-driver carrying a 2-ton monkey 
was used for the other piles. The cost of driving 
with the steam pile-driver worked out at about 10d. 
per cubic foot, and with the ordinary driver, which 
was worked by a winch, about Is. 

The piles weighed about 554 cwt. each. The 
steel rods of the groups of piles under the main 
stanchions were connected together by steel rails, 
which were attached by stirrups to the holding- 
down bolts of the base-plates. The foundations 











with a jib 60 ft. long worked. In the first instance 
the trolleys were so placed that the crane-jib com- 
manded one end and both sides of the first bays of 
the building. The gantry and frame were moved, 
as required, by means of a powerful steam-winch 
anchored down a short distance from the site. 

The pillars of the main stanchions, which are shown 
in detail in Figs. 10 to 29, Plate X X., were each sent 
from the contractors’ works in one length of 87 ft., 
and weighed, for the stanchion on the heavy side of 
the building, 15 tons each, and for the light side 
11 tons. They were hoisted into position by a 
derrick 100 ft. in length, which was built up 
of two sets of two lengths of 14 in. by 14 in. tim- 
bers, making a stick 100 ft. long and 14 in. by 28 in. 
in section. The lengthening connections broke joint 
on each 14 in. stick, and were fished with 
4 plates 10 in. wide and 6 ft. 6 in. long. The 
two sticks were bolted together for their entire 
length by {-in. diameter bolts placed about 4 ft. apart. 
In the centre of the derrick, on three sides, struts 
of 12-in. by 12-in. timber, 3 ft. in length, were 
fixed at right angles, and two -in. steel wire ropes, 
provided with stretching-screws, were connected 
from each of these struts to the ends of the derrick. 
This trussed the derrick and stiffened it against 
bending. The lighter stanchions were lifted into 
position on their concrete bases by this derrick, but 
in the case of the heavy stanchions a derrick 50 ft. 
in length was used to assist the other one. It 
was formed of a 12-in. by 12-in. timber in a single 
stick. The gantry girders, each 30 ft. long and 
weighing 15 tons, were also lifted into position by 
the 100-ft. derrick. The derricks themselves were 
lifted to and fro by the electric jib-crane, which 
also lifted the lighter parts of the steel-work. Figs. 
12, 13, and 14 show the extension pieces of the 
main stanchions to carry the roof. 

When the gantry girders were in place on the 
first bay a temporary traveller spanning the whole 
building was rt ae on the girders, and a strong 
timber flooring was laid on the two girders of the 
traveller, thus forming a very efficient movable 
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SHRINKING AND TEMPERING SHOP FOR GUNS AT WOOLWICH ARSENAL. 


(For Description, see Page 231.) 


Fiq.38. FRAMING FOR WEST END. 
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Company, and are known asthe ‘‘ Fenestra.” The 
larger sashes are each 99 square feet in area, and the 
smaller ones 80 square feet. They are glazed with 
}-in. wire-wove rough-cast — not rough-rolled— 
glass, and the larger sashes are each provided with 
a stiffening member up the centre. 

As will be seen from Fig. 2, the roof is of the 
saw-tooth type, and is carried on five lattice-girders, 
which also form ties to the sides of the building. 
These girders may be seen in Figs. 1 and 38. The 
bracing of the back legs of the stanchions is carried up 
above the seating of the gantry, to form a support 
for the five roof girders, and this arrangement widens 
the building, and enables gangways 4 ft. wide to be 
provided on the outside of the gantry girders at a 
level of 2 ft. 6 in. below their top, the arrangement 
being shown in Fig. 1. The gangway is continued 
along the inside of the east end, and access is pro- 
vided from the floor below by round-rung steel 
ladders which have two intermediate landing-plat- 
forms. The lattice roof-girders have a span of 
70 ft. 11 in., and on their top and bottom booms 
are carried trussed rafters, seven to each bay, which 
support } steel purlins. On these purlins ordinary 
wooden common rafters are fixed, to which is nailed 
the boarding carrying the slates. The vertical 
faces formed by the roof-girders are glazed, and 
are provided with two sets of nine opening lights. 
The valley gutters are of lead, and are provided 
with overflow pipes of 3-in. diameter lead, in 
addition to the usual down-pipes. 

The total weight of steel in the building is 840 
tons, and the cost of the building came out at 
3.93d. per cubic foot. This is exclusive of the 
cost of foundations, before stated at 0.837d. per 
cubic foot of building, and of that of the pits— 
viz., 3s. 4d. per cubic foot of pit space. 

An important feature of this building must not 
be lost sight of, which is that the sides are made to 
stand independently of the ends, in order to allow 
of additional bays being added, and the steel-work 
of the western end has been designed so that it can 
be removed to a new position. Fig. 44, on the 
opposite page, is a reproduction from a photograph, 
and shows one of the main stanchions being lifted 
into position,-while Fig. 45, on the same page, is an 
outside view of the finished building. 

The whole of the steel-work was supplied and 
erected by Messrs. Joseph Westwood and Co., 
Limited, Napier Yard, Millwall, E., who were the 
principal contractors for the building, and who, we 
understand, carried out the work in a highly satisfac- 
tory manner. It has been painted with two kinds of 
graphite paint, one-half with Dixon’s graphite paint, 
and the other half with Louis Berger’s ‘‘ Metallac ”’ 
paint, while the interior spaces of the main 
stanchions, which could with difficulty be painted, 
were filled with Portland cement concrete. We 
are indebted to Colonel Bagnold, C.B., R.E., for 
the information regarding this building, and to the 
Army Council for their kind permission given to 
publish the same. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THe annual general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
[kth inst., at Storey’s Gate, Westminster, the Pre- 
sident, Mr, J. A. F. Aspinall, occupying the chair. 


ANNUAL Report. 


\fter the formal business had been transacted, 
the President called upon the Secretary to read the 
\nnual Report, of which the following is a sum- 
mary :— 

During the year 1909 His Majesty the King has 
conferred a Baronetcy on Mr. William J. Crossley, 
M.P.; Knighthoods on Mr. A. Trevor Dawson 
(Lieut. R.N., ret.) and Mr. G. H. Kenrick ; anda 

ompanionship of the Order of the Bath on Mr. H. 
F. Donaldson. At the close of the year 1908 the 
membership roll contained 5458 names, of which 8 
were of honorary members, 2506 members, 2213 
associate members, 64 associates, and 667 graduates. 
The total additions during 1909 numbered 430, 
otlset against which were deductions due to decease, 
resignation, and other causes, amounting to 305, 
resulting thus in a net increase for the year of 125. 
There was thus a grand total of 5583 names on the 
roll at the end of 1909. Of these, 7 were of honorary 
members, 2503 members, 2304 associate members, 
62 associates, and 707 graduates. The losses by 
death occurring during the year numbered 63, and 


: 


included the name of Mr. E. Easton, elected a 





Member in 1858, and a Member of Council from 
1875-1881. Other deceased members of long stand- 
ing were Mr. G. E. Belliss, Dr. G. F. Deacon, Mr. 
G. Hepburn, Mr. J. Thomson, Mr. N. J. West, and 
Mr. Richard Williams, the last-named, whose mem- 
bership dated from 1847, being the last of the 
original members. 

The total revenue for the year 1909 was 14,8661., 
while the expenditure was 11,777l., leaving a 
balance of revenue over expenditure of 26681., 
exclusive of entrance fees, 372/., and life composi- 
tions, 491. 10s., carried direct to capital aecount. 
The total investments and other assets amounted 
to 92,145]. 4s. 8d., and, deducting therefrom the 
20,0001. of debentures and the total remaining 
liabilities, including a temporary loan of 8000I. 
arranged to provide part of the cost of purchase of 
Storey’s Gate Tavern, the capital of the Institution 
amounted to 54,113). 17s. 7d., excluding the sum 
set aside for the leasehold and debenture redemp- 
tion fund. Twenty of the Institution debentures 
were paid off on January 1, 1909, making a total of 
50001. so far redeemed out of the original amount 
of 25,0001. 

ACQUISITION OF ADDITIONAL SITE. 

In view of the growth of the Institution and the 
need for Frecbeond accommodation, the Council had 
purchased the adjoining Storey’s Gate Tavern, the 
site of which, together with No. 5, Princes-street 
(acquired in 1907), would enable the Institution to 
have an unbroken frontage along Princes-street 
from Great George-street to Old Queen-street. 
Plans for re-building on the acquired area were 
under consideration, and in due course the pro- 
posals would be submitted to the members for their 
consideration. 


GRANT FOR STANDARD GAUGES. 


A grant of 2001. had been made towards the cost 
of depositing at the National Physical Laboratory 
a set of British standard Whitworth and fine-thread 
hardened plug screw-gauges, with other screw- 
gauges and measuring-machines. 


THe Bryan Donkin. Funp. 

For the first award of the Bryan Donkin fund 
five applications had been received, and these were, 
at the date of the report, under the consideration of 
the Council. We may add that an announcement 
regarding these grants was made later in the evening. 


Tue Attoys Researcn CoMMITTEE. 


An exhaustive research into the properties of 
some alloys of copper, aluminium, and manganese 
had been completed at the National Physical Labo- 
ratory in May last by Dr. Walter Rosenhain, in 
conjunction with Mr. F. C. A. H. Lantsberry. This 
formed the Ninth Report of the Alloys Research 
Committee, and was then before the Institution 
for discussion. In view of the extremely heavy 
task of completely investigating a ternary system 
of alloys, the Committee, under the chairmanship 
of Sir William H. White, were now limiting their 
researches at the National Physical Laboratory to 
the study of light alloys of aluminium, and were 
dealing, in the first place, with those containing 
zinc or nickel. The Committee would be glad of 
suggestions during the discussion of the Ninth 
Report, in order that these researches might be 
carried on with the object of obtaining results of 
the greatest value to es practice. Pro- 
fessor A. K. Huntington had kindly consented to 
join the Committee. 


OrHeR ResgarcH Work. 


Professor H. C. H. Carpenter was continuing, at 
the University of Manchester, his research, referred 
to in the last annual report, on the production of 
castings to withstand high hydraulic, steam, and 
gas pressure. A report was expected towards the 
end of 1910. Following the discussion of the Third 
Report to the Gas-Engine Research Committee in 
1908, Professor F. W. Burstall had repeated at the 
Birmingham University a series of experiments, 
using both optical and string indicators, and had 
embodied his results in a paper presented at the last 
summer meeting. Professor Dalby’s report upon 
‘*Heat Transmission,” including a summary of 
original work, carried out during the last century, 
connected with this subject, had been presented at 
two meetings in October. The question of further 


research was under consideration. 
Catcutta SECTION OF THE INSTITUTION, 


In 1907 a number of members of the Institution 
in Calcutta and the neighbourhood had begun 





holding meetings for the reading and discussion of 
papers. Under conditions approved by the Council 
in January, 1909, they were organised into the 
Calcutta and District Section of the Institution of 
Mechanical Engineers; and a grant of 75l. had 
been made towards their expenses. During the 
session, besides original papers presented to the 
Section, some of the Institution papers were read 
and discussed, part of the discussion being pub- 
lished in the Proceedings. The rules of the Section 
were appended to the annual report. 


Pusiic ACTION BY THE INSTITUTION. 


Early in the year the Council, in conjunction 
with other professional institutions, had taken 
active steps towards securing important amend- 
ments to the London County Council (General 
Powers) Bill, 1909, Part V., Amendment of Build- 
ing Acts, relating to the use of steel and reinforced 
concrete in engineering construction. The Inusti- 
tution of Civil Engineers had petitioned against 
the measure, and the Council of that Institution 
had expressed their appreciation of the services 
rendered in the matter by Mr. E. B. Ellington, 
Vice-President, who represented the Institution of 
Mechanical Engineers. 


Tue Institution Lrprary. 

The number of members borrowing books from 
the library showed an increase of nearly 50 per cent. 
over last year, the number of books loaned being 
450 ; 130 special searches had been made by the 
staff on behalf of members. The list of additions 
to the library was a long one, and included 53 works 
purchased. It may be mentioned that arrangements 
have recently been made with several kindred 
societies whose volumes of transactions had not 
been hitherto available at the Institution, for these 
to be kept in future. 


MEETINGS DURING THE SESSION. 


The annual summer meeting of 1908 was held in 
Liverpool on July 27 to 30. The attendance at 
the meeting included 462 members, 73 visitors, and 
about 270 ladies. A full report of this meeting 
was given in our columns at the time, and the 
monthly meetings have been similarly dealt with, so 
that further reference to them here is unnecessary, 
The graduates held monthly meetings during the 
session 1908-9, at which nine papers were read and 
discussed. A meeting was held in Sheffield, on the 
occasion of a three swt visit to various works in 
the neighbourhood. Visits were also made to works 
in London. The average attendance of graduates 
was thirty-seven at the meetings and twenty-three 
at the visits. Graduates residing beyond the reach 
of the London meetings of the Association had 
been accorded invitations to attend local meetings 
and debates at the engineering societies. of the 
Universities of Birmingham, Bristol, Glasgow, 
Liverpool, and Manchester, and of the University 
College of South Wales and Monmouthshire, and 
the Council gratefully acknowledged this continua- 
tion of invitations of the previous year. At the 
February meeting of the Graduates’ Association, 
Mr. H. F. Donaldson delivered an_ illustrated 
lecture on ‘‘Interchangeability and Methods of 
Securing it in Screw-Threads,” which had been 
published in the Proceedings. 


GRADUATES’ PRIZEs. 


The annual prizes for the two best papers pre- 
sented in the Graduates’ Section had been awarded 
to Mr. G. H. I. Cruse for his paper on ‘‘ Producer- 
Gas,” and to Mr. W. Inchley for his paper entitled 
‘* Steam-Engine and Boiler Trials.” 


Tae Fortracominc Summer MEETING. 


The summer meeting of 1910 would take the 
form of a joint meeting, in Birmingham and London, 
with the American Society of Mechanical Engi- 
neers. This occasion would afford members an 
opportunity of reciprocating the hospitality extended 
to them in the United States during the joint meet- 
ing of 1904. 

At the conclusion of the reading of the report, 
the President moved that it be adopted, the motion 
being seconded by Mr. E. B. Ellington, Vice- 
President. Before the motion of adoption was put 
to the meeting, the President called for any com- 
ments upon it that members present might think it 
desirable to make. 

Mr. Andrew Brown thereupon rose to call atten- 
tion to the management of the annual dinner, and 





suggested that, in the interests of the younger 
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members, many of whom were now deterred from 
being present at the dinner on the ground of 
expense, the Council might consider the question 
of reverting to the former arrangement of not in- 
cluding wines in the cost of the ticket. He thought 
a lower charge, excluding wines, would enable 
many of the younger members, who now felt the 
charge to be too high, to be present. 

Mr. E. F. Etchells spoke on the subject of the 
library, saying that he was very glad that it was 
so well used by the members, but he thought 
greater advantage might be derived from it, without 
so much trouble to the staff, if they had a more 
recent catalogue than the one available, which was 
about thirteen or fourteen years old. He thought 
that even greater use could be made of the library 
than was possible at present, if members could have 

_in their homes or offices some means of knowing 
what books were contained in it. He also wished 
to refer to the item of salaries, &c., in the accounts, 
which showed an increase of 165l. on the previous 
year’s figures. The revenue from subscriptions 
alone now amounted to 12,6001., and as the work 
of the Institution was increasing, it was only just 
that the Council should increase the salaries. He 
wished to know how many members of the staff 
there were, and how many had benefited by the 
small increase shown. 

The President, in replying to the matters 
raised, said that the Dinner Committee were, as a 
matter of fact, about to consider what should be 
done with regard to the point raised by Mr. Brown, 
and though there had been a great diversity of 
views among the members hitherto, he was sure 
that the Dinner Committee would carefully con- 
sider what really ought to be done to meet the 
wishes of the majority of the members. With 
regard to the library catalogue, he had not been 
aware that it was so old, but that also was a matter 
which the Chairman of the Library Committee 
would no doubt look into with a view to making it 
of greater service to members. He was unable, at 
the inoment, to answer the inquiry about the in- 
crease in the salaries of the staff, but the informa- 
tion should be furnished later. 

The vote on the motion for the adoption of the 
annual report was then taken, the meeting signify- 
ing its assent. 


Bryan Donkin Funp GRANTS. 

The President next announced that the follow- 
ing grants had been made in connection with the 
Bryan Donkin Fund :—101. to Mr. William Mason, 
A.M., for continuing his research on ‘‘ Combined 
Stresses ;” 101. to Professor C. A. Smith, A.M., 
for his investigation on ‘‘The Laws of Elastic 
Failure of Ductile and Brittle Materials.” 


ELECTION OF OFFICERS. 

The next item on the agenda was the announce- 
ment that the ballot-lists for the election of officers 
had been opened by a committee of the Council, 
and the following gentlemen had been found to be 
elected :—-As President, Mr. John A. F. Aspinall ; 
as Vice-Presidents, Mr. A. T. Tannett Walker and 
Mr. Edward B. Ellington ; as Members of Council, 
Mr. William H. Allen, Sir John Wolfe Barry, Dr. 
H. S. Hele-Shaw, Mr. Michael Longridge, Mr. 
Robert Matthews, Mr. Thos. P. Reay, and Dr. W. 
Cawthorne Unwin. To fill the vacancy caused by 
the death of Mr. Arthur Greenwood, Captain H. 
Riall Sankey had been elected by the Council ; he 
would retire at the next annual general meeting, in 
accordance with Article 25. 


APPOINTMENT OF AUDITOR. 


The appointment of an auditor was then proceeded 
with, Mr. Andrew Brown proposing, and Mr. 
Holroyd Smith seconding the proposal, that Mr. R. 
A. McLean, F.C.A., be re-appointed to audit the 
Institution’s accounts for the present year, at the 
same remuneration as last year. This was put to 
the meeting and carried, the business of the annual 
general meeting thus being brought to a close. 


CoprerR-ALUMINIUM-MANGANESE ALLOYs. 

Tt will be remembered that at the previous meet- 
ing, which took place on the 21st ult., the ‘‘ Ninth 
Report to the Alloys Research Committee, on the 
Properties of Some Alloys of Copper, Aluminium, 
and Manganese, &c.,” by Dr. W. Rosenhain and 
Mr. F. C. A. H. Lantsberry, was read and partially 
discussed. 

The discussion on this report was re-opened on 
Friday evening last by Dr. Glazebrook, F.R.S., 





who said that he could have wished that the re- 
opening of the discussion had fallen to the lot of 
someone better qualified to speak of the importance 
of the report to engineers, and who could have 
drawn their attention to the points, in the report, 
which might be of real value and interest to them. 
He wished to take that opportunity of expressing 
his thanks to the Institution for the assistance that 
had been given to the workers at the Laboratory in 
carrying out the research, and also his keen appre- 
ciation of the reception already awarded to the 
pas by gentlemen well qualified to judge of its 
value. This report, as with other pieces of work of 
the same kind, was only made possible by the com- 
bined efforts of various branches and departments 
of the Laboratory, though actually the greater part 
of the work, even the actual mechanical testing, 
had fallen upon Dr. Rosenhain and his immediate 
colleague. Dr. Stanton and other gentlemen in the 
Laboratory had been concerned in certain parts of 
the report, in which their names had been specially 
mentioned ; but practically the whole of the work 
was due to the gentlemen whose names stood at the 
head of the report. 

Professor Arnold, at the previous meeting, had 
called attention to the curves (Fig. 17, &c.) showing 
the elasticity of the rolled bars, and had said, quite 
truly from some points of view, that these curves 
ended where they became interesting. It had not 
been possible, however, to carry the curves further 
at the time the observations had been made, be- 
cause of the sensitiveness of the apparatus used for 
measuring the extensions. The light would have 
gone off the scale long before the interesting points 
that Professor Arnold had referred to could have 
been read. It was, perhaps, desirable to call atten- 
tion to the fact that the curves were obtained by 
the use of instruments of very high sensitiveness. 
Dr. Glazebrook next spoke of the high tempera- 
ture tensile tests on alloys. The three specimens 
tested brought out results which agreed very closely 
with the observations that had previously been 
made on one of the copper-aluminium alloys already 
referred to. They pointed to the fact that, for a 
considerable range of temperature there was a very 
small falling off—possibly even a slight increase— 
in the strength of the material. It was, however, 
important to notice that the material was only ex- 
posed to the high temperature in most cases 
for a period of about half an hour. He believed 
that in one experiment the period of expo- 
sure had been an hour or more, and he thought 
it would probably be desirable, if it were possible to 
do so, to expose the material to reasonably high 
temperature and stresses for a considerably longer 
period than an hour. 

Turning to the abrasion tests which had been 
carried out by Dr. Stanton, three specimens of 
the materials tested showed a very much less 
abrasion and very much smaller loss under the 
rolling tests than rail-steel, and a smaller loss 
even than tool-steel ; the loss was not more than 
half that shown by tool-steel. That had led to an 
interesting result, communicated to him that after- 
noon by Colonel Crompton. The latter had been 
interested for some time past in improving the 
delicacy and accuracy of certain measuring-machines, 
chiefly screw-contact measuring-machines. In his 
work, as in that of a good many others, the ultimate 
contact between the measuring face and the gauge 
that was being tested had been determined by 
electrical contact and the sound in the telephone. 
There had always been some uncertainty in the 


1 
results — amounting to, perhaps, 7 oq) in.—and 


Colonel Crompton had traced that to magnetic 
action between the steel gauge under test and the 
end of the measuring-screw. Colonel Crompton 
had suggested that by making his screw—or, at any 
rate, his contact-piece—of some of the hard alloys 
covered by the report, this difficulty might be got 
over, and the results of contact-tests of gauges of 
the kind referred to made very much more accurate. 
Colonel Crompton anticipated that the accuracy of 
the tests would be increased about ten-fold by the 
use of ‘‘ feelers” of some of these hard alloys. 

It appeared clear from the tables that the 
amount of corrosion shown by several of the alloys 
was extremely small, and there was therefore 
every probability, provided cost permitted, that the 
alloys would be of very real service. With regard 
to the tests of the light alloys, everyone would 
realise the great importance at the present time of 
_ alloys possessing high tensile strength and 
other good mechanical properties. It might be 


claimed that the mechanical properties shown in 
Tables XLVIII. and XLIX of the report, parti- 
cularly Table XLIX., for two selected light alloys 
were full of promise, and that those materials, or 
materials very similar, would be of very real value 
in certain industries almost in the immediate future. 

Mr. Sherard Cowper-Coles exhibited several lan- 
tern-slides, which have been already reproduced in 
ENGINEERING, in connection with a paper* read by 
Mr. Cowper-Coles at the Summer Meeting of the 
Institution of Mechanical Engineers, held at Bristol 
in 1908. Several of the slides showed the crystal- 
line structure of deposited copper, while one illus- 
trated a cone of deposited copper, the point of which 
was of granular appearance, while at the larger dia- 
meters it was smooth and uniform. Where it was 
rough and granular, said Mr. Cowper-Coles, the 
metal only showed a tensile strength of 10 tons: 
but at the wider parts, where the speed was greater, 
the strength was found to be from 34 to 40 tons per 
square inch. The reason for that was that the 
molecules, while being deposited, received a certain 
amount of work, on account of the friction between 
the solution and the mandrel. It had been proved 
beyond doubt that higher strength could be ob- 
tained by this method than by the fusion process. 
A small amount of energy was put into the metal, 
instead of a large amount of work, as at present, 
by the method of fusion and subsequent rolling or 
drawing. 

Mr. H. F. Donaldson, C.B., was the next speaker. 
He said he wished first to deal with the alloys atthe 
copper end of the series. Though it was not to he 
denied that there was a prospect of the immediate 
utility of some of those alloys dealt with in the 
report, their application would have to be governed 
by the cost involved in their production, which 
would be considerable. If strength alone were 
aimed at, it was quite possible to get an equally 
good alloy with cheaper ingredients. For instance, 
alloy No. 2, which had an aluminium content of 
10.52 per cent., manganese 0.92 per cent., and the 
rest copper, gave, according to 'l'able X VIII. of the 
report, in the form of }3-in. rolled bars, a yield- 
point of 23.04 tons per square inch, an ultimate 
stress of 42.84, and an elongation of 22.5 per cent. 
A much cheaper material he had used contained 
the following percentages : Cu, 55; Zn, 36; Mn, 4; 
Al, 3; and showed a tensile strength of 47 tons 
—the average of ten tests—with an elongation 
as high as 30 per cent.—the average being 224 per 
cent. The difference in cost between two such 
alloys was somewhere about 10]. to 17/. a ton, 
and where economy was essential the latter would 
recommend itself. He did not wish to depreciate 
the value of the report at all, but merely to raise 
this question of economy, which it was even neces- 
sary to attend to in Government establishments. 
Only in very special circumstances was it possible 
to utilise very expensive metals. The presence of 
iron in the mixture, to which he had ‘just referred, 
might be regarded by some people with suspicion ; 
but, in this connection, he would say that he had 
for years used alloys containing a small proportion 
of iron, and had never experienced any of the 
objectionable characteristics which some people 
believed to be inherent in alloys of this nature. 
Of course, the alloy, not being a ternary alloy, was 
outside the range of the report. 

Though manganese was, perhaps, the most 
popular ingredient to add to copper-aluminium, he 
was by no means sure that it was the best third 
ingredient, even if only the ternary series were 
considered. Nickel deserved further consideration. 
The analyses of two alloys he had tried were as 
follows, in per cent. : Cu, 79.9 and 78.84 ; Ni, 19.75 
and 20.82; Mn, 0.19 and 0.15; Fe, 0.11 and 0.16. 
The tensile tests of these alloys gave 244 and 24.8 
tons per square inch, while the elongation was 36.1 
and 36.5 per cent. He thought an increased 
quantity of nickel might prove better than in- 
creased manganese. 

Mr. Donaldson, continuing, stated that he did no! 
remember whether the constitution of the alloy 
used for the tool exhibited had been given, and 





Dr. Rosenhain therefore explained that it was 
made from an alloy containing 10 per cent. alumi- 
‘nium and 1 per cent. manganese, upon which Mr. 
| Donaldson said he was quite sure that aluminium 
| was not used in the Bronze Age. He had, how- 
_ever, a tool containing 90 per cent. of copper and 
10 per cent. of aluminium, and nothing else, which 
had stood well up to the work, when used on Kentish 





,* See ENGINEERING, vol. Ixxxvi., pages 158, 193, and 104. 
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rag. He exhibited a piece of a broken tool of the 
same constitution. It had been used to cut cordite, 
which was as difficult to cut as horn. The average 
life of that tool without re-sharpening was about 
16 hours, and many had lasted for 48 hours. Mr. 
Donaldson then showed two knives for cutting 
cordite, &c., and in each case the edge was good. 

Turning to the lighter series of alloys, he was 
bound to say that for practical purposes he had 
found them disappointing. There were many cir- 
cumstances in which lightness combined with 
strength was most desirable, and he did not despair 
of the possibility of combining these, in con- 
tirmation of which he would submit to the meeting 
the results of experiments carried out with the 
object of getting an alloy with a specific gravity not 
exceeding 34. Great strength had not been aimed 
at, but it was desired to get a yield-point of 7.75 
tons per square inch, with a tensile strength of 
not less than 12 tons and an elongation of not 
less than 7 per cent. A large series of castings, 
made in an iron mould, and therefore more or 
less of a chill type of casting, had been tried. The 
investigation, he might say, was carried out with 
the object of obtaining a material which would 
combine lightness with good and easy working 
qualities. With one: particular aluminium - zinc 
alloy (Al 80, Zn 20) the tensile test showed 15.3 
tons per square inch, and the elongation 5 per cent. ; 
the specitic gravity in this case was rather under 
than over 3§. That particular material had been 
classed as working fairly weli. The next example 
was an aluminium-zine-copper alloy of 80, 19, and 
1 respectively. In this case the tensile test showed 
14.9, and the elongation was 6 per cent. ; the 
material had fairly good working qualities. In 
another alloy—Al, 67; Zn, 33; and Cu, 2—the 
figures were 22 tons per square inch for tension, 
and only 3 per cent. elongation. Another, having 
a composition of Al, 78 ; Zn, 20; Cu, 2 per cent., 
gave a tensile strength of 13.9 tons and an elonga- 
tion of 3.7 percent. Another alloy—Al, 77; Zn, 
20; Cu, 3—gave 16.8 tons for the tensile tests and 
4.5 per cent. elongation, and so on. The material 
ultimately used contained Cu, 0.86; Fe, 1.05; Zn, 
9.7; and Al, 88.72. The test results in this case 
were, for chill-castings: Yield-point, 5.3; tensile 
test, 7.5 ; elongation, 3 per cent.; while the specific 
gravity was 2.9. In drop-forging the respective re- 
sults were 11 tons, 14 tons, and 12.4 per cent., 
the specific gravity being 2.9. That material had 
been suitable to their purpose, but had the peculiarity 
that castings of it could not be made and kept, as 
they disintegrated. It was necessary to forge them 
at once, and forging apparently prevented disinte- 
gration. 

In connection with the light alloys he was 
quite sure that manganese was not the best 
ternary ingredient to use, and he considered that 
the research confirmed this. In certain experi- 
ments with which he had had connection magne- 
sium had been substituted for manganese. The 
apehunt were several years’ old, and he was un- 
able to show samples of the particular specimens 
made. With the lighter alloys, however, having a 
specific gravity of about 2}, two samples of alloys 
(Al 98, Mg 2) gave a tensile strength of 9.4 tons 
and an elongation of 7.2 per cent., when cast in an 
iron mould ; this material showed poor machining 
qualities. With another alloy (Al 96, Mg 4) the 
results were practically the same for tensile strength, 
but the elongation was only about half as great. 
For another, of Al 80, Mg 5, Zn 15, the figure 
obtained for the tensile test was 7 tons, with no 
elongation at all, the material being absolutely 
brittle. With an alloy of Al 85, Mg 5, and Zn 10, 
the tensile strength showed 9.75 tons, and the elon- 
gation 1 per cent. None of these experiments 
proved helpful at the time, but he believed they 
might form ground for further investigation. A 
new material, called, very inaptly, ‘‘ electron,” had 
just been brought out. He did not know the ingre- 
dients of this material, but great claims had been put 
forward with regard to it. Whether it furnished 
what was sought or not, he did not despair of find- 
ing a light alloy about the weight of aluminium, or 
even lighter, and of satisfactory strength. He 
trusted that the prospective investigation men- 
tioned in the Annual Report as dealing with alloys 
of aluminium with zine and nickel would also be 
extended to include magnesium. 

In conclusion he would refer to a uarternary 
alloy which afforded grounds for the faith he had in 
the prospect of getting the light and strong alloy 
desired. In this case the tests with chill castings 





gave yield-points of 7} and 6.25 tons per square 
inch, the tensile strengths of 11.5 and 11.25, and 
the elongations of =i and 6 per cent. When forged 
in a bar and annealed, the yields were 12.66 and 
9.83 ; tensile tests, 21.5 and 19; while the elonga- 
tions were 16.16 and 18.5 per cent. Stamped and 
annealed, the results were: Yield points, 15.76 and 
14 tons; tensile strengths, 20.1 and 22.03 tons ; 
elongations, 5 and 14 per cent. The specific gravity 
of the two samples was 2.91 and 2.88. 

Mr. H. F. Heathcote had been working with the 
— of finding a light non-corrodible alloy suit- 
able for making cycle rims, and, with the per- 
mission of Messrs. Rudge-Whitworth, Limited (in 
whose laboratory the research was made), was able 
to place the more important of the results before 
the Institution. His experience had shown that 
pure aluminium corroded much less than alumi- 
nium alloys containing 3 to 4 per cent. of copper; 
and if it were strong enough, the pure aluminium 
was much to be preferred for their purpose, especi- 
ally at the seaside, where, according to Dubois,* the 
rain contained considerable quantities of sodium 
chloride. He had used two methods of corroding ; 
the extent of the corrosion being asertained by 
weighing, and by tensional and bending tests. In 
one, glass wool, soaked in a saturated aqueous solu- 
tion of Tidman’s sea-salt, was placed loosely on the 
polished surface and exposed to moist air at 60 deg. 
Cent. In the other method, rim segments, fitted 
with pieces of tyre, were hung above a saturated 
solution of Tidman’s sea-salt, and moist air was 
aspirated through the liquid so as to throw 
minute particles of the salt solution into the air. 
Alloys of copper and aluminium (containing from 
1.5 per cent. of copper), iron and aluminium (from 
1.9 per cent. of iron), and nickel and aluminium 
and the ternary alloy copper-zinc-aluminium were 
all found to corrode more than commercial pure 
aluminium. The only aluminium alloy that showed 
a satisfactory resistance to corrosion was one con- 
taining the following per cent.: Mg, 1.4; Fe, 0.3; 
Si, 0.4; Ni, 0; Cu, 0; Zn, trace. This had an ultimate 
tensile strength, when rolled into flat strips (15 
gauge), of 12 tons, and an elongation of 12 to 15 
per cent., with 45 to 55 per cent. of contraction. 

He desired to put in a plea for other methods of 
measuring corrosion than merely that of weighing. 
If the compounds formed by corrosion were soluble 
or readily removable, weighing might be a useful 
guide; but the compounds were not always so. In 
many cases it was far more profitable to measure 
the loss of strength. In the case of aluminium it 
was particularly desirable to adopt a method of 
measuring which would give some idea of the 
degree of honeycombing. In his experiments, 
therefore, the speaker had determined the loss of 
tensile strength, and, by alternating stress tests, 
he had obtained a measure of the superficial honey- 
combing 

Mr. L. Pendred, who followed, referred to Dr. 
Cushman’s experiments in America, which tended 
to show that corrosion of iron and steel was not due 
to a purely chemical action, but to an electro- 
chemical one. He continued to the effect that Dr. 
Cushman had proved, at least to his own satisfac- 
tion, that the presence of manganese in steel re- 
sulted in a high rate of corrosion, and that an 
American company, by producing an iron which 
was almost pure, had succeeded in reducing cor- 
rosion to a minimum. In view of that fact, he 
(Mr. Pendred) deemed it remarkable that it should 
have been found that alloys containing manganese 
and other ingredients, besides the main body of 
the alloy (say aluminium), should be less corrodible 
than pure aluminium. It would be of interest if 
Dr. mhain could say whether there was any 
electro-chemical action between the ingredients of 
any of the alloys, as, if so, that would give a line 
upon which further research might be made. In 
the first place, it would be necessary to know the 
relative position of aluminium to manganese in the 
electrical table. This might be very different from 
the position of iron with — to manganese, and 
in that case there would be less electrical action be- 
tween the two. With regard to the specimens 
exhibited as having been used in the abrasion tests, 
he had noticed that they were all turned out on the 
edge. No doubt originally they were flat on the 
side. As far as he could see, the reduction was 
about ,; in. in diameter. He wished to ask if 
there were a similar reduction in the cases of the 
steel specimens. Dr. Rosenhain here replied in 





* Archiv. Musée Tyler 10, page 461, 1907, 


the aftirmative, and, on being asked if the rolling 
out on the edges also occurred, stated that this did 
not occur with the hardened steel, but was present 
in the test with annealed tool-steel. 

Dr. Rosenhain was then called upon to reply to 
the discussion. In the first place he wished to 

int out that the report was the joint work of 

imself and Mr. Lantsberry, into whose hands a 
very large proportion of the experimental work had 
been entrusted. In connection with Professor 
Arnold’s allusion to the influence of molecular con- 
figuration, neither the speaker nor, as he believed, 
any one else claimed that the microscope could tell 
them everything. The true molecular structure 
was so very much finer than the finest particle 
observable under the highest-power microscope 
that it was not surprising to find there were 
many facts which the micro-structure did not reveal. 
If it were true, as Professor Arnold had suggested, 
that the results of microscopic examination did not 
always, or did not often, reveal as much as had 
been anticipated, the answer was that the obser- 
vations would have to bea great deal closer than 
they had been, or than had been possible hitherto. 
Much more was really to be got out of the indi- 
cations of the microscope than was yet appre- 
ciated. The science was yet in its infancy. 
So far, however, from being discouraged by the 
results obtained, there was really matter for con- 
gratulation in the fact that, within so short a time, so 
much had been arrived at. With regard to the 
elasticity curves in the report, they were given on 
too large a scale for the whole range to be repro- 
duced, even if it had been observed with the instru- 
ment. 

He quite agreed with Professor Arnold in de- 
precating the use of strain-hardened material for 
structural purposes, such as bolts, &c. This point 
led him to refer to remarks made by Mr. Donald- 
son in relation to the Bronze Age. The chisel 
which he (Dr. Rosenhain) had exhibited at the 
previous meeting was merely shown to illustrate 
what could be done by treating one particular alloy 
in one particular way. The tool was merely an 
example of how a suitable alloy could be hardened 
sufficiently to get a fairly durable cutting-edge, by 
mechanical means. He did not for a moment sup- 
pose that these alloys were in use in the Bronze 
Age, but he thought it probable that the methods of 
hardening then employed were not in the nature 
of quenching, or hardening by heat treatment, but 
hardening by mechanical strain, the metal being 
hardened by hammering. He regarded the micro- 
structure of some of the ancient bronzes as 
evidence that that course was adopted. It was to 
that extent only that the tool he showed could be 
said to bear upon the Bronze Age. 

With regard to the corrosion of the lighter alloys, 
he would say that among the specimens shown on 
the table were not merely machine-polished speci- 
mens, but also specimens which had been strained 
to destruction in the tensile test. In the latter the 
surfaces had become broken up and rugged ; yet 
they had retained their brightness without any pro- 
tection whatever, in some instances for over two 
years. If they were no better than aluminium, 
they were certainly no worse in this respect. This 
was also confirmed by micro-sections of the alloys, 
some of which, though prepared many months 
before, were quite free from signs of corrosion, 
certainly much freer than the pure aluminium 
specimens. 

In reply to Mr. Pendred, the essential matter 
was not the relative position in the electrical table 
of aluminium and manganese, but of aluminium 
and the compound Al,Mn, in which alone man- 
ganese existed in the light alloys. What the 
relative position of these might be he could not 
say. It was difficult to isolate this compound, 
because it disintegrated with great rapidity, and 
was therefore not an easy material to test 
for its position in the electrical table. With 
regard to Mr. Law’s questions he would say 
that photographs of more than 100 or 150 magnifi- 
cations would have shown nothing more in this case 
than those produced. Mr. Law had also referred 
to the silicon content of the light alloys, and it 
might be that the high temperatures used in making 
the light alloys—that was to say, heating the alu- 
minium to 1000 deg. Cent. before adding manganese 
—had something to do with the silicon content. 
The answer to the suggestion that aluminium 
alloys rich in manganese should be used for foundry 
purposes was in the fact that such alloys disinte- 





grated, and it was impossible to introduce it into 
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the hot metal in the form of powder; it would 
merely oxidise on the surface. In making such 
alloys it was necessary to use nearly pure manganese. 

Turning to Mr. Donaldson’s remarks, he would 
be sorry to think that better alloys than those 
dealt with in the report could not be obtained, 
though it did not appear that any of Mr. Donald- 
son’s alloys were markedly superior. He con- 
sidered that, for the heavy alloys, the objection 
to the presence of iron was probably exagge- 
rated, but he shared this objection when it was 
a case of the lighter alloys, simply on the ground 
of corrosion. He would have great hesitation 
in using, for any purpose where strength was 
of consequence, a forging of a material such as 
described by Mr. Donaldson, which in the cast 
state tended to disintegrate. It was, of course, a 
matter of experiment, but it suggested to him the 
possibility that, under some conditions, perhaps 
of warmth, or perhaps inoculation, disintegration 
might cause the forging to break down. Of course, 
tin was habitually used in spite of the fact that it 
was metastable, and ought to break down into 
powder, and certainly ought to break down if in- 
oculated, especially in cold weather. Perhaps the 
use of the alloy referred to was equally justitiable, 
but he would regard it with misygiving. For the 
same reason alloys containing much manganese 
were to be looked upon with suspicion, because the 
aluminium-manganese compound was inherently 
unstable, and broke down at the first opportunity. 
Aluminium-iron alloys, ternary and quaternary, 
had been used, and had been tried long ago, but 
had, he believed, been abandoned largely because 
of the want of durability as against corrosion. 
With: regard to magnesium, if alloys containing 
only 1 or 2 per cent. of magnesium were considered, 
presumably the corrodibility of the magnesium 
would not much affect the alloys; chey might 
even be better than pure aluminium. The well- 
known ‘‘ Magnalium” metal was said to be very 
much better than aluminium, from the point of view 
of resisting corrosion. With considerable propor- 
tions, however, of magnesium—such as in alloys 
approximating to a specific gravity of 1.8, where 
something like 90 per cent. of magnesium would 
have to be used—he was of the opinion that the 
difficulty of preventing corrosion and rapid decom- 
position would be great. 

The President then announced that the next 
meeting would be held on Thursday, March 17, 
instead of Friday, March 18, as stated on the 
sessional card. The change had been made, he 
said, to enable a large number of the members who 
desired to do so to attend the dinner of the Institu- 
tion of Civil Engineers. 








THE PANAMA CANAL. 


A General Description of the Engineering and Construc- 
tional Features of the Panama Canal.* 


By GrorGe W. GorTHa.s, Chairman and Chief 
Engineer, Isthmian Canal Commission. 
(Continued from page 173.) 

THROUGH the blasted area the steam-shovel cuts its way, 
averaging 34 ft. in width at the bottom and 50 ft. wide at 
the top for pilot cuts, and about 26.5 ft. for widening cuts. 
The p dave in use are of 45-ton, 70-ton, 95-ton, and 100- 
ton types, the first with 1}-yard and the second with 
24-yard dippers. The most satisfactory results are obtained 
by the 95-ton and 100-ton shovels, with 5-yard dippers 
in earth and 4-yard dippers in rock, which handle rock 
containing as much as 64 cubic yards (Fig. 19, annexed). 
The hard service to whicn the shovels are subjected has 
resulted in a number of modifications to meet existing 
conditions. It frequently happens that pieces of rock are 
encountered too large for the dipper to handle, and they 
are broken up by “dobie” shots or blast ; sufficient dy- 
namite to do the work is laid on the piece of rock, covered 
with mud, hence the name, and fired by means of a slow 
match. 

The shovels load the material on dirt-trains (Figs. 20 
and 21), which serve the shovels on a loading track 
beside them. ‘The shovels determine the working day, 
which is limited by law to 8 hours, and they work on an 
average of 66 per cent. of that time, though some have 
worked over 90 per cent. of the time when conditions 
were all fav hha? 19 

The shovels have made records on the isthmus never 
anticipated. During the month of March, 1909, 56.93 
shovels (averaging the number actually working) exca- 
vated and loaded 2,041,174 cubic yards in twenty-seven 
working days—an average of 35,854 cubic yards per 
shovel. The highest monthly record for a single shovel 
was made in October, 1908, when a 95-ton shovel exca- 
vated and loaded 58,483 cubic yards in twenty-seven 
working days of 8 hourseach. The highest daily record 


* Paper read before the Engineering Section of the 
British Association at Winnipeg. 





was made by a 95-ton shovel on February 3, 1909, when 
it excavated and loaded 3941 cubic yards in 8 hours. 

The following equipment, purchased and erected or 
manufactured on the isthmus, is used for or in connection 
with dry excavation at various places on the isthmus, the 
bulk of it in making the cut through the divide :— 

327 Locomotives.—7 Schenectady, 101 Class ; cylinders, 
19 in. by 26 in.; total weight, 182,000 Ib. 100 Cooke, 
201 Class; cylinders, 19 in. by 24 in.; total weight, 
201,300 lb. 40 Baldwin, 301 Class ; cylinders, 19 in. by 





24 in.; total weight, 210,300 lb. 20 Brooks, 601 Class ; 
cylinders, 20 in. by 26 in.; total weight, 234,500 Ib. | 
2 Hinckley, 451 Class ; cylinders, 15in. by 22in. 17 Rogers, 


ton American Hoist and Derrick Company, locomotive 
coaling ; 6 4-ton old cranes from French stock ; 1 derrick 
crane, not self-propelling, but mounted on steel flat car. 
_ 10 Track-Shifters.— 10, designed and made on the 
isthmus. 
16 Prle-Drivers.—2 ‘‘ Bay City ” pile-drivers ; 14 1-ton 
made on the isthmus. . 
100 Steam-Shovels.—10 45-ton ‘‘ Bucyrus,” Class 20: 
35 70-ton ‘‘ Bucyrus,” Class 101 ; 32 95-ton ‘ Bucyrus,” 
Class 201 ; 15 Model 91 ** Marion,” Class 250 ; 7 Model (0 
** Marion,” Class 151 ; 1 Model 20 ‘* Marion,” Class 20. 
24 Spreaders.—5 Jordan spreaders ; 19 Maun-McCann 
spreaders. 
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453 Class ; cylinders, 15 in. by 22 in. 6 Cooke, 498 Class ; | 
cylinders, 17 in. by 24in. 43 Chiriqui, 501 Class ; cylin- 
ders, 164 in. by 234 in. 49 Belgian, 701 Class ; cylinders, | 
154 in. by — in. 9 French Decauville ; cylinders, 5}4 in. | 
by 8 in. 6 Porter, 401 Class ; cylinders, 12 in. by 18 in. 
2 small observation-locomotives for handling equipment | 
on transfer table. 4 Davenport, saddle-tank, 36-in. gauge ; 
cylinders, 10 in. by 16 in. 2 Vulcan, 36-in. gauge 5 cy- | 
linders, 10 in. by 161n.; total weight, 26,792lb. 10 Porter, | 
36-in. gauge; cylinders, 8 in. by 14 in.; total weight, | 
22,970 lb. 10 Porter, 42-in. gauge; cylinders, 15 in. by | 
20 in.; total weight, 60,840 lb. 

40 Cranes.—3 10-ton ‘‘ Bay City,” locomotive coaling ; 
2 70-ton ‘‘ Bucyrus,” wrecking ; 1 12-ton “Bay City,” 
locomotive coaling ; 4 20-ton Browning Engineering Com- | 
pany, locomotive coaling; 3 2l-ton Brown Hoisting | 

achinery Company, locomotive coaling; 1 100-ton | 
‘“* Bucyrus,” wrecking; 4 25-ton ‘‘ Bay City,” wrecking ; | 
5 15-ton Browning Engineering Company, locomotive 
coaling ; 1 15-ton “ Bay City,” locomotive coaling ; 9 20- | 








Fie. 20. Sream-SHovet Loapine 12-Yarp WesTeRN Dump-Cars ; Cunesra Cut, 1907. 


30 Unloaders,—4 25-ton Lidgerwood unloaders ; 26 
60-ton Lidgerwood unloaders. 

4273 Cars.—500 12-yard-capacity Oliver dump-cars; 
499 12-yard-capacity Western dump-cars ; 300 25-yard- 


| capacity Western dump-cars ; 12 80,000-Ib.-capacity Go id 


win dump-cars (steel) o 2 40,000-lb. -capacity King-Law son 
dump-car; 1750 80,000-Ib.-capacity A. C. and R. Co. 
wooden flat cars, which are mostly equipped with hig! 
sides and extension floor for use with ploughs and Lidge 
wood unloaders; 26 labour passenger-cars, made from 
80,000-lb. wooden flat cars ; 27 work-cars, made from « 
40,000-Ib. P.R.R. box-cars; 621 French dump - cars, 
6 metres capacity ; 4 motor-cars; 500 steel flat « 
100,000 Ib. capacity ; 1 gasoline velocipede ; 1 pay-ca 
1 pay-certificate car; 2 track-inspection cars; 1 pro- 
vision-car ; and 15 coal-cars (40,000 lb. wooden flats con- 
verted to coal-cars). Lo 

The available dump-grounds in the vicinity of the vt 
were utilised to their fullest capacity by the French and 
during the earlier periods of American control. ih¢ 
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‘eater part of the Panama Railroad will be covered,when 

. lake is formed, necessitating its relocation and recon- 
truction for practically its entire length. The new line, 
eing above the lake-level, requires many heavy embank- 
nents, which offer, when reasonably accessible, suitable 
laces for disposing of material from the cut. A break- 
vater from Balboa to Naos Island, mp nny oe 3 miles 
in length, offers a very satisfactory — for material, 
though imposing an average haul of 11 miles. A portion 
of the rock from Bas Obispo and the vicinity of Empire 
is carried to Gatun, and utilised in thedam. The remainder 
of excavated material is wasted on the extensive dumps at 
Tabernilla and Miraflores. The area of the dumping 


Doe 





nilla and Gatun, and consist of 18 flat cars, and 25 to 30 
steel side-dumps. The average length of the haul to 
Tabernilla is 13 miles, and to Gatun 25 miles. Train 
movements are regulated by a telephone system, which 
extends throughout the cut, and connects outside yards 
and dumps with yard-masters’ towers located at various 
points. Orders are given to the train-crews by visual 
signals and megaphones. Trains move on to, from, and 
while on the main line of the Panama Railroad under the 
block system. 

The Lidgerwood flats are dumped at Tabernilla, Mira- 
flores and Balboa, and special equipment is kept to 
handle them, consisting of ploughs, Lidgerwood unloaders, 

















Steam-Snovet Loapine Lipgerwoop Fiat Cars in Curesra Cur; Avueust, 1907. 
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gr | at Tabernilla covers 530 acres; 10,184,890 cubic 
yarcs have been dumped there, and it is estimated that 
it wil be available for 13,000,000 cubic yards more. At 
Miraflores 260 acres cover the dumping ground, on which 


3,840,650 cubic yards of material have m wasted, and 
it will hold about 9,500,000 cubic yards in addition. 

There are within the side slopes of Culebra Cut 51 miles 
of construction track, 5-ft. gauge—the same as that of the 
Panoma Railroad ; throughout the entire division, not 
i: ng any of the Panama Railroad main line or sidings, 
the re 194 miles of track. Of this amount, upwards of 
on le is shifted every day in the year to keep pace 
wi work, and for moving the dirt-trains. Trains 
wi serve shovels south of the cut summit carry the 
n trains of 18 flat cars to the south into the Pedro 
Micuel yard, whence they are dispatched to Miraflores or 
on. the average length of haul to the former is 
8 Ss. trains serving shovels to the north of the 
= move to the railroad relocation embankment via 


w bridge across the Chagres, at Gamboa, to Taber- 
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spreaders and track-shifters. The unloader consists of 
a steam-driven drum, on which is wound a steel cable 
14 in. in diameter, steam being furnished by a loco- 
motive, to which it is attached. It is connected to 
one end of the train, and the car with the plough to the 
other. The train is hauled between two posts, with a 
cross-piece connecting the tops, and the end of the cable 
is attached to two chains fastened one each to a post ; as 
the train moves the cable is unwound until the plough is 
reached ; the cable is released from the chains and fastened 
tothe plough. A weak link is provided in the chains men. 
tioned, so that it will break should the cable catch, and 
thereby prevent pulling down the posts, which happened 
at first. The train moves to the place where its load is to 
be deposited, and by winding the cable on the drum the 
plough is dragged forward, removing the material, until it 
reaches the car next in rear of the unloader (Fig. 22 
above). An extension side-plank permanently attached 
to the car-platform suuenly prevents material from 
falling so as to obstruct the track, The resulting mound 





beside the track is levelled off by a spreader (Fig. 23, page 
246), the leaves of which are operated by compressed 
air. When the amount of material dumped or spread 
extends so far to the side that the spreader cannot push 
the dirt beyond the edge of the dump, the track is shifted. 

The track-shifter was invented and patented by Mr. 
W. G. Bierd, who at the time was general manager of 
the Panama Railroad, and is a most ingenious labour- 
saving device. A boiler mounted on the rear end of a 
flat car furnishes steam to a two-cylinder two-drum 
hoisting-engine. Mounted on the front end of the car is 
a rigid A frame, inside of which is a swinging mast. A 
swinging boom extends out from the mast 30 ft. in front 
of the car, and is held over the track by a rope extending 
to the topof the mast. To a rope leading from the hoist- 
ing-drum over a sheave on the masthead, and over a 
sheave on the point of the swinging boom, is attached 
the chain or tongs for grabbing the rail. A shifting boom 
extends out from the middle of the front end of the car 
to the right and left, and is held in place by a brace lead- 
ing to the corner of the car. The boom and brace are so 
designed that the boom may extend out in front of the 
car either to the right or left, depending on which direc- 
tion it is desired to shift the track. 

When the track is to be shifted to the edge of the dump, 
the shifter begins operations at the free end. The grab- 
tongs are fastened one to each of the rails, and by means 
of the hoisting-rope the track, including the ties, 1s raised 
sufficiently high for the ties to clear the ground. The 
swinging rope extending around a sheave on the point of 
the shifting boom is attached to the rails and swings the 
track about 2} ft. to 3 ft. to the side ; the hoisting-rope 
drops the track and the grab-tongs are released. e car 
moves back and throws another section. 

The steel side-dumps require no special or extra ap- 
pliance for their operation. They can dum as 
easily whether they are depositing on a curved or straight 
track. Unlike the French 5-yard car, they dump to 
either side. The flats can be dumped on curves; but the 
cable attached to the plough must be passed through 
pulleys so held as to give it the necessary curvature, 
otherwise the plough would be pulled off the train. 

The sailin ine of the canal consists of a number of 
tangents, and these are made, as long as nature conditions 
permit, with a minimum angle at the intersections. To 
secure the prescribed width of channels, portions of the 
valley of the Chagres must be deepened and widened, 
particularly between Bohio and Bas Obispo. The total 
amount remaining to be removed from the lake area is 
5,236,173 cubic yards ; of this amount 870,000 cubic yards 
are rock, which can be moved more mg cenene d and 
economically in the dry. As shovels and transportation 
facilities become available, various sections of the lake 
channel were undertaken, some of which are completed ; 
in one instance, by the cut across the bend of the river 
between Matachin and Gorgona, a portion of the canal 
is completed, the river diverted, and the old bed makes 
available an extensive area for a dump near the cut. 

Work has been in p on the Culebra Cut since 
1880, and during the French control 22,600,000 cubic 
yards were removed, of which 4,520,000 cubic yards were 
rock ; all of which is useful excavation for the present 
project. Up to July 1, 1909, the Americans have re- 
moved in widening and deepening this section 11,156,262 
cubic yards of earth and 23,311,079 cubic yards of rock, 
or a total of 34,467,341 cubic yards. There remain to be 
excavated, including slides already developed, 8,714,954 
cubic yards of earth and 34,860,000 cubic yards of rock, 
or a total of 43,574,954 cubic yards, to complete the pro- 
ject. In the lake section the French excavation, which 
is useful to the present plan, amounted to 17,761,000 cubic 
vards, leaving 11,752,198 cubic yards to be done, of which 
3,084,263 cubic yards are of rock. Of this amount there 
have been removed 4,301,762 cubic yards of earth and 
2,214, 263 cubic yards of rock, so that there remain 4,366,173 
cubic yards of earth and 870,000 cubic yards of rock, or a 
total of 5,236,173 cubic yards. In short, the Americans 
vequired from the French 40,361,000 cubic yards of exca- 
tion useful to the new project in the stretch of the canal 
between Gatun and Pedro Miguel ; and of the 89,794,494 
cubic yards that had to be removed to complete this 
postion of the work, 48,811,127 cubic yards remained to 
e done on July 1, 1909. 

The foregoing quantities, and all yardage officially 
reported, are place measurements. Surveying parties are 
kept constantly in the field, following up the various 
shovels and cross-sectioning the cuts made by them. 
From the data thus obtained the amount of excavated 
material is determined and reported. 

An earth dam across the Chagres at Gatun impounds 
the waters of the river, and creates an artificial lake, 
which constitutes the summit level. The dam is 7500 ft, 
long over all, measured along the top, and according to 
the latest profile it is 2100 ft. wide at the base, ft. 
through at the water surface, reference 85, and 100 ft. 
wide at the top, which is 115 ft. above sea-level. It 
crosses two valleys separated by a hill rising to elevation 
110, and in which the regulating works are to be con- 
structed. Of the total iength of the dam, due to the con-. 
figuration of the natural surface on which it is to be 
constructed, only 500 ft. will be exposed to the maximum 
head of 85 ft., while 4100 ft. of its length is subjected to 
a head of only 50 ft., and the remainder to even less. The 
dimensions of the dam have been criticised as excessive 
and unwarranted, but its designers considered it desir- 
able that ample provision be made inst every force 
which may affect its safety, and that a barrier be made so 
that a legislator or a layman without engineering know- 
ledge would recognise its stability. 

The plan of the dam is so arranged as to take advan- 
tage of the existing elevations, securing thereby the best 
possible foundations and reducing the fill to a minimum ; 





as a consequence, the top isa broken line extending from 
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the hill in which the locks are to be constructed to so- 
called Spillway Hill, thence along the spur or hog-back of 
the hill on the west side of the valley. While originally 
the Chagres was the only water-course traversing the site 
of the dam, at the present time, in addition, it is crossed 
by the French canal and by the ‘‘ west diversion,” con- 
structed by the French to carry flood-waters from the 
canal (Fig. 27, above). 

According to the geologist, Mr. Howe, there have 
been three successive uplifts, each followed by correspond- 
ing periods of erosion ; the third, or last, seems to have 
been the most sudden, elevating the land move than 
300 ft. Asthe result of this uplift, the streams entrenched 
themselves in deep caiions in the second level. After 
the Ch had succeeded in cutting more than 300 ft. 
below this level, the land began to sink slowly, and the 
gorges were gradually filled. There are two gorges under 
the dam ; in the one to the east, rock is found at a depth 
of about 190 ft. below sea-level, and in the other, west of 
Spillway Hil], 225 ft. below the same datum. 

The adoption of the project brought on considerable 
discussion and criticism, because, it was stated, the data 
available showed the existenc? in the foundations of strata 
of sand and gravel; it was also claimed that a connection 
existed between the swamps to the south and the sea, 


through which the waters of the lake would pass. The | 
stability of the foundations for the dam and spillway was | 


also questioned. The materials composing the foundation 
of the dam were ascertained by wash-borings, and the 


classification based on the materials washed from the | 


holes ; these were considered by the critics as not suffi- 
ciently numerous or conclusive. 

An extensive examination of the foundations was 
therefore undertaken, to determine more fully the 
character and extent of the various materials underlying 
the structures ; to ascertain whether there was any per- 
meable connection between the swamp areas to the north 
and south of the site through the deposits in the go 
across which the dam will be built ; for testing the ability 
of the material to support the pro structures ; and 
for learning whether suitable material for the dam can be 
had in the immediate vicinity. 

Wash borings were again resorted to, but at every 
indication of a change of material drive samples were 
secured, and the classification based on the samples ; 
verification was subsequently secured by driving a test- 

it, which disclosed the material as it exists in place. 
The examination showed that the top layer is a fine sand, 


with a large proportion of clay intermixed, extending to 





|@ maximum depth at one point of approximately 80 ft. 


Underlying this, for a distance of 100 ft. or more, isa thick 
marine deposit of blue clay, containing little sand, and 
in some parts a considerable quantity of shells. Directly 
overlying the rock is a deposit, varying in thickness up to 
20 ft., of small boulders and gravel, consolidated and 
cemented together with finely-divided clays and silts. 
In the original borings the cementing materials were dis- 
solved or washed out in suspension, and weré not de- 
tected, thus leading to the conclusion that there were 
strata of gravel and sand; the true status was clearly 
indicated by the drive samples, and demonstrated con- 
clusively by the test-pits. Tn each instance sand, gravel, 
pieces of weod, leaves, and shells, where found, were 
so intermixed and cemented with clay and silt as to make 
an impervious mass. 

The —— of the materials was tested prin- 
cipally by subjecting samples to water pressure due to 
various heads, from which results the conclusion that 
whatever see occurs will be through the top soil or 
stratum ; that the materials below are impervious. Some 
idea of the stability of the material under the dam may 
be obtained from the fact that, except through the top 
soil, the wash-borings were continued to rock without the 
use of casing, the sides of the holes remained intact, and 
did not cave in or cause trouble by sloughing-off and 
filling the holes. The materials encountered are of such 
character as to be amply strong for supporting the pro- 
posed structure. 

Investigations of the foundation for the regulating 
works were by wash-borings to rock, by diamond drills 


|in the rock, and by a test-pit. Samples of rock were 


tested for permeability, conclusively showing that it is 
ws phases Experiments also demonstrated that the 
rock possesses sufficient strength to bear safely any loads 
that will be placed upon it. It is an argillaceous sand- 
stone, stratified and seamy, the fissures permitting the 
passage of water; but as this flow can be cut off by the 
concrete-face walls, and by connecting the concrete floor 
with the homogeneous layer underlying the soft rock, the 
see will be nil. 

he current of the river in the vicinity of Gatun, and 
for some distance above, is sluggish, so that the deposits 
consist of the finer sands and silts, interspersed with beds 
of clay. This material is found not only in the river-bed, 
but the banks are in places com of it, and it iseasily 
handled by suction-dredgers. To ascertain the suitability 
of such material for the superstructure of the dam, two 
experimental dams were built to scale of 1 in. to 1 ft. ; 





the first was made by discharging the material, just as it 
would come through the manne = of a dredger, on 
the north side of the structure, allowing the water to 
drain to the south, thus depositing the coarser material 
on the down-stream side of the dam. This was tested for 
seepage under a full head of water. Another dam to the 
same scale was constructed by depositing the material on 
both the up-stream and down-stream sides at the same time, 
by which the finer materials settled towards the centre ; 
this also was tested for see . These experiments 
showed not only the suitability of the available material, 
but that a stable and water-tight dam can be built by 
hydraulic methods. It follows also that better results 
are secured by arranging the discharge so as to deposit 
from both sides of the dam towards the centre. ‘ 
In constructing the dam a spur from the Panama Rail- 
road was carried across the Chosen River on a trestle, 
from which was dumped spoils from the lock-pit and from 
the Bas Obispo section of the cut (Fig. 25). This formed 
the north toe of the dam extending across the river, and 
subsequently carried across the French canal; by means <f 
a second trestle the rock toe across to the east side of 
Spillway Hill was carried up to reference 60. A suction- 
dredger (Fig. 26) removed the silt from the bed of the 
river north of the toe, which was used to fill low ground 
in the vicinity and to a considerable extent the voids in 
the rock toe. In the same way the bed of the French 
canal was cleaned out, after which the south rock pile, or 
toe, up to reference 30 was begun and carried across both 
channels, 1200 ft. from the north toe. : 
Nothing was done to either the bottom of the Chagres 
River or French canal where these rock piles crossed. When 
both rock piles were completed across the channels, the 
water was pumped from theenclosed portions of the Chagies 
River mo the French canal. When the water in the 
French canal had been lowered to 10 ft. below sea-leve’, 
the memorable slip in the north toe occurred. The rock 
moved generally sidewise into the French canal, crowding 
out and pushing up the blue clay underlying it, and —“ 
movement continued until the angle of repose was reache¢ ; 
there was at the same time some settlement. Notwith- 
standing the widespread newspaper report of the dest ~~ 
tion of the dam, no concern was felt because of it. 8 
noted,by the editor of one of the prominent engineerirs 
publications, ‘‘We can state from actual personal ex- 
amination that this incident had absolutely no engir eer- 
ing significance.” Nevertheless, a board of engire<rs 
was appointed to investigate conditions, and rep = 
favourably upon continuing the existing project, at the 
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same time modifying the profile of the dam by slightly 
reducing its dimensions, 

The south toe is being properly sloped on the up-stream 
side from elevation 60, and it is also being extended by 
dumping material between Spillway Hill and the West 
Diversion. Earth and rock are delive by trains of 
steel side dumps, obtained from excavations in the lock- 
pit at Mindi and at Buena Vista, near Bohio, where the 
central division is working on a portion of the channel in 
the lake section. The south toe east of Spillway Hill, 
which is at elevation 30, is being built towards the centre 
of the dam, thereby contracting to the revised dimensions 
the area that is to contain the hydraulic fill. Rock from 
Bas Obispo and material from Mindi are utilised. No 
material has been dumped as yet on the west side of the 
diversion, which is at present the main channel of the 
Chagres. 

The suction-dredgers making the hydraulic fill are 
designed to dredge to a depth of 40 ft., and deliver into 
floating discharge-pipes ; each is equipped with a 20-in. 
pumping unit. e hulls, of steel, and the machinery 
were delivered knocked down, and the dredgers erected 
on the isthmus. They are 124 ft. long over all, 36 ft. Gin. 
beam, and 9 ft. indepth. The boilers are designed for a 
working pressure of 150 1b, The sand-pump is of double- 
suction centrifugal type, with 20 in. inside diameter suc- 
tion and discharge pipe, and is operated by horizontal 
tandem condensing engines direct-connected to each end 
of the pump shaft. These engines are designed to run at 
215 revolutions per minute, developing at this speed 
225 horse-power per engine with boiler pressure at 150 Ib. 
and a vacuum of about 20 in. in the condenser. The 
cutter is made of steel, and driven by a double engine 
with cylinders 8 in. by 10 in., designed to run at 140 
revolutions per minute. Each dredger operating in the 
material used for the fill delivers approximately from 
100,000 to 130,000 cubic yards per month, working 24 
hours per day (Fig. 26). 

The original plans contemplated regulating works for 
controlling fluctuations in the lake, and with such a large 
body of water it was thought that methods of control 
capable of discharging a quantity of water when the lake 
is at its normal level are preferable to an uncontrolled 
overflow spillway, which will not begin to discharge in any 
considerable quantity until a flood has raised the water- 
surface above its level. Such regulating works are to be 
constructed in Spillway Hill. Objections have been made 
against constructing such works in the line of the dam, 
and other locations have been advocated, notably at the 
head-waters of the Trinidad. The natural configuration 
is such that, irrespective of the location of the spillway, 
provision must be made for tying the dam to the sides of 
the hill; the elevation and extent of which, as well as 
the material composing it, make it a desirable and suit- 
able place for such works ; its proximity to the locks also 
permits of an easy and concentrated defence. The site 
originally selected has therefore remained unchanged. 

3ased on discharge measurements at Bohio, it was con- 
sidered advisable that provision be made for a maximum 
flow of 140,000 cubic feet per second. Though data 
bearing on the discharge of the river at Gatun have only 
been collected since May, 1907, they do not show that this 
maximum flow, which is considered sufficiently safe and 
conservative, need be exceeded, and the designs are in 
course of preparation to provide for such a discharge. 
The central mass, or dam, will be of concrete, with its 
crest at elevation 69. On the top of the crest piers will be 
built 8.5 ft. wide, grooved for Stoney sluice-gates, and 
placed 53.5 ft. centre to centre, thus giving clear openings 
of 45 ft. There will be fourteen such openings, so that 
the length of spillway will be 740.5 ft. The water passing 
through the central sluices will flow directly through a 
diversion channel to the Chagres; that ing through 
the sluices near the ends will be caught pre 
channels sloping toward the central portion, thence into 
the diversion channel. 

To permit the construction of the dam across the West 
Diversion, to care for the waters of the Chagres, and to 
arrange for the construction of the lating works, an 
excavation has been made through Spillwa Hill down to 
elevation 6 by steam-shovels, and the spoils deposited by 
trains of side-dump cars on the toes of the dam. The 
excavation was made 300 ft. wide, with a flare at the 
south end, and required the removal of 1,732,882 cubic 
yards of material, mostly rock, of which 1,296,332 cubic 
yards are done (Figs. 27 and 28). The completed channel 

low the spillway dam will be 285 ft. in the clear and has 
aconcrete floor and side walls, the latter joined to the 
rock sides of the excavation. The floor north of the ex- 
cavation to be occupied by the dam is practically com- 
plet: 1, and is 4 ft. thick for a distance of 120 ft., 2 ft. 
thick for a distance of 270 ft., 14 ft. thick for 240ft., and 
1 ft. thick for 240 ft.; from this point the diversion 
channel to the Chagres will be through the natural soil. 
The changes in thickness are made by slopes in lengths 
of 30 ft., and, in addition, a slope down-stream is given 
the upper surface from elevation 10 to elevation 2.2 at the 
— . The floor was constructed in monoliths 30 ft. by 

Concrete was furnished by two 2-yard cubical mixers 
erected on the west bank of the French canal below the 
dam, and carried to the site in concrete buckets in a 3-ft. 
gauge flat car, two buckets to the car, operated by a small 
ati m locomotive. A locomotive crane handled the 
uckets at the monoliths under construction.’ The con- 
crete was mixed 1:3:6. Theaverage length of haul was 
4520 ft. The maximum amount laid in any one day of 
Sunt jours was 630 cubic yards. Sand and stone were 
brought to the mixer plant in ba: and loaded in bins 
y & travelling-crane and grab-bucket. 





Cement was 


elivered in cars. The side walls are now in course of 
Construction. 


(To be continued.) 


BURSTING OF A STILL. 
By O. Paut Monckton. 

AN explosion, interesting from its cause, but barely 
unattended with loss of life, occurred lately at an indigo 
factory in the North of India. 

In one of the processes of indigo manufacture an am- 
monia still is used in the following manner :—Referring to 
Figs. 1 and 2, below, A, B, C, D isa cubicle tank of about 
3 ft. side, with a 2-in. diameter pipe E, F conveying boiler 
steam (about 50 lb.) in the position shown. A large 
number of holes about 4 in. in diameter are drilled round 
this pipe for some 2 ft. of its length, to ensure good 
circulation in the still. 

G, H is the man-hole in the top of the tank used for the 
double purpose of cleaning the tank when necessary, and 
also for filling it with the necessary products—lime, &c. 
(which are non-explosive)—for working the still. 

I, J is the exit pipe, some 200 ft. long or more, and 
about 6 in. in diameter. g 

K is the end of the steam-pipe blocked with a plug. 

The still, after the necessary materials have been put 
into it, has boiler steam turned on, and the products of 
distillation are drawn off by the pipe I, J into the indigo 
vats. It will thus be seen that the pressure at the end of 
this 6-in. pipe could never exceed that due to a head of 
about 4 ft. of water—t.c., when the vats were full—while 
at the time that the explosion occurred it was known, 
without a shadow of doubt, that this 6-in. pipe was open 
to the atinosphere. 

One morning, just as work was commencing, the still 
burst along the dotted line L, M, and the cause for a while 
was a mystery, since it seems impossible that such a small 
still, with a 6-in. exit pipe, known to be open to the 
atmosphere, could explode. 
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It must be added that the tank was about 30 years old 
and riveted up in the usual way, while the plates were 
robably wrought iron of a particularly fibrous structure. 
The thickness of the plates originally was probably about 
3 in. or § in. 

Aclose examination of the remains suggested the follow- 
ing probable cause:—The steam-pipe was found to be 
very thin and worn, and in some places of the thickness of 
the proverbial piece of paper ; further, an examination of 
the small holes, already mentioned, showed that the bulk 
of them were potinca =~ A blocked, pointing to the fact that 
the still had never been properly cleaned out, 
some time, and, as a consequence, only a very 
was entering the still. 

It was also noticed that this pipe, when picked up (it 
was blown some 60 yards away or so), had a split in it 
some 6 in. long, O, P, and that the edges of this split were 
bent outwards, clearly indicating that it was caused from 
within, and not from without by being blown against a 
sharp corner, for instance. 

The exit-pipe was some 200 ft. long, with bends in it, 
and one of these, a right-angled one, was quite close to the 
still itself. 

Boiler steam was turned into the cold still in the early 
morning, and the steam-pipe, already thin, suddenly split 
at its weakest point. 

This caused the still to be suddenly filled with boiler 
steam, the boiler at the time (a Cornish, about 20 ft. long 
and 5 ft. in diameter) being under full steam, but doing 
no other work. 

Thus the whole of the boiler steam suddenly found vent 
through the slit and filled the still instantaneously ; and 
the latter, already old and in a somewhat neglected condi- 
tion, burst before the volume of steam could find its exit 
down the 6-in. pipe I, J. 

he combination of circumstances given above all 
tended towards an explosion ; but probably any ee 
shown such an arrangement would say it was safe. There 
was no safety-valve fitted to the still. ; 

The still on examination showed signs of corrosion all 
the way round at a distance of about 6in. from the rivets, 
due possibly to some mechanical o—- caused along 
these lines in the process of riveting. The riveting itself 
showed no signs whatever of stress, and appeared as 
as the day it was put in originally. 23% 

The whole of the circumstances go to show that it is 
necessary to be most careful in the design of such items as 


— for 
ittle steam 








blow-off tanks, &c. 


THE LOCAL GOVERNMENT BOARD AND 
REINFORCED CONCRETE. 
To tar Eprror or ENGINEERING. 

Srr,— With regard to the letter of the Patent Indented 
Steel Bar Company, Limited, published in your issue of 
the 18th inst., it is not yet quite ten years since the use 
of reinfo concrete was advocated. There can clearly 
be no proof, therefore, of its lasting qualities in various 
positions as to exposure, weather, and different tem- 

ratures. We lhiave, first of all, iron or steel of large 

imensions, which has considerable powers of expansion 
and contraction, tightly embedded in concrete which has 
little or no power of expansion or contraction. Would 
this expansion or contraction of the steel under varying 
temperatures, say from 32 deg. Fahr. to 120 deg. Fahr., 
be sufficient to disarrange the particles of surrounding 
concrete and cause cracks or fissures inthe same’? Again, 
in iron or steel we have perhaps the most oxidisable of all 
the genera] metals. Take zinc, for instance ; when a film 
of oxide is formed on this metal, it would protect the 
metal underneath, whereas with iron the case is very 
different, for when once oxidation has un, it may go 
on indefinitely, especially when ex to air and 
moisture, until the whole mass of steel may be converted 
into oxide or rust. The first portion of oxide of iron 
acting as carriers of oxygen to the internal metal, there 
is no means of knowing what is taking place in the 
interior of reinforced concrete until an accident happens, 

Yours a s 








** COLLEGE TRAINING FOR ENGINEERS.” 
To THE Eprror oF ENGINEERING. 

Srr,—I am very pleased to see that my letter, published 
on page 141 of your issue of February 4, has attracted so 
much attention to the subject of the defects in our system 
of engineering education ; and as some of my remarks seem 
to have been rather misunderstood, I trust that you will 
allow me to explain myself further. In your leading article, 
on page 179 of your issue of February 11, you draw atten- 
tion to the obvious fact that engineering works are almost 
invariably run to make money, and you imply that I had 
not grasped this fact. I therefore refer you to a letter 
written by a friend of mine at my instigation, signed 
“A.C. G.I,” which appeared in ENGInKERING* about 
oa months ago, in which this point was emphasised. 

y remarks about “‘ useful” information seem to have 
met with a good deal of criticism, both from yourself and 
from others. It is pointed out that if an employer is 
prepared to pay for certain work being done, it is evidence 
of the utility of that work. The knowledge required for 
the work in question may be useful to the employer, and 
also useful to the employee in his present capacity, but only 
partially, or perhaps not at all, where his advancement 
is concerned. e all have our own interests to consider 
—the employer his dividends, the employee his prospects. 
An employer pays a man to trace, for example; the man 
may trace “‘loyally and intelligently” for years, and 
become very expert at it. The knowledge involved and 
the skill acquired are useful to the employer, are also 
useful to the tracer, as a tracer, but do not help him any 
nearer being, say, chief draughtsman. The same may be 
said of making sun-prints, writing out invoices, and a host 
of other jobs, which are involved in the running of an 
engineering concern. 

see that Iam accused of making exaggerated state- 
ments, and yet in another part of your article you say, 
presumably referring to me, ‘‘ No doubt what the young 
man would like is at once to be put in charge of a large 
factory employing thousands of hands, &c.” Now 
nothing that I said could give any foundation for such an 
assumption. Speaking for myself, I neither desire nor 
expect to be put into such a position, being fully aware 
that I am not fit for it. That of itself does not trouble 
me, but what I complain of is that in various subordinate 
positions which I have held there is little or no oppor- 
tunity of fitting myself for such a position later in fit q 
though I plead guilty to the ambition, and I believe my 
case is quite typical of many others. 

Employers, of course, cannot be expected to assume the 
réle of tutors and explain their actions to their employees, 
but there is some difference between ‘‘ spending their 
whole time” thus and, as some do, spending some of it in 
carefully concealing ‘‘ useful” information. But, as I 
said in my first letter, I do uot want to denounce em- 
ployers ; their actions are, as you point out, influenced by 
their customers’ requirements. It is the present state of 
affairs, be the cause what it may, that is at fault. The 
oft-heard cry that ‘‘ employers are fools to their own 
interests ” is too absurd to merit contradiction ; generally 
speaking, they are very much alive to them, and that is 
why, as Mr. Mackintosh says, in his letter, apprentices 
get put on such jobs as errand-running, candle-holding, 
and repetition work (“‘useful,” no doubt, to the em- 
ployer, but not much so to the lad, however “‘ loyally and 
intelligently ” he does it). This gentleman hits the nail 
on the head when he says it may be “‘a money-making 
policy to the employer, but not to the nation.” 

It is a case of everybody's business being nobody’s 
business, and I notice that nobody has questioned my 
statements about the present and future shortage of first- 
class experienced men, and about the failings of our — 
system. In regard to the latter, I heartily endorse Mr 

venport’s suggestions, and to add a fourth—viz., 
“that a council representative of engineering education 
and employers be formed to consider the whole question, 
and; if possible, to bring the two into more harmonious 
touch with one another.” Let employers state their 
requirements, and let the professors do what can be done 
to meet them. If, as seems to be generally admitted, the 








* See ENGINEERING, vol. Ixxxv., page 558, 
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college machine is working inefficiently, something ought 
to be done to put it right. It is too big and costly an 
affair to be allowed to continue working thus. 

The defects of our colleges have been discussed ad 
liitum, and I do not want to labour that point. It is 
the difficulty, after leaving college, which young men 
encounter in their quest for experience that I want to 
emphasise, and also the undoubted difficulty of finding 
men to fill responsible posts. 

In justice to college men, I should like to add that 
there are many amongst them who are quite aware of 
their own deficiencies, and who are quite prepared to 
accept low remuneration cheerfully, provided they get the 
chance to acquire useful experience that will help them 
later in life. 

Yours truly, 
London, S.E., February 22, 1910. PERPLEXED. 








AEROPLANE SUSTAINERS. 
To THE EpitoR oF ENGINEERING. 
Str,—In consequence of my patent specification 
No. 13,311, of 1891, being out of print, I am receiving 
more letters respecting the correct cross-sectional form 
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for aeroplane sustainers than I have time to answer. 
Perhaps, therefore, you will be good enough to insert the 
enclosed drawing in your valuable journal, and oblige 
Yours faithfully, 
Horatio PHILiirs. 
West Barnham, Sussex, February 19, 1910. 











THE MESSINA EARTHQUAKE. 
To THe Epitor or ENGINEERING. 

Srr,—The writer of the note on the above subject in 
your issue of the 18th inst. is mistaken in supposing that the 
recent upheaval] was the first to which the town fhad been 
subjected, and the conclusion that he draws therefrom, 
that it is advisable to rebuild the city because it is not 
likely to suffer again, is consequently invalid. 

As a matter of fact, there was a serious disaster in 1787, 
as the following extracts from Giethe’s ‘‘ Letters from 
Italy,” under date May 11, 1787, will show :— 

“The terrible calamity which visited Messina and 
swept away 12,000 of its inhabitants did not leave behind 
it a single dwelling for the 30,000 who survived. ost 
of the houses were entirely thrown down; the cracked 
and shaking walls of the others made them quite unsafe 
to live in. ... A dreadful expectation of a fresh calamity 
was excited on April 21 by an earthquake which again 
sensibly shook the ground.” 

Yours truly, 
G. CARLEY, 

55, Canning-road, Croydon, February 22, 1910. 

[We forwarded a copy of Mr. Carley’s letter to the author 
of our note on the + earthquake, and he replies as 
follows :—‘* The note by Mr. G. Carley calling attention 
to an earthquake affecting Messina in 1787 is exceedingly 
valuable and opportune. As a matter of fact, Professor 
Omori makes no mention of the 1787 earthquake, and his 
attention will be immediately called to the omission. It 
is just possible that Géethe, writing in 1787, referred to 
a past calamity, for Professor Omori’s Catalogue of Earth- 
quakes in Southern Italy includes two—one on February 5, 
1783, and another on March 28 of the same year. But 
there is no mention of one in 1787. The epicentres of the 
two earthquakes in 1783 are located-——one near Squillace, 
on the Gulf of that name, the other between Monteleone 
and Palmi—in what may be described as the extreme 
southern point of the peninsula. Though both occur on 
the mainland, they are sufficiently near Messina, not only 
to disturb that city, but to upset Professor Omori’s theory. 
I thank Mr. Carley for his interesting letter, and will 
communicate with Professor Omori, reporting in your 
columns ow further intelligence I may receive from 
Japan.” e hope to be able to refer again to this 
matter.—Ep. E.] 








BvuILpInG-SHED FOR ADMIRALTY AIRSHIP: ADDENDUM. 
—In the note accompanying the illustration of the 
building-shed for the Admiralty airship, published on 
page 208 of last week’s issue, it should have been stated 
that the shed was being erected by Messrs. Francis 
Morton and Co., Limited, Garston, Liverpool, who now 
inform us that the shed is 600 ft. long, 100 ft. wide, and 
80 ft. high, and that the approximate total weight of steel- 
work is 500 tons. 





A Larer Britisu-Burtt Sucsr PLant.—Messrs. D. 
Stewart and Co. (1902), Limited, of the London-road 
Iron Works, have lately received particulars of the recent 
working of the complete sugar plant which they installed 
two years ago at Ciegode Aula, in Cuba. This factory is 
elaimed to be the largest yet equip throughout with 
British-built machinery. Last season’s crop was very abun- 
dant, and but for this very reason the sugar content was 
somewhat low. In the first six weeks’ working about 12,000 
tons of sugar were produced, the machinery on several 
occasions grinding 3000 ‘* short ” tons per day. In fact, in 
two consecutive days’ working a total of 6400 tons were 
ground, the extraction being between 76 and 77 per cent., 
which, in view of the quality of the cane and the fact that 
the machinery was being worked at 25 to 30 per cent. 
greater output than that for which it was designed, is a 
very satisfactory result. 





RUDDERS. 
To THE Eprror OF ENGINEERING. 

Srr,—Referring to the illustrations of the rudders for 
the Nippon Yusen Kaisha, in your issue of the 4th inst., 
I enclose herewith a drawing of the modern type of 
rudder, made by the Sunderland Forge and Engineering | 
Company, under Dale’s patents, fitted to the s.s. Paulina | 
for my clients, Messrs. Modesto, Pineiro, and Co., of | 
Santander, and with it (Figs. 1 and 2) reprints of the | 
Japanese pintles for comparison, which, I think, may be | 
of interest. 

From Fig. 1 it will be seen that the steel bushes under 
the old type of heel-pintle do not prevent the rudder from 
travelling horizontally, vibrating, and hitting the gudgeon ; 
vibration leads to wear, and wear tends to make the pintle | 
hit the gudgeon harder, the blows thus struck tend to 





| pintle fitted with a spring 


The next steamer built for me will have each 
i lubricator of steel, so 
constructed that it cannot stolen, that it will be of 
great strength, and, as far as wear and tear are concerned, 
at least equal to the rudder itself. All these lubricators 
can be filled each time she dry-docks, and most of the:n 
can also be filled at other times when the steamer is light. 

I lately had an opportunity of examining the Paulina’s 
rudder, and was so pleased with its condition that when 
I saw your illustrations it occurred to me these remarks 
might be appreciated by your readers, particularly in 
these hard times, when the great difference in the cost of 
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increase the wear, and the greater the wear the greater 
the blow. From Fig. 2 it will be seen that the other 
pintles are, in this respect, inferior to the heel-pintle. 

The ends of the Paulina’s pintles (see Figs. 3, 4, 5, and 6) 
are so constructed that these facilities for travelling 
sideways do not exist, that the points of all the pintles, 
excepting one, tend to keep the rudder central and steady, 
reduce vibration, stop the pintles from striking the 
gudgeons, and reduce the pressure on the sides of the 
gudgeons. These are very important features, helping to 
reduce the wear. 

The expensive gun-metal sleeves and lignum vite 
bushes (see Figs. 1 and 2) are thereby rendered unneces- 
sary. Gun-metal sleeves are very objectionable, because 
they hide the pintles, and the latter may be badly cracked, 
even when they have been examined and passed as sound. 

The Japanese rudders each rest on one pintle, and 
one only ; the Paulina’s rests on all the pintles but one 
(see Fig. 6); this reduces the wear considerably. 

Very fine adjustment is not necessary ; the rudder may 
not bear equally on all of them in the first instance, but 
it cannot wear down without the ends of all four pintles 
ss into use, and the load being equally distributed on 
them. 

If rudder pintles could be efficiently lubricated it would 
be highly advantageous. 

The water can flow sight through the old type of rudder | 
gudgeon (see Fig. 2), and any that becomes detached | 
may float away ; whereas in the new type (Fig. 3) the tops | 
of those parts of the rudder which enclose the pintles are | 
closed and water-tight, and any grease which may become 
detached and endeavour to float away cannot do so ; but | 
if it does rise at all, it gets nearer to the main working 
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these two types of rudders and their upkeep is a serious 
consideration, there being no pelicgeombe: wr hgnum vit in 
the Paulina’s rudder. 
I am, Sir, your obedient servant, 
Frep. Epwarps. 
62, Bishopsgate-street Within, London, E.C., 
February 14, 1910. 








ConTracts.— Weare informed by the Underfeed Stoker 
Company, Limited, Coventry House, South-place, Fins- 
bury, E. C., that they have recently supplied to different 
firms a large number of their underfi stokers, making, 
in all, a total of 70. Among the firms and establishments 
at whose works these appliances have been installed are 
the West Gloucestershire Water Works, Norwich County 
Asylum, the Borough of Fulham, the Borough of Tun- 
bridge Wells, the Borough of Torquay, the Odessa tram- 
ways, and the Dublin Tnited Tramways, &c. Some of 
these are repeat orders.—Messrs. Andrew Barclay, Sons, 
and Co., Limited, Caledonia Works, Kilmarnock, have 
just delivered a heavy locomotive to the Dalmellingto 

ron Company, Limited, one of lighter type to the Glas 
gow Corporation, and one to the War Office.—The New 


| South Wales Government Railways, Sydney, have pro 


visionally accepted a tender for a 6000-kilowatt turbo 
alternator and condensing plant from Messrs. Willaus 
and Robinson, Limited, Rugby, who are also supply: 
to the Admiralty two 1200-kilowatt direct-current tur!» 
dynamos and condensing plant.—Messrs. C. Isler and Co.., 
Limited, of Lenten, ‘tore received orders for th 
improved registering turnstiles to be fixed throughout 
the forthcoming International Brussels Exhibition. 
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BROOKE’S HIGH-VELOCITY FEED-WATER 
HEATER. 


WE illustrate below a type of feed - water heater 
which is manufactured by Messrs. Holden and Brooke, 
Sirius Works, West Gorton, Manchester, and is called 
by them a ‘high - velocity” heater, as the water 
passes through it more rapidly than is usually the case 
in exhaust-steam feed-water heaters. The methods of 

onstruction will be understood on reference to 
Figs. 1 and 2, the former of which is a vertical section, 
and the latter a plan with the top cover removed. 
in the particular heater illustrated it will be seen 
from the plan that there are twelve groups of four 
tubes each, and as the water has to pass through each 
group in succession, it has a much greater length of 
tubing to traverse than is usually the case in heaters 
of a similar size. The water enters by the right-hand 
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branch, as indicated in Fig. 1, and passes up through 
the set of tubes marked 1 in the plan, down through 
group 2, up through group 3, and so on round the 
heater. The water finally ses down the group of 
tubes marked 12, and out Yoana the overflow pipe 
on the left-hand side, at the bottom. The point 
of exit of the water from the delivery chamber, 
as shown in Fig. 1, is not correct in the illustration, 
but is shown so merely for the sake of convenience. 
The floating head at the top is chambered, so as to 
tliow the water to flow up and down alternately, one 
: of this-head being that it is unattached 
t ut the tubes, and so allows these to 
expind and contract freely. By removing the cover- 
[ites A and B, and by unscrewing the gun-metal plugs 
Be cleaned. . 
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bottom left-hand side, and leaves by the outlet at the 
top on the right-hand side. This heater is intended for 
use with exhaust steam, but it can be employed equally 
well for live steam if the top cover and joints are 
suitably strengthened, a steam inlet-pipe only is then 
used, the condensed water bein 
bottom. In all cases the water-boxes and tubes are de- 
signed for working pressuresup to 2001b. persquare inch. 
The exhaust-heaters are guaranteed, when working at 
maximum capacity, to heat the feed-water to a tem- 
rature up to 200 deg. Fahr. The amount of water 
eated will, in this case, not exceed twice the weight 
of the exhaust steam passing through the heater. 
Should it be desired to heat the water “p to 206 deg. 
Fahr., the amount of water heated will then equal the 
weight of the exhaust steam used. If it is not re- 
quired to heat the water above 180 deg. Fahr., the 
amount of water then heated will be about five times 
the amount of steam passing. By a combination of 
exhaust and live steam much Kigher temperatures can, 
of course be obtained, depending on the temperature of 
the live steam. The temperatures here given are 
obtained without putting ~~ back pressure on the 
engine, which exhausts through the heater, this being 
@ point on which special stress is laid by the makers. 
Among the advantages claimed for these heaters is 
that they are much lighter for a given amount of 
work done than ordinary feed-water heaters, and they 
occupy less floor space. They also give very good 
cone with steam at low temperatures, as when work- 
ing in conjunction with condensing engines. 





AUTOMATIC DRAIN FOR STEAM- 
WHISTLES. 

As we have had occasion in the past to lay stress 
on the importance of steam-whistles and syrens on 
steamships being able to sound their notes quickly 
when the steam is turned on, it is not necessary to 
allude to it further here. It is, moreover, too well 
known to ship-owners and sea-going engineers that 
the slow operation of these whistles may be dangerous. 
Our object at present is to call attention to another 
of the devices which have of late been devised as a 
means of securing the much-desired result to which 
we have alluded. This device is what is known as 
the “C.M.P.” drain; it can readily be fitted on 
the steam-pipe leading to the whistle, and acts auto- 
matically in clearing the condensed steam out of 
the pipe. It is manufactured by the Combination 
Metallic Packing Company, Limited, Gateshead-on- 
Tyne, and is shown. in Figs. 1 to 4, above, these 
views being respectively a side elevation, a vertical 
longitudinal section through the centre of the valve, a 
plan, and an end elevation. 

The action of this drain will be readily understood. 
The steam enters by the lower opening, as will be seen 
by Fig. 2, and passes out in the ordinary way x 
the upper opening when the valve is operated. The 
main valve is not actuated directly by the lever to 





he steam enters the heater by the inlet shown at the 
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AUTOMATIC DRAIN FOR STEAM-WHISTLES. 
CONSTRUCTED BY THE COMBINATION METALLIC PACKING CO., LTD., GATESHEAD. 
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but by a piston working in a cylinder, which may be 
seen on the left-hand side in Fig. 2. The supply of 
steam to this piston is re Inted by the small 
“pilot” or ‘‘motor” valve, which is connected to the 
operating lever. When this valve is opened, steam 
8 ue, oe 8 = — top of the main 
valve throu the diagonal by- ipe, shown in 
Figs. 1 a 3, and "om he pistes poder 0 to 
the main valve forward, and so opens the latter 
valve, and at the same time closes the drain - pi 
shown by means of the intermediate piston on the 
valve =. When the lanyard is released, the 
pilot-valve closes, and the main valve returns to its 
seat, forcing the exhaust steam behind the actuating 
piston out through a small hole shown in the bottom 
= of the cylinder end, and along an outlet to the 

rain-pipe. This latter outlet is closed by a small 
piston-valve on the bottom of the pilot-valve spindle 
when this valve is opened. As the main valve returns 
to its seat, the intermediate piston uncovers the drain- 
pipe, and the condensed steam in the pipe above flows 
away, leaving the pipe clear for the next operation. 
The apparatus should be placed as low down on the 
steam-pipe as possible. 

It is claimed for this appliance that it is simple in 
design and has few parts, and that it requires very 
little effort to work it, as a pull of less than 16 oz. is 
sufficient to operate the pilot-valve. This last should 
be a distinct advantage, for the pulling of the lanyard 
attached to the large whistles on ocean liners is 
tiring work, particularly when this has to be done 
perhaps twice a minute for hours at a time. We 
understand that this drain has been approved by the 
Admiralty, and is being fitted to the latest warships. 








Tue Turkish Navy.—The Turkish Legislature has 
voted 4,560,000/. for naval construction purposes. The 
outlay is to be spread over ten years. 





Tue Ruesy EnoingerinG Socrrry.—In a paper read 
before the Rughy Engineering Society on the 17th inst., 
Mr. J. Harden descri the early and present forms of 
electric furnace. He pointed out that both the arc and 
the induction types were invented early in the history of 
electrical engineering, but did not come into use on an 
important scale until recently, owing to the impossibility 
of obtaining cheap electric power in the early days. 
Dealing with the characteristics of the two classes, Mr. 
Harden suggested that, although the arc-furnace has a 
better power factor than the induction type, it may happen 
that plants of similar capacity may be required to operate 
two furnaces of equal output, since with the arc type 
there may be heavy overloads and violent fluctuations of 
current, owing to changes of resistance following irregu- 
larities on the surface of the charge. In reference to the 
legitimate field for electric furnaces, Mr. Harden pointed 
out that, except for the production of special steels of 
high value, or for use in situations where natural sources 
of power, other than coal, are cheap, the correct function 
of electric furnaces is to remove the occluded gases and 
sulphur from steel in a final process after preliminary 
treatment in gas furnaces . 





which the lanyard from the captain's bridge is attached, 
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THE CONCRETE INSTITUTE. 


Tue first annual general meeting of the Concrete Insti- 
tute was held at the Royal United Service Institution, 
Whitehall, on the 17th inst., The Rizht Hon. the Earl 
of ot agp C.B. (late First Commissioner of Works), 
President, occupied the chair, and was gene by Sir 
Henry Tanner, I.8.0.; Mr. E. P. Wells, J.P., hon. trea- 
surer; Mr. W. Dunn, F.R.1I.B.A.; and other members 
of council. Letters of regret having been read from Sir 
William Preece, K.C.B., vice-president, Mr. Edwin O. 
Sachs, F.R.S. Ed., and others, the result of the ballot for 
six vacancies on the council was announced, the members 
elected being as follow :—Messrs. C. H. Colson, M. Inst. 
C.E.; William Dunn, F.R.I.B.A.; Professor Henry 
Adams, M. Inst. C.E.; Messrs. William G. Kirkaldy, 
Assoc. M. Inst. C.E. ; J. S. E. de Vesian, M. Inst. C.E.; 
and E. Fiander Etchells, F. Phys. Soc. The hon. trea- 
surer thereupon read the annual report and accounts, 
the adoption of which was moved by the Earl of Ply- 
mouth, who dwelt on the satisfactory progress which 
the Institute had made. his was seconded by Sir 
Henry Tanner, who referred to the work of Mr. Edwin 
O. Sachs in the foundation of the Institute. Among 
the other speakers were Mr. F. E. Wentworth-Sheilds, 
M. Inst. C.E , and Mr. E. Fiander Etchells, M. Math. A.., 
who both dealt at some length with the work of the 
Science Standing Committee. After the discussion of 
various matters of detail, Mr. William Dunn proposed, 
and Sir Henry Tanner seconded, a vote of thanks to the 
chairman. It is satisfactory to note that the Concrete 
Institute, which started with 100 members, counted, 
on December 31 last, 850 members and 17 special sub- 
scribers. The Council has instituted, from time to time, 
special committees to consider various technical problems, 
and among those now in full working order may be men- 
tioned the Science and the Parliamentary Standing 
' ‘ommittees, which give evidence of the activity of the 

nstitute. 








SreamM-Turpine Manuracture.—Messrs. Dick, Kerr, 
and Co., Abchurch-yard, E.C., announce that they are 
taking up the manufacture of steam-turbines, the pattern 
selected being of the impulse type, with a single velocity- 
compounded wheel at the high-pressure end, whilst the 
rest of the turbine consists of single-stage impulse-wheels 
running in cells. The blades fit into dovetail grooves 
turned in the rims of the wheels, and are caulked into 
place. The type is therefore one which has already been 
well tried, and its new makers are, in view of their great 
experience and success in the construction of high-s 
— machinery, well fitted to develop its full possi- 

ities. 





Tae Barrow anp District Association oF ENGI- 
NEERS.—If we may judge by the first volume of the 
Transactions of this Association, it possesses all the ele- 
ments of success. The papers read cover a wide field, 
and disclose in all cases a keen desire on the part of 
the authors to impart useful knowledge. Some of the 
discussions disclose, on the part of some members, 
that careful preparation for the meeting which, in value 
to the association, is second only to the disclosure of 
personally - acquired experience. This preparation 
should be encouraged in the interests, as much of the 
speaker, as of the Institution. Youth may stumble on 
bright ideas even if there be not knowledge to evolve new 
schemes. The President of the year, Mr. W. F. Petti- 
grew, took for the subject of his inaugural address 
** Transport,” and at subsequent meetings the papers read 
and discu were on ‘Fuel and Its Composition,” 
‘Boiler Explosions,” ‘‘The Manufacture of Weldless 
Tubes,” ‘‘Iron Foundry Practice,” ‘‘ Direct - Current 
Electric Motors,” ‘‘ The Engineering Text-Book,” “Spiral 
Gear Formule,” ‘Factory Cost-Keeping,” and ‘‘The Use 
of Steel Castings in Railway Rolling Stock.” <A useful 
part of the work of the Association was the arrangement 
of visits to works. 





Spon’s ARCHITECTS’ AND Buicpers’ Pocket Prics- 
Book ror 1910.—The way in which all matters relatin 
to building work are now condensed and arranged, an 
current prices of materials and labour given, renders the 
task of estimating the cost of such work comparatively 
easy. The vast quantity of matter now collected together 
in a handy form is really wonderful and represents an 
enormous amount of labour. A book of this kind, pub- 
lished by Messrs. E. and F. N. Spon, 57, Haymarket, 
London, and Messrs. Spon and Chamberlain, 123, Liberty- 
street, New York, has for many years been before the 
public, and has proved of great value to engineers, archi- 
tects, and builders, and is now issued in a very convenient 
pocket form, on thin paper. The thirty-seventh 
edition of the book has just appeared. It is edited by Mr. 
Clyde Young, A.R.I.B.A., and has been revised by 
Mr. Stanford M. Brook, archiect. Since the last 
edition tables of constants of labour for all trades have 
been added, and the section pans to prices has 
been amplified. The arrangement of the matter is con- 
venient, the book being divided into two main sections, 
the first part containing memoranda and tables, and the 
second part prices. In the first of these sections is in- 
cluded a great variety of information relating to general 
building work, much too extensive to mention in detail. 
The whole of the matter in this part is arranged alpha- 
hetically, which enables any information to be quickly 
found. The chapters relating to electric lighting, pre- 
servation of timber and stone, contracts, and the 
approximate cost of different buildings per cubic foot 
will be found apeciay useful. The part devoted to 
poe is carefully arranged.. The book is published 
at Js. net. 





NOTES FROM THE NORTH. 
Giascow Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 

ig-iron market was easier in tone, and 1000 tons o 

eveland warrants changed hands at 51s. 6d. one month, 
and closing sellers quoted 51s. 4d. cash, 51s. 7d. one 
month, and 52s. . three months. Hematite, 1000 
tons, was dealt in at 64s. 5d. March 16, and 64s. 54d. 
March 23, The market was again easier in the afternoon, 
and the dealings consisted of about 5000 tons of Cleveland 
warrants at 51s. 4d. eleven days, and 51s. 6d. one month. 
Sellers’ prices at the close were 51s. 34d. cash, 51s. 64d. 
one month, and 52s. three months. Cash hematite was 
quoted 64s. 44d. sellers, and 64s. 3d. buyers, and there 
were buyers of Standard foundry iron at 51s. 14d. cash. 
On Friday morning Cleveland warrants were steady, and 
5000 tons were dealt in at 51s. 3d. cash, 51s. 4d. ten days, 
51s. 6d. one month, and 52s. and 51s. 114d. three months, 
and the closing quotations were 51s. 3}d. cash, 51s. 64d. 
one month, and 52s. three months sellers. One lot of 
hematite was done at 64s. 5d. March 7. The afternoon 
session was a complete blank as regards dealin but 
Cleveland warrants were a shade firmer at 5is. 4d, cash, 
51s. 7d. one month, and 52s. 04d. three months sellers. 
Buyers of hematite offered 65s. three months, but there 
were no sellers, and buyers of Standard foundry iron 
offered 51s. cash, but sellers quoted 51s. 14d. On Monday 
morning the market was very quiet, and 2000 tons of 
Cleveland warrants were doneat 51s. 24d. cash and 51s. 3d. 
and 5ls. 24d. four days. Closing sellers quoted 51s. 3d. 
cash, 51s. 6d. one month, and 51s. 114d. three months. 
One lot of hematite changed hands at 64s. 4d. one 
month. In the afternoon the tone was a shade stronger, 
and the business consisted of 4000 tons of Cleveland 
warrants at 51s. 34d. four days, 51s. 44d. seventeen days, 
and 51s. 6d. one month. The closing prices of sellers 
were 4d. up from the oq Hematite was quoted 
65s. 3d. sellers and 64s. 10d. buyers three months. 
On Tuesday morning an easier tone prevailed, and 
Cleveland warrants were about 2d. down. The turn- 
over was 4500 tons at 51s. 14d. and 5ls. O4d. cash, 
5is. 44d. and 5ls., = one month, and dls. 94d. 
three months, with closing sellers at 51s. 14d. cash, 
5ls. 4d. one month, and 51s. 10d. three months. In the 
afternoon the market was the turn easier, and some 7000 
tons of Cleveland warrants wr hands at 51s. 04d. 
cash and six days, 51s. 34d. and 51s. 3d. one month, 
51s. 34d. March 29, and 51s. 9d. three months. Closing 
quotations were 3d. down from the previous session. 
When the market opened to-day (Wednesday) the tone 
was stronger, and 5500 tons of Cleveland warrants were 
put through at 51s. 1d. and 5ls. 14d. cash, 51s. 5d. one 
month, and 51s. 10d. three months. The close was firm, 
with sellers quoting 51s. 24d. cash, 51s. 54d. one month, 
and 51s. 11d. three months. In the afternoon the tone of 
the market was again a shade firmer, and the dealings 
amounted to 5000 tons of Cleveland warrants at 51s. 54d. 
one month. The closing quotations were 4d. up at 
51s. 3d. cash, 51s. 6d. one month, and 51s. 114d. three 
months sellers. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 63s. 6d.; Calder, Gart- 
sherrie, and Langloan, 64s.; Summerlee, 65s. 6d.; and 
Coltness, 85s. (all ship at Glasgow) ; Glengarnock (at 
Ardrossan), 64s. 6d; Shotts (at Leith), 64s.; and Carron 
(at Grangemouth), 66s. 


Sulplate of Ammonia.—There has been little change in 
the sulphate of ammonia market this week, and the 
current quotation for prompt business is round 12/. per 
ton, Glasgow or Leith. he shipments from Leith 
Harbour last week only amounted to 112 tons. 

Scotch Steel Trade.—There is rather more doing in the 
Scotch steel trade this week, and the majority of the pro- 
ducers are better employed. This is mainly due to the 
large increase in specifications against existing contracts, 
which expire at the end of this month. Inquiries from 
the Far East, as well as from the Colonies, for heavy 
material is reported to be very good, and quite a lot of 
orders have been fixed up. For light material the inquiry 
is also good, and a steady demand exists, all the makers 
being fully employed. 

Malleable-Iron Tradc.—The state of the malleable-iron 
trade in the West of Scotland is not quite so satisfactory 
this week, and several of the establishments have not 
been working full time. Makers are not king new 
business so freely as could be wished ; but there is, of 
course, quite a fair amount of material still to be taken 
up at the old rates. When these old contracts get nearer 
completion better business will result, 


Scotch Pig-Iron Trade.—The makers of Scotch pig iron 
are still experiencing a demand for all the ordinary 
qualities, and ~~ shipments are being made. 
buying is easier, but there is no falling-off in inquiries 
from Canada. Prices are firm. The hematite position 
has not changed, and makers’ prices are as firm as ever. 
There are in the market a number of inquiries for de- 
liveries during the second half of this year, but sellers are 
naming about 70s. per ton, and buyers are still holding off. 


Shipbuilding.—Messrs. Ferguson Brothers, Port Glas- 
gow, have received orders from the Port of London 
Authority to build three powerfyl twin-screw aps 
each of 1000-horse-power. The machinery will be sup- 
pe by the builders.—Messis. Ramage and Ferguson, 
ith, have secured a contract to build a steel screw 
coasting steamer for Irish owners. 








Mrininc Macuinery.—The value of the mining machi- 
nery expo from the Uni Kingdom last year 
amounted to 958,395/., shipments to British South Africa 
figuring in the total for 457,650/. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Brodsworth Dispute Settled.—General satisfaction wil! 


f | be felt at the settlement of the dispute at the Brodsworth 


pit, near Doncaster. The continuation of the deadlock 
might have had serious consequences for the coal trade 
of South Yorkshire. The | pape body of men are to 
resume work on Monday. At a meeting on Tuesday last 
the terms offered by the company’s representatives, in 
conference with Mr. F. Hall, M.P., and Mr. Phipps, of 
the Yorkshire Miners’ Association, wereaccepted. These 
terms include concessions on certain points ; and although 
the men do not get all they asked for, they will not hold 
out on that account. When work commences on Monday 
the pit will have been closed for a fortnight. 


Increasing Employment.—The indications that employ- 
ment in Sheffield and the district is in a more satisfactory 
condition have been so far confirmed by a Board of Trade 
return for the week ending January 22. This shows that 
there were 16,293 men employed in iron and steel works 
in Sheffield and Rotherham, an increase upon the total a 
month ago of 116, and of 1158 upon a year ago. The 
average number of shifts worked per man per week was 
5.59, as compa with 5.54 a month ago, and an in- 
crease of 0.1 upon a year ago. 


Tramway Experiment.—Some time ago the Sheffield 
Corporation had under consideration the running of 
railless trolley-cars as a supplement to the present 
service, and they deposited a Bill to secure Parliamentary 
power for this pernese. The same question has been 
considered by the Yorkshire (West Riding) Electric 
Tramways Company, Limited, who have had, through a 
combination of unlucky circumstances, a bad year. They 
intend, however, to let Sheffield be first in the field, and 
be guided by their experience. 


Bessemer’s Report.—A decline in net profits of 47544I., 
as compared with the pooreting, yon. is shown in the 
annual report of the directors of Messrs. Henry Bessemer 
and Co. The total profits are 27,511/., and a dividend of 
74 per cent. for the year is recommended. This is the 
same as was paid in 1902, 1903, and 1904. Last year the 
dividend was 10 per cent., and in 1906 224 per cent. 
During the year under consideration 21,471/. has been 
spent on new plant and machinery, and there are stated 
to be good prospects for the coming year. Abnormal 
stagnation in trade is the directors’ explanation of reduced 
profits, and the Bolton works were disappointing last 
year on that account. 


South Yorkshire Coal Trade.—The stoppage at the 
Brodsworth Pit has had some effect in raising the falling 
quotations at other collieries. Most of them are doing 
well. Supplies for trawlers and bunkering at the Humber 
ports have been very satisfactory. The railway com- 
panies are taking plenty of hards, and this branch of the 
trade is firm, with quotations steady at about 9s. a ton. 
Steam nuts also are selling well at good prices. There is 
practically no variation in the house-coal market, and 
merchants have no difficulty in getting rid of supplies. 
Best Barnsley fetches at the pits 12s. 3d., for big consign- 
ments, to 12s. 6d. per ton. A lot of second grade is being 
asked for, and prices are fairly uniform at about 10s. 6d. 
per ton. Coke is still selling well, maintaining recent 
_— and manufacturers are taking large quantities of 
slack. 


Tron and Steel.—The advanced prices of fuel and ores 
are bringing iron prices to a rather high level. West 
Coast hematites, in fact, are not selling at all. Though 
East Coast can still be bought at 72s. 6d. net, delivered in 
Sheffield, 75s. is asked for next quarter. A 3s. advance 
in iron for the next half-year is also being quoted by 
Lincolnshire makers. Billets are selling at the official 
advance, from 5/. 10s. to 5/. 15s., and 6/. for better quali- 
ties. The big United States demand for iron and steel 
scrap is keeping up prices. Employment in the steel 
trades is better, and whilst many of the works are busy 
with foreign orders, there is alsosome improvement in the 
home trade. High-s steel is finding a good market, 
and the demand is likely to increase, for some of tho 
makesare being found of great utility in special engineer- 
ing work. The recovery in general aes and 
engineering is slow, and orders show only a slight in- 
crease. Owing to the dearness of raw material, an 
advance may soon be expected in the prices of finished- 
steel goods. Tentative advances have been quoted, but 
serious consideration must shortly be given to a general 
increase. The favourable reports on railway goods traffic 
show that there was an unmistakable trade revival 
about the close of last year. 








Personat.—Messrs. Cecil Lugard and Co., Field’s 
Buildings, Wilson-street, Middlesbrough, inform us that 
they have Sonat their address to St. John’s House, 
Chester.—The British Thomson - Houston Company, 
Limited, electrical engineers and manufacturers, Rugby, 
have opened a branch office at Royal Chambers, 
Cardiff, to deal with their business in the South Wales 
district. 





Launpry Enaingers’ ExuipitioN.—The Society of 
Laundry Engineers is organising an exhibition at the 
Royal Agricultural Hal], London, in April next. This 
display of laundry machinery and sanitary appliance: 
will include achioney in motion, practical work in 
progress, demonstrations of new procsenes, and othe 
departments that should iuterest the =z and educate 
the laundryman. Conferences on methods of work will 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Extreme quietness charac- 
terises the pig-iron trade. Seldom, if ever, in the history 
of the staple industry has there been such small business 
as has been reported during the past ten days. At the 
same time a fairly cheerful tone prevails, and traders 
continue to take a cheerful view of prospects. Better 
reports are to hand from the Continent and from America, 
but many countries are oy mtg bey; 3 own needs, and 
much demand for pig iron from the United States, Ger- 
many, and Belgium—once excellent customers of this 
district—is not anticipated. In the two latter coun- 
tries a number of additional blast-furnaces are being 
erected. The general market . ge for No. 3 g.m.b. 
Cleveland pig iron is 51s. 3d. f.o.b.; whilst No. 1 is 
53s. 6d.; No. 4 foundry and No. 4 forge, each 50s. 3d.; 
and mottled and white, each 4%. 9d.—all for early de- 
livery, 3d. above these rates being named for delivery 
a little way ahead. There is next to nothing passin 
in East Coast hematite pig iron, but producers have gi 
order-books, and are not necessitated to press iron on the 
market. The consequence is they are holding off for the 
present, as they declare current rates to be unremunera- 
tive, conan, prices that will now have to be paid for 
raw material. 
to sell small odd lots of Nos. 1, 2, and 3 East Coast 
hematite iron at 64s, 6d., the recognised market quota- 
tion remains at 65s. for delivery to the end of next month, 
and the price for the second quarter of the year is fully 
67s. 6d. Contracts for cheap foreign ore are running out, 
and when consumers have to oat current quotations, 
which are based on fully 203. 6d. ex-ship Tees for rubio 
of 50 per cent. quality, they will be unable to sell at a 
profit at anything like 65s. for hematite. Coke is in good 
demand for local consumption, and average blast-furnace 
qualities are strong at 18s, 6d. delivered here. 


Manufactured Iron and Stcel.—Very little news of 
moment can be reported concerning the manufactured 
iron and steel trades. In most branches a lot of work is 
now being turned out, and many firms have good con- 
tracts made. A few fairly good inquiries are reported 
to be in the market. Values tend upward, but have not 
yet been quotably raised. Advances, however, are looked 
for in the near future. Common iron barsare 7/. ; best bars, 
7. 7s. 6d. ; best best bars, 7/. 15s. ; iron or steel packing 
iron, 5/. 5s.; iron ship-plates, 62. to 6/. 5s. ; iron pone 
7/.; iron ship-rivets, 72. 3s. 9d.; steel bars, 67. 5s. ; steel ship- 
plates, 6/. 5s. ; steel ~~ & 4 5l. 17s. 6d. ; steel hoo 
bl. 7s. 6d. ; steel strip, 6/. 10s. ; and steel joists, 6/. 2s. 6d. 
to 6/. 5s.—all less 24 per cent. ; whilst cast-iron columns 
are 6/. 10s. ; cast-iron railway chairs, 3/. 10s. ; light iron 
rails, 6/. 7s. 6d. ; heavy steel rails, 5/. 7s. 6d.; and steel 
railway sleepers, 6/. 10s.—all net cash at works ; and iron 
or steel galvanised corrugated sheets, 24 gauge, in bundles, 
11/. 10s. f.0.b., less 4 per cent. 


Iron and Steel Shipments.—Shipments do not come up 
to expectations, but they are about equal to what is 
usual at this quiet season of the year. Up to date this 
month clearances of pig iron average 2697 tons per work- 
ing day, the total Fn Bim ve — returned at 53,940 
tons, 42,881 tons of which have gone from Middlesbrough, 
and 11,059 tons from Skinningrove. To the same date 
last month the total clearances of pig iron reached 83,032 
tans, or a daily average of 4151 tons; and for the corre- 
sponding part of February, last year, the loadings of pig 
amounted to 55,370 tons, or an average of 2768 tons per 
working day. Shipments of manufactured iron to date 
this month are returned at 6607 tons, and those of steel 
at 16,402 tons. 

The late Mr. William Frederick Smithers.—Mr. Wil- 
liam Frederick Smithers died at his residence, 14, West 
Terrace, North Ormesby, Middlesbrough, short!y before 
midnight on Monday, from complications supervening on 
pneumonia. Mr. Smithers, who was fifty-six years of 
age, started life as a draughtsman with the once pro- 
minent Middlesbrough firm of Messrs. Hopkins, Gilkes, 
and Co. Later he was with the Tees-side Iron and 
Engine Works, and afterwards held a responsible posi- 
tion with Messrs. Ashmore, Benson, Pease, and Co., 
Limited, of Stockton-on-Tees. A few years ago, in asso- 
ciation with Mr, Jeynes, he founded the firm of Smithers 
and Jeynes, Limited, ironfounders, North Ormesby, 
Middlesbrough. The r of artistic talents of no 
mean orderand a cultured musician, he was ever ready 
to place his services at the di 1 of those who organised 
entertainments for the benefit of charitable or religious 
objects. He was a past Past-Master of the North York 

“odge of Freemasons, and last August was invested Pro- 
vincial Senior Grand Deacon of the North «ind East 
Ridings of Yorkshire. Mr. Smithers, who was a Congre- 
mee age was a member of the committee of the Middles- 

ugh Conservative Club. He leaves a widow, three 
sons, and ‘three daughters. 








Tur ‘ INVALIDENDANK” NewspaPer Directory.—We 
have received _a copy of this directory for 1910. It is 
ublished in Berlin, the London office being 11, Queen 

ictoria-street, E.O, It gives a very detailed list of the 
German, Continental, British, American, and Colonial 
papers, states the dates of the week upon which they 
appear, and r= general information concerning the 
Space allotted for advertisements and the cost of the 
latter. The book, which measures 11 in. by 73 in., and 
contains, apart from advertisements, 23% pages, is divided 
into countries and towns, and into the specialities dealt 
with by the various papers which are mentioned. The 
Profits from ivs sale go toa fund raised in favour of the 
invalidated soldiers From the German army. Hence the 
title of the book, 





hough some second-hands are prepared | 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Stormy weather has affected shipments of 
steam-coal, and there are heavy stocks on sidings. The 
best large steam-coal has made 16s, 3d. to 16s. 6d. per ton, 
while secondary qualities have a from 14s. 9d. to 
16s. per ton. e best ordinary smalls have been quoted 
at 7s. 9d. to 8s. 3d. per ton. The best house coal has 
realised 15s. 6d. to 16s. 6d. per ton; No. 3 Rhondda 
large has made 16s. 9d. to 17s. 3d. ; smalls have brought 
10s. to 10s. 3d. per ton. No. 2 Rhondda large has realised 
13s. to 13s. 3d., and smalls 7s. 3d. to 7s. 6d. per ton. 
Foundry coke has brought 19s. to 20s.; and furnace 
ditto, 17s. to 17s. 6d. per ton. As iron ore, 
Rubio has been quoted at 19s. 9d. to 3d. per ton, 
pat a basis of per cent. of ton! and charges, in- 
cluding freight, insurance,-&c., to Cardiff or Newport. 

Port Talbot.—At the half-yearly meeting of the Port 
Talbot Railway and Docks Company, Colonel Wright in 
the chair, the chairman said there was last half-year an 
expenditure of 12,3741. on capital account. By dredgin 
away what was called an island lying between the old an 
new docks, and by certain deepening of a portion of the 
company’s old dock, the directors had increased the deep- 
water area by upwards of 12 acres, and he was glad to say 
that this new area was not provided for until it was really 
required. Some capital expenditure had also occurred 
on account of a new hydraulic and electric power-house. 
To permit of future developments in the way of dock 
enlargement and as a means of providing for the growing 
shipments, a power-house with new machinery was being 
erected ; and when this was — the present power- 
house would be removed and the existing power plant 
would be transferred to the new building. By the re- 
moval of the old power-house an addition of 11 acrescould 
be made to the deep-water area of the docks. The 
revenue for the past half-year amounted to 58,249/., 
an increase of 2902/. over the corresponding period of 
1908. The total imports and exports at the docks in 1909 
amounted to 2,045,000 tons, an increase of 166,557 tons 
over 1908. Extensions contemplated to dock facilities 
were expected to put the directors in a position to pay 
a dividend at the rate of 4 per cent. per annum this year 
upon the ordinary shares. 


Dowlais.—The steel works and the Bessemer depart- 
ments have been pretty well occupied. There hes bess 
about an ordinary output of pig-iron. The collieries have 
shown less activity. 


The ‘* Blonde.”—The Blonde has now reached a for- 
ward stage, and she can, if desired, be launched in May, 
- a number of additional men can be set to work upon 

er. 


Wireless Telegraphy.—Representatives of the British 
Radiotelegraph and Telephone Company have visi 
Swansea, with a view to the selection of a site for a 
wireless telegraph station. 








Motor Firg-Encine Tests at Giascow.—On the 
14th inst. some official tests were carried out at the Glas- 
gow Corporation Water Works, Mugdock, with two motor 
fire-engines which have recently been acquired by the Cor- 
poration. One of the engines is of the Halley type and the 
other of the Dennis. For purposes of comparison one of 
the three Merryweather motors supplied to the Corpora- 
tion two or three years ago was worked alongside: the 
newer engines. ese latter machines are fitted with 
pumps on the turbine principle, which are driven by six- 
cylinder motors, whereas the Merryweather engine is fitted 
with the makers’ reciprocating pump, known as the 
‘* Hatfield” type, which is actuated by a four-cylinder 
motor. The tests are interesting, as showing the relative 
efficiency of the two classes of pump for the fire duty. 
The first test consisted in passing water through three 
#4n. nozzles, the second through two {-in. nozzles, the 
third through two 1-in. nozzles, and the last through one 
12-in. noun. The lengths of a oy were the same 
in all cases, as well as the suction lifts. The following 
are the official particulars of the tests :— 


Nos. and Sizes of Nozzles. 





MISCELLANEA. 


IN a recent paragraph we mentioned the new light 
metal *‘ Elektron” of the Chemische Fabrik Griesheim- 
Elektron. The International Aeronautical Exhibition, 
held at Frankfort last summer, has awarded a gold medal 
to this alloy, because it possessés great mechanicel 
one at low specific gravity, and can easily be cast and 
worked. 


The Rhenish steel works at Duisburg are about to 
start their fourth large blast-furnace, which will have a 
capacity of 150,000 tons of pig. This extension means a 
material reduction in the proportion of general costs, and, 
still more, a materially better exploitation of the gas- 
power plant. The extension has been undertaken on 
account of large orders for export. 


While artificial rubies have long been on the market, 
the preparation of sapphires had, so far, failed, although 
blue corundum crystals were occasionally obtained, 
more or less accidentally. According to Ste.-Claire 
Deville and Caron, 1858, the red colour of rubies was 
due to the presence in the alumina of traces of chromium 
and uioxide, and the blue colour of sapphires to 
traces of a lower chromium oxide. But Wiley and 
Verneuil were not able to obtain sapphires by mixing 
the chromium oxide with reducing agents like carbon. 
Reduction of iron peroxide was.also tried by Caron 
who found that the reducing flame of the oxy-hydro- 
gen blow-pipe was not sufficient to effect any reduc- 
tion. On January 17 A. Verneuil showed, in the Paris 
Academy of Sciences, some bluish ovoids obtained with 
great difficulty, as hestated, by fusing, with the blow-pi 
alumina with 1.5 per cent. of magnetic iron oxide and 5 
per mille of titanic acid. -« Wyrouboff has examined 
these products, and found them optically equal to natural 
sapphire crystals. It should be noted that Gintl recog- 
nised in 1901 that titanium oxide coloured alumina blue 
when he was fusing bauxite in electric furnaces. 








Breieian Biast-Furnaces.—The number of furnaces 
in blast in Belgium at the commencement of February 
was thirty-nine, as compared with thirty-five at the com- 
mencement of February, 1909; the number out of blast 
at the commencement of February was five, as compared 
with nine. The production of pig in Belgium in January 
was 150,100 tons, as utes with 109,929 tons in Janu- 
ary, 1909. The total of 150,100 tons, representing the 
output of January, was made u 

17,440 tons ; casting pig, 76 


u as follows :—Puddling 
Pp . 
13 060 tons. 


tons; and steel pig, 





Screw anp Wepce Breecu-Biocks.—We read in the 
Artilleristische Monatshefte for January the following 
statement :—‘‘In a discussion which took place at the 
sitting of December 17 of the Dutch Parliament, the 
member of the Second Chamber, Van den Berch van 
Heemstede, said: ‘. . . By their supplies to the French 
Navy in May last, Messrs. Schneider have shown that 
they are in a position to manufacture the very latest 
patterns of wedge breech-blocks....” The rman 
journal concludes as follows :—*‘ This statement is of 
very great importance, for this is the first time. that 
mention is e of the supply of wedge breech-blocks to 
the French Navy, France having always been the ‘classical 
country’ of the screw breech-block.” The statement 
to which publicity has been given by the Artilleristische 
Monatsh is incomplete ; it does not convey the true 
facts of the case. These are as follow :—The guns with 
a wedge-breech closing device referred to are 47 milli- 
metres (1.85 in.) Hotchkiss guns, which were adopted in 
the French naval service in 1885, twenty-five years ago, 
therefore. Guns of this type, containing improvements on 
the 1885 pattern, are still in use for the armament of 
torpedo-boats ; they also form part of the light arma- 
ment of cruisers. These guns have for many years been 
built not only by the Hotchkiss Company, but also b 
several French firms. The statement in the Dutc 
Chamber had no reference to any alteration in the French 
system of breech-blocks. 





Messrs. Beyer, Peacock, anp Co., Limitep.—The 
neral meeting of this company wes held on 

18th inst. at the Westminster Palace Hotel, 8.W. Sir 
Vincent Caillard, who’ presided, in dealing with the 
accounts, stated that while they had written off dis- 
mantlements to the extent of 5046/., they had added 9893/. 
to the item of plant and machinery. Obsolete machi- 
nery had been not only replaced, but the actual additions 
effected. amounted ‘to nearly the same figure as the re- 
1 nts, so that they were continuing to keep well 

















Sea he Oe annual 
3Jets,|2Jets,|2Jets, 1 Jet, Remarks. 
Maker. j-In. j-In.|1-In. 14-In. 
Pump Pump Pump Pump 
° Pres- Pres-| Pres- Pres- Deep Lifting. 
sure. sure, | sure, sure. 
Ib. Ib. Ib. Ib. (28 ft. lift) 


Halley | 120 102 111 1st., 30 see. ; 2nd, 23sec. 
(28 ft. lift) 

22 135 2 min. 26 sec. 

20 115 


Dennis oo} > 
Merryweather 110 130 


ee 


Halley, 60 H.-P. R.A.C, (when loaded 6 tons fully). 

Dennis, 60 H.-P. R.A.C. (when loaded 5 tons fully). 

Merryweather, 53 H.-P. R.A.C. (when loaded under 5 tons). 
In his annual report Mr. William Waddell, the chief 
officer of the Glasgow Fire Brigade, gives the horse- 
power of the Dennis fire-engine as 75 horse-power, in 
place of the 60 horse-power above, which is the Royal 
Automobile Club rating, on cylinder diameter 
alone. The Halley motor has six cylinders, 5 in. bore by 


5} in. stroke. The Merryweather motor, which has been 
two years in service, has four cylinders, and weighs 73cwt., 
against 112 cwt. for the Halley in the same condition. It 
will be seen that the secigsonsens pump was equal to 
the average of the two turbine-pumps in spite of its age, 
and of the smaller weigh 


t and power of the engine. 








abreast of the times in the matter of economy of labour 
and improved mechanical a. Work in progress 
showed a decrease of slightly over 20,000/., and, con- 
sidering the state of trade, which; 80 far as locomotives 
were concerned, had not yet shown any signs of revival, 
they might congratulate themselves that the decrease was 
no larger. The reserve fund continuéd to accumulate. The 
reserve funds now amounted to 140,000/. Profit on trading 
showed a decrease of 6718/., but having regard to the 
great scarcity of work in the market for some months 
past, keener competition and reduced pri he thought 
they. had done uncommonly well. . Out of the available 
balance the directors recommended a dividend at the rate 
of 74 per cent. for the year on the ordinary shares and the 
placing of 10,0007. to reserve. The held unswer- 
vingly to the principle of bone J up as raj | as they 
reasonably might a large and solid reserve fund. More- 
over, trade conditions for’ the’ current year had not 
announced themselves favourably, and the diréctors con- 
sidered they were acting wisely in not yet recommending 
a higher rate of dividend, 
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NAVAL SHIPBUILDING 
PROGRAMMES. 

Were it not that there is too little statesman- 
ship and too much partisanship in our parliamentary 
system of government, especially at the present 
time, more would have been heard of the pro- 
nouncement in the King’s Speech at the opening 
of Parliament that ‘‘ the requirements of the naval 
defence of the Empire have made it necessary to 
propose a substantial increase in the cost of my 
navy.” There will, however, be general satisfac- 
tion at this clearly expressed indication of the reali- 
sation of present needs, but unfortunately there 
still prevails a desire for economy at any cost by 
a section of the Government party. he final 
probabilities are that the earnestness with which 
naval supremacy was widely supported throughout 
the recent General Election will have its influence 
on all sides, and that we shall have what we have 
long contended for—a distinct indication to Con- 
tinental Powers that, cost what it may, our Navy 
must be maintained in sufticient strength to ensure 
absolute supremacy. 

The Navy Estimates must be produced within a 
comparatively short time, and it is understood that 
the total vote will be in‘the region of 40 millions 
sterling, which, it must be admitted, is a stupen- 
dous figure. For the year now closing the gross 
total was 36} millions sterling. This 40 millions is 
the largest sum that has ever been asked by the 
Admiralty in the ordinary estimates for any one year, 
and marks an advance of 15 millions sterling on the 
total of ten yearsago. Itis easy to prove that we have 
been forced into this increase by the growth of the 
expenditure of other governments, the most notable 
case being that of Germany. It will be remembered 
that in view of the Hague Conference three years 
ago the British Government held out the ‘olive 
branch”’ in the direction of the reduction of arma- 
ments, and, instead of carrying out what is now 
historically known as the ‘‘ Cawdor Programme,” of 
a minimum of four armoured ships per annum, it 
was decided to put down two battleships, with a 
third to be abandoned or laid down according to the 
action then by our neighbours across the North Sea. 
It may be a mere coincidence, but it is the fact, 
that the Reichstag passed in the following year an 
Act which increased the German programme from 
three armoured ships to four armoured ships per 
annuum for some years, with a distinct increase in the 

Vote. Tenyears ago the total sum provided 
avy Estimates was 7,476,0001. 


Here we have a three-fold increase, notwithstand- 
ing, too, that the estimates do not include pensions 
and other such ‘‘ non-effective ” charges. If we con- 
fine ourselves to the vote for the construction of ships 





and ordnance, we find that the increase in the case 
of Germany has been from 3,401,000I. sterling to 
12,171,000. sterling in 1910-11. In the case of 
Britain the total has not gone up to anything like 
the same extent. Again, as to France, the Minister 
of Marine, in his speech in the Chamber of 
Wednesday of this week, indicated that his re- 
forms include the prosecution of a comprehensive 
naval programme for the complete reconstitution 
of the fleet, and that such programme would 
shortly be put before Parliament. In Russia a 
naval programme involving an expenditure of 
100 million sterling has received Imperial sanction. 
With the United States, Austria, Italy, Spain, 
Brazil, Argentina, and other Powers actually 
building fleets of Dreadnoughts in excess of those 
contemplated but a few years ago, our expendi- 
ture must inevitably increase. 

As to the vessels to be constructed, Germany 
this year continues her unhesitating policy by 
laying down three battleships and an armoured 
cruiser, two protected cruisers, and a large number 
of torpedo-boat destroyers, while 750,000/. will be 
spent on submarine-boats. The list of ships to be 
built for the British Navy next financial year, begin- 
ning in April, will not be, as we shall presently show, 
much superior in power, if any, when we exclude 
the Colonial ships, which are being built for special 
duties in distant seas. The real question at issue is 
the relative position of the British Fleet against 
possible seme at any future date. It must be 
admitted that the building of the Dreadnought 
battleships for Austria and Italy seriously compli- 
cates the situation. Both countries have begun 
the construction of two ships each, and these 
nations each contemplate the laying down of 
two more in a few months. It is recognised that 
Germany and Austria have seen ‘‘eye to eye” 
with each other in the recent trouble m the Near 
East ; in any case there is a close bond between 
the two peoples, even should the Triple Alliance 
fail to prove sufficiently strong in the event of 
European trouble. There is thus some justification 
in assuming & —— combination of Austria and 
Germany, so that we are faced with the necessity 
of ensuring a suflicient margin of naval strength 
over these two nations, apart altogether from 
other relative standards. For the present, how- 
ever, we are absolutely safe. Germany is only 
putting into commission the first of her Dread- 
noughts, and this year may not have more than 
four of them in service ; whereas we have actually 
in commission, or will have within the next month, 
seven Dreadnoughts and three Dreadnought cruisers 
—ten in all, citation the Agamemnon and Lord 
Nelson. A year hence our superiority will still be 
satisfactory, although we shall then have added 
only two against at least four by Germany. But 
unless there is a thoroughly adequate financial pro- 
vision for progress on the eight ships ordered 
during the past year, and for the ships now con- 
templated, our position will not be quite so satis- 
factory in roman or two-and-a-half years 
hence. Germany in the past succeeded in 
secretly advancing the date when the construction 
of battleships was commenced, and the same 
may be done with their vessels this year. The 
relationship between the German Admiralty and 
Parliament seems more flexible than in our case, 
and it is thus possible to enter into provisional 
contracts, even although the actual expendi- 
ture has not been formally authorised. In the 
debate in the Reichstag on Wednesday this subject 
was raised, the principal Admiralty critics desir- 
ing to discontinue the proviso in the Estimates 
which makes the sums voted for the construction 
of any ship interchangeable, so that sums in the 
estimates of one year may be taken in conjunction 
with sums voted in other years for the same pur- 
pose. This amendment to existing conditions was 
rejected on the plea of Admiral von Tirpitz that to 
deprive the naval authorities of this freedom of 
movement would be irrational and unbusinesslike. 
Because of the absence of such freedom, or because 
of too great a desire for economy, the laying down 
of British ships has in the past been unduly de- 
layed. But if a large vote is provided for the new 
ships already authorised, all may turn out quite 
satisfactorily. 

During the year the battleship Neptune and the 
cruiser Indefatigable fall to be completed, and these 
will both require a.very substantial sum. What 
is known as the ‘‘ second-year instalment” for 
eight other ships remains to be made, including 
battleships at Portsmouth Dockyard, Scott's of 
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Greenock, Palmer’s of Jarrow, Beardmore’s of 
Dalmuir, Armstrong’s of Elswick, and at the 
Thames Iron Works, in addition to an immense 
cruiser at Devonport and another at Vickers’ works 
at Barrow. All of these ships are to be completed 
before April, 1912, and as their average cost falls 
only a little below 2,000,0001. each, it will be seen 
that the sum required for progress with armoured 
ships during the next financial year is little less 
than 10,000,000/., which more than equals the total 
vote for new construction during the current year. 
This, too, is without reference to any new ships to 
be laid down during the coming financial year. We 
understand that four battleships are to be laid 
down—one each at Portsmouth and Devonport, 
and two in private works. These are in addition 
to the two large ships to be constructed at the cost 
of Australia and New Zealand. It may be, however, 
that the laying down of these ships will be delayed 
until Jate in the year, a step which prudence 
scarcely justifies. 

As regards protected ships, Germany has been pro- 
secuting a carefully regularised programme during 
the past few years, laying down two ships per annum; 
but since 1907 there have been laid down, for the 
British Navy, four ships of the Boadicea class, of 
which two are now to be added under next year’s 
programme, and nine ships of the ‘‘Town”’ class, to 
which also two are to be added during the next year, 
so that our fleet of new vessels of this class exceeds 
the number for Germany. It must not be for- 
gotten, however, that our requirements in this re- 
spect are enormously greater, owing to the relative 
value of our floating commerce. The intention to 
lay down, next financial year, twenty destroyers for 
the Home Fleet alone is gratifying, because there 
can be no doubt that in this type of craft we can- 
not have too great a preponderance In addition 
there will be laid down three vessels of the same type 
for the Colonial fleet. Many of our earlier destroyers, 
which still appear in the ‘‘ Dilke ” return, are in 
the obsolescent stage, if, indeed, they are not already 
obsolete. We take the last ‘‘ Dilke” return because 
it is an official document. This return showed that 
Germany had 24 destroyers building, as against 25 
by Britain plus 20 ordered last autumn. Of vessels 
completed, the British list includes only 55 launched 
since 1900, as compared with 68 in the case of 
Germany. Including ships less than fifteen years 
old, vessels building, and vessels in next year’s 
programme, Germany has 104, and Britain 120. 

The condition as regards submarines is as serious. 
Germany deferred the adoption of this type of craft 
much later than some other Powers, but within 
the last two years she has shown a thorough appre- 
ciation of the potentialities of the type, as this 
year’s vote, like last year’s, is 50 per cent. more 
than the British annual expenditure on this type 
of craft. France, as well as America, has also a 
high appreciation of the type, and there is projected 
in America a scheme(which originated in the Western 
States) in favour of building during the next five 
years ten submarines perannum. Theobject is topro- 
vide against possible invasion from the Far East, the 
submarine being well adapted for such work. Of the 
British submarine fleet the newer vessels are largely 
for offensive operations, but there seems no reason 
why a large number should not be built for use on 
the east and south coasts, where there is a greater 
risk of raiding parties landing. Indeed, it would 
almost appear as if some such form of defence alone 
stands between the nation and conscription. In any 
event, money spent on submarines of a purely defen- 
sive character offers a greater security than is the 
case with some other types of ship. At the same 
time it must never be forgotten that battles can 
only be fought and won by ships of the line. 








THE RAILWAY SITUATION. 

THE results of the working of our railways for 
the second half of 1909, as set forth at the different 
statutory meetings now concluded, give evidence of 
an upward trend in the turn of trade. Gross 
receipts have risen by 0.7 per cent. in spite of the 
fact that the passenger traffic suffered very 
seriously from the bad weather which characterised 
the holiday and excursion season. At the same 
time, in spite of increased wages due to the 
awards of the various conciliation boards and 
arbitrators, expenses have diminished, though the 
traftic carried has been heavier. This has been in 
nart due to the greater importance which has of 
ae years been attached to the better loading of 
trains, but in the main to a decrease in the price of 





coal. This fact somewhat dims the prospect for the 
immediate future, since the Mines Eight Hours Act, 
which has now come into force throughout the 
country, will hit the railways, both directly and ‘‘ by 
ricochet.” An additional 6d. a ton on coal means 
to the Great Western Railway, for example, an 
additional expenditure of 37,5001. per year. In the 
meantime, lines serving the South Wales districts 
and the North-Eastern coal-field have suffered 
severely from the immediate effects of the Act. 
The loss to the Great Western Railway, due to the 
unsettled condition in South Wales, was 70,0001. 
in the half year. 

Owing to a provision inserted in the Act, by 
which its coming into force was delayed in North- 
umberland and Durham to the beginning of the 
year, the’ accounts of the North-Eastern Company 
= at the last meeting were unaffected ; 

ut the opening weeks of the new year showed 
continuous decreases in the minerals transported 
by this company, so that the prospects for the 
June half are far from bright. esides these 
direct effects of the Act, the companies will also 
suffer indirectly, due to the increased cost of 
materials generally, which it is certain will follow a 
rise in the price of coal. This, in its turn, will 
tend to reduce the tonnage handled, and it may be 
necessary to raise rates, difficult as that operation 
is. That it is not impossible, however, is proved 
by the result of the recent appeal to the Railway 
Commissioners on the coal-rates. Up till July, 
1907, it was usual to reckon freight charges on a 
ton of 20} cwt. In view of their increasing ex- 
penses, however, the companies knocked off the 
additional ; cwt., and the matter being submittted 
to the Railway Commissioners, the action of the 
companies has been upheld, and the latter will be 
entitled to recover from shippers the extra rate as 
from July, 1907. 

The companies which were the first to form 
working agreements—viz., the Great Eastern, the 
Great Central, and the Great Northern — now 
seem a little less sanguine as to the economies 
to be thus effected. At the Great Northern Rail- 
way meeting the fact that capital expenditure can 
be devoted solely to developing new districts, in 
place of defending existing sources of traffic, was 
laid down as the principal advantage of such agree- 
ments. This point is particularly well illustrated 
by the working of the agreements between the 
London and North-Western, the Midland, and the 
Lancashire and Yorkshire Railways. By this agree- 
ment the Midland Railway is now running trains 
direct from St. Pancras to Halifax over a junction 
with the Lancashire and Yorkshire line at Thornhill, 
and the company accordingly proposed to abandon 
its existing powers for the construction of its own 
line with that borough. The new arrangement 
between the London and North-Western and the 
North London lines has also proved satisfactory so 
far, although the latter company has suffered a 
further loss of passenger traftic ; but this has been 
off-set. by great economies in the working of the 
line. Some of the London and North-Western 
Railway restaurant-car expresses are now being run 
direct into Broad-street from the Midlands in place 
of into Euston. This new departure is proving ex- 
tremely popular with those having business in the 
City, and it is suggested that when the Great 
Western's new line to Birmingham is opened, as it 
will be in the course of a few weeks, that carriages 
should also be run direct into the City, passing, in 
this case, over the metals of the Metropolitan Rail- 
way to the Liverpool-street underground station. 
Negotiations for an agreement between the London 
and South-Western and Great Western Railway 
Companies are now in progress. Possibly the 
prospect of a keen competition with the London 
and North-Western Railway, which is hit by the 
development of traftic over the Fishguard route and 
by the new Birmingham line, which is two miles 
shorter than its own, has rendered the authorities 
at Paddington anxious, as it were, to secure their 
rear by coming to terms with their old rival in the 
South-Western area. 

Most of the heavy lines show a reduction in the 
number of passengers carried, though the Lanca- 
shire and Yorkshire Railway Company is an ex- 
ception to this rule, its Cs gpe we having increased 
by over 500,000; of which increase half has been 
attributable to the electrified lines. In fact, the 
increase has been so great that an enlargement of 
the Exchange Station at Liverpool has now become 


necessary, an expenditure which the work of electri- 





fication was largely undertaken to avoid. 


The ! 


other great railways have been less fortunate. 
The London and North-Western Railway carried 
43,296,355 passengers, instead of 43,879,986. The 
Midland Railway lost 32,000 first-class and 509,000 
third-class passengers, and the Great Western Rail- 
way no less than 4,096,717. The London and South- 
Western Railway Company does, indeed, show an 
increase in the number of third-class passengers 
carried, but this is solely attributable to the great 
number of District trains ing over the short 
length of line between Turnham Green and Ravens- 
court Park. This diminution in the number of pas- 
sengers carried has not generally been accompanied 
by a decrease in the passenger-train mileage. The 
London and North-Western Railway Company, 
for instance, ran 15,822,571 passenger-train miles, 
as against 15,748,155 in the corresponding half of 
1908. The corresponding figures for the Great 
Western Railway are 14,928,917 and 14,909,696. 
The Midland Railway Company, on the other 
hand, cut down their passenger-train mileage from 
11,844,572 to 11,476,664. 

In the case of goods traftic, however, the fact 
that a larger tonnage is handled with fewer train- 
miles, which has been so significant a feature of 
the returns for recent years, is again prominent. 
The London and North-Western Railway Company, 
for example, has carried a tonnage greater by 
696,543 tons with 453,060 fewer train-miles. The 
Midland Railway Company similarly have carried 
over one million more tons than in the correspond- 
ing half of 1908 on a train-mileage less by nearly 
26,000. The Great Northern Railway Company 
have lost 12,500 tons of minerals, owing, it is 
said, to the agreement between the Midland and 
London and North-Western Railway Companies ; 
but during the last two years have cut down their 
total train-mileage by 1} millions, bringing the 
figure back to its value in 1905. These figures are 
very significant of the care now taken to secure 
full wagon and full engine-loads, and are in no 
small degree attributable to the agitation started 
some time ago for the publication of ton-mile 
statistics. These most of the companies still refuse, 
since the officials are by no means anxious to pro- 
vide material for an invidious comparison between 
their own results and those of some competing line. 
Such comparisons no doubt might not always be 
fair; but the fact that they could be made would 
undoubtedly be a great incentive to the staff to beat 
their neighbour’s record if possible. In their own 
ultimate interests, therefore, the directors are prob- 
ably ill-advised in not over-riding the opposition of 
their officials to the publication of such data. 

For the poor results of the passenger traftic the 
wet holiday season was no doubt largely respon- 
sible, but the losses arising from the popularisation 
of motor-cars, motor-buses, and electric tramways 
were also marked. The first-named are having a 
very serious effect on the first-class week-end tratftic, 
the motor-car being in every way more comfortable 
for a relatively short journey, and in many cases 
much quicker, reckoned from door to door. That the 
companies have a grievance in being rated to main- 
tain the roads used by their rivals, the motor-buses 
and the tramcars, was definitely admitted in the 
recent report of the London Traftic Branch of the 
Board of Trade. The grievance is especially keen 
in the case of the municipal tramways, in which 
the companies are involuntary partners. From this 
a they reap no benefit, though they are 
iable to contribute to their support and mainten- 
ance. This liability may become very scrious as time 
goes on. The motor-bus is, as it were, in its infancy, 
whilst the tramways are probably not capable of 
much further improvement. Nevertheless, the 
competition of the still somewhat crude motor- 
bus has already, in some cases, been so keen that 
corporations have issued advertisements plain- 
tively beseeching their citizens to patronise the 
less efficient trams. Of course, in the case of Man- 
chester, and some other great towns, the Corpora- 
tion has solved the problem and secured a profit 
for their trams by an abuse of their licensing 
powers. Parliament gave them power to license 
efficient motor vehicles, and they have used it no/ 
to license them, preferring to deprive their citizens 
of the advantages of a better and more con- 
venient service, rather than run the risk of having 
= the bubble of their tramways speculation. 

ortunately, in the London area it is Scotland 
Yard which is the licensing authority, and not the 
owners of a competing system of transport. This 
latter condition of affairs no reasonably-minded 
man can consider just. 
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Recent experiences on the London, Brighton, 
and South Coast line seem to show that, where 
streets are crowded, electrical working may con- 
stitute an effective reply to tramway competition. 
The tram-cars do not merely obstruct traftic them- 
selves, but are a cause of obstruction to others, 
hence their ‘‘commercial” speed is low. The 
electrification of the South London line has accord- 
ingly already returned to the railway almost the 
whole of its loss to the trams. The schedule time 
between Victoria and London Bridge has been re- 
duced from 35 to 24 minutes. 

For some years the railway companies were able 
to report substantial decreases in the amounts paid 
in rates and taxes, appeals against over assessment 
having been very generally successful. A striking 
instance of the kind of injustice commonly wrought 
is furnished by the Cheltenham appeal recently 
decided. As the result of this appeal the assess- 
ment of the Great Western Railway there was re- 
duced from 80331. to 4566/., and the local authority 
has to refund the over-charge for two years past. 
Nevertheless, though assessments may be brought 
down to a fair figure, poundage tends to rise, and an 
increase in the amount paid in rates is this year 
almost universal, and will probably continue to 
Tow. 

9 The report of the Canal Commission constitutes 
another danger to the prospective prosperity of 
the great companies. The Majority Keport recom- 
mended the vesting of the canals in a national 
board, which should improve the waterways and 
make new ones, without regard as to whether 
these would be directly remunerative. Of course, 
even the ordinary type of Government officials can 
manage an industrial undertaking if they are not 
required to show a profit. The railway com- 
panies would probably have little to fear from the 
waterways apart from this recommendation, as 
in fair competition there are very few cases in 
this country where a waterway handles freight as 
cheaply, all charges considered, as can be done bya 
suitably-equipped railway. In considering this 
question, it has to be borne in mind that in our 
present chief lines the types of construction and 
equipment adopted have been largely based on the 
requirements of fast passenger traftic, and many 
items connected with both first cost and mainten- 
ance are therefore greater than they would be in 
the case of lines built for goods traffic only. 

The Underground Railways show a continuous 
progress, a result which must be very gratifying to 
the proprietors, who had the acumen to put the 
control in the hands of Sir George Gibb. Here 
working agreements have become general. Even 
those outside of the Underground Railways group 
have recognised that the more complete the arrange- 
ments for the interchange of traftic with their one- 
time rivals the better it is for all. In certain cases 
the adoption of an obstructive policy did un- 
doubtedly lead to a passenger being carried one 
station further on a particular line than he does 
now with the interchange facilities, but the absence 
of the latter meant that many possible passengers 
did not travel at all. 

The Metropolitan Railway has suffered a loss of 
tratlic as compared with 1908, when passengers to 
the Franco-British Exhibition alone numbered 
five millions. The normal trattic, however, is 
steadily increasing. The District Railway is now 
paying the full dividend on its guaranteed stocks. 
Last half year it carried 33,902,406 passengers, an 
increase of 7$ per cent. as compared with 1908. 
The average fare remains at 1.85d. The work- 
ing expenses are actually down, though more trains 
were run; but owing to improvements in the 


running of the Chelsea power-station, where costs 
have been cut down 27 per cent., the current cost 
2900/. less than in 1908. To further develop the 
traftic « widening between Turnham Green and 


Ravenscourt Park is essential, and for this powers 
will be sought during the ensuing session of Parlia- 
ment. This portion of the line belongs to the 
London and South-Western Railway. It has but 
two tracks, and other companies besides the District 
Railway have running powers over it. Two addi- 
tional tracks are to be laid down, to be used 
exclusively by the District Railway trains. The 
cost will be about 286,000/. 

_At the meeting of the Central London Railway 
Company it was stated that 5,000,000 ngers 
were carried to the Franco-British Exhibition in 
1908, as against but 800,000 to the Exhibition last 
year, so that, as compared with that year, the last 
six months show a large reduction in the traffic. 








The returns are, however, substantially better than 
in the corresponding period of 1907. The penny- 
fare experiment appears to have been remunerative, 
2} times as many passengers being carried at this 
rate as at the old 2d. fare. 

It is intended to definitely amalgamate the Great 
Northern and Piccadilly, the Charing Cross and 
Hampstead, and the Baker-street and Waterloo 
Tubes. Allthese show a steady improvement, though 
the dividends earned are still very low. On the Great 
Northern and Piccadilly Tube 18,338,842 passengers 
were carried, as compared with 16,990,501 in the 
corresponding period of 1908. The Baker-street and 
Waterloo line carried 13,920,000 passengers, being 
an increase of 582,895, whilst the Charing Cross 
and Hampstead line carried 14,524,280 passengers ; 
in spite of which the dividend declared has been 
only ? per cent. All these tubes do a considerable 
interchange traffic. On the Bakerloo line such 
passengers form 41.4 per cent. of the total. It is 
proposed to still further facilitate such inter- 
changes by extending the Charing Crossand Hamp- 
stead line to a new station to be formed imme- 
diately under the District Station at Charin 
Cross. This extension will be 477 yards long an 
will cost 203,0001., which will be shared between 
the companies directly interested. 








DRAWING-OFFICE FILING SYSTEMS. 

TuosE having experience of drawing-offices will 
admit that too often the system of indexing and 
filing the drawings does not work well. Doubtless 
there are offices in which any drawing, or group of 
drawings, may be found with rapidity and certainty, 
or any back work looked up without difficulty, but 
such are hardly the rule. Too frequently the 
recording and filing systems appear to be out of 
phase with the production of drawings, with a lag of 
anything up to two or three months. While some- 
times there is confusion, which is only saved from 
becoming chaos by continual appeals to the memories 
of the chief draughtsman and of some of the men of 
older standing in the office. Certainly the index- 
ing and filing of a large and continually-growing 
accumulation of drawings is not an easy matter, 
but it is doubtful if in many cases the trouble 
experienced is not due to attempts to work with a 
defective or unsuitable system. 

The devising of a satisfactory scheme of indexing 
and filing for an oftice dealing with a variety of 
work is no easy matter. To be successful a 
system must comply with a variety of conditions. 
It must be drawn up from the point of view of the 
convenience of both the drawing-oftice and the 
shop. It must not be too complicated, as it will 
require to be used by a large number of people in 
whom the average level of care and intelligence 
may not be high. It must not be too expensive. 
It must not be too rigid, and should be capable of 
extension to branches of work not necessarily con- 
templated at its inception. It should be, if pos- 
sible, to some extent, self-checking, so that mis- 
takes in indexing, which are bound to occur, may 
stand a chance of being caught up sooner or later 
and rectitied. 

It will not be supposed that a system can be 
devised which will be equally suitable for any class 
of work, or any type of office. A card, or other 
index, with asystem of subject cross-references may 
well form part of the equipment of a large drawing- 
office, but would be quite out of place in many 
smaller ones. In some ways, the choosing of a 
system for a small office presents greater difficulties 
than for a large one. In an office containing, say, 
a chief and two or three men, there is, as a rule, 
no necessity for a subject-index, and the probability 
is that, if an attempt be made to keep one, it will 
be neglected, since in a small oftice it is difficult to 
definitely apportion the work between the various 
men, and the keeping of the index is likely ulti- 
mately to become nobody’s business. Although 
such an office is unable to support.such a system 
as is necessary in a larger one, that is no reason for 
dispensing with a system altogether. Many of us 
have experience of the type of oftice in which the 
drawing numbers are simply entered in order in a 
book, the drawings themselves being made of a size 
and shape dictated by the passing fancy of each 
individual draughtsman, and filed in heterogeneous 
heaps in drawers which fit none of them, so that 
the smaller sheets slip to the back, to get out of 

lace, or be finally lost. With such a system the 
ooking up of back work is done either by running 
through the whole index, or by a voyage round 





the office, asking all and sundry if they remember 
if they ever did anything like so and so, or if they 
remember about what time such and such a thing 
was done. 

There are few large offices which work with such 


| a system, or lack of system, as that described above, 


which is, however, common enough in small ones. 
As a rule, in offices handling a large amount of 
work some form of subject-index is kept, frequently 
a card-file. As the drawings are made they are 
entered in numerical order.in a list, the drawings, 
or list, being then passed on to someone whose duty 
it is to enter the drawings under their various head- 
ings in the subject-index. This index is then sup- 
posed to be used as the sole source of information 
as to what drawings have been made. Theore- 
tically the system is all right, but in practice it 
does not, as a rule, work very well. If the system 
is to work at all, some one must be given the job of 
making all entries on the subject-index. If this is 
left to the individual draughtsman, the result will 
be most unsatisfactory ; various men will make 
entries in different ways, and put drawings under 
different headings, in line with their individual 
judgments ; while some few men, who act on a 
plan of not doing any work they can avoid, will, 
as far as possible, refrain from making any entries 
at all. here is, however, some difficulty in choos- 
ing a satisfactory man to take charge of such an 
index. No one but a technical man can really be 
competent to do the work so that the index will be 
of the maximum possible value, and there is diffi- 
culty in getting a technical man to undertake it. 
The average draughtsman looks with some contempt 
upon this class of work, dignifying it as “‘elerk- 
ing.” It is essential, however, that the work be 
placed in proper hands if the system is to be of 
value. 

The defect of a system depending entirely on a 
subject-index is that its efficiency depends abso- 
lutely upon the accuracy with which the index is 
kept. lf, owing to oversight, any drawings are not 
entered, there is quite a chance that they will be 
lost in the files, and never used again. The man 
who made them, or the chief draughtsman, may 
possibly remember them, and look them up; but 
a satisfactory system must, of course, be indepen- 
dent of anyone’s memory, and, as far as possible, 
should guard against loss of drawings owing to 
mistakes or omissions in indexing. - With any 
system of indexing and filing there is always the 
possibility that drawings may be lost by incorrect 
filing ; and if the total number of drawings is large, 
it may be a work of several days to recover them. 
This is, however, no reason why an attempt should 
not be made to eliminate the other possibility of 
loss, due to omission from the subject-index. 

Wherever it is possible to use it, we believe, the 
most satisfactory method of indexing and filing will 
be found to lie in some method of segregating the 
drawing numbers into groups covering different 
a of apparatus. With such a system the possi- 
bility of loss of drawings owing to mistakes in the 
index is practically eliminated. We are aware that 
in large offices, handling a great variety of work, 
attempts at segregation sometimes lead only to con- 
fusion, but the advantages of the system demand 
its favourable consideration and use wherever pos- 
sible. The advantage of segregation is that all 
drawings relating to any piece, or class, of appa- 
ratus are filed together, so that even if any drawin 
does not appear in the index, it can always be found 
by running through the group; while, in many 
cases, a drawing may be found, suitable for a 
particular purpose, by actually looking through the 
file, which could not have been selected from a mere 
inspection of the index. In many cases where the 
number of drawings covering any type of apparatus 
is large, the work of taking them from their indi- 
vidual places on the files may be so great that any- 
one requiring such a drawing, but unaware if the 
actual one he requires is in existence, will quite 
possibly decide to make a new one rather than 
undertake the labour of a search, although the very 
thing he requires may be lying in the files all the 
time. If all drawings of this type were filed to- 
gether, so that it was only necessary to take out 
the whole heap and look them through, there would 
be quite a fair chance of this being done, and the 
duplication of work prevented. 

n large drawing-offices the segregating system 
may conveniently be used in conjunction with a 
subject-index, but in many small ones no index will 
be required.. As the drawings are made they are 
given the next vacant number in the group to which 
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they belong, and when done with are, of course, 
filed with the remainder of their group. If the 
total number of drawings is not too large, the 
drawings may then form their own index ; anyone 
requiring a drawing from any particular group 
simply looking through the files of that group. The 
limitations of this system are obvious, but it will 
be found quite satisfactory for small offices, where 
the range of apparatus dealt with is not large. The 
system does not involve any more work than the 
mere entering of the drawings in a numerical list, 
with no further attempt at indexing, while its con- 
venience is obviously greater. ; 

In large offices, dealing with a great variety of 
work, difficulties will ey owing to the large 
number of groups that will be required, and the 
cases which will arise of drawings belonging to more 
than one group. It is this latter difficulty which 
usually stands in the way of the adoption of the 
system. A group may be started covering a certain 
engine detail, but in time it is found that drawings 
are made covering not only this detail, but parts 
belonging to another group. This at once intro- 
duces confusion, and it is obvious that in a com- 
paratively short time, if matters are allowed to 
drift, the whole system will become useless and a 
mere nuisance. This difticulty can only be met 
by a careful consideration of all the conditions 
before the system is put into operation. If the 
type of work handled, and the method of putting 
it into the shops is such that the conditions suy- 
gested above are likely to arise, then no attempt 
should be made to segregate the drawings into 
groups covering engine details. The groups must 
be een covering such types of drawings as are 
not likely to overlap. ‘Lhe possibilities of segrega- 
tion obviously depend on the range and class of 
work handled by the office, but some segregation is 
always possible. If nothing further can be done, it 
will be found of value merely to keep all general 
arrangements in one group, but the conditions of 
an office would have to exceptional in which 
further segregation than this was impossible. 








ELECTRIC WAVES AND THE ELECTRO- 
MAGNETIC THEORY OF LIGHT. 

In opening the second lecture of his course on 
the above subject at the Royal Institution on Satur- 
day last, Professor Sir J. J. Thomson, F.R.S., 
recalled the fact that in his previous lecture he had 
considered the electrical oscillations which occurred 
in the connecting-wire when the inner and outer 
coatings of a Leyden jar were discharged through 
it. He had shown then that in such case a current 
passed through this wire first in one direction and 
then in the other, and that the rate at which the 
direction changed was extremely rapid. In the 
case of the comparatively large jars used in his last 
lecture the changes took place at the rate of 50,000 
to 100,000 per second. 

In that lecture, he proceeded, the processes occur- 
ring in the connecting wire had been considered, 
but not what happened in the air in the neighbour- 
hood of this wire. On the present occasion he 
proposed, however, to consider the state of the 
medium around the wire, which was the seat of 
phenomena equivalent to electrical waves. Elec- 
trical oscillations in the wire, in fact, implied waves 
in the surrounding medium, if it were assumed that 
electrical and magnetic effects were propagated 
with a finite velocity. 

Consider, for instance, he said, the wire connect- 
ing the two coatings of the jar. If the electricand 
magnetic effects of the oscillations spread out witha 
finite velocity, then we could see at once that the 
state of the surrounding medium must be irregular, 
positive and negative effects alternating with each 
other. Such effects might be appropriately called 
‘*electric waves.” If, for instance, the velocity of 
propagation were 1 ft. per seeond, then at a point 
3 ft. distant at any instant the effects to be ob- 
served there corresponded co the effects existing 
in the wire 3 seconds previously. If another point 
were chosen 2 ft. distant from the wire, the effects 
to be observed there corresponded to the state of 
the wire 2 seconds before. If then, at 3 seconds 
before the instant of observation, the current 
flowed round the circuit in one direction, and 
2 seconds before in the opposite direction, the effects 
to be observed at a given moment at the two 
selected points would be, say, positive at the 3-ft 
point, and negative at the 2-ft. point. There was 
thusa certain periodicity to be found in the medium, 
the effects in which were thus equivalent to waves. 





He proposed that afternoon to connect the two 
conditions in the wire and in the surrounding 
medium by means of experiment, though histori- 
cally this course was wrong. In fact, the history 
of electric waves afforded one of the most remark- 
able instances of predictions made by mathematical 
theory. Maxwell, Almost from the beginning of 
his scientific career, had adopted the view that 
electrical and magnetic effects travelled out- 
ward from their origin with the velocity of 
light. In his celebrated paper published in the 
Philosophical Transactions in 1865 he had laid down 
definite equations connecting electrical and mag- 
netic effects. His views at first met with little 
approval and with scarcely any support on the Con- 
tinent, and, to speak mildly, they were not univer- 
sally accepted at home. It was, indeed, hardly to 
be expected that men trained in one way of looking 
at electrical phenomena, and accustomed to regard it 
as sufficient for the phenomena then known, should 
give up this view for one strange to them and un- 
supported by experimental evidence. After the 

ublication of Maxwell’s book on ‘‘ Electricity and 

agnetism,” in 1870, the new_ theory received 
greater recognition, particularly among the younger 
men, in whose minds it had not to suffer from the 
competition of the older theories. Many of us, Sir 
Joseph continued, were therefore not much sur- 
prised when a most remarkable series of experi- 
ments by Hertz gave direct evidence of the exist- 
ence of electrical waves. When these experiments 
came to be examined into and discussed, it was 
found that they fitted in, in all respects, with 
Maxwell’s requirements. The theorist had, in 
short, seen and predicted the whole field of the 
phenomena. This fact, the lecturer continued, 
was, he thought, the most remarkable prediction 
ever made in mathematical science, transcending 
the discovery of Neptune from planetary perturba- 
tions, as also the other well-known instance of the 
conical refraction of light. 

He would, he proceeded, try to show experi- 
ments indicating the existence of electrical waves 
in the neighbourhood of the jars, which he had 
shown discharging in his last lecture. The great 
difticulty—and from personal experience he spoke 
feelingly—was to discover some instrument capable 
of detecting the effects. It was anticipated that 
these effects would be propagated with the velocit 
of light, or 180,000 miles per second. Hence wit 
waves even a mile in length it was necessary to 
have a system which would not take more than 
180,000 of a second to vibrate. Waves a mile long 
could not be dealt. with in the laboratory, and it 
was necessary therefore to find a system which 
would vibrate millions of times a second, and 
register movements reversed at this rate. This 
was the great obstacle to progress, and Hertz solved 
it by a simple and, in his hand, very effective 
piece of apparatus. It consisted of a circle of wire 
not quite complete, but broken by a small gap. 
When cers near an oscillating circuit, tiny sparks 
crossed this air space, and it was by studying the 
variation in the brightness and length of these 
sparks that Hertz carried out all his remarkable 
experiments. It was a great tribute to his skill 
that he got his magnificent results with this crude 
piece of apparatus. Anyone who had worked with 
a Hertz detector would, the lecturer continued, 
know the difficulty of drawing any conclusion. 
Everything was a question of estimating the bright- 
ness of tiny sparks less than 1 millimetre long. It 
was difficult in such case to avoid deceiving oneself, 
as was well shown by the history of the N rays. 
The existence of these was postulated, because the 
experimenter thought certain small sparks were 
produced in one position of his apparatus, and not 
in another, and on these suppositions quite an 
elaborate theory had been built up. The results 
were, however, due to the honest self-deception 
of an experimenter with preconceived ideas, who 
thus gave himself unconsciously the benefit of the 
doubt. Yet Hertz, using sparks but little brighter, 
steered clear through all difficulties, and left us a 
large amount of knowledge of these electric waves. 

He would not, Sir Joseph continued, attempt to 
show the meeting experiments with the original 
detector, although Sir Oliver Lodge had done so in 
that room, but that lecturer had recommended his 
audience to provide themselves with opera-glasses, 
and even then it was questionable whether many 
succeeded in seeing the tiny sparks. 

Nowadays, however, there was almost an excess 
of detectors, many of which had been found in- 





finitely more delicate than that with which He: 
had done his magnificent work. In the first plac 
he might mention the coherer, an instrume) 
founded on the fact that if metals lay lightly i; 
contact and were placed in the path of the wav: 
the contact became very much better, and 
resistance very much less. After the importance 
of this instrument was known, several anticipatiois 
of it were found. Thus Hughes, the inventor of 
the microphone, in 1868 found that a tube filied 
with loose filings and placed near an induction ¢ i] 
had its conductivity affected by thespark. Branlcy, 
however, in 1890 was the first to bring the device 
prominently into notice. The coherer consisted 
simply of a tube having terminals, the space 
between which was filled with metal filings. The 
resistance of this tube diminished when placed in 
the path of electric waves. The use of a glass tube 
was not, however, necessary, the lecturer con- 
tinued. If, for instance, the circuit of a cell was 
completed through two iron wires placed loosely in 
contact, but little current would flow. If, how- 
ever, electric waves were excited in the neighbour- 
hood, the contact improved, the resistance dimi- 
nished, and more current flowed through the circuit. 
This constituted the simplest form of coherer. The 
form usually used consisted merely of a series of 
nickel filings bridging the space between two 
terminals in a glass tube, these terminals being 
laced in series with a battery and a galvanometer. 

e instrument had already been shown in that 
room by Sir Oliver Lodge, and a great deal of work 
had been done on it, but even now physicists were 
not agreed as to its mode of action. Perhaps, 
indeed, it acted in several ways. Sir Oliver Lodge 
had called it a coherer, because he thought that 
tiny sparks passing across the spaces between the 
filings fused the metal, thus forming a complete 
metallic circuit. Some such effect did occur in many 
cases, as seemed to be proved by experiments 
made in America on the potential difference needed 
to produce very short sparks. In these experiments 
very elaborate care was taken to bring opposing 
surfaces together within a fraction of a wave-length 
of sodium light. It was found that in such case a 
comparatively small potential difference sufficed for 
a start, much less than the 300 volts necessary as a 
minimum with more widely-separated electrodes. If 
one of these very short sparks did pass, the two 
surfaces must, it was found, be withdrawn to three 
or four times their original distance before the con- 
ductivity was destroyed, so that evidently some 
little bridge was produced by the first spark which 
had afterwards to be ruptured by pulling the elec- 
trodes apart. 

Again, when surfaces were very near together a 
comparatively small potential difference produced 
enormous pressures between the surfaces. Taking 
such a case as one wire laid on top of another, or 
of filings resting on filings, a difference of potential 
of 50 volts produced a pressure of 20 to 30 atmo- 
spheres pressing the contact closer. Hence it was 
both possible and probable that the contact points 
in the coherer' were pressed together with very 
great forces. 

Further, if, as there was reason to believe, an 
electric current were carried by small negative 
particles, then the proximity of a second surface 
enormously increased the conductivity of even 4 
very small air space. As a particle shot out from a 
surface it had to move in opposition to electrostatic 
forces set up by its own induction on the surface it 
had left. It therefore experienced a very great 
force, dragging it back, so that a very considerable 
velocity was needed for it to get free. If, however, 
an opposing surface were pushed up, then it got 
across very easily. 

There were, Professor Thomson continued, some 
bodies, such as lead in contact with lead peroxide, 
in which the resistance of the contact was increased 
by exposure to electric disturbances. The same 
was the case with pellets of potassium immersed in 

troleum. Whatever the explanation of the co- 
herer, the instrument was, he remarked, extremely 
convenient. 

Another form of detector had been devised by 
Rutherford. This consisted of a few pieces of soft 
iron wire, magnetised to saturation and placed 
inside a helix connected to wires ex to electric 
effects. These caused currents to flow in the wire ., 
passing backwards and forwards through the spi'!. 
and thus altering the magnetisation of the wires. 
The latter, in fact, lost magnetism, as could be 
shown by means of a etometer, as the lecturer 
demonstrated. He took, he proceeded, a great 
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interest in this form of detector, because, as used 
uy Professor Rutherford at Cambridge, it enabled 
che Cavendish Laboratory to hold for some time the 
world’s record in wireless telegraphy. With it 
Professor Rutherford had successfully signalled 
between the laboratory and his rooms, a distance 

f three-quarters of a mile, thickly built over, and 
he had even obtained indications at the observatory 
1} to 1 miles away. This instrument, he might 
add, provided a metrical method of detecting waves. 

By the kindness of Mr. Welch, he was able to 
exhibit still another form of detector, very interest- 
ing, yet very simple. It consisted of a couple of 
dise electrodes sealed into an exhausted glass 
vessel. These discs were coupled up with a 
battery, and a considerable electric field was estab- 
lished between them, but insufficient, in normal 
conditions, to discharge an electroscope coupled up 
to one of the electrodes. If exposed to electric 
waves, however, a discharge passed. For waves 
having a definite period this detector proved very 
sensitive, if coupled up to an inductance and a con- 
denser, giving the circuit the proper period. Its 
mode of action was not, however, clear, as under 
certain conditions spontaneous discharges passed, 
although the instrument was not knowingly exposed 
to electric waves. These spontaneous discharges 
ditfered in frequency, and it was sible so to 
adjust the instrument that the gold-leaf of the 
electroscope was never at rest. This did not arise 
from leakage across the glass, but from some change 
taking place in the gas inside. 

Another class of detectors largely used were 
‘‘ rectifiers.” They allowed a current to 
through them in one direction only, and thus, 
though the disturbances to which they were 
exposed were reversed millions of times, the in- 
strument cut out all those in one direction, allow- 
ing only those of contrary sign to . Such in- 
struments were very well illustrated by crystalline 
carborundum, which allowed the current to flow 
along its axis in one direction with great ease, 
but for contrary currents was almost a non-con- 
ductor. Professor Pearce had, in fact, found that 
with a given voltage nearly 600 times as much cur- 
rent would flow in the one direction as in the other. 
Another form of rectifying dectector consisted of an 
exhausted tube, one terminal in which was kept red 
hot, and the other cold. The current would only 
flow across such a tube when the hot electrode was 
negative. 

Assuming the use of one or other of these de- 
tectors, he would proceed, the lecturer said, to de- 
monstrate something about the medium surround- 
ing a condenser while being discharged. He had 
there an exact model of Hertz’s original experi- 
ment, in which two square pieces of zinc formed 
a condenser, replacing the Leyden jar used on the 
previous Saturday. is condenser was coupled 
up with an induction coil which caused sparks to 
pass between balls, and thus discharged the con- 
denser. A point of importance to be remembered 
in arranging this experiment was that the break 
which relieved the constraint of the condenser 
must be extremely rapid. The condenser, having 


a period of about Looo-aoth of a second, must 


be relieved from its constraint in a very short time 
indeed. For example, were a pendulum tied up to 
a beam, it could be started in vibration by cutting 
the string ; but if the latter were slowly untied, it 
would simply come quietly to rest without vibrating. 
The release, in short, must be very quick, and in 
the Hertz experiment this was effected by the spark. 
The balls must accordingly have no projecting 
points, for if they had, the electricity would merely 
trickle across, and the vibrations would not be 
excited. The balls therefore required to be very 
highiy polished ; in fact, to have jeweller’s polish. 
As a detector he would use, he said, a very slight 
modification of that of Hertz, merely replacing the 
Spark-gap by a neon vacuum tube, the bright- 
ness of which would serve as an indicator of the 
intensity of the effects to which the system 
was exposed. The circle of wire in which 
the neon tube was included was of the same 
diameter as that used by Hertz. Hertz first 
stucied the behaviour of his detector when the 
Sperk-gap was placed in different itions with 
respect to his condenser circuit. ith the plane 
of the circle parallel to the condenser-discharge 
circuit, Professor Thomson showed that the neon 
wy e lit up when it was at either the top or bottom 
or ‘he circle, but was extinguished when situated 


at points midway between these extremes. The 








easiest way of explaining this, he said, was to 
suppose that during its vibrations the condenser- 
discharge circuit sent out lines of electric force 
parallel to the direction of the spark which travelled 
outwards and fell on the detector. For the tube 
of the latter to become bright many lines of elec- 
tric force must fall on it, and these lines were 
parallel to the line of the balls in the condenser 
circuit. Hence when the tube was placed parallel 
to the line of the balls, it was traversed in the 
direction of its length by many lines, and there- 
fore became bright. Ina position at right angles 
to this the lines of force slipped across the tube, 
none being parallel to its length, and no luminosity 
was therefore excited. 

A more complicated case arose when the line of 
the balls lay in the plane of the detector. In such 

ition the wire was able to collect the lines of 
orce, and the tube could accordingly glow what- 
ever position it occupied. 

When a line of force left the exciting circuit it 
travelled outwards till it met the detector-ring. At 
this it divided, one portion travelling along one 
side of the ring, and the other along the other. The 
two portions running along the wire united at the 
spark-gap, but in doing so formed a loop which 
struck back into the spark-gap, whilst the rest of 
the reunited line travelled on through space. In 
this rush back into the spark-gap the direction of 
the line of fire was reversed. 

Hertz’s most famous experiment, Professor Thom- 
son continued, and the one which converted—which 
was necessary—German physicists into a_ belief 
in electric waves was, by the irony of fate, the one 
experiment which he misinterpreted, and which, if 
rightly understood, would have been of little eviden- 
tial value as to the pointatissue. This experiment 
was designed to produce:stationary waves, such as 
were produced in a closed organ-pipe by the inter- 
ference of the incident and retlected waves of sound. 
He had, he proceeded, fixed on the wall, opposite 
his condenser circuit, a reflector consisting of a 
number of metal sheets. Waves falling on this 
would be reflected, and could interfere with the 
direct waves from the balls. Following Hertz, he 
showed that, placing the detector in one position 
between the vibrator and the reflector, the tube 
lit up. Moving further away, the light was extin- 
guished, to reappear again at a point still more 
distant from the oscillatory circuit. The existence 
of these nodes and loops, as shown by Hertz, con- 
vinced many people for the first time of the exist- 
ence of electrical waves, the condition of affairs 
being taken as equivalent to that in an organ-pipe 
sounding a note. At the next lecture, however, 
he proposed to show a modification of this experi- 
ment which would give reason for hesitation in 
believing that the effect, after all, was really due to 
the interference of direct and reflected waves. 








ELECTRO-CHEMICAL ACTION AND 
BOILER CORROSION. 

Ir is somewhat disappointing that, with all our 
present scientific knowledge, there are certain 
phenomena in connection with the corrosion of 
steam-boilers which, though they are perfectly 
well known and very troublesome, are due to causes 
which are not clearly understood. Many explana- 
tions have been given, and yet little really seems to 
be known about them. There can be no doubt, how- 
ever, that they are due either to chemical or elec- 
trical action, probably to both. To what extent each 
of these is responsible for diseases, such as pitting, 
wasting, grooving, &c., to which boilers are liable, 
has for long been a matter provocative of arguments 
and discussions. Volumes have been written on the 
subject, and numberless cures, some of them, to 
say the least, ridiculous, have been advocated and 
tried. The diseases, however, still continue, and, 
in spite of all antidotes, remain a constant source 
of worry to the owner and to the engineer in charge. 
The high temperatures and pressures now in use 
have also increased their importance. It is, per- 
haps, more than can be reasonably expected that 
any certain cure should be found for these evils ; 
and all that we can hope for is that they may be 
mitigated. Enough is, of course, known to enable 
us to do this, but it still remains that boilers 
deteriorate from causes which in some cases are 
most obscure. 

It is, we believe, held by some authorities of 
high standing that all kinds of corrosion of iron, 
in whatever form, may be put down to electro- 
lysis, or, as it is more commonly known among 


’ . . . 
engineers, galvanic action. 








We are not pre- 
pared to endorse this fully, although there is 
no doubt that many forms of corrosion arise 
largely, if not entirely, from minute electric 
currents which are set up between different parts 
of boilers when in contact with water. It does 
not appear, however, that our knowledge is 
yet sufficient to enable us to say definitely that 
purely chemical action is free from blame. It 
may prove to be so, but more evidence is needed 
before we can be sure on this point. There 
is nothing new in this theory of electrolytic 
action. For years it has been regarded as an 
enemy to boilers, and has been combated in 
many ways, and who amongst us, with any expe- 
rience of the working of boilers, does not know how 
firm is the faith of some men that plates of zinc 
attached by various ingenious methods inside 
boilers are a sure charm against corrosion. The 
theory of the action of these plates may at times 
be very vague in the minds of the users, but the 
fact that the plates waste away is often held to be 
a guarantee that in so doing they save the boiler 
itself. This is, no doubt, frequently the case, but, 
unfortunately, like many other so-called cures, zinc 
is not always successful. It is still quite possible, 
however, that electrolytic action has much to do 
with the corrosion of boilers. That it has escaped 
conviction, is perhaps due to the difficulty there 
has been in obtaining absolute proof, though 
it has been easy to speak in a mysterious way of 
electric action when certain phenomena have 
puzzled us. 

Now in order to have electrolytic action, it is, of 
course, necessary to have an_ electro-chemical 
system. In steam-boilers we frequently have it, for 
therein electrodes of differing potentials may easily 
exist ; nay, probably always do exist. For instance, 
in a locomotive boiler the shell may sometimes be the 
anode, and the tubes the cathode, the water being 
the electrolyte, while, under other conditions, the 
reverse may be the case, the tubes being the anode, 
and the shell the cathode, and it may take very little 

-a slight polarisation possibly—to change the one 
into the other. The composition of the water also is 
an important factor. Probably in most boilers using 
ordinary water the iron of the boiler is the anode, 
and therefore wastes away. By the introduction 
of zinc, which is electro-positive to iron, the latter 
may often be converted into the cathode element 
and be preserved at the expense of the zinc. The 
copper ferrule, sometimes introduced between an 
iron tube and the tube-plate, at’ once introduces a 
voltaic couple, the iron tube in this case forming 
the anode and becoming the victim of electrolytic 
action, which takes place in the form of grooving 
near the ferrule, or in pitting along the tube. A 
particle of carbon or cinder in the iron, which 
is electro - negative to that metal, may also 
set up this action, again at the expense of the 
iron, the result being the small pit-holes so often 
found where corrosion is in progress. It does not, 
however, appear to be necessary to assume the 
existence of two elements within a boiler ; couples 
may be set up by the iron itself, for they may easily 
exist, particularly in the commercial form of that 
metal, and in the conditions accompanying its use. 
Previous physical treatment, internal strains, and 
inequality of temperature are probably quite sufti- 
cient to account for electrolytic action. 

Bearing upon this subject, a number of very 
interesting experiments have recently been carried 
out by Professor C. F. Burgess, of the Univer- 
sity of Wisconsin, with the object of ascertain- 
ing whether similar corrosive results to those 
found in actual boilers could be produced by means 
of minute electric currents in a laboratory a tus. 
The experiments were made with a sn go 
boiler, means being employed to measure accurately 
the magnitude of anysmall currents that might be set 
up. The apparatus used consisted of an iron pipe 
17 in. long by 7 in. in diameter, which had its ends 
closed by screwed caps, in each of which there was 
a hole provided with a stufting-box, the holes being 
placed somewhat below thecentres of thecaps. These 
stufting-boxes were provided so that aninneriron flue- 
tube, 14 in. in diameter, which was passed through 
the caps, could be insulated from the shell, and at 
the same time allow the joint to withstand a pressure 
of about 100 lb. per square inch. Asbestos packing 
was found to be most suitable for this purpose. On 
the upper part of the shell a steam-gauge was fitted 
and a small cock for the release of the pressure ; 
also a cock for the introduction of water. At the 
bottom of the shell was another cock for drawing 
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off the water and sediment. A blast flame inside 
the flue-tube was used as a means of applying heat. 
Between the inside and the outside kee electrical 
connections were made through electrical measuring 
instruments, consisting of a mil-ammeter and a mil- 
voltmeter. A large number of tests were carried out 
with this apparatus, the boiler being charged with 
different kinds of water, while various conditions as 
to heating and cleanness were employed. Prior to 
each run, or series of runs, on a given water, the 
interior of the boiler was thoroughly cleaned, after 
which 6000 cubic centimetres of water were intro- 
duced, allowing a steam-space of about 2000 cubic 
centimetres. 

The tests showed curicus results, particularly 
with regard to the variations of the electric current, 
these variations being in some cases somewhat un- 
accountable. In the first test referred to distilled 
water was used, and to this were added 3 grammes 
of amidol, the resulting solution being about 6000 
cubic centimetres in amount. In all the ex- 
periments in which distilled water was used the 
water was produced under conditions that cause 
aeration, and air in boiler-water is usually regarded 
as an important factor, though to what extent 
it is deleterious is not very accurately known. 
As soon as the water was introduced (at ordi- 
nary temperature) it was noticed that the current 
suddenly rose to 0.075 ampere, but the flow was 
only momentary, and continued only for a few 
minutes, decreasing rapidly at first and then more 
slowly, till at the end of 260 minutes it was only 
0.0085 ampere. What the cause of this was does 
not appear to be very clear, but Professor Burgess 
thinks that it may have been due partly to polarisa- 
tion effect, both at the anode and at the cathode. 
This may possibly have accounted for it. The differ- 
ences in the composition or previous treatment of 
the iron forming the inner and the outer tube 
respectively might, as he suggests, have been sufti- 
cient to cause the initial electromotive force which 
caused the current, while gradual polarisation may 
have caused the decrease of the current that was 
noted. 

When heat was applied to the inner tube, after 
the lapse of 260 minutes, the current again rose 
to a maximum of 0.067 ampere, which point was 
reached somewhat before the maximum steam 
sressure of 100 lb. per square inch was attained. 

his latter occurred about 306 minutes after the 
commencement of the test. From this point there 
was at first a rapid decrease in the current, which 
drop, however, soon became slower, and at the 
expiration of 440 minutes, when the source of 
heat was removed, it had fallen to just below 
0.015 ampere. At this point a rather curious 
thing was noticed. When the heat was removed 
the current suddenly made a slight jump up, but at 
once fell off rapidly till it reached almost zero. This 
sudden jump in the current when the heat was 
shut off was, in fact, noticed during many of the 
experiments, independent of the kind of water con- 
tained in the boiler; the jump, however, was not 
always a sudden rise and then a drop, but some- 
times a sudden drop and then arise. As before 
stated, different kinds of water were used ; in some 
cases the boiler being filled with pure distilled 
water, while different substances, such as pyrogallic 
acid, hydrogen peroxide, soda ash, and barium 
hydrate were introduced in small quantities, the 
soda ash in the proportion of about 1 lb. per 
1000 gallons. In this case the effect of the 
soda was to increase the conductivity of the elec- 
trolyte, and to increase the current flow, which 
amounted at the maximum to about 0.044 ampere. 
This was considerably more than was noticed when 
distilled water was used. The voltage also was 
higher, reaching a maximum of about 0.100. With 
distilled water the maximum voltage was about 
0.064. 

A noticeable feature of the tests was that varia- 
tions of pressure have little cr no effect on electro- 
lytic action, whereas temperature appears to 
influence the amount of current generated to a 
marked degree, and this was particularly observable 
in the case where soda ash was introduced into the 
water. If this chemical was employed in consider- 
able quantities, it was found that the heated flue- 
tube became the cathode element, and the boiler 


shell the anode, and we believe that in actual 
practice this has been found to be the case, the 
shell being attacked by corrosion, and the tubes 
remaining free from it. 

In order to test the apparatus under conditions as 
nearly as possible akin to actual practice, trials were 


it for the previous experiment. 


on the previous run; and on being cooled down again, 
and once more heated, the current was smaller still. 
In another case, after the apparatus had been allowed 
to remain short-circuited for forty hours, heat was 
applied. During the first half of this test it was 
found that for 160 minutes the current curve 
showed the flue-tube to be the cathode and the shell 
the anode, after which the opposite conditions 
existed, the flue-tube being the anode and the shell 
the cathode, although the current was much smaller 
than before. About 120 minutes after the com- 
mencement of the test the heat was removed and 
the steam pressure was allowed to fall off, though 
the apparatus was not permitted to become cold. In 
about 315 minutes from the commencement heat 
was again applied, and the current quickly fell to 
zero, and was then reversed, the flue-tube becoming 
once more the cathode. On the heat being again 
removed the current fell to zero. As to the cor- 
rosion that was noticed as a result of most of the 
tests, that on the flue-tube was found to be similar 
to the corrosion found in locomotive boiler-tubes, 
incipient pitting being noticeable along the tubes, 
ep in the lower portion. At the ends of the 
tube a marked pitting was also found. 

Without referring further -to the many tests 
described, some of tle facts which they appear to 
have demonstrated are well worthy of attention. Of 
course it may be said that the working of the small 
apparatus does not constitute sufticient ground on 
which to form a trustworthy conclusion as to what 
really takes place in large boilers. To take up this 
a, however, would, we think, be unwise. 

uch valuable information is often gained from such 
small experimental appliances, and, at any rate, 
the experiments we have described are worthy of 
very careful attention and of extended repetition. 
They, at least, demonstrate the possibility of 
marked electrolytic action. They also show that 
repeated heating and cooling promotes corrosion, 
which is also greatly influenced by the quality of 
the water and scale-preventing compounds used. 
Now if differences of temperature are responsible for 
a large portion of boiler corrosion, as the experiments 
seem to show, the problem would be largely an elec- 
trical one. How is this electrolytic action to be pre- 
vented ? Largely, no doubt, by the use of pure water, 
but not altogether, because, so long as the water is 
a conductor, so long shall we have electric currents 
formed, unless some other means can be found of 
preventing them. Even distilled water has some 
conductivity. If it were possible to prevent the 
heated parts of a boiler from making metallic con- 
tact with those parts that are not heated, a cure for 
corrosion might be found; but there seems to be 
no prospect of this. Under existing conditions 
it is doubtful whether anything more can be 
done than a reduction of electric currents to a mini- 
mum by careful attention to the composition of 
the water; and the experiments to which we 
have alluded show that a certain amount of con- 
trol can be introduced in this way, even to the 
reversal of the currents. Again, and this is a 
point to which Professor Burgess calls attention, 
it may be possible so to distribute the electro- 
motive forces that the electric current is made to 
flow in such a direction that the more vital parts 
of the boiler may be protected. This has, of 
course, been done by the use of zinc ; but this 
metal being rather costly, many boiler-owners are 
reluctant to use it. The oxide formed by the de- 
composition of the zinc is also said to be an objec- 
tion on account of its harmful effects as a scale- 
forming material. As a substitute it has been 
suggested to employ some other anode which will 
not have the disadvantages of zinc, such as an 
iron bar made to take the place of one of 
the tubes in a locomotive boiler, and _ insu- 
lated from the rest of the boiler by some form 
|of packing. This bar could be made to act as the 
anode by means of an electric current passing 
through it from some external source, and would, 
therefore, corrode in preference to the other part of 
the boiler. It might be quite possible to try this 
method, as the expense would not be great. 

In conclusion, we may say that, valuable as we 
consider the experiments quoted, they form but a 
step on the threshold of the subject, and much 
must yet be done before there can be any feeling 











made in which, after the boiler had been tested, it {of certainty with regard to the electrolytic forces 
was allowed to cool down and stand for sixteen| at work within a boiler. 
hours short-circuited, after which it was again | 
tested while still containing the water supplied to | 
On being heated | 
up again the current was found to be smaller than | 


Professor Burgess has 
shown clearly that such forces produce the forms 
of corrosion met with there, but he, or some other 
worker, has yet to discover where the sources of 
these electromotive forces are actually located, 
When this is done, and not till then, there may be 


|some prospect of putting a stop almost entirely 


to boiler corrosion. 








NOTES. 
Evectric Time SERVICE. 

THE general question of the electrical distribu- 
tion of time was dealt with by Mr. F. Hope-Jones, 
M.I.E.E., in a paper read before the Institution of 
Electrical Engineers, on the 17th inst. He pointed 
out that electric clock systems may be divided intuo 
three classes—viz.: (1) Self-wound clocks, inde- 
pendent of one another, and which simply use 
electricity to provide their motive power. (2) Syn- 
chronising systems, in which a standard clock sends 
out periodic electrical impulses to correct the hands 
of other clocks, each having an independent life of 
its own. (3) Circuits of impulse, or secondary, 
dials, to which a standard clock sends out periodic 
electrical impulses at every half-minute or minute, 
to propel the hands. The first of these classes did 
not come into the question of electrical time distri- 
bution at all, as it was essentially concerned with 
independent clocks. The second and third systems 
could, however, be properly considered in that con- 
nection. The advantages of the third system over the 
second were that the various time-indicating dials did 
not require separate winding, and that they were in 
themselves much simpler pieces of mechanism. 
Mr. Hope-Jones confined his attention mainly to 
the third class, and pointed out that on the Con- 
tinent, and in America, a type of impulse clock 
had proved the most successful. With this system 
a series of alternating impulses was generated 
every minute by a rocking armature in the stan- 
dard clock. These impulses acted on relays in the 
indicating dials and propelled the hands. No 
contacts or battery were required with this system. 
Its disadvantages were that a considerable number 
of conversions of energy were required, with con- 
sequent low efficiency, and that with a large number 
of dials a standard clock of considerable power 
was required. In England, systems of battery and 
contact clocks have been more successful. Mr. Hope- 
Jones attributed the comparative unsuccess of this 
system in other countries tothe difticulty experienced 
in obtaining a satisfactory contact-making arrange- 
ment to work in conjunction with a pendulum, 
which, while making an adequate electrical connec- 
tion, would not at the same time interfere with the 
time-keeping functions of the pendulum. The per- 
fecting of mechanisms which, while operated by a 
sot + Save] did not take any of the energy required 
for contact-making purposes from that pendulum, 
had resulted in very satisfactory systems of this 
type in England. 


THe Frencu Navy. 


The Bill dealing with the reorganising of the 
French Navy is summed up by the Moniteur de la 
Flotte as follows :—New ships to be laid down : 
(a) Battleships, 1910, one new unit and one to 
replace the Brennus ; 1911, two new units ; 1912, 
two units to replace the Carnot and Charles 
Martel ; 1913, one new unit and one to replace 
the Jauréguiberry ; 1914, two units to replace 
the Bouvet and Masséna; 1915, two units to 
replace the Charlemagne and St. Louis ; 1916, two 
new units ; 1917, one unit to replace the Gaulois ; 
1918, no change; 1919, one unit to replace 
the Suffren. Total: Six new units and ten to 
replace older ships. (b) Scouts: 1910 to 1916, no 
change, owing to the sufficient number of protected 
cruisers in the service ; 1917, two units (high-speed 
scouts), to replace the Marseillaise and Jurien de 
la Graviére ; 1918, two units to replace the Jules 
Ferry and Amiral Aube ; 1919, two to replace the 
Victor Hugo and Léon Gambetta. Our contem- 
porary gives similar data in regard to torpedo craft 
andsubmarines. The ships in question would enter 
into the service as follows :—(a) Battleships : 1910 
and 1911, no new units ; 1912, the six units of the 
Danton class, now in course of construction ; 191:}, 
one new unit and the one to replace the Brennus ; 
1914, two new units; 1915, the two to replace the 
Carnot and Charles Martel ; 1916, one new unit and 
the one to replace the Jauréguiberry ; 1917, the 
two units to replace the Bouvet and Massena ; 
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1918, those to replace the Charlemagne and St. 
Louis; 1919, two new units. (b) Nine of the 
high-speed scouts would be ready for service by 




















1919. The situation is shown at a glance by the 
following table :— 

IL.—On . 

l- IIT.—Submarine 
I.—Home Fleet. Foreign 
Stations! Defence. 
z a ” 
P doe A poy 

2 sh 2) ER Large Come-Detence _ Sub- 

& Z & g go Units. hips. marines. 
wo 16 «| «20 44 10 100 45411=56 
1911 16 10 44 10 100 56+-12=68 

¢ j= 444+8=52 10 100 68+ 8=76 

91: 52 10 100 76+- 1=77 

52 10 95 77+ 4=81 

5 52 10 85 81+ 4=85 
1916 25+1=26 10 52 10 60 85+ 4=89 
1917 26 10 52 10 60 89+ 3=92 
191s 26 10 62 10 45 92+ 2=94 
1919 26+2=28) 10 52 SE 94 


A Prosectep Iron-OrE Trust. 


The gigantic plan of forming an international 
iron - ore trust, comprising Swedish, French, 
Spanish, and Moroccan iron-ore deposits, has 
lately attracted a very considerable amount of atten- 
tion, and the probable influence of such a combine 
upon the iron industry of such countries as have 
to rely principally upon imports of ore has been 
very seriously discussed. A leading German com- 
mercial paper has at some length dealt with the 
question, which is very interesting, even if the 
realisation of the scheme may not be imminent, 
and has arrived at the conclusion that such a 
combine has no insurmountable difficulties to 
overcome. The countries likely to be directly 
concerned in the formation of an iron-ore trust 
hold, as far as capacity of production goes, 
fairly equal —— inasmuch as the iron-ore 
deposits of Morocco, when properly and rationally 
worked, will be able to occupy a similar position 
in the international market as Spain now does, for 
instance. This comparative equality in capacity 
will undoubtedly materially tend to facilitate the 
formation of such a trust, because it will prevent 
any country from demanding any special position, 
at least as far as quantity goes, nor is the different 
quality of the ore from the respective countries 
considered a material difficulty, as an under- 
standing between the phosphoric iron-ore mines 
in Sweden and France and the less phosphoric 
iron-ore deposits of Morocco and Spain could 
no doubt be arrived at ; besides, a mixture of these 
two kinds of ore is being used in several places. 
More trouble may arise from the different con- 
ditions of production in the different countries, 
which vary greatly as to cost of labour, methods 
of working, transport, &c., and it will be no 
easy task to bring about that uniformity which 
in such matters must be deemed essential. The 
position of the Governments of the respective 
countries towards this industry likewise differs in 
several directions. In Spain the aim is to export 
as much ore as possible, because it is a welcome 
source of revenue to the Exchequer, whilst in 
Sweden the Government is desirous of keeping the 
export within bounds, with the view of handling 
as much of the ore as possible within the country. 
Another difficulty is to be found in the fact that 
many of the users of ore in the iron-ore importing 
countries are financially interested in the mines. 
This is especially the case with Spanish and French 
mines, which often are largely supported by Ger- 
man and British works. The raw material which 
from such mines is thrown upon the open market 
is not sufficiently plentiful to have much influ- 
ence upon the prices; the iron works interested 
in the mines take good care that the production in 
the tirst instance benefits themselves. The Swedish 
mines are exceptions to this rule, as no foreign 
influence, generally speaking, makes itself felt 
there. As far as these mines are concerned, the 
aiming at high market prices is natural enough, 
but of no avail as long as they do not work in 
harmon y with the mines in the other countries, and 
even if the Swedish iron ore is in good demand, 
Sweden is not likely to attempt the forcing of 
higher market prices, as such an attempt, even if 
Successful at the outset, easily might, in the long 


a jeopardise the export of Swedish iron ore. 

he possibility of forming an international iron- 

a trast is being seriously discussed, and even if 
e cl 





‘ances for the moment are hardly in favour ' 


of the consummation of such a plan, its realisa- 
tion is not unlikely to be attempted sooner or 
later. 








THE EFFECT OF SUPERHEAT ON THE 
ECONOMY OF MARINE ENGINES. 

Some a tests have recently been made 
as to the effect of superheating on the economy of 
marine engines as fitted to an American steam-yacht, 
the Idalia. The results are striking : with 105 deg. 
Fahr. of superheat the water consumption was reduced 
by 15 per cent. as compared with the consumption with 
saturated steam. The Idalia is 178 ft. long over all, 
and 140 ft. onthe water-line, 20 ft. beam, 10 ft. deep, 
with a draught of 9 ft., and has a gross tonnage of 
201 tons. The propelling machinery is of the four- 
cylinder triple-expansion type, the cylinders being 
respectively 114 in., 19 in., 22}4 in., and 22}} in. dia- 
meter by 18-in. stroke, with piston valves on all four 
cylinders. The steam supply is from a Babcock and 
Wilcox boiler, using anthracite coal, with 65 ft. of 
fire-bar surface, with 2500 square feet of heating sur- 
face. The superheater, which is of the Babcock and 
Wilcox type, has a heating surface of 340 square feet. 
All the auxiliary engines, except the dynamo engine, 
take superheated steam at full boiler pressure. The 
trials were made under conditions that were pract:cally 
identical, so far as their effect on the result was con- 
cerned, the main engines and auxiliaries being run at 
nearly constant speeds. The same indicators, thermo- 
meters, and gauges were used in all the tests. The water 
consumption was measured in a weighing-tank mounted 
on platform scales, and taking water from the hot- 
wk, and discharging it into the feed-tank. The tem- 
peratures and —- were recorded at intervals of 
15 minutes, an 
taken, new instruments with outside springs being 
used. The dynamo-engine was not run during the 
trials. The coal consumption was not taken. The 
tirst test was with saturated steam, and the superheater 
was completely cut off from the steam line and open 
to the atmosphere. The circulating steam was shown 
to be dry by the throttling calorimeter. The main 
results are set out in the appended table. The trial 
with saturated steam was of 2} hours’ duration; with 
superheated steam at 57 deg., of 2 hours’ duration; at 
88 deg., of 3 hours; at 96 deg., of 24 hours, and of 
105 deg., of 3 hours’ duration. 


Summary of Tests. 














Te fe Tae le 
B13. 8. 8./ $e 
— eM £2 2M! oY 
a = - 2 oo rt oT 
5 8s ba | os | 6s 
a |a° @ a? |e" 
Pressures : 
Throttle .. : - 4 190 196 =. 201 198 203 
First receiver .. os ..| 68.4 66 | 64.3 61.9 63 
Second receiver 9.7 9.2 8.7 7.8 8.4 
Vacuum 25.5 | 25.9 | 25.9 | 25.4 | 25.2 
Temperature :— | j 
Feed... | 201 | 208; 205! 202! 200 
Hot-well .. - -| 116 109.6, 115 111.5) Ill 
Revolutions per minute : | 
Air-pump os <a 56 63) 54 45 
Circulating-pum 196 198 196 198) 197 
Main engine 194.3 191.5 195.1 191.5 193.1 
Main ergine—indicated horse-| 
power = - ee --, 512.3 495.2 | 521.1 | 498.3 502.2 
Water per hour—total .. -| 9397 | 8430 | 8234 | 7902 7790 
Water per indicated horse-power 18.3 | 17 | 15.8 | 15.8 | 15.5 
Saving of steam—per cent. .. | 7.10 18.66) 13.66 15.30 


It will be noted that the water consumption of the 
engines with the saturated steam was 18.3 lb. per 
horse-power hour, which was reduced to 17 lb. with 
steam at 57 deg. superheat, to 15.8 lb. with steam at 
96 deg. superheat, and to 15.5 lb. with steam at 
105 deg. superheat. 








WORKMEN’S COMPENSATION CASES. 
County Courts. 

Compensation Claim independent of Workmun’s Con- 
duct.—The decisions in the Courts make it abundantly 
clear that misconduct of a workman does not destroy his 
claim against his employer under the Workmen’s Com- 
pensation Act. In a case recently mentioned in these 
columns it was shown that compensation runs on even 
when the workman is in prison. It should be clearly 
understood also that the claim for compensation survives 
his dismissal from his employment. This point of law 
was raised in Salford County Court on the 20th ult., when 
the applicant applied for an increase in the award. 
mechanic named Holme, while a minor in the works of 
Messrs. Gardner and Sons, Engine Works, Patricroft, 
Manchester, suffered the loss of an eye in the course of 
his employment, and compensation was awarded at the 
rate of weekly payment due to minors under the Act 
(10s.). The applicant subsequently returned to his work. 
He had been The for twelve months. He seemed under 
the impression that for such permanent injury he was 
entitled to special consideration, and was perhaps more 


independent and disobedient than the circumstances 
justified. 


frequent sets of indicator-cards were | }, 





It was stated that he had chosen a certain! 


job, to save time, early in the morning, shortly after his 
return to Messrs. Gardner’s works, and that the charge- 
man, on arrival later, bade him begin another job, which he 
refused, and the result was his dismissal. In the meantime 
the applicant had reached the age of majority, andalthough 
he was no longer in the firm’s employment, he claimed 
compensation on the scale due to a workman who is not 
a minor, and his case was that an act of temporary in- 
subordination should not permanently deprive him of the 
compensation due to him in respect of his injury. 

The County Court Judge awarded him an increased 
compensation of 12s. a week instead of 10s. 

The employers’ defence was that but for his own dis- 
obedience he would now be in their works at increased 
wages, and the County Court Judge advised the applicant 
to seek to come to an amicable settlement with his former 
employers and obtain his old employment ; for, of course, 
the 12s. a week compensation po not go on as a life 
pension. This is a lesson to hot-headed workmen that 
their usual work at full wages is better than a pension, 
and to employers the case makes the law plain that 
partial incapacity, like the loss of an eye, which is per- 
manent, may involve compensation for life to the amount 
that is equivalent between the man’s earning capacity 
before and after the injury, and that a comparatively 
trifling incident provoking his dismissal does not end the 
employers’ responsibility to the workman under the Work- 
men’s Compensation Act. 

Suitable Work.—At Salford County Court, on the 3rd 
inst., an application was mude by Messrs. Fletcher, 
Russell, and Co., engineers, for a diminution of an award 
to a youth named Watson, who was injured in their ser- 
vice. When sufficiently recovered to return to work he 
was offered it by his old employers if he would leave Sal- 
ford for Warrington, and he refused because his enfeeblec, 
nervous condition made it undesirable to leave his home. 
A point was sought against the case of this youth by a 
reference to the operation of the new Labour Exchange 
Act. If, it was suggested, instead of having work offered 
him by his old employers at a distant branch, the youth 
ad had to go for fresh work to a Labour Exchange, he 
would have had to take the job wherever it offered or risk 
the consequences. 

This was an ingenious point on behalf of the employers. 
The law is that when the workman has recovered, and 
weekly payments are to terminate, the employers, to get 
rid of such liability, should offer him suitable employ- 
ment, or at least show that similar suitable employment 
could have been obtained elsewhere. The operation of 
the Labour Exchanges might or might not furnish a de- 
fence to the employers, for the circumstances of each case 
must determine what is suitable employment. In this 
Salford case the removal of the youth to fresh work away 
from his own home was not suitable, and in the end the 
employers proposed a compromise. 

Average Earnings.— When an a; ment has been made 
between an injured workman and his employers for specific 
weekly compensation, it is not competent for him to claim 
more in respect of the compensation agreed upon ; but in a 
case at the Dunfermline Sheriff Court on the 3rd inst., 
when Thomas Stewart and Co., Limited, sought to have 
compensation to a miner, named Burt, ended or reduced, 
it was held that although the workman was barred by his 
agreement in respect of the agreed compensation, he was 
not barred from showing that his average weekly earnings 
prior to the accident were more than double the sum fixed 
for compensation, so as to prove his loss of earning capa- 
city since the accident. he miner proved his earnings 
were 13s. a week less by reason of selena capacity since 
the accident than they were before, and he was therefore 
awarded, during partial incapacity from the date of his 
nan to work, the reduced compensation of 63. 6d. per 
week. 

Employers’ Duty to Ask for Review.—In a case at 
common law before the Sheriff Court, Dumbarton, on the 
4th inst., an aged and illiterate labourer was prosecu 
for defrauding the Clydebank Water Trust by taking 
from them 10s. 5d. per week as compensation for injuries 
received in October last. While in receipt of this weekly 

ment he went to Messrs. John Brown and Co.’s yard 
in November, and was there till the end of the year. It 
was alleged to be a fraud upon the Water Trust to go on 
taking compensation, but the old man perhaps acted 
innocently, for the Water Trust had not sought for a 
review, as they were entitled todo. They could have had 
their responsibility ended probably before the old man 
got his job at Brown’s, but they neglected to take the 
steps required md the Workmen’s Compensation Act, and 
therefore the Sheriff agreed that the prosecution should 
be withdrawn. 

Accident to Workmen at Meal-Time.—Quite a number 
of appeal cases have decided the point that a workman is 
not at liberty to take his dinner where he pleases on his 
employers’ premises, nor can the employers be held re- 
sponsible for any accident happening to the workman 
under such circumstances, when the place is dangerous. 
The latest instance of this hapless blunder by work- 
men was dealt with by the Recorder of Belfast on 
February 8, in a claim under the Workmen’s Compensa- 
tion Act, brought inst Messrs. Workman, Clark, and 
Co., shipbuilders. “The applicant was Paul Hewitt, the 


A | father of an apprentice employed as a heater-boy, work- 


ing on a boat. It was customary for the workers em- 
ployed on the boat to take their dinner on the staging of 
the boat, and the lad Hewitt was with the rest, because 
it was drier and warmer than on the iron deck. The sta 

was dangerous, and the. result was that the lad fell a dis- 
tance of 40 ft. and was killed. It was for the workers 
convenience they took their meals on the staging, and it 
was no part of the lad’s duty to be on the staging at the 
time of the accident. The a reserved his decision 
till the 17th inst.. when he refused the application for 
compensation, being guided by the precedents in the 
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Court of A l. One of the leading cases of a similar 
character—Brice v. Lloyd, Limited—has already been 
mentioned fully in ENGINgERING. It is on all fours with 
the Belfast shipyard case. A workman in Lloyd’s print- 
ing works was allowed to remain and have dinner on his 
employers’ premises. He perched himself on top of the 
lid of a hot-water tank—a comfortable seat, but danger- 
ous. He fell into the tank and was killed. The Court 
of Appeal held the employers were not liable, as the 
workman chose the risk, and the accident did not arise 
out of and in the course of his employment. ‘ 

A Wife Separated from Her Husband still Solely 
Dependent.—An important point came up in the case of 
the application for compensation under the Workmen’s 
Compensation Act, made to the Shields County Court 
Judge on February 10, by the widow of a workman named 
Dunn, who met hid death in the course of his employment 
in service of the Willington Foundry Ly pn The 
application was to record a memorandum of agreement 
made between Mrs. Dunn and the employers, which the 
Registrar had refused to record, and referred the case to 
the Judge, on the ground that the sum of 1007. compensa- 
tion, to which the widow had , seemed inadequate, 
and that it was not just to the widow that she should 
make such agreement. The employers’ case was that the 
widow was not solely dependent on her husband, and that 
therefore the redu compensation was sufficient. It 
appeared the widow had n tony 3 apart from her 
husband, and had a weekly allowance, by the magistrate’s 
order, of 6s, a week. 

This, however, is no legal excuse, because the circum- 
stance of the wife living apart from her husband does not 
affect her status as a sole dependant at his death. The 
separation order has nothing to do with the Workmen’s 
Compensation Act, and properly so, because the separation 
might at any time have come to an end had the husband 
not been killed, or the allowance might have been in- 
creased. The judge therefore refused to record the agree- 
ment in the wife’s interest, so that she might claim a 
further sum to which her sole dependency entitled her. 








THE HUDSON RIVER TUNNELS. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 22, Mr. James C. 
Inglis, president, in the chair, the paper read was :— 
‘The Hudson River Tunnels of the Hudson and Man- 
hattan Railroad Company,” by Charles M. Jacobs, 
M. Inst. C.E. The following is an abstract of the 
yaper :— 

; , Generally speaking, this system consists of 
railway tunnels in the cities of New York and New 
Jersey, connected by tunnels under the Hudson River, 
locally known as the North River. The transportation 
between these large cities had hitherto been effected 
solely by means of ferry-boats. 

Projects for the work of tunnelling under this river 
were long ago under consideration, and in 1874 work was 
commenced on a tunnel between Fifteenth-street, Jersey 
City, and Morton-street, New York. This scheme was 
continued intermittently under three different organisa- 
tions until 1891, being suspended on several occasions by 
financial and physical diffleulties. In 1902 it was again 
resumed under a new company, under the direction of the 
author as chief engineer. 

= this date the following lengths of tunnel had been 
built :— 


x 


North Tunnel, from New Jersey shaft... 3916 
North Tunnel, from New York shaft ... 160 
South Tunnel, from New Jersey shaft ... 570 


On this occasion work was concentrated on the comple- 
tion of the north tunnel, to demonstrate to the general 

ublic the possibility of constructing a tunnel under the 
Raden River, aud at the same time extensive studies of 
the whole question of providing a tunnel system in both 
cities. 

When the project was thus resumed it was again 
planned to lay two narrow-gauge tracks in the north 
tunnel with a special equipment of narrow electric car- 
riages. This plan, however, was abandoned, and a deci- 
sion was adopted to build also another—the south tunnel 
—and operate the New Jersey system of electric tramcars 
to an underground loop terminal, to be located on the 
hlock bounded by Christophet-street, West Tenth-street, 
Greenwich-street, and Huc'son-street, New York City. 

Careful consideration of the volume and destination of 
the traffic crossing the river by ferry-boats led to the fol- 
lowing conclusions: that a single pair of tubes would be 
insufficient ; that another pair should be constructed 
about a mile further down the river ; that the terminal of 
the uptown tunnel was not properly located, and that the 
tunnels should be extended from near the river front to 
the centre of the city of New York, where connection 
could readily be made with the existing and projected 
systems of passenger transportation. This led to the adop- 
tion of a pair of tunnels crossing the river from the Pennsyl- 
vania Station on the Jersey City side to a terminal on 
Church-street between Cortlandt and Fulton-streets on 
the New York side ; the extension of the up-town system 
to Thirty-Third-street and Sixth-avenue, with a branch 
about Ninth-street to Fourth-avenue ; a tunnel connection 
on the New Jersey side, joining the up-town and down- 
town systems ; and an extension of the down-town system 
westerly to Summit-avenue, Jersey City. This self- 
contained and comprehensive scheme led to the abandon- 
ment of the plan to use single electrical tramcars, and to 
the adoption of special rolling equipment in the form of 
electrical multiple-unit eight-car trains. 

North Tunnel.—Work was actively conducted on the 
North Hudson River Tunnel, the first ring being put in 
on October 22, 1902. Considerable difficulty was met 
with in driving the tunnel through the portion of the bed 





of the river where the lower portion of the tunnel is in 
rock, and the upper portion in silt. Breaks occurred in 
the overlying soft material in blasting away the rock, 
arena. the air to escape and water to come in. These 

lows were stopped by a clay in barges from the 
surface of the river, thus p ing the break in the river 
bed. Notwithstanding these and other difficulties, the 
work progressed, and the tunnel was holed through on 
March 11, 1904. 

The north tunnel under the river is 19 ft. ot in. in out- 
side diameter, being the size determined by the previous 
company. All the other shield-driven tunnels are 
16 ft. 7 in. in outside diameter. 

South Tunnel.—Work on the south tunnel was com- 
menced on the New Jersey side in January, 1903, and 
continued with some intermissions. In this tunnel the 
practice of driving the shield through the silt without 
excavation was developed, and a progress of 62 ft. of 
tunnel in twenty-four hours was made. Difficulties 
similar to those encountered in the north tunnel were met 
with in driving the shield across the rock reef, but the 
tunnel was completed without mishap, being holed 
through on August 25, 1905. 

Down-Town Tunnels. —Work on the down-town system 
of tunnels was started in Jersey City in 1905 by the 
construction of a shaft near the Pennsylvania Railroad 
station, called Pier C Shaft ; it was located 387 ft. south 
of the nearest tunnel, and a heading in rock connected it 
with both tunnels. 

The north tunnel shields were erected and the first ring 
put in at the shield under Fulton-street, New York City, 
on February 6, 1906. Work was continued, with some 
— until the headings were holed through on March 11, 
1908 


The south tunnel, which is on the line of Cortlandt- 
street, New York City, was started on January 26, 1906, 
and was holed through on January 27, 1909. The rock 
ledge being at a higher level relatively to these tunnels 
than in the case of the up-town tunnels, they are com- 
pletely in rock for a distance of about 1800 ft. 

All the shield-driven tunnels, aggregating a total 
length of 7.7 miles, have been constructed under com- 
pressed air. 

New York Approach.—The land tunnels, or approaches, 
to the up-town tunnels on the New York side follow the 
lines of the streets. In passing from one street into 
another some sharp curves are necessary, and the shields 
were successfully driven around curves with radii of 150 ft. 
to 168 ft. without mishap. Tunnel work by shield was 
continued to the intersection of Twelfth-street and Sixth- 
avenue, and north of this the work was done by cut-and- 
cover methods. The municipal authorities required that 
the street should not be closed to traffic during the con- 
struction of the railway, involving temporarily planking 
over the street, while at the same time the surface railway 
and the elevated railway had to be permanently under- 
pinned on the roof of the tunnels, and temporarily sup- 
ported during construction of the tunnels. The tunne 
are of twin-section in reinforced concrete, having a con- 
tinuous centre wall between them, to maintain their 
separation for the purpose of simplifying the ventilation 
problem. 

New Jersey Approaches.—The approaches on the New 
Jersey side were partly constructed by the shield method 
and partly by timbering, and both with the aid of com- 

air. At the point where the line connecting 
the up-town and the down-town system joins the up- 
town system line to Hoboken, a junction was planned, 
and in order to avoid the level crossing which would have 
been necessary if these tunnels had crossed each other at 
the same level, tracks for trains moving in opposite 
directions were placed one above the other, instead of 
side by side. 

The New Jersey approaches to the down-town tunnels 
were largely in the rock west of Pennsylvania Station, 
and were so located that they were built without the aid 
of compressed air by ordinary rock-tunnel methods. A 
short distance, however, after being out of the rock, it 
was necessary to construct these tunnels by the aid of 
compressed air, a shield being used on one tunnel, and 
loose-ground timbering methods on the others. 

The tunnels along Washington-street, connecting the 
up-townand down-townsystems, were built from the Wash- 
ington-street shaft, and one was driven as a shield-tunnel, 
and the other by loose-ground timbering methods, both 
having the aid of compressed air. 

Switch Enlargements.—The enlargements from the 
standard-sized tunnel were made at all junction points, 
to permit the single tunnel to branch into two parts. 
Several of these were made by ordinary underground 
tunnelling, and several were made by driving the shield 
past the point of juncture, and then excavating the 
enlargement outside the tube by loose-ground tunnel 
methods. The enlargement was then lined with concrete, 
the iron lining being afterwards removed. In other 
instances these junctions were made by building the 
masonry of the complete enlargement on the surface, and 
then sinking it as a pneumatic caisson to the proper depth. 

Stations —The stations on the cut-and-cover work on 
Sixth-avenue were made in the ordinary “ey and con- 
sisted of a series of groined arches supported by cast-iron 
columns and the concrete side and centre walls. Entrances 
to the stations were obtained in most instances by stair- 
ways through adjoining shops. The stations at Ninth- 
street, Christopher-street, and the Erie Railroad, were 
built by first driving the tunnels and lining them, then 
excavating between the tubes, and springing a concrete 
arch between the tunnels, and finally removing the side of 
the tunnels oy driven, and substituting steel 
columns therefor. 

The Hoboken Station is a three-track stub-end terminal, 
built by cut-and-cover methods, the roof consisting of a 
series of groined arches supported by cast-iron columns, 





Pennsylvania Station is in rock formation, and consis: 3 
of two separate“concrete-lined tunnels, each of 23 ft. 6 in. 
span ; each tunnel contains one track and one platform. 

ccess to the steam-railway terminus above is obtained by 
four hydraulic plunger elevators, and to the street by two 
such elevators. 

Church-Street Terminal.—The terminal of the dow»- 
town — on the New York side is situated in Chure!- 
street between Cortlandt and Fulton-streets, and as the 
track-level is 37 ft. below the surface of the street, or 12 ft. 
below mean-tide level, and is located in sand formation, 
it was necessary to surround the entire site to be occu- 

ied by the station by a wall of impervious material, 

his wall was sunk to the underlying rock to an averave 
depth of about 78 ft.. below the surface and in the 
form of pneumatic caissons built in sections about 
30 ft. long. An office building, twenty-two storeys 
high, was built over this site, and a ment floor 
below the level of the tracks. The foundations for the 
internal columns supporting the building were also sunk 
by means of pneumatic caissons, and, after sinking, the 
steel columns were erected on these foundations. The 
floors immediately below the street were placed before 
excavating below them, in order to take the thrust of the 
outside walls. The excavation was then continued until 
the next floor below was reached, when it was erected 
and thus continued until the bottom was reached. 

Ventilation.—The tunnels are ventilated by exhaust 
fans removing the foul air from the tunnels, and main- 
taining an air-current in the direction in which trains 
run, fresh air being drawn in at the stairways, supple- 
mented by blowers blowing fresh air into the tunnels at 
various points. 

Track.—The track consists of 85-lb. steel rails spiked to 
sleepers on broken-stone ballast. Steel tie-plates are 
used, and also screw-spikes { in. in diameter. On the 
sharper curves manganese-steel rails are used. 

Power-House.—The power-house for furnishing electric 
current for the road is located in Jersey City, and is 
equipped with two 3000-kilowatt and two 6000-kilowatt 
turbo-generators. 

Carriages. —Special equipment of steel carriages is 
used, each carriage being 48 ft. 3 in. long by 8 ft. 10 in. 
wide and 12 ft. in height, mounted on bogie trucks. 
The total weight of the car, with 100 passengers, is 
88,550 Ib. 

Surveys.—Triangulations and surveys for the setting of 
the tunnels had to be carried out with great care, the 
extreme accuracy with which the lines were transferred 
down the shaft being demonstrated by the precision with 
which the various headings met. 

Cost.—The total cost of the work was about 6,000,000/. 
for the 124 miles of single-track tunnel comprising the 
system. 

Conerete.—A marked characteristic of the work was the 
freedom with which concrete and reinforced concrete were 
used as a substitute for other forms of masonry. 

Stability of Tunnels in Silt.—The question of the sta- 
bility of tunnels in silt was given very careful considera- 
tion, and it was decided that the bearing-power of the 
silt was sufficient to maintain the tunnels in equilibrium 
considering the light character of the trains to be operated. 
In the case of the Pennsylvania Railroad tunnels crossing 
the Hudson River, of which the author is also engineer, 
provision was made in the work for the sinking of piles, 
15 ft., apart through the silt to a solid stratum, on account 
of the heavier character of the railway equipment ; but 
during construction extensive experiments and investiga- 
tions were made which led to the decision that these sup- 
ports were unnecessary, and they were, therefore, not 
constructed. 4 . 

Organisation and Staff.—The staff was organised into 
two main departments—engineering and construction. 
The engineering department had to db with the design, 
survey, inspection, setting-out, records, &c.; and the con- 
struction department was charged with the actual direc- 
tion of the workmen, the ordering of the materials and 
supplies, the operation of the power-plants, &e. Both 
departments reported to the author as chief engineer, and 
to the deputy chief neem, Mr. J. Vipond Davies. _ 

The up-town tunnels were opened for traffic on Feb- 
ruary 25, 1908, and the down-town tunnels on July 19, 
1909. 





ENGINEERING STaNDARDS COMMITTEE: REPORT ON 
Sranparp Locomotives FoR INDIAN Rarways.—The 
third report on standard locomotives for Indian railways 
has just been issued by the Locomotive Sub-Committee of 
the Engineering Standards Committee. This report in- 
corporates, in revised form, the first and second reports 
(Nos. 5 and 26) previously issued. The first report <lealt 
with five designs of locomotives—viz., a 4-4-0 passenger, 
and a 0-6-0 type of goods locomotive, both for the 
5-ft. 6-in. gauge; and a 4-6-0 type passenger, a similar 
type of engine, for mixed traffic, and a 4-8-0 type of 
goods engine for the metre-gauge. The second report 
supplemented these by designs for an “ Atlantic “ type 
(4-4-2) of engine, a 4-6-0 type for mail and pace 
service, and an eight-coupled goods engine an suitable 
tenders, for the 5-ft. 6-in. gauge. The new matter given 
in the third report now deals with a metre-gauge tank- 
engine of the 2-6-2 type, a consolidation (2-8-0) type of 

is engine for the metre gauge, a 4-8-0 type of engine 
or the metre-gauge and a 2-6-4 type of tank-engine ‘or 
the 5-ft. 6-in. gauge, some alterations having also ‘en 
made in the designs given in the first and second reports. 
The desi thus given cover six types of locomotives 
for the 5-ft. 6-in. gauge, and four for the metre-gauge, 


tabulated particulars, and plates, are given for these. 





specification is published at 21s. net, and may be obtained 
ree the onset of the Committee, 28, Victoria-strevt. 


S.W., or from Messrs. Crosby Lockwood and Son, ~+- 
tioners’ Hall-court, Ludgate-hill, E.C. 
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INDUSTRIAL NOTES. 


Durine the present week Parliament has opened. 
In the early days the Cabinet prepare their pro- 
vramme for the session, in accordance with the 
measures indicated in the King’s Speech ; the Irish 
Party and the Opposition formulate their programme 
of opposition, and the Labour Party prepare the 
measures for which they will fight. e Bills in- 
cluded in their programme are :—(1) Trade-Union 
Law Amendment Bill; (2) Unemployed Workmen 
Bill ; (3) Education Administrative Provisions Bill— 
including the feeding of school children ; (4) Forty- 
Kight Hours’ Week for all Workmen ; (5) Nationalisa- 
tion of Railways; (6) Eviction of Workmen durin 
Trade Disputes; (7) Compulsory Weighing an 
Measurements in connection with Steel, Lime, and 
Cement Work. This is a pretty mri | list of 
measures, quite outside of the ministerial Bills of a 
party political character and general administrative 
work. The new chairman of the party, Mr. Geo. N. 
Barnes, was rather too precipitate in his much-reported 
speech or statement, for all of his colleagues have had 
to repudiate it as the Labour Party’s policy, and he 
has had to declare that it was his own policy, not that 
of the party. Since the General Election, the Labour 
Party has lost two of its active members, Mr. 
Summerbell, of Sunderland, and Mr. Pete Curran, 
both defeated at the poll. 





The report of the Associated Iron-Moulders speaks 
more hopefully of the state of trade, and its near 
future, than for a long time past. The decrease of 
members on idle benefit was but small—only six, but 
then the New Year’s holidays had to be counted in 
the month. The membership was well maintained, 
and the outlook was good in nearly all centres—inland, 
as well as on the coast. The General Election tended 
to unsettle business, but that being over, it is ex- 
pected that trade will revive, especially in all the 
shipbuilding centres. The report _— with regret 
of the closing of two shops in which a large number 
of members were employed, but one of the firms have 
a second foundry in another busy town. The other 
works, it is hoped, will re-open, or be let to some other 
firm. Both concerns are spoken of as good employers, 
hence the council express regret. The finances in the 
month suffered, the capital loss being 1097/. 14s. 2d. 
This was mainly due to stoppage of work during the 
New Year's holidays. Superannuation benefit was 
heavy, as was also funeral benefit, the loss by death 
being larger than usual. As the English Iron-Founders 
and the Scotch Iron-Moulders work together in har- 
mony, the shops closed to members of the one society 
are closed to both. There are in all nineteen shops so 
closed, all of which are in England and Wales. ‘here 
are also four such closed shops in Scotland, at which 
the English members cannot apply for work. 





The report of the Associated Blacksmiths is hopeful 
in tone as regards improvement in trade, but at date 
of the report there was little room for rejoicing. The 
number of unemployed had not declined appreciably ; 
but, then, the New Year holidays take the place of 
the Christmas holidays in Scotland. The report 
states that the new work booked is encouraging, and 
justifies the belief that we have turned the corner, 
and are now on the upward grade. In shipping 
*freights have improved, so that owners may be in- 
duced to place orders ;” it adds, ‘‘ at any rate, ship- 
building has had a good send-off during the month.” 
The income is again below the expenditure, so that 
there is a loss to the funds of 294/. 15s. The expenditure 
for out-of-work benefit in the last two years was the 
greatest ever known in the history of this union. The 
society has generally steered pretty clear of strikes, 
as the late general secretary was opposed to all stop- 
pages if there was a possibility of averting them ; the 
strikes therefore were few. There are general special 
tributes to his memory in the report by the executive 
ani the branches. They feel that thay have lost a 
zealous and faithful servant. There are now no dis- 
putes in progress, for the society has endorsed the 
agreement which is intended to prevent strikes during 
the next four years, as the ironfounders, moulders, 
and other trades have done. 


lie Monthly Report of the Cotton-Spinners is not 
quite so favourable as it usually is, but it is due to 
t might be termed accidental rather than to 
nal conditions. The united membership of the 
As-ociation was 19,492, showing a gain in the month 
ot 24, and of 573 in the twelve months. But of full 
bership there was a gain of four only, and a loss 
nine, since a year ago. The total in receipt of 
efits works out at 14.77 per cent., as against 10.17 
per cent. in the previous month, and 6.83 per cent. in 
the same month a year ago. But the average weekly 
Pr°portion entirely out of situations was only 1.34 per 

‘'.. as against 1.23 per cent. in the previous month, 
‘2.17 per cent. a year ago. A large proportion 
‘© on the funds from temporary causes, due to acci- 
and scale pay when employed at piecing. The 


we 


dents 





loss of employment through bad trade was not there- 
fore alarming. The total given of half-timers was 
only 178, so that it would appear that their days are 
numbered. The officials attended to 14 dispute cases 
in the month, 28 in the previous month, and 33 in 
the same month a year ago. The total number of 
minor accident cases reported to the central office 
was 34; previous month, 48—same as a year ago. The 
permanent accident grant of 100/. was paid to a 
member who lost his right eye. There were 44 com- 
pensation cases sent to employers, 52 in the previous 
month, and 62 in the same month a year ago. Aggre- 
gate since the Act passed, 3685. A sum of 154/. 15s. 
was obtained for the widow of a member killed while 
at work, and 250/. for an injured member in lieu of 
weekly payments. The loss in funds in the month 
amounted to 2087/. 15s. 6d.; it would have been greater 
but for exemption from amalgamation levies. 





The report of the Boilermakers and Iron - Ship- 
builders is a little more favourable than it was. The 
total on the funds was 16,941 ; last month, 11,577. 
The increase was under the heads of ‘sick benefit” and 
" a allowance ;” under the head of *‘ un- 
employed ” there was a decrease of over 100. The ex- 
penditure decreased by 5022/. 3s. 7d., which shows im- 
provement. There was a net decrease of 175 in member- 
ship owing to non-payment of arrears at the end of the 
year. The superannuation fund was able to lend to 
the general fund 25,375/. It is again stated that there 
is undoubted evidence of improvement in trade by the 
readiness with which the branches remit money to the 

eneral fund, instead of asking for a remittance. 
embers on compensation benefit, owing to accident 
while at their work, are again cautioned against delay 
and neglect. They are told that if by such neglect 
they suffer loss, the fault is their own, and they alone 
must put up with the consequences. Members are also 
cautioned as to working with non-members, and those 
on superannuation can only return to work by repay- 


ment in full of all the benefits they have received from. 
Defaulters are to be strictly dealt with 


the fund. 
according to the rules, and all fines are to be paid up, 
It is reported that one of the members’ delegates has 
been appointed to a position under the Labour Ex- 
changes Act, and has therefore resigned his position as 
an official of the society. 





The report of the National Union of Boot and Shoe 
Operatives says : ‘‘ Judging by reports, trade is some- 
what above the average for the time of year,” and the 
outlook indicates further improvement. Disputes were 
few and not serious, for the officials and members 
of the council were able to deal with the matters at 
issue. Two long-standing disputes were settled b 
arbitration, on a quantity statement for lasting, whic 
is regarded as fair. The other is a certain extra for 
toe-puffs, in certain cases where such have to be exe- 
cuted. A brief statement is made as to the General 
Election and its results ; great regret is expressed at 
the defeat of the Society’s candidate, who, it appears, 
acquitted himself well in the last Parliament as their 
Member. The Society had a second candidate on this 
occasion, but both were defeated. They are both con- 
gratulated on the fight, and are assured of the full con- 
fidence of the members in any future contest. Mr. 
Richards, for Wolverhampton (West), only lost by 592, 
Mr. Shepperd by 2771, in Bristol (Kast). With the 
usual monthly report is included the half-yearly report 
for the last half of 1909, bringing down to January 1, 
1910, the finances of the union. The total cost of all 
benefits was 28,572/.; in previous half-year, 27,343/. 
5s. lld. The chief increase was in out-of-work pay 
and disputes, the latter — highest. There 
were also heavy amounts for Labour representation, 
Trades Federation, and the Trades Congress. The 
costs of arbitration were moderate, while the gains 
were considerable. To this, however, must be added 
the expenses of investigation, mostly saved by the 
avoidance of disputes. 

At aeeboret 

The American Federationist for this month—Feb- 
ruary, 1910—contains the — of the American 
trade-unionists against the United States Steel Cor- 
poration as inimical to the community of the mass of 
the people of the United States. The petition was 
presented to the President himself by a deputation 
appointed by the Pittsburg Conference in December 
last. The President stated that ‘‘ he would take the 
matter up with his official advisers.” The petition 
goes into detail as to matters to be investigated, 
cites other cases of a similar kind in which the law 
has interfered, and declares that the Steel Trust 
“exists in violation of the Sherman Anti-Trust 
Law.” It accuses the Trust of bringing in foreign 
labour to oust English-speaking people, when it had 
declared at its foundation that its object was the 
reverse. Again, it accuses it of exacting excessive 
prices, and excessive labour from its employees. The 
petition is followed by an address to the whole 
of the unions, in which it is asked that each union 
shall contribute to the general funds 5 cents per 





member, to fight the Steel Trust in all the Courts. The 
appeal is wide, for it seeks the support of all injured 
by the Trust. There is a legal article on ‘‘ Contempt 
Procedure in Equity,” which deals primarily with 
injunctions in labour disputes, which are condemned. 
The demand is that the law in this respect should be 
brought into conformity with procedure under general 
laws, and that the evidence submitted shall be regu- 
lated by positive law. Contempt of court should like- 
wise be so regulated in all cases. The question, Can 
Government employees strike? is dealt with, which 
shows that in a number of employments they are 
forbidden to do so. The editorials also deal with 
some of the matters mentioned. 





Up to the date of writing the muddle in the Northum- 
berland coal-fields continues. Last week the executive 
issued a manifesto, in which the men were besought to 
return to work and try the three-shift scheme. They 
were also apprised of the fact that the unemployment 
grant would be discontinued after the end of that 
week—that is, from Saturday last. The delegates 
from the lodges met on that day and declined to resume 
work. Ina previous demand they asked that a ballot 
be taken on the three-shift system. The executive 
replied that that would be a farce, as none would vote 
for it—all against it. At many of the collieries the 
men have been idle since January 1, and they show no 
signs of giving way. These form the pioneers of the 
dele ates and open meetings at which the executive 
are denounced, and the feeling is such that Mr. Burt 
has. been called upon to resign. Every member of the 
executive who signed the agreement is shunned. 
One of the delegates at last Saturday’s meeting 
said, in their favour, that if they had known that the 
three-shift system was to have been included, they 
would have refused to sign. But even at that date the 
opposition to the three-shift system was well known. 
Some of the speakers were very severe upon the 
executive, and declared that the men on strike were 
fighting for privileges long ago won after hard fights by 
their former leaders. The resolution, after all the 
hard speaking, demanded that a general council should 
be called to discuss the situation, or appeal generally 
to the National Federation. In the Durham districts 
matters have toned down. The men accepted the 
advice of their leaders to give the new scheme a trial ; 
this is being done in most cases, with what results are 
not yet known. Usually the two counties have 
acted together in all general cases of policy ; they did 
in this up to a point, and then they divided. If, how- 
ever, the Northumberland miners go in for a general 
strike, the chances are that both associations will 
come together again against the three-shift system. 
As it is the strike has lasted nearly two months, with 
great loss to employers and employed. Moreover, the 
organisations have suffered very severely. 





The position in South Wales and Monmouthshire 
had not much improved at date of writing. On Satur- 
day last there was a special conference of delegates 
representing the South Wales Miners’ Federation. 
It was convened to receive the report of the Executive 
Council respecting the negotiations with the employers’ 
representatives on the situation as regards the new 
wage scheme as the basis of the proposed impending 
agreement. The report of the executive stated that 
the coalowners’ and miners’ representatives had dis- 
cussed matters for eight days by joint meetings of the 
Conciliation Board, and very little progress had been 
made. Nevertheless the executive proposed that ‘‘ the 
negotiations continue with the view of arranging an 
agreement, but with power to convene either a South 
Wales Conferenceora National Conference as they think 
desirable. An amendment was submitted which ex- 
pressed adherence to the original demands, and request- 
ing the executive, through the executive of the National 
Miners’ Federation, to call a conference to consider the 
situation with a view to taking national action.” 
The latter resolution only obtained 45 votes; the 
origina], 219 votes ; majority for the resolution of the 
executive, 174. It was stated by the secretary, Mr. 
T. Richards, M.P., that the employers at the last 
conference were very emphatic in opposing the proposal 
of the miners to increase the minimum wage from 30 
to 40 per cent. as the minimum basis in the pro- 
posed new agreement; to secure payment for small 
coals ; and to secure a fixed wage for working in 
abnormal places. These are just the items demanded 
by the men; where, therefore, is the chance of a - 
ment? The date is near for the termination of the 
agreement now in force, and the enactment of the 
new agreement. The negotiations have been pro- 
longed with little results. But there is yet time to 
pave the way to an amicable arrangement, if the 
parties are so dis 





There are indications of material improvement in 
the iron and steel trades, and the outlook is better all 
round. The call for material is but delayed, for con- 
sumption is greater in several sections, for best brands 
most of all. 
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STEAM-DRIVEN PUMPING PLANT FOR 
DEEP WELLS AND BORE-HOLES.* 


By Autrrep Tow Er, M.I. Mech. E. 


At the summer meeting of the Association, held in the 
Westminster Town Hall, in the year 1897, the author had 
the honour of reading a paper on pumping machinery, 
dealing on that occasion with an engine located within 
suction distance of its water supply. is engine (Aubrey- 

al 





street, Liverpool Corporation ter Works) was the first 
of the triple-expansion, vertical, three-crank type built 





may be of the ram type, if the water-level does not vary 
more than 24 ft. The latter type of pump must be fixed 
above the highest water-level, while the former can 
immersed in the water to almost any depth. The author 
is of opinion that water for domestic use may be pumped 
from a maximum depth of 500 ft. below the point of de- 
livery in one lift from a well or bore-hole; but in current 
practice 300 ft. is seldom exceeded. It will be understood 
that, other conditions being equal, the wear and tear of 
working barrels and bucket-rings varies in proportion to 
the effective lift. If the lift is considerable, it is usually 





advisable to break it into two lifts, either at the surface 
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way; but if of the ram or plunger type, the pump-case 
a clack-box may be time ee as to givean desired 


be | water-way. It will, therefore, be apparent that such 


pumps may be run at a considerable speed, particularly 
where they are located near to the engine and coupled 
directly to it. On the other hand, in bucket-pumps, such 
as are employed in deep wells and bore-holes, the valves 
are either within, or are required to pass through, the 
working barrel; and the water-way being therefore 
limited, a slower speed and, preferably, a long stroke are 
necessitated. 

- The mechanics of pump construction being somewhat 
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by the makers ; but, as proving the value of the improve- 
ments which have resulted from the experience gained, it 
may be mentioned that whereas the mechanical efticiency 
of the Aubrey-street engine was 86.8 per cent. on a lift of 
102 ft., and the duty was 134 million foot-pounds per 
1000 Ib, of saturated steam at 133 Ib. pressure above atmo- 
sphere (based on pump displacement at a speed of 34 
revolutions per minute), the best of the four engines 
supplied to the Rand Water Board, South Africa, and 
tested by Professor Orr in 1908, gave a mechanical effi- 
ciency of 93.4 per cent. on a lift of 960 ft., and a duty of 
183 million foot-pounds per 1000 Ib. of steam at 183 Ib. 
ressure above atmosphere, superheated to 120 deg. Fahr. 
based on water actually delivered at a speed of 41 revo- 
lutions per minute), which result constitutes the world’s 
record for minimum steam consumption against water 
delivered. 

Even allowing for the increased steam pressure, the 
great head pumped against, the number of revolutions, 
and the amount of superheat, the author ventures to 
submit that these results show very satisfactory progress 
during the interval of eleven years. He now proposes to 
consider that class of plant in which the engine is out of 
suction distance from the water to be pumped; the 
pumps, therefore, requiring to be so placed as to allow 
of the level of the water receding when pumped, and 
being located some distance below the engine. As this 
type of pump requires to be actuated from the engine by 

8, the name ‘‘rod pump” is sometimes applied. Suc 
pumps may be pineed in either deep wells or bore-holes, 
and whether a well or bore-hole, or a combination of the 
two, should be — depends, or should depend, 
upon : (a) The depth the water is lowered by pumping ; 
and (+) whether the strata — water freely. Borehole 
pumps must be of the bucket type, whereas well-pumps 


* Paper read before the Association of Water Engineers. 
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Fig.2. 





or immediately above the highest water-level, the upper, 
or forcing, pump being either of the ram or piston type. 





of the working determines, in a measure, the water- 
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The speed of the pumping is governed by the clear | as is in this case required. Accuracy of machi 
waterway available, the type of valves employed, and the |a matter of di 
length of stroke adopted. In force-pumps the waterway | accuracy would have to be | 
is unlimited, as the valves are exterior to the working | barrel, of, say, 20 in. in diameter and 10 ft. long. ‘ 
barrel. If the pamp is of the piston type, the diameter | bucket which eo seem to be a good fit to —~* ul 
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beyond the scope of this paper, the author will confine 
himself to indicating the principles which, in his opinion, 
affect the durability and efficiency of rod-pumps. The 
valves should offer a minimum amount of resistance with 
a maximum water-way, and at the same time be sensitive, 
quiet in action, and remain tight when closed. The latter 
| condition offers no difficulty with clean water ; but water 
drawn from wells or bore-holes often contains solids, such 
'as sand and pebbles, particularly in the early stages, after 
completion ; and in such cases special buckets and clacks 
should be employed until the conditions become normal. 
Valves having metal-to-metal faces cannot be used suc- 
| cessfully in pumping sandy water unless the quantity and 
size of the grains of sand are relatively small. The slip 
in bore-hole pumps depends, firstly, upon the sensitive- 
ness and ti Leeote of the valves employed ; secondly, 
| upon the tightness of the bucket in the working barrel, 
‘and, thirdly, upon the effective head pumped against. 
In order to avoid valve-slip, the valve must not only be 
tight when closed, but must be closed at the moment of 
reversal ; furthermore, it should be so constructed as to 
constantly alter its position on its seat, as this tends to 
keep the faces in good condition. This applies to all 
reciprocating pumps. 

With saad 40 Cae leakage, it is sometimes argue 1 
that no rings or packing are necessary if the bucket !s 
deep, is turned a fit in the working barrel, and fur- 
| nished with a number of grooves—that rings are a nuisance 
| and sometimes jam, and are liable to be damaged in p>>- 
| ing the pump tree-joints. In the author’s opinion 1t : 
| not commercially practicable to make a worees = m4 i 

ne-work 18 
, and considerable tolerance for in- 


ave to be allowed in boring a w ae | 


tiated would probably touch in places only. ’ 
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if the accuracy thus called for were practicable, the bucket 
would probably .jam as soon as 1t was put to work, 
especially in a new well or bore-hole where sand or grit is 
most likely to be brought up with the water. With 
regard to the liability of bucket-rings to be damaged by 
catching a projection in the trees, this can be avoided 
by seeing that there are no projections to catch. 

“In bucket-pumps furnished with a good form of pack- 
ing the author has found that an allowance of 5 per cent. 
for slip to be ample to cover all leakage. Bucket-rin 
should be so made that they will allow of considerable 
wear before being renewed. The jointing of the rods 
should be quite rigid when cottered wp» and yet —-7 to 
uncouple when desired. If this is not the case, the vibra- 
tion of the rods will cause chafing of the cotters, which 
will gradually work loose and give trouble. ; 

In rod-pumps the moving parts should descend by their 
own bry and not have to be forced down, otherwise 
buckling of the rods will take place ; although such rods 
may be guided, abnormal wear and tear will take place. 
Newton, many years ago, first made known the law of 
gravity, according to which falling bodies acquire a 
rapidly accelerating velocity. Assuming that the velocity 
due to gravity must not be exceeded, it follows that a 
short-stroke rod-pump must be driven with a lower 
bucket speed than would be possible if the stroke were 
longer. Furthermore, neglecting the working barrel 
and bucket packing, all the wear and tear takes place 
during the reversal at the end of each stroke, and 
therefore the fewer the reversals in a given time, the 
longer the life of the pump. The author hopes that by 
the foregoing observations he has removed any doubt as 
to the superiority of long-stroke rod-pumps, and that it 
will be generally acce that such pumps have a greater 
relative capacity and durability, and are preferable to 
those of a short stroke. This point is of the utmost im- 
portance when the yield or cost of a bore-hole is being 
considered. 

The most common and oldest form of bore-hole pump 
is that in which the clack is separate from the bucket. 
In this type it is necessary, when the clack requires to be 
drawn, to draw the bucket first and then fish for the 
clack. Sometimes a bridle is attached to the underside 
of the bucket, so that the clack is drawn up at the same 
time. This system is, however, only applicable to short- 
stroke pumps ; and the author would not even then con- 
sider it good practice if applied to pumps of medium or 
large size. It has been pointed out already that the 
capacity of a pump depends upon its waterway. The 
proportion between the waterway and the diameter of 
the working barrel varies, decreasing with the size of the 
pump ; so that pumps of small diameter cannot be driven 
as fast as those of larger diameter. The author has not 
seen any form of reciprocating bore-hole pump that gives 
a greater waterway relative to the diameter of its work- 
ing barrel than the old form in which the bucket is sepa- 
rate from the clack. 

The capacity of any pump in which the working barrel 
is immersed below the surface of the water is inc 
by the head on the underside of the suction-valve or clack 
—that is, as the water more readily follows the bucket, it 
may be runat a greater speed; but the normal capacity 
of such pumps should be calculated without allowing for 
such “suction head,” and the water level should be taken 
from the centre of the working barrel. In what is some- 
times called the “concertina pump,” two buckets are 
actuated in one working barrel by two sets of rods—one 
bucket ascending while the other is descending. It is 
claimed for this type of pump (1) that it has a greater 
capacity than a single-acting bucket-pump, with the same 
diameter of working barrel ; (2) that no live load is put 
upon the working barrel or pump trees; and (3) that a 
considerable saving in first cost is secured. The author 
is of opinion that no material increase in capacity can be 
obtained without abnormal wear and tear ; and the great 
objection to this type of pump is the velocity of the water 
through the valves, due to the fact that the top bucket, 
when descending, meets an ascending column of water 
actuated by the lower bucket. The wear and tear of such 
pumps is often excessive, and slip is probably greater 
than in the older form, due to the running joints bein; 
doubled. It is quite true that the statical portions of suc 
a pump—that is, the pump-barrel, rising-main, &c.—are 
not subject to the weight of the water-column ; but this, 
in the author’s opinion, is immaterial, as a pump made 
strong enough to take its own weight, and to resist the 

ressure due to the head and any swaying action, will not 
 Over-strained by the additional weight of the water. 
Tn any case, the foundations or supports should be amply 
strony enough to take the live load. With regard to first 
cost, the concertina type of bucket-pump has a decided 
advantage as regards capacity for any given diameter of 
working barrel ; but this, as hve Ben A pointed out, is an 
unfair basis, 

Having shown, from the point of view of pump con- 
struction, the advantages of a long stroke, and, conse- 
quently, a smaller number of strokes per minute, the 
author will now consider questions arising from the 
pot of view of engine construction. Since cylinder 
efficiency decreases with a decrease of speed, the first 
questi n that arises, in cases where steam power has 
oeen cetermined on, is: How can the pump be actuated 
0 that the buckets and clacks can be readily withdrawn ? 


It : of ¢ us that the engine must not stand over the well 
fee e-hole in such @ manner as to obstruct the overhead 


ang tat kle, unless it be a dry well of sufficient depth 
— of the buckets and clack being drawn from 
$ ow. Assuming, therefore, that the pumping-engine is 
xed clear of the well or bore-hole, the pumps can be 


operated either by gearing or by direct coupling. 
— gearing enables a : er engine to be used, 
‘ch may or may not be directly coupled to a force- 


pump designed to run at a high speed ; while the long- 











stroke-rod pumps are driven at a slower speed. The 
principal objection to gearing, as far as the author is 
aware, is noise. This is ter and more objectionable 
when working a single or double-acting pump, on account 
of the inevitable backlash at each reversal ; but treble or 
quadruple-acting pumps do not cause the same difficulty, 
as, seeing thet one pump is always doing work, backlash 
need not exist. 

By driving the well or bore-hole pumps direct is meant 
so coupling them to the engine that both make the same 
number of strokes, and although the engine and pumps 
need not necessarily have the same length of stroke, this 
system involves the use of a large, slow-running, heavy 
engine. If this is of the rotative type, a massive fly- 
wheel is necessary to maintain steady turning, particularly 
if the pump is required to have a variation of speed, and 
ever work at a very slow speed. The least expensive 
triple-expansion rotative engine suitable for actuating 
deep-well or bore-hole pumps and force-pumps is, perhaps, 
the horizontal tandem type, similar to that illustrated in 
Fig. 1. In this case the force-pump is of the double- 
ome. direct-coupled piston type, and the deep-well or 
bore-hole pumps are worked hy compensating levers, 
which considerably reduce the work to be done by the 
fly-wheel. 

A more expensive combination of engine and pumps is 
shown in Fig. 2. In this case the engine is of the three- 
crank, inverted, vertical, triple-expansion type ; the three 
piston-rods being directly coupled to, and actuating, three 
single-acting vertical-ram force-pumps, and the two bore- 
_ pumps being worked by an extension of the crank- 
shaft. 

The least expensive, and, in the author’s opinion, the 
most suitable, method of operating direct-acting long- 
stroke force and deep-well or Leeda ie pumps is by a non- 
rotative engine such as that shown in Fig. 3 or Fig. 4. The 
most formidable argument against a non-rotative engine 
is the possibility of variation in the length of the stroke. 
This difficulty has not yet been completely solved. 
Nevertheless, the variation in the length of the stroke 
need not be material with reasonable care in driving, see- 
ing that the relationship of the nominal stroke to the 
maximum stroke can be so proportioned that the engine 
will be just as likely to hans ns ong strokes as short ones, 
and at the end of a given run the average stroke will be 

ractically normal. This has been abundantly established 

y the stroke-recorder. In pumping-engines of this type 
a simpler form of pump-valve can be used, on account of 
the pause at the end of each stroke—an advantage not 

by the rotative type. It is not, of course, 

practicable to make an engine of this kind as economicab 
as either of the types of rotative engines refe 

use of the necessity of providing greater clearances 

in the cylinders, which involve Joss in cylinder efficiency. 

When, however, first cost is an important consideration, 
and coal is cheap, the non-rotative type of pumping- 
engine takes a great deal of beating. The improvements 
made in this type of pumping-engine will be shown by 
the following facts:—A compound high-duty pumping- 
engine made for, and tested by, Mr. Isaac Carr, M. Inst. 
C.E., at the Netherley Pumping Station of the Widnes 
Water Works in 1893, gave a duty of 109 million foot- 
pounds per 1000 Ib. of saturated steam at 75 lb. pressure 
per square inch above atmosphere, calculated on pump 
displacement, the water horse-power being 200. This 
was thought at the time to be a very excellent result ; but 
last year (1908) a similar engine installed at Stocks Well 
Pumping Station, belonging to the same Corporation, and 
tested by Mr. Carr, gave a duty of 143 million foot- 
pounds per 1000 lb. of steam at 175 lb. pressure above 
atmosphere, superheated 81 deg. Fahr., calculated on 

ump displacement, the water horse-power in this case 
om 410. 

The following is a description of this plant, and an 

account of its duty trial, with the results in detail. 


Srocks WELL EXTENSION OF THE WIDNES WATER 
Works, 


The pumping engine was specified by Mr. Isaac Carr 
to pump 3 million gallons of water in twenty-four hours 
from a depth of 250 ft. to the surface and thence into the 
service reservoir at Pex Hill, a distance of two miles, and 
150 ft. above the ground level at Stocks Well, plus an 
allowance for pipe friction of 100 ft., making a total lift 
of 500 ft. ; the working boiler pressure was to be 180 Ib. 
above atmosphere, superheated at the engine stop-valve 
not less than 50 deg. Fahr. ; 

The contractors gave a guarantee of 128 million foot- 
pounds per 1008 ib. of steam discharged from the air- 
pump and jackets, this duty being calculated on the 
pump displacement, and subject to a ‘‘ premium and 
penalty clause,” by which the makers to forfeit 
40/. per million foot-pounds should the duty fall short of 
the amount guaranteed, and were to receive a premium 
of 202. per million foot-pounds should the guarantee be 
exceeded. 

The contract for the steam-generating plant was let 
separately, and included: Two Lancashire boilers, 30 ft. 
long by 8 ft. in diameter ; two Bolton’s down-take super- 
heaters, each having 47 square feet of heating surface ; 
one Carter’s fuel-economisers, with ve pipes and 
384 square feet of heating surface. e equipment 
of the pumping station included: One 10-ton hand 
travelling crane commanding the whole of the engine- 
house, a steam-winch, together with 25-ton lifting tackle, 
commanding both bore-holes, The engine is of the hori- 
zontal, tandem, triple-expansion, surface-condensing type, 
a general outline of which is shown in elevation and p 
in Figs. 3and 4. The force-pump is horizontal, of the 
double-acting piston type, worked from the tail-rod of the 
low-pressure cylinder. The two bore-hole pumps are of 
the single-acting bucket type suspended in the bore-holes, 
which are 22 ft. apart. These pumps are actuated by 








connecting-rods operated from the high-pressure piston- 
rod by means of Davey’s compensating lever motion, a 
high grade of expansion being thereby rendered possible. 

t will be noticed that the front bed-plates and force- 
pump bed-plate stand upon, and are secured to, con- 
tinuous girders, built in, and running the entire length of, 
the engine foundations. The high-pressure cylinder is 
rigidly secured to the front bed gets and to the remain- 
ing cylinders by means of removable distance-pieces, 
leaving the cylinders free to expand or contract, provi- 
sion being made on the foundation girders to keep them 
in line. Figs. 5 and 6, overleaf, show these engines in 
the erecting-shop, whilst Fig. 7 shows them at Stocks 
Well Pumping Station. The cylinders and their covers 
are steam-jacketed (see Fig. ©. The high-pressure cy- 
linder, the high and intermediate cylinder-covers, and 
the re-heaters are jacketed with steam at boiler pres- 
sure, the low-pressure cylinder-covers with steam at a 
reduced pressure, and the intermediate and low-pressure 
angen with steam at the ure at which it enters 
the respective cylinders. e steam and exhaust 
valves are of the Corliss type. All the steam glands are 
fitted with United Kingdom metallic packing. It will be 
noticed that only one set of packing is used between each 

ir of cylinders, the piston-rod being carried in a sleeve 
ined with anti-friction metal, provided with an expansion 
joint at one end. The Corliss valves are placed at the 
four corners of the cylinders; the steam valves being at 
the top and the exhaust valves at the bottom. The ex- 
haust ports are carried some distance inwards from the 
he epee the pistons being made deep, so that, 
should they overrun and cover the exhaust ports, the 
piston packing would in no case overlap, but the im- 
prisoned steam would form a live cushion in the usual 
way—suitable provision being made to vary the cushion 
to the amount required to suit the speed and load. In 
Figs. 9, 10, and 11 is shown the general arrangement of 
the valve-gear. e valves are actuated by water taken 
from the pressure main by patent valve-gear, the pur- 
pose of which is to give a better distribution of steam 
without impairing the essential properties of Davey’s 
differential gear. 

The differential gear consists of a small subsidiary 
engine whose function is to open the valves at a prede- 
termined speed, the valves being closed by the main 
engine. The subsidiary engine moves in advance of the 
main engine, and keeps in advance of it until it completes 
its stroke under normal conditions. Should, however, the 
main engine lose its load, it would overtake the subsidiar 
engine, close its own valves, and so come to a standstill. 
It will be understood that each stroke is a complete thing 
in itself. If it receives more energy than it requires, the 
stroke will be long ; if it receives less energy, the stroke 
will be short. It is therefore the function of the gear to 
regulate the energy according to the work to be done. In 
a rotative | this is not the case; the surplus energy 
being carried forward to the next stroke, resulting in 
acceleration of speed. The speed of the subsidiary engine 
may be varied by hand adjustment within a considerable 
range, although in practice it is found advantageous to 
work at a more or less constant speed. The variation in 
the number of strokes in a given time is made by a sepa- 
rate gear, known as the pausing gear, which determines 
the duration of pause between the strokes. This enables 
the engine to have a ter range of speed than a rotative 
engine without the danger of sticking on the centre at a 
low speed. 

The water required to drive the subsidiary engine 
being taken from the delivery main, it will be seen that, 
should the delivery main burst, the engine would bring 
itself to a standstill at once, as the power to open the 
valves would cease ; while any energy remaining in the 
engine, due to steam having been already admitted, 
would be partly taken up in closing the valves and pre- 
venting further trouble. An additional independent 
safety trip-gear is also provided for shutting off steam 
and destroying the vacuum. All the valves have separate 
and independent adjustment, enabling them to be altered 
and adjusted while the engine is in motion. The steam- 
valves are fitted with a trip-gear that is positive in open- 
ing, while they are cl by the usual form of vacuum- 
pot. The steam-valves are provided with hand-wheels 
and indexes, and can be set to cut off at any point between 
0 and 0.7 of the stroke in the high-pressure, and between 
0.2 and 0.6 of the stroke in the intermediate and low- 
pressure, cylinders. The trip-levers receive a compound 
motion taken from the differential lever marked X in 
Fig. 9. The object of this is to reduce the risk of accident 
in case of loss of load. Were there not such motion 
applied, assuming the actual cut-off was 0.3 in a cylinder, 
the lap of the trip-lever on its die would be approximately 
? in. at the commencement of the stroke ; using the com- 
pound motion described, the lap would only be approxi- 
mately i in. ; so that, should an accident happen, and the 
engine lose its load at the commencement of the stroke 
(which is the most usual position, as the strains are 
greatest there), the die, instead of requiring to travel 
i in., has only to travel one-third of the distance ; there- 
ore the piston would have only to travel one-tenth of its 
stroke before steam would have been cut off. The valve 
would have scarcely opened when it would be released 
and suddenly closed by the vacuum-pot. 

receiver of large capacity is provided between 
the high and intermediate and between the interme- 
diate and low-pressure cylinders, fitted with a sufficient 
number of solid-drawn re-heating tubes. A feed-water 
heater is also placed on the exhaust range between 
the low-pressure cylinder and condenser. The condenser 
is of the open surface type, consisting of solid-drawn 
brass tubes expanded into ed brass tube-plates fur- 
nished with cast-iron end-boxes. The air-pump is of the 
twin vertical single-acting type, worked from a weigh- 
shaft by the engine ; a continuation of the same shaft 
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actuates the subsidiary cylinder of the valve-gear. The 
two bore-holes are 32 in. in diameter for a depth of 
approximately 250 ft., and below this point are continued 





20 in. in diameter for a further depth of 352 ft. in No. 1| ing barrels, cast-iron 
bore-hole, and 452 ft. in No. 2 bo buckets,“ and clacks ‘ fitted 


re-hole. 
The bore-hole pumps (see Fig. 12) have cast-iron work-| with cast-iron valves of 
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risk of them becoming jammed when required to be with- 
drawn. Theclack-valves are furnished with gutta-percha 
beats similar to those of the bucket-valves. The top of 
each clack is fitted with an annular guide. The clacks 
are furnished with fish-heads, and an effective fishing-tool 
is provided, together with a galvanised flexible steel-wire 
rope. The top block of the 25-ton bore-hole lifting tackle 
(already referred to) is provided with an extra sheave, 
through which the said rope passes to the steam-crab, 
which is furnished with a warping-drum, so that the 
buckets and clacks can be withdrawn and replaced in an 
expeditious manner. The buckets are fitted with gutta- 
percha packing. 

As a great amount of sand was anticipated when the 
engine was first started, special buckets and clacks were 
provided, having leather-faced butterfly valves, such as 
are used in mining operations. These were replaced by 
the permanent bucket and clacks as soon as the excess of 
sand had abated. The bucket-rods are of forged steel, in 
convenient lengths, coned and cottered together, and pro- 
vided with a cast-iron annular guide at each joint. The 
pump-trees are of lap-welded mild steel, joined by serrated 
steel flanges and bolts. The bore-hole pumps are open- 
topped, and discharge through a concrete culvert into a 
concrete tank, in which the surface-condenser is immersed, 
the water being drawn from thence by the double-actin 
he dout _ [horizontal piston pump already referred to, and fo 
clack ouble-beat type, having gutta-percha beats. The| nished with machined guide-ribs to keep the clacks in | through the delivery main into the service reservoir. The 
bet of ee of cast iron, secured to working barrels, | their proper places. The clacks rest upon flat machined | tops of the bore-hole pumps are suitably protected to pre- 

wl somewhat larger diameter, in order to give in- | faces, and are provided with steel weights to keep them | vent any foreign matter falling in. 
Sreased water-way round the clacks. They are fur- | from lifting during the suction stroke, thus obviatmg any | The bore-hole pumps are worked through Davey’s com- 
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pensating levers, the pins being set at such an angle that 
the leverage is greatest at the commencement of the up 
stroke, and gradually diminishes until the end of the 
stroke isreached. ‘This enables a high grade of expansion 
to be employed, as it automatically adjusts the load on 


Fig. 18 
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the main connecting-rod to the diminishing energy exerted 
hy the engine towards the end of its stroke. The down 
stroke, it will be noticed, commences slowly, and gradually 
accelerates, thus enabling a high pump-speed to be ob- 
tained without excessive vibration and wear, the motion 
to some extent approximatin to that produced by the 





action of gravity referred to earlier in the paper. The 
force-pump working-barrel is bronze-lined, and the piston 
is aaaed with gutta-percha. The valves are of the multi- 
annular type, made of bronze, working metal-to-metal on 
bronze seats. There are three air-vessels provided—one 
above each clack-box and one outside the building—the 
total air-vessel capacity being approximately thirty times 
the displacement of the force-pump. 

The plant was started on er 6, 1908, and run con- 
tinuously for a fortnight, pumping to waste until the 
water cleared. It was then run for another fortnight 

umping into the mains, after which the temporary 
date were drawn and replaced by the permanent ones. 
The engine started under permanent work on June 3, on 
July 11 the preliminary test was made, and on July 13 
the pumping station was officially opened; the official 
duty-test being made on November 5. It was found, 
when the normal quantity of water was being pum 
into the reservoir, that the friction in the delivery main 
was less than been anticipated—namely, 57 ft., 
making a total working head on the force-pump of 207 ft. 
The rest-level of the water in the bore-holes was 70 ft. ; 
and when pumping at normal speed the water-level 
receded to 122 ft. below the surface. At the preliminary 
trial a duty of 141 million foot-pounds per 1000 lb. o 
steam at 168 lb. pressure above atmosphere (superheated 
50 deg. Fahr.) at the engine stop-valve was obtained. 
The duty is based on the pump displacement, the steam 
used being measured from the air-pump discharge and the 
jacket drains. 

The normal speed of the engine was 13.5 double strokes 
per minute ; but it was found to work equally well at any 


ped | —one tub being filled while the other was 


f | and the 





speed between 12 and 18 double strokes per minute. When 
working at normal speed, it will easily supply all the 
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the surface plus the height of the gauge above the sur- 
face, and similarly, whatever the height of the water 
may be above the end of the gauge-pipe, the equivalent 
pressure in the gauge-pipe records on the dial of the 
gauge the depth of the water below the centre of the 
gauge. To operate the gauge, air is turned into the 
gauge-pipe till the pointer of the gauge has ceased to 
move, which shows that the water has been expelled from 
the gauge-pipe, and air is escaping past the end of it, 
The air supply is then turned off; and the pressure in 
the pipe being that due to the head of water above the 
bottom of the pipe, the reading on the dial varies with the 
depth of the water in the bore-hole. 

e air-pump discharge was delivered into a tank, from 
which it was pumped into tubs which had been pre- 
viously balanced on separate weigh-bridges, and there 
weighed in quantities of 3cwt., and the temperature: aken 
‘ ing emptied. 
The depth of water in the tank at the termination of the 
test was adjusted to the same level as at the start. The 
jackets were all drained into their respective steam-traps, 
and thence into a tank placed in the force-pump suction 
tank directly in the line of flow of the delivery of the 
bore-hole pumps. The tank was partly filled with water, 
rain-pipes were taken nearly to the bottom of 
the tank. Near the top of the tank was an outlet pipe, 
which was led to a tub + Ben! on a weigh-bridge, where 
the discharge from the jacket drains was weighed. This 
arrangement condensed any vapour carried along with the 
jacket discharge. All being filled, and the traps delivering 
their normal quantity, the overflow was allowed to run to 
waste. 

Directly the test commenced, the drains were switched 
over into the tub for weighing, and at the end of the trial 


Fig. th 
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water required: so that the other pumping station can be 
shut down, and used as a stand-by only (see report by 
Mr. Carr on page 261). At the maximum rate of pump- 
ing, the level of water in the bore-holes receded to 152 ft. 
below the surface. 

As the engine under normal conditions was somewhat 
lightly loaded, it was agreed that during the official test 
the delivery main should be throttled and the engine run 
at its maximum speed, so as to more nearly approxi- 
mate to the conditions on which the guarantee was given 
—namely, a total lift of 500 ft. This offered no difficulty, 
and the fluctuations of pressure on the delivery water 
pressure-gauge were immaterial. No stroke-recorder was 
available, but the length of stroke throughout the trial 
was kept under careful observation, and found to be very 
uniform, and as nearly as could be ascertained to the 
length specified. 

e counter was read at the commencement and finish 
of the trial. Gauge-readings were taken every hour ; 
also the steam pressure and temperature at the stop- 
valve, vacuum, high-pressure aiheder receiver, inter- 
mediate cylinder receiver, bore-hole gauge, and delivery 

uge. In order to separate and adjust the work done 

vy each stage of pumping, it was necessary to correct the 
readings of the bore-hole gauge and that on the delivery 
main by deducting the difference between the level of the 
water leaving the top of the bore-holes and that of 
the centre of the bore-hole gauge from the bore-hole 
gauge reading, and by adding the difference between 
the level of the water in the force-pump suction tank and 
that of the centre of the delivery gauge to the delivery 
gauge reading. There is a fall of 2.71 ft. from the dis- 
charge level of the bore-hole pumps to the water-level in 
the force-pump suction tank, the water-level in the latter 
being fixed by the position of the overflow. The surplus 
water delivered by the bore-hole pumps was returned to 
the earth by being discharged into an old well adjoining. 

The bore-hole gauge consists of a copper pipe fixed in 
one of the bore-holes terminating 250 ft. below the surface. 
It is charged with air from the force-pump air-vessel. 
Connected to this pipe is a pressure-gauge, graduated in 
feet, to show the depth of water in the bore-hole below 
the gauge. When the pipe is fully charged with air, and 
no pressure is shown on the dial, the water in the bore- 
hole is level with the bottom of the gauge-pipe, and the 





dial gives a reading of 250 ft., the depth of the water below 


the drains were allowed to again run to waste. The 
aes of the cooling-tank was sufficiently large to 
allow the drains to back up in it while the weigh-tub was 
being emptied. Indicator diagrams were taken from the 
cylinders simultaneously at intervals:of an hour and a 
half throughout the trial. Fair samples of the diagrams 
are shown in Figs. 13 to 16. The vacuum spoiler valve 
leaked slightly, and 6 lb. of water were put in the water- 
sealing trough during the test. This quantity was 
— from the air-pump discharge at the end of the 
trial. 
PRINCIPAL DIMENSIONS. 

Cylinders, 23 in., 38 in., and 60 in. in diameter. 

Two bucket (bore-hole) pumps, each 20 in. in diameter. 

Double-acting force-pump, 20 in. in diameter. 

Stroke of engine and pumps, 6 ft. : 

All piston-rods, 6 in. in diameter, except the low-pressure cylin- 
der back end and force-pump rod on the front side of piston, which 
were 44 in, in diameter. 


RESULTS OF THE TRIAL. 
Nov. 5, 1908 


Date of trial am 
. Isaac Carr, M. Inst. 


By whom conducted .. 


C.E. 
Duration of trial is 12 hours 
Steam pressure atengine .. oe 175.5 Ib. 
Temperature of steam at engine .. 459 deg. Fahr. 
Superheat ‘ ve se a 81.5 deg. 
Vacuum in condenser ‘ie +“ 28.4 in. 
Steam pressure in high-pressure receiver 44.6 Ib. 
” intermediate - pressure 

receiver te s. <i és od 0.76 Ib. 
Total number of double strokes .. 12,340 
Double strokes per minute .. - me 17.138 
Indicated horse-power of high-pressure be 

cylinder “ oe oe és - 160.37 
Indicated horse-power of intermediate — 


pressure cylinder .. - 
Indicated horse-power of 

cylinder i? bs + “ 
Total indicated horse-power of engine 
Bore-hole gauge (less 11.16 ft.) . 
Delivery gauge (plus 13.87 ft.) : 
Horse-power of bore-hole pumps .. 
Horse-power of force-pump. . 
Horse-power absorbed at gear 
Total pump horse-power (net 
Mechanical efficiency . . oa 
Air-pumpdischarge .. se 
Mean temperature of discharge 
Jacket drains .. = an 


low-pressure 





76.8 deg. Fahr. 
6405 ib. 
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Water supplied to vacuum spoiler. . - 6 Ib, 
Total steam used by engine aa ee 68,010 lb, 
Jacket steam per cent. of total 9.41 per cent, 


Steam used per hour. . re x oh 5667,5 Ib. 
Steam used per indicated horse-power 

per hour ee - a oo at 11.42 Ib. 
Steam used per pump horse-power per 

hour = es - 


ws ee ee 13.8 ,, 
Duty of 1008 Ib. of steam 144,616,000 ft. -Ib, 
Duty of 1000 Ib, of steam 143,468,000 __,, 


The author is indebted to Mr. Carr for the following 
information, received on May 2, 1909, and takes this 
opportunity of thanking him for it. Mr, Carr wrote as 
follows :— 


We have this week taken out the buckets, and find that No. 
1 bore-hole is silted up for a depth of 84 ft., the total depth 
being now 518 ft, The depth of No. 2 bore-hole is 678 ft., only 
24 ft. being silted upin this one. We take it that the filling up 
with sand of No. 2 bore-hole has been prevented by a strong flow 
of water struck at the lower level. 

It is only necessary at present to run the plant for six days per 
week at normal speed; and when the plant is standing on 
Sundays, the rest water-level is about 100 ft. below the surface. 
When pumping, it recedes to 150 ft. below the surface, 

The saving in the coal bill for the past twelve months is 16491. 
on the present contract price of 9s. 3d. per ton. This figure is 
about 650/. in excess of the amount required to pay interest and 
sinking fund on the total outlay. As there is no pumping at 
Netherley, there is also a further saving in wages and main- 
tenance charges of about 3001. per annum. 

The whole of the water is now pumped by the new plant. 
The Netherley Station is shut down, and only run occasionally 
to keep the machinery in order. 

The total capital outlay on the new extension was 16,6001. The 
cost of the two bore-holes was 2042/. My estimate of the saving 
in the two bore-holes, as against the cost of sinking a well suitable 
for accommodating pumps to do the same work, is 25,0001. In 
making this estimate I find myself face to face with some difficulty. 
In the first place, having regard to the existence of the number of 
bore-holes at this station prior to the commencement, of this work, 
together with the open nature of the strata, I am of opinion that 
it would have been a practical impossibility—I mean by this 
within the range of practical costs—to have sunk a well to such a 
depth at this station. 

he cost of pumping itself would have been such as would 
have rendered such a scheme prohibitive ; so that, had there been 
no other way of carrying out the work, another site would have 
been the only alternative. My estimate of the cost of a well, 
which would probably have had to have been not less than 16 ft. 
in diameter at the top, and finishing up with not less than 10 ft. 
at the bottom, would have cost, with the enormous temporary 
pumping, not less than the figure given. Ofcourse, I am speaking 
of a well sunk in the new red sandstone formation of the heavy 
water-bearing quality such as is met with in this neighbourhood. 

Having regard to the fact that the Netherley well, which is oval 
in shape, 12 ft. by 9 ft., sunk only to a depth of 100 ft., witha 
24-in. bore-hole a further depthof 200 ft., making a total depth 
from the surface of 300 ft., cost 8200/., I think my estimate of 
25,0001. for a well 250 ft. deep, having regard to the enormous 
extra pumping that would be required, is an extremely modest 
one. 

The cost per 1000 gallons of water delivered into Pex Hill reser- 
voir (working costs, without capital or sinking-fund charges) is 
0.4d. The selling prices at Widnes are arranged on a sliding- 
scale, regulated by the quantity of water consumed, and are as 
follows: 4}d. per 1000 gallons to consumers up to 40 million 
gallons ; 3}d. per 1000 gallons for all consumed from 40 million to 
50 million gallons ; 2d. per 1000 gallons for all consumed above 50 
million gallons. 

To many engineers the latter figure will appear to be a 
perfectly safe figure to offer to sell water at, as it is an ex- 
ception for any water authority to have consumers taking so 
much per annum. As a matter of fact, however, in Widnes 28 
per cent. of our total quantity used for manufacturing purposes 
is sold at 2d. per 1000 gallons. 

The charge for domestic supply is 4 per cent. on net rateable 
value, inclusive of baths and water-closets. 


The members will no doubt join the author in con- 
gratulating Mr, Carr on obtaining such an abundant 
supply of good water so near the surface, and on the 
economies effected with the new pumping-plant. 








FOREIGN ENGINEERING PROJECTS. 

We give below a list of colonial and foreign engineering 
projects. For several of these tenders are asked ; further 
data concerning them can be obtained from the Commer- 
cial Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, E.C. 

Canada; The Canada Gazette of January 29 contains 
notices to the effect that the following applications will be 
made to the Parliament of Canada during its present 
session :—l. For the incorporation of a company, under 
the name of the Buctouche Railway and Transportation 
Company, with power to construct a railway between 
Buctouche and Richibucto, in New Brunswick, to acquire 
steam and other vessels, and to construct wharves, docks, 

¢, 2. For an Act to incorporate a company, under the 
name of the Burrard Inlet Tunnel and Bridge Company, 
with power to construct a tunnel under the first narrows 
of Burrard Inlet, and a bridge over the second narrows 
thereof, to construct lines of railway, and to develop 
water, electric, or other power, and erect lines for the 
transmission of the same. 

Newfoundland : Adverting to the notice on page 352 
of the Board of Trade Journal of November 25, 1909, 
relative to the construction by the Reid Newfoundland 


Company of a railway in Newfoundland, the Imperial 
en Correspondent at St. John’s (Mr. H. - be 
Messurier) has forwarded a copy of the contract made 
etween the Government of Newfoundland and the com- 
pany for the construction of various branch railway lines 
Specitied, the total length being 300 miles. All rolling- 
oo. for the railway is to be constructed within the 
fia ony. The contractor may import, free of duty, rails, 
Si-plates, fish-bolts, and track-spikes, as well as materials 


ee ings for the construction of the rolling-stock. 
en atal : The following commercial inquiries are taken 
rom the Natal Agricultural Journal :—A correspondent 


in Vryheid is desirous of getting i icati 

ah a 5 into communication 

— rsons in the United Kingdom who might be 
ested in mining properties, containing limestone, 








phosphate of lime, coal, and gold. A correspondent 
wishes to get into touch with an English firm of engi- 
neers making a speciality of agricultural motor traction 
using alcohol or low-grade paraffin as fuel. For 
urther information regarding any of the above, applica- 
tion should be made to the Commercial Agent for Natal, 
26, Victoria-street, London, 8S. W. 

Chili : With reference to the notice on page 460 of the 
Board of Trade Jowrnal of March 11 last, relating to 
the formulation of plans for a harbour at Constitucion, 
the Diario Oficial of December 28 publishes a notice, 
from which it appears that it has been decided to con- 
struct the harbour in the River Maule. The cost of the 
work is estimated as follows :— 


Pesos. 

North mole, the first 1000 metres 1,000,000 
; ie the last 500 metres 2,500,000 
South mole, 80 metres... i a 400,000 
Ten-metre breakwater, 500 metres ... 900,000 
I prodging and embankment works ... 700,000 
Buildings, apparatus, roads, &c._... 500,000 

Total C = cc 6,000,000 


Uriguay: The Diario Oficial of January 15 contains 
a notice, issued by the Ministry of Public Works, in- 
viting tenders for the execution of repairs to the light- 
houses of Polonia, Santa Maria, Isla de Flores, and 
Punta Brava, and for the construction of a tower on the 
Panela rock to take the place of the present lightship. 
Tenders will be received, up to 3 p.m. on April 9, at 
the offices of the Secretaria del Ministerio de Obras 
Piiblicas, Monte Video, to which address they should 
accordingly be sent in sealed envelopes. Plans and 
specifications relating to the above may be inspected by 
persons interested, at the last-named address. 

Spain: Adverting to the notice on page 167 of the 
Board of Trade Journal of January 27, relative to an 
invitation for tenders for the supply of machinery, &c., 
in connection with the work of raising the waters of the 
Canal de Isabel II., the Gaceta de Madrid of Feb- 
ruary 2 publishes a notice calling for tenders for the 
execution of the works in connection with the reservoir 
buildings in the third and fourth compartments of the 
third reservoir of the canal. The upset price is placed at 
some 1,729,980 pesetas (about 62,000/.), and a deposit 
of 86,500 pesetas (about 3100/.) will be required with 
each tender. Tenders will be admitted at the Oficinas 
del Consejo de Administracién del Canal de Isabel II., 
calle de Alarcén, Madrid, up to 3 p.m. on March 3, 
and will be opened at noon on March 9. Local repre- 
sentation is necessary. 

Santo Domingo : ii.M. Vice-Consul at Santo Domingo 
(Mr. E. M. de Garston) reports that, according to a state- 
ment by the Dominican Minister of Finance, a new rail- 
way line is under study from the base of San Marco Hill, 
near Puerto Plato, to Bajabonico. The proposed railway 
will be a loop line to the Central Dominican Railway, 
enabling traffic to avoid the section of that line which is 
worked on the rack system. 

Belgium: The Bulletin Commercial (Brussels) of Feb- 
ruary 12 reports, on the authority of the Belgian Legation 
at Bucharest, that the Roumanian Legislature intend to 
devote the proceeds of two loans to railway work and to 
the purchase of rolling-stock, and that the requisite Bills 
for this purpose will shortly be laid before Parliament. 
The first loan will amount to 45,000,000 francs (1,800,000/.), 
and of this sum 24,000,000 francs (960,000/.) will be applied 
to the purchase of passenger coaches, goods wagons, and 
locomotives, and the remainder to the duplicating and 
relaying of certain lines, and the building and repairing 
of stations, warehouses, &c. The second loan, amounting 
to 25,000,000 francs (1,000,000/.), will be utilised for the 
construction of local (secondary) lines. 

Italy : The Gazzetta Ufficiale of February 7 publishes a 
decree approving a contract embodying a concession to 
the Societa Nazionale di Ferrovie e Tramvie, domiciled 
in Rome, for the construction and working of a normal 

uge steam railway from Iseo to Rovato, and of a branch 
ine from Bornato to Paderno. The total length of line 
is about 13 miles. The cost of construction and first in- 
stallation of rolling-stock is estimated at 3,095,800 lire 
(123, 0007. ) 





“THe Exman Warer-Current Metrer.—An Ekman 
current-meter, as used by Messrs. E. M. Wedderburn, W. 
Watson, and W. Macdonald in investigations of the cur- 
rents in Loch Ness, is described in the Proceedings of the 
Royal Society of Edinburgh, vol. xxix., page 619. The 
current is measured by the number of revolutions of a 
very light screw propeller, which is kept directed against 
the current by a vane set at right angles to the propeller. 
Underneath the propeller is a compass-box, which is 
divided by radial partitions into thirty-six divisions, each 
of 10 degrees. e@ compass-needle is provided with a 
cup in its centre, above the pivot, and with a groove in 
its north limb; and the arrangement is such that at every 
thirty-third revolution of the propeller a small ball dro 
into the cup and runs down the north limb into one of the 
divisions, Thus the momentary direction of the water 
current is recorded. When observations are to be made, 
a small receptacle in the instrument is filled with balls or 
shot, and the meter is lowered to the desired depth by means 
of a sounding-line. The number of propeller revolutions 
and the current direction are read off after the meter has 
been brought up again. ‘The instrument had been 
construc at the Central Laboratory for the Interna- 
tional study of the sea at Christiania, and it was found 
that it would be profitable to distinguish the balls by 
numbers, as the current directions changed rapidly. The 
task of taking observations proved rather dangerous, 
owing to the high waves in Loch Ness, which hasa length 
of 4 miles and a mean depth of 450 ft. 


ROYAL METEOROLOGICAL SOCIETY. 


THE monthly meeting of this Society was held on 
Wednesday evening, the 16th inst., at the Institution of 
Civil Engineers, Great George-street, Westminster, Mr. 
H. Mellish, President, in the chair. 

Mr. E. Mawley presented his ‘‘ Report on the Pheno- 
logical Observations for 1909.” During the whole year 
wild plants came into blossom behind their usual time, 
the departures from the average being greatest in March 
and April. Such early spring immigrants as the swallow, 
cuckoo, and a made their appearance rather 
earlier than usual. The only deficient farm crops were 
beans, and hay. On the other hand, the yield of 
wheat, why oats, turnips, mangolds, and potatoes was 
well above the average, and more particularly barley and 
turnips. The crop of apples, pears, and plums was 
under average, whereas that of raspberries, gooseberries, 
currants, ant clepwbersien taken together was fairly good. 
As regards the farm crops, this was the fourth year in 
succession in which the yield has been above the average. 

Colonel H. E. Rawson also read a paper on ‘ The 
North Atlantic Anticyclone.” He had examined the 
“* Synchronous Weather Charts of the North Atlantic,” 

ublished by the Meteorological Office for the months of 
Restenten 1882, to August, 1883, and had analysed the 
tracks of the centres of high-pressure areas during that 
period. He found that it is very rare for an individual 
system, which has traversed the American continent, to 
cross the ocean from land to land. In every month 
centres of high areas which have drifted across America, 
and have travelled out on to the ocean, are found 
coalescing there with one another, or with the centres 
of the persistent Atlantic anticyclone. From mid- 
February to mid-September the charts indicate that on 
arrival on our coasts systems extend westwards, and their 
centres reverse their easterly movement and drift to the 
west ; while in June and July the centres of high areas 
form over the ocean within the Atlantic anticyclone, 
rather than drift into it from the American Continent. 








Lockwoop’s BuUILpER’s, ARCHITERCT’s, CONTRACTOR'S, 
AND ENGINEER’S Prick-Book For 1910,—The editors of 
books of this class have had a comparatively easy task 
during the last year, so far as any alteration in the prices 
of materials and labour are concerned, for there has been 
little change in these for some considerable time, except, 
of course, in a few instances. It does not, however, 
follow on that account that the work entailed is less 
important, for in other directions there is always a great 
variety of matter which has to be added or altered in 
order to keep the information supplied up to date. In 
this last edition of Lockwood’s well-known price-book for 
builders these matters have been well attended to, and, 
as usual, the volume contains a vast amount of useful 
information apart from actual prices. The section deal- 
ing with electric lighting has been added to, and all the 
changes recently made by the London County Council 
with regard to the boundaries of the district surveyors 
have been carefully noted. The regulations as to proce- 
dure before the Tribunal of Appeal, under the London 
Building Acts, are also given, as well as the amendment 
relating to the cubical contents and the uniting of build- 
ings, made by the London County Council (General 
Powers) Act, 1908. There is a very complete general 
index, as well as an index to advertisers. The k is 
edited by Mr. Francis T. W. Miller, Assoc. R.1.B.A., 
and published by Messrs. Crosby Lockwood and Sons, 
7, Stationers’ Hall-court, Ludgate Hill, E.C., and 121, 
Victoria-street, Westminster, 8.W., the price being 
4s. net. 





“Tue Fierr” ANnNnuAL AND Navat Yrar-Boox,— 
This annual, compiled by Mr. Lionel Yexley, is issued 
at 1s. net, in paper covers, and at 2s, 6d. net, in cloth, by 
the publishers of The Fleet, 4114, Harrow-road, London, 
W. It gives tabular statements of the composition 
of fleets and the dimensions of ships, and particulars of 
naval budgets and the progress of shipbuilding. This 
part of Mr. Yexley’s work seems to be carefully done, 
and as a consequence the reader has available, for a 
modest sum, a useful book of reference. e cannot 
speak in so complimentary a manner, however, of the 
introductory articles on naval subjects by contributors : 
it is never wise to overstate a case. In “‘The Naval 
Events of the Year” too much is made of the Beresford- 
Scott episode, which is best forgotten. In ‘‘Sub- 
marines versus Battleships” the value of the former is 
undoubtedly great ; but battles will be won by ships of the 
line. ‘‘ Navy Leaguers and Their Ways” 1s a vigorous 
onslaught on these organisations, which will give joy to 
the Philistines. ‘The Navy and Its Reserves” also 
shows that the compiler is a strong advocate of the past 

licy of the Admiralty. The writer on ‘ Colonial 

avies” seems to doubt whether these units of the 
British Fleet will be worth the money spent if they con- 
tinue separate units. ‘Engineer .» Who writes on 
** Engineering Progress,” is still enamoured of the marine 
gas-engine, and angry with others not similarly minded, 
and thinks inventive ingenuity is not encouraged at 
the Admiralty. ‘‘ But fortunately for the nation—and 
unfortunately, perhaps, for the experience of the experts 
—breakdowns are very few,” says the writer, forgetful 
that the Navy does not exist to provide experience gained 
from breakdowns, but to be efficient for war service. 
Experience can be won even from success. ‘‘ Patriotism 
in Parliament” is a plea for the suppression of ques- 
tions and answers which may lead wo the revealing of 
secrets. There are evolved new formule for comparisons 
of power by points, and tables are given comparing fleets, 
The two-Power standard, or two keels for one, however, 





will command support because of its simplicity. 
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CATALOGUES. 


We have received from Messrs. Ganz and Co., 
Ratisbon, Upper Silesia, a circular illustrating and de- 
a a briquette dpe on the Arnold system for deal- 
ing with sawdust and other similar materials. 


Mr. H. Spannagel, Broad-Street House, New Broad- 
street, E.C., has sent us a circular illustrating and de- 
scribing the magnetic se tors manufactured by the 
Humboldt Engineering Works Company, Kalk, near 
Cologne, Germany. 


A pamphlet relating to tubular fuses has come to hand 
from Messrs. A. Reyrolle and Co., Limited, Hebburn-on- 
Tyne. The pamphlet gives particulars, with prices, of 
fuses with carrying capacities of from 25 to 600 amperes 
for pressures up to 600 volts. 


A small catalogue of oil-engines has been received from 
Messrs, Perkin and Co., Limited, Junction Engine 
Works, Whitehall-road, Leeds. Prices and particulars, 
including shipping weights and dimensions, are given for 
engines of from 4 to 30 brake horse-power. 

A sheet giving particulars of hard-drawn aluminium 
cables for electrical transmission lines, and comparing 
them with copper conductors, has been received from thé 
British Aluminium Company, Limited, 109, Queen Vic- 
toria-street, E.C. For equal conductivity the aluminium 
cables are about half the weight of copper cables. 


A pamphlet entitled ‘‘ Economy in Labour and Com- 
bustion ” has been published by Messrs. Ed. Bennis and 
Co., Limited, Little Hulton, Bolton. The pamphlet 
describes the installations of Bennis high-temperature 
coking stokers at the Sun Flour-Mills, Bromley-by-Bow, 
and also at Messrs. Keyes’ Daren Flour-Mills, Dartford. 


A circular relating to the ‘‘B.G.” rotary pump has 
come to hand from essrs. Brinjes and Goodwin, 
Limited, Fieldgate-street, Whitechapel, E. The pump, 
which is made in five sizes, for pumping from 2000 to 
18,000 gallons per hour, will deal with any liquid, paste, 
or pulp; it can also be used for pumping acids. 


A circular calling attention to their ‘‘ Fire-fly” brand 
of asbestos goods has been issued by Messrs. Turner 
Brothers, Limited, Rochdale. Among those articles 
specially referred to are mattresses and ropes, ‘ Fire- 
felt ” sectional coverings for boilers and steam-pipes, and 
‘* Permanite ” sheeting for high-pressure steam-joints. 


A small catalogue and price-list of ‘‘Tan-Gyro” centri- 
fugal pumps has _ reac us from Messrs. Tangyes, 
Limited, Cornwall Works, Birmingham. The pumps are 
made in three series for maximum heads of 35 ft., 75 ft., 
and 120 ft, respectively, and particulars are given of 3-in. 
to 12-in. sizes in each series. 


Circulars giving prices and particulars of tantalum 
lamps and suitable fittings have reached us from Messrs. 
Siemens Brothers’ Dynamo Works, Limited, Tyssen- 
street, Dalston, N.E. Among the fittings illustrated are 
‘** wireless” clusters which are designed to enable four or 
six lamps to be combined to form a high-power illumi- 
nating unit with the least possible amount of wiring. 


We have received from the New Era Manufacturing 
Company, Kalamazoo, Michigan, U.S.A., a sheet giving 
a large number of modern formule for aluminium alloys, 
babitts, brasses, bronzes, die-casting alloys, and varieties 
of German silver. Most of these alloys contain a certain 
proportion of a substance known as ‘‘ metallic phosphoro,” 
and directions for using this are given on the sheet. 


A booklet to hand from Messrs. Bruce Peebles and 
Co., Limited, Edinburgh, contains an illustrated deserip- 
tion of their works, followed by examples of the different 
types of electrical machinery manufactured by them. 
Those illustrated include generators and motors for con- 
tinuous and alternating currents, traction motors, La 
Cour motor-converters, and also some special machines. 


A circular containing information relating to the manu- 
facture of their products has nm received from the 
Tandem Smelting Works, Merton Abbey, S.W. The 
circular illustrates oil-fired rotary furnaces, coal-fired 
reverberatory furnaces, and other plant used in the pro- 
duction of tandem anti-friction metal, plastic metal, white 
brass and bronze, and many other alloys. 


Messrs. R. White and Sons, Widnes, Lancashire, have 
sent us reprints of descriptions of two aerial ropeways 
they have recently installed. One of these has been 
erected at the Neepsend generating station of the Cor- 
poration of Sheffield, and is used for the disposal of ashes, 
while the other, for the Stanton Iron Works Company, is 
employed in connection with the storage of blast-furnace 
slag that has been treated for use as tar-macadam. 


Messrs. S. F. Edge (1907), Limited, 14, New Burling- 
ton-street, Regent-street, W., have sent us a copy of 
their latest catalogue of nciseless Napier motor-cars. 
The catalogue contains illustrations, with specifications of 
chassis varying in size from she two-cylinder 10-horse- 
power to the six-cylinder 90-horse-power. Illustrations 
3 sag bodies suitable for each chassis are also in- 
cluded. 


The ‘‘ Marmot” paraffin and crude-oil engines are illus- 
trated and described in a pamphlet to hand from Messrs. 
Sharer and Young, Limited, Marmot Works, Alloa, 
Scotland. The engines, which are suitable for marine or 
stationary work, operate on the two-cycle principle, and 
are made in sizes varying from 3 to 66 brake-horse-power. 
The pamphlet also contains particulars of the ‘‘ Marmot ” 
epicyclic reversing gears, reversible propeller sets, and 
welded-steel oil-tanks. 


A price-list, giving all particulars of totally-enclosed 
reversing crane-motors, has come to hand from Messrs. 





J. P. Halland Co., Limited, Blackriding Iron Works, 
Werneth, Oldham. The machines are wound for 110, 220, 
440, and 500 volts, and have outputs ranging from 1.5 to 
100 brake horse-power on a 15-minute rating. Some of 
the motors have ventilating openings; others are of the 
rain-proof type. The catalogue also gives particulars 
and states prices of magnetic brakes. 


From Messrs. Isenthal and Co., 85, Mortimer-street, 
W., we have received a pamphlet dealing with the pro- 
tection of electric plant from damage due to atmospheric 
discharges and resonance surges. For this purpose 
Moscicki condensers and Giles valves are used, and the 
construction of these appliances is described and illus- 
trated, as is also the methods of employing them. Con- 
denser-switches, choking-coils, and other accessory appa- 
ratus are also illustrated. 


‘*Seventy-Five Years of Engine-Building” is the title 
of a well-printed and illustrated pamphlet which has 
reached us from the C. and G. Cooper Company, Mount 
Vernon, Ohio, U.S.A. The pamphlet briefly outlines 
the history of the company and then describes the works 
as they are at present. The products of the works are 
Corliss engines, blowing-engines, rolling-mill engines, and 
large gas-engines, and the pamphlet contains illustrations 
of examples of each type. 


We have received from the Davis Paraffin Carburettor 
Company, Station-avenue, Kew Gardens, Surrey, revised 
lists of paraffin carburettors for internal-combustion 
engines. There are five models for the conversion of gas- 
engines, up to 30 horse-power, to the use of paraffin, while 
for motor-car engines, marine motors, and stationary 
engines of this type, three models are supplied. The lists 
state prices and also give instructions for fitting the car- 
burettors. 


From Tarflux Roads, Limited, 11, Mansion House 
Chambers, Queen Victoria-street, E.C., we have received 
acircular giving particulars of their ‘“‘ Tarflux ” compound 
for the treatment of roads. The compound added to 
tar and water enables them to mix. This mixture 
sprinkled cold on the surface of the road is stated to 
have the effect of preserving it by binding the small 
material together and preventing the formation of dust 
and mud. 

The Cowper-Coles Engineering Company, Limited, 
Grosvenor Mansions, 82, Victoria-street, 8.W., have sent 
us a catalogue illustrating and describing some of their 
specialities. These include centrifugal pumps, injectors, 
and valves for acids and other corrosive liquids, atomisin, 
plants for the aeration and purification of liquids, an 
also the C.C. head-light for motor-cars, &c. The Cowper- 
Coles process of welding aluminium is also described and 
the necessary apparatus illustrated. 


We have received from Messrs. Wilson and Gillie, the 
New Quay, North Shields, a pamphlet by Mr. John 
Wilson Gillie relating to standard compasses for naviga- 
tion purposes. The pamphlet descri the essential 
features of these instruments, and illustrates, by repro- 
ductions of drawings from patent specifications, com- 

and binnacles, and also several different methods 
of suspending the compass bowl. Other nautical instru- 
ments, such as compass bearing-plates and Gillie’s sound- 
ing-machine, are also illustrated. 


The Phenix Bulletin No. 3, issued by the Phcenix 
Dynamo Manufacturing Company, Limited, Thornbury 
Works, Bradford, deals with their direct-current motors. 
A general description of the machines is given, and also 
full particulars of the outputs, speeds, weights, and 
dimensions of constant-speed motors up to 215 brake 
horse-power, and variable-speed motors up to 172 brake 
horse-power. All except the smallest machines are fitted 
with interpoles. Prices are stated for the machines and 
spare parts, and also for starters and shunt-regulators. 

From the Pinithole Company, 55, Cross-street, Man- 
chester, we have received a circular illustrating the 
‘* Pinithole” spanner-wrench. The movable sleeve is 
reversible, and is fitted with a toothed jaw at one end to 
enable it to grip pipes, and with a flat jaw at the other 
end, so that the tool can be used as a spanner. The 
sleeve is secured in position by means of a steel pin 

through one of a row of suitably-spaced holes in 
the sleeve and lever. The tool will grip all pipes from 
4 in. to 1? in. in diameter, and nuts of the same dimen- 
sions across the flats. 


Messrs. John Holroyd and Co., Limited, Perseverance 
Works, Milnrow, near Rochdale, have sent usa catalogue 
of milling cutters and reamers. The catalogue deals 
with face and edge-cutters, split expansible cutters, 
cutters for end-milling and profiling, tee-slot cutters, 
angular, convex, and concave cutters, and also cutters for 
use on the firm’s screw-milling machines. For gear- 
cutting, involute and epicycloidal cutters, and hobs for 
spur and worm-wheels are supplied. Prices are stated 
for all the cutters made from both ordinary carbon and 
high-speed steels. 


Tilustrated leafiets dealing with a new line of control 
apparatus for squirrel-cage induction motors have reached 
us from the British Westinghouse Electric and Manufac- 
turing Company, Limited, Trafford Park, Manchester. 
Switch type automatic starters for two and three-phase 
motors from t to 200 horse-power up to 600 volts are 
dealt with and prices stated. They are made in two 
forms—one totally enclosed and the other oil-immersed, 
the latter being specially suitable for use in fiery mines. 
Particulars are also given of two, three, and four-speed 
starters; star-delta and series-parallel starters; main, 
reversing, and direct starting-switches. 


A catalogue of engineers’ small tools and workshop 
appliances come to hand from Messrs. C. W. Burton, 


Griffiths, and Co., Ludgate-square, Ludgate Hill, E.C. 





Included in the catalogue are twist-drills, reamers, and 
milling-cutters, chucks, hand and machine vices and 
cramps, tool-holders, and other attachments for machine- 
tools, stocks and dies, grinding-machines and wheels, 
pliers and nippers, and many other hand-tools for en- 
gineers and woodworkers. Among the measuring appli- 
ances listed may be found rules and squares, calipers, 
micrometer calipers, surface and limit-gauges. Johansson 
combination gauges, and other instruments. Prices are 
stated for all the articles in the list. 


Messrs. Rolls - Royce, Limited, 14 and 15, Conduit- 
street, W., have sent us a book containing an article on 
their six-cylinder cars by an independent writer. The 
article draws attention to such points as reliability, dura- 
bility, and economy, and to the performances of the car 
‘*Silver Ghost,” which ran a distance of 14,371 miles 
without a single stop due to mechanical troubles ; details 
of the 15,000-mile run are contained in the Royal Autono- 
bile Club’s certificate, which is reprinted. The book also 
contains a full description of the 1910 six-cylinder 40-50- 
horse-power chassis, and collotype and three-colour illus- 
trations show this chassis fitted with various bodies in use 
in town and country. 


Messrs. Ernest Scott and Mountain, Limited, Close 
Works, Gateshead-on-Tyne, have issued a booklet in- 
tended to show how, by the installation of electrical 
machinery in mines and collieries, the difficulties caused 
by the introduction of the Eight-Hours Act can be over- 
come. The booklet deals chiefly with electrical haulage 
gears designed to get the coal away from the working 
faces as quickly as possible. Main rope, main and tail, 
and endless-rope haulage gears are described and illus- 
trated, and also portable haulage gears intended to dis- 
pense with the use of horses underground. Some examples 
of main-shaft and underground winding-gears are also 
illustrated, 


Messrs. J. H. Holmes and Co., Portland-road, New- 
castle-on-Tyne, have sent us catalogue sections dealing 
with ‘‘Castle” continuous-current dynamos and motors, 
switch-gear, and electrical plant for mining work. In the 
first section full particulars are given of motors from 2} 
to 100 brake-horse-power for voltages between 110 and 
500, and of dynamos with outputs varying between 34 
and 75 kilowatts at 110, 220, or 480 volts. Particulars 
are also given of dynamos coupled direct to vertical high- 
speed engines; these sets have outputs up to 18.5 kilo- 
watts at 100 volts. Prices are stated of all but the largest 
machines, and also of motor starters, switches, and 
fuses. The switch-gear section describes the ‘‘ Holmes- 
Page” quick-break chopper switches for pressures up to 
600 volts, and states prices for single, double, and triple 
pole switches for capacities up to 3000 amperes. Change- 
over switches of this type are also listed for capacities up 
to 1200 amperes. This section also deals with fuses of 
the replaceable bridge type, switches in cast-iron boxes, 
double and triple pole oil-switches, circuit-breakers, and 
battery charge and discharge switches. For starting 
printing-presses, hoists, and other machinery by means 
of a small pilot switch, solenoid main and starting 
switches, and complete panels, are described and illus- 
trated. The section dealing with mining work contains 
a list of lighting and power installations, carried out for 
the proprietors of mines and collieries. Illustrations are 
also included of electrically-driven machinery, such as 
centrifugal and reciprocating pumps, haulage-gears, air- 
compressors, &c. 








Tue Boper Dam NEAR MAUER, IN Sitesta.—The big 
reservoir now being constructed near Mauer, in Silesia, to 
prevent flooding on the Bober, one of the tributaries of 
the Oder, will be the largest in Europe. The basin 
will cover an area of 240 hectares (593 acres); it will 
have a length of 8.5 kilometres (53 miles), and contain 
50 million cubic metres (1760 million cubic feet of water). 
The main object of the undertaking is that of keeping the 
River Bober in check, just as the Marklissa Dam in the 
neighbourhood was constructed to puta stop to the frequent 
inundations on the Queiss River; but a hydro-electric 
plant is also embodied in the plans, as in the case of most 
of Intze’s projects. Before the foundations of the dam 
could be laid the Bober had to be diverted, and a con- 
duit, 9 metres in width and 7 metres in height (294 ft. by 
23 ft.) has been constructed for this purpose in addition 
to a weir 9 metres (294 ft.) in width. The conduit skirts 
the rocky right bank of the Bober. The foundations gave 
a good deal of trouble and had to be carried down to 
17 metres (56 ft.) below the bed of the river. The dam 1s 
curved to a radius of 250 metres (820 ft.), and will have a 
length of 280 metres (920 ft.) at the top, 120 metres (395 ft.) 
at the bottom, and a height of 60 metres (197 ft.). Some 


250,000 cubic metres (8? million cubic feet) of quarried 
stones will be required. According to a paper, read by 
H. Winterschladen, before the Posen branch of the Verein 
Deutscher Ingenieure, 160 men, almost exclusively Italians, 
are now at work on the wall itself, while 400 men are en- 
in the quarries and the cement mills, &c. The mortar 

is made of 1 part by volume of cement, } part of trass 
(the volcanic tuffa from the Brohl valley in Rhenish 
Prussia, which has given complete satisfaction in the Urft 
dam, described in our columns three years ago, and in 
rt of lime, and 5 parts of sand. The 


other dams), 4 
wall will be finished with a 2}-in. layer of trass coment. 
The sluices for the regulation of the water-level are to De 
laced in the conduit mentioned ; an overflow  wi!! also 
Be provided. The water for the hydro-electric power: 
station will be carried through a pipe, 2.2 metres (7{t. 2) 1"-) 
in diameter, — through the dam at its base ha 
turbines, each of 1300 horse-power, are to be instailed, 
and will drive generators for currents of 30,000 volt 
whole plant, including the site, is expected to cost 
410,000/.; for the power-station, 12 500/. is allowed. 


The 
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«‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each ~ tag where none is mentioned, the Specification is not 
illustrat 

Where inventions are communicated from abroad, the Names, é£c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chanvery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the ance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the ance of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


2217. A. H. Curtis, A. H. Mackley, and the 
Adams Manufacturing Com: , Limited, Bedford. 
Electric Switches. (3 Figs.) January 29, 1909.—'This inven- 


tion relates to switches of the kind in which the switch arm or 
contactor is held in a closed position against the action of a spring 
by a retaining electro-magnet which is used asa no-voltage release 
or retaining magnet. Where it is necessary to open the switch 
from one or more distant points, a difficulty has been found in 
de-energising the electro-magnet without interrupting the field or 
other inductive circuit in which the coil of the electro-magnet is 
generally placed. According to the present invention, two alter- 
native circuits, in one of which the coil circuit of the retaining 
electro-magnet is arranged, respectively end at one of the branch 
terminals of a two-way push-button or other switch, which is 
provided with a movable arm or arms connected to a common 
terminal, and which is constructed and operates in such a manner 
that both of the circuits can never be broken at the same time. 
By this means, when it is desired to open the main switch held by 
the retaining magnet, the push-button is operated so that the 
coil of the retaining electro-magnet is first short-circuited (through 
the other above-mentioned alternative or shunt circuit), and then 
cut out of circuit. However, the inductive or other circuit in 
which the retaining electromagnet is normally included always 
remains closed whatever may be the position of the push-button 
or other switch. a is the armature of an electro-motor, ) are the 








field windings, ¢ the line wires, d is the arm of a starting resis- 
tance switch or controller, and e is a no-voltage release coil by 
which the arm d is held when the line circuit is closed, and all the 
starting resistance is cut out. The field windings } of the arma- 
ture a of a shunt-wound electro-motor are connected to the first 
contact f of the starting switch by two lines g, h in parallel, 
either of which can be cut out of circuit by a two-way push- 
button switch, which is provided with contact arms i, j respec- 
tively adapted to close on the branch terminals k, § F When the 
push-button switch is in its normal position the line g is in circuit 
and the line A cut out. The push-button switch is so constructed 
that, when in its normal position, if the button m is operated the 
arm j is first brought into contact with the terminal /, after which 
the arm i is moved away from the terminal k. When the arm d 
is moved to close the circuit, and has been brought into the full- 
on position, the retaining magnet, energised by the current flow- 
ing through the line g to the coil e, holds the arm ad in this posi- 
tion. On operating the push-button m the arm j is brought into 
contact with the terminal /, thus short-circuiting the coil e, and a 
further movement of the button im will cause the arm / to move 
away from the terminal k. The circuit being thus broken through 
the no-voltage release coil, the arm of the switch will fly back to 
the off position, and at the same time leave a closed path for the 
field to discharge itself in the ordinary way, or through a dis- 
charge resistance if desired. (Accepted December 8, 1909.) 


14,972. A. Wunderlich and G. A. Hughes, Croydon. 
Arc-Lamps,. [3 Figs.) June 26, 1909.—This invention relates 
to the raising and lowering of arc-lamps to and from standards 
which are fitted with frames in which the lamps are suspended with 
their axes coincident with the axes of the standard, so that there 
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5 10 clear space to allow the lamp to be lowered directly, as is the 
SAS ~? 

} : ’ her 7 lamps suspended from swan-necks, or like overhanging 
we aiding 4 The present invention is an improvement upon the in- 

pce the eecribed in Specification No. 25,398, 1907. In the prior 
“se the cable by which the lamp is raised or lowered is connected 


to a radius-rod, one end of which is pivoted at a point remote from 
the bracket in which the lamp is to be supported, so that when the 
lamp or the like is lowered, it is drawn by the radius-rod into a 
position away from the bracket, and from which position it can be 
freely lowered without coming into contact with the standard or 
other obstacle. The object of the present invention is to avoid 
the necessity for this radius-rod. In carrying out the invention, 
as applied to a standard fitted with the usual vertical frame a, the 
latter is provided with two arms }, ¢, at right angles to 
the plane of the frame, one extending to the front and one to 
the rear. The —— part of the frame a is fitted with any 
suitable form of hood d, provided with any suitable form of 
contact, and with rollers over which the hoisting-rope or cable 
J is passed. The end of the cable f is secured at or near the 
outer end of the arm b, and through the contact- 
plunger g, and around the pulley A mounted in the shrouding 
forming part of the hook k, from which the lamp / is suspended. 
The cable f is provided with a stop m which is pted to en 

the shrouding when the cable has been wound sufficiently to draw 
the lamp / into the frame a@ and up into the normal position. 
When the cable / is slackened and paid out, the lamp first moves 
into the position indicated in dotted lines at I, where it is clear 
of the standard, and then the unwinding of the cable can be con- 
tinued, so that the lamp descends to a convenient position for 
inspection or cleaning—for instance, as indicated at II. It will 
be clear that the lamp can be lowered to any extent desired. The 
stop may be simply in the form of a knot, or it may be formed 
by enlarging the diameter of the cable at the desired point or by 
securing a collar or ferrule thereon. (Accepted December 8, 1909.) 


LIFTING AND HAULING APPLIANCES. 


7038. T.Foster,Manchester. Screw-Jacks. (3 Figs.) 
March 24, 1909.—This invention relates to hand-power screw- 
jacks, and consists in mounting a motor on a Haley or similar 
screw-jack, and in so combining this motor with the jack that 
the apparatus can be readily converted from power to hand, or 
vice versi, a designates the yn | of the jack ; b the screw; c 
the foot secured to the lower end of the screw, which has its 
bearing near the top of the casing a ; d a block fitted upon the end 
of the screw; ¢ a nut confined in a recess in the casing through 
which the screw is threaded, the nut e having teeth cut upon its 
exterior to form a worm-wheel ; fa worm in gear with the worm- 
wheel ; and ga spindle, upon which the worm / is secured, the 
end of this spindle being squared to receive a handle when it is 











required to work the jack by hand. A designates a small electric 
motor secured to the casing a, so that the motor has a slight 
freedom of movement ; j a bracket ; k isa bush, in which is drilleda 
hole out of the centre to form an eccentric bearing for the shaft 1, 
the bush being fitted, and free to be turned, in the bracket j; / is 
a handle secured to the bush ; ™ isthe shaft carried at one end in 
the eccentric bush k and coupled at the other end to the shaft m1 
of the motor ; 7 is a worm secured upon the shaft m; and o isa 
worm-wheel fitted upon a feather-key or otherwise adjustably 
secured upon the spindle gy. The worm m and worm-wheel 0 can 
be put into gear or thrown out of gear by moving the handle /, 
which governs the position of the bushk and shaft m. (Sealed 
February 10, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


6246. Taylor, Lang, and Co., Limited, and W. T. 
Watts, Stalybridge. Vertical Shaft Bearivgs. (2 
Figs.| March 16, 1909.—This invention relates to bearings for 
vertical shafts, and has for its object to provide for the effective 
support of the shafts, with means for lubrication that will 
maintain the bearings in effective running condition under the 
maximum Icads that may be imposed thereon in service; @ is a 
dise affixed to the lower extremity of the shaft, which seats upon 
a corresponding disc » placed within a container c, supported by 
the machine-framing in a pocket d. Fitting loosely within the 
container ¢ is a bearing-sleeve ¢ for the shaft f, provided with a 
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central swell which contacts with the interior of the container c, 
but in such a manner as to provide for a swivelling or rocking 
movement of the sleeve ¢; the latter can thus automatically 
adjust itself into alignment with the shaft /, and follow any 
vibratory movements of the same. The sleeve ¢ rests upon the 
dise b at the bottom of the container c, and is prevented from 
turning with the shaft. A gland adjusting-screw / is fitted 
beneath the container c for the purpose of raising or lowering the 
latter if required. Through the screw there passes an oil supply- 
pipe i, and such pipe also extends through the disc b, in order 
that oil under pressure may be forced between the upper surface 





of the disc b and the lower surface of the disc a. rooves are 





provided to serve as oil channels between the centre and the 
peripheries of the discs a and b. The oil is caused to flow between 
the adjacent or meeting faces of the discs a and », thence to 
travel up between the interior of the bearing-sleeve ¢ and the 
shaft to the upper part of the container ¢, and finally by way of 
an overflow pipe j to return to the reservoir or sump of the 

ump. The upper end of the shaft (see Fig. 2) is supported by a 

aring-sleeve k, which is also, as with the lower sleeve ¢, adapted 
to swivel to suit the shaft. The sleeve k is not made a bearing fit 
to the shaft f through the entire sleeve length, but the actual 
bearing surfaces are provided at each end, being there formed by 
liners i, ». The sleeve rests upon a collar o fixed to the shaft 
and having a downwardly-turned flange p adapted to project over 
and into a saucer-like fixing g for —s and retaining super- 
fluous oil which can be drawn off as required. The oil is admitted 
toa chamber r formed by an enlargement of the upper end of the 
sleeve k. (Accepted December 8, 1909.) 


RAILWAYS AND TRAMWAYS. 


1077. E. M. Munro and the Railless Electric 
Traction Company, ted, London. Trolley- 
Heads. [5 Figs.) January 15, 1909.—This invention relates to 
trolley-heads for electrically-propelled vehicles, and has special 
reference to a trolley-head for use on a railless vehicle supplied 
with current from two overhead conductors. The trolley-head, 
according to this invention, is of the type provided with two or 
more current-carrying contacts, and is primarily intended for use 
on asystem provided with an earthed aerial conductor. The ex- 
tremity of the trolley-pole is furnished with a socket B carrying a 
hollow sleeve C, forming a central pivot, about which the head can 
turn. This pivot-sleeve carries an insulator D, upon which three 
conducting-rings E are mounted, one being for the positive, one for 
the negative, and the other for the earthed contact. The bonnet 
or casing F, which is rotatable, carries spring-controlled contact 














plungers G. Of these, those on the left-hand side of Fig. 1 are con- 
nected, one to an auxiliary or earthing contact-shoe H, and the 
other to one of the current-collecting wheels J. The other contact- 
plunger, shown on the right-hand side of Fig. 1, co-operates with 
the middle ring E, and is connected to the other current-collecting 
wheel J}, It will be seen that the three circuits are all intended 
to be insulated from each other and from the frame of the trolley- 
head, and the conductors K, which are joined to the inside of the 
rings E, are brought down separately to their respective circuits, 
the cable or wire connected with the top ring being joined to the 
framing of the car and its fittings, but forming no part of the elec- 
trical - power circuit. In such an arrangement the middle or 
earthing contact-shoe H co-operates with an independent earthed 
conductor L, which does not form part of the power circuit. 


(Sealed February 10, 1910.) 

26,362. H. E. Gresham, Salford. Air ~- Brake 
Systems. (2 Figs.) December 5, 1908.—This invention relates 
to air-brake systems, and has for its object to provide simple and 
efficient means for indicating when the brake-pipe of a loco- 
motive is coupled to that of a train. Combined with the usual 
vacuum-gauge @ upon the locomotive are indicating-discs | 
mounted upon a rod connected to a spring-supported piston, one 
side of which is exposed to the atmosphere, whilst the other side 





Fig. 2. 

6 

a 
c 
Utconsiiensanilie 








is open to a pipe c leading to one of the dummies d arranged at 
each end of the locomotive. When a half-coupling upon the 
engine is placed u the dummy d — therefor, the vacuum 
created in the wane will act, through the conduit ¢ in the 
dummy d leading to its indicator, to move the diaphragm and 
expose the disc } having words such as “not coupled” thereon, 
showing to the driver that the coupling is not connected to 





that of the adjacent coach. When, however, the half-coupling 
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is removed from the dummy d, and connected to a fellow half- 
coupling on a coach, both sides of the diaphragm connected to 
the indicator-rod are under atmospheric pressure, and the dia- 
phragm is then moved by its spring to expose the disc with a 
signal such as “coupled” thereon, indicating that the engine 
brake-pipe is coupled up to that of the train. Communication 
between the exterior of the dummy d and the passage or conduit 
is preferably made by way of apertures formed around a grooved 
or channelled portion of the dummy as shown, so as to prevent 
solid particles from lodging in the apertures, as would be the case 
if one aperture glone were provided at the top of the dummy. 


(Accepted December 8, 1909.) 
1067. E. M. Munro and the Railless Electric 
te: Londop. Railless 


Traction Company, ai 
Traction Systems. (3 Figs.) January 15, 1909.—This inven- 
tion relates to electric traction systems, and has particular refer- 
ence to overhead systems supplying current to railless vehicles. 
Such vehicles usually are carried by wheels provided with rubber 
tyres, or, in any case, are without the efficient “earth” which is 
formed for tramears by their rails. There is therefore some risk 
of accidental shock to a person standing in the road and touching 
the frame of the veunele should there be a connection or leak 
to the frame from either of the poles. This disadvantage is 
obviated, according to the present invention, by providing an 
earthed aerial ccnductor, so arranged that it can be put into elec- 
trical connection with the frame of the vehicle, preferably through 
an auxiliary contact carried by the trolley-head. Three con- 
ductors A, B, C are supported from a hanger D; the inner con- 
ductor C is supported at a lower level than the outer conductors 
Aand B. If the system be designed to work with an independent 
aerial conductor, then the wire C may be small in cross-section, as 
it will usually have to carry no current. In such a case the con- 
ductor A would be itive, the conductor B negative, or vice 
versa, On the other hand, if the middle or earthed conductor C 
is used to carry current and form part of the power circuit, it will 
preferably be negative, and the conductors A and B will each be 
positive. .Figs. 2 and 3 illustrate a form of crossing suitable for 
use when the middle conductor C is an independent earthed wire. 
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In this crossing the positive conductors A meet at opposite angles 
of the square formed by the crossing, the angles at the ends of the 
other diagonal being formed by the junction of the negative 
conductors B. Thus a vehicle approaching the crossing in the 
direction indicated by the arrow X would have a positive con- 
ductor on the left hand, and a negative conductor on the right 
hand, 
forming the sides of the square are broken, and their polarity 
reversed, the positive conductor being mechanically connected to, 
though, of course, thoroughly insulated from, the negative con- 
ductor. This mechanical connection is, in the construction illus- 
trated, made through insulating plates E and bolts F, which pass 
through bushes G of insulating material. The earth conductors C 
are disposed midway between the two current-carrying conductors 
A and B, and central with the rectangular crossing is suspended a 
cross-piece H, forming a contact, whereby the frame of the vehicle 
may be kept earthed as the trolley-head passes the crossing. The 
cross-piece is insulated from the other portions of the crossing, 
but is electrically connected with the earthed conductors C, so 
that when the earthing contact of the trolley-head is in contact 
with the cross-piece H only, the frame of the vehicle is still 
earthed, In the trolley-head the earthing contact comprises two 
shoes J, so arranged that one of them makes contact with the 
crogs-piece H before the other leaves ‘he conductor C, The same 
arrangement will ensure that contact is made with the conductor 
C on the opposite side of the crossing before the rear shoe J 
leaves the cross-piece H. (Sealed February 10, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


. J. Cockayne, Stoke-on-Trent, F. Cockayne, 

Derby, and C. E. oSealt, Sewingnem. Feed-Water 
Heaters. (3 Figs.) November 19, 1908.—Thisinvention comprises 
an apparatus for raising, by means of exhaust steam, the tempera- 
ture of water supplied to boilers, and for purifying and filtering same. 
The apparatus is fitted with a series of circular-inclined cast-iron 
trays B, having raised flanges b!, the top tray being arranged to 
receive crude feed-water, which enters at ¢ near the top of the 
tus. A portion of each tray B is cut off on one side to 

allow a passage /2 for the steam from one tray to another. The 
side b° of each tray B left by cutting is formed or serrated to 
break up the water into a showery form as it flows over to the 
next tray below, and so on over the series of inclined trays until 
it reaches the lowest one B4, which is quite level, and rests on a 


a of the crossing the current-carrying conductors | 


strong angle-irond. In order to give the necessary space between 
the trays, short legs }5, 46 are cast on the underside, the two b5 
nearest the straight edge )* of the tray being half-an-inch shorter 
than the other two 6, The inlet e for the exhaust steam is fitted 
with an oil-separator f, and placed to deliver the steam imme- 
diately under the bottom inclined tray Bx, so that it must pass 
through the thin sheet of broken water as it falls down to the 
last tray B4, the steam then passing under and over each tray 
and through the several sheets of water in succession until 
it reaches the outlet gto the atmosphere, on the side or top of 
the apparatus, and above the uppermost tray. By this method 
of bringing the steam into direct contact with the water, the 
temperature of the water is rapidly raised, and maintained at 
212 deg. Fahr., air and carbonic gas are set free and escape to 
the atmosphere, and the carbonates of lime and magnesia are 
precipitated and the greater portion retained on the trays, only 
a very small proportion of the deposit finding its way to the 
lower part a! of the apparatus, which forms a hot-water storage 
and settling-tank. In this lower part of the apparatus is fitted 
a cylindrical filtering vessel h, divided into two chambers by a 
sliding division plate h1, to which is attached a smaller cylinder 
h?, perforated to allow the water to pass to the outlet pipe &. 
The large cylinder h is filled with washed broken coke, crushed 























quartz, or other suitable filtering material, and as the large 
cylinder is perforated over half of its length nearest its open 
end h3, the water must travel a long distance through this 
filtering medium before it leaves the apparatus, and is thus 
practically freed from all unsettled particles of lime and the like, 
and any small traces of oil which may have found its way in with 
the exhaust steam. As it is, however, of the most vital impor- 
| tance that every trace of oil should be absolutely removed 
| from the feed-water before it is pumped into the boiler, a 
secondary downward filter L_ is provided and connected at the 
top direct to the outlet pipe & from the main apparatus. Inside 
the filter a removable vessel m, perforated at the bottom, is 
placed, and filled with coke or crushed quartz, through which 
the whole of the hot water must pass to the bottom of the main 
vessel, from which it is drawn by the suction pipe of the feed- 
pump. By this system of repeated filtration it is obvious 
that no trace whatever of oil will be found in the water when 
delivered direct to the boiler. In order to provide for the 
removal of sludge and for general cleaning purposes, a large 
sludge-cock » is fitted under the bottom of the apparatus and a 
suitable form of oil-skimmer connected into the drain-pipe for 
drawing off the surface oil. A suitable water-gauge is also 
| fitted to show the height of water in the apparatus at any 
| time. (Sealed February 3, 1909.) 


2647. F. Cockayne, Derby, J. Cockayne, Longport, 
and C. E. Medcalf, Birmingham. Feed- Water 
Heaters. (2 figs.) February 4, 1909.—This invention relates 
| to internal feed-water heaters for horizontal steam boilers. A 
| number of horizontal cast-iron trays A having undulated sides a! 
| are disposed in the steam space g! of the boiler G. The trays A 

are bolted together by flanged ends a2,s0 as to forma long tor- 
tuous channel, which terminates in a large bowl-shaped vessel B, 
in which a pipe c and valved are arranged for the purpose of blow- 
| ing out any collected deposit of lime, salts, mud, and the like that 
may accumulate thereon. An inlet pipe is arranged and pro- 
vided with the usual fittings. The feed-water, which may be pre- 
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viously heated, is delivered on to the inlet end a® of the internal 
heater A, over which it travels slowly, making frequent changes 
of direction through the curved path of the trays, which causes 
the water to be churned from the sides to the centre, and thus 
breaks it up, so that every portion is brought into direct contact 
with the steam, and by the time it reaches the settling-bowl B 
and overtiows through the tube /2 into the body of the boiler the 
water has been heated up to the full temperature of the steam. 
To assist in the churning action, angle-pieces a4 may be disposed 
on the inner side of the heater A, to thereby direct the water 
towards the centre. Suitable hanger bolts, such as /, or other 
means may be provided for the efficient support of the heater, 
(Sealed February 3, 1910.) 


17,188. Stewarts and Lloyds, Limited, Bir 
ham. (S.. Masters, Cleveland, Fronsonal> ay ty une 
July 23, 1909.—This invention relates to straightway valve. 
The casing of the valve is made in two parts a and b, flang: 
jointed at an angle of about 45 deg. to the axis. Whilst th 
bore of part a is that required to pass the desired volume of fluic 
the part 6 is made of a larger internal diameter in order t 
expose a portion of the face of the inclined flange of part a f 
the purpose of forming a valve-seat. The flange may be covere:! 
by a sheet of india-rubber d, which not only serves to make th 
joint between the casing parts, but also forms a readily renew 




















able valve-seating. The valve disc e is pivoted above the orifice 
to the member b, so as to swing on to its seat or up into a hori- 
| zontal position, the upper part of the member / being enlarged 
and recessed to accommodate the disc when in the latter position, 
and keep it clear of the line of flow. The valve is operated by 
means of a hand-wheel / keyed to a nut, through which works a 
screw-spindle h pin-jointed to the valve disc e. To permit the 
spindle to swing in accordance with the motion of the dise the 
nut g isrotatably secured in aframe 7, which, in turn, ismounted 
on trunnions in a cavity formed in the bridge k, which latter is 
conveniently constructed in two halves held together by bolts. 
(Accepted December 8, 1909.) 


| 25,500. J. Howden, Glasgow. Boiler Furnaces. 
| (3 Figs.] November 26, 1908.—This invention relatesto fronts of 
boiler furnaces of the kind arranged to work under forced 
| draught. The spindle A of the locking-lever B has attached to 
its inner end a wheel C, having bevel teeth on part of its periphery 
| and adapted to gear with a wheel D secured to the shaft E carriec| 
| in bearings and disposed parallel to the furnace front, the shaft I. 
having attached to it at each end a valve G for controlling the 
supply of air to the furnace. On withdrawing the lever B from 
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its position in front of the furnace-door H, the tvheel C receives 
la partial rotation and imparts movement to the wheel D, whereby 
| the valves G are brought to their closed position, indicated by 
| full lines at Fig. 2, and the furnace-door H can then be opened 
without risk of flame entering the stokehold; but on closing the fur- 
nace-door H and restoring the lever B to the locking position, the 
wheel Dis turned in the reverse direction, so that the valves G are 
brought to their open position, indicated by dotted lines at Figs. 
land’. It will be seen that. the axis of movement of the valves 
is parallel to the furnace front. (Sealed February 10, 1910.) 


MISCELLANEOUS... 


3006. The Cleveland Bridge and Engineering 
Company, Limited, Darlington, and J. H. Walker, 
Carmarthen. Movable Bridges. [1 Fig.) February 5, 
1909.—This invention relates to bridges of the type in which an 
opening span is required to be moved as a whole out of position 
to allow passage of traffic underneath it, and particularly to 
that type of Lascule or rolling lift-bridge which rolls back ona 
circular surface so as to turn the projecting leaf of the bridge 
about a moving horizontal axis. In the form of the invention illus 
trated, the movable leaf a is formed with a circular end b adapted 
toroll on the bridge support ¢. Teeth e are provided on the 
circular portion and adapted to engage with recesses f in the 











bridge support, when the bridge is turned about the horizonta 
axis, which moves in a horizontal direction as the leaf turns, anda 
suitable balance-weight g is provided. The rotation of the leaf a 

the horizontal axis is effected by means of pinions / on each 8 
carried by strong framework k, mounted on the bridge suppo! 
the pinions A being rotated through trains of wheels m. 1 
shaft A extends across the width of the bridge and connects ¢ 
gear trains on each side of the bridge when more a o~ 
pinion h isemployed. The pinions A engage with —- - ~~ ; 
to the leaf, and of such a curved form that they will 4 ws , 
remain in engagement with the pinions whatever be the _ 
of the leaf in its movement about the horizontal axis. (> 


February 10, 1910.) 
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THE STABILITY OF FLYING- 
MACHINES. 
*By Hervert Cuatiey, B.Sc. 
I.—GENERAL CONSIDERATIONS. 

Tue stability of an aeroplane is either automatic 
or volitional, and it is of the wanes possible im- 
portance that the extent to which any machine is, 
or can be, rendered stable should be known. 

Postponing for the present the subject of voli- 
tional stability, it will be useful to inquire under 
what circumstances a machine may be automatically 
stable. It is, of course, impossible to give all the 
types that may be available, but up to the present 
only two seem to have been discovered :— 

1. The automatic single-surface glider. 

2. The balanced glider. 

The first relies for its longitudinal stability on the 
variation of the centre of pressure with the angle 
of attack; the second relies on the variation in 
altitude of a balancer, or tail surface. In each 
case a torque should come into existence which 
will bring the glider back to its original position. 

We will briefly discuss the first case, assuming 
plane surfaces, and the following notation (Lan- 
chester’s) :— 

y = angle made by flight-path with horizontal.* 

B angle made by et with flight-path (‘‘angle 
of attack”). 

A = area of the plane (square feet). 

V = velocity (feet per second). 

W = weight (pounds). 

p = density of air (pounds per cubic foot), say 0.08. 

” = gravitational acceleration (feet per second per 
second) = 32.2. 

C = reaction coefficient on normal plane, about 0.7.+ 

c¢ =reaction coefficient on oblique plane (varies 
from 2 to 3). Lanchester has tabulated prob- 
able values.t Eiffel finds 3 the value,§ but 
the value depends on the shape of the surface. 

£ = coefficient of skin friction (about 0.02). 


Supposing (see Fig. 1) the glider to be descending 


I 








under gravity, we have resolving parallel to the 
plane 


W sin (y-8) = 


ECpAV? () 
g 


Perpendicularly to the plane we have 
W cos (yp) = C°PAV? sin 8. (2) 
9g 

or, resolving, parallel to the flight-path, each com- 
ponent on the right of these equations, we get 

Wgsiny = CepA V2sin?8 + ECpAV2cos8 (3) 
and perpendicularly to the flight-path 

Wy cos y=C cp A V2 sin 8 cos B—~ Cp A V2 sin B (4) 

Also owing to the fact that the position of the 
centre of pressure is a function of B, say > (8), if 
the centre of gravity is d ahead of the centre of 
area of the plane, and @ (8) is measured relatively 
to the same point, 

d= (8) . 


The last equation is that which more immediately 
affects the stability. d will ordinarily be constant, 
so that if 8 is altered 88 by any variation in the 
velocity, there will be a torque produced equal to 


M —! eA ie (8 + 68)[¢ (8 + 68)-¢(8)]. 


(5) 


(6) 


.* Captain Ferber calls the angle of attack y.—Rerue 
eaes erie, October, 1905. 

+ (1f P be the pressure in pounds per square foot on a 
plane perpendicular to the air current, and p be the 
density of the air, whilst V is the velocity in feet per 


If @ (8 + 88) > (8) then this torque will cause 
an increase of 8 in accordance with the usual rule 
for angular motion—viz. : 

a28_M 
de 1 
where I is the moment of inertia about an axis 
passing through the centre of gravity perpendicular 
to the plane of symmetry. Hence there would, as 
in Fig. 2, be a continuous increase of 8 and final in- 
stability. If, on the other hand, ¢ (8 + 88) < (8), 
the torque will be anticlockwise and will cause 8 to 
return to its original value or less. If it becomes 
less than the original value, then the torque becomes 
clockwise and the angle 8 again tends towards its 
original value. The whole question would then 
appear to depend on the rate of change of (8). If 
d > (8)/dB is negative, then there will be stability. 
If it is positive, then there is instability. According 
to the law of Jéessel* and Avanzinit ¢ (8) is of the 
form 0.3 (1—sin 8) l _ a surface nearly square], 
where / is the longitudinal dimension of the plane, 
and therefore d (8)/d8 = — 0.3 cos 8.l which 
satisties the required conditions of stability. 
Soreauf has a similar form 
l 
¢ (8) 4(1 + 2 tan 8) 
with a negative rate of change, but Turnbull§ finds 
that below a certain critical angle the rate of change 
is positive, and not negative, so that the matter is 
in doubt. Nevertheless, the last-mentioned inves- 
tigator finds that certain slightly curved surfaces do 














(14418) 
follow a law in which d } (8)/d 8 is negative, although 
Professor Marvin|| questions the accuracy of the 
methods generally employed to ascertain the value 
of 68). ae 

A point which most of these investigators seem 
to have overlooked is that it is not the function 
¢ (8) alone which decides the matter, but the rate 
of change of M. Since, however, it is only a 
question of the sign of the function, and the re- 
action within ordinary limits has a positive rate of 
change, this matter is unimportant. 

Lanchester and several other experimenters find 
that the ‘‘ simple ballasted aeroplane ” is stable, so 
that the results of Turnbull seem open to ques- 
tion. Further experiment is undoubtedly needed 
in this direction. There seems, however, no doubt, 
that with surfaces which are concave below the 
function d @ (8)/d 8 is positive,“I so that these sur- 
faces are not stable without some balancing device. 

We can now pass to the balanced glider, Fig. 3, 
which is the type particularly studied by Ferber and 
Lanchester. The essential feature here is a sepa- 
rate surface at a negative angle to the line of flight. 
Let this surface have an area of a square foot, and 
its angle of attack be y, and, further, let us assume 
it is so distant from the main surface that it is 
not affected by the current therefrom. Disregarding 
the variations of ¢ (8), which are only small for 
narrow surfaces, we have amoment Cc pa V*sin » t 
continually acting on the balancer. In this expres- 
sion ¢t is the arm of the couple. This will ordi- 
narily be neutralised by a moment due to the forward 


* Genic Maritime, 1870. 

+ Révue [ Artilicrie, October, 1905. zk 

+ Memories de la S. des Ingenieurs Civils de France, 
October, 1902. 

§ Physical Review, March, 1907. 

| Moedebeck’s Pocket-Book, page 311. 

| Turnbull, vide supra ; Spratt, Moedebeck’s Pocket- 
Book, page 311; Wilbur right, Western Society of 





second, then C is defined by the relation 
a CpVv?2 
P< 
Similarly, if Pg be the pressure on a similar plane 
ee 7 at an angle 8 to the air current, c is defined by 
1€ Telation 
Py =opP = °CPBV" 
, t j g 
—Ep. E. 
t ** Aerodynamics,” 
$ Engineer. 





Engineers, August, 1903 ; Smithsonian Reprints, 1908. 


position of the centre of gravity, the centre of pres- 
sure of the main surfaces being behind the centre of 
gravity (at a distance along the main plane equal to, 
say, s), and we have then 


CepAV?. 
g 


sin 8s = Ce, paV2 
g 


sinnt. . (7) 
c is a function of the form of the surface, so that 
we can only simplify this to 
cA sin 8s = c,. asin nt. 
If 8 increases by the rotation clockwise of the 
machine, we have a torque 


CepAV® gin (8 + 8p) s — C%PAV® gin (5 ye (8) 
g od 


which is anticlockwise—since sis behind the centre 
of gravity, and must be positive, because the torque 
on the main surfaces has increased, while that on 
the balancer (which, in the first place, neutralised 
it) has decreased. Hence the machine tends to 
return to its original attitude. 

Again, if 8 is decreased by an anticlockwise rota- 
tion, there is a torque 


see Lis sin (8 —88)s - Copa V? sin(7+58)t. (9) 
§ g 


which is clockwise, because the clockwise moment 
on the tail has increased, while the anticlockwise 
one on vhe main surface has decreased. Hence, 
again, the machine tends to return to its original 
attitude. 

This balancing effect can also be seen to be due to 
the displacement of the tail from the line of flight. 
If the machine rotates through an angle 88, then 
the tail is moved from the line of flight through a 
distance ¢.68, and the head resistance on the tail is 

. 72 
Oe, f 3 sin® y, producing a righting torque equal 
to the product of these two quantities, 7 being 
varied by + 88. 

These two examples show the general lines upon 
which the question of longitudinal stability can be 
considered, and we next have to think how stability 
of direction and of lateral oscillation may be ob- 
tained. 

These two questions are very closely related to 
one another. [t is now well known as a matter of 
experiment that either a keel or a dihedral arrange- 
ment of the surfaces is necessary to ensure a con- 
dition of stability about an axis in a vertical plane 
and perpendicular to the line of flight, and an axis 
panel to the line of flight. 

The action about the vertical axis is easy to 
understand, if the keel (or its dihedral equivalent) 
has its centre of pressure behind the centre of 
gravity. Let the area of the keel surface be F, and 
let it be situated with its centre of pressure (say the 
point one-third the longitudinal dimension ahead 
of the centre of area) at a distance n behind the 
centre of gravity, and in the longitudinal axis 
through the centre of gravity. 

When the machine is running in a straight line 
there is a frictional resistance gc ? | F V®, which in- 
creases the head resistance, but has no other effect. 
If, now, the machine deviates laterally through an 
angle y, there is a normal pressure on the sur- 

Ce, p FV? 
face measured by - 
Ce, p FV? 

g 


sin y, and a torque 


. sin y. x, which brings the machine back 


into its original direction. Hence such a surface 
tends to maintain the directional stability. 

As far as the lateral stability is concerned, if the 
machine swings about the longitudinal axis to angle 
of roll @, the weight component will cause the 
machine to glide sideways towards the lower side, 
and as soon as the lateral velocity becomes sufti- 
cient the mere eccentricity of the centre of pres- 
sure would eventually cause it to be righted. This 
action would be slow, and when developed would 
ro produce an excessive reverse angle of roll. 

f, however, there is a dihedral surface, ‘or the keel 
surface has its centre of pressure above the longi- 
tudinal axis through the centre of gravity, a very 
small velocity will produce a righting torque. 

It would thus appear desirable that a keel sur- 

face should be situated well above and behind the 
centre of gravity. 
Such, then, are the fundamental ideas in connec- 
tion with the balancing of aerodromes, the main 
principle being that every deviation from the proper 
course shall be accompanied by a righting torque. 








This is not, however, by any means the conclu- 
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sion of the matter. We must consider the effect 
of inertia on hindering the righting motions and 
in causing natural oscillations, the effect of resist- 
ance in damping oscillations, the variations in 
velocity due to modifications of resistance, thrust 
of wind, and the stability of complex surfaces which 
interfere with one another. Furthermore, the 
vibrations due to motor and propeller forces, the 
motions of loads, and the effects of steering need 
consideration. Students of naval architecture will 
know how elaborate the principles of the stability 
of ships are, and there is no reason to suppose that 
those of the stability of flying-machines will be 
less complex. 

There are certain appliances by means of which 
stability can be greatly increased. The Beauchamp 
hydraulic turret, the Obry torpedo, and the Brennan 
mono-rail, the rifled projectile, and the ship-rolling 
extinctor all depend for their stability of position or 
direction on the action of gyrostats, and it is certain 
that, if necessary, similar appliances can be used 
for aviation. Sir Hiram Maxim is understood to 
have designed one such for his large machine, and 
Mr. Howard Wright is also said to have employed 
a similar arrangement in one of his machines. 


OSCILLATIONS. 


As we have seen, the main principle in connec- || 


tion with stability is that any deviation from the 
position of equilibrium shall be accompanied by a 
torque producing a motion back to the position of 
equilibrium. The existence of inertia leads to a 
continuation of this motion past the position of 
equilibrium, so that there is deviation to the other 
side, which must again be righted. If this righting 
torque is exactly proportionate to the displacement, 
then the motion is termed ‘‘simple harmenic 
motion,” and in the absence of friction, oscillations 
of a constant amplitude—i.e., range of oscillation— 
will occur, 

This is expressed mathematically by saying that 
the torque is proportionate to the angular displace- 
ment and of opposite sign, so that we have 
Torque = — (moment of inertia) x (angular acceleration), 

2B 
=M=-I7; 
dad dt 
or, writing it in the form of a differential equation, 
dp K 
+ 
dt I B 
The solution of this is 


B= Me Nie 


which, by the exponential relations of the trigono- 
metrical functions, becomes 


B = Agsin “/* t+ Ay cos /* t. 


If 8 = 0 when ¢ = 0 then we have A, = 0, so 


that 
B = A, sin f= t. 


Under these conditions the oscillation will be 
continuous, 8 varying from a value A, to — A,, and 
we shall have the relation 


r/« 
I 
where r is the periodic time, so that 


| 
r=2rq/ s 
K 


If, however, there is a frictional or other resist- 
ance, the oscillations will decrease. The exact 
manner of the decrease is dependent on the relation 
of the friction to the velocity. Thus, if in addition 
to the torque resulting from the displacement there 
is also a retarding torque proportionate to the velo- 
city, we have 


4.0.4 
== ©. 


/-1t 
4 Vee : 


yf idee 


2r 
, 
T 


or ae d B\ _ @ps 

«B m(ap)= ~lo@ 
or 

@B im asx aa 

deticae ty: f= 


The complete solution to this is 
B = A, eMt 4 B, e "24, 

where the terms n, and n, are the roots of the 
equation 

m K 
Sakis 
See any book on differential equations. } 
The solution of this is 


n? + = 0. 





m m* 7 
a rrta/ it -1 


and the values will depend on the mutual rela- 


tions of m and x. In general a will be less 


than / I which leads to a solution 
B= e*{Asin bt + Beosbt}, 


m m2 
‘ te ad i on m « 
where a = 57 and b = J im t 


This simplifies if when 8 = 0, t = 0 to a form 
B=e« **. Asinbt (10) 
which is the general form for an oscillation of con- 
tinuously decreasing amplitude. It probably applies 
to aeroplanes since the speed of oscillation is low, 
but it includes the assumption that the frictional 
toryue varies as the velocity of oscillation, and not 
(as would be the case at higher velocities) as the 
square of that velocity. Since 


> J/-L 


[+1 b pa 
sin bt =~ se oe te ed 
eaf—1 
equation (LO) can be written on substituting i for 
/-1. 
p= A rie tbt-—at _ A -_ —(ibt + at), 
2% 2% 


so that in each case the exponential is either nega- 
tive, or its real part in an imaginary expression is 
negative. 

Any expression then for a decreasing oscillation 
will, when expressed in exponentials, have all its 
time coefficients in the exponents negative, or, if 
imaginary, with a real negative part. 

A further important point in connection with 
oscillations is that if there is a righting torque pro- 
duced simultaneously with a deflection, then work 
must be done against this torque by the kinetic 
energy of the aeroplane, so that there is a potential 
energy increase (i.e., a kinetic energy loss) of 

3B 
E=| M.dg8, 
0 
so that in the position of equilibrium the potential 
energy is a minimum. 

If the disturbing torque is applied impulsively 
(as it generally will be in the case of the wind) the 
work done by the righting torque must equal that 
done by the disturbing torque before the deviation 
will cease. Thus, ifa torque F be suddenly applied, 
such that if slowly applied it would be balanced by 
the righting torque ata position 8,, then the devia- 
tion will be greater than 8, and will proceed until 


8 
FB=| Mads 
0 


Since F is equal to M,, if we say that M = 
y (8), then this equation may be written 
8 
(a).0=[ ¥ (8). dB, 


0 


so that 
1 {fF 
8, = ¥-!.—.] ¥(8). dB, 
B J, 


where y—! means the inverse of the function y. 


For example, if 
M = «sin f, 
then 


8 
|" .sin8.d B=k [cos B T= «(cos 8 — 1), 
0 0 


and the above equation can be written 
«sin 8,.8 = x (cos8 — 1), 


* = «sin B;, 
and 


and 
B, = sin— (cos 8 - 1) 


This would enable the static value of F to be ascer- 
tained for a given value of f, or, vice versd, 8 could 
be obtained from a given value of 8,, since 

(cos 6 = 1) . sin 8 
8 1 


(To be continued.) 








British SovrH AFRIcAN Reoister.—This is a book 
measuring 11 in. by 9 in., containing 115 pages, published 
by Messrs. Sampson Low, Marston, and Co., Limited, at 
the price of 15s. net. It is divided into sections, giving 
information—addresses and class of business dealt with 
—on banking, chambers of commerce, importers and 
exporters, consulates, &c., in Cape Colony, the Trans- 
vaal, Orange River Colony, Natal, and Rhodesia. 





STEEL AND REINFORCED-CONCRETE 
SLEEPERS IN THE UNITED STATES. 


WE have recorded, from time to time, in these 
columns, the various phases of the awakening of 
the railway world in the United States to the 
probability of such a shortage occurring in timber 
supplies as would occasion a very considerable rise 
in permanent-way expenses, above present figures, 
So impressed have officials become with the neces- 
sity of anticipating any possible development of 
this nature that many of the important roads have 
now instituted their own forestry departments, and 
have commenced growing timber to meet their future 
requirements, while attempts are also being made 
to render the railways independent by the substitu- 
tion of the timber by some other type of sleeper, 
Concurrently efforts are being made to increase the 
economical life of the timber used in track-work. 

Until a short time ago rough-hewn, untreated 
sleepers were the rule in the United States, and 
little care was taken to get the maximum life out 
of them. Naturally the dry sandy tracts of 
Arizona, the moister conditions prevailing in New 
England, or the steamy atmosphere of some of 
the Southern States, had widely varying influences 
on the life of untreated sleepers. Though in some 
favourable cases this was not unreasonably short, 
on the whole the wastage was very great. In their 
search for economy the railways have naturally 
turned to the preservative processes so long in use 
in other parts of the world, where less crude and less 
wasteful methods find more general acceptance. 
Since the need of it has been brought home to 
them, the railways have made extensive and syste- 
matic trials of impregnation with creosote, zinc- 
tannin, zinc-chloride, or zinc-creosote, and, in fact, 
some have now adopted one or the other of these 
as standard practice. The extent to which such 
preservation is now recognised as being desirable 
may be gauged by the fact that 21.1 per cent. of 
the total number of sleepers purchased in 1908 
were treated with a preservative process, while only 
12.9 per cent. were so treated in 1907 and 11.5 per 
cent. in 1906. There were in operation in 1908 no 
less than 70 wood-treating plants, twelve large rail- 
roads running plants of their own. Whether the 
timber may be preserved against decay for a sufti- 
ciently long period to give an economical life, or not, 
by these means, is, however, only one of the ques- 
tions the railways have to face. The fact remains 
that a very large percentage of the sleepers used 
are spike-killed before reaching the end of their 
natural life, and have to be removed for this reason. 
Refinements, such as the use of screwed spikes, 
or the practice of boring before driving, are now 
resorted to, and give, of course, better results than 
the rough work of former days, while the gradual 
introduction of tie-plates has also contributed its 
quota towards increased length of service. 

The present state is thus a marked improvement 
on the former; but as no finality of solution has yet 
been reached, it is not surprising to find efforts being 
made in the direction of the abolition of the 
wooden sleeper. The engineer has, at the present 
day, at his disposal materials which are much more 
readily moulded to his purpose than timber, and at 
first sight it would appear that these might easily 
be made to fulfil ie requirements. Though 
apparently so promising, attempts that have been 
made to bring them into service have, however, 
been accompanied by comparatively little or no 
success, with a few exceptions. While not taking 
any active participation in the evolution of new 
systems, the railways of the United States have 
willingly experimented with new types of sleepers 
brought to their notice by inventors and manu- 
facturers. Both steel and reinforced - concrete 
sleepers have thus been tried of late years. 

Steel sleepers have, of course, long been familiar 
in British and Continental practice, though they 
have only comparatively recently claimed attention 
in the United States. Experience with us has 
shown them to be eminently satisfactory uncer 
certain conditions, so that they have been faii'y 
extensively adopted. The practice of engineers 10 
the Old World has mainly tended towards the use 
of the inverted-trough form of sleepers ; but in tue 
New, working independently, engineers have ¢" 
deavoured to adapt the I-beam totrack requirements. 
A few isolated instances occur of trough sleepers hav- 
ing been tried in that country. They do not appes! 
to have been altogether satisfactory. Some, made out 
of pressed steel plate, have undoubtedly proved too 
light for the work. Such sleepers can only be 
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strengthened by using thicker metal, or by giving 
greater depth. The practical difficulty of tamping 
limits the latter alternative, and in either case the 
additional cost has to be considered. 

It is quite possible, though not as yet clearly 
demonstrated, that while an economical sleeper can 
be made on these lines to stand up to the wheel- 
loads and conditions of European practice, other 
a must be adopted when dealing with the 

eavy traffic common to the United States. The 
I-section sleeper, with broad bottom flange, has 
been tried with varying results. In fact, reports 
differ so much that little can be drawn in the way 
of general conclusions. On some roads the reports 
are consistently good, while on others such sleepers 
have given trouble from shifting in the ballast and 
getting out of square, with the result that they 
have been removed. In some cases removal from 
high-speed tracks has been consequent upon reports 
that this sleeper made too rigid a road-bed. 

A composite sleeper which, as far as its ability to 
withstand the wear and tear of traffic is concerned, 
seeins likely to attain to some degree of success is 
being tried on a small scale on the Pennsylvania 


Railroad. This ‘* Snyder” sleeper consists of a 
steel trough 8 ft. by 7 in. by 7 in. and 4% in. in 
thickness. In the track it is inverted, the interior 


being filled with crushed stone and asphalt. As 
far as the trial has gone, itis said to have been satis- 
factory. Such a sleeper must, however, be rela- 
tively costly to prepare, and as the question of 

t cost must ever bear a definite relation to length 
of life in permanent-way economics, sufficient data 
are not yet available to enable it to be said whether 
its use would prove advantageous, 
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Since enthusiastic advocates of reinforced-con- 
crete construction have applied this modern system 
to all manner of work, ranging from massive engi- 
neering structures to portable household furniture, 
it is not surprising that they should attempt to 
annex so desirable a field of operations as is pre- 
sented in the supply of railway sleepers. Some 
considerable efforts have been made in this direc- 
tion, and we are informed, now and again, of the 
rapid progress being made with reinforced-concrete 
sleepers on the Continent of Europe, while a good 
deal has been heard of its employment on the rail- 
ways of America. The first report of any value to 
be made on the matter, to our knowledge, is one 
recently issued by the Tie Committee of the 
American Railway Engineering and Maintenance- 
of-Way Association. This report is decidedly in- 
teresting. It is distinctly unfavourable, though, 
in its conclusions, guardedly hopeful. The advo- 
cates of the system will do well to pay heed to it, 
and may even find in it some solatium if it sets 
them to work along improved lines. Eight types of 
reinforced-concrete sleepers are reported on in 
some detail, generally in an adverse sense, while 
others are dismissed with the brief comment that, 
on trial, they have proved unsatisfactory. The 
reports include fourteen trials of the eight 
types above referred to, and in all cases but four 
they are unfavourable to the material as applied. 
Failures being only less instructive than successes, 
some details of these sleepers may be useful. The 
most successful, or, perhaps it would be more 
correct to say, the least unsuccessful, reinforced- 
concrete sleeper at present in use in the United 
States is the Buhrer tie, This consists of an in- 
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verted§Vignole?rail embedded in concrete, so that 
the flange or base of the rail forms the top of the 
sleeper, the track-rail resting directly on it. The 
sleeper-rail is old rail of 65 Ib. to 80 Ib. section. 
The concrete is massed towards the ends of the 
sleeeper, so as to give a supporting base 8 in. to 
9 in. wide at these parts, for a distance of 3 ft. 
inwards from each end. The tie is 8 ft. 6 in. long, 
and in the central portion the concrete surrounding 
the ‘‘ reinforcing” rail is reduced to a width of from 
3 in. to 4 in. he track-rail is held to the sleeper 
by bolts, nuts, and clips. This sleeper is very 
different to the usual reinforced-concrete construc- 
tion. The rail appears to form the sleeper proper, 
and gives the main support and stiffness to the 
track, the use of concrete being more or less inci- 
dental, and serving principally to distribute the 
load over a sufficient area of ballast. In two cases 
at least this type of sleeper has been used under 
heavy and fairly fast traffic, and has given satisfac- 
tion. In a limited trial on the Chicago and North- 
Western Railroad it has also given satisfaction. 
On the Pennsylvania system it appears, however, 
that 600 such sleepers laid in tracks subjected to 
heavy and high-speed traftic have all been removed 
on account of the concrete crumbling away. Less 
extensive trials carried out on the Chicago Junction 
Railroad and the Lake Erie and Western Railroad 
have also proved unsatisfactory. 

From an economical point of view this sleeper 
does not yet come up to requirements. Mr. W. C. 
Cushing, of the a Lines, 8S. W. System, 
has shown that this sleeper costs about 2.25 dols. 
delivered, and that at this price it would need to 
last over 50 years in the track to compare favour- 
ably with oak sleepers costing 70 cents. Actually 
the greatest length of time any of these sleepers 
have been in successful use at the present is about 
five years, while on the Pennsylvania system they 
lasted no more than two to three years. : 

Another form of reinforced-concrete sleeper is 
that known as the Kimball tie. This sleeper con- 
sists of two large blocks of concrete connected by 
a cross-tie formed of double 44-lb. channels. 
Wooden cushioning-pieces rest on the concrete 
blocks, and plugs of wood are embedded in the 
concrete to take the track-spikes. On the Chicago 
and Alton Railroad, and the New York, Chicago, 
and St. Louis Railroad this tie is being tried, and 
is said to provide a good road. Care, however, 
needs to be taken to Save the plugs before driving 
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the spikes, otherwise it is found that cracking of 
the concrete is liable to occur. 

The Percival reinforced-concrete sleeper has four 
longitudinal bars embedded in the concrete. Three 
of these are } in. in diameter, and are placed near 
the upper surface. The fourth is a }-in. bar placed 
near the bottom of the sleeper. At intervals of 
16 in. triangular hoops of ;i-in. wire surround 
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these main members. This sleeper has failed in 
the only case reported on—one in which the traffic 
must undoubtedly have been of a heavy description. 
A 6-in. by 8-in. sleeper made up of concrete rein- 
forced with a 3-in. am has also been tried on the 
Pennsylvania Railroad without success. Another 
form of sleeper tried on this road is 6 in. deep by 
7 in. wide on the top, and 8} in. wide at the base. 
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The reinforcement consists of six 3 bw rods sur- 
rounded by a coil of $-in, rod. Wooden cushionin,- 
blocks are used, and a special form of grip for the 
screw-spike, consisting of a helix embe ded in a 
white-metal plug, which fits from below into 
tapered hole in the sleeper. This sleeper has 
failed chiefly at the sections where the holes are 
provided for this spike-plug. At these points the 
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concrete has become disintegrated, and, falling away, 
has left the bare reinforcing-rods. This sleeper 
costs, according to Mr. Cushing, 1.50 dols., and by 
his tables of the economic life of sleepers, a tie of 
this price should last at least 284 years to compare 
favourably with oak sleepers costing 70 cents. In 
less than three years, however, these ties have been 
damaged to such an extent that, if they had been 
elsewhere than in a yard, it would have been 
necessary to remove the majority of them. 

Another sleeper recently tried on a very small 
scale on the Pennsylvania Railroad consists of a 
shell made of thin flanged metal sheet, the flanges 
facing inwards. The web of the channels so formed 
makes the vertical side of the sleeper. The channels 
are bolted together a certain distance apart, and the 
interior filled with concrete. No report on these 
sleepers is yet forthcoming. 

It would appear from the foregoing that the 
design of a satisfactory reinforced-concrete sleeper 
is likely to tax the ingenuity of the inventor to the 
utmost. The conditions to be met are, of course, 
exceptional, and quite different from those in which 
static loading alone has to be considered. It is 
therefore questionable whether the methods of 
reinforcement adopted in much modern work are at 
all suitable for adaptation to railway sleepers. The 
mere mimicking of wooden sleepers in shape, &c., is 
almost doomed to failure. The material is quite 
different to wood, and needs to be treated in a 
totally different way. The load in the average 
track is not transmitted over the whole sleeper ; it 
is confined to an area extending to a length along 
the sleeper of some 15 in. or so on either side of 
the track-rail. The central part of the sleeper 
Sometimes even receives an upward pressure, 
according to some investigators. Constant flexing 
must he injurious to reinforced sleepers where 
smal! bars are usedand especially, it would seem, 
to those having many reinforcing hoops. 

lo give some idea of the repetition of the loading 
of s.ecpers in American traffic conditions, it may be 
Stated that particulars recently published of a coal- 
train on the Virginian Railway would mean that in 
3.3 minutes, over each sleeper in the track there 
Would pass, no less than 414 times, an average load 
of about 18 tons. This is not quite a true repre- 
sentation of conditions, it must be admitted, for 
Sonic of the axle-loads were heavier than this, and 
others lighter, while in some cases, the axles being 
close together, the road would not properly recover 
between them, Again, the fact chat the rail is a 
Conunuous girder also affects the loading of the 
sleep. es In passenger work, though some of the 
wheel loads are much bigger, neither the number of 
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uniformity of support, from bad tamping, there is 
always a tendency to flexing. This can be withstood 
by wood fairly well, but in the case of reinforced 
concrete must in time result, as has been found to 
be the case, in the concrete leaving the metal. 
There is evident difficulty in obtaining, between 
the two elements of such different characteristics 
as concrete and steel, bonding complete enough to 
withstand heavy wear and tear. 

The most promising type appears to be either 
some form like the Buhrer, in which the steel compo- 
nent is practically rigid enough of itself to withstand 
the wear and tear, or like the Kimball tie, in which 
concrete blocks are tied together by a comparatively 
light member. This tie provides supporting area 
on the ballast where it is needed, and, by cutting 
out the central portion, reduces the stresses in the 
concrete. Both these types, therefore, virtually 
provide masses of concrete below the track-rail, 
coupled together by means of a tie of lighter section. 
A sleeper of steel and wood embodying the same 

rinciple has been tried on the Paris, Lyons, and 

editerranean Railway of France, and has been 
found to be a great deal stiffer, and less distorted, 
under load, than the wooden sleeper. 

Practical questions of the grinding action of 
broken rock ballast on the concrete, of the lia- 
bility to damage in tamping, &c., need also to be 
kept in mind, while the question of rail-fastenings 
is no less important, whether a flat-bottomed or 
bull-headed rail be used. From American ex- 
perience to date, it certainly seems as if, in the 
words of the report, ‘‘no form of reinforced-con- 
crete tie has been made which is suitable for heavy 
and high-speed traffic.” The report concludes by 
giving this kind of sleeper only a secondary place at 
the best, stating that a type may be found that will 
be ‘‘ economical in places where speed is slow and 
where conditions are specially adverse to the life of 
wood or metal ties.” 








FOUNDRY PLANT AND MACHINERY. 
No. IV. 
By JosrrH Horner. 

Tue foundry of the Lancashire and Yorkshire 
Railway at Horwich is shown by the plans and 
sections, Figs. 14, 15, and 16, page 267. 1t is a vast 
building, comprising the iron, steel, and the chair 
foundries. The steel plant includes the Siemens- 
Martin and the Tropenas system, one of the small 
converter types. The natural formation of the land, 
which necessitates the rail-level at the rear end of 
the foundries being considerably higher than the 
foundry floors, permits of the coke and iron being 
loaded and wheeled directly to the charge-holes of 
the cupolas and steel-melting furnaces. Similarly 
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CROSS SECTION, ALONG CORE STOVES. 


directly at the top, while the ashes from the pro- 
ducers are drawn out at the bottom into the train- 
wagons running on the lower level. The high level 
is indicated on the cross-section through the steel 
foundry in Fig. 16. 

The iron foundry occupies the right hand of the 
plan view (Fig. 14); it is 212 ft. long by 111 ft. 
wide. It is served by electric overhead travelling 
cranes, which can be used also in the steel foundry, 
the columns and tracks running through and cover- 
ing both areas. The locations of the columns are 
seen in the plan. There are three of these bays, 
similarly equipped. Besides the overhead travellers 
a number of areas are served with hydraulic jib- 
cranes, each of 21-ft. radius, the positions of which 
are indicated in the plan. 

The iron foundry is laid out in areas for different 
classes of work, but the whole area is continuous. All 
the central portions are moulding spaces for heavy 
and light classes of castings, and each is more or less 
equipped with appliances in order to avoid walking 
about and transportation of moulds. There are no 
tracks inside the foundry, but narrow and broad- 
gauge tracks run along one side, and come up within 
the doors, after which the travellers and crancs 
handle boxes and materials. On the right-hand 
end of the plan view adjoining the chair foundry, 
124 ft. long by 128 ft. wide, are two wheel- 
moulding machines, and the fettling machinery, 
including two rattle-barrels, emery grinders, and 
benches. The two cupolas are outside of the build- 
ing, but enclosed in a suitable house, and they 
have in front of them a large moulding area, occu- 
pied only by a few moulding-machines, tanks, &c. 
Away from the cupolas, on the same side, are four 
large core-stoves, equal in size, flanking the main 
building, and a fifth, wider one adjacent, serving 
the steel foundry. These are heated with pro- 
ducer-gas, the flues conveying which are indicated, 
and the air-pipes within the stoves. The moulding 
area in front of these, besides the large clear space 
covered by three bays, is occupied with various 
benches for light work and cores, various moulding 
machines, two turntable machines (sometimes 
termed the ‘‘circus”) for axle-box moulds, which 
are served by about half a dozen machines, with 
necessary tanks, or water-boshes. A little to the 
right is a wheel-moulding machine, and located 
about are several shallow moulding-pits for pouring 
work onend. There is also a fire-bar department, 
and between the core-stoves and cupolas the grind- 
ing-mills or sand-mixers, a sieve, and sand-bins. 
Next the opposite wall are various work-benches, 
sand-storages, storage for patterns, offices, and 
moulding spaces, chiefly for plate-moulding, and 
box areas. Large numbers of plated patterns are 
hung against these walls. 

The steel foundry, 150 ft. long by 135 ft. wide, 
is a continuation of the same foundry bays. It is 
shown in the same plan view, and a portion en- 
larged in Figs. 17 and 18, page 268, including a 
‘sa of the high level ; a section through the high 
evel, Fig. 19; a general arrangement of the con- 





the gas-producers for the furnaces are charged 





verter and cupola plant, and elevations in Figs, 17 
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the floor is available for the moulders. The grind- 
ing-mills occupy a small area at the entrance end 
of the foundry, and the smaller cupolas are inside 
the shop. At the farther end, without the main 
walls, are annealing furnaces for malleable castings, 
and a reverberatory furnace for melting large masses 
of metal. The chair foundry is an adjunct of the 
main one, being situated between two core-stoves. 
It is shown separately to a smaller scale in Fig. 28, 
the plan in Fig. 27 being broken, so that it does not 
give a fair idea of the area of the chair department. 
It comprises two bays, and has two cupolas. The 
roofs are of timber. 

The iron foundry of Messrs. Vickers Sons and 
Maxim, Limited, at Barrow-in-Furness, is shown in 
Figs. 29 and 30, page 271. It is built on modern 
lines, comprising three bays, each of 50 ft. span, and 
separated only by columns built of channel sections 
and plating. The length is 264 ft. Nothing en- 
croaches on the area. Each bay is commanded by two 
overhead travelling-cranes, which range from 45 tons 
to 15 tons capacity, each suitable for heavy marine 
work, a good deal of which is inloam. Besides these, 
a goodly number of jib-cranes serve working areas. 
There are three cupolas, of 8 ft., 6 ft., and 4 ft. 
diameter respectively, situated outside the building, 
and an ei foanate of 20 tons capacity. Drying- 
stoves are on the opposite side of the foundry, and 
are heated with producer-gas. The foundry, smithy 
and the pattern-stores are situated on the same 
side. 

Figs. 31 and 32, page 271, illustrate the steel 
foundry of Messrs. Vickers Sons and Maxim, Limited, 
at Barrow. It comprises three unobstructed bays 
divided only by rows of steel columns, each built 
of channel sections and plates, the channels being 
indicated in the plan. Two of the spans measure 
40 ft. in width, and one 30 ft. The length is 
190 ft. Standard and narrow-gauge railways enter 
the foundry, but do not traverse it; but there is 
ample crane service, including four electric over- 
head travelling-cranes of 25, 12, 10, and 5 tons 
capacity respectively, and seven hydraulic swinging 
jib-cranes. The store-bins for sand and ganister 
are ina building adjacent, in which also the blowers 
are situated. Sand-bins for daily use are within 
the foundry. Two Tropenas converters are situated 
about centrally in the foundry, and are served by 
two cupolas adjacent, with a swivel-pipe. There is 
also a physic cupola, and an hydraulic lift to serve 
the cupolas. Shell-moulding is done in. the area 
adjacent, and two coal-fired drying-stoves are close 
by. Farther on, to the left, are rows of crucible 
furnaces, and beyond and within the end wall of 
the foundry are annealing furnaces and gas-fired 
drying-stoves. The gas is made in producers without, 
the building. Behind the crucible furnaces is the 
sand-room, containing a loam-mill, a grinder, a 
paint or blacking-mill, and a sand-mixer, besides 
storage bins. 

The fettling, or dressing, department is at the 
opposite angle of the building, and the standard 
and narrow-gauge railways serve it. A sand-blast- 
ing department is an adjunct of the dressing-shop. 
This, with its air-compressor, motor-driven, and the 
pattern-store are in a shed outside the main walls. 
Several moulding-machines are located about the 
shop, though not indicated in the plan. 
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Proressor R. A. Grecory has had much experi- 

ence in training masses of students, and in various 

ways has used that experience to simplify the task 
of promoting scientific education. His text-books 
have had a deservedly wide recognition, and we 
have no doubt this work, in which Mr. Hadley has 
collaborated, will be equally well appreciated. But 
while he and his colleague have catered well, and, 
on the whole, wisely, for those who are beginning 

a scientific course, they are perfectly well aware of 

the defects that are likely to accompany the use of 

text-books when unsupplemented by competent per- 
sonal direction. A text-book is not injurious if its 





limitations are fully recognised, and more is not 





expected of it than it is capable of rendering. The 
blind acceptance of any law of progress dictated 
by some outside authority is cramping, and apt to 
foster mechanical and lifeless teaching. The authors 
quote with approval Professor Armstrong’s dictum 
“that each child should write its own text-book, 
and be taught to regard it as a holy possession.” 
But this advice, they feel, is a counsel of perfection. 
It may be applicable to the exceptional student for 
whom classes do not exist, and for whom examina- 
tions have no value. It suggests a theoretical, not 
a practical, ideal. The authors see in imagination 
those serried ranks of candidates who annually 
present themselves for examination before the 
Science and Art authorities, and ask how are these 
children to be educated in masses, or at least made 
to acquire a certain number of facts, if each follows 
his wayward fancy and pursues some delectable 

th, most captivating till it ends in a cul-de-sac 

rring all further progress. Examination be- 
comes impossible except some common goal is 
sought. Uniform direction and purpose is neces- 
sary at the outset, and it is well to make available 
all that is valuable in previous experience. Al- 
though the authors apparently do not approve of 
text-book teaching, although the deficiencies of such 
a system may be more patent to them than to 
others with less practical knowledge, they feel 
that the situation admits of but one solution, that 
some kind of assistance must be rendered to the 
average teacher, some arrangement and exhibition of 
the principles of elementary science must be made 
and Farnished for the guidance of the average pupil. 

We should not have insisted upon this view, but 
the authors are apologetic for thrusting another 
text-book on the public, remembering, as they must, 
the contention of many advocates of science-teach- 
ing, that a more prominent place should be given 
to work in the laboratory rather than to book- 
exercises. It is easy to err by disproportion in any 
direction. We may not approve of the principle 
of competitive examination, but it is ditticult to 
suggest a mechanism that will accomplish, with 
greater efficiency and less expenditure of energy, 
the work of examinations. In the same way many 
objections may be urged to an inelastic course of 
study prescribed by a formal treatise, but the 
necessary adoption of systematic method in the 
treatment of large classes renders the machinery of 
the text-book indispensable. The authors, by way 
of corrective, can only hope that the work of the 
teacher may be supplemented by experiment, dis- 
cussion, and wider reading. 

Admitting the necessity for elementary text- 
books, it may be granted that the authors have 
executed their work skilfully and on approved lines. 
It is unfortunate that many, perhaps most, of the 
ditticulties that hamper the progress of a student 
stand at the beginning of the subject, and perhaps 
it is better, as the authors do, to ignore the 
more metaphysical subtleties than to attempt to 
simplify them. Mass, weight, and gravity, force 
and inertia, energy and entropy, suggest stumbling- 
blocks against which the most wary of advanced 
students may occasionally trip, but of whose exist- 
ence the tyro may be mercifully unaware. So at 
the first suggestion of gravity the authors, with 
commendable prudence and reticence, remark : 
‘*Exactly why there is this downward tendenc 
need not at present be described.” Also we thin 
they are justified, within the limits of this treatise, 
in retaining the three laws of motion. These 
remarks will show that the book is of a very ele- 
mentary character, intended for beginners. Physical 
measurements and heat, occurring as they do in 
many branches of natural science, are treated with 
some fulness. Light, sound, magnetism, and 
electricity, which may be regarded as special sub- 
jects, are handled less systematically, but not less 
suggestively. There is nothing forbidding in the 
treatment ; the student is gently encouraged to 

ursue these sciences in a more thorough manner. 
Where so much is excellent it is to be regretted 
that the authors should, in some small particulars, 
have injured their work by failing to use suffi- 
cient care. We hope we may be excused for point- 
ing out such slight blemishes as the following 
careless sentences: ‘‘Just as in the case of the 
sun, so with all the stars, they rise, south, and 
set.” Professor Gregory does not need it to be 
pointed out to him that circumpolar stars do not 
set, or that whether the sun or any star sets is a 
question of latitude. Similarly, the definition of a 
sidereal day is not strictly ‘‘the interval between 
the two successive transits of the same star.” The 





exercises added to each chapter to test the student's 
mastery constitute a capital feature, since they 
appear to be both adequate and suggestive. 
he second work, ‘‘ The Elements of Mechanics 
of Materials,” by C. E. Houghton, also a text-book, 
is especially designed for students in the engineer- 
ing courses in colleges and universities who can 
use the methods of the calculus. The author's 
view of a text-book is a manual that discusses the 
general case in detail, and supplies such instruc- 
tion as shall enable the student to derive thie 
necessary formule in particular cases. Regarded 
from this point of view, the treatise is very satis- 
factory. he author also recognises that it is the 
part of the text-book to afford the means of testing 
the effective mental equipment of the student. 
With this view a series of questions and problems 
covering the more important parts of the subject is 
attached to each section. The problems provided 
are ample, and the solution of one of each type, as 
a model, should prove instructive to the student. 
The standard upon which the author has based 
his work is admittedly Merriman’s ‘‘ Mechanics of 
Materials,” a book which has run through many 
editions and is accepted as the authoritative work 
in America. It will therefore be understood that 
this treatise deals with the elastic and plastic pro- 
perties of the materials of construction, and the 
application of the laws of strength of materials to 
machines and structures. Problems connected with 
stress and shear, in the very varied manner in which 
these can come before the practical engineer, are 
the main subjects of discussion. A quite sufficient 
exposition of torsion and the theory of bending of 
beams is given, though possibly the moments of re- 
sistance of beams of various cross-sections might 
have been discussed more fully. It is always difti- 
cult to know what may be omitted with safety, and 
the relative importance of certain theorems will be 
differently apprehended by different authorities. 
The effects of fatigue, for example, is another sub- 
ject which, as we think, gets insufficient, if any, 
notice. It would be interesting to know how far 
American engineers are prepared to accept Wohler’s 
fatigue experiments as a trustworthy guide, and 
what is to be precisely understood by ‘‘ allowance 
for impact.” But here we are travelling out of 
the record, for though Mr. Houghton has, to 
some extent, followed Merriman, and in some 
respects improved upon that classical treatise, 
he has kept clear of such vexed questions, a 
course that is eminently desirable in writing for 
students, however disappointing it may prove to 
experts. The threshold of the subject affords quite 
sufficient materials for explanation and discussion, 
and the author has provided a very admirable intro- 
duction to a subject of great practica] importance, 
and one in which the theoretical position is well 
exhibited. A feature that will be appreciated is 
the collection in the Appendix of the engineering 
constants of materials, and the formule commonly 
used in design, expressed in a notation with which 
Merriman’s treatise has made the engineer familiar. 





The Manufacture of Leather. By HuGH GARNER BENNET?, 
ny C.S. London: Constable and Co., Limited. 
[Price 16s. net. ] 

Tue difference between skin and leather is readily 

apprehended, but it isnot easy, even with so able a 

guide as Mr. Bennett, to gain a complete insight 

into the processes involved in the change. Empiri- 
cism plays a considerable part in the operation, and 
many of the chemical actions are obscure. But of 
the manipulative part, we hardly need a better 
teacher than the author, who conducts his pupil 
through all the mysteries of manufacture and allows 
him to follow the “pelt” from the time it is 
stripped from the animal till it presents the decora- 
tive appearance of the finished article. Our first 

lesson consists in the microscopic examination of a 

piece of hide, from which the hair and histological 

epidermis have been removed. A very compli- 
cated structure of tissue is revealed, in which 

bundles of elastic fibres, cemented together by a 

gelatinous substance, constitute a main feature. 

Out of these fibres, chemically altered by tannage 

and mechanical treatment, the leather of com- 

merce is prepared. The object of the many pro- 
cesses through which the raw material has to 
pass is to dry these fibres in a separate and 
non-adherent condition, and cither to make them 
water-proof, or so alter their chemical character 
that they are no longer capable of being swelled 
or rendered sticky by water. This is accom- 
plished by a process known as tanning. The 
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recise nature of the chemical action involved is 
doubtful, but as a practical result it has long been 
known that certain astringent infusions of vege- 
table products possessed the property of effecting a 
change in the nature of the tissue, and of convert- 
ing the hide of animals into an imputrescible and 
permanent material, having considerable strength 
and pliability. The whole of the process may not be 
chemical. Some claim that the fibres, which in the 
raw skin are ramified in all directions, in the tanned 
skin become arranged ina longitudinal direction, in 
consequence of the dilation and preparation that 
the skin has undergone. Certain it is that in early 
times a fairly satisfactory result seems to have been 
secured by sun-drying simply, or sun-drying com- 
bined with the use of oils ; but the fact that leather 
was made before chemistry was a science does not 
make the process less a chemical operation. 

To-day, however, we are in possession of pro- 
cesses that could hardly have been discovered by 
accident, or usefully employed without the assist- 
ance of chemical analysis. As a consequence, we 
must be fully prepared to recognise the manu- 
facture of leather as a chemical industry, and to 
acknowledge the services that science has ren- 
dered. Not only has it suggested more rapid and 
more economical methods of working, but it main- 
tains an accurate control over the various processes 
involved, and particularly has introduced tannages 
whose effects were previously unknown. The em- 
ployment of aldehyde tannages is the outcome of 
scientific experiment, while the use of the salts of 
chromium has, in various ways, displaced the older 
methods, and convinced one of the most conserva- 
tive of trades of the possibility of beneficial innova- 
tion. The author occupies a position between the 
old order and the new. He hopes to benefit both: 
the practical man who has blindly followed custom 
and tradition, and the scientific specialist who, re- 
lying on theory and laboratory experience, hopes 
to make his theoretical training of practical value in 
the tan-yard. The methods of the two classes are 
as different as the vocabularies in use. The author 
has had some difficulty in arranging his work so as 
to make his book useful to both. The uncouth 
technical expressions of the one are as objection- 
able to one class as the rigorous scientific for- 
mulw and symbols are incomprehensible by the 
other. In the past, the attempt to address two dis- 
tinct classes would have failed. The two interests 
were not supposed to be identical. But now, 
when the services of science are admittedly 
beneficial, and even indispensable, the alliance 
of the chemist is courted, and Mr. Bennett 
has an easier task. To be successful, however, 
the purpose must be clearly understood. The 
object is to give as far as possible a clear exposé of 
general principles. The author usually avoids 
drawing positive conclusions, since many of the 
processes are more or less tentative, and the effti- 
ciency of the integral result of the operations in- 
volves obscure factors of control. It is not his 
purpose to give definite rules to be followed exactly 
under all circumstances. Indeed, he thinks it 
necessary to explain that he does not intend to 
give new and wonderful recipes for ‘‘seasons,” 
“finishes,” &c. For the most part, the recipes 
mentioned in the text are old and well known, and 
have been selected merely from the standpoint of 
what was typical. 

In various chapters, arranged in a carefully 
progressive manner, the work deals with technical 
water analysis and the various methods of softening 
and making the water suitable for the tanner’s 
purposes ; soaking, in order to remove superficial 
dirt and the temporary preservatives that have been 
necessarily applied to those skins which have been 
brought from a distance ; and the first purely tech- 
nical operation in leather manufacture, that of 

unhairing.” The depilatants employed are des- 
cribed, and their peculiarities are contrasted with 
those which enter into the ‘‘sweating” process, 
where bacterial influence is a prominent feature. 
The author implies that here the work of the 
chemist might very well be supplemented by that 
of the mycologist, or bacteriologist. At present, 
it is ditticult to prevent indiscriminate putrefaction, 
and more information is needed as to the precise 
character of the ferment which will have the desired 
— without permitting the action of organisms 
that attack that portion of the skin on which the 


grain of the leather depends. In the following 
process of “‘deliming,” involving that of ‘ puer- 
ing and ‘* bateing,” the skill of the bacteriolo- 
exercised with the most beneficial 


gist has been 





results. The disgusting material that has long 
been employed, probably originally suggested by 
accident, can easily be dispensed with, and the 
introduction of the bacterial culture Hrodin, as 
an article of commerce, is a welcome substitute 
for the dogs’ or fowls’ dung that has done duty in 
the old days, when empiricism ruled. It is not the 
dung which is needed in the process, but the 
enzymes of the bacteria that collect upon it. It is 
said that the pure bacterial process gives results of 
much greater safety and certainty, and yields 
puered skins quite free from any objectionable 
stains. The necessity for such treatment at all is 
to neutralise all caustic lime, since vegetable tan- 
ning materials have a tendency to darken and 
oxidise in the presence of caustic alkalies. 

Next follows the description of vegetable tannages 
employed, distinction being made between the 
pyrogallic and catechol groups, and the tanning 
process, Yar ng | so called, “ which ‘‘ pelt” is 
converted into leather. Perhaps something more 
might have been said in this section about adul- 
terants, though the action of the International 
Association—the details of whose method of tanning 
analysis are given in full—may have rendered such 
references unnecessary. The description of the 
‘*tawing” process, or alum-dressed leathers, is 
deferred till later, when the author discusses the 
method of treating chrome tannages, a method that 
has gone far to displace the earliest form of mineral 
tannages. In this section fat and aldehyde tanning 
finds an appropriate place, where, too, the methods 
of ‘‘chamoising” come under consideration. The 
remaining chapters deal principally with the finish- 
ing processes—currying, dressing, drying—and the 
variations of such processes necessitated by the 
peculiar chemical and mechanical operations which 
the material has undergone in the course of manu- 
facture. The last chapter is short, but of extreme 
importance—the analysis of leather, for the esti- 
mation of the amount of hide substance in a leather 
supplies the means of determining the extent of 
the tannage, the rate of tanning, and of watching 
and controlling the whole process of manufacture. 
We can congratulate Mr. Bennett on the extent of 
the ground he has surveyed, and the thoroughness 
of his examination. We feel certain that his book 
will be found to supply a long-felt want. 





The Motor-Car; A Practical Manual for the Use of 
Students and Motor-Car Owners, with Notcs on the 
Internal-Combustion Engine and its Fuel. By RoBERt 
W. A. Brewer. London: Crosby Lockwood and 
Sons. [Price 5s. net. ] 

THE range of subjects treated in this book is very 

great, for in addition to dealing with motor-cars 

proper, and the engines used on them, a con- 
siderable space is devoted to the history of the 
internal-combustion engine, and to the construction 
of stationary gas-engines and gas-producers, more 
space, in fact, being devoted to stationary engines 
than to those used in motor-cars. The actual 
number of pages devoted to the various subjects 
are as follow :—History of the internal-combustion 
engine, 9 ; gas-engines, gas-producers, oil-engines, 

&c., generally of the stationary type, 75; petrol- 

engines of the motor-car type, 27 ; motor-car details, 

38 ; ignition, 9 ; carburettors, liquid fuel, &., 49 ; 

modernising an old car, 7 ; the care of a car, 14. 
With such a small amount of space devoted to 

the motor-car and its engine, the subject can, 

naturally, only be dealt with very pelts and it 
seems to us that it would have been an improve- 
ment, from the point of view of the class of people 
for whose use the book is intended, if less space 
had been given to the stationary type of engine 
and more to the motor-car. Thermal calculations 

from stationary gas-engine diagrams are also a 

subject of doubtful utility to the average car- 

owner. The lengthening of the wheel-base of an 

old car, as suggested in one of the chapters, is a 

matter for the expert, as it increases the bending 

moment on the frame, and in many cases there is not 
enough margin of strength in old frames to carry 
the stress. The subject dealt with in the greatest 
detail is that of carburettors and the fuels available. 

In this connection there is some very interesting 

information as to the rate of flow of petrol through 

a nozzle under various heads, showing. very conclu- 

sively that, owing to the very small size of the jet, 

the rate of flow of petrol increases more rapidly 
than the square root of the head ; for this reason 
in order to keep a constant mixture some form of 
adjustment is necessary. 

A considerable amount of information as to the 








— characteristics of various grades of petrol, 
enzol, &c., isalso given, showing very conclusively 
that the specific gravity is no guide whatever to 
their evaporative qualities. Details of their per- 
formance in actual road trials are also given. 





Die Eiscnkonstrucktionen. By L. Grusen, Dipl.-Ingenieur 
und Kgl. Oberlehrer at rtmund. Berlin: Julius 
Springer. [Price 12 marks. ] 

Tuis small-quarto volume of 290 pages, illustrated 

by 518 text figures and two coloured plates, on 

**Tron Structures: A Text-Book for Technical 

Schools, for Private Study, and for Practical Use,”’ 

is intended for the use of the pupils of technical 

schools, and the main sections are a systematic 
exposition of what pupils of these institutions are 
expected to learn in Prussia. Additions, in smaller 
type, contain worked-out examples and _ material 
for further study, and the 26 pages of tables at the 
end of the volume will be appreciated by the de- 
signer. After introductory remarks, the author 
explains the principles and practice of making joints 
by means oF rivets, bolts, and screws, and then 

es to girders of various types, to columns, and 
further to bridges, cranes, ceiling8, roofs, stair- 
ways, and walls. The third section deals more 
particularly with the design and construction of 
railway and street bridges. 

The examples are no a from practice, and most 
of the very numerous and excellent diagrams, 
are reproduced from actual working drawings. 
There are no'references, however, to the respective 
constructions, nor to their designers, nor, indeed, 
references to any other text-books or descriptive 
notices. Mention of the originators is made only 
in a very few cases of innovations due to firms of 
Dortmund, where the author lives. This just- 
noted absence of references will not strike the 
student, but it may be regretted by the engineer, 
to whom this type of publication is rather a novelty. 
Since the book is chiefly compiled for the benefit 
of the student or pupil, however, the volume, 
on which the publishers, Messrs. Springer, have 
bestowed all their care, can safely be recommended. 
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Tuk development of the ‘‘through carriage” system, 
which provides the public in this country with travel- 
ling facilities unequalled in any other, has, owing to 
the different classes of passengers to be accommodated, 
necessitated the construction of a great deal of so- 
called composite stock. In our two-page engraving 
(Plate X XI.) with this week’s issue, and on the present 
and opposite pages, we illustrate a recent design of com- 

ite corridor carriage introduced on the Cambrian 

ilways by Mr. H. E. Jones, M.I. Mech. E., the 
company’s omotive, Carriage, and Wagon Super- 
intendent, Oswestry, for through working in connec- 
tion with the Great Western Railway Company from 
the Cambrian Railway system, via Barmouth and 
Dolgelly, to Paddington. 

Outside views of this coach, from the compartment 
and from the corridor sides, are given in Figs. 1 and 2, 
The coach contains six passenger compart- 
ments, two lavatory eg ee and a guard’s and 
luggage compartment. The passenger compartments 
provide accommodation of one non-smoking and one 
smoking compartment for each of the three classes of 
passengers. One of the lavatories is reserved to the first 
and second-class passengers, and the other is allotted 
to the third. 

The coach, of which we give a floor plan in Fig. 3, 
Plate XXI., and a half end elevation and half cross-sec- 
tion in Fig. 14, page 275, measures 54 ft. 6 in. in length 
over the body, and 8 ft. 4 in. in over-all width of y: 
Over the buffers the coach has a length of 57 ft. 8 in., 
with the bogies centred 40 ft. 3 in. apart. The 
— have a wheel-base of 8 ft. The height from 
rail to roof is 11 ft. 6% in. 

The under-frame, the construction of which may be 
seen on reference to Figs. 4 to 7, Plate XXI., is 








Fic. 2. 


built up of rolled-steel channels, 11 in. by 4 in. by 
4 in., the sole-bars, cross-bearers, and longitudinals 
being also of this section. The frames are stiffened 
by diagonals, gussets, and by four adjustable truss- 
rods. The four-wheel bogies, ilustrsted in Figs. 8 to 13 
inclusive, are built up of 8-in. by 44-in. by ?-in. angle 
section, and 9-in. by }-in. headstocks. The method of 
suspending the we 4 is shown in Figs. 9, 10, and 13, 
while the bolster is supported by six Timmis springs in 
two groups, as also shown in these figures. Laminated 
springs, with adjustable hangers and Spencer rubber 
cushion-pads, are provided over each axle-box. The 
wheels, 3 ft. 7 in. in diameter on the tread, are of the 
Mansell type, built up of teak segments with cast- 
steel centres. The axles are of mild steel, with 9-in. 
by 44-in. journals. 

The body, framework, pillars, &c., are of Moulmein 
teak, covered with Honduras mahogany panels, with 
mouldings also of this wood. The inside dimensions of 
the compartments are:—First-class—length, 7 ft. 2} in. ; 
second and third-class—length, 6 ft. 2in. The inside 
width is 5 tt. 64 in., and the height 7 ft. 1} in. The 
width of the corridor is 2 ft. 04 in. The corridor is 
cased throughout with polished mahogany relieved 
with walnut mouldings. Brass rods are fixed across 
the corridor lights. A door is provided in the corridor 
between each class, and also between the corridor and 
the guard’s compartment. Three doors for engers 
are provided on the corridor side of the coach, while on 
the other side each compartment has a door. The first- 
class compartments are panelled in sycamore and 
walnut, and are fitted with mirrors and decorated with 
photographs above the seats. The upholstering of this 
accommodation is in Navy-blue cloth, with buttoned 
seats, but plain backs. The roof is covered with white 


‘decorated millboard relieved with gilt bands and 
walnut mouldings. The second-class compartments 
are upholstered with red-and-black tapestry, Wood’s 
patent wire-woven seats being provided. Mirrors and 
photographs also relieve the interior of these compart- 
ments. ‘The roof is of white-painted pitch-pine V- 
jointed boards, with gilt-band relief. Brown worsted 
rep is the upholstering material of the third-class, 
of which the casing-boards are of pitch-pine, painted 
light and grained. Ventilators are provided over 
the doors, supplemented by ‘‘ Eros” roof-ventilators. 
The lavatories are lined with pine covered with 
‘‘ Emdeca” enamelled metal decoration. The wash- 
basins and w.c.’s are of white porcelain. The water 
supply is carried in tinned and riveted copper tanks. 
The collapsible vestibules, illustrated in Figs. 10 to 
18, page 275, are modelled on the same lines as those 
in use on the London and North-Western and (reat 
Western Railways. They are made of steel angle 
frames with cowhide bellows. The carriage is fitted 
with the vacuum automatic brake to all wheels, 
Pintsch’s oil gas, vacuum and chain alarm-signal, 
steam heating with control in each compartment, 
continuous draw-bar, and other features character!stic 
of first-class modern rolling-stock. 








Tue ITatian Navy.—The proposed naval expenditure 
of Italy for 1910-11 is 6,842,329/., or 305,211/. more than 
the outlay contemplated for the current financial year. 
New construction figures in next year’s expenditure for 
1,741,200., of which 497,200/. is for artillery. The heavi st 
outlay upon any single ship is to be made on the Dante 
Alighieri—-viz., 567,152/. In this total, construction pro- 
perly so-called figures for 401,329/., and artillery for 
165,823/. 
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COMPOSITE CORRIDOR BRAKE CARRIAGE. 
CONSTRUCTED FROM THE DESIGNS OF MR. HERBERT E. JONES, M.I. MECH. E. 
(For Description, see opposite Page.) 


Fig. 14. 
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TecuntcaL Dictionary IN Six LaNauagEs.—The sixth | It contains 516 pages of illustrated matter and 280 pages 
volume of this valuable dictionary deals with railway | of index in the six la —. German, French, 
rolling-stock. It forms part of the Selatan Spbhemene Italian, Spanish, and Russian. ike the five precedi 
orice, and is published, in London, by Messrs. Constable | volumes, it will form a useful addition to an neers 
and Co., Limited, at theJ price of 10s. 6d. net. It is! library, although some of the definitions require revision. 








MALLET COMPOUND LOCOMOTIVES FOR 
THE ATCHISON, TOPEKA, AND SANTA 
FE RAILWAY. 


ParTICULARS have recently been published of some 
exceptionally large compound locomotives of the Mallet 
type, built by the Baldwin Locomotive Works, Phila- 
elphia, Pa., U.S.A., for the Atchison, Topeka, and 
Santa Fé Railway. These engines are of two types, 
one intended for passenger work, and the other for 
freight. We take the following particulars from the 
Railway and Engineering Review, Chicago — 

The passenger engine is best described as being 
of the 4-4-6-2-wheel arrangement, for to attempt 
a concise description in any other way is impossible. 
The wheel plan is divided into two groupe accord- 
ing to the Mallet principle. The leading - group 
on the articulated frame, in this particular engine, 
consists of a leading four-wheeled bogie and four- 
coupled driving-wheels. The wheels attached. to the 
main part of the locomotive are six-coupled driving- 
wheels, with a trailing two-wheeled truck. The front 
part of the engine thus consists of an articulated 
portion as flexible as is the ordinary four-coupled bogie 
engine. The high-pressure aytladeds drive on to the 
back group of coupled wheels, the cylinders being 
placed just ahead of the first pair of drivers. The low- 
pressure cylinders are placed at the front end of the 
articulated portion, on a level with the centre line of 
the four-wheeled leading bogie. 

The driving-wheels are 73 in. in diameter, so that it 
will at once be evident that this locomotive must be 
of quite exceptional length, Its wheel-base is, in fact, 
51 ft. ll in., while its over-all length from the end of 
the pilot, or cow-catcher, to the extremity of the 
cab-roof is 69 ft. 54 in. The length from the tip of the 
pilot to the back of the tender is about 103 ft. 2 in. 

The boiler is quite an uncommon departure from 
ordinary practice. The fire-box is of the Jacobs- 
Shupert type, while in the barrel there is, in addition 
to the tube-heating surface, a combustion-chamber, a 
feed-water heater, a superheater, and a re-heater. 
The Jacobs-Shupert fire-box consists of a series of steel 
plates flanged to channel section, and bent to the 
shape of the fire-box and shell, with the flanges out 
wards. The fire-box is built up by placing these shapes 
next to each other, but inserting between them dia- 
phragm plate-stays riveted between both the channels 
forming the fire-box and those forming the shell. These 
stay-plates are cut out te allow of circulation of water. 
The fire-box of this engine is built up of twelve channel 
sections, with eleven diaphragms, the fire-box tube-plate 
and the back plate forming also similar diaphragms 
carried up and out to the fire-box shell. The tubes are 
19 ft. long. Just ahead of the front tube-plate proper 
is a combustion-chamber, 10 ft. 9 in. long. In front of 
this is a chamber 7 ft. in length, which forms a feed- 
water heater. This section has 314 tubes 2} in. in 
diameter. The injectors deliver into this s , whence 
the water passes into the boiler through check-valves. 
The superheater and re-heater are placed in the com- 
bustion-chamber. The arrangement consists of a steam- 
drum containing baffle-plates, and traversed from end 
to end by fire-tubes. It is divided by a plate into two 
compartments, that nearest the fire-box being used as 
the superheater, while the other is used as a re-heater, 
the exhaust from the high-pressure cylinders being 

through it before being carried forward to the 
ow-pressure cylinders. 

The tender is almost as remarkable as -the loco- 
motive. It is carried on two six-wheeled trucks, and 
carries 12,000 U.S. gallons of water and 4000 gallons 
of oil, no coal being used by the locomotive. 

We append the chief particulars of this interestin 
engine and tender (the weights being given in tons o 
2240 Ib.) :— 








Locomotive : 
Cylinders, high-pressure -. 24in. by 28 in. 
- low-pressure ... at eat 
Boiler, diameter of barrel a 72 in. 
Fire-box, length ... a ue 1198 ,, 
a width ... om wh: 634 ,, 
Boiler-tubes, length < eh 19 ft. 
oa », diameter ... — 2} in. 
ia », nBumber ... a 294 
Feed-water-heater tubes, length 7 ft. 
a Re me dia. ... . we 
»” o” »» number 314 
Heating surface, fire-box es 202 sq. ft. 
% * boiler-tubes ... 3275, 
” ” eed - water 
heater a a a ae. in 
Total ... ; 3 4756 sq. ft. 
Grate area ... ee ay a 52.6 sq. ft. 
Superheater surface : ; .— o- 
Re-heating surface i # 
Wheels, leading bogie, dia- 
meter... - - 31} in. 
Wheels, drivers, diameter % Se ae 
Wheels, trailing truck, diameter Ow. 
Wheel-base, driving... is 30 ft. 4 in. 
- front group of 
drivers Ait mS, = ae oe 
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Wheel-base, back group of 





drivers... a aa ay 12 ft. 8 in. 

be total ofengine ... Sis Hi. 

Weight on leading bogie ; 25.9 tons 
is drivers a aS 119.0 ,, 
es trailing truck es as . 
» total engine ... 167.4 tons 

Tender : 
Wheels, number ... “=8 ae 12 
diameter 


bs we 34} in. 
Tank capacity, a ; —_ gals. (U.S.) 
” ol ove eee '. ” ” 
Total wheel-base, engine and tender 94 ft, 54 in. 
»» length over all ‘ oe _ poee ee 
», Weight, engine and tender ... 268 tons 
The freight engine is of the 2-8-8-2 type, with a 
wheel-base 59 ft. 10 in. in length. In this engine 
the high-pressure cylinders are 26 in. by 34 in., and 
the low-pressure 38 in. by 34 in. The driving-wheels 
are 63 in. indiameter on tread. The boiler has a-tube- 
heating surface of 4768 square feet, while the fire-box 
heating surface is 236 square feet. In addition, feed- 
water heating surface to the extent of 1617 square feet 
is provided, making a total heating surface of 6621 
square feet. The grate area is 70.8 square feet. The 
engine is further provided with a superheater having 
a tube surface of 544 square feet, and a reheater, 
between the high-pressure and low-pressure cylinders, 
of a surface of 1201 square feet. The weight on the 
eight driving-axles is 188.5 tons (of 2240 lb.), and the 
total weight of the engine about 229 tons. The weight 
of the engine and tender in working order is approxi- 
mately 312 tons, the tender being carried on two six- 
wheeled bogies, and having a tank capacity of 12,000 
United States gallons, and a capacity of 4000 gallons 
for oil fuel. 








Leeps Forck Company.—The annual meeting of this 
company was held at Leeds on Thursday, the 24th ult., 
Mr. B. Bagshaw in the chair. The directors reported 
that the company had obtained less employment in con- 
nection with the manufacture of steel wagons, and that 
the aspect of affairs in this direction was still unsatisfac- 
tory. On the other hand, the company’s marine furnace 
work had shown a decided improvement, and that its out- 
of steel boiler and other plates had also made a satis- 
actory advance. The company, during the past year, 
had further developed the electric driving of its works, 
and it had altered one of its plate-rolling mills so as to 
allow of its making plates 11 ft. 6 in. in width. The chair- 
man, in moving the adoption of the report, stated that 
the increase in local rates during the last 44 years 
amounted to 2 per cent. upon the company’s ordinar 
share capital. A dividend was declared upon the ordi- 
nary shares at the rate of 10 per cent. per annum. 





Tue Ernest MaTHerR WorkKPEOPLE’S Houipay Funp. 
—Information has been received by the workpeople at 
the Salford Iron Works and Park Works of Messrs. 
Mather and Platt, Limited, Manchester, to the effect 
that a fund called the ‘“‘ Ernest Mather Work le’s 
Holiday Fund,” in memory of the late Mr. Ernest Mather, 
who met his death shortly after becoming one of the 
original directors of the company, has been created for 
the benefit of the employees of the firm. An annual 
holiday of one week, when the works are closed, was 
recently established, and arrangements are being made 
for assisting workmen and their families to enjoy this 
holiday, and with this object the fund has been created. 
Asa practical proof of his sympathy with this movement, 
Sir William Mather has most generously placed the sum 
of 10,000/, in the form of ordinary shares of Mather and 
Platt, Limited, in a trust composed of three members. 
The dividend on these 10,000/. shares will be distri- 
= by the trustees according to the terms of the trust 
deed. 





Tue Humpeurey Pomp: Erratvum.—With reference to 
our article on this subject on page 181 of our issue of 
February 11, it may be pointed out that where absolute, 
and not comparative, results are required, the mean velo- 
city of flow with respect to the time, and not with respect 
to the stroke, should be used, Asa matter of fact, there 
are two possible ways of estimating an average velocity. 
Thus, if a train travels in the first place 30 miles at a 
speed of 40 miles per hour, and then another 30 miles at 
a speed of 80 miles an hour, the average velocity reckoned 
on a space basis is 60 miles an hour. Since, however, it 
will take 45 minutes to run the first 30 miles and 224 
minutes to run the next 30 miles, the time required to 
complete the whole distance will be 674 minutes, so that, 
reckoned on a time basis, the average velocity is 53.3 miles 
per hour. In short, it runs a longer time at the slower 
speed, and thus brings down the average velocity when 
reckoned on a time basis. Thislatter may be conveniently 
called the ‘‘time average” of the velocity, whilst the 
other is the ‘‘spaceaverage.” To find the time of transit, 
the distance run should be divided by the time average, 
and not by the space average. Where the curve of velocity 
plotted against the stroke is an ellipse, the mean velo- 


city taken with respect to the time is = the maximum 


velocity, and the time of one stroke is i . Theactual 
"max. 


discharges per minute for the different lengths of play- 
pipe given in our article are therefore somewhat over- 
estimated, though the relative values and the efficiencies 
are unaffected. 





THE LATE SIR WILLIAM EAMES, R.N. 

Many naval engineers and contractors will learn 
with regret of the death of Sir William Eames, who 
assisted in no small measure to advance the applica- 
tion of mechanical science in the Navy. Indeed, his 
work compassed practically the whole period of the 
steam era, as he first entered the service in 1844, at 
the age of twenty-three, and retired in 188] on reach- 
— age of sixty years. 

he late. Sir William Eames was the son of Mr. 
Cornelius Homan Eames, an engineer in Cork, and 
after serving his apprenticeship entered the naval 
service in November, 1844, as a second-class engi- 
neer. A year later he was promoted to be first- 
class engineer, and, in September, 1847, attained 
the rank of chief engineer. His first important ap- 
pointment was in the Inflexible, to which he was 
appointed chief engineer in the summer of 1852. It 
will be remembered that this battleship marked a great 
advance in every respect, and it was a testimony 
to Mr. Eames’ experience that he was appointed chief 
engineer. During his commission, which continued 
for 34 years—until January, 1856—the Inflexible 
took part in the Crimean War, and was engaged 
in an attack on the Russian batteries at Oatchakoff 
and at Fort Nicolaief in October, 1854, as wellasin the 
blockade of Odessa, &c. He was specially recommended 
by Admiral Lord Lyons, and received the Crimean 
and Turkish medals, with clasp for Sebastopol. In 
1856 he was transferred to the Centurion, in which he 
continued for 24 years, until the summer of 1858. 

In 1865 he was appointed assistant to the chief 
engineer of Chatham Dockyard, becoming, in 1869, 
the principal engineer officer of the dockyard, a post 
he held until the date of his compulsory retirement 
from the service in 1881. While at Chatham he was 
nominated to act as engineer-assessor for the Board of 
Trade in inquiries into two cases of boiler explosions 
on steam vessels, and he was also occupied in the 
development of a system of ventilation for bunkers, 
which he first proposed in 1864. This system pre- 
vented the accumulation of explosive gases in the 
bunkers, and thus reduced the danger and dis- 
comfort of working in them. The system proved 
thoroughly efficient, and was adopted in all the ships 
of the Navy. Mr. Eames receiving a letter of thanks 
from the Admiralty for his services in this matter 
in 1874. Within five years of his appointment to 
Chatham he became inspector of machinery, and 
almost immediately afterwards, a chief inspector of 
machinery. When he reached the age of sixty years 


Y|their Lordships of the Admiralty expressed the 


regret they felt at the loss of Mr. Eames’s valuable 
services, 

For some time afterwards he was associated with 
commercial companies, including that of Messrs. Har- 
field, the capstan-makers. In 1902 he was made a 
K.C.B. for his long and meritorious services. In June, 
1908, he was awarded a Good Service Pension of 200/. 
a year. For some time prior to his death he had 
retired from active work, and died on Monday last, at 
his residence at Brockley, at the age of eighty-nine 
years. On Thursday he was buried at Brockley 
Cemetery, and there was a large representation of 
officers and friends to sympathise with his family. 








THE LATE PROFESSOR SHINROKURO 
MIYOSHI. 

Tue death is announced, from Japan, of Professor 
Shinrokuro Miyoshi, D.E., Professor of Naval Archi- 
tecture at the Tokyo Imperial University, and Chief 
Surveyor of the Marine Bureau of the Department of 
Communications. A pupil under Dr. Dyer, at the old 
Kobu Daigakko (the forerunner of the College of 
= rate of the Tokyo Imperial University), he 
subsequently (in 1880 to 1883) spent some time at the 
shipbuilding yard of Robert Napier and Sons, and one 
session at Glasgow University. 

Associated, on his return to Japan, with the late 
Professor West, he, in 1883, began the instruction 
of students in naval architecture at his old college, 
and from that time until his death had a large share 
in the instruction of all the naval architects reared, or 
partially reared, in Japan; the graduates in this 
subject from the Tokyo Imperial University now 
number some 250. In 1896 he drafted the first ship- 
building regulations for Japan, and at his death had 
just completed the revision of these regulations, bring- 
ing them into line with Lloyd’s new rules and the re- 
quirements of his country. He is described as ao 
popular but retiring man, with considerable force of 
character, clearness of thought, and, when needed, 
promptitude of action. 








Tue InstiTuTE or Marine Encinrers.—The paper 
which was to have been read at the Institute of Marine 
Engineers on Monday, March 7, by Mr. Jules Lecoche 
agg ee on ‘‘ Electro-Magnetic Transmission of Power 
or Marine Propulson,” has been postponed till further 
notice. 





THE DANGERS OF FERRO-SILICON. 


WE have at various times referred to the danver 
attending the carriage of ferro-silicon at sea, and to the 
accidents that have arisen from lack of proper precau- 
tions in this connection. Two notices on the subject 
have been issued by the Marine Department of the 
Board of Trade, the first in September, 1907, directing 
attention to the dangerous properties of this substance, 
and the second in March, 1909, pointing out that low- 
grade ferro-silicon, of not more than 15 per cent. silicon, 
might be shipped without special precautions. A third 
notice has now been issued as a result of the publica- 
tion of a Parliamentary Paper by the Local Govern- 
ment Board. This paper contained the results of an 
investigation iene ou by Dr. Copeman, F.R.S., and 
the present Board of Trade notice gives Dr. Cope- 
man’s conclusions and recommendations. 

The chief conclusions are as follow :—The grades 
of ferro-silicon found to evolve gas in considerable 
quantities are those containing from 40 to 60 per cent. of 
silicon. From these grades phosphoretted hydrogen 
and arseniuretted hydrogenare evolved. Certain grades, 
even when rect Sa from fairly pure constituents, 
are liable to spontaneous disintegration, in which case 
the evolution of gas isincreased. The evolution of the 

oisonous gases is alsoincreased by moisture. Low-grade 
Reen-ollieds of from 10 to 15 per cent. silicon, as manufac- 
tured in the blast-furnace, appears, as already noticed, 
to be practically safe, while higher grades, produced 
in the electrical furnace, are not so. It appears, 
however, that the dangerous range extends from those 
grades containing 30 per cent. Sito 70 per cent. Si, 
the grades above the latter quality being comparatively 
innocuous according to present evidence. It is sug- 
gested, therefore, that manufacturers should restrict 
their requirements to grades containing 30 per cent. or 
less of silicon, or 70 per cent. and over. It is recom- 
mended by Dr. Copeman that the material should be 
broken and stored under cover, exposed to the air, for 
at least a month prior to shipment, that the substance 
should not be carried on passenger vessels, that in any 
case it should, if possible, be carried on deck, or in a 
well ventilated part of the vessel cut off from the 
crew's quarters [ an air-tight partition, and that 
mepen o of grade and other details of manufacture 
»e marked on tke cases in which it is packed. 








‘Tur Royat Navy List anp Navat REcorDER.”— 
We have received from Messrs. Witherby and Co., 326, 
High Holborn, the January issue of this publication, 
which maintains its high reputation for accuracy and for 
the extent of naval information it gives. In addition to 
the official lists of officers and ships and of the naval 
staffs at the Admiralty and Dockyard, there is included 
an article on the current history of the Royal Navy, 
which indicates the progress in warship-building and the 
record of recent trials, as well as information relating to 
changes in the various fleets. There is given also a 
record of the commissions and services of the more im- 
portant ships in the Navy. In the list of ships in 
course of building, or to be built, it would be better to 
name the firm rather than the locality in which the 
works are situated. Thus we find that the builders of 
the Monarch are named as “Clydebank,” whereas it is 
Messrs. Beardmore, of Dalmuir, who have the work in 
hand. No doubt, as Dalmuir is within the borough of 
Clydebank, the definition may be defended, but Clyde- 
bank is the name of Messrs. John Brown and Co.'s 
works, and is so indicated in other instances in the book. 





Mine-Layinc STEAMER FOR PorTUGAL.— The new 
mine-laying steamer Vulcano for the Portuguese Govern- 
ment was recently launched, from the works of the 
builders, Messrs. J. I. Thornycroft and Co., Limited, 
Woolston Works, Southampton. The vessel is 110 ft. 
long, and has a beam of 19 ft. 6 in. and a depth of 
11 ft., her estimated speed being 12 knots. She is 
intended for use in laying submarine mines and regu- 
lating torpedoes, and a been constructed of steel to 
special design. Her machinery, which will develop 400 
indicated horse-power, consists of two sets of triple com- 
pound condensing engines, with cylinders 9 in., 15 1n., 
and 204 in. in diameter, having a stroke of 11 in. The 
boiler is one of the Thornycroft water-tube type, and 
is to work under natural draught. The vessel is armed 
with one revolving 18-in. torpedo tube, placed aft, and 
carries two sets of torpedo-dropping gear at the break 
of the forecastle. There is a mine-hold at the stern 
and a pair of shear-legs worked by an electric winch for 
launching the mines. A steam windlass is fitted forward, 
and a steam air-compressor in the torpedo-charging room. 
The capacity of the coal-bunkers is sufficient for steaming 
1000 miles at a speed of 10 knots. The vessel is schoonet 
rigged, and is provided with a derrick on the foremast 
for lifting torpedoes. The decks are of teak, and awnings 
are fitted fore and aft. Accommodation for four officers 
is provided aft, and forward for two officers and twelve 
men. The vessel is lighted throughout with electricity, 
and is provided with a search-light on a movable carriage 
on the bridge. There is a steam steering-engine, with a 
steam control-wheel on the bridge, and a hand-wheel aft. 
The galley and seamen’s offices are situated under the 
bridge in'a steel house at the aft end of the forecast e, 
the front of the house forming an efficient breakw wie 
A Downton pump is placed on deck for clearing th 
bilge and for fire purposes. 
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LABOUR EXCHANGES AND WORKMEN’S 
COMPENSATION. 
To THE EpitTorR oF ENGINEERING. 

Sin,—I read with interest your article on labour ex- 
changes, and agree with you on the great difficulties 
created by the Workmen’s Compensation Act. I have 
medically examined over a thousand men for employment 
in the past eighteen months, and I am often (nearly 
always) sick at the unsuccessful candidate’s hard lot, but 
T am as powerless and helpless as they are. A recent 
case is typical. The man sought employment asa “‘ handy 
labourer,” and as heentered my consulting-room, and told 
me his name, &c., it was obvious that he was smart, 
educated, and sprightly in his bearing—quite a superior 
type. But I noticed a difference in his two eyes, and at 
once looked at them in detail. The right eye had 
almost no sight left, so he was disqualified right away 
cn that ground, and I told him that I felt that he 
would not be employed any longer (he had worked 
that day). So he said he supposed it was the Workmen’s 
Compensation Act, and I agreed that it had brought a 
new attitude into the labour world. He thought it was 
‘jolly hard lines” on him—for he had only tried to get 
this poor monies 5 in the hope that the medical 
examination would less rigid, because he was, in fact, 
a skilled artisan—in telephones, telegraphs, &c.—and had 
been doing such work with the army in South Africa 
when a ricochet splinter of shell had penetrated his eye 
and almost quite destroyed his sight. After the war he 
got an army pension because of the injured eye, and 
worked in Cape Town at an electrical warehouse. Then 
he came to England and got agood post. But one day he 
got one of the under-managers to sign his pension paper. 
**Oh, you were invalided from the army?” ‘‘ Yes, it is 
my eye, you know,” replied the man—‘‘but it gives me 
no bother—it is just about blind, that’s all.” He got 
“the sack ” next morning—and since then has been 
on the streets. He still is dressed not badly, and 
stil is brave and perhaps hopeful, but he sees there 
is no way out. His credentials fitted him for ‘a place of 
trust,” “‘ care-taker,” &c., but he says for jobs like that 
“old servants” naturally have first chance. He had 
earned 3s. 4d. that day, of which he had to return 2s. to 
the Labour Exchange for the refundment of the advance 
for railway fare. hen he goes back to the Exchange, 
they will record ‘‘ Not ;” will they send him to 
anyone again?’ And thus there passed as fit and willing 
a looking man as one wants to meet ; he can have little 
in front of him except a constant sorrow that the Boer 
shell had burst so soon. 

The next man to be examined was a big, 6-ft. soft 
“turnip” from the wilds of Ireland, with not a nerve in 
his character (if he has a character at all). The men who 
have been active, enterprising, pushing, &c., get the 
scars of the world and of its Totton and as there is 
no ‘‘contracting-out,” they are not taken on for work, at 
least where the men are examined. Of course, I have 
refused men for ‘‘ mental deficiency” when I thought 
them too stupid to trust near, ¢.g., shunting-wagons. 

Tam certain Labour Exchan won’t get men work. 
They may serve as centres of it formation for special 
artizans — ¢.g., printers— regarding vacancies. Some 
scheme of ‘‘ contracting-out” is needed. I have thought 
a lot about it, but I don’t get one step nearer in practical 
suggestion. 

Yours truly, 
M.B., Cu. B. 








WATER-SOFTENING. 

; _. To THE EpiToR OF ENGINEERING. 

Sir,—The article appearing in your issue of February 18, 
under the heading, ‘‘ A New Treatment of Feed- Water,” 
is certainly very interesting, and I hope that when the 
torpedo works at Kiel have finished their experiments 
with “ Luminator,” we shall get the scientific solution of 
the apparent mystery. 

I see it is made quite clear that the apparatus cannot 
be termed a ‘‘ water-softener” or ‘*water-purifier,” as it 
was called by your correspondent, who is an old tannate 
of soda advocate.” 

With regard to the evidence brought forward as to the 
effectiveness of the apparatus, it would have been of 
interest if more details had been given. An analysis of 
wes water used, and the amount of water evaporated, 

vetween two inspections, might have been stated, as these 
particulars would have thrown a good deal of light on the 
whole problem. 

/ f the ‘* Luminator ” absolutely prevents the formation 
of scale in boilers and causes the scale-forming matters to 
Sapa as mud, the apparatus may be considered satisfac- 
ti vy some boiler-users, However, as you are aware, 
1 olga w recognised that the highest etticiency is obtained 
on : when soft, pure water is put into the boilers. If all 
Scale-lorming matters are left in the water, how is a large 
accumiilation of solids to be prevented, and what is the 
loss of efficiency through same ? 

Take a case of a boiler evaporating, say, 8000 1b. of water 


- he ur, the water having a hardness of, say, 20 deg. 
* wil represent about 2.31b. of scale-forming matter 
per hour, or on a week’s run about 386 lb., and on a four 


weeks’ run 1544 lb., or about y ton. 


keen sing the boiler is blown down often enough to 

ie Bi ‘'s enormous amount of solids in hand, what will 

— — pe of fuel and water wasted through blowing 

Sy and w hat will be the cost of heating the solids re- 

mine in the boiler? The question is, therefore, can 
e “ Luminator ” be consider : 


a step nearer the scientific 


Solution of rational water-purification ? 


In my humble 


oPapon t cannot, 
wi experience of water-purification makes me some- 
at the r ptical of appliances which do not strike the evil 


2ere 1s no *‘ short cut” in water treat- 








ment. The rational way to deal with the problem is to 
— the water before it is used, and not to leave the 
iler to act as a purifier as well as a steam-producer. 
Yours truly, 
A BE.ikver IN Rational METHops. 
March 1, 1910. 








‘“*CAISSON DISEASE.” 
To THE Epitor OF ENGINEERING. 

Sir,—In reference to the article on caisson disease in 
ENGINEERING of February 18, I would ask ydr readers to 
suspend their judgment until Mr. Greenwood and I pub- 
lish the details of some 300 experiments on pigs and goats, 
which are now complete, and will prove that the stage 
method of Dr. Haldane is unnecessary, and that all that 
is required is a long pause at + 18 lb. of pressure, a 

ressure which is sufficient to prevent formation of 
ubbles, and thus safely to allow the super-saturated 
blood to give off the excess of dissolved nitrogen. 
Yours truly, 
LeronarD HI. 
The London Hospital Medical College, 
February 28, 1910. 








‘*DRAWING-OFFICE FILING SYSTEMS.” 
To THE Eprror oF ENGINEERING. 

Srr,—The following extracts may be of service to those 
interested in this matter :— 

J. Slater Lewis, ‘‘ Commercial Organisation.” 

‘* Registration of Drawings.—The efficient registration 
of drawings is of paramount importance. The register 
should be, soachinalay quis. a short history or pedi- 
gree of each and every drawing, with its ‘family connec- 
tions.’” 

“Tt must give under each progressive Drawing Number : 
—(1) The title ; (2) the walls order number (if any); (3) 
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date commenced ; (4) date completed ; (5) date of comple- 
tion of tracing for printing; (6) size or type; (7) if a 
dynamo, how wound, &c. ; and (8) general remarks.” 

** Storing.— . . . drawers should be about 2 in. larger in 
length and width than the size of sheetadopted. A strip 
of wood, about 24 in. wide, should be let in flush with the 
sides of the drawer, at a point about 6 in. from the back, 
as shown at A.” 

‘** At B is shown a hardwood flap which prevents sheets 
from curling up in front.” 

The question is also clearly dealt with in Mr. A. H. 
Barker’s ‘‘ Works Management.” 

Yours truly, 
A. WILLIAMS PRIcE. 








THE MESSINA EARTHQUAKE. 
To THe Eprtor oF ENGINEERING. 

Srr,—Messina was undoubtedly destroyed in 1783—a 
calamity probably as great, divdieg for increase of 
population, as that of 1908. 

On many buildings in Messina I have read inscriptions 
how the building in question was rebuilt or restored, and 
— so many years, “dopo il terremoto,” “after the 
earthquake.” 

Giethe’s description of Messina in 1787 almost word 
for word describes its condition as I saw it in July last. 


Yours a 
J. Kemp-WEtLcuH. 


53, Parliament-street, Westminster, S.W., 
February 28, 1910. 








‘““THE FAILURE OF BRASS LOCOMOTIVE- 
TUBES.” 
To THE Eprtor OF ENGINEERING. 

Srr,—In your report in your issue of January 21, 
page 85, of my paper on “‘ The Failure of Brass Locomo- 
tive-Tubes,” read before the Institute of Metals, you 
announce that I have made a reply to the criticisms, 
whereas I only briefiy alluded to one or two remarks, on 
account of the lateness of the hour, and stated that I 
would reply fully in writing. As the criticisms already 
made are likely to be misunderstood, will you kindly 
allow me to make the following observations ? 

In the first place, the opinion expressed by most of 
the speakers, that the breakdown of the tubes was due to 
erosion ca by solid particles in the blast, is negatived 
by the fact that, before the untreated Birmingham water 
supply was used in the boilers, the average life of tubes 
from the same makers was between three and four years. 
As socn as the new feed-water was injected into the 
boilers, the average life of the same make of tubes was 
reduced by from eight to twelve mouths, causing frequent 
casualties and Board of Trade inquiries. 

Further, before submitting the burst tubes to me, the 
boilers were examined by experienced locomotive engi- 
neers, who came to the conclusion that the ordinary cause 
of failure referred to by my criticisers did not hold good 
in this case. 

Secondly, those of your readers who have had experi- 
ence in the e of dilute soap solutions through hot 
tubes will know the peculiar nature of the film that is 
formed on the tubes. It was a past experience in this 
direction that led me to suspect something of a similar 
nature in the case before us, and I venture, with all due 


deference to my critics, to submit that the cause of 
breakdown in this instance is that given by me. 

Thirdly, the tube handed round was not an example of 
a breakdown, but one removed from the boiler when 
breaking up the locomotive, from which the tube I ex- 
amined and reported upon was taken. It was handed 
round to show the colour and nature of the scale. It 
would be of interest if any of your readers, in their 
experience, have had to deal with a scale having a low 
heat conductance, and could furnish examples, because I 
do not remember having seen or of such thin films 
causing brass boiler-tubes to break down. 

Yours faithfully, 
T. VaueHan Hucues. 
130, Edmund-street, Birmingham, February 28, 1910, 





PassenceR Movement 1n New York.—In a recent 
report of the New York Public Service Commission, 
First District, some interesting figures are given of the 
daily passenger movement between Long Island and 
New York City. The figures for 1909 were as follow :— 
Crossing by the Brooklyn Bridge, 323,006 persons; by the 
Williamsburg —— 206,606 persons; by the Blackwells 
Island Bridge, 26, ; by ferries, 120,841; and by the 
Interborough Subway 193,784 persons, making, altogether, 
870,537 persons. The bulk of this traffic has, of course, 
to be handled during the so-called rush hours. 





Tue Victoria Nyanza.—Mr. L. Clarence, of the Union- 
Castle Mail Steamship Company, has returned to Cape 
Town from a visit which he recently paid to the Victoria 
Nyanza in connection with a proposed steamship service 
upon that fine lake. Kilindini is pro d to be used as 
a harbour, instead of Mombasa. Mombasa is on an 
island, and the waterway is rather cramped; but at 
Kilindini there is deep water and a anchorage 200 
yards from the railway pier. From the pier the railway 
runs to the Victoria Nyanza, through a country which 
is considered to possess t potentialities. When 
a train reaches the lake side, passengers will be able to 
step from the train aboard one of the four steamers—the 
Clement Hill, thé Nyanza, the Winifred, and the Sybil. 
These steamers are twin-screws, and they are fitted with 
electric light, mosquito curtains, and all modern appli- 
ances. The steamers will not only carry passengers, but 
will collect the produce of the surrounding country, com- 
prising rubber, cotton, fibre, oil-seed, chillies, wax, ivory, 

ides, nuts, rice, &c. 





AGRICULTURAL EXHIBITION AT Prascuz.—It is the 
intention of the Agricultural Central Company for the 
Kingdom of Bohemia to hold, in Prague, from May 14 to 
the 22nd this year, an exhibition relating to improve- 
ments in agriculture. There will be departments de- 
voted to dairy work, the rearing of bees, silk culture, 
and the wine and brewing industries, which will be open 
to foreign competitors, and a number of prizes will be 
awarded, Group VIII., including industrial and com- 
mercial productions, and group IX., including foods and 
beverages, have been specially reserved for residents in 
Prague. Group X. wil enver improvement in agricul- 
tural and other machinery, and includes a competition 
for the best chaff-cutting machinery, with protective 
device. The exhibition is under the presidency of his 
Serene Highness, Prince Frederick Schurgenberg, and 
meets with general approval It is hoped that the 
co-operation of all parties interested will be forthcoming. 
Full particulars may be obtained from the ‘‘Exhibition 
Expert,” Mr. Arthur Gobiet, Prague, Karolinenthal, who 
will be glad to give any information required. 





Tue Mancuester Sure Canat.—The reports 
sented to the general mecting of the Manchester Ship 
Canal on February 17 showed that during the camel 
ing six months covered by the accounts, the weight of toll- 
paying merchandise was 2,242,091 tons, as compared 
with 2,174,888 tons in the corresponding months of 1908. 
There was a slight falling off in barge traffic ; but the 
total tonnage was 2,378,619 tons, against 2,313,323 tons in 
the corresponding period in 1908. The financial result of 
the half-year was an increase of 18,711/. in the receipts, of 
51312. in the expenditure, and of 13,580/. in the profit 
as compared with the corresponding period of the previous 
year. The weight of the sea-borne merchandise traffic 
showed an increase of 67,203 tons. The following is a 
statement of the toll-paying merchandise traffic and the 
receipts of the port :— 


pre- 


Sea-Borne Bar, sal 
Year. Traffic. Traffic. | any oe ta. 
Tons. Tons. one. 
1894 686,158 239,501 925,659 97,901 
1899 2,429,168 348,940 2,778,108 264,775 
1904 8,618,004 299,574 3,917,578 418,043 
1907 4,927,784 282,975 5,210,759 535,585 
1908 4,317,965 264,531 4,582,496 506,975 
1909 4,290,765 272,626 4,563,401 534,059 


The receipts for the whole year amounted to 534,059/., 
against 506,975/., an increase of 27,084/. The expenditure 
was 2542/. more. The net result was an increase of 
24,5427. in the profit of the Ship Canal department as 
compared with the year 1908. Although the receipts 
were larger, there was a decrease of 27,200 tons in the 
weight of sea-borne merchandise traffic. There was again 
a falling off in some kinds of low-class traffic ; shipments 
of coal showed a decrease, as the export of Lancashire 
coal continued to be on a reduced scale, On the other 
hand, there was a larger trade in some articles of the 
better class of traffic, and a larger proportion of the year’s 
traffic was conducted in tho Makchaster section of the 
Ship Canal, where the tolls are on a higher scale than in 





the two lower sections. 
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THE STERN-WHEEL STEAMER “ETOBE” FOR NORTHERN NIGERIA. 


BUILT BY THE ARDROSSAN DRY DOCK AND SHIPBUILDING COMPANY, LIMITED, ARDROSSAN, N.B. 
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We illustrate on this and the opposite pages, and| are respectively an eleva- 
also on page 282, the stern-wheel steamers Etobe | tion, a plan, and a transverse 
and Egori, recently built by the Ardrossan Dry- | section, which illustrate the 
Dock and 4 ye Company, Limited, Ardrossan, | arrangement of the machi- 
and engined by Messrs. McKie and Baxter, Copland | nery on board. The vessels 
Works, Govan, Glasgow, for the Crown Agents for| have a length of 100 ft. ; 2 ae as 

Bee To aS 
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the Colonies, for service in Northern Nigeria. Figs. 1| breadth, moulded, 20 ft. ; ew as a — 
and 2 are views of one of the vessels reproduced from | and depth, moulded, 5 ft. . ts 4-4 —_f— 
photographs, from which an idea of the general | They are built of Siemens ry ae 


a ey _b | 
Wem taken during the trials. Figs. 3, 4, and 5/|ling, and, as is | in & i} 











appearance may be obtained ; the latter is a stern | mild steel, of light scant- 
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ENGINES OF THE STERN-WHEEL STEAMER “ETOBE” FOR NORTHERN 


NIGERIA. 


CONSTRUCTED BY MESSRS. McKIE AND BAXTER, ENGINEERS, GOVAN, GLASGOW. 


om 


ce « 











vessels 
pper-deck strinker and side curtain-plates for in- 
creasing the longitudinal strength, these plates being 
well tied to the main deck by diagonal tee-bars 
ant struts. In addition to this, a longitudinal 
bulkhead is fitted all fore and aft, with the neces- 
sary additional supports under the engines and 
~ ler. There is a raised forecastle deck, which we | 


f ‘een in Fig. 3, having accommodation beneat 
or the crew. The galley is arranged in front of 
one of the paddle-boxes. The coal-bunkers are 


age one on each side of the boiler, as shown in 
\g. 4. A permanent sun-awning, of wood covered 
with canvas, extends fore and aft, although not 
showa, with an additional awning over the pilot and 


of this type, advantage is taken of the| 





—_ ———.. 


Galley 





SECTION AT BB (Fig. 
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Fic. 11. 


steering platforms (Fig. 3). A steam-windlass is 


fitted on the forecastle deck, and hand steering- 
r, operating two rudders, on the sun-deck. A seam- 
ess-steel boat is stowed in davits abreast of the funnel. 
The vessel is propelled by compound non-condensing | through the slide- 
engines, having cylinders 18 in. and 33 in. in diameter, 
with a stroke of 48 in., working at a boiler pressure 


of 1601b. per square inch. They are arranged on board 
as shown in Figs. 3 and 4, — 3 are shown in detail 
in Figs. 7 to 10, page 279, which are respectively a 
side elevation, a plan, a vertical transverse section 
rs, and an end elevation. The 
engines are shown in perspective in Fig. 11. As will be 
seen by the drawings, the engines are built upon three 
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rolled-steel girders suitably tied together. The special 
feature of the design in the machinery is the small 
width into which it is placed, leaving at the same time 
ample provision for the paddle-floate. This may be 
seen in Fig. 4, and also in Fig. 6, which latter is a 
vertical section through one of the paddles. To ensure 
os the main bearing-frames, wing-blocks, and 
wheel-centres are of cast steel. The wheels are of the 
feathering type, with curved steel floats. The method 
of construction is shown in Figs. 7 and 8, and also in 
the perspective view, Fig. 15, which is a reproduction 
from a photograph. The illustrations on page 282 
clearly show the boiler. It is of the locomotive type, 
and is fitted with 211 tubes 24 in. in internal diameter ; 
the total heating surface of the fire-box and tubes being 
1320square feet. The method of staying is clearly shown 
in Figs. 12 and 13, which are respectively a longitudinal 
section and a half-sectional elevation. There are two 
fire-doors, each 1 ft. 9in. by 1 ft. 4 in. In Fig. 14 may be 
seen a perspective view of the boiler. During the trials 
of the steamers there was never at any time a lack of 
full boiler pressure, and the engines attained the maxi- 
mum revolutions allowed under the contract —viz., 50 
per minute when fully opened out. 

On the measured-mile trials on the Clyde a speed of 
104 knots was obtained with the vessels when — 
free and when loaded to a draught of 3 ft. 3 in.; an 
when towing two barges, one lashed on each side, and 
each displacing 100 tons, the speed over the measured 
mile was 8 knots, which was considered highly satis- 
factory. Both vessels went through their official trials 
in one day each, steam having been raised for the first 
time on the morning of each day. After the trials the 
vessels had their machinery dismantled, and the sides 
up to the level of the sun-deck yo gg boarded 
up, and a steel turtle deck fitted forward. They were 
then towed to the Niger by two powerful Rotterdam 
tugs, where the dismantled parts were re-erected, and 
the vessels are now at work doing excellent service in 
connection with the new railway works in Nigeria. 

The vessels and their machinery were constructed 
under the supervision of Messrs. Ridsdale, Wells, and 
Kemp, consulting engineers to the Crown Agents, 
London. 








Tue LATE Mr. JAmxus Pottock.—We regret to have 
to record the death, which occurred on the 28rd ult., of 
Mr. James Pollock, the naval architect, and senior part- 
ner in the firm of Messrs. James Pollock, Sons, and Co., 
Limited, 3, Lloyd’s-avenue, E.C. The deceased was a 
member of the Institutions of Mechanical Engineers, 
Marine Engineers, and Naval Architects. is was 
a most genial disposition, and it is no exaggeration 
to say that with him every acquaintance was a friend. 
No one meeting him could fail to be impressed by his 
kindliness and cordiality. Mr. James Pollock settled down 
in Great Tower-street in 1875 as a consulting engineer ; 
his business gradually increased, and in 1901 the present 
company was formed, in which four of his sons have 
charge of separate departments. He continued to take an 
active interest in the firm’s business until August last, 
when he was stricken down with illness ; his strong con- 
stitution enabled him to recover somewhat during the last 
six months until ten days ago, when he p peacefully 
away. His loss will be felt by a very wide circle of friends. 





SuppLeMENTARY Navy Estimatres.—The House of 
Commons on Wednesday night passed the ag sarge peat | 
Navy Estimates, amounting to 689,800/. The First Lord 
of the Admiralty explained that of the total 457,000/. was 
due to expenditure on the four contingent ships, for 
which no provision had been made in the ordinary esti- 
mates. Of this 60,0002. is for machinery, 85,000/. for 
hulls, 60,0007. for armour, 208,000/. for gun-mountings, 
and 44,0002. for guns. The gun-mountings and guns 
were ordered partly in December and partly in January, 
and the machinery, hull, and armour in January. 
But the keels will not be laid officially until April 1, 
and the First Lord seems to entertain no doubt about the 
ships being completed before March 31, 1912, although 
admitting that from the date of the first order to the 
date of hoisting the pennant from 27 to 28 months has 
hitherto n necessary. As 8 the remainder of 
the total, the principal item is a sum of 190,000/. for the 
machinery of the destroyers in the current financial year’s 
programme, Twenty destroyers were ordered, and the 
wok done has been in excess of that expected, so that it 
is anticipated that the vessels will be ready in April 
instead of June next year, the period of construction 
being eighteen months. This latter fact was the sub- 
ject of animadversion by several members, who thought 
that a shorter period should e ‘| sufficient. Another 
item of 100,000/. was for the purchase of two destroyers 
of the River c!as:, to take the place of two vessels 
which had been lost. In the aiscussion Mr. Arthur 
Lee took exception to the delay in ordering the con- 
tingent ships, quoting the figures which we published 
a fortnight ago to show that the average time of construc- 
tion from the laying of the keel to the completion of the 
ship was, in the case of six battleships of the Dreadnought 
class, 264 months, or 24 months more than the Admiralty 
now allow. He also referred to the serious reduction in 
the amount for auxiliary machinery, which was reduced 
by 32,000/., after the reduction of 48,0002. in the previous 
year, while a more sinister reduction was that of 59,000/. 
on the money voted for projectiles and ammunition. But 


these and other questions will be dealt with fully when 
the Navy Estimates for next year are brought before the 
House next week. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 20. 

Tue steel market continues quiet. A serious strike 
has broken out in the Bethlehem steel plant in 
Eastern Pennsylvania, where some 10,000 men are 
engaged. The effort is being made to embroil all of 
the employees in a disturbance which, at its outset, 
engaged only a few hundred men. The company has 
an enormous business, and much more is assured. 
The demands of the workmen for more pay are 
regarded as excessive, and the company does not feel 
in a position to grant the increases demanded by all 
classes of labour. An amicable adjustment is hoped 
for, but the organisers of labour are hard at work en- 
listing the several nationalities employed in the mills. 
Bethlehem has been comparatively free from labour 
disturbances, and the present movement is a surprise to 
the management. Most of the products turned out 
are specialities covering most of the steel products 
used in warfare. The armour-plate plant is a very 
large one, and the special process used is of German 
origin. The company is heavily capitalised, and 
enlargements are now under way and contemplated 
which will involve the outlay of several million dollars. 
A general drought in western Pennsylvania has 
seriously interfered with the production of coke in 
the Connellsville district. The supply of coke in the 
Pittsburg district has been seriously curtailed. 
Several thousand ovens have been thrown out of 
service. About one-sixth of the independent ovens 
are idle, and the same percentage of the ovens owned 
by the United States Steel oration. The low 
water in the rivers in the Pittsburg district, from 
which supplies are drawn, has interfered with the 
operation of some mills. In several cases the level 
of the water is below the intake-pipes. A very 
heavy snow has just fallen over that section of 
the state, obstructing traffic of all kinds, and ren- 
dering the shipment of mill products temporarily 
impossible. Another period of severe weather is an- 
nounced on the Pacific coast, is moving eastward, and 
will probably arrive here in about twodays. The severe 
weather for several weeks past has obstructed traffic 
in nearly all lines, but no serious difficulty has been 
encountered by lack of material for pending construction 
enterprises. hile orders have been slowing down 
for some time, iron and steel-manufacturing interests 
do not entertain any apprehensions as to the ultimate 
outcome. The mills are sufficiently supplied with 
business. ‘The railroads are gubeilly adopting steel 
freight-cars and steel passenger-cars. The Pennsyl- 
vania Company at the present time has 245 steel 
coaches, 10 steel dining-cars, 21 combination passenger 
and baggage-cars, 29 baggage-cars, and 18 postal-cars. 
They have under construction 140 coaches, 34 dining- 
cars, 48 combination passenger and baggage-cars, 4 
baggage-cars, 42 postal-cars, 27 mail storage-cars, and 
Ty and mail-cars. That company is to have, 
as soon as they can be built, 500 all-steel parlour and 
sleeping - cars. 
carried out, it will have 900 of its own steel passenger 
cars and 500 steel Pullmans. 








Granp Trunk Rattway Drirecrorate.—Sir William 
H. White has joined the board of directors of the Grand 
Trunk Railway, and in view particularly of the fact that 
they propose to extend their shipping services, there can 
adhe doubt that Sir William will greatly strengthen the 





400-Watr Moror-GgneratTor.—The Crypto Electrical 
Company, of Bermondsey-street, London, 8. E., are placing 
on the market a 400-watt, alternating to continuous cur- 
rent, motor-generator. This machine is of the same type 
as the firm’s 100-watt machine, introduced’some years ago, 
and is intended for charging accumulators, lighting arc- 
lam &c. The alternating and continuous current 
windings are independent, so that shunt regulation may 
be obtained on the continuous-current side. The 
machine measures 28 in. by 264 in. by 174in., and weighs 
1 ewt. 3 qrs. 





CamBRIDGE GRADUATES IN ENGINEERING.—An inquiry 
recently made by the Appointments Board of Cambridge 
University has thrown light upon the subsequent careers 
of those who have graduated in’ honours in the Engineer- 
ing Tripos since its establishment in 1894. The total 
number of honours graduates since the date named has 
been 252, of which just over a half took their degree in 
1902-6, the latter being the last year covered by the 
returns. Out of this total information has been obtained 
as to 176. The oldest of these as to which information 
has been obtained is 38 ; the average of the lot is about 28. 
a present positions held are as shown in the following 
table :— 

10 


Directors or partners in manufacturing concerns 
4 


Partners in consulting engineering firms. . me 
Subordinate positions in manufacturing firms 
(ranging from draughtsman or works manager's 
assistant up to works manager) .. = 
Assistants to consulting engineers . . i in 
. Professors or heads of teaching institutions ss 6 
. Assistant teachers... - oa hs 17 
7. In service of Governmant, municipalities, or rail- 
way companies in the British Isles - 
Government engineering services abroad. . 
Miscellaneous .. oe ra ee ee 


ad eh 


49 
9 


ooe 


- 


12 
28 
31 


bd a 


When the company has its plans |} 





NOTES FROM THE NORTH. 
Giascow ‘Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet and 2000 tons of Cleveland 
warrants were done at 51s. 24d. cash and 51s. 3d. four days, 
Closing sellers quoted 51s. 3d. cash, 51s. 6d. one month, 
and 5ls. 114d. three months. In the afternoon the tone 
was stea ly and Cleveland warrants were dealt in at 51s. 3d., 
51s. 24d., and 51s 3d. cash, 51s. 54d. one month, and 
51s. 11d. three months. The turnover was 4500 tons, and 
sellers’ quotations at the close were 51s. 3d. cash, 51s. 6d. 
one month, and 51s. 114d. three months. On Friday 
morning the market showed little change and 4000 tons 
of Cleveland warrants were put through at 5ls. 2d. 
and 51s. 24d. cash, 51s. 4d. seventeen days, 51s. 5d. 
and 51s. 54d. one month, and 51s. 54d. March 31. The 
closing prices were 51s. 3d. cash, 51s. 6d. one month, and 
52s. three months sellers. There were buyers of hematite 
at 64s. 3d. one month, but no sellers. At the afternoon 
session Cleveland warrants were the turn stronger, and 
1000 tons changed hands at 51s. 34d. cash and 5ls. 6d. one 
month. Closing sellers quoted 5ls. 3$d. cash, 5ls. 64d. 
one month, and 52s. three months. On Monday morning 
a steady tone prevailed, but business was quiet, and only 
one lot of Cleveland warrants was done at 51s. 3d. cash. 
At the close sellers quoted 51s. 34d. cash, 5ls. 64d. 
one month, and 52s. three months. One lot of hematite 
changed hands at 64s. 3d. cash. The afternoon session 
was also quiet, and the dealings consisted of 1000 tons 
of Cleveland warrants at 51s. 6d. one month, and closing 
prices were unchanged. On Tuesday morning the market 
was quiet, but exhibited a firmer tendency. The busi- 
ness amounted to 2000 tons of Cleveland warrants at 
51s. 3d. cash and 52s. and 52s. 04d. three months, and the 
closing prices were firm at 51s. 4d. cash, 51s. 74d. one 
month, and 52s. 1d. three months sellers. In the after- 
noon no dealings of any kind were recorded, and at the 
close there were sellers of Cleveland warrants at 51s. 4d. 
cash, 51s. 74d. one month, and 52s. 14d. three months. 
When the market opened to-day (Wednesday) a stronger 
tone prevailed, and Cleveland warrants were done at 
51s. 4d. and 51s. 44d. cash, 51s. 54d. fifteen days, and 
51s. 7d. one month. The turnover was 4500 tons, and 
closing sellers quoted 51s. 5d. cash, 51s. 8d. one month, and 
52s. 24d. three months. The afternoon session was again 
stronger, and 5000 tons of Cleveland warrants changed 
hands at 51s. 5d. and 5ls. 54d. cash, 51s. 6d. five days, 
51s. 8d. and 51s. 84d. one month, and 52s. 3d. three 
months. Closing prices were 51s. 54d. cash, 51s. 84d. one 
month, and 52s. 34d. three months sellers. There were 
buyers of hematite at 65s. three months, but no sellers. 
The following are the market quotations for makers’ 
(No. 1) iron:—Clyde, 63s.; Calder and Gartsherrie, 
63s. 6d. ; Langloan, 64s. ; Summerlee, 65s. 6d. ; and Colt- 
ness, 85s. (all —— at Glasgow) ; Glengarnock (at 
Ardrossan), 64s. ; Shotts (at Leith), 63s. 6d. ; and Carron 
(at Grangemouth), 66s. 


Sulphate of Ammonia.—A strong tone at present pre- 
vails in the sulphate of ammonia market, and the price 


has firmed bs The quotation pe A is 12/. 5s. per ton 
a4 prompt delivery, Glasgow or Leith, and dealing has 
taken 


Ee at that figure. The amount shipped from 
Leith Harbour last week was 2374 tons. 


Scotch Steel Trade.—Business in the Scotch steel trade 
1as been very brisk during the past week or ten days, and 
a large quantity of heavy material has been turned out, 
mostly for local consumption. The export demand is 
fairly good and some satisfactory lots have been fixed for 
shipment to the Far East. In light material there is still 
a steady demand and makers are exceedingly busy. For 
structural sections the demand is increasing and a goodly 
quantity of this class of material is wanted for spring 
shipment toCanada. At the meeting of the Scotch Steel 
Makers’ Association, held this week, the subject of con- 
tracts was under consideration, but the matter has been 
carried forward. No change has taken place in the official 
list of prices. 

Malleable-Iron Trade.—No improvement can be re- 
ported in connection with the malleable-iron trade of the 
Vest of Scotland, and some works have been partially 

idle this week owing to the scarcity of specifications. 


Scotch Pig-Iron Trade.—The ordinary qualities of 
Scotch pig-iron are still in fair demand for export, and 
local buyers are alsoin the market. The buyers generally 
are desirous of fixing up forward contracts, but sellers are 
not too eager to book any distance ahead. Prices re- 
main firm. Makers of hematite iron are fairly busy, and 
some new business has lately been put through. Good 
deliveries are being made, and prices are without change. 


Shipbuilding.—The shipbuilding returns for the past 
month, both as regards vessels launched and new orders 
booked, show that a big improvement has taken place in 
the industry. Nevertheless there are still a number of 
shipbuilding yards where some fresh orders would be 
most welcome. The number of vessels launched last 
month was 24, with an aggregate of 38,352 tons, as 
against 18 vessels, of 25,340 tons, for the month of 
January, The Clyde’s share of the above totals was, for 
February, 19 vessels, of 37,162 tons, as against 12 vessels, 
of 22,773 tons, for January, making an output for the two 
months of 31 vessels, of 59,935 tons, which is over 16,000 
tons better than for the same period of last year, when 
the figures were 15 vessels, of 43,915 tons. Included in 
the new tonnage was one vessel of 6280 tons, three be 
tween 4000 and 5000 tons, four between 2000 and 4000 
tons, and two about 1000 tons each.—The following new 
orders are reported :—Messrs. Scotts’ Shipbuilding and 
Engineering Company, Limited, Greenock, have con- 
tracted to build a large steamer for Liverpool owners.— 
The Ailsa Shipbuilding Company, Troon, have received 
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orders to build two passenger and cargo steamers for Brazi- 
lian owners.—Messrs. Murdoch and Murray, Port Glasgow, 
have also received an order for a similar steamer for the 
same owners. The contracts for these latter three vessels 
have been given out by Messrs. John M. Campbell and 
Son, St. Vincent-place, Glasgow.—Messrs. Russell and 
Co., Port Glasgow, have secured an order to build a 
steamer of 9000 tons carrying capacity for Messrs. Gow, 
Harrison, and Co., Glasgow. This vessel will have engines 
supplied by Messrs. Rankin and Blackmore, Greenock. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Bosshardt Process.—A company has nm formed for 
the working in this country of the Bosshardt process of 
manufacturing malleable-steel castings. A similar method 
has been practised for a long time experimentally, but 
M. Bosshardt, of Cologne, has made the process com- 
mercially practicable, and it has for some time been used 
on the Continent, and, should it effect what is claimed, 
must make a considerable impression upon the manufac- 
ture of castings in South Yorkshire. rofessor Arnold, 
of the Sheffield University, who has made considerable 
investigation into the subject of ‘‘mitis ” castings, lectured 
nearly twenty years ago to Sheffield metallurgists on his 
experiments in this direction, and then expressed the 
belief that that type of casting was only possible experi- 
mentally. The castings produced by the Bosshardt 
process are said to be as ductile as wrought-iron, yet as 
tough as best forged steel, so free from flaws as to need 
practically no “‘fettling,” and easily weldable to other 
metals. Whatever may be the result of the introduction 
of this process, it is satisfactory to note a wing de- 
mand for Sheffield malleable castings, which have a high 
reputation, and local makers have a large number of 
orders. 

Armour-Platc.—Armour-plate orders to the extent of 
nearly 20,000 tons are expected to be placed shortly. 
This gives a good prospect for the year, and the some- 
what better conditions of last year over 1908 are likely 
to be still further improved upon. Little credence is 
given in Sheffield to the rumour of a co-operation of firms 
in the establishment of armour-plate works near Middles- 
brough, especially since a denial came from one of the 
companies mentioned as being a party to the project. 
Any such scheme is regarded as very improbable. 

Messrs. Bessemer’s Outlook.—In the opinion of the 
directorate of Messrs. Henry Bessemer and Co., Limited, 
there are prospects of better trade during the present 
year. Sir Charles Allen, presiding at the annual meeting 
in Sheffield, pointed to the disastrous effects of foreign 
dumping upon the firm’s works at Bolton, Lancashire, 
during a portion of last year. Though anticipating a 
trade revival, he was afraid the time for a boom was 
past in this country. We seemed, he said, to get hold 
mly of the tag-ends of good business. 


South Yorkshire Coal Trade.—There is a fairly satis- 
factory tone about the coal trade of the district generally. 
Big tonnages are on hand, but they are being disposed of 
with little difficulty. Steam coal is going away in large 
quantities both to the Mersey and the Humber ports, 
the latter taking by far the greater bulk. The bunker- 
ing trade there is steadily growing, and is a valuable 
adjunct to the demand from the trawling companies. 
Railway companies and industrial concerns are claiming 
a big » Be of the output. House coal is in a favourable 
position, with a good call upon the market. Possibly the 
expectation of a reduction in price has induced some 
buyers to hold over their orders, but so far quotations 
show little change. A considerable tonnage continues to 
go to London and the eastern counties. The quotations 
of principal varieties at pits are :—Silkstone, 9s. 6d. to 
10s. 6d.; best house, 10s. to 10s. 6d.; seconds house, 
8s. 3d. to 9s. ; and cheap house, 6s. 6d. to 7s. 3d. per ton. 


Tron and Steel.—Slight but unmistakable improve- 
ment gives an air of hopefulness to the outlook of 
those connected with the iron and steel trades. Em- 
ployment, too, is much steadier. The general iron market 
shows practically no change. Sheffield manufacturers 
have still stocks of pig iron bought at the low rates, and 
consequently are not asking for the present high-priced 
raw material. Hematites are still stiff with quotations 
unaltered so far as delivery in the present quarter is con- 
cerned. Advances for future deliveries are general. The 
present figure for Lincolnshire and Derbyshire foundry 
iron is 53s. 6d. There are practically no buyers of forge. 
Best scrap is dear. A gradual increase in production is to 
be noticed in the local steel trades, and crucible manufac- 
turers are doing a good export business. It is export which 
is keeping many of the larger firms busy, and having a 
steadying effect upon employment, for the home trade is 
So quiet that it has a very detrimental effect upon some 
of the small makers. In this connection the rush of work 
for France before the new tariff comes into operation is 
creating a somewhat fictitious appearance of prosperity. 
Shipbuilding and railway orders for steel are a little 
“tronger, and there is a brisk demand upon local makers 
for malleable-iron castings. The trade in tools, both 
heavy and light, is by its extent showing the advance of 
the season, and there is a big export. Many Sheffield 
makers specialise in cheap and daintily-finished sets for 
‘mateurs and ladies, but they have to face keen competi- 
— _ A quantity of sheep-shears are being exported to 

1 Colonies, 








Prnsonat.—The Commonwealth of Australia have 
enced through the Press the appointment of Mr. 

harles Bright, F.R.S.E., M.I.E.E., as consulting elec- 
trical] engineer. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is very little busi- 
ness passing in pig iron, but traders take a very hope- 
ful view of the outlook. What is usually the quietest 
period of the year is now almost over, and a general 
opinion prevails that considerable activity will be ex- 
eg over the spring and summer months. Rather 
tter reports from America have, to some extent, 
strengthened the position here. Producers of pig iron 
have fairly good order-books, and as they are not 
necessitated to seek new contracts, they are not press- 
ing iron on the market. Makers thus uphold their 
quotations. No. 3 g.m.b. Cleveland pig is now 
5ls. 74d. f.o.b., and No. 1 is 53s. 10}d.; whilst No. 4 
foundry and No. 4 forge are each 50s. 74d.; and 
mottled and white, each 50s.—all for early delivery, 
any inquiry on forward account eliciting quotations of 
from 6d. to 9d. above these rates. East Coast hematite 
pig is quiet, but steady. Two furnaces are to be put out 
of operation for repairs, but an additional one has just 
been re-started at the Normanby Iron Works, where 
three of the firm’s four furnaces are now in blast. Mixed 
numbers of hematite are 65s. for early delivery, and 
67s. 6d. on forward account. Foreign ore is en ae 
and there are reasons to believe that values will go still 
higher. Quotations are on the basis of 20s. 6d. ex-ship 
Tees for Rubio of 50 per cent. quality, and a firm of con- 
sumers have paid that price for 120,000 tons delivered 
over three years. Coke is now plentiful, and notwith- 
standing the very heavy local consumption, prices are 
easier. Average blast-furnace qualities are on sale at 18s. 
delivered here. 


Manufactured Iron and Steel.—Satisfactory accounts 
are given of the manufactured iron and steel industries. 
A lot of work is being turned out, and there are a fair 
number of inquiries in the market. Steel producers are 
very busy, and makers of galvanised sheets are particularly 
well employed. Values of several descriptions tend 
upward, but there are no quotable changes to record. 
Common iron bars are7/.; best bars, 7/. 7s. 6d. ; best best 
bars, 7/. 15s. ; iron ship-plates, 6/. to 6/. 5s.; iron ship- 
angles, 7/.; iron ship-rivets, 7/7. 3s. 9d. ; steel bars, 6/. 5s.; 


steel ship-plates, 6/. 5s. ; steel ship-angles, 5/. 17s. 6d. ; | b 


steel strip, 6/. 7s. 6d.; steel hoops, 6/. 10s. ; and steel joists, 
6/. 2s. 6d. to 6/. 5s.—all less the customary 24 per cent. 
discount. Cast-iron columns are 6/. 10s. ; cast-iron rail- 
way chairs, 3/. 10s. ; light iron rails, 6/. 7s. 6d.; heavy 
steel rails, 5/. 7s. 6d. ; and steel railway sleepers, 6/. 10s. 
—all net cash at works. Iron or steel galvanised corru- 
gated sheets, 24 gauge, in bundles, are 12/. f.o.b., less the 
usual 4 per cent. 


Iron and Stecl Shipments. — February shipments fall 
short of expectations, but light loadings are quite usual 
in the second month of the year. Clearances of pig iron 
for last month average rather more than 2800 tons per 
working day, the total despatches qnenrat to 67,799 
tons, 54,518 tons of which have gone from Middlesbrough, 
and 13,281 tons from Skinningrove. January shipments 
of pig reached 103,012 tons, or a daily average of close on 
4000 tons; and the clearance of February last year 
amounted to 67,487 tons, or an average of a little more 
than 2800 tons per working day. anufactured iron 
shipped during the past month is returned at 14,965 
tons, and steel at 31,944 tons. . Of the pig iron loaded 
at Skinningrove during the month just ended, 12,248 
tons went to Scotland and 1033 tons to the Continent. 
Of the pig iron sent from Middlesbrough, 35,346 tons 
went abroad, and 19,172 tons coastwise, the largest 
customer being Scotland, to which country 12,787 tons 
were despatched; Japan took 6113 tons, Belgium 
5576 tons, the United States 4535 tons, Germany 3985 
tons, and France 3570 tons. Of the manufactured iron 
loaded during the past month 7965 tons was for abroad 
and 7000 tons for coastwise customers; and of the steel 
shipped 24,512 tons was for foreign firms and 7432 tons 
for coastwise buyers. India was the largest importer of 
both manufactured iron and steel, receiving 4117 tons of 
the former and 7337 tons of the latter. 








NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has been rather stronger 
for forward loading, but spot supplies have been still ob- 
tainable at previous rates. The best large steam-coal has 
made 16s. 3d. to 16s. 9d. per ton, while secondary qualities 
have ranged between 14s. 9d. and 16s. per ton. The best 
ordinary smalls have been — at 8s. to 8s. 6d. per ton. 
House coal has shown little change ; the best ordinary 
descriptions have been quoted at 15s. 6d. to 16s. 6d. per 
ton; No. 3 Rhondda large has made 16s. 9d. to 17s. 3d. 
r ton; smalls have brought 10s. to 10s. 3d. per ton. 
Yo. 2 Rhondda large has been priced at 13s. to 13s. 3d., 
smalls making 7s. 3d. to 7s. 6d. per. ton. Foundry coke 
has realised 19s. to 20s.; and furnace ditto, 17s. to 
17s. 6d. per ton. As regards iron ore, Rubio has made 
19s, 9d. to 20s. 3d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


Dowlais.—There has been little change in business 
matters here, but it is anticipated that, if coal difficulties 
can be settled without a stoppage, some improvement will 
take place. The Bessemer plant has been fully em- 

loyed, but littie comparatively has been doing at the 

ig Mill. 


Great Western Colliery Company, Limited.—This com- 
pany has declared a dividend of 10 per cent. per annum 
upon its ordinary shares, carrying forward 20,077/. The 
dividend for 1908 and 1907 was at the rate of 15 per cent. 





per annum. The output of coal last year was 948,084 
tons, and of coke 90,001 tons. The effect of the Miners’ 
Eight Hours Act has been to reduce the output of the 
company’s pits and to increase the cost of working. The 
loss in output was, however, partially met last year by 
the development of the Maritime pit. 


Welsh Coal for Russia.—The Russian Government has 

ne contracts for 109,000 tons of best Welsh coal to be 

elivered at Cronstadt and Libau. The price to be paid 
ranges from 16s. 3d. to 16s. 6d. per ton free on board. 


Newport.—Land on the eastern side of the Usk at New- 
at is being surveyed as a possible site for new works. 

he project has, however, reached only an early stage at 
present. 


_ The Swansea Valley.—There has been a slight increase 
in the steel output. The tin plate trade has continued 
active, all the mills being well employed. Some improve- 
ment has taken place in the coal trade. 


Plymouth Brcakwater.—Plymouth breakwater is under- 
going a thorough examination, especially at the western 
end. The construction of the breakwater was commenced 
in August, 1812, the plan being to sink rough masses of 
stone as they were received from quarries near Breston. 
On the top of these stones a great wall 45 ft. in width 
was constructed, the work not being completed until 
1841. Although the breakwater has been of great service 
during the last sixty years, it was somewhat damaged in 
recent gales. 








H.M.S. ‘St. Vincent.” — H.M.S. St. Vincent re- 
turned to Portsmouth yesterday upon the completion of 
the 24 hours’ acceptance trial of her machinery, during 
which everything passed off successfully. The vessel will 
at once be prepared for commission and will be the sixth 
of the Dreadnought battleships to enter into service. 
The St. Vincent, which was laid down at Portsmouth 
Dockyard on December 30, 1907, has been constructed 
from designs by Sir Philip Watts, K.C.B., Director of 
Naval Construction, and is 500 ft. long, 84 ft. beam, and 
at 27 ft. draught displaces 19,250 tons. Her armament 
includes ten 12-in. breech-loading guns and twenty 4-in. 
quick-tiring guns. The machinery is of the Parsons tur- 
ine type, and with boilers of the Babcock and Wilcox 
type. The Scotts’ Shipbuilding and Engineering Com- 

ny, Limited, of Greenock, were the contractors. 
Jn her full- power trial the St. Vincent steamed 
20.9 knots, with the turbines developing 25,900 shaft 
horse-power ; the coal consumption was only 1.48 lb. 
per shaft horse-power per hour. As is well known, the 
economy of steam-turbines falls off with reduced power 
at as great a rate as with reciprocating engines; but in 
the case of the St. Vincent the coal consumption at four- 
fifths power—when the average was 17,200 shaft horse- 
power—was only 1.68 lb. per shaft horse-power—a very 
good result. The builders of the St. Vincent, though per- 
haps less known than some of the other naval contractors, 
have been doing oy work for the Navy for over one 
hundred years, and their later work includes H.M.S. 
Argyll, the machinery of the Barfleur, Centurion, 
Canopus, Prince of Wales, and Defence, and they will 
launch early in April the Dreadnought battleship 
Colossus. 





INSTITUTION OF NAvAL ARcuHITECTS.—The forthcoming 
meeting of the Institution of Naval Architects will be 
held, as usual, in the Hall of the Royal Society of Arts, 
John-street, Adelphi. The meeting will commence 
on Wednesday, March 16, at 11.30 a.m., when, after 
the election of officers, &c., the chairman, the Right 
Hon. Earl Cawdor, will deliver his address. Subse- 
quently the following papers will be read (1) ‘*The 
Battleship of the Future,” by Rear-Admiral R. H. 
Bacon ; (2) ** Report on the Progress of the National 
Experimental Tank,” by Dr. R. T. Glazebrook ; (3) 
**An Account of the Society for the Improvement of 
Naval Architecture,” by Mr. A. W. Johns. The annual 
dinner will be held in the evening in the Grand Hall, 
Hotel Cecil, Strand, W.C. hursday, March 17, 
members will meet at the Royal Society of Arts at 11a.m., 
to consider the proposed incorporation of the Institution 
under Royal Charter. At the ordinary meeting, com- 
mencing at 11.30 a.m., four papers will read and dis- 
cussed—viz.:—(4) ‘‘ Experimental Investigations on Wake 
and Thrust-Deduction Values,” by Mr. W. J. Luke; (5) 
‘*Some Considerations Regarding the Phenomena of Pro- 

ulsion,” a J.B. Henderson ; (6) ‘‘Model Screw- 
?ropeller ults: a Comparison,” by Mr. T. B. Abell ; (7) 
es ew Method of Ascertaining the Weight of Cargoes on 
Board Ship,” by Mr. A. Murray. At the evening meet- 
ing, commencing at 7.30, three papers will be taken— 
viz. :—(8) ‘‘ Motor Lifeboats of the Royal National Life- 
boat Institution,” by Mr. J. R. Barnett; (9) ‘‘The 
Application of Internal-Combustion Engines to Fishing- 
Boats and other Commercial Vessels,” by Mr. Linton 
Hope ; (10) ‘‘ The Substitution of the Electric Motor for 
Marine Propulsion,” by Mr. W. P. Durtnall. 
meeting of Friday, March 18, which will commence at 
11.30, will be occupied by the consideration of the following 
eee: (11) ‘The Application of the Marine Steam- 

urbine and Mechanical Gearing to Merchant Ships,” 
by the Hon. C. A. Parsons, F.R.S.; (12) ‘‘ Note on the 

easurement of Shaft Horse-Power,” by Professor B. 
Hopkinson ; (13) “The Brittleness of Mild Steel due to 
Nitrogen,” by Mr. C. E. Stromeyer. An invitation has 
been extended to members of the Institution by the 
governing body of the National Physical Laboratory, to 
visit the Laboratory and National Experimental ‘Tank 
on Friday afternoon, cards for which visit may be ob- 
tained from the Secretary of the Institution, 
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Motor Fire-Encink Tests at Giascow.—We are 
requested to state that the centrifugal pressure pump | 
used in the Dennis motor fire-engine which took part in | 
the trials referred to on page 245 of our last issue, was | 
designed and manufactured by Messrs. Gwynnes, | 
Limited, of Hammersmith. Gwynne-Dennis new fire- 
engines have been supplied to, or are on order for, the 


following places : ford, Rowley- is, Birkenhead, 
Glasgow, Birmingham, Kingston-on-Thames, Christ- 
church, Auckland, Freemantle, Perth, Newcastle, 


Worthing, and Penang. 





New DREDGER FOR THE ARGENTINE GOVERNMENT.— 
Messrs. William Simons and Co., Limited, Renfrew, 
launched on the 28th ult., from their works, a twin-screw 
trailing suction hopper-dredger, built to the order of the 
Argentine Government. This vessel, which is the largest 
and most powerful of her type yet constructed, is fitted | 
with suction and self-discharging pumps, capable of | 
raising and discharging 6000 tons of material per hour. | 
Four sets of triple-expansion surface-condensing engines | 
are fitted on board, and all four sets are jam bs for | 
either propelling or pumping, as may be required. Steam 
is supplied from four cylindrical multitubular boilers and 
one cylindrical multitubular donkey boiler, constructed 
for a working pressure of 1601lb. The hopper arrange- 
ments include Simons’ patent suction keelsons, which 
enable the load in the hopper to be discharged overboard 
for reclamation purposes, 








Betrast.—Mr. R. Thompson, M.P., presiding at the 
annual meeting of the Belfast Harbour rd, said last 
year’s trade had been satisfactory. A new graving dock, 
which would be one of the largest in the world, was 
approaching completion, and the Board was deepening 
the river to accommodate new White Star liners. 
Messrs. Workman, Clark, and Co., had leased addi- 
tional ground for two slips, on which vessels as large as 
the express Cunarders could be constructed. 


ANTIPODEAN GoLD-Mininc.—The yield of gold in the 
Australian Commonwealth is waning, being represented 
last year by a value of 12,563,881/., as compared with 
15,062,789/. in 1908. On the other hand, the value of the 
gold output of New Zealand last year was 2,059,808/., as 
compa with 2,004,791/. in 1908, and 2,027,491/. in 1907. 
The main cause of the falling-off in Australian gold pro- 
duction is the tendency to embark in more remunerative 


} industries, 











Fic. 14. 


Tue “Supping Wortp Yrar-Boox.”—The twenty- 
fourth edition of the ‘“‘ Shipping World Year-Book : has 
just been issued from the hoes of the Shipping W orld, 

iffingham House, Arundel-street, Strand, at 7s. 6d. net. 
In addition to a complete harbour directory of the British 
Isles, and of all ports in the world, arranged in alphabetical! 
order, there is included the tariffs of all nations, and this 
issue is particularly important, as there are included th« 
new tariffs for the United States, the Philippines, Austria 

Hungary, and Korea, as well as modifications in mans 
tariffs already existing. There is a summary of shipping 
legislation, many statistical tables giving useful informa 

tion to those engaged in shipping, and a list of the consular 
officers, Lloyd’s stations, &c. This year we have a 
record of the location of submarine bells around the 
British Isles, from which it is seen that there are eleven 
bells under the control of Trinity House, two on the 
Mersey, and four under the control of the Commissioners 


of Irish Lights. 
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NOTICES OF MEETINGS. 


Tue Geo.oeists’ Assoctatiox.—Fri —Friday, March 4, at Universit; y 
College, Gower-street, W.C., at 8 p.m. Time following paper will 
be read :—“‘On a Fuller’s-Earth Section at Combe Hay, near 
Bath,” by Mr. L. Richardson, F.G.8. The following lecture 
will also delivered :—‘‘ Some Notes on the Superfici Geology 
and Physical Features of Epping Forest,” by Mr. 8. Hazzledine 
Warren, F.G.S. 
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Charles "John Stewart, Public Trustee. The Lord Chief Justice, 
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Indian Section. ‘‘ Indian State Forestry, ” by Mr. Saint-Hill 
Eardley-Wilmot, C.I.E., late Inspector-General of Forests. Sir 
William Lee- Warner, K.0.8.1L, wil preside. 
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Mr. A. W. Onslow; “A New Gas-Sampling Tube,” by Mr. 
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by Dr. J. Gordon Parker and Mr. M. Paul ; e Spontaneous 
Decomposition of Blasting Gelatine,” by Mr. J. B Henderson. 
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Corporation-road, Middlesbrough, at 7.30 p.m. Lecture by Mr. 
E. Lansdale on ‘‘ Foundry Practice : Melting Cast Iron ; also the 
Influence of Design and Method of Moulding on Its Physical 
Properties.” 

Tue Surveyors’ InstiruTion.—Monday, March 7, in the Lecture 
Hall of the Institution, at 8 p.m. A paper will be read by Mr. 
Julian 0, Rogers (Honorary Member), entitled “The Surveyors’ 
Institution : A Forty Years’ Retrospect.” 

Tue Instirution or Crvi, Enerngers.—Tuesday, March 8, at 
8 p.m. Papers to be read: ‘‘ Birmingham Sewage-Di Works,” 
by Mr. John Duncan Watson, M. Inst. C.E. ; ‘‘ Salisbury Drain- 
age,” by Mr. William James Eames Binnie, B.A., M. Inst. 0.E.— 
Students’ Visit, Wednesday, March 9, to the Mitchell Motor Com- 
pany’s Works, Wardour- street, Soho, W 

Tae InsTrrvTion or ELEcTRICAL ENGINEERS: BrrMinonam Loca 
Secrion.—Ordinary general meeting on Wednesday, March 9, in 
the Chemical Theatre, the University, Edmund-street, at 7.30 p.m. 
A paper, ‘‘Some Notes on Standardisation of Electrical Machines,” 
by Mr. R. Orsettich, Member, will be read 

Tue LystiruTion OF ELecrricaL ENGINEERS. —Thursday, March 10, 
at the Institution of Civil Engineers, at 8 p.m. ‘‘ Short-Circuit- 
ing of Large Electric Generators, ahd the Resulting Forces on 
Armature Windings ;’ ‘“‘ The Design of Turbo Field-Magnets for 
Alternating-Current Generators, with Special Reference to Large 
Units at High Speeds,” by Mr. Miles Walker, Member. 

Tue Roya. LystiruTion oF Great Brirain.—Friday, March 11, at 
9 o'clock. Mr. H. Brereton Baker, M.A., D.Se., F.R.S., on 
“Tonisation of Gases and Chemical Change.” Afternoon lectures 
next week, at 3 o’clock. Tuesday, March 8, Professor Frederick 
W. Mott, M.D., F.R.S., F.R.C.P., Fullerian Professor of Physio- 
logy, RL, on “The Emotions and their Expression.” (Lecture V.) 
Thursday, March 10, Mr. A. J. Finburg, on “Turner.” (Lecture I.) 
Saturday, March 12, Professor Sir J. J. Thomson, M.A., D. 
D.Sc., F.RS., M. RL, Professor of Natural Philosophy, RI. +, on 
“Electric Waves and the Electro-Magnetic Theory of Light.” 
(Lecture V.) 

THe PuysicaL Socirery or Lonpon. — Friday, March 11, at 
the Imperial College of Science, Imperial Institute Road, South 
Kensington, at 8 p.m. “On Coherers, ” by Mr. W. H. Eccles, 
D.Sc. ; “* Earth- Air Electric Currents,” [by Mr. G. ©. Simpson, 
D.Sc. ; “An Automatic Tepler Pump Designed to Collect the 
oy from the Apparatus being Exhausted,” by Mr. B. D. Steele, 
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LABOUR AND LEGISLATION. 
From one point of view little objection need be 
taken to the absorption of the time of Parliament in 
the solving of problems in connection with the con- 
stitutional question now occupying public attention. 
The Under Secretary for Home Affairs told a depu- 
tation of trade-unionists on Friday last that because 
of this grave issue there would be no opportunity 
during this session of Parliament for passing labour 
legislation. This announcement is subject for con- 
gratulation, because we have had too much of such 
legislation in recent times. We are told occasion- 
ally that trade is reviving ; and while there can be 
no doubt that we have seen for the present the end 
of that stagnation which has been so serious for the 
working classes, improvement is now being checked 
by the uncertainty as to legislation and by other 
causes for which Parliament is responsible. The 
strained relations between the House of Commons 
and the House of Lords must prolong the dis- 
quietude which is in restraint of industrial expan- 
sion; but we can at least be thankful that further 
— interference with trade and commerce must 

tponed. It would be well if this cessation of 
Bikare rafting gave an opportunity for a review of 
as influence of the recent enactments, especially 
as they affect labour. 
It would certainly be a gain if the industrial 
classes clearly realised that there are economic con- 
ditions which are as the laws of the Medes and 
Persians. That which tends to increase expense in 
production relative to cost of output in other coun- 








tries must handicap our sellers in all markets. 
Every burden thrown upon industry must be carried, 
at least in part, by the worker, indirectly if not 
directly ; this, too, is bound to be more the case 
in the future than it has been in the Such a 
dictum is, we admit, very hard, and it must be 
established at once that it is not at all a direct 
consequence of capitalism. No. business can be 
carried on without capital, whether it be provided 
by individuals, by the co-operative system, or by 
the State ; if such capital does not earn a profit, the 
nation is the loser, and the private investor will 
withdraw his money to more remunerative fields. 
Nor can the co-operative or State capitalist afford 
to lose. The nation which cannot command capital 
must decline, and the worker is the first. to suffer. 
There is no gainsaying the fact that production 
now requires mechanism and brains as well as 
manual labour ; each is indispensable to the others, 
and to an increasing degree. Every new chapter 
in the book of legislation tends to increase such 
dependence, because every enactment does some- 
thing which results in the end in a debit entry 
against the cost of production. To balance matters, 
it becomes necessary to increase the roductivity 
of labour by improved mechanical appliances. In 
the early days of factory legislation it was much 
more easy to effect such improvements, since 
mechanical science was then in its initial stages, 
with immense potentialities. Concessions were 
thus easily made. Wages were not modified, or 
were increased. The higher efticiency of the com- 
bination of labour and mechanism reduced the cost 
of production of commodities, and increased the 
value of wages from the spending standpoint. 
Beneficent changes in the conditions of labour were 
thus possible, just as they were in many instances 
necessary. 

But while we do not pretend that mechanical 
science has reached its ultimate limit, we are day 
by day advancing nearer to it, and each step 
involves greater ingenuity and greater cost. The 
Mines Eight Hours Act affords a fairly good example. 
In the old days, when manual work predominated, 
it was easy to reduce the working hours to ten, and 
later, to nine hours per day, because such mechanical 
mg as existed left great room for improvement. 

‘his development has continued, but the engineer 
is severely exercised in finding means to ceunteract 
the influences of the reduction to eight hours per 
day. We have heard of increased speeds of winding, 
but heavy capital sage is involved, and this 
must be paid for. The selling price of coal must 
in the end be affected, and, in addition to the pos- 
sible loss of markets abroad, every industry at home 
dependent upon steam-power is handicap 
such higher prices. It was easy to reduce the con- 
sumption of an engine taking 60 lb. or 701b. of steam 
per horse-power per hour in the old days, but now 
an improvement upon a consumption of 13 lb. to 
15 lb. is very different. The same applies to the 
transmission and application of power. Moreover, 
if science produces some radical change, with pos- 
sibilities of increased economy, the new machinery 
must be paid for by capital found either by the 
individual, the co-operative concern, or the State. 
Without such development any increased tax on 
industry must be shared by the worker ; otherwise 
he may be left without work, since capital is free to 
find outlets in other directions. 

The Secretary of State for War received on 
Monday a deputation from trade unions, who, 
amongst other claims, contended for the direct 
employment of labour, which meant that more 
work should be done at Woolwich Arsenal. Mr. 
Haldane had no difficulty in combating the argu- 
ments used. Here we are concerned on ~ with the 
economic condition. He said ‘‘one of the most 
difficult things they had to do was to keep 
Woolwich Arsenal supplied with orders. If they 
raised the price of cartridges [supplied to other 
Government departments] they would have less 
work for Woolwich. The only way in which they 
could produce them in large numbers and get a 
market for them was by keeping the price fairly 
reasonable. They must not increase the cost of 
production, otherwise work would go. His diffi- 
culty was that if he raised the cost there would be 
less work, and if he diminished the cost he could 
not pay a proper rate of wage.” The State as a 
capitalist is here exactly in the same position as 
the individual as a capitalist. Economic laws are 
unalterable. 

The labourer is worthy of his hire, but so also is 
capital. Our contention is that, as in the past so 
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in the future, much may be done by mutual 
agreements between the employer and the work- 
men, and between the employers’ associations 
and the trades unions, without the rigid rules 
inexorable in legislation. The difticulty is to pro- 
vide such elasticity as will meet the peculiar con- 
ditions in special cases. There must be disagree- 
ments. These, indeed, may be acute. It may be 
impossible to avert strikes, because the contending 
parties cannot look at the two sides of the question, 
or take a dispassionate view. There is thus some 
reason for a Government department interfering to 
effect a settlement, and we are glad to note from the 
report published this week that there is a greater 
tendency to utilise the services in this direction 
of the Labour Department of the Board of Trade, 
so tactfully guided by Mr. G. R. Askwith. Since 
the Act came into operation in 1896, constituting 
Commissions for effecting conciliation in labour 
disputes, 365 cases have been dealt with. Of 
these, 117 were in the past two years, a fact which 
suggests a greater disposition to enlist the services 
of the Department. Moreover, in the great majo- 
rity of recent cases action was taken on joint 
application, instead of at the requisition of workers 
only, as in the earlier years. It is true that in 
very many cases there have been stoppages of 
work, but the trend towards conciliation is satis- 
tory, and it is pleasing to note that there are now 
277 conciliation boards in existence. This general 
result may suggest the value of Government inter- 
ference with trade, but the important point is that 
action in this matter is voluntary, and there is a 
minimum of bureaucracy associated with the system. 

On the other hand, the tendency of modern legis- 
lation is towards such bureaucracy, and is to be 
condemned for this as well as for other reasons. 
It is yet too soon to judge rightly the value of 
labour exchanges, but there is already evidence 
to show that other legislative enactments tend to 
seriously depreciate the possible value of such 
exchanges. Every day brings evidence of the need 
for amendment of the Workmen’s Compensation 
Act, because it is being firmly established that the 
principle of the employers’ responsibility for 
accident is in conflict with sound economic 
law. Factories are established primarily for the 
making of money, alike for the workmen and 
the capitalist, and that often in the face of the 
intense competition at home and abroad. The 
moment benevolent considerations enter into the 
question it becomes more difficult to maintain suc- 
cessful competition, and, as we have already pointed 
out, decrease in work means less employment. In 
fairness therefore to the worker, merit and physical 
capacity must be the dominant factors in the choice 
of employees. In other words, we are forced once 
more into following that most iniquitous of natural 
laws, ‘‘the survival of the fittest.” The trade 
union has established, rightly or wrongly, the rule of 
a uniform rate of wage. The Legislature has denied 
toa willing but partially incapacitated worker the 
right to waive his claim to compensation for acci- 
dent. In self-defence the employer has little alter- 
native, in the face of competition, than to carefully 
select his workers, in the light not only of their 
efficiency as craftsmen, but of the absence of those 
physical defects which increase possibilities of acci- 
dent. Indeed, in this matter they are forced by 
the companies with whom they effect insurance 
against accident and compensation claims. The 
range of premium for invurance is very great ; and 
laxity in the acceptance of workers and frequency 
of accident involve increases. Because of this, the 
men recommended by labour exchanges find it 
difticult to secure employment, and not infrequently 
are sent pea thee. distances only to find that 
some physical defect, of which they may have 
had no certain knowledge, precludes them from 
engagement because of the question of workmen’s 
compensation. The letter irom a medical corre- 
spondent on ‘‘ Labour Exchanges and Workmen’s 
Compensation” in another ~ of this issue is 
illuminative on this point. It is so convincing in 
the intense simplicity of the narrative that it 
requires no comment. 

The alternative to contracting-out is State in- 
surance, which would not only compass such cases, 
but would embrace all instances of unemployment. 
The proposal is that one-third of the cost of such 
State insurance should be contributed by the em- 
ployer, one-third by the workers, and one-third by 
the State. Obviously two-thirds must be charged 

inst production—at least the third paid by the em- 
ployer must be directly debited to cost of production. 





To such an extent those who exert influence and 
energy to find work or markets for the employment 
of British labour would be handicapped. There 
is, however, a more serious side to the question. 
Those who are unemployed, even in times of de- 
pression, cannot be regarded as the most capable 
men. When, through lack of work, any a na 
is compelled to suspend or discharge workmen, 
he very properly selects those least capable or 
least industrious. A tax upon men in continuous 
employment, in order to maintain their fellows, can 
be commended from the highest standpoint, but it 
may not be economically sound. We must not 
forget that there is extensive immigration of unde- 
sirables into this country, and, when naturalised 
(which, unfortunately, is a simple process), these 
would be entitled to a share of the insurance fund 
against unemployment. There are, too, the unem- 
pleyable, even of our own nationality, so that the 
insurance fund against unemployment would be 
a new charge against trade and commerce which 
ought not to commend itself to the honest worker. 

It will thus be seen that weare drifting, obviously 
without thought, to a form of labour legislation 
which must seriously affect that independence of 
character and that stimulus to advancement which 
have enabled us to rear probably the finest class of 
mechanics in the world. Unfortunately, the advo- 
cates of such legislation appeal with elusive sophisms 
to the finer instincts of these men. The deputa- 
tion to the Home Secretary on Friday last, to 
which we have referred, objected, for instance, to 
prison labour being utilised for the manufacture of 
such goods as could easily be made, because when 
sold they came into competition with the trade- 
unionists’ products. Such an argument, put for- 
ward by citizens capable of reflection, is unworthy of 
consideration. The aim of prison treatment should 
be to develop the better instincts of the fallen, 
and if this can be achieved by honest industry, the 
benefit to the State may ultimately be greater than 
any conceivable injustice to trade-unionism. Even 
if it were not so, the economic law requires that 
the prisoner should earn his bread by the sweat of 
his brow. Thisquestion of Government entering 
into competition with private industry finds ex- 
pression in another direction, which is indicative 
of the difficulty of Government departments in 
clearly recognising sound economic conditions, as 
does Mr. Haldane in the quotation already made. 
We have heard, for instance, that the proposal to 
adopt gas-power plant in some of the Govern- 
ment factories has been rejected because the eco- 
nomy of the system, while admitted, wasconsequent 
upon the production of ammonia and other residual 
commodities, which would require to be placed 
upon the market in competition with commercial 
manufactures. This, however, is by the way. 
Many other proposals were made to the Home 
Secretary in favour of legislation, including, for 
instance, the inclusion of coppersmith work as a 
dangerous occupation. But enough has been said 
to show that it is, at least, desirable to consider, 
before ‘any more labour legislation is passed, 
whether the time has not come to associate with 
the drafting of such schemes a careful considera- 
tion of their influence on industry, and particularly 
on the possibility of continuous employment for 
the worker. That capitalism has little to do with 
the question is shown by the frequency of com- 
plaint against the State as an employer of labour, 
deputations having this week presented claims 
to the First Lord of the Admiralty, to the Secretary 
of State for War, and to the Postmaster-Gencral 
—the three members of the Government respon- 
sible for the most extensive of our labour-employing 
Government departments. We suspect, however, 
that the claims put forward are dictated by a sense 
of the value of the Labour vote in Parliament ; 
and we leave this part of the question, conscious 
that nothing that can be said will weigh in the 
balance against influence that can be directly 
exercised in the division lobby. 








RAILWAY COMPANIES AND 
TRADERS’ TRUCKS. 

THe enormous development of railway traffic 
in certain trades has led a large number of great 
trading firms to use their own railway trucks to 
such an extent as to encroach upon the rights 
originally claimed by the railways. That original 
claim of the railway companies was that by the 
Act of Parliament they 


began to serve the public with their own wagons, 
they acquired also a monopoly as carriers. 

It will be remembered that although the railways 
as general carriers may be said to possess some- 
thing like a monopoly by private Acts of Parlia- 
ment, this exclusive position was limited by the 
public Acts of 1845 and 1854, and of 1888 and 1891, 
which enabled traders to send traffic in their own 
trucks, that their goods might be carried along the 
line without delay. By the Act of 1891 it was pro- 
vided that when the traders sent forward their 
trucks to be loaded, the railway should make no 
charge for the haulage outwards of the empty 
trucks. This legal right was based on the voluntary 
practice which preceded the Act of 1891, a practice 
which apparently was for the convenience of both 
railway companies and their customers. 

This well-established custom carried to its logical 
conclusion would seem to lead to traders providing 
their own trucks for their own special require- 
ments, and by and by ousting the railway com- 
pany’s trucks, and thus it might be that although 
there were plenty of the railway trucks available, 
the railway company would be obliged to haul those 
of the traders. Thus the dispute arose which led to 
the test case of Messrs. Spillers and Bakers, Limited, 
of Cardiff, vr. the Great Western Railway Company, 
which was begun before the Railway and Canal 
Commission in July last. Mr. Justice A. T. Law- 
rence, President, and the other Commissioners, the 
Hon. A. E. Gathorne Hardy and Sir James Wood- 
house, thoroughly investigated the rival claims, that 
of the Great Western Railway being to charge rail- 
way freight at so much per ton per mile, and that 
of the trading firm to have a certain rebate in 
respect of the firm providing its own trucks for its 
particular traffic. As the Association of Private 
Owners of Railway Stock also intervened, the case 
became one of tremendous importance to private 
owners of trucks all over the country. The evidence 
before the Commission last summer was given by 
railway managers and traders from all parts of the 
kingdom, and there was widespread and very keen 
interest in the decision of the Court, which was 
postponed. Only last week, on February 23, the 
judgment of the Court was delivered. 

The first question of importance that engaged the 
attention of the Court was, the President said, What 
were the obligations of the railway company in 
regard to conveying merchandise in traders’ trucks! 
Merchandise might be divided into two classes— 
‘*minerals,” which were generally hauled in traders’ 
trucks, and ‘‘goods” conveyed in the railway com- 
pany’s trucks. In the course of the hearing of the 
case no statute was produced imposing an obligation 
on railway companies to haul the trucks of other 
persons. The railway statutes prior to 1854 
were to the effect that a railway company should 
provide a railway, to be open to all on pay- 
ment of certain tolls, as in the case of the 
then existing canals and turnpike roads. The sta- 
tutes also empowered the railway companies to 
carry goods at reasonable charges, not exceeding 
those authorised. The railway companies had the 
liability of common carriers, but the statutes did 
not contemplate that the railways had any monopoly 
of the function of common carriers. The Railway 
and Canal Traffic Act, 1854, recognised that the 
railways alone could conveniently own and provide 
motive power, and work the signals and points. No 
absolute obligation was by this Act imposed on 
the railway companies to haul other people's trucks ; 
but it required the railway companies only to 
provide ‘‘reasonable facilities ” for forwarding and 
delivering the traftic of third persons. 

It was argued, the President continued, that by 
the Railway Clauses Consolidation Act, 1845, the 
trader in some way had a right to have his trucks 
on the railway apart from the right of passage. But 
this argument the Court held to be fallacious, for 
the company had sole control of the signals, and 
this made it incumbent on it to have control of the 
traffic, and therefore the Act of 1854 must chiefly 
be considered, since it imposed the duty on the 





railway companies to provide ‘‘ reasonable facili. 
ties.” The Act giving right of passage over rail- 
ways, it was true, was unrepealed, but inasmuch as 
‘the railway companies must, of necessity, control 
| the traffic and the signals, it was unworkable, an‘ 
|in practice there was nothing wrongful in the rail- 
ways refusing to work the signals for private owners 
and afford them station accommodation for their 
trucks. The statute which empowered the railway 


practically a monopoly | companies to make charges for conveyance, whether 


of user on the line of railway, and that as they | in carriages belonging to the company, or otherwise, 
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established the right of the trader to have his goods 
hauled in his own wagons. It was held that the 
railway companies could not: make two separate 
charges — one for conveying the carriages, and 
another for conveying the goods. The charge must 
be for conveying the goods. The company could 
not, therefore, refuse to take the goods when the 
trader had his own carriage. Having taken the 
goods, the whole question that remained was the 
railway companies’ power to make charges. It was 
therefore accurate to say the trader was entitled to 
have his goods conveyed so long as he paid the 
appropriate charges. By the Rates and Charges 
Order Confirmation Act, 1891, it was provided that 
where merchandise was conveyed in a trader’s own 
truck no charge should be made for the return of 
the truck empty. Provision was also made for a 
charge for such accommodation and service, and 
for the making of a rate for minerals exclusive 
of the provision of the truck, and for goods 
inclusive of the provision of the truck. It was also 
provided in this Act of 1891 that where the truck 
for merchandise, other than minerals, was not pro- 
vided by the railway company, there should be a 
reduction in the rate of conveyance. This, it was 
argued, confirmed the Act of 1854, and gave an 
absolute statutory right to have goods conveyed 
by the railway company in the trader’s trucks. 
This conclusion was not absolutely correct in every 
case, for it ignored the fact that in self-interest, 
apart from the statute, it might suit the railway com- 
pany to allow the trader to provide his own trucks, 
and in such cases it was only just that a rebate should 
be made forthe truck. The company was prevented 
by the Act (1854) from going beyond the prescribed 
maximum for whatever service it might render. 
The Act provided a maximum charge for accommo- 
dation or service, whether obligatory or voluntary. 

In concluding his judgment, the President said 
that if they were construing the Acts in the abstract, 
he should find no difficulty in saying that where a 
trader tendered a duly registered and properly 
constructed and loaded truck for conveyance, the 
railway company was, primd facie, bound to forward 
it to its destination. He did not think that, as a 
general rule, the railway company had anything to 
do with the truck or its contents. It was in this 
view of what was reasonable that the practice as 
to mineral traftic grew up. 

On the whole, continued the President, he came 
to the conclusion that as the railway company did 
not, when applied to before the wagons were 
bought, take up the position it took up now, and 
as the supply of wagons was still barely sufficient, 
the railway company was not entitled to an order 
declaring that the use by the traders of their own 
wagons was not a reasonable facility. The trader 
might supplement the shortage of railway trucks, 
and might have a siding for such trucks, upon pay- 
ment for the use of such siding. The trader was 
entitled to rebate of charges when the goods were 
conveyed in his own wagons and when the railway 
company were not ‘‘ready and willing” to provide 
suitable trucks. Where the trader had sufficient 
suitable railway trucks offered, but preferred his 
own, he could not claim rebate for his own, as there 
could not be said to be a want of the reasonable 
facilities, which railways are bound, under the Act 
of 1854, to provide. 

The present case was obviously one for mutual 
arrangement, and the counsel for the railway com- 
pany made an offer to take over the 300 wagons 

uilt by Messrs. Spillers and Bakers. If this 
were accepted, it might net be necessary to deal 
with the 5691. retained by the traders as rebate. 
The merchandise of the applicants in this case 
being flour, the demand for covered wagons was 
reasonable, and if railway wagons suited to the 
sage were not available, the railway company, 

ing bound to provide ‘‘ reasonable facilities,” 
could not refuse to haul the traders’ own wagons, 
or to allow a rebate in respect of the use of their 
wagons, 

lt will be seen that traders, on the other hand, 
expect too much when they demand, as a legal 
night, from the railways the haulage of traders’ 
wagons under all ordinary circumstances, with a 
charge for haulage only, without regard to the 
Statutory rights that railway companies have as 
railway owners, controlling tratlic and signals, and as 
carriers, with the right to make reasonable charges. 

The excuse for the railways is that some com- 
panies have spent millions of capital in rolling- 
— for the special use of traders, and that a reck- 
ess duplicating of wagons by traders involves a 





severe financial strain upon the railway companies. 
The manager of the Great Western Railway, in 
the course of this case, stated that at their chief 
dépét they handled some 920 wagons a day of 
their own, and 150 a day owned by traders, and 
these had to be assorted and shunted, occupying 
some eighty-five hours a week, and therefore 
the matter of accommodation had become a serious 
problem. This judgment by the President of 
the Railway and Canal Commission Court should 
settle what has, till now, been an apparently irre- 
concilable conflict between the railways and private 
traders owning trucks. The railways are shown to 
be in the wrong in claiming that they are not under 
any legal obligation at all to haul their customers’ 
own wagons, nor can traders insist on flooding the 
lines with duplicate wagons and insist on being 
charged for haulage only. The apparently irre- 
concilable differences should now, under most cir- 
cumstances, be reasonably reconciled. 





ELECTRIC AND AUTOGENOUS 
WELDING. 

Tue extent to which electric welding and welding 
by means of the oxy-acetylene blow-pipe are now 
employed in repairs to boilers, engines, and various 
parts of ships, is probably not generally known, 
owing to the rapid advances that have been made 
during the last few years, but the matter is one of 
much interest on account of the saving of time and 
expense that may be effected by these methods, and 
the great convenience of being able to undertake 
such repairs in place without removing the damaged 
parts from the vessel. 

Electric welding may be divided into two classes 
—arce welding and resistance welding. The former 
of these is the older, and was used as far back as 1881, 
while resistance welding was introduced in 1886 by 
Thomson, and has been employed for a variety of 
purposes, but chiefly for welding-up pipes, tramway 
rails, &c. In the are system the negative pole of a 
source of current capable of maintaining an electric 
arc was connected to the piece of work that required 
welding, while the other 
in asuitably insulated holder. This rod was directed 
by the operator so as first to make contact with the 
piece of work, after which the proper separation was 
made so as to maintain the arc. In place of the 
carbon rod a metal electrode was sometimes used. 
This process is one of fusion, and has been found 
suitable to a variety of purposes, particularly for 
stopping up blow-holes in castings. It has the 
drawback, however, that when carbon electrodes 
are used the material is liable to be hard, as the 
molten iron combines with some of the carbon. 
The method has been much improved since the early 
days, and very satisfactory results are now obtained. 
Much greater use has been made of this method of 
welding on the Continent than in this country, 
although it has been employed here. 

In a paper, ‘‘ Steamship Repairs by Electric and 
Autogenous Welding,” read by Mr. A. Scott 
Younger, before the Institution of Engineers and 
Shipbuilders in Scotland on the 22nd ult., the author 
described the method of electric welding invented 
by Mr. O. Kjellberg, of Gothenburg, where a great 
variety of work of this kind has been done. The 
apparatus there in use is fitted on a barge, which can 
be brought right up to the vessel in which the re- 
pairs have to be carried out. The machinery 
on board this barge consists of a small marine 
type of boiler, and a De Laval steam-turbine, which 
drives two direct-current dynamos and an exciter. 
The turbine makes 12,500 revolutions per minute, 
and the dynamos 1250. The voltage can be varied 
from 50 to 120. On board the barge there is also 
a compressor for supplying air to the pneumatic 
tools that are used to prepare the surfaces for 
welding, or for finishing after welding. The author 
of the paper had several test-pieces welded by this 
plant, the welds being effected in the es 
way :—An anvil-block of steel, 10} in. wide an 
24 in. thick, was laid across two wooden trestles, 
and the negative terminal from the dynamo was 
clamped to it, the positive pole (which is suitably 
insulated and held by the operator) consisting of 
the holder, in which is mounted the ,;',-in. diameter 
steel rod that was used for welding. This rod was 
coated with a special composition which ap to 
be of the nature of a flux. Before welding, the edges 
to be joined were chamfered, and the two pieces 
were then laid on the anvil-block and secured in 
position by welding a small part of each to the block, 
an operation very quickly performed. The point to 


le was a carbon rod held’ 





be welded was first touched with the rod, the latter 
being then withdrawn a suitable distance to form an 
arc, the point of the rod being raised to a welding 
heat. On the rod being then pressed against the 
work, which had also been raised to a welding heat, 
a molten drop off the rod adhered, which was well 
hammered when the rod was withdrawn. After a 
number of repetitions of this process the weld was 
completed, the time occupied being about twenty 
minutes. After roughing down by pneumatic tools 
and fival machining, the piece was ready for testing. 

In this way several test-pieces were made, some 
of them consisting of bars welded together, and 
others of bars, parts of which had been cut away, 
the part removed being afterwards replaced by elec- 
tric welding. The tests showed that the tensile 
strength was nearly as high in some cases as that of 
the original plate, but there was a great falling oft 
in the percentage of elongation in 8 in. Specimens 
bent to a radius of the thickness of the plate, with 
the welded part on the outside of the bend, showed 
a tendency to crack. It was found subsequently, 
however, that inferior material had been used in 
these welds, which probably accounted largely for 
the poor elongation. When the specimens were an- 
nealed, better results in this direction were obtained, 
but the ultimate tensile strength was somewhat less. 

When leaks between the lap of two boiler-plates 
are made good by this method of welding, the usual 
way is to weld on a fillet of iron ; in butt welding, 
however, the edges of the plates, where they are to 
join, are chamfered, the groove thus formed being 
filled up by means of welding. In work of this 
kind on a plate # in. thick about 10 ft. per hour has 
been found to a practicable speed, the current 
required at 90 volts being 130 amperes. Mr. Younger 
gave many examples of actual work that has been 
carried out by this system, which are of great in- 
terest, as showing what can be done in the way of 
repairs. “ Many of thesc were on marine boilers, 
some on the hulls of vessels, and on shafts, rudders, 
&c. One example, rather unusual, was that of a 
main driving-wheel of an ‘‘Atlantic” typelocomotive, 
in which three of the spokes had fractured in the 
neighbourhood of the coupling-rod crank-pin boss. 

Among the cases of repairs to boilers, one of parti- 
cular interest may be mentioned—the repairs being 
carried out at the back end of some double-ended 
boilers on a Swedish passenger vessel. The boilers 
were 18 years old, and had had some extensive 
repairs to the saddle-plates and combustion cham- 
bers done on them five or six years previously. 
These repairs were not satisfactory, and leakage at 
the landing edges gave trouble. All the edges of 
the patches where ) ts occurred were therefore 
repaired by electric welding. Some of the rivets 
and patches of local corrosion were also attended 
to. The total length of landing edges thus treated 
amounted to over 80 ft. The rd of Trade sur- 
veyors in London examined this vessel some six 
months later, and tested the boilers by hydraulic 
pressure, when it was found that they were tho- 
roughly satisfactory. They have since been regu- 
larly examined by Lloyd’s surveyors, and have been 
found in good condition. Numerous other instances 
might be mentioned where cracks in furnaces have 
been filled up, wasted manholes restored, and leaky 
rivets and pitting made good. It is, however, 
sufticient to say that the system has been applied 
to boilers with seemingly much success. 

Its field of usefulness is by no means confined 
to boilers, however, as many instances of practical 
work prove. A few of these may be of interest. 
One was the crank-shaft of a small coasting steamer, 
which had developed a crack at the junction of the 
crank-pin and the web. The shaft was 5 in. in dia- 
meter. The flaw was cut away, and the hole was 
filled up by welding in small portions of metal. In 
this case the negative terminal was led from the 
dynamo in the barge alongside, and was clamped 
direct on to the end of the shaft. During the opera- 
tion the crank was not removed from the bed-plate. 
Another case was that of a stern-post which had 
cracked, the part that was welded being 64 in. by 
4 in. in section. The repairs were effected in twenty 
hours. After going into service again the vessel 
traded during the winter among ice, after which an 
examination of the repaired part showed that it was 
quite satisfactory. Some of these repairs would 
not be accepted by the registry societies of this 
country without careful and properly conducted 
and certified test and experiments, but there does 
not appear to be any difficulty in satisfying the 
conditions required rs Bis tests are asked for. The 
work requires considerable technical skill and 
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| technical societies, one of these being by Mr. A. 
Scott Younger, B.Sc., dealt with above, one by Mr. 
H. S. Smith, on ‘‘ Oxy-Acetylene Welding,” read 
before the Royal Society of Arts on the 23rd ult., 
and another on ‘‘ The Application of Oxy-Acetylene 
Welding for the Repairs of Marine Boilers and 
Shells,” read by Mr. Leonard M. Fox before the 
Institute of Marine Engineers. From these papers 
we gain an insight into what has been and is being 
done in the way of autogenous welding. 

As is well known, acetylene consists of 92.5 per 
cent. of carbon and 7.5 per cent. hydrogen, and a 
cubic foot of the gas has a calorific value of about 
metal-cutting by means of the oxy-acetylene blow-| 1500 British thermal units, which gives it the 
pipe. It is quite true that the application of “taped of producing very high temperatures. It 
acetylene for illuminating purposes has proved in| has been estimated that the temperature of the 
many cases very successful, and will no doubt flame in a good oxy-gcetylene blow-pipe is approxi- 
continue to have its advocates on account of the | mately6000 deg. Fahr. When consumed withoxygen 
beautiful light derived from it, as well as by/| the acetylene splits up, the carbon combining with 
reason of its evident suitability in many situations; | oxygen to form carbon dioxide, and the hydrogen 
but it does not appear that in this direction there is| with oxygen to form steam. Theoretically, 24 
likely to be the greatest field for the application of | volumes of oxygen are required to one of acetylene, 
the special properties of the gas. The lighting | but the actual proportions used in practice are 
qualifications at first raised great expectations, about 1.7 to 1. This has been found to give better 
which for a time were paramount, but it was not | results than the theoretically correct quantity, as 
long before the great heat-giving power of the gas| there is less oxidation caused. The chance of 
began to attract serious attention, and it was recog- | burning the metal appears to be less when the oxy- 
nised that there might be other fields for the use of | acetylene blow-pipe is used than when other methods 
the gas at least quite as important as that of illu-| of welding are adopted. 
mination. Sintiasliiie thiken. which had been done} Hydrogen and oxygen gases have been used in 
by the aid of the gas when used in suitable blow- the blow-pipe for welding purposes, but much more 
pipes in conjunction with oxygen, were soon heard of, ' on the Continent than in this country. The gases 
and the gas rapidly came into favour asa means of are, abroad, generally produced by the electrolysis of 
carrying outa variety of repairson board ship, which water. The temperature of the flame is not so high 
by other means would have been very expensive. | as that produ by the combustion of oxygen and 
It is doubtful, however, if the extent of the work acetylene, but it is sufficiently high to decompose into 
that is now performed by the oxy-acetylene blow- its elements some of the steam formed by the com- 

ipe is as yet fully realised. As an indication, bustion. This involves the consumption of heat 
Caen: of the interest that the subject has created, which is taken from the flame itself, and free oxygen 
we have the fact that during the last two weeks is liberated owing to the high temperature, and has, 
three papers relating to it have been read before | it is thought, an oxidising effect on the weld. This 


intelligence to carry out, but anyone possessing 
the latter qualification would “opm | have no 
difficulty in acquiring sufficient skill in about three 
months. 

Coming now to the process of welding by means 
of the oxy-acetylene blow-pipe, or, as it is called, 
autogenous welding, we meet with a totally dif- 
ferent condition of things from what we have 
already described. Since the time when acetylene 
was first produced on a commercial scale (now some 
ten or twelve years ago), there have probably been 
no industrial uses to which the gas has been put 
more important than those of metal-welding and 




















‘effect is in practice overcome by feeding into the 


flame much more hydrogen than is necessary to 
combustion ; or from four to five volumes of hydro- 
gen to one of oxygen. For this reason welding by 
oxy-hydrogen is not distinguished by economy. 
The lower temperature of the flame than that 
produced by the oxy-acetylene blow-pipe is also a 
disadvantage, as the rapidity with which the metals 
welded conduct heat away from the point of appli- 
cation makes it necessary to have the temperature 
as high as possible. The calorific value of hydrogen 
compared with acetylene is much less, being only 
350 British thermal units per cubic foot, as com- 
pared with 1500 British thermal units per cubic 
foot. When used in the blow-pipe for welding, 
however, it has been found that at least four 
volumes of hydrogen are required with every volume 
of oxygen. The effective calorific value is there- 
fore only about 175 British thermal units. ‘The 
oxy-hydrogen blow-pipe has, however, some advan- 
tages for thin work, as the flame is more diffused 
than in the case of the oxy-acetylene flame, and is 
therefore not so liable to melt through the metal. 
The reason why the oxy-hydrogen process made 
headway on the Continent was because of the custom 
there of producing oxygen by the electrolysis of 
water, the hydrogen being left as a by-product. 
In place of hydrogen, coal-gas has also been used 
with oxygen for steel welding. To weld plates uncer 
i's in. thick requires, however, a good deal of ex- 
perience, on account of the buckling of the work. 
Great care is, in fact, required in all this work, and 
thoroughly honest, trustworthy workmen should be 
employed, who should not be hurried, otherwise 
faulty work may result, and it is almost impos 
sible after a weld is finished to detect fautts. 
There is no doubt that in the early days the 1 
dustry attracted many enthusiasts who had rea’'y 
little knowledge of the principles of engineering, 
the outcome of which was that work was under- 
taken that should not have been attempted. Thc's 
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are, however, now many firms who can be trusted. 
It is, perhaps, in boiler-work that the greatest care 
is necessary. The method usually adopted in this 
class of welding is to hold the blow-pipe in one hand 
and apply the flame to the part of the work to be 
welded, so as to raise it to the required tempera- 
ture. A thin rod of iron or mild steel, about ;3; in. 
in diameter, is held in the other hand, and the end 
of the rod is fused in the flame until a drop of metal 
is melted off and attached to the part under repair. 
The process is continued until the defect is made 
‘Ot rd. 

4 A great many repairs are now carried out by this 
method, on board ship as well as on land, as there 
are in many of the large seaport towns, and in the 
country, firms who lay themselves out for this class 
of work. Some interesting cases are referred to 
by Mr. Younger. As an example, one of these 
consisted of repairs to the fire-box plates around the 
doorway of a boiler which on the fire side had 
become very thin. The plate was successfully 
thickened up by means of the oxy-acetylene blow- 
pipe, as much as # in. in some places. Another 
case was that of a tube-plate, in the combustion 
chamber of a boiler, which had become very much 
cracked where the flange of the furnace was riveted 
on, two of the cracks extending through the rivet- 
holes to some little distance beyond the edge of 
the flange. Each crack was first cut out by a deep 
V-groove, which was then filled up in the way we 
have already described. It is sometimes found 
better, where cracks are very numerous, to cut 
away a piece of the plate altogether and weld in a 
new piece. In some cases, furnaces have been re- 
newed and a new furnace made, the saddle-plate 
of which was cut off in two pieces and welded on 
again after the furnace was in position. As an 
example of heavier work, the broken stern-frame 
of a steamer may be mentioned. The frame 
was fractured in two places, and as the section 
was too large (10 in. by 6 in.) for the work 
to be carried out in place, the frame was removed 
from the vessel to a forge, where the broken parts 
were firmly secured in position, and, after cutting 
the fracture to a V groove, the weld was effected 
autogenously while the parts lay on the fire, which 
had been used to raise them to nearly a welding 
heat. Various repairs were also done in place on 
the plates of the vessel. Swedish iron is usually 
used for the thin rods in this process of welding. 

As to the merits of the two systems of welding 
which we have mentioned, they no doubt both 
have their special uses. It has been claimed in 
some quarters that electric welding is more efficient 
and economical for most purposes than the oxy- 
acetylene method, but this must depend very much 
on circumstances, particularly if we take into 
account the first heavy cost of the former method. 
Moreover, it does not seem so generally applicable 
as the latter. For certain purposes itis, of course, 
well suited, particularly for tube-welding, and will, 
no doubt, hold its own. The chief reason why the 
autogenous system is more likely to be of general 
use is that the necessary plant is more portable and 
less expensive. In addition to this, in welding with 
the electric arc the heat is unavoidably concentrated 
on one point, whereas in the oxy-acetylene system 
the surrounding metal can be heated at will, and 
the correct welding heat can be attained at any 
desired point ; oxidation of the metal is also more 
likely to occur with electric welding, for reasons 
already stated. The gradual annealing of the area 
surrounding the weld cannot be done in a way that 
is possible with the blow-pipe. This is probably a 
strong point in favour of acetylene, for tests have 
shown that it is very important to remove the 
internal strains set up in a weld by the high tem- 
we to which the metal has been subjected. 

t is true that tests show that the tensile strength of 
a joint welded by the electric process is higher than 
that of a joint welded by the oxy-acetylene blow- 
pipe, but, on the other hand, the former is much less 
ductile than the latter. As to the ultimate strength 
of these joints as compared with that of the solid 
plate, it is not easy to say what this difference 
really is, as tests vary considerably. Mr. Smith, 
in the paper previously alluded to, says that, as a 
genera! rule, where competent workmen are em- 
ployed, the tensile strength of the joint welded by 
the oxy-acetylene process may be taken as about 
% per cent. of the original plate for plates i in. 
ck, whereas for 1-in. plates it would fall to 
about 80 per cent. Great stress is also laid on 
annealing. The whole of the work operated 
upon cannot, of course, be annealed, but local 





annealing should always be carried out. Electri- 
cally-welded joints tested were in some cases nearly 
as strong as the unwelded plate, but the elongation 
was much less. There can be no doubt, however, 
that both systems have a very wide field of useful- 
ness before them, particularly in connection with 
repairs on board ships. 

ith regard to metal-cutting by means of oxygen, 
which has now become an important industry, there 
is no need for us to say anything here, as we fully 
described the process on page 168, vol. lxxxviii., 
as carried out by the British Oxygen Company, 
Limited, Elverton-street, Horseferry-road, West- 
minster, S.W. We hope, however, at an early 
date to describe some improved apparatus used in 
the industry. 








ELECTRIC WAVES AND THE ELECTRO- 
MAGNETIC THEORY OF LIGHT. 

In opening his third lecture on the above subject 
atthe Royal Institution on Saturday afternoon last, 
Sir J. J. Thomson said that on the previous occa- 
sion he had repeated the most famous of the ex- 
periments of Hertz, in which that investigator had 
caused waves to strike on a reflecting plate, and 
then, by means of his detector, had investigated the 
effects produced in the neighbourhood of this plate. 
In the speaker’s repetition of the experiment, in his 
last lecture, he had shown that when the detector 
used was held near the plate, the neon tube became 
bright, and that the light faded if the detector were 
taken further away from the plate, to reappear later 
on. If sufficient space had been available, it would 
have been found that this disappearance and reap- 
pearance of the light took place periodically. When 
this experiment was first described, all thought that 
the results obtained were due to the interference of 
the direct and the reflected waves. It seemed an 
almost perfect analogue of an experiment of Lord 
Rayleigh’s on the interference of sound waves, in 
which the note emitted by a shrill bird whistle was 
directed on to a reflector, and the space between 
the whistle and this reflector was examined, using a 
sensitive flame as a detector. In this case it was 
found that when the flame was in certain positions 
it flickered up and down, whilst if moved either in 
or out from such positions it became quiescent, 
though the flickering reappeared if the flame were 
moved a definite distance from its original position. 
This seemed, the lecturer continued, an exact ana- 
logue of the experiment shown in the last lecture. 
Instead of a Leyden jar, a whistle was used as the 
vibrator, and a sheet of metal instead of the reflector, 
and in place of the electrical detector a ‘‘ sinking” 
flame was used. This experiment, as he had al- 
ready stated, did more than anything else to secure 
an a of Maxwell’s theory. In his experi- 
ments, however, Hertz had used one size of detector 
only ; and in order to avail himself of the effects of 
resonance, he had chosen his detector of such a 
length that it had the same period as the system 
exciting the waves. About the year after the ex- 
periments of Hertz, two Swiss physicists, Sarasin 
and De la Reve, repeated them, and got the same 
alternations of sparking and non-sparking found 
by Hertz. They used, however, detectors of dif- 
ferent sizes, and found then that the distance 
between the apparent nodes depended on the size 
of the detector. If the effects arose from the 
interference of direct and reflected rays, as in Lord 
Rayleigh’s bird-whistle experiment, the distance 
between two nodes should half a wave-length. 
The Swiss experiment, however, showed that the 
distance between the nodes did not depend upon 
the wave-length, but, so to speak, on the size of the 
sinking flame. In fact, it was found that by alter- 
ing the size of the detector this distance could have 
any value desired. 

To demonstrate this, Professor Thomson con- 
tinued, he had modified the apparatus used in the 
last lecture, so as to get rather brighter effects. In 
the new arrangement the waves were directed along 
two parallel wires ending in plates fixed opposite 
to the plates of the exciter, as shown at DD! in 
Fig. 1. The other ends of the wires were free and 
the reflection took place from these free ends, 
when waves were excited by the mee of a spark 
between the balls of the exciter. sing first a 
large detector, the lecturer showed that when this 
was carried along the wires to one position the 
light was extinguished. Substituting a smaller de- 
tector, this extinction took place at an entirely 
different point, there being a considerable distance 
between the two nodes thus found. A detector 








of intermediate size would, he said, have given a 
node in an intermediate position. With the same 
detector the same position would, he continued, be 
found for the nodes, however the period of the 
exciting circuit were varied, as could be done by 
altering the size of the plates. It was obvious 
therefore, that the experiment of Hertz had 
nothing analogous to the interference of direct 
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and reflected waves. Had it not been that-at the 
time of the Swiss experiment the existence of 
electric waves had become well established in other 
ways, the effect would have had fatal results, and, as 
matters were, it caused great consternation, much 
as if the principal witness in an important law 
suit had broken down in cross-examination. 

Various theories were put forward to explain 
the observations. The first of these theories might, 
he said, be called the continuous spectrum theory. 
In this it was assumed that an electric vibrating 
system, such as a Leyden jar, or the two plates 
which replaced it in the experiments of Hertz, was 
equivalent to an incandescent solid, and as the latter 
emitted waves of all lengths, giving a continuous 
light spectrum, so it was assumed the jar circuit gave 
outa continuous ‘‘ electric” spectrum, and that each 
detector picked out that wave-length which coin- 
cided with its own period. This theory did not 
help much from the point of view of simplicity, as 
it would make it necessary to give up all the views 
and theories, as to the discharge of a jar, which gave 
a perfect account of the effects actually observed. 
The existing theory of jar-discharge might have 
allowed of the existence of ‘‘ overtones,” but not 
for that continuous movement of the apparent node 
observed in the Swiss experiments. 

The second theory framed to account for these 
latter observations gave a simple solution, and 
depended on the circumstance that the exciting 
system, which was supposed to be in more or less 
continuous vibration, was, as a matter of fact, 
hardly vibrating at all. In his last lecture he had 
pointed out that, by putting into the vibrating 
circuit a high resistance, vibration could be pre- 
vented, in which case the energy was expended 
in heating up the resistance, instead of being 
reconverted to and fro into potential and kinetic 
energy. 

In a vibrator of the type used by Hertz there 
was a different cause of a loss of. energy in the 
vibrating system. This loss was not due to the heat 
expended in the spark, but to the fact that the 
system was sending out energy in all directions 
by radiation ; and as this did not come back, 
the system lost energy rapidly, and was, in fact, 
almost dead-beat. Birkeland had measured the rate 
of this loss, and found that after two or three vibra- 
tions the amplitude had fallen to an insignificant 
fraction of its original value. With a system of 
this kind, losing energy so rapidly, it was impossible 
to get true interference of direct and reflected waves 
as occurred in the experiment on sound. The 
effects, at any point, of the direct and the reflected 
waves had to occur at the same time; but as the 
two waves, to reach this point, had travelled diffe- 
rent distances, the reflected wave having the 
longer path, it must have left the plate long before 
the direct wave. If then the oscillations died away 
very rapidly, the effects of each successive wave got 
weaker and weaker, and hence when the reflected 
and direct wave met, the former was large and the 
latter small, and could not therefore be expected to 
counterbalance the reflected ray, and thus there was 
no true interference. 

How was it then, Sir Joseph continued, that we 
got something analogous in its effects to inter- 
ference? To answer this, he continued, let us 
imagine that the primary impulse was quite dead- 
beat—a shock, aot nothing else. Then let us sup- 
pose this shock setting in vibration a system having a 
definite period like a pendulum. The system would 
be still in vibration when it was met again by the 
shock reflected back from the plate. Then, accordin 
to the time which had ela between the first an 
second meeting of the shock with the vibrator, it 
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would either tend to increase the amplitude of the 
vibration, or to annul it. With a fixed distance 
between the position of the vibrator and the reflect- 
ing-plate, the effect of the return shock would 
depend wholly on the ‘‘ time of swing of the pen- 
dulum;” that was to say, on the period of the 
resonator, and not at all on that natural to the 
exciter. 

It was, he continued, a most remarkable fact in 
scientific history that the one experiment which 
converted everybody was the very one which broke 
down on cross-examination. Following Hertz, he 
proposed, he continued, to show the reflection and 
refraction of these electrical waves, as well as their 
absorption by bodies analogous to tourmaline. He 
had not, he said, space in that room for apparatus 
on the same scale as Hertz, but would use smaller 
models. When a vibrator was placed along the axis 
of a parabolic sheet, the electric waves came out as 
a straight narrow beam, or, at least, should do so, 
since, in actual practice, it was difficult to get every- 
thing in such adjustment that there was no spread- 
ing whatever. Hertz’s parabolic reflectors were 8 ft. 
high, with their other dimensions to correspond. 
The models he would use were much smaller. One of 
the parabolic reflectors had along its axis a spark-gap 
connected up with a coil, whilst in the axis of the 
other a coherer, in circuit with a battery and an elec- 
tric bell, was placed. With these the lecturer showed 
that the beam could be directed on to the coherer 
by the parabolic reflector, or if, alternatively, it 
was directed in another direction, it could be re- 
flected into the coherer by means of a metallic plate. 
The lecturer subsequently repeated the experiment 
with the apparatus shown diagrammatically in 
Fig. 2. Here the spark-gap was fixed near one 


Fig. 2. 











end of a rectangular box A open at the mouth and 
connected up to a coil B as indicated. The coherer 
was placed at the bottom of a rectangular tube as 
shown at C, and was coupled up to a battery and 
a relay as indicated. When the relay was closed by 
the current through the coherer, it completed the 
circuit of another battery through a small electric 
lamp. 

As a further experiment the lecturer directed the 
beam from the spark-gap so as just to miss the 
mouth of the tube leading to the coherer, and then 
showed that by putting between the two a large 
prism of paraftin wax the beam could be bent round 
so as to enter the tube and operate the coherer. 

He would next show, Professor Thomson con- 
tinued, an experiment analogous to the action of 
tourmaline on polarised light. When a suitable 
section of a tourmaline crystal was held in one 
position, it was, he said, quite transparent to a beam 
of polarised light, whilst if turned through a right 
angle it was opaque. Taking a system of wires 
wound parallel to each other on a frame, he 
showed that if this were placed in front of the 
exciter-box, so that the wires were — to the 
spark, the system was opaque to the beam emitted. 

hen the system was turned round, however, so 
that the wires were at right angles to the spark, it 
was transparent to the beam, and the coherer was 
accordingly operated. He further showed that the 
screen, with its wires parallel to the spark-gap, 
could act as a reflector; but with the wires at right 
angles to this, the screen would not reflect the 
beam. The exciter, he continued, emitted lines 
of force parallel to the spark, and when these lines 
of force met wires also parallel to the spark, they 
could excite currents in them, and in that case 
the system of wires acted as a screen. With the 
wires at right angles to the line of force, no cur- 
rents were excited in the direction of the length 
of the wires, and the screen acted as if transparent. 

These experiments, he proceeded, showed that 
the electric waves underwent reflection, refraction, 





and polarisation. The study of their periodicity 
was much easier if, instead of allowing the waves 
to wander out in all directions, they were guided 
along wires. He proposed, therefore, to use a 
system similar to that shown in Fig. 1, with the 


exception that the ends P and Q were connected | 


by a wire containing a short helix, in which could 
be placed one of Rutherford’s detectors, consisting 
of small pieces of iron magnetised to saturation. 
The changes in the magnetisation of these wires, 
he would show by means of a magnetometer. On 
bridging the wires between two other points, he 
showed that in general almost the whole electrical 
effect passed across the bridge, the helix and its 
detector being short-circuited. If, however, the 
position of the bridge were adjusted so that the 
circuit round the detector had the same period as 
the remainder, then resonance came in, and very 
large effects were produced, the iron being rapidly 
demagnetised. 

Since, Professor Thomson proceeded, we had in 
this case a current flowing round a closed circuit, 
the wave-length must be equal to the length of this 
circuit, or an integral multiple of it. This fact 
was most useful, as combining this information 
with the speed of propagation, the periodicity was 
at once obtained. Taking a neon tube round the 
closed circuit, when the latter was adjusted into 
resonance with the exciter, he showed that there 
were two nodes, and two only, in the circuit, so 
that the length of the latter was equal to the wave- 
length. A resonating circuit, he continued, might 
be quite separate from the exciting circuit, and we 
thus obtained a method of measuring wave-lengths 
which was the foundation on which all instruments 
for this purpose were based. Taking a circuit 
fitted with a neon tube and a movable bridge- 

iece, its length could be adjusted, so that when 

rought into the neighbourhood of an exciter the 
tube became bright, in which case the wave-length 
of the primary circuit was equal to the then length 
of the closed circuit. This system of measurement 
had, the speaker continued, been brought to great 
perfection by Professor Fleming in the latter’s cymo- 
meter, which had been developed mainly for measur- 
ing the electric waves used in wireless telegraphy, 
which were generally several hundred yards long. 
In order to economise space the wires of the re- 
sonating circuit were accordingly wound as helices, 
thus getting a great length of wire into a small space. 
Space was further saved by having the wires con- 
nected to condensers of known capacity, and then an 
alteration in the length of the wire in circuit meant 


merely an alteration in the coefticient of self-induc-, 


tion, and the periodicity could be obtained from 
the fact that this varied with the square root of the 
product of the capacity and the self-induction. The 
cymometer in this way was well adapted for measur- 
ing the long waves used in wireless telegraphy ; but 
for laboratory purposes, where physicists were 
mainly concerned with short waves, simple appa- 
ratus of the character shown by him that afternoon 
was quite sufficient and convenient. 








NOTES. 
Tue Frencu Navy. 

In the course of his statements in the French 
Chamber, the Minister of Marine gave, according 
to the Moniteur de la Flotte, the following figures 
concerning the battleships which are included in 
the naval programme :—Their displacement is to 
be 23,457 tons; they are to have a 7-metre 
(22 ft. 11 in.) freeboard forward and 5-metre 
(16 ft. 5 in.) aft, less therefore than the Dread- 
nought, whose forward freeboard is 8.50 metres 
(27 ft. 10in.). The armament is to consist of 
twelve 12-in. and twenty-two 138.6-millimetre 
(5.456-in.) guns. The heavy guns are to be 
mounted in six turrets, four of which will be on 
the centre line of the ship and two on the sides 
amidships ; this will give ten guns for each broad- 
side, and eight for forward or aft firing. The 
forward turrets will be higher than the aft ones by 
2.50 metres (8 ft. 2in.). The highest heavy guns 
will be 11.50 metres (37 ft. 9 in.), and the lowest 
6.50 metres (21 ft. 4 in.) above water-line. The 
guns of the centre turrets are to havea range of 
firing round 270 deg.; those in the sides, round 
180 deg. The heavy guns will be of the 1906 
pattern, 50 calibres in length, firing melinite 
shells weighing 440 kilogrammes (970 lb.). The 
twenty-two secondary guns are to be distri- 
buted over eight independent batteries, each fir- 
ing round 120 deg. Six of the batteries will 





contain three guns, mounted at a height of 5.70 
metres (18 ft. 8in.) above water-line; two batterics, 
each containing two guns, will be aft, the height 
above water-line being 3.60 metres (11 ft. 10 in.), 
Six of the secondary guns will be able to fire for 
ward and ten aft. They will be able to fire eight 
rounds a minute, using melinite shells weighing 
36.5 kilogrammes (80 lb.). Protection is to be 
ensured by a complete belting formed of plates 
270 millimetres (10.6 in.) thick at the centre and 
180 millimetres (7.08 in.) thick at both ends, and 
rising 2.40 metres (7 ft. 10} in.) above water-line. 
The belting, contrary to the method followed in the 
case of the Danton class, is not to be completed 
by a thinner protection, since the firing experi- 
ments against the Jena have shown the inadequacy 
of a protection less than 180 millimetres (7.08 in.) 
in thickness. The deck armour is to be 70 and 
48 millimetres (2.76 in. and 1.89 in.) in thick- 
ness. The calculated speed is 20 knots with 
28,000 horse-power. Each battleship is to cost 
67,000,000 francs (2,680,000/.), we. te com- 
plete equipment, in which the ammunition on board 
enters for about 4,500,000 francs (180,000/.). The 
stock of ammunition for completing supplies is to 
cost 6,800,000 francs (272,000/.) for each battleship. 
The cost of the destroyers is estimated at 2,850,000 
francs (114,000/.) ; that of the large submarines, 
3,300,000 francs (132,0001.) ; and of the smaller 
submarines, 1,600,000 francs (64,000/.). We take 
this opportunity of correcting a printer’s error on 

ge 253 ante, first column, second line :—‘‘ Nine 
of the high-speed scouts . . .” should read, ‘‘ None 
of the high-speed scouts.” 


THe Society oF ENGINEERS (INCORPORATED). 


The articles of association and bye-laws of the 
newly incorporated Society of Engineers, formed by 
the fusion of the Civil and Mechanical Engineers’ 
Society and the Society of Engineers, contain regu- 
lations, &c., relating to features, some of them not 
hitherto met with in the engineering institutions, and 
it will be interesting, as time passes, to see how these 
well-meant innovations work out. They have been 
introduced as the outcome of a desire to keep tho- 
roughly alive the interest of the members in the 
conduct of the Society’s affairs. With regard to 
taking the opinion of members by vote, it has been 
provided that members may record their vote by 
proxy, so that the opinion may be taken of a larger 
number of members than are able to attend at any 
one general meeting. The proxies have to be de- 
livered to the Secretary prior to the meeting. If 
2 per cent., or more, of the corporate members of 
the Society so desire it, a vote may be taken by 
post on any question affecting the Society or the 
engineering profession, and the resolution thus 
voted upon is to be equivalent to a resolution 
carried at a general meeting. With regard to 
the election of members, &c., ballot-lists will be 
circulated among the members, and each recipient 
of a list will vote for each candidate he wishes to 
support by putting a cross against his name, or 
against him by erasing his name. No mark either 
for or against is to count as no vote. One adverse 
vote in five will exclude, provided that not less 
than five adverse votes are recorded. A rejected 
candidate cannot again come forward for election 
within twelve months. The election of officers is 
to be conducted as follows :—Any corporate member 
may be nominated by any ten members, and his 
name sent in and placed upon the ballot-list. In 
the case of officers seeking re-election the number 
of attendances at council and committee meetings, 
and the possible attendances, are to be noted on 
the ballot-list. This ballot will be taken by post 
and the list of successful candidates read out 
at the annual general meeting. The method 
of polling by t is to be as follows :—When a 
poll is demanded on such questions as have been 
mentioned above in this connection, the council 
within two months of the receipt of the question 1s 
to have it printed and circulated, together with a 
voting-paper, among the members. The voting- 
paper ail posete for an affirmative, negative, or 
neutral vote. One hundred days after posting the 
Council will appoint two members, other than 
members of Council, to act as scrutineers, and if at 
least. two-thirds of the votes are given in favour, 
and the total poll numbers not less than one fifth 
of the total number of corporate members of tlie 
Society, the proposal will be considered to be 
carried. Voting for different questions will, of 
course, be conducted separately. Some of these 
regulations certainly have a promising appearance, 
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and it is to be hoped that the members will take 
full advantage of the amount of power thus vested 


in them. 


THe BRENNAN Mono-Ratt CARRIAGE. 


A successful demonstration was given on Friday 
last, at New Brompton, of the Brennan Mono-rail 
Carriage. It will be remembered that we repro- 
duced a photograph of this carriage, and gave a 
description of it, on page 659 of our last volume, on 
the occasion of a demonstation in November, at 
which we were present. On that occasion, however, 
the vehicle was not quite completed, the large petrol- 
electric set on board not being in working order. At 
the trial at which we were present last week, this 
80-horse-power generating set was working, as well 
as the 20-horse-power set, and the interest of the de- 
monstration was therefore considerably enhanced. 
We need not repeat the particulars of the vehicle 
used, as these were fully given in the issue referred 
to above, and may confine ourselves to what was 
actually done last Friday. The trials commenced 
with running the vehicle, loaded with packing- 
cases, round the circular track of 105 ft. radius at 
a speed approaching 20 miles an hour. The sta- 
bility of the car under these conditions was appa- 
rently all that could be wished, the vehicle canting 
over several degrees towards the centre of the circle 
of track. This demonstration was followed by an 
exhibition of the facilities afforded by such a car 
for unloading. The vehicle was intentionally tilted 
over on to chocks on the right-hand side, and some 
cases unloaded. It was then righted and then tilted 
over towards the left side, and other cases unloaded, 
being finally righted again, all these operations of 
tilting and righting being performed solely with the 
assistance of the gyroscope gear. The next trial 
consisted in carrying passengers round the circular 
track. About fifty passengers were taken ata time, 
and several complete circuits of the one-eighth of a 
mile track were made with each load. During 
these runs we timed several rounds at speeds of 
between 18 and 20 miles an hour. The motion 
on board was quite pleasant, the vehicle riding 
very well. The inward cant that the vehicle 
acquires when travelling on curves at high speed 
naturally added to, rather than detracted from, the 
comfort of the passengers. Altogether some 300 
persons had an opportunity of being on the car- 
riages under these novel conditions. The demon- 
stration which followed showed the ability of the 
vehicle to take sharp curves, this, however, reveal- 
ing nothing more than was evident from the earlier 
trial towards the close of last year. The carriage, 
with passengers on board, was then run backwards 
and forwards at as high a speed as was practicable 
along the straight with perfect success. The slight 
lateral swaying under these conditions was quite 
easy, and free from jerks and jolts, and not at all 
unpleasant. The oscillation is of very small ampli- 
tude, as the controlling action of the gyroscopes 
quickly damps out any tendency to a larger move- 
ment. The demonstration was thoroughly suc- 
cessful except as regards climatic conditions, which 
were decidedly unfortunate. In spite of these, 
however, a large number of gentlemen were pre- 
sent, including, for instance, Sir William Crookes, 
Mr. Henry Davey, Professor J. A. Ewing, Mr. J. 
Holden, Mr. C. Jones, the Hon. C. A. Parsons, 
Mr. Alex. Siemens, Mr. E. Worthington, Sir 
Henry Trueman Wood, Mr. J. H. Wicksteed, Sir 
W. H. White, &c. 


THE Home Orrice REGULATIONS FOR 
ELEcTRICITY IN FAcToRIEs. 


A Memorandum by Mr. G. S. Ram, H.M. Elec- 
trical Inspector of Factories, dealing with the Home 
Ottice Regulations for Electricity in Premises under 
the Factory Acts, has just been issued. The object 
of the Memorandum is to assist occupiers and others 
in complying with the Regulations, by explaining 
in detail what precautions are required for various 
types of installation, and in what circumstances 
exemption can be claimed. It is pointed out that 
the Secretary of State has no power to give an 
authoritative interpretation of the Regulations, 
which is, of course, a matter for a court of law, and 
the Memorandum must accordingly be considered 
only as the official detailed interpretation, which 
may be revised as experience accumulates, and which 
. “iways open to be overruled by a legal tribunal. 
“None the less, it is probable that most users of elec- 
tricity under the Regulations will be quite satisfied 
to accept Mr. Ram’s amplifications, and the 
In 


Memorandum should prove of much value. 


general, the comments on the Regulations do not 
call for much remark, as they are pretty well in 
line with the conclusions to which a careful study 
of the various clauses would lead a careful and 
competent reader. For example, it is pointed out 
in connection with the word *‘ bare,” which is de- 
fined as ‘‘not covered with insulating material,” 
that the word must be considered in conjunction 
with the definition of ‘‘ covered with insulating 
material,” and that if, in any case in which the 
insulation of a conductor is insufficient for the 
voltage or conditions, the conductor must be con- 
sidered to be ‘‘ bare,” although it may actually be 
insulated. It is quite probable that a careless 
reader of the Regulations might miss a point of this 
sort, and the actual pointing out of it should be of 
value, although it is obvious that the point is 
inherent in the definitions. There is an important 
ruling in connection with Exemption I., which 
states that a large number of the Regulations do 
not apply to systems in which the pressure does 
not exceed low pressure direct (250 volts), or 
125 volts alternating. It is stated that power 
taken from one side of a three-wire system, assum- 
ing the mid-wire earthed, may be considered with 
reference to the voltage between mid-wire and the 
outers, if the two outers are kept apart and distinct, 
even if they are both carried into the same premises. 
Similarly, in the case of auto-transformers, as used 
for metallic filament lamps, if the distributing cir- 
cuits do not exceed 125 volts, the systems may be 
considered to come within the exemption, assuming 
that one side of the system is earthed, and that 
the earth is continuous from the distributing side to 
the supply side, and that special attention is given 
to the auto-transformer connections, so that there 
is no possibility of the distributing side receiv- 
ing the full pressure above earth, owing to a loose 
contact, or other cause. Some criticism of certain 
well-known types of knife-switch and switch-fuses 
is indulged in, and information as to the situations 
in which switch-fuses may properly be used is 
given. Altogether the Memorandum throws con- 
siderable light on the official interpretation of the 
Regulations. It should be of much value to manu- 
facturers and contractors, as well as to users of 
electricity. It may be obtained through the ordi- 
nary channels at a cost of 3d. 


Tue CoLours OF THE SEA AND Sky. 


In the course of a Royal Institution lecture, 
delivered last Friday, on ‘‘ The Colours of the Sea 
and Sky,” Lord Rayleigh, F.R.S., remarked that 
the colour of a solution could only be seen if the 
light passed through it. A beam of light falling 
through a solution of potassium permanganate 
— red, and the spectrum consisted only of 
blue and red rays ; the appearance of the spectrum 
did not allow the experimenter, however, to anti- 
cipate which rays would come out more promi- 
nently, and which would be extinguished, when the 
solution was more concentrated. The colour of 
very dark-coloured solutions could not be dis- 
tinguished. A beam of the lantern reflected 
from a solution of potassium bichromate was quite 
colourless, but the deep orange colour became 
visible when a piece of paper was placed in the 
solution. The colour of the deep sea was generally 
supposed to be blue. In most cases the blue was, 
however, only reflected sky-light, and if the blue 
seemed more intense than that of the sky, people 
had to remember that it was chiefly the sky high 
above, not the horizon, which supplied the blue 
rays. Ripples of sea-water showed the blue well, 
because the colour was there reflected from the 
front slope of the wave; in shallow water the 
colour was reflected from the bottom. Even peaty 
water would look blue in reflected sky-light. In 
his experiments on the colour of sea - water, 
Walthére Spring, of Liége, had used tubes 5 metres 
and even 26 metres in length, and he described the 
colour as a beautiful blue. A little salt had no 


depended, of course, on the illumination. Lord 
Rayleigh thought that Spring probably experi- 
mented with blue-sky light, while he had himself, 
in his tubes 12 ft. in length, used the light of a 
clouded sky. On the whole, he believed that 
sea-water was green, but he had observed blue 
sea-water near Aden, and in the Blue Grotto 
of Capri; and he had confirmed that observa- 
tion in his laboratory on samples collected on 
the spot. Water-works and spring water was also 
blue, or, at least, enish-blue, while water from 
the Seven Stones lightship, off Cornwall, was dis- 
tinctly green. Passing to the blue colour of the 
sky, Lord Rayleigh said that his recent investiga- 
tions confirmed the conviction at which he had 
arrived, that the blue colour was due to the dis- 
persion and scattering of light by very small 
particles. Most physicists had accepted that ex- 
planation. Spring differed, however, and ascribed 
the blue colour to the blue colour of oxygen. 
Liquid oxygen was, indeed, blue, Lord Rayleigh 
demonstrated, and gaseous oxygen might be blue. 
But, according to Spring, the setting sun should 
appear blue, not red. Decomposing sodium hypo- 
sulphite solution with hydrochloric acid, Lord 
Rayleigh showed that the very fine particles of 
sulphur, which formed after a minute or two, 
appeared blue in a beam of polarised light, but 
soon turned yellow and red as the sostioles grew 
coarser. Such experiments favoured the disper- 
sion theory. But Spring was not quite wrong ; 
for the polarisation of the sky-light was not maxi- 
mum at 90 deg. from the sun, as it ought to be 
according to theory. There were several factors 
tending more or less to produce similar effects, and 
it had formerly been believed that dust particles or 
fine globules of water were required. Resuming 
these researches quite recently, he had found that 
the molecules of the air would themselves be able 
to produce the scattering, and Professor Arthur 
Schuster had calculated that if the molecules of the 
air were alone concerned, then there should be 
2.96 x 10" molecules in one cubic centimetre of 
air, a figure which was in excellent agreement with 
the many estimates of the number of molecules in 
unit volume. 


Tue Moon Seen spy Utrra-Vioret Lieut. 


Some account of the interesting results obtained 
by Professor Wood in photographing the moon by 
ultra-violet light has already been received, but 
now that we are in full possession of his methods 
and evidence, it would seem that we are likely to 
have a new engine of investigation ora new method 
of astronomical research, capable of giving infor- 
mation concerning the character of the surface of 
objects having discs, and sufliciently illuminated 
to leave a record on the sensitised plate. Up till 
now the method has been applied only to the moon, 
but we can conceive it possible that by the same 

rocess, improved by time and experience, we may 
earn something more of the surface markings of 
the planets than their mere position. Some fresh 
light may be thrown on the vexed question of the 
nature of the material that is seen to collect around 
the poles of Mars. The enigma of the red spot on 
Jupiter may be solved, and other problems easily 
suggest themselves. Professor Wood’s plan con- 
sisted in making pictures of the moon by means of 
those rays of li ht to which glass is opaque, but 
which are rte transmitted by a silver film. 
Practically, he employed a quartz lens, heavily 
silvered on one side. With such a combina- 
tion a thin sheet of clear window glass placed 
in front of the lens stopped all photographic action. 
In the course of his early experiments with this 
arrangement for utilising the ultra-violet rays, some 
very curious results were produced. He found 
that though photographs of a landscape did not 
differ greatly from 4n ordinary picture, yet objects 
standing in full sunlight failed to cast any shadow. 





|The ultra-violet light comes almost entirely from 


effect, but traces of iron turned the colour green. | the sky, the illumination being not unlike that 


_— was thus in agreement with the previous | which obtains in a fog. 
oO 


But many substances 


servations of Davy and Bunsen on glaciers and | gave a quite different appearance when photo- 


Alpine rivers; and Freiher von Aufsess had recently | graphed by the extreme violet rays. 


stated that clear water was perfectly transparent 
to blue and violet rays. 


White garden 
flowers, for instance, came out black, and Chinese 


The trouble was to get rid | white paint (zinc oxide) was blacker on the photo- 


of all dust ; even distillation in acryophorus did not graph than ordinary printers’ ink, with which it 
yield water free from suspended particles. The | was purposely contrasted. Accident revealed the 
best way to eliminate them was by shaking together | extreme sensitiveness of these rays in detecting 
water and ether, or, better still, by precipitating slight traces of the substances which absorbed them. 


ulating 


all suspended matter together with the c 
hen the 


particles of a colloid like ferric hydrate. 





j 


This peculiarity suggested the application to seleno- 
graphy, since it was evident that if some extensive 


colour of water was studied in long tubes, much! deposit existed on the moon, which was invisible 
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or could not be photographed by ordinary means, 
it might be perceived by making a picture 
through this arrangement of silver film and 
quartz lens. Early experiments showed that in 
the neighbourhood of Aristarchus there was an 
area which was dark in only ultra-violet light. 
The results were sufficiently hopeful to warrant 
further experiment on a larger scale. The quartz 
lens, with its silver film, was next employed 
as a ray-filter, in connection with a 15-centi- 
metre mirror of speculum metal, that gave an image 
of the moon about 3 centimetres in diameter. On 
this larger scale the extensive deposit in the neigh- 
bourhood of Aristarchus was clearly perceptible, 
while no trace of it was to be seen on the ordinary 
photograph. The shape of the area is much like a 
figure 3. It seems to be about three times as long 
as the diameter of the crater, and, perhaps, twice 
the width ; but though present on several photo- 
graphs taken at different ages of the moon, its size 
and shape are not easy to determine on the paper. 
reproductions. No trace of this marking, however, 
can be perceived on the ordinary photographs. Of 
the nature of this dark deposit it is at present not 

ossible to guess. By continual experiment it may 
be possible to find some material which behaves in 
a similar way to this particular area on the moon. 
By elimination we are able to exclude a number of 
substances, which the superficial lunar deposit is 
not. At the same time we learn that a number of 
substances that one might expect to detect do not 
occur largely on the surface of our satellite. Pro- 
fessor Wood has tried many substances connected 
with igneous rocks and volcanic ejecta, but without 
much success. He is in the position of a man 
who does not know that the D lines of the 
spectrum are due to sodium, and is resolved to 
try different substances till he finds one that gives 
a corresponding spectrum. It is possible that 
photographs in the infra-red, by giving a quite 
different photograph, may supply additional facts 
to work upon, In this case a filter formed of very 
dense cobalt glass combined with a very strong 
solution of bichromate of potash seems suitable, but, 
up to the present, photographs have proved mdre 
curious than instructive. With this light an ordi- 
nary landscape photograph gives the sky jet-black, 
and the trees and grass as white as snow. Such 
effects have little scientific value, but Professor 
Wood is arranging to photograph the moon in infra- 
red light, and his skilful manipulation and readi- 
ness of resource are likely to produce some inte- 
resting results. He invites the co-operation of any- 
one possessed of a mirror of speculum metal of 
about 8 or 10 metres focal length. Silver on glass 
is not suitable, since silver reflects only about 
4 per cent. of the rays which are efficient. He 
is also prepared to give directions for the prepa- 
ration of suitable silver films, or to lend Ris 
quartz plate to anyone who is equipped with the 
necessary optical apparatus. 








H.M. TORPEDO-BOAT DESTROYER 
“SWIFT.” 

Tue illustration published on page 286 shows the 
torpedo-boat destroyer Swift, which recently entered 
the Service. This vessel, which was laid down as long 
ago as October, 1906, is probably one of the most 
interesting vessels so far built. When ordered, she 
was more or less an experimental craft, the desire 
being to attain as high a speed as was possible 
under certain conditions applicable to load, displace- 
ment, and armament. The work was entrusted to 
Messrs. Cammell Laird and Co., Limited, who have 
had much experience in the design and construction of 
high-speed vessels, not only for the Navy, but for the 
Channel service. The vessel was built with a length 
of 345 ft., a beam of 34 ft. 2 in., and a displacement. of 
1800 tons on a draught of 10 ft. 5in. Everything was 
done to economise weights, and. the hull came out at 
about 760 tons. The boilers are of the ‘‘ Express” type, 
using only oil fuel, with Parsons’ turbine machinery, 
designed to develop 30,000 shaft horse - power—an 
enormous power for so small a craft. The turbines 
are arranged to drive four shafts, with one propeller 
on each. 

There have been carried out probably the most 
extensive series of trials ever undertaken with any 
recent naval ship. On many of her trials the ship 
realised a speed of 36 knots, although not always 
under the conditions ee by the Admiralty. 
these trials the turbines, being considerably overloaded, 
gave an efficiency which has not been exceeded even 
in the most economical sets in electric stations. The 
propeller problem necessarily involved careful study, 
and Messrs. Cammell Laird and Co. carried out ex- 
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haustive trials with various sets of screws. The| 


amount of data which has thus been accumulated must 
be valuable. The vessel has now been accepted by the 
Admiralty. The speed, as officially ascertained under 
the severe conditions as to load, draught, displace- 
ment, &c., being just over 35 knots. he vessel will 
shortly be commissioned. Her armament includes 
4-in. breech-loading guns. The photograph reproduced 
is by Mr. Stephen Cribb, of Southsea, and shows the 
vessel entering Portsmouth Harbour after her accept- 
ance from the builders. 








A Quickty -REPAIRED BREAKDOWN.—An interesting 
iece of work was recently carried out by the Yorkshire 
lectric Power Company, Thornhill, Dewsbury, in con- 
nection with the breakdown of a main driving engine of 
400 indicated horse-power, at the works of Messrs. Mar- 
Kaye, and Marshall, Limited, fancy tweed and 
coating manufacturers, Ravensthorp. he accident 
brought the whole of the machinery to a standstill, and 
it was decided to equip the factory with electric motors 
in place of the steam-engine. The work was effected in 
less than ten days, after which time practically the whole 
of the various departments were able to re-start. When 
it is remembered that a stoppage of, perhaps, five or six 


months would have been occasioned while the necessary 
repairs were effected to the engine, the change carried out 
is very creditable to all parties concerned. 





SourH AmErRIcAN Rartways.—A contract has been 
signed with a view to unite the Argentine North- 
Eastern Railway with the Paraguay Central. The 
Argentine Government will provide 2,000,000/. towards 
the cost of the necessary works. 





Conrracts.—Messrs. H. J. Skelton and Co., Royal 
London House, Finsbury-square, E.C., have secured from 
the Thames Iron Works the contract for practically the 
whole of the iron and steel material required by them 
for the battleship in course of construction on the Thames. 
—Messrs, Davidson and Co., Ltd., Belfast, have just re- 
ceived a repeat order for three 65-in. diameter ‘‘ Sirocco 
induced-draught fans for the City of London Electric 
Lighting Co. This company have already two ‘‘ Sirocco 
fans of the same size at rok in their station at Bankside. 





THe Newatt Stanparp Firs ror THE Metric 
System.—The standard of tolerances drawn up by the 
Newall Engineering Company, of Black Horse-lane, E., 
to be uséd 1 for different Kinds of fits, and for holes of 
various sizes, expressed in inches, is now well known, but 
the in ing use of the metric system has led the same 
company to draw up a corresponding list of allowances 
for dimensions expressed in the metric system. ‘The 
sizes covered up te 150 millimetres. Two grades of 
work are provided for in the case of the standard holes, 
whilst the remaining tables show suitable allowances for 
force, driving, and running fits. A copy of the card 
will be sent free by the Newall Engineering Company. 
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INDUSTRIAL NOTES. 


Tue Thirteenth Abstract of Labour Statistics of 
the United Kingdom, just issued by the Labour 
Department of the Board of Trade, is the most useful 
of any of the series, for it takes in a wider scope. 
For example, the percentage of unemployed in certain 
trade unions and groups of trades is given for the 
first time; also the meat supply of the United 
Kingdom ; wages, &c., in 1906 in the textile and 
clothing industries, and summary of payments for com- 
pensation in certain industries in 1908. The detailed 
statistical tables and the general statistical summaries 
are most valuable for reform, and if any figures require 
revision they are revised for the following year. The de- 
tailed tables as to unemployed trade-unionists from 1860 
to 1908 show that the general percentage of members 
out of work in 1908 in the unions grouped as engineer- 
ing, shipbuilding, and other metal trades was 12.5 per 
cent.; in 1879 it was 15.3 per cent.; in 1886, 13.5 per 
cent.; in 1885, 12.9 per cent.; in all the other years 
the proportions were lower; twice only—in 1893-4—did 
the percentage exceed 11 per cent. enya = of 
unemployed of the three chief unions in the iron, steel, 
and other metal-using trades were the highest in 1879 
—10.6 per cent. In no other year did the proportion 
reach 9 per cent. The Ironfounders suffered more 
acutely—the proportions being 23.3 per cent. in 1879; 
in 1878, 15.1 per cent. ; in 1886, 14.6 per cent. In four 
years prior to 1869 the proportions exceeded those of 
all other years except 1879. The Scottish Iron- 
Moulders feds larger percentage of members out of 
work than the Ironfounders of England, Wales, and 
Ireland. The Boiler-Makers had twelve bad years 
between 1872 and 1908, both inclusive. 

The tables relating to wages and hours of labour 
in a large number of the more important trades 
show that the standard rates have risen consider- 
ably since 1860. Wages have fluctuated more than 
working hours; this has been the case for over 4 
century. It is remarkable how closely groups of 
trades follow each other in respect of wages and 
hours. The engineering, shipbuilding, and the build- 
ing trades groups are examples. This result is caused 

rtly by the co-operation of the operatives and partly 

y the convenience of the staff employed, the latter 
especially as regards time of beginning and leaving off 
work. All the tables relating to these matters are 
worthy of reference, for history is apt to repeat 


itself more in the case of labour than in the case| i 


of nations. The trend, however, is to extend the 
limits of changes, partly by negotiation, conciliation, 
and arbitration, and now, more recently, by profit- 
sharing concerns on a large scale. 

There are three dominant agencies at work, all 
tending to decrease labour disputes:—(1) Profit- 
sharing schemes : the total number of firms starting 
such schemes from 1829 to 1908 (to end of June) was 
198; of these 146 had ceased to exist at the same 
date, no particulars being available of the existing 
schemes. The number in each trade is given in the 
tables, and also the total employed on June 30, 
1908. The total employees were 63,403; the year 
previous, 45,010. The average bonus on wages was 
8 per cent. in 1906, and 7.1 per cent. in 1907. (2) Co- 
operative societies : number in 1907, 2177 ; members, 
2,439,603, or 5.5 per cent. of the population; share capi- 


tal, 31,948,150/. ; loan capital, 10,148,826/.; reserve and | passed 


insurance, 3,729,282/.; sales in 1907, the latest available 
figures, ee ir sy Of the total, 435 were productive 
societies, employing 10,966 persons. A large propor- 
tion of the poodaee' is distributed among the ph am 
tive societies, either through the ‘‘ wholesale societies,” 
or directly to and through the individual societies. 
It will be seen that the productive societies are but 
a small proportion of the whole, the distributive 
societies largely exceeding them. Co-operation does not 
wholly avert labour disputes, but the recently estab- 
lished Labour Board will tend to lessen friction in 
the future. The third great active agency in averting 
disputes, or in settling them when they arise, is the 
Conciliation and Arbitration Boards now operative in 
many great trades generally. 





The crisis in the South Wales and Monmouthshire 
coal trade did not end with last Saturday’s negotia- 
tions. On the three points at issue both sides have prac- 
tically issued their ultimatum; the coalowners, as late 
as Saturday last, reiterated their decision. The men’s 
delegates returned to Cardiff with an endorsement of 
the men’s terms. The representative men on both sides 
said, ‘“‘What more can be done? What can save us 
from a strike?” It is serious indeed when it comes to 
that point. The delegates sent to the National Miners’ 
executive and to the colliery districts and the area 
atfected, returned with an endorsement of their action, 
and with full powers to act if the employers refused to 
make the concessions demanded by the men. Perha 
the chief stumbling-block to a settlement has been the 
raising of the minimum basis by 10 per cent.—that is, 
from 30 to 40 per cent. 

The reference of the Northumberland miners’ dis- 
pute to the National Federation appears to have had 





a good effect. The officials had ont a trial of 
the new system, three shifts, simply as a trial ; the 
Federation to recommend the plan, and then 
came the decision to close the strike payment on 
the ground of a doubt as to its legality. The result 
appears to have been to open up some of the collieries 
for the experiment. .If the experiment fails, the men 
can plead for pe for all time due after the notices 
had expired an the stoppage had commenced. 





Such information as reaches us as regards the opera- 
tion of the Labour Exchanges seems to indicate great 
distress in the districts where they have been tried. 
Of course, official reports are as yet only meagre, but 
the facts filter through, and appear to be reliable. 
There seems to be one complaint which ought to be, 
and probably will be, metal in time—namely, the 
failure to report when the vacancy is filled up. 


Last week fresh rioting occurred in Philadelphia, 
Pa., in connection with the strike against the Rapid 
Transit Company. The cause of the fresh outbreak 
was the re-starting of the tramway service by some 
six hundred cars. The police who guarded the cars 
were stoned, and the cars were attacked. It was 
found necessary to surround each car by a strong force 
of mounted police, and the militia were posted at 
intervals along the lines to prevent the rioters tearing 
up the rails. Attempts have been made to destroy the 
tramcar dépéts, and one building was blown up by 
dynamite. No one was injured, however. 








Whether the apprenticeship system, as it was 
known in the old days, will ever be revived may 
well be doubted, although the Lord Mayor a _— to 
be strongly in favour of it. No doubt the old system 
had its good points, but it is not probable that it 
could be made to fit in with modern ideas and methods. 
That something can be done, however, to encourage 
the proper teaching of trades to the youths of the land 
is the firm belief of many influential people, who are now 
making an effort to bring about some system whereby 
the present injurious plan of allowing boys to spend a 
certain number of years as messengers, &c., until they 
reach an age at which they can no longer be paid boys’ 
wages, and then of permitting them to drift away with 
no knowledge of any useful trade, only to swell the 
ranks of the unemployed, can be done away with. The 
Apprenticeship and Skilled Employment Association 
is doing ood work in this direction, and an oppor- 
tunity of hearing something about their methods was 
— to the public last week, when a meeting was 

eld at the Drapers’ Hall, Throgmorton-street, under 
the chairmanship of Lord Henry Bentinck. In the 
course of his address, the chairman said that, until 
last year, an average of 67 per cent. of the children 
leaving the elementary schools entered unskilled em- 
employments, the full meaning of which had not, 
until recently, been ised. Even now we doubt 
if the public really appreciate the influence this is 
sure to have on the prosperity of the country, and on 
the happiness of the individual. The Apprenticeship 
Association has been doing excellent service in a 
fight the evil, and it is largely due to it that the number 
of children entering casual labour, instead of being 67 

r cent., had fallen to 61 per cent. last year. he 
Lord Mayor would like to have an Act of Parliament 
compelling every child to learn a trade—a 
scheme, we fear, beyond the range of practical politics. 
The question is a very difficult one, and the teaching 
of skilled trades is not always encouraged by trade 
unions, who are, of course, great protectionists, and 
take up the position that the more skilled trades there 
are taught, the more unemployed there will be, as the 
skilled-labour market is a 'y overstocked—a fairly 
hopeless view to take. 





News comes from the United States to the effect 
that the Bethlehem Steel Company’s works in Penn- 
sylvania have been closed down until the police are 
able adequately to protect the loyal workers against 
the strikers a= are now idle. 1t is said that 9000 
men are affected. During a fight at South Bethlehem 
on Saturday last three Hungarians were shot by the 
police, one of the men having since died. 


The demand for labour in Canada shows no signs of 
decreasing. According to information received by the 
Superintendent of Canadian Emigration in London, 
from the Department at Ottawa, farm hands are much 
needed in Waitamn Canada. In Manitoba, Saskatche- 
wan, and Alberta 5000 experienced farm hands will, 
it is said, be 

early wage of from 60/. to 70/., exclusive of 
odgiz , ages ranging from 25/. to 40/. per annum 
(according to ability) are paid to inexperienced coun- 
try labourers who are prepared to take work on farms. 
ese rates are also exclusive of board and lodging. 





THE Szvern TuNNEL.—We are now in the twenty-fifth 
year of the Severn Tunnel. The works were very difficult 
and costly, but the heavy goods traffic passing through 
the tunnel has exceeded all anticipations. 


uired between now and April 1, pode ened 
Loni an 





ROYAL METEOROLOGICAL SOCIETY. 


Tuts Society held its first meeting out of London on 
Wednesday, February 23, in the physical laboratory of 
the Manchester University, the president, Mr. H. Mellish, 
occupying the chair. Dr. Hopkinson, the vice-chancellor, 
exp’ the preteation the University felt at receiving 
the fellows of the Society, whose work appealed to 
no even to the non-scientific members of the Uni- 
versity. 

The first paper, read by Dr. W. Makower, was on the 
** Investigation of the Electrical State of the Upper Atmos- 
phere made at the Howard Estate Observatory, Glossop,” 
and was the joint work of himself, Mr. A. J. Makower, 
and Miss Margaret White. 

Mr. A. W. Harwood read a paper on ‘‘ The Results of 
Twenty Five Registering Balloon Ascents made from Man- 
chester on June 2 to3 last.” These were sent up at in- 
tervals of one hour, and some extremely interesting and 
valuable results were obtained from them. An animated 
disoussion followed the reading of these papers. 

Messrs. R. G. K. Lempfert and R. Corless read a joint 
pow on ** Line Squadls and Associated Phe “6 

e discussion on this paper was deferred to the meeting 
of the Society in London on April 20. 








Matiet Compounp Locomorives.— The American 
Locomotive Company, New York, whose London offices 
are at 26,- Victoria-street, Westminster, S.W., have 
recently issued the first of a new series of pamphlets. 
This number is devoted to Mallet articulated compound 
locomotives, which have been developed to so great an 
extent in the United States in recent years. Although 
long used on the Continent ef Europe, it was not until 
1904 that this type was introduced in a practical way on 
the United States railroads. The American Locomotive 
Company had the honour of building the first heav 
engine in America, on the Mallet principle, a type whic’ 
has now reached a development undreamt of a tow short 
years ago. The utility of these engines, under many of the 
conditions of rail work to be met with in America, is 
now well acknowledged, and these conditions are not 
infrequently such that their employment greatly facilitates 
the handling of traffic. The pamphlet gives the principal 
particulars, and illustrations of a number of these engines, 
including locomotives built, or building, for the Erie 
Rail ; the Baltimore and Ohio; the Denver, North- 
Western, and Pacific; the Central South African Rail- 
ways; Central Railway of Brazil; Eastern Railway of 
France; Delaware and Hudson; and the Boston and 
Albany Railroads, &c. Not the least interesting informa- 
tion furnished is the hauling capacity, tabulated for 
various grades. 





THe AMALGALINE Process or Jomsinc Mertats.—A 
new process om J an important bearing on the joining 
of lead-work used for certain purposes, such as piping, 
electric cables, roofs, &c., is now finding a very extended 
application. It depends on the insertion between the 
surfaces of thin metallic ribbon, called *‘amalgaline,” 
which has been treated with a composition to prevent 
the formation of oxide between ‘the parts to be joined 
before heat is applied. It is claimed that its use 
will supersede } burning and wiped joints, as - 
ducing stronger and more economi work, Th 
ribbon is only 0.05 millimetre thick, and its action on 
metals is such that, on the application of heat, the 
ribbon melts at a lower temperature than the metals 
acted upon, which then amalgamate at a lower tem- 

rature than their normal melting-point. This action 
is not that of ordinary solder, and it is claimed that 
by intermolecular absorption, a small ey ! of ‘‘amal- 
gerd ” is dissipated im the body of the lead, which, 

y reason of this absorption, becomes stronger at the 
junction than elsewhere.. This increase in strength 

as been proved by careful tests. When it is required 
to join pipes, a simple little tool is used, which cuts 
the ends of the tube to fit in the form of spigot and 
socket or coned joint; each end is cut by simply revers- 
ing the tool, and each tool is supplied with three cutters, 
which fit on to the tool-mandrel, The tool, whose 
mandrel is 4 in. in diameter, has cutters to take }-in., 
1-in., and 1}-in. pipes, which are standard pipes in use. 
We have seen a | pipe joined by this method, and 
tested to 200 Ib. ra square inch, without any signs of 
leakage. After this, one end of the pipe was fixed ina 
vice, and the pipe was then twisted intoa corkscrew form 
at the joint, at which point it was bent over to an angle 
of about 90 deg. 5 it was again tested by hydraulic 
pressure to 200 lb. per square inch, when it showed no 
signs of leakage. After this rough treatment the joint 
was cut through longitudinally with a saw, and the union 
of the two pieces could not be seen. Brass and copper 
unions taps, &c., are easily joined to lead pipes by this 
method, the heat being applied to the metal having the 
higher fusing temperature. Very good work can be done 
by means of “amalgaline” in fixing lead flan on lead 
pipes for bilge and other pipes for ship work. Special 
moulds of cast iron are made to suit the size of the pipe 
The end of the pipe with a stripof ‘‘ amalgaline” 
wrapped round it is inserted into the mould and the lead 
flange is cast round this, the joint between the two being 

ect. When — electric cables a piece of ‘‘ amalga- 
fine” is wrap round the lead covering of the cable. A 
lead sleeve is then slip over the cable and dressed 
down to fit. Heat is then applied and the joint made. 
We understand that there is to be a special show of 
samples of work done by this process at the forthcoming 
Building Trades’ Exhibition to be held at Manchester. 
At present these samples are on view at the company’s 
premises, Adelphi House, 71 and 72, Strand. 
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THE PANAMA CANAL. 


A General Description of the Engineering and Construc- 
tional Featurcs of the Panama Canal.* 

By Grorce W. Gortuas, Chairman and Chief 
Engineer, Isthmian Canal Commission. 
(Continued from page 241.) 

Tue locks are in pairs, so that if any lock is out of ser- 
vice, navigation will not be interrupted (Figs. 29 and 30). 
Thus also, when all the locks are in use, the pee of 
shipping will be expedited by using one set of locks for 
the ascent, and the other for the descent. The locks 
are 110 ft. wide, and have usable lengths of 1000 ft. The 
locks in each pair are separated by a wall 60 ft. thick. 
It will not be possible here to discuss the considerations 
which led to the finally adopted lock designs ; the plans 
must be accepted, and the conclusions reached follow from 
a general description of them, leaving for subsequent 
publication a complete and full discussion of the entire 
subject ; this is equally applicable to the lock- gates and 
all appurtenances. , 

The system of filling adopted consists of a culvert in 
each side-wall, 254 square feet in area, equivalent toa circle 
18 ft. in diameter, closed by sliding-valves of the Stoney 
type at points indicated; the gates move on frames of 
live rollers, so as to reduce friction. As most of the 
valves operate under a head of 60 ft., and must remain 
tight under a head of 80 ft., the culvert is divided at the 
valves into two equal parts by a central pier, each of the 
halves being controlled by asingle valve. The waterway 
enclosed by each valve is 8 ft. wide by 18 ft. high, the 
valve itself being 200 square feet in area over all. The 
main culverts feed the lock through laterals, spaced 72 ft. 
centres, running under the floor and perpendicular to the 
axis of the lock; openings from the laterals, upward, 
18-ft. centres, feed into the lock-chamber. This system 
distributes the water as evenly as possible over the entire 
horizontal area of the lock, and reduces the disturbance 





in the chamber when the latter is filled or emptied 


less by its recesses than by those of the curved gate—a 
point of much importance where such high walls are 
necessary. 

The gates vary in height from 45 ft. 7 in. to 79 ft., the 
length of each leaf being about 65 ft. The main members 
will be horizontal frames of plate-girder construction, 
riveted steel mitre and quoin-posts, a system of heavy 
vertical frame and sheathing-plates stiffened by vertical 
intercostals which carry the water load to the horizontal 
frames. The horizontal girders are spaced from 3 ft. 8 in. 
to 5 ft. apart, this epee | — accordance with econo- 
mical construction at each height, while the smallest will 
admit of easy internal inspection. The various gates, as 
far as possible, are designed in such way as to make the 
top portion of all identical, the difference in height being 
made by using different numbers of the 3-ft. 8-in., 4-ft. 2-in., 
and 5-ft. panels. 

At the mitre and quoin-posts a continuous line of steel 
castings are fitted to the ends of the structural steel, 
serving to transmit the pressure of the gates from one 
leaf to the other, and from the gates to the masonry. The 
bearing-face will be of special nickel steel. At the mitre 
posts those bearing-pieces are convex with a large radius. 
At the quoin-posts the contact is between two curved sur- 
faces, the bearing-pieces in the masonry being concave, 
while a convex bearing-face is fastened to the a 
The reaction castings in the hollow quoin will be em- 
bedded in the concrete; they are of steel, and vary in 


width from the top to the bottom in accordance with the | 


hydrostatic head. The pressure on the concrete will not 
exceed 450 lb. per square inch under ordinary conditions. 

The sills fastened to the masonry will consist of 12-in. 
by 14-in. timbers, and ample steel reinforcement will be 
embedded in the concrete of the wall for transferring the 
si]l pressures to the masses of oy below. The re- 
actions that will come against the sill and against the 
hollow quoin depend very largely upon the adjustment of 
the gates and sills, and the distribution of such reaction, 
and consequently all of the stresses throughout the gate 
have been made the subject of careful consideration. As 
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uickly. The combined area of the laterals is about 
our-thirds, and the openings into the lock-chambers twice 
the area of the main culvert. 

The middle wall contains a single culvert of the same 
area as those in the side walls, which feeds in both direc- 
tions through laterals controlled by cylindrical valves 
designed to operate against a head from either direction. 
Thus, when the sliding-valves in the middle culvert are 
opened, the water will be directed to either side at will by 
proper manipulation of the cylindrical valves. There is 
also a communication between the chambers of twin 
locks, afforded by the laterals and controlled by means of 
the cylindrical valves, permitting the water, if desired, to 
pass from one lock to the other. In this way a large 
saving of water can be effected. 


Assuming a difference in head of 30 ft., and applying | 500,000 


to the theoretical velocity the empiric coefficient used by 
the Deep Waterways Board, the largest lock can be filled 
in 15 minutes 42 seconds using one culvert, and 7 minutes 
51 seconds when both culverts are used. In both these 
cases it is probable that the = of filling at the begin- 
ning would be too great, for Mr. Welcker, on ex- 
yeriments with harbour docks in Holland, stated that 
arge sea-going vessels would not permit more rapid fill- 
ing than 1.5 ft. per minute. This rate can be easily 
attained, however, by using only a portion of the area of 
the culverts. The times given apply equally to emptying 
the lowest lock in the flight and to filling the highest, the 
head of 30 ft.. being assumed in each case. For an 
interior lock of the flight the conditions are different, 
since the initial head is two lifts instead of one. 

The gates (Figs. 31 to 34) are to be of the mitering type, 
with double leaves. To determine the most desirable shape 
of leaf and sill angle a study was made of a number of leaves 
of different shapes with different angles, and consideration 

iven to the following elements entering the problem :— 

he weight and cost of the different shaped leaves, their 
relative rigidity, ease and accuracy of construction, adap- 
tability for transportation by land and sea, cost ands 
of erection, accessibility for future inspection and repair, 
effects on masonry of walls and floor, and the question of 
operation, including the relative cost of manipulation and 
ability to withstand shocks. As ‘he result of the studies, 
the angle of the sill is fixed at 26 deg. 33 min. 54 sec., cor- 
responding to a rise of the sill st its centre equal to a 
quarter of the clear space of the lock. 

The outline of the gate-leaf in plan is rectangular, 
except towards the ends, where the up-stream face is 
curved so as to reduce its thickness at the quoin and 
mitre-posts to a width of 2 ft.; the middle width is 7 ft. 
between the sheathing-plates. This shape and thickness 
were found to be more economical than any other for all 
gates, although one so curved that its centre line would 
correspond to a circle | through the centre of the 
quoin and mitre-posts would weigh less. The straight 
gate, however, has other advantages in construction and 
operation, and the thickness of the middle wall is reduced 











* Paper read before the Engineering Section of the 
British Association at Winnipeg, 


the result of this study, the gate, and also the reaction 
castings in the hollow quoin, are designed to withstand the 
full presure coming on them when there is no contact of 
the gate against the sill. 

The leaf is supported on a hemispherical wrought-steel 
pintle, 16 in. in diameter at the lower end of the quoin- 
posts, while the top of the gate is fastened to the heavy 
anchor-casting at the upper end of the hollow quoin. 
The anchor casting is secured to a longitudinal and a 
transverse system of anchors. The longitudinal system 
is subjected to tension only. The transverse system has 
to withstand an alternating stress of tension and com- 
pression, and is designed to take care of both stresses. 
Che anchors are carried a sufficient depth into the con- 
crete, making them secure against the maximum pull of 
500, lb. which will be exerted when the gates are 
swung in the dry. The stresses in the steel-work of the 
gates have been limited to 13,000 lb. per square inch of 
steel under an ordinary condition"of every-day operation. 
When the conditions are abnormal, due to pumping-out 
of the luck or the raising of the water surface to the 
coping-level, the stress will never exceed about 15,000 Ib. 
per square inch. While these stresses are low, a larger 
reserve of strength than usual is desired to provide against 
corrosion and shock. 

The material to be used throughout in the structural 
work will be 60,000-lb. open-hearth steel ; steel castings 
will be ordinary standard, with ultimate tensile strength 
of 65,000 Ib, to 70,000 lb.; the bearing-pieces in the mitre- 
posts and quoins will be nickel steel, with about 3) per 
cent. of nickel, of about 85,000 Ib. ultimate strength. Phe 
weight of the gate-leaves varies from 600,000 Ib. to 
1,100,000 Ib. for all parts that revolve upon pintles. To 
relieve the weight under ordinary operation air-chambers 
will be used, occupying about half of the height of the 
gate in the higher gates, thus reducing the working load 
on the pintle to a reasonably moderate amount. The 
upper part of the gate will be a water-chamber, giving 
the necessary balance when the gate is subjected to a 
very high head on the up-stream side, while the water 
stands very near the level of the sill on the down-stream 
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e. 
In all plans for the canal it has been accepted as a 
fundamental feature of design that at each flight of locks 
there must always be two barriers separating the high 
level from the level next below. To carry this out, there- 
fore, there should always be two gates at the upper and 
two gates at the lower end of each of the uppermost locks 
in each flight. A double barrier in the lower locks of 
the flight is not so necessary, since an accident to any of 
the gates would only result in emptying the lock next 
above the damaged gate, and not in forming a connection 


between high level and the level at the bottom. With | 


the upper lock designed with a double barrier, the lower 
barrier is the one most in danger, since it is the one which 
will be approached by the vessel when the lock is full, and 
any blow will be assisted in its destructive effects by the 
water 
vessel from below with the lock empty 


pres3ure against it in aiding to resist the blow, while with ' follow each other at intervals of one hour. 





‘any degree of care vessels will not be allowed to approa«h 
the upper gates from above except when the lower gates 
; are closed and the safety of the lock assured. 
| The best arrangement for the lower barrier appear: «| 
to be a horizontal rolling-gate, moving in and out of 
|recess above the mitering-gates, designed to resist the 
|impact of a vessel only, and not, in addition, the wate: 
| pressure, which was to be taken entirely by the mitr 
| gates below it. A design was prepared for a gate tha 
| would withstand a blow from a 10,000-ton ship moving at 
| the rate of three miles per hour. The excessive cost, con 
sidered in connection with the advantages to be derived, 
‘led to the substitution of a duplicate set of mitre-gates 
|and the adoption of adevice that is employed in Englan. 1, 
|and possibly elsewhere. This consists of a chain placed 
above the lower gates of the upper lock, stretched across 
the lock near the surface of the water, and passed around 
fixed capstans on the lock walls, and offering resistance 
by means of the friction of its turns on the capstan barrel. 

hen not in use the chain lies in a groove in the lock 
floor, and vessels pass directly over it. Such a device 
must be placed some distance above the gate, and results 
in somewhat lengthening the lock. Therefore, in the 
adopted design for the upper locks of the flights, and also 
for the lock at Pedro Miguel, there are two sets of mitre- 
gates at each end of the lock, and achain attached so as 
to be capable of resisting a 10,000-ton ship moving at the 
rate of six miles per hour is placed above the lower barrier 
gate. To reduce the length of the lock, the mitre-sil] of 
the lower of the two upper gates is placed at the same 
reference as the lower si "4 

The b goes of the use of intermediate gates has also 
received consideration. Over 95 per cent. of the vessels 
navigating the high seas are less than 600 ft. in length, 
and this has been taken as the determining factor for the 
location of the intermediate gates, giving usable lengths 
of 550 ft. and 350 ft. They are provided in the upper 
locks of the flights, and the question of their use in the 
lower locks is still under discussion. A saving in water 
would result by their use in all the lock-chambers, but 
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this may not warrant the extra cost. For the protection 
of the intermediate gates against a vessel using the 350-ft. 
length of chamber a chain-barrier is provided. 

Guide-piers in prolongation of the centre-walls of the 
locks will be constructed Both up-stream and down, against 
which vessels will tie before entering the locks. Designs 
for electric towing-machines are being prepared, which, 
in all probability, will be used for towing vessels into and 
controlling them throughout the passage of the locks by 
means of lines or cables from what may be considered the 
four corners of the ship. By requiring vessels to approach 
the locks at a slow rate of speed, by making them stop 
alongside of the guide-piers, and by towing them through, 
thus doing away with the dangers resulting from mis- 
unders' signals or the failure to respond promptly, the 
chances of accident are reduced to a minimum. 

Even so, accidents are possible, and to have ready some 
means of shutting off the water from any connection 
that might be made between the high level and the level 
below any flight, emergency dams are provided. In 
pase terms these consist of swing-bridges, which can 

thrown across the head of the locks, from which wicket 
girders are lowered and supported by the sill at the bottom 
and the horizontal truss work of the bridge at the top. 
These in turn support the so-called gates or paddles which 
are let down the runway formed by the wicket girders. 
These gates as they are lowered in horizontal tiers will 
form submerged weirs or dams, building from the bottom 
of the waterway upward, thus gradually decreasing by 
the height of each paddle both the area of the waterway 
and the head of the stream. Arrangements are made for 
operating the parts of the emergency dam by electric 
power or by hand. : 

It will not be out of place at this point to give considera- 
tion in a general way to the question of the adequacy of 
the water supply to maintain a large commerce through 
the locks. Data bearing on the subject have been col- 
lected for many years, and studied with the greatest care. 
During eight or nine months of the year there is more 
than a sufficient supply for all purposes, but during the 
other four or three months there is practically none, and 
it becomes necessary to store a sufficient quantity during 
the rainy season to supply the needs during the dry 
season. The enormous reservoir of Gatun Lake is avail- 
able for this purpose. The bottom of the canal in the 
summit level is at reference 40, and it is evident that navi- 
gation. with the extreme depths provided of 40 ft. in sea- 
water, can be carried on until the surface of the lake falls 
to reference 81%. As the water surface in the lake is to 
be allowed to rise to reference 87, there is stored availa}: 
for the dry season a little more than 5 ft. Making duc 
allowances for power consumption, evaporation, about 
which data are available, seepage and leakage at tlic 
‘gates, during a dry season of minimum flow, assumed as 
| following the wet season of minimum flow, an average of 
' forty-one passages of the canal per day is possible. In 
the average dry season fifty-eight complete transits of the 





ressure. The upper barrier, if approached by a | canal are possible, or a greater number than the twenty- 
x ioe the water | four hours of the day would permit, allowing vessels to 
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design for the locks as adopted, a certain amount of 
water can be saved at each lockage whenever a vessel does 
not draw the full permissible depth of 40 ft. by cross- | 
filling or emptying through the middle wall. As a con- 
sequence, it can be stated that there will be sufficient 


on the commerce through the ‘‘ Soo,” 


tons per annum. 
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eight complete lockages per day are possible through the | 
Panama Canal, the latter will accommodate 80,000,000 | 


twenty-four lockages per day during the calendar year. | Thus far, of an estimated total of 5,139,304 cubic yards, 
as forty- | 3,728,751 cubic yards have been removed, peny com- 


pleting the cutting to necessary grade so far as the upper- 
most lock is concerned, and the middle lock to 10 ft. above 
the required reference. 
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At Gatun three locks in flight overcome the difference 


res 


Water for as many lockages as the time in the day will 


permit. in level between the lake and sea, and are to be ina cut- 
The traffic of the Suez Canal amounts to about 21,000,000 | ting made in a hili for the purpose (Figs. 35 to 43, 
ross tons per year, carried by about twelve passages per 294). The excavation was made for the most part 


day. The commerce of the American Canal at Saulte Ste. y steam-shovels, and the material carried to the dam and 
Marie, which with its two locks offers the same facilities | to the embankments for the new Panama Railroad in the 
vicinity. A portion of the lowest lock was excavated by 
one of the suction dredgers now at work on the dam. 


as the Panama Canal, amounts to about 40,000,000 tons 


0 


f freight annually during the season of navigation, or 





The rock under the surface soil of red clay consists of 
a stratum of con- 
glomerate composed of pebbles firmly cemented together 
Underlying this is a layer of 
soft sandstone, which changes into a mixture of tufa and 
argillaceous sandstone, the proportion of sandstone in- 
rgillaceous sand- 
The layer of soft sandstone underlies the 
conglomerate throughout the length of the locks, and the 
dip is such that at the upper end it forms the foundation 
of part of the walls (Figs. 44 to 46). Asa rule, it possesses 
sufficient cohesion to be difficult to remove with a pick, 
and blasting was necessary to facilitate excavation. As 
determined by tests, it will bear safely the maximum 
loads that it will have to sustain, but it erodes easily 
under the action of water. Investigation for ground 
water disclosed the facts that it is present under pressure 
throughout the soft sandstone generally ; that its source 
is remote, and considerably higher than the ground on 
which the locks are to be built ; and that it approaches 
the site from the south-east. This water has m pre- 
sent for ages, probably, and has caused no bad effecte, 
and there is no reason to believe that in itself it can be a 
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soesse of sny danger to the sevelting structere. What | floor Se ge extends from the sill of the upper gates to|of French rails are used throughout the upper lock 
effect the head due to the lake will have makes the | the sill of the intermediate gates. The lateral culverts in (Fig. 35). 

problem uncertain, and necessitates means for the - | thissection of the i poe locks will be built in the floor, so o reduce to a minimum the amount of flow that now 
tection of the floors and of the foundations of the wal | as to allow 3.5 ft. of concrete under the culvert and 3 ft. | passes through the soft sandstone from the hills on the 


The lower argillaceous sandstone is firm, compact, and | over it. The thickness of the floor could be materially | east, and also such as may result from the lake, curtain 
impervious to water, continuous, as shown by ko inven reduced by the use of reinforcement, but the construc- | walls of concrete, 6 ft. thick, and extending from 8 ft. to 
tigations for upwards of 100 ft. below sea-level. A tion of culverts and cost of reinforcement, compared | 18 ft. below sea-level, depending upon the depth of the 
thickness of not less than 20 ft. of good rock overlies the | with the 13-ft. thickness, led to the design adopted. | firm underlying argillaceous sandstone, are to be con. 
soft sandstone below the intermediate gates of the upper | It was originally intended to make the floor of the} structed across the lock under the sill of the emergeucy 


Fig.35. secrio 
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locks, and this thickness is sufficient to withstand an up-| forebay relatively thin—i.e., with a thickness of 8 ft., | dam, and longitudinally on either side of the lock down 
ward pressure due to the maximum lake head. An and to load this floor with large rock paved on the| to the lower end of the intermediate gate abutments. 
old French rail let into the soft sandstone to a depth of | upper surface to elevation 35. Construction diffi- | The excavation for these curtain walls is made by channel- 
10 ft., and imbedded in concrete, developed a holding culties in laying the stone, necessitating special ap-| ing-machines and by hand (Fig. 47). Additional pre- 
power in excess of 237,750 Ib., at which gems the appa- | pliances, added to the cost of getting the rock to the | cautions are to be taken by providing a system of sumps 
ratus used reached its limit. There is a supply of site, led to the use of concrete, and from the sill of the | under the floors with tell-tales in the walls, so thet the 
this rail on hand available for anchorages. e uplifti emergency dam to the first mitre sill of the lock the | pressure that may be exerted under the floors can be 
tendency that may be developed due to the lake h thickness is to be 20 ft. Below the intermediate gates | watched and relieved if necessary. 


y , 
will be overcome by floors of concrete 13 ft. thick, | the laterals will be trenched in the rock, and between| Thel ocks are to be built of concrete throughout : the 
approximately every 6 ft. Such | them the thickness of floor will be 4 ft. Anchors | broken stone, quarried at and transported from Porte 


anchored by the 
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Bello, about {20 miles east Colon, is*a heavy" variety of 
hard trap. Sand is procured from Nombre de Dios, about 
90 miles farther to the east. Both are transported direct 
to Gatun, through the old French canal—which was 
dredged of then existing rock-ledges and accumulated 


pose a pump was installed capable of delivering 1500 
gallons of water per minute against a total head of 
460 ft. Tripod pneumatic drills work on a face 20 ft. high. 
The holes to this depth are spaced approximately 10 ft. 
apart, and the charge in each ave 50 Ib. of 60 per 


deposits for Cees en having a capacity | cent. dynamite. After blasting, the rock is loaded on 
of 600 cubic yards. For this service of stone and sand | steel side-dump cars, and hauled to the crushers by 
fourteen barges and three tugs are provided. It is this | 35-ton locomotives, where it is dumped. 

sand and stone which is being used in the spillway floor} The plant consists of two No. 9 crushers, which deliver 





and walls. into a revolving screen 48 in. by 12 ft. The pieces falling 


x- Construction Plant 





is anticipated that when the concreting plant is operati: 
at full capacity 2400 cubic yards of stone will be requi 
daily, and the equipment is ample for the purpose. 

e sand is removed to a by ad r, at present 
of the dipper type, and also by a clam-shell bucket ope- 
rated from a crane or derrick; but these are to be replaced 
by a double-ended clam-shell dredger. The Portland 
cement is brought from New York and distributed by 
barges to Gatun, and by cars to Miraflores. 





All material taken to Gatun in barges is landed at 
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Fic. 47. Rock CHANNELLER For CurTatN Watts or Locks. 


_Porto Bello Harbourtis so situated, and the ’configura- | through pass by means of a conveyor to the bins. The 
tion of the adjoining land such, that it is completely | larger pieces are carried by chutes to No. 6 crushers, of 
sheltered from prevailing winds and storms. The quarry | which there are six. A double transmitting pan-conveyor 
is opened on a hill rising abruptly on the north side of | takes the product of the crushers to a hopper beneath the 
the harbour, and offers a supply of rock and stone for all| shipping bins. This hopper empties into a double 

urposes. The quarry occupies 3500 ft. of the face | distributing bucket-conveyor, which elevates the stone 

tween elevations 85 and 260, and a series of switch- | and delivers it by means of trippers at points desired in 
backs have been graded for a railway of 42-in. gauge, on the bins. The stone passes from the bins to barges by 
gravity. A machine - shop has been erected, and is 

uipped, for making repairs to any part of the plant. 

e run of the crushers will be used for the concrete. It 


— to transport stone to the crushers. The crushers | 
ceive 


The 


their material on the lower, or 85-ft., level | 
quarry was stripped hydraulically, for which pur- | 
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unloading docks conveniently located on the old east 
diversion, to which a channel from the French canal was 
excavated by dredgers. The east dock is enclosed, form- 
ing the cement store-house ; its floor dimensions are 106 ft. 
by 490 ft. The roof projects 35 ft. beyond the face of the 
dock, affording some protection against the rains. The 
building is divided into ten bays, in each of which will 
operate, entirely across the building, a 2-ton travelling- 
crane, worked by electric motors. In the rear of the 
building thirty cement hoppers are placed in the floors and 
covered with steel screens. The cement will be delivered 
through these hoppers into cars running on a track below 
the floor. Along the back wall of the shed a link-chain 
flat refuse-conveyor is installed, discharging into a brick- 
pit where barrels are to be burned, or in case the cement 
is in bags this same arrangement will carry them to 


storage. ’ 

Grab-buckets operated by cableways remove the sand 
and stone from moored against the west dock, and 
deliver the materials in stock piles (Figs. 48 and 49). The 
towers of the cableways are of steel, 85 ft. high and 800 ft. 
apart hey are mounted on cars which enable move- 
ment at right angles to the line of the cable. One single 
and two duplex cableways are provided, each of the latter 
having two complete and independent cableway systems. 
The cableways are equip with five 70-cubie-foot self- 
digging grab-buckets, each having an independent run 
from the wy to the stock pile. The entire operation 
is controlled by one operator for each cable, stationed in 
one of the towers. The cableways are electrically driven 
by two 150-horse-power direct-current motors for each 
bucket, designed to give a hoisting speed of 300 ft. to 
350 ft. per minute, and a conveying speed of 1600 ft. to 
2400 ft. per minute. The brakes are controlled by air 
supplied by electrically-driven automatic air - com- 
pressors placed in each head-tower. The cableways are 
moved along the tracks by motors direct connected to 
winches, on which are wound steel cables between the 
rails. 

This unloading plant is expected to pee in the stock 
pile from the barges from 300 to 400 cubic yards of stone 
or sand per hour. The yard reserved for the stock piles 
will permit the storage of about 200,000 cubic of 
rock and 100,000 cubic yards of sand, the intention being to 
have a reserve, so that concreting may be continued durin 
any interruption of supply from the ual or sand- 
bank. Two tunnels run north and south under the stock 
piles, through the top of which are hoppers for supplying 
the stone and sand to cars. 

To transport the cement, sand, and stone tothe mixers, 
a double-track electric railway, third-rail system, is in- 
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stalled. The road runs under the cement shed, then 
single track through each tunnel under the sand and stone 
piles, joining after leaving the tunnels and extending to 
the mixer-house, through which recourse is had to single 
track over the hoppers feeding the mixers ; then double- 
track to the cement-shed. he gauge is 24in. Under 
ordinary conditions one track alone will be used, operat- 
ing thirty to forty cars. Over the larger part of this 
track will be handled materials for over 2,000,000 cubic 

ards of concrete. The rail is 30-lb. standard section, 
Taid on steel ties, and the road-bed is ballasted with 6 in. 
to 9 in. of crushed stone. 

The cars are of steel with hinged side doors, and 
bottoms inclined outward at an angle of 52 deg. from 
horizontal. Each car is 4 ft. 9in. wide, 11 ft. long over 
all, and 5 ft. 8in. high over all; a steel partition divides 
it into compartments, one for rock and cement, and one 
for sand. The car starts at the cement shed, where it 
receives two barrels of cement, thence runs through one 
of the tunnels, receiving a full charge of stone and sand 
in the proper compartments, and proceeds to deliver its 
load in the proper mixer hopper. The cars are operated 
electrically by two constant-speed alternating-current 
motors mounted on the forward and back trucks of the 
car, and chain-geared to the axles. The current is sup- 
plied by collector rails of the inverted type, laid in the 
centre of the track. The normal speed will be 300 ft. to 
325 ft. per minute on all grades, the start a by 
a knife-switch placed on the forward and back ends of 
each car. The car will go in either direction, and is 
equipped with solenoid brakes to prevent runaways in 
case of break in the current. As the cars travel auto- 
matically, eachis equipped with special extension bumpers, 
front and rear, which by contact interrupt the current of 
the motor, causing the solenoid brakes to act and stop 
the car. By ‘this means it is expected to reduce the 
dangers from collisions. 

The concrete-mixers are the cubical type, each having 
a capacity of 64 cubic feet. There are eight of them, all 
mounted in one building on the west side of the lock site, 
arranged so that four dump in one direction, and the other 
four directly opposite, thus allowing two tracks under 
the mixers. They are operated in sets of two machines, 
each set driven by an induction motor direct connected 
to the main shaft ; each mixer is belt-driven from the 
main shaft by tight and loose pulleys. Each mixer 
receives its charge through a hopper equipped with a 
segmental valve operated by a lever. By means of an 
automatic measuring-tank, specially arranged and de- 
signed, the required amount of water by measurement is 
delivered to the mixer by pulling a lever. When the 
materials are mixed the operation of another lever dumps 
the batch into a car below. 

A four-track electric railway, third-rail system, operates 
the length of the locks, and carries the concrete from the 
mixers to the cableways over the locks, by which itis placed. 
The track is 36-in. gauge, laid with standard section rails 
on crensoted ties, and heavily ballasted. The equipment 
for this road consists of twelve electric four-wheel mine- 
locomotive-type engines, designed to handle full loads at 
10 miles per hour on a maximum grade of 2.1 per cent., 
and twenty-four flat cars fitted with automatic couplers, 
each designed to carry a 2-yard concrete bucket. Two 
charges of concrete are taken by each train and carried 
to the cableways. 

Four 6-ton duplex cableways span the locks from steel 
towers 85 ft. high and 800 ft. apart, similar in design and 
construction, and with the same speed limits of operation, 
as the unloading cableways (Fig. 49). They will operate 
parallel to the lock-walls; the hoisting tackle will have 
a total lift of 175 ft., and a load-line of 670 ft. They will 
be used to deliver concrete to the walls and floors, or in 
removing materials from the ar Provision is made 
for remote control along the cableways to be operated 
from the top of the wall forms, if this is found to be 
advantageous. The forms are to be of steel, and for the 
straight portion of the walls so designed as to permit 
construction of monoliths 36 ft. in length, extending from 
the floor to the top of the walls. The forms for the main 
and lateral culverts will be built of steel, in sections, so 
designed as to permit of easy removal. 

The construction plant for the Gatun locks is practically 
installed, and the unloading cableways are in operation. 
Because of the change in the location of the Pacific locks, 
the construction plant for the locks at Pedro Miguel and 
Miraflores, while under contract, is not as yet delivered. 
The construction machinery at both ends of the canal is 
to be operated electrically, and the power plants at Gatun 
and Miraflores are identical. The former is ina temporary 
structure, to be subsequently loca in a permanent 

wer-house at the spillway ; the latter, however, is to be 
installed in a reinforced-concrete structure, and in its 
permanent location. On the completion of the canal, as 
the locks are to be operated electrically throughout, it is 
expected that current will be furnished by the plant at 
Gatun, that at Miraflores to be held in reserve in case of 
a shut-down of the former for ar y cause, or to augment its 
current. 

The prime movers consist of three 1500-kilowatt turbo- 

merators ; the turbines will run at a speed of 1500 revo- 
utions per minute, under working steam pressure of 
175 lb., with superheat at 150 deg. Fahr. Each generator 
is a 2200-volt three-phase Y-connected 25-cycle alternator, 
with revolving field separately excited. There are two 
turbo-generator 35-kilowatt exciters operating at 125 
volts; one motor -generator exciter, 30 kilowatts, two 
2500 and one 300-kilowatt rotary converters operating on 25 
cycles from 500 to 600 volts ; six 185-kilowatt and three 110- 
kilowatt 2200-volt transformers, air-cooled; three 100- 
kilowatt 2200 to 6600-volt transformers, oil-cooled ; three- 
panel controlling switchboard ; five-panel exciter-board ; 
and a seven-panel 500-volt direct-current board. The 
boiler plant consists of six 400-horse-power water-tube 





boilers, arranged in batteries of two, equipped with super- 
heaters and oil-burners. Each boiler : guaran to 
evaporate 17,000 lb. of water per hour from feed-water at 
a temperature of 210 deg. Fahr., and 205 lb. absolute and 
150 deg. superheat. The boilers will be operated under 
induced draught, the equipment for which consists of three- 
quarter-housed-type Sturtevant fans, driven by one motor 
and one vertical engine. 


(To be continued.) 








Our Raits ABproap.—The new year has commenced in 
a fairly satisfactory fashion as regards British rail exports, 
the shipments for January having been 38,394 tons, as 
compared with 36,340 tons in January, 1909, and 27,383 
tons in January, 1908. Argentina took 8127 tons of 
British rails in January, as compared with 12,155 tons 
and 7973 tons. The colonial demand was as follows :— 


Jan., 1910. Jan., 1909. Jan., 19C8. 
Tons. Tons. Tons. 
British South Africa 2,575 5 Nil 
British India .. ; 11,969 14,542 8791 
Australasia .. at 3,610 680 4602 
Canada 1,260 37 75 


The most satisfactory feature indicated by this com- 
parison is the revival of the South African demand. 





Catcrum CARBIDE IN AusTRALIA.—At the Farada 
Society, Mr. E. Kilburn Scott, M.I.E.E., exhibited, 
recently, a ‘‘ gas-pressure sprayer worked with calcium 
carbide.” The use ofj calcium carbide in Australia, Mr. 
Scott stated, had very rapidly increased to more than 
30,000 tons annually during the three years that he had 
spent in the country. The carbide was much in demand 
for lighting the houses of the squatters, and very few 
accidents occurred on these plants, and further for spray- 
ing gay in order to extirpate the insects which 
infes the orchards. The Tyree sprayer shown 
was made for 5, 15, and 18 gallons; the small 
5-gallon sprayer could be carried by a man. The 
apparatus consisted of two vessels, made of black iron, 
strapped ther and joined by pipes. The one vessel 
contained the carbide receptacle, on which water was 
allowed to drop, the generated acetylene entered the 
other vessel, containing the emulsion to be applied, 
which was forced out under a pressure of up to 
100 lb. through the spraying-nozzle. About 6000 of 
these apparatus were in use for many purposes, for 
spraying fruit-trees, for disinfecting boats and stores, 
for applying whitewash and paints, for killing dan- 
gerous weeds, like the very common prickly pear, 
and even for washing cattle, which could not be 
dipped like sheep. Carbide works were planned near 
Cairns, in Queensland, where the Barron Fall, about 
1000 ft. high, made something like 10,000 horse-power 
available. This weterfall was near the coast ; anthracite, 
—_ rich in ashes, was found in the district, and lime 
could be obtained from the corals of the Barrier Reef, 
which skirts the North-East Coast of Australia, or from 
the quarries which supplied the Mount Morgan Mines 
further south. 


Mouristoc Partition-SiaBs.—These slabs, which are 
now being made in large quantities by Muribloc (Par- 
tition Slabs), Limited, Prince’s Wharf, Wandsworth, 
S.W., are moulded and pressed entirely by machinery ; 
in fact, they are, we believe, the only partition-slabs that 
are machine-made. Only clean crushed clinker and 
Portland cement are w in their manufacture, in the 

roportion of eight parts of clinker to one part of 

ortland cement, the whole of the crushed clinker bein 
through a }-in. mesh. The materials are mix 
dry in a Ransome’s mixer, the water then being added. 
after which the mixing continues for about three 
minutes. The materials then pass to the press, being 
deposited on a board within a sort of mould on a table. 
A flat plate actuated by gearing is forced across the 
materials, consolidating them by bringing pressure to 
bear in a direction at right angles to the faces of the 
slab, after which a pressure of about 70 Ib. per square 
inch is put on the slab sideways. At the same time, 
it is pierced with a number of rods, which pass right 
through the slab in a direction parallel to the faces, 
the rods acting with the flat plate described. The holes 
left when the rods are withdrawn lighten the slab. On 
leaving the machine the slabs, still on the board on which 
they were formed, are piled in a horizontal position, one 
above the other, in a shed, and are allowed to remain on 
their boards for seven days, during which time they are 
kept damp by means of exhaust steam from the engine. 
At the end of the seven days the slabs are removed from 
the boards, and are allowed to dry for twenty-one days, 
when they are ready for use. They are made all one 
size superficially—namely, 27 in. by 15 in., but are made 
in three thicknesses, depending on the purpose to which 
they are to be put. These thicknesses are 2} in., 3} in., 
and 4} in. Nails can be driven into them, and they will 
hold screws, which is a distinct advantage where 
partition-walls are concerned. Other advantages are 
that mer oe fire-resisting and do not readily transmit 
sound. ey are also made very cheaply, being ver 
rapidly moulded, each machine turning out one sla 
about every 45 seconds while at work. A special point 
about the machines is that they form the slabs with a 
round feather and groove on the edges to form a key. 
This is done simultaneously on all four sides, which, we 
believe, has never been done by any machine before. 
Muribloc slabs have been tested, and have been found 
to possess a crushing — of 28 tons per square foot. 
They can be used either for partitions or for the outer 
walls of small houses, 





FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineering 
projects, for several of which tenders are asked. Further 
data concerning these can be obtained from the Commer- 
cia] Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, E.C. 

Victoria : With reference to the construction of a rail- 
way in East Gippsland, H.M. Trade Commissioner for 
Australia has forwarded an extract from the Argus re- 
pes that the construction of this line was sanctioned 

y the Victorian Parliament last session. The con. 
struction was also authorised of a railway from 
Gheringhap, on the Geelong-Ballarat line, to Maroona, 
on the Ararat-Hamilton line. The length of this railway 
will be 100 miles, and the cost of construction is estimated 
at 418, 2700. 

Transvaal: The Imperial Trade Correspondent at 
Johannesburg reports that tenders are invited by the 
Central South African Railways for the supply of steel 
rails (45 lb. per yard) and fastenings. Tenders will be re- 
ceived bythe Secretary to the Tender Board, Central South 
African Railways, Johannesburg, up to noon on April 12. 

Belgium: According to the Moniteur Belge, tenders are 
invited for the carrying out of works for improving (1) the 
River Rupel between Wintham and its junction with the 
Scheldt, and (2) the right bank of the Scheldt. The cost 
of the work is estimated at 2,125,000 francs (85,000/.), and 
a deposit of 100,000 francs (4000/.) will be required to 
qualify any tender. Tenders, which will be opened on 
April 18, should be addressed to the Direction du 
Service Spécial de l’Escaut Maritime, Antwerp. 

Italy: With reference to the execution of works in 
connection with the enlargement of the Port of Viareggio, 
the Gazzetta Ufficiale (Rome) notifies that, no award 
having been made in respect of this competition, tenders 
are again invited, and will be opened at 10 a.m. on 
March 14. The upset price is put at 920,200 lire (36,808/.). 
It is probable that the above contract will be awarded to 
an Italian firm ; the carrying out of the work may involve 
the purchase of some materials out of Italy. 

Spain : The Direccién General'de Obras Piiblicas invite 
plans and tenders for the construction of a bridge across 
the River Vinalopé, at Elche. In making their plans, 
contractors are free to propose any system and any kind 
of material which they may deem suitable. To qualify 
any tender a provisional deposit of 5000 pesetas (about 
1801.) will be required, to be increased by the successful 
tenderer to 10 per cent. of the accepted contract price. 
Tenders will be admitted up to 1 p.m. on April 29, at the 
Negociado de Construccién de Carreteras, Direccidén 
General de Obras Piiblicas, Madrid, to which address 
they should accordingly be sent, in sealed envelopes. Local 
representation is necessary. The Gacetade Madrid contains 
a notice authorising Sefiores Hijos de Vazquez Lépez to 
occupy the land necessary for the purpose of building a 
private railway from the La Joya mine to the Tamujoso 
siding on the Zafra-Huelva Railway. 

Portugal: The Handelsberichten (The Hague) notifies, 
on the authority of the Dutch Representative at Lisbon, 
that the Portuguese Legislature have instructed a special 
committee to draw up complete plans for improving the 
River Douro, which will involve harbour works at 
Leixoes, and also to draw up plans for the most suitable 
route for joining Leixoes to Oporto by railway. It appears 
that plans and specifications connected with the above 
scheme were drawn up some years ago, and it is not im- 
probable, continues the report, that these same plans and 
specifications will be taken as the basis for the present 
investigations. 

Morocco: H.M. Minister at Tangier reports that 
tenders are invited by the Special Committee of Public 
Works for the construction of roads at Tangier 2151 
metres (about 2345 yards) long. The estimated cost of 
the work is 45,000 francs (1800/.) ; a deposit of 400 francs 
(162.) will be uired with each tender, to be increased 
by the successful tenderer to 1800 francs (72/.). Tenders 
will be received by the President of the Special Com- 
mittee of Public Works, Dar En-Niaba, Tangier, up to 
10a.m. on May 19. The contractor must have a resident 
agent in the neighbourhood of the works. 

Argentine Republic.— The Boletin Oficial publishes a 
decree approving the plans and estimate of 2,579,785 

tas gold (about 516,000/.) prepared by the Direccion 
neral de Ferrocarriles relative to the construction of the 
Puerto Deseado-Lago Buenos Aires line up to the point 
where it joins the line which runs from San Antonio to 
Lake Nahuel Huapi. The cost of construction, on the 
basis of the above estimate, works out at 21,200 pesos per 
kilometre (about 6830/. per mile). 

The same journal contains a decree approving the plans 
and estimate of 1,082,753 currency (about 95,000/.), 
submitted by the Direccién General de Irragacion, for 
the execution of irrigation works in the neighbourhood of 
the River del Valle, in the Department of Valle Viejo, 
Banda de Varela, Chacarita and Piedra Blanca (Province 
of Catamarca). The Direccion are authorised to invite 
tenders for the work in question. 

Bulgaria; Tenders are invited by the Director-General 
of the Bulgarian State Railways for the supply of 556 
wagons of various kinds. Tenders will be received up to 
9 a.m. on March 5 and 18 at the Kanzlei der Kreis-Finanz- 
Verwaltung, Sofia. The upset price is fixed at 1,736,000 
francs (69,4407. ) 








KALENDER FUR BETRIEBSBEAMTE ELEKTR. BAHNEN, 
1910.—This is a German pocket-diary, edited by Engineer 
A. Ertel, and published at the price of 1.25 marks, by 
M. Aleff, Elberfeld, Rhine province, Germany, for tle 
use of engineers and drivers of street tramways. It con- 
tains general illustrated information on electric power 
stations, mains, track, rolling-stock, workshops, and on 
the working of tramways: 
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WORKMEN’S COMPENSATION CASES. 
Court oF APPEAL. 


Suspensory Order.—On February 7 the Court of Appeal 
heard the appeal of applicants from an award of the 
Liverpool County Court Judge in the case of Griga v. 
Owners of the ship Heralda. 

Griga is a seaman who met with an accident on board 
the Heralda which caused rupture. Compensation was 
not awarded, but the medical referee said that if the man 
wore a truss he would be fit for work. The County Court 
Judge ought, <a to the Act, to have made at least 
a suspensory order, and this the Court of Appeal was now 
asked for, and the order was granted. In this case the 
County Court Judge found that as the man was fit for 
work at the moment of theapplication, there was nocom- 
pensation due, but he had not before him the precedent 
in the case of Tynron ». Morgan, which decided that, in 
cases like rupture, it was necessary, when there was no 
physical incapacity at the time of application, that there 
should be a suspensory order made of the nominal sum of 
one penny a week, so as to keep alive the applicant’s 
claim in the event of any serious results following. 

Unexplained Cause of Death at Sea.—A not uncommon 
yroblem in the law of workmen’s compensation is that re- 
fating to the claim of dependants of a seaman who dies 
at sea or meets his end by some mysterious and unex- 
plained cause. _ 

The case of Rice v. the Owners of the s.s. Swansea Vale, 
on February 9, illustrates the attitude of the judges of 
the High Courts in such cases. The dependants of an 
officer of the above-named steamship were at Swansea 
County Court awarded compensation for his death by an 
accident arising out of and in the course of his employ- 
ment, and the owners appealed on the ground that there 
was no evidence to show how the unfortunate man did meet 
with his death. He had been ailing and was given medicine 
on the day he disappeared suddenly from his place on the 
deck. He was last seen on duty, and the arbitrator held 
the view that the evidence before him led to the reasonable 
inference that the accident arose out of and in the course 
of the man’s employment. The Court of Appeal, by a 
majority, upheld the award, and dismissed the appeal, 
Lord Justice Buckley alone dissenting. The general rule 
that guides the Court of Appeal in such unusual cases 
seems to be that if an engineer or stoker, or any man 
employed usually below, comes up on deck, where he has 
no business to be, and from there mysteriously disappears, 
the presumption is that when he met his death he was 
not on his recognised duty, and therefore the accident 
could not have happened in the course of his employment. 
In this case of the officer on deck, he was obviously at his 
accustomed duty, and from this evidence it might be 
reasonably inferred that the nature of the accident was 
such as the Act is meant to apply to. 

Minor’s Claim for Compensation.—A novel point as to 
the position of a minor under the Workmen’s Compensa- 
tion Act was before the Court of Appeal on February 8, 
when Messrs. Vickers Sonsand Maxim appealed from the 
award of the County Court Judge of Sheffield, made in 
favour of a young workman named Evans, upon his appli- 
cation, to review the weekly payment previously poe» se 
him in respect of injuries received in an accident in August, 
1908. When he was a minor, his average earnings were 
11. 2s. 8d. a week, and the compensation was fixed at 11s. 4d. 
a week—because, his age having been incorrectly stated, 
he appeared entitled to 50 per cent. of his weekly earn- 
ings at the time of the accident. When he reached the 
age of twenty-one, being still incapacitated, he applied for 
an increase of compensation, which the County Court 
Judge granted him. The ground for askinga review was 
that, being now of full age, he would probably have been 
earning more than 1. 2s. 8d. if he had not been injured. 
As a matter of fact, the young man, while a minor, 
been apprenticed to a skilled trade, and only left it tem- 

rarily, on account of slackness, to work as a labourer at 
Messrs. Vickers. Theemployers, regarding his future earn- 
ing capacity as that of an unskilled labourer merely, denied 
his right to claim compensation on a higher scale, and 
they gave him light employment at his full wages as a 
labourer—1/, 2s, 8d., while a suspensory order kept the 
claim for compensation alive. The Leal ition of a minor 
is defined in Section 1 of the Workmen’s Compensation Act. 
It is provided that where the workman was at the date of 
the accident under twenty-one years of , and the 
review takes place more than twelve months after the 
accident, the amount of the weekly payment may be 
mcereased to any amount not exceeding 50 per cent. of the 
weekly sum which the workman would probably have 
been earning at the date of the review if he had remained 
uninjured, but not in any case exceeding 1/. 

That is to say, an apprentice under twenty-one, who is 
getting, say, 12s. a week wages, with the prospect of 30s. 
a Week on attaining full age, is entitled to 10s. a week 
compensation for incapacity as the result of an accident, 
and at the review, on reaching twenty-one, and more 
than twelve months after the accident, he is entitled to 
half of the 30s. a week which, as a workman of full age, 
he probably would have been earning but for the incapa- 
city caused by the accident. The employers’ point in this 
case was that the words of the Act meant that increased 
Compensation on review of a minor’s application referred 
to any probable increase in the earning capacity of the 
workman at the same employment as at’the date of the 
accident. The Court dismissed the appeal, Lord Justice 


uckley dissenting, on the ground that compensation | o! 


was only 


previous weekly payment does not represent what the 
workman would have earned at the time of the applica- 
tion to review had he been uninjured, and the weekly sum 
which the workman would probably have been earning 
is not limited to any particular trade. The minor, who 
had compensation on the basis of a labourer’s earnings 
had intended to return to his own trade, and the law as 
now laid down assumes that compensation may apply, 
as the youth advances, to the higher scale of wages which 
he would have reached but for the accident. 

Execution upon Default of Agreement.—By the Work- 
men’s Compensation Act, when a party is entitled to pay 
compensation under an award or memorandum of agree- 
ment duly recorded, and is in default in yment, 
execution may issue against his without leave for 
the amount in payment of which he is in default. Upon 
the strength of this, the County Court Judge of Liver- 

ol made an order against Messrs. Welsford and Co., 

uimited, who had made an agreement to pay compensa- 
tion to a seaman named Ibrahim Said, who was injured 
on one of their ships. The employers agreed to pay the 
seaman 15s. a week as long as he was incapacitated from 
work. The agreed payments were made for some time, 
and then, on September 9, they stopped. The seaman 
thereupon asked the County Court for leave to issue an 
execution, and this was gran without calling on any 
evidence for the defendants. The County Court appeared 
to assume that the default under such an agreement 
should automatically involve execution being issued. 
In the Court of Appeal, on February 16, the case 
was sent back to the County Court because the County 
Court Judge had not heard evidence for Messrs. 
Welsford, and therefore had not had proof that there 
really had been a breach of the agreement. The recorded 
memorandum, it will be noted, provided that 15s. a week 
should be paid as long as the seaman remained incapaci- 
tated, and Messrs. Welsford’s all reason for stopping 
payment was that incapacity ceased. The County 
Court Judge declined to hear the employer’s case. The 
judgment in favour of the seaman did not, however, 
entitle him to execution unless he had proved that inca- 
pacity still existed, and that the employers had therefore 
actually made default. Under the agreement, the Court 
of Appeal was unanimous in allowing Messrs. Welsford’s 
appeal, and the case goes back to the Liverpool County 

urt. 

Suitable Employment after Partial Incapacity.—A fre- 
quent cause of dispute is the claim of an injured workman 
to a just measure of compensation, taking into account 
the difference between what the workman’s earnings were 
before the accident and what he is able to earn after the 
accident in any suitable employment. This raises the 

uestion, What is suitable employment? In the case of 

re v. Houghton Main Colliery Company, Limited, 
which came before the Court of Appeal on February 16, 
the question at issue depended on the meaning of Clause 3 
of Schedule 1 of the Workmen’s Compensation Act. That 
clause provides that in fixing the amount of the weekly 
payment, regard shall be had to any payment, or allow- 
ance, or benefit which the workman may receive from the 
employer during incapacity, and in the case of partial 
incapacity the weekly payment shall in no case exceed the 
difference between the amount of the average weekly 
earnings of the workman before the accident and the 
average weekly amount which he is earning, or is able 
to earn, in some suitable employment or business after 
the accident, but shall bear such relation to the amount 
of that difference as under the circumstances may appear 
proper. ; 

In the present case the applicant met with an injury 
to his eye while working at the coal-face, and, as a result, 
he was less fitted for such work than formerly. The 
miner was offered work at his old wages by his employers 
upon condition that he continued to work as before at the 
coal-face in the mine. The workman declined work at 
the coal-face or to subject himself to similar risk again, 
and asked for work at the surface, and compensation to 
supplement his wages at the lower grade of employment. 
The County Court Judge took the workman’s view of the 
risk, and therefore held that his old job at the face was 
not suitable employment, and accordingly made an award 
in his favour that he might have work at the surface 
suitable to his present capacity and compensation to 
make up his w to the former amount. The employers 
appealed, and the Court of Appeal dismissed the we 
on the ground that there was no evidence to justify the 
Court in differing from the County Court Judge. 

“* Share Hands” Outside Workmen’s Compensation Act. 
—In Section 7, Sub-Section 2, of the Workmen’s penn ar 
sation Act it is provided that the Act shall not apply to 
such members of the crew of a fishing vessel as are 
remunerated by shares in the profits or the gross earn- 
ings of such vessel. Under this section an a was 
made in the case of the Admiral Fishing mpany, 
Limited, of Lowestoft, v. Robinson, against the award 
of the County Court Judge to an engineer for incapacity 
sustained at sea. The engineer was not working solely 
on shares, but was guaranteed a minimum weekly w 
of 303. in the event of his twenty-fourth share in the 
gross takings falling short of thatamount. This nent, 
which is common to engineers’ cmnermnent at Lowestoft, 
was held by the County Court Judge to bring the engi- 
neer within the benefit of the Workmen’s Compensation 
Act. The exception in Section 7, Sub-Section 2, he thought 
only applied to fishermen who were solely paid by shares 

f the takings, and that engineers were not dependent on 





awarded i 
von Foam @ on the wages at the time of the 


It is p ssible the point may be taken to the House of 


hoe. but it may be noted that the law is understood by | 
ha ourt of Appeal to be that a workman under age can 
“aim to review if twelve months have elapsed since the 
secident, and if there is evidence at the review that the 





shares, but had their Ney = guaranteed. The Court of 
Appeal decided that the County Court Judge was wrong 
in this view, and that it mattered not if any persons 
guaranteed the engineer's minimum wage. is 30s. a 
week was not earnings, but only a guaranteed amount. 
The earnings were the result of the 24th share of the 
takings that came to the engineer for hisshare. He is, 


therefore, excluded from the benefit of the Act, and the 
Fishing Company’s appeal was allowed. 


Court oF SEssion. 

Part Owner and Compensation.—An interesting point 
was made the subject of an appeal on February 8 in the 
claim of Mrs. Fleming, or Sharpe (widow), against John 
Carswell, merchant, beattie. he widow of William 
Sharpe, master mariner, and their two children, and his 
mother, were dependants of the d when he died 
from injuries received on board his vessel on January 7, 
1909, and while acting in the course of his employment as 
master. Sharpe was paid fixed wages as master, but he 
was also owner of ten shares in the ship. The finding of 
cargo and arranging the traffic were in the hands of 
Carswell, the respondent, and the ship’s master had no 
partnership in his business. On these facts the arbitrator 
awarded compensation, and the Court of Session, dis- 
missing the appeal, upheld the award. The question in 
such a case of a part-owner is, Was he a ner in the 
busimess, or a servant at the bidding of the part-owner 
who controlled the movements of the ship. The d 
master here, although taking share of profits as part- 
owner of his ship, had nothing to do but to obey the 
instructions of the merchant Carswell, and it was while 
acting as his servant as master of the ship that the 
accident happened, and thus the Workmen’s Compensa- 
tion Act protected the dependants of the master as a 
servant. ad the decea master of the ship been a 
partner or Ey adventurer in trading, the relations, of 
course, would have been different, but his share in the 
ownership of the ship did not of itself affect the relation- 
ship of employer and servant between the merchant and 
the ship’s master, and where such relationship exists the 
employer is always responsible under the Workmen’s 
Compensation Act. 

A Wrong Inference from Facts.—The Court of Session 
on February 10 reversed the decision of the Sheriff Court 
of Glasgow in an arbitration for compensation, on the 

und that the Sheriff’s view was not supported by the 
acts. The Sheriff had stated a case for appeal, and it 
gee that a miner in the service of the Greenfield 
rick and Coal Company, Shettleston, met his death 
when going to his working place in the mine. In de- 
scending in the cage he got out at the wrong level, and 
then tried to get to the proper place by a perpendicular 
ladder, and instead or getting to the shaft, and the 
entrance leading to the working place, be, for some unex- 
plained reason, went a different way, and his dead body 
was afterwards found, his death having been cau by 
scalding by exhausted steam from the pump. The em- 
ae nad case was that the miner, by his own mistake or 
recklessness, had met his death outside the usual course 
of his employment, and that for such accident they 
were not responsible under the Workmen’s Compensation 
Act. The Sheriff Substitute held that the applicants, 
the father and sisters of the deceased miner, had failed 
to prove that the man had met his death by an accident 
arising out of and in the course of his employment. The 
Lord President held that the} Sheriff Substitute had 
not arrived at the right conclusion upon the facts. It 
was right to assume the man had lost his way in the levels, 
the place where he fell being dark and rous. The 
compensation was granted to the applicant, the judgment 
of the Sheriff Court being reversed. It will be observed 
that where there is a stated case the Court of Session does 
not merely decide upon a legal point, but, as in this case, 
may reverse the judgment because it is not supported by 
the evidence. 





Trst or Gas-Encinges Usine Propucer-Gas.—Messrs. 
Butterfield and Swire, Hong Kong, have recently 
equipped a large shipbuilding yard and engineering 
works at that port, the motive power being obtained from 
gas-engines using producer-gas. Two engines drive 750- 
kilowatt direct-current generators, and two others 375- 
kilowatt generators. The larger engines are of the twin- 
tandem type, and the smaller of the single-tandem type. 
All the engines have the same sized cylinders, thus reduc- 
ing the amount of necessary spare r, &c. The gas- 
producers are designed to gasify South Chinese bitu- 
minous coal, and supply gas to various furnaces as well as 
to the engines. The gas ype to the engines passes 
through a rotary meter, which records the consump- 
tion. A series of tests was carried out in November and 
December, 1908 ; they were entirely satisfactory. One 
large and one small engine were tested, and as the results 
obtained were under the guaranteed results, the other two 
engines were not tested in detail. The gas had an average 
heat content of 140 British thermal units per cubic foot, 
and the actual consumptions of the two engines are given 
in the following table :— 


Larger Engine. 
Gas per B.H.-P. B.Th.U. per B.H.-P. 
Load. r Hour per Hour, 
B.H.-P, Cubic Feet 
1079 66.7 9,330 
815 72.2 10,100 
559 80.3 11,240 
Smaller Engine. 
544 61.8 9,000 
430 72.1 10,100 
28! 79.5 11,140 


9 
The ovigat of the engines was measured electrically, and 
the brake horse-power obtained from the guaranteed 
efficiencies of the generators. The engines are of the 
Cockerill type, built by Messrs. Richardsons, Westgarth, 
and Co., Limited. The generators were manufactured 
by Messrs. Dick, Kerr, and Co., Limited, and the - 
producers by the Power-Gas Corporation, Limited. e 
whole plant has now been working nearly twelve months, 





and has given satisfaction. 
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CATALOGUES. 


A SMALL pamphlet dealing with Diesel oil-engines manu- 
factured by the Swiss Locomotive and Machine Works, 
Winterthur, has reached us from their London office, 
whose address is 3, Laurence Pountney Hill, Cannon- 
street, E.C. 


A pocket catalogue of power-transmission accessories 
has been issued by Messrs. Harpers, Limited, Aberdeen. 
Prices and particulars are given of belt and rope pulleys 
and r-wheels > to 10 ft. in diameter, as well as shaft- 
couplings, pedestals, brackets, hangers, and other fittings. 


The Hoyt Metal Company of Great Britain, Limited, 
26, Billiter-street, E.C., have sent us a circular describing 
the various qualities of anti-friction metal they manu- 
facture. The circular is accompanied by a number of 
testimonials from motor-car manufacturers relating to the 
**copper-hardened ” Babbitt metal made by this firm. 


Circulars calling attention to the advan of their 
blue Cape asbestos mattresses, felt and rops for covering 
boilers, steam-pi &c., have come to hand from the 
Cape Asbestos Company, Limited, Guildhall Annexe, 
23, King-street, E.C. Some illustrations of large power 
plants, in which these coverings have been used, are 
included. 


The Warner Engineering Company, Limited, Carteret- 
street, Broadway, Westminster, S.W., have sent us a 
circular pointing out the advantages of the Warner non- 
parallel axle truck for tramcars, railway vehicles, and 
nr tig A separate leaflet states the conditions 
under which licenses for the manufacture of these trucks 
are granted. 


From the Westinghouse Brake Company, Limited, 82, 
York-road, King’s Cross, N., we have received a short 
iMustrated description of the Westinghouse metallic 
coupling for the steam-heating pipes of railway car- 
riages. The advantages claimed for this coupling are 
strength, flexibility, and durability, the latter quality 
being due to the fact that the use of rubber is avoided. 


The Portland Forge Coe Limited, Kilmarnock, 
N.B., have sent us a pamphlet illustrating and describing 
their patent self-centering rudder-bearing, and also dealing 
with the Portland balanced rudders. Among the other 
manufactures mentioned are heavy iron and steel forgings 
for shipbuilders, finished crank or straight shafts, forgings 
for gun-mountings, &c. 

Circulars illustrating and describing the Féry spiral 
pyrometer and the Cambridge extensometer have reached 
us from the Cambridge Scientific Instrument Company, 
Limited, Cambridge. Both these instruments have been 
described and illustrated in our columns—the pyrometer 
on page 663 of our issue of May 14, 1909, and the extenso- 
meter in the number dated May 15, 1908, on page 658. 


We have received a small ee from the British 
Electrical Trade Supply and Bitumen Company, Canal 
Bank, Trundley-road, Deptford, S.E., containing some 
notes on refined Trinidad bitumen, by Mr. A. E. H. 
Dussek. The pamphlet, after defining the substance, 
describes its qualities, and points out its suitability for 
cable-laying and other electrical purposes. 


We have received from Messrs. Hawksley, Wild, and 
Co., Limited, Brightside Boiler and Engine Works, Shef- 
field, a booklet containing a full general description with 
several illustrations of the ‘‘ Suckling” water-tube boiler. 
The results of a test are given, and these show an equiva- 
lent evaporation of 10.48 lb. of water from and at 212 deg. 
Fahr. per a of coal, having a net calorific value of 
14,424 B.Th. U. 

We have received from Messrs. Fleming, Birkby, and 
Goodall, Limited, West Grove Mill, Halifax, a booklet 
describing their ‘‘ Inextenso” leather belting. This belt- 
ing, which, as its name implies, is practically free from 
stretching, is made in thicknesses varying from 4 to 7 
millimetres, and up to 12 in. in width. Prices are stated 
in the booklet, and a table showing the power transmitted 
at different speeds is also included. 


Messrs. Arnold Goodwin and Son, Limited, Sumner- 
street, Southwark Bridge, S.E., have issued circulars 
relating to their air-compressors and vacuum pumps. 
Several types of single-cylinder and duplex machines, belt 
or steam driven, are illustrated, and a few particulars 
given. A separate circular is devoted to small vertical 
air-compressors, driven by hand or belt, for supplying 
aérograph brushes, laboratory work, pumping motor tyres, 
and other purposes. 


Messrs. Ruston, Proctor, and Co., Limited, Sheaf Iron 
Works, Lincoln, have sent us a copy of their catalogue 
of portable steam-engines. The catalogue, after describ- 
ing the construction of the engines, gives particulars of 
single-cylinder engines from 54 to 53 effective horse-power, 
two-cylinder engines from 26 to 120 horse-power, and 
compound condensing engines from 21 to 108 horse-power. 
The engines can be arranged for liquid or any kind of 
solid fuel, including wood, sawdust, straw, &c. 


The Snow Steam-Pump Works and the Power and 
Mining Machinery Company, 115, Broadway, New York, 
U.S.A., have issued a joint catalogue of Snow gas- 
engines and Loomis-Pettibone gas-producers. The cata- 
logue illustrates a large number of installations of engines, 
from 125 to 5400 horse-power, working with producer-gas, 
natural gas, and other fuels. Several gas plants for 
metallurgical and other industrial pu using bitumi- 


nous , lignite, wood, &c., are also illustrated. 

A booklet dealing with the removal of dust from fac- 
tories has been issued by Messrs, Davidson and Co., 
Limited, Sirocco Engineering Works, Belfast. After 
dealing with the general requirements of dust-exhausting 





systems, the pamphlet discusses the particular conditions 
existing in textile factories, paper-mills, engineering 
works, and wood-working factories, and also explains the 
methods employed for overcoming the difficulties in each 
case. Examples of installations in all the above-men- 
tioned industries are illustrated. 


We have received from the Maschinenfabrik Augsburg- 
Niirnberg A.-G., whose London address is MAN, 219, 
Caxton House, Westminster, 8.W., pamphlets illustrating 
and describing the ‘‘ M.A.N.” Diesel oil-engines. In one 
of these pamphlets particulars are given of standard 
engines with one, two, three, or four cylinders ranging 
from 8 to 880 brake horse-power. Another pamphlet 
deals with enclosed high-speed engines of 50 to 1000 
horse-power, with two, three, or four cylinders. A list 
of some 1600 engines supplied, totalling 145,000 brake 
horse-power, accompanied the pamphlets. 

From the Electrical Company, Limited, 122 and 124, 
Charing Cross-road, W.C., we have received a catalogue 
of electric lamps and illumination devices. The catalogue 
deals with ‘‘Aegma” metallic-filament lamps, carbon- 
filament lamps, and Nernst lamps, giving prices and par- 
ticulars in each case. For decorative and — 
purposes, flexible strips with lamp-holders ready wi 
are described and illustrated, as also are various electrical 
signs with miniature lamps. The catalogue also illus- 
trates reflector-rosettes, or specially formed lamp-holders, 
which enable any kind of letter or design to be made up. 
Prices are stated for all the articles listed. 


From the A.E.G. Electrical Company of South Africa, 
Limited, Caxton House, Westminster, S.W., we have 
received a number of pamphlets relating to their manu- 
factures. These include continuous-current interpole 
railway motors, automatic starters for three-phase motors, 
switchboard measuring instruments, ceiling - fans for 


direct and alternating currents, and branch-boxes for | peaded 


lead-covered cables. One of the pamphlets deals with the 
application of electrical driving to aes machinery, 
and shows a number of rotary and other presses opera 

by electric motors. The controlling apparatus is also 
described. 


A pamphlet that has reached us from the Combination 
Metallic-Packing Company, Limited, Gateshead, contains 
a brief history of piston-rod packings, followed by illus- 
trated descriptions of metallic packings for piston and 
valve-rods of vertical and horizontal, land and marine 
engines. Another type for use on high-speed vertical 
engines is also described. A second pamphlet received 
deals with the ‘‘C.M.P.” metal jointing-rings. These 
consist of concentrically-beaded rings of white metal, 
copper, or an alloy specially suitable for use with super- 
heated steam and high temperatures. Circular, oval, or 
irregular shapes are fost. 


Automatic air-escape valves for water-mains are de- 
scribed and illustrated in a pamphlet that has reached 
us from Messrs. J. Blakeborough and Sons, Brighouse, 
Yorkshire. The valve, which consists of a hollow metal 
ball, falls from its seat to allow the air to escape, and 
floats up on to it again when the air is replaced by water. 
Valves of different construction are made to operate when 
the main is being charged, and to allow the air to escape 
that accumulates during working, or valves for both these 
duties can be combined in one body. The pamphlet also 
describes the ‘‘Klopp” hydraulic valve-seating, and states 
prices for the valves with or without this device. 


We have received from Messrs. Alex. Turnbull and Co., 
Limited, of Bishopbriggs, Glasgow, their catalogue No. 25, 
of the Harrison patent steam steering-gears with the 
latest improvements. This is a well-bound and printed 
volume and contains illustrations of a large variety of 
steering-gears, and also of windlasses and capstans. The 
Harrison gear has been fitted to over 5,000,000 tons of 
shipping, including His Majesty’s battleships, cruisers, tor- 
pedo: boats and destroyers, and many merchant steamers. 
n all, the names of the steamers so fitted occupy eleven 
pages of the volume. All the varieties of gear are illus- 
trated by photographs, and many of them by line en- 
gravings. 

Messrs. Jens Orten-Biving and Co., 94, Union-court, 
Old Broad-street, E.C., have sent us a catalogue giving 
dimensions and prices of Zodel-Voith and ‘‘ B. B.” flexible 
insulating couplings. The Zodel-Voith couplings are of 
the standard, flywheel and reversible types. The ‘‘ B. B.” 
coupling consists of two flan half-couplings, one of 
which has four bolts projecting from its face. Around 
each bolt compressed-leather washers are fitted, and these 
fit easily in corresponding holes in the face of the other 
half-coupling. These couplings are suitable for high- 
speed machinery, such as turbines and centrifugal pumps. 
Particulars are also given of the Reich coupling for 
rolling-mills, haulage gears, and other heavy work. 


The Tudor Accumulator Company, Limited, 119, Vic- 
toria-street, Westminster, S.W., have sent us a copy of 
their catalogue of cells for stationary work. The oie are 
made in two types—for high and low working rates re- 
spectively. The catalogue gives particulars and prices of 
cells of the former type with capacities up to 3615 ampere- 
hours; of the latter type the capacities range from 27 to 
4750 ampere-hours. Prices of accessories, such as inspec- 
tion-lamps, hydrometers, &c., are also stated. We have 
also received from this company a pamphlet describing 
the T.A.C. electric lighting system for trains. The 
system is claimed to be extremely simple and reliable, 
and to give a voltage sufficiently constant to enable 
metallic-filament lamps to be used. 


A booklet which has reached us from Linotype and 
Machinery, Limited, 188 and 189, Fleet-street, E.C., 
illustrates and descri the latest Linotype composing- 


machine. This is known as Model No. 4, and it has been 





designed to render these machines more useful to the 
general printer. It is provided with two or three se)a- 
rate magazines of double-letter matrices of different 
bodies, so on the machine that the change from 
one fount to another can be made by the operator in a 
few seconds. Should it be required to use other matrices 
than those in the three magazines, two of the latter can 
be easily removed, and others substituted by the operator 
without assistance, so that a great variety of work can be 
turned out by this machine. 


We have received from Messrs, Alfred Herbert, Limited, 
Coventry, a copy of the fourteenth edition of their cata- 
logue—section L—relating to automatic screw-machines. 
The catalogue fully describes the machines, and calls 
attention to some new features, among which may be 
mentioned the new roller steady-box tools, which serve 
greatly to increase the output. Particulars are given of 
machines to admit bars from § in. to 34 in. in diameter, 
and also of machines s a | equipped for producing 
studs, copper stays, condenser ferrules, and other articles, 
A description and illustration of a new three-operation 
automatic pin-machine is included. Its capacity is ,°, in. 
diameter 4 24 in. long, and it is intended to produce 
articles within these dimensions in large quantities with 
great rapidity. 

We have received from Messrs. Ludw. Loewe and 
Co., Limited, 30 and 32, Farringdon-road, E.C., a 

mphlet dealing with automatic machines and turret 

thes. Pin-and-stud machines are made in six sizes, 
the maximum diameter of material dealt with being 3 in. 
in the smallest size and 1,% in. in the largest size. Auto- 
matic screw machines are made in five sizes for material 
of the same diameters as taken by the pin-and-stud 
machines. The pamphlet contains scale drawings of a 
large number of articles made on these machines, the 
regular hourly output being stated in each case. A round- 
brass screw, with a shank 4 in. in diameter and 
fs in. long, may be taken as an example. The output of 
a pin-and-stud machine making these screws is 960 per 
hour. Both machines can be provided with an attach- 
ment for automatically nicking the heads of screws with- 
out reducing the output. Particulars of the Loewe turret 
lathes for both bar and chuck work are also given in the 
pamphlet. Messrs. Loewe have also sent us particulars 
of a new expanding reamer they have recently placed 
upon the market. The adjustment is effected by means 
of a steel ball inserted in a taper hole bored along the 
axis of the reamer. Longitudinal slits are cut in the 
grooves between the cutting edges to provide the neces- 
sary elasticity, so that the diameter of the reamer is 
increased by forcing the ball into a smaller part of the 
taper-hole. These reamers can be supplied from ,% in. (or 
8 millimetres) in diameter upwards. On another leaflet, 
also to hand, particulars are given of plummer blocks, 
hangers, wall-brackets, and other fittings, with D. W. F. 
ball-bearings. . 





Fow.rr’s MECHANICAL ENGINEERS’ PockeT-BooKk FOR 
1910.—In the twelfth annual edition of this useful pocket- 
book we do not find much change, although certain revi- 
sions have been made. The chief feature appears to be 
that the sections dealing with mining machinery and ap- 
pliances, and the metal _ of iron and steel have been 
expanded, forming a valuable addition to the book. The 
added information with — to metallurgy is chiefly 
confined to a number of alloys of steel with different 
metals, which developments in steel manufacture have 
brought within our reach, and some of which are new to 
the majority of engineers. The physical properties of 
the more prominent of these alloys are given. The sec- 
tion devoted to steam turbines appears to be unaltered 
from the last edition, and we notice that the statements 
made with regard to the Rateau turbine, to which we 
took exception in page 866 of our eighty-sixth volume, 
remain as they were. On the whole, the book is up to its 
usual standard of excellence. It is published by the 
Scientific Publishing Company, Manchester. [Price 
1s. 6d. net, cloth ; 2s. 6d. net, leather and gilt edges. | 





Har.woop’s Furnace CEMENT AND Hot-A1R FURNACE 
Bripces.—A new fire-resisting cement, bearing the above 
name, has recently been put on the market by Mr. John 
Hailwood, Worsboro” Dale, Barnsley, and appears to 
be specially adapted for use on the brick bridges of boiler 
furnaces, furnace arches and walls, patent coke-ovens, 
crucible furnaces, and for repairing gas-retorts, or, 1m 
fact, in any brickwork that has to withstand a high tem- 
perature. It is claimed that it will adhere to the smoothest 
surfaces, and sets quite hard at a low temperature. It 
is supplied in the form of paste, and requires an equal 
measure of water adding to it when mixed for use. 
The inventor of this cement has also designed 4 
hot-air furnace bridge, built of brick, which allows 
air to enter the flue gases at the back of the fire. 
The bridge is so constructed that a hot-air chamber 
is form in it, through which the air has to pass 
before entering the furnace through holes in the brick- 
work at the top of the bridge. It is claimed that 
this bridge is free from the objections belonging to many 
complicated contrivances that have from time to time been 
tried for admitting air to the back of furnaces, and it has 
been designed to meet the insurance companies require- 
ments for the periodical removal of bridges for inspection 

urposes. The bridges can be replaced ata nominal cost. 
The bricks used are made of Hailwood’s patent carbo- 
silica, which will withstand very high temperatures. 
Mr. Frederick R. Hill, late of the foreign department of 
the British Electrical Engineering Company, Limited, 
9, Gracechurch-street, London, E.C., has been appointed 
sole agent for the South of England for these furnace 
bridges, as well as for Hailwood’s cement, and all 
particulars can be obtained from him. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 
: ber of views given in the Specification Drawings is stated 

a — ane none is mentioned, the Specification is not 
illustrated, 

Wh ere inventions are communicated from abroad, the Names, éc., 
of the ae soy are oe a 

Copies of Specifications may bta' 
Rent, os, ae Buildings, 
the uniform price of 8d. 

The date of the advertisement of the ” of 
Specification is, in each case, given after the abstract, 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Speci ion, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


9. E,A.Claremont, Manchester, and J. Strat- 
ton, Altrincham. Electric Cables. [2 Figs.) March 22, 
1909.—It is usual in constructing electric cables armoured with 
tapes of steel or other hard metal to wind the tapes spirally 
around the cables, and there are generally two layers which break 
joint with one another and which are connected to one another. 
Tt frequently happens with such cables that the outer layer will so 
alter its position as to coincide, to some extent, with the inner 
ayer, leaving portions of the cable exposed and unprotected by 
either of the tapes. The object of this invention is to overcome 


Chancery-lane, W.C., at 


a Comp 
, unless the 





























Fig. 7. 

Cc 8 
Fig. 2. 
6809) Cc B 


this defect. According to this invention, the inner tape B has an 
outward projection or rib C, in cross-section like an inverted U, 
at its centre and in the direction of, and throughout, its length. 
This forms a spiral projection around the cable. The outer layer, 
which breaks joint with the inner layer, lays, owing to the convo- 
iutions of the inner layer, between, and in the channel formed by, 
the projection on the inner layer. The projection is of such height 
that the outer layer cannot pass over it. In result, by the aid of 
the projection the layers are prevented from coinciding with one 
another. (Accepted December 15, 1909.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


14,411. E. Masters, Westminster,and J. Hansford, 
New Barnet. Gas~-RKetorts. (6 Figs.| June 19, 1909.— 


This invention relates to devices for charging coal into ‘‘through” 
and “‘ block-ended” retorts, and consists in a combined charging 
and spreading member comprising a ‘‘ pull-and-push ” or reciprocat- 
ing bar or frame provided with a number of laterally-disposed and 
vertically-hinged wings or push-plates which, as the membertravels 
forward and approaches the mouth of the retort, are moved from 
a position in which they lie folded towards and along the sides of 
the bar to an extended position transverse of the bar, so that with 
\ further forward movement they push the coal that has been de- 
posited between them from off the charging platform through the 
mouth and along the floor of the retort, and which, as the member 
is withdrawn, return to the folded position and spread laterally, 
to a greater or less extent, the coal that has just been fed into and 
deposited in the retort. The reciprocating frame may consist of 
« number of plates a which are pivoted to each other at a, so that 
the frame may assume a curve in a vertical plane should one end 
of it be elevated ; but if the frame is to be guided on a horizontal 
plane, the pivoting is unnecessary, and it may then consist of a 
single plate of requisite length. At suitable distances apart on 
both sides of the frame there are pivoted or hinged to it wings ) 























"ranged in pairs opposite one another on either side. The frame 
s carried on the frame of a charging apparatus, and means are 
provided for pushing it into and withdrawing it from the 
retort. The frame carries the usual charging - platform ¢ pro- 
ided with sides d to form a trough, and which may be 
made to register with a mouthpiece of the retort g. Means 
are provided for moving the wings ) from the normal posi- 
ton when folded back along the sides of the frame to the 
extended position shown in Fig. 2, previous to passing below the 
larging chute. These means may consist of a bar e adjustably 
— on the charging-frame, so that the operator may raise 
> — it at will. This bar ¢ carries at its -lower end a wedge- 
—_ member f, which, when the bar ¢ is shifted to its lowest 
~ rep De ill be in the path of the wings as they travel forward. 
The wh ae contact with members f they will be opened out. 
je phe ; have a notch at their inner top edge to allow them 
=< rand pass the wedge f when it has moved them into the 
pen or extended position.” As the charging member with ex- 


tended wings passes over Ge atten, coal is shot through the 

ed by the wings and the sides and 
and is caused to ti 
er the floor of the retort 
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; the extended wings 


italics. | 
obtained at the Patent Office, Sale | 


| feed the coal into the retort by pushing the charges of coal in 


| front of them. As soon as the charging member has travelled 
forward the requisite distance within the retort, the bar e is 
lifted, so that the member /f will be removed from the path of 
the wings, which, as the c ing member is drawn backwards, 

|. will fold towards and along the sides of the reciprocating frame, 
owing to the resist of the deposited coal behind them, and 
so remain until during a succeeding operation they in contact 
with the member f which has been replaced in their path. As 
the charging member is withdrawn the folding wings tend to 

| spread the deposited coal. (Sealed February 17, 1910.) 





LIFTING AND HAULING APPLIANCES. 


25,292. J.T. Butters and A. M. Hume, Glasgow. 
Jib-Cranes. {1 Fig.) November 3, 1909.—This invention relates 
to jib-cranes in which the load is suspended by a winding-rope car- 
ried by a jib, which is held usually in an inclined position by sepa- 
rate ropes attached to a drum on the crane-post ; and it has for its 
object to provide means which may be automatically or manually 
operated, whereby, in the event of the rope supporting the jib 
giving way, the jib will be prevented from falling. The jib A of 
the crane is supported normally in its inclined position by a wire- 
rope B attached to the usual rope-pulley C, the rope B being carried 
in the usual way to a drum on the crane-post, when provision is 
made for varying the inclination of the jib. The usual wire-rope 
D, which is used to raise and lower the load, is carried in the 
ordinary way around a pulley E near the upper end of the jib; 


| and in proximity to the pulley is pivoted a wedge F, normally held 





| 








clear of the winding-rope D and pulley E by means of a connect- 
ing-cord G attached at one end to an arm f on the clamp F, and 
at the other end to the jib holding rope B. Toan arm /! on the 
opposite end of the clamp F is attached a tension-spring H, also 
attached to the jib, which spring tends to force the wedge into 
the ve of the pulley E, and thereby jam the pulley and the 
winding-rope D, so that the latter serves as a means of support for 
the jib. This locking action of the clamp F will occur in the event 
of the usual supporting-rope B giving way and allowing the 
spring H to come into operation. To ensure the readier action of 
the locking device the end of the cord G is preferably attached to 
a clip b secured to the rope B, which clip serves to hold in tension 
a spring I connected to a clip b}, also secured to the rope B, so 
that the connecting-cord G, which is normally taut, is at once 
slackened on breakage of the rope B or its connections. (Accepted 
Deceimber 15, 1909.) 


9423. Babcock and Wilcox, Limited, and F. W. 
Hollick, London. Cranes. [1 Fig.) April 21, 1909.—This 
invention relates to cranes, and has for its object to adapt friction 
gear as described in Specification No. 23,445, of 1901, for trans- 
mitting higher power or dealing with loads requiring high power 
for starting, for which purpose the pulley on the driven shaft is 
combined with planetary gear for varying the speed. he 
arrangement of the driving gear is similar to that referred to in 
the above-mentioned specification, and comprises a central pulley 
whose spindle is driven by an electric motor, an idle pulley CO, 
and a driven pulley D encircled by an endless belt. The pulley D 
is loose on the driven shaft F, and is fitted with bearing bushes 
G, G! for two short shafts H and H!, which are free to revolve. 
These shafts H, H! carry at one end spur-pinions I, 1, meshing 
with a spur-wheel J, keyed on the shaft F, and at the opposite 
end they carry spur-wheels K, K!, meshing with a spur-pinion 
L running free on the shaft F. Attached to the boss of the 
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pinion L is a trake-drum M, fitted with a brake-strap N. By 
this arrangement, if the pulley D be rotated while the brake 
is free, no motion will be imparted to the shaft F, as the spur- 
pinions I, I! will merely roll around the spur-wheel J; but if 
the brake-strap N be applied to hold the drum M, the spur-wheel 
J will be rotated at a speed less than that of the pulley D, depend- 
ing on the ratios of the gear-wheels carried thereby, and which 
latter may be varied indefinitely. The arrangement described 
may be used in the following manner for giving two speeds—for 
example, of hoisting when the gear is applied to a crane. For 
slow and heavy weights, for which large power is required, 
the gear is used as above described ; but for light loads and small 
_ the pinions I, I! are locked to the wheel J on the shaft F 
y means of a pin, brake, or other device, so that, the 
reducing gear being rendered inoperative, the pulley D and the 
gearing attached to it will revolve in a piece and drive the shaft 
F at the speed of the pulley. (Accepted December 15, 1909.) 


MOTOR ROAD VEHICLES. 
19,431. A. C. and J. South and F. 
Ham $n 4 5 eS Drive 1 Fig.) 


er, 
August 24, 1909.—This invention relates to power-transmission 
systems or mechanisms in which the prime mover rotates the 
field-magnet structure of a dynamo-electric element, and the load 
is connected to one member of Se or sun-and-planet gear- 
ing, the member being geared to the armature part of the dynamo- 
electric element, and the armature part being mounted so as to 
be rotatable about its own axis and about the axis of the field- 

et structure, the arrangement being such that when the 
field-magnet structure is rotated compound rotation is imparted 
to the armature part, the rotation of the armature part about its 
own axis, when the field-magnet structure is energised, being 
retarded more or less according to the excitation of the field: 
magnet structure, and the power transmitted to, or the speed of, 
the load correspondingly varied. The object of the present 
invention is to provide improvements whereby a direct drive, 
drives at intermediate and Axed s, and a reverse drive may 
be obtained. The field-magnet structure of the dynamo-electric 
element is mounted on a shaft 1 that is driven by the prime 
mover. The field-magnet structure has a plurality of pairs of 
poles, and these poles, instead of being spaced as in ordinar) 
multipolar dynamo-electric machines, and acting upon a single 
armature mounted to rotate between the polar faces, are 
arranged in pairs, each pair of poles acting upon an armature. 
2,3 are the armatures of the two-pole machines, The poles of 
each machine are mounted on a carrier compriiing two discs 4, 
mounted on an intermediate shaft 5, so as to be capable of rota- 
tion relatively thereto, and arranged at such a distance apart that 
the poles and armatures are enclosed between them. One of the 
discs 4 is connected with the shaft 1, this shaft being provided 
with a flange la, to which the disc is bolted. When the prime 
mover is started up, and the shaft 1 is set in rotation, the carrier 4 
is rotated therewith, and with it the pairs of poles and armatures, 
The shafts 6, 7, on which the armatures 2, 3 respectively are 
mounted, are parallel with the intermediate shaft 5. 9 is a spur- 
wheel mounted on the shaft 6, and 10 a spur-wheel on the 
shaft 7. The spur-wheel 9 gears with a spur-wheel 11, and the 
spur-wheel 10 with a spur-wheel 12. The spur-wheel 11 is keyed 
on the intermediate shaft 5, and the spur-wheel 12 on a sleeve 13 
that is mounted on and is rotatable relatively to the intermediate 
shaft 5. 18 is a brake-drum keyed to the sleeve 13, 19 is a gear- 
box, mounted at one side on the sleeve 13, and on the other side 
upon a shaft 20 that communicates the drive to the load. The 
gear-box is rotatable relatively to the sleeve 13 and shaft 20, ani 
contains three pinions 21, 22, and 23, which are keyed on ashaft 24, 
mounted at its ends in ball-bearin — in the walls of the 
gear-box. The pinions 21, 22, and 2 respectively engage with a 
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pinion 26, keyed on the shaft 20, a pinion 27, keyed on the inter-’ 
mediate shaft 5, and a pinion 28, keyed on the sleeve 13. The gear- 
box is provided with a brake surface 29, and with a brake-band, not 
shown, by which the gear-box may be held inst rotation. The 
brake-drum 18 is also provided with a brake-band, not shown. 
The brake-drum 18 and gear-box 19, instead of being braked 
mechanically, may be held electrically, electro-magnetically, or 
otherwise. The operation of the mechanism is as follows :—The 
prime-mover is started up and the shaft 1 is consequently 
set in rotation, rotating at the same time the carrier 4, and 
with it the poles and armatures 2, 3 about the intermediate 
shaft 5. When the carrier 4 is rotated, the armatures 2, 3 are also 
set in rotation about their axes by reason of the engagement of 
the spur-wheels 9, 10 with the spur-wheels 11, 12, which latter 
remain stationary by reason of the load connected thereto through 
the shaft 20, the gear-box 19, intermediate shaft 5, and sleeve 13. 
A controller is now operated and one of the dynamo-electric 
machines is energised. It will be assumed that the dynamo- 
electric machine which is energised is that of which 2 is the arma- 
ture. When this machine is energised, the armature 2 is rotated 
in a magnetic field and its rotation is retarded more or less 
according to the strength of the magnetic field produced. If the 
magnetic field be ually increased from nil to full strength, 
the resistance to rotation of the armature will correspondingly 
increase, and when the field is at full strength the armature will be 
almost held stationary relatively to its poles. The gradual and 
increasing opposition offered to the rotation of the armature will 
couse @ gradoal and increasing torque to be set up between the 
spur-wheels 9 and 11, and when this torque is sufficient it will 
overcome the resistance to movement offered by the load, and 
drivethe same. The load will be driven with a gradually increas- 
ing speed until it obtains the full speed allowed by the gearing in 
the gear-box 19, The gear-box 19 is maintained stationary by the 
band-brake. If the dynamo-electric machine of which 2 is the 
armature is de-energised and the dynamo-electric machine of 
which 3 is the armature be brought into action, the drive will then 
be through the spur-wheels 10, 12, sleeve 13, pinions 18, 23, shaft 
24, pinions 21, 26, and shaft 20, the gear-box being held stationary, 
as before. If now the armatures 2, 3 are both caused to rotate 
in magnetic fields, the drive will be a direct one,jas the gears in the 
gear-box 19 become locked against relative rotation. The brake 
at this time is taken off the gear-box 19. A reverse drive is ob- 
tained by releasing the brake on the gear-box 19 and braking the 
drum 18, the dynamo-electric machine of which 2 is the armature 
being energised. The drive is then through the intermediate shaft 
5, pinions 27, 22, shaft 24, pinions 21, 26, and shaft 20. The gearing 
in the gear-box, when the reverse drive is required, acts as an 
epicyclic train, but when the forward and direct drives are in use 
it acts as asimple train of gearing. (Accepted December 22, 1909.) 
SHIPS AND NAUTICAL APPLIANCES. 

7022, Kelvinand James White, Limited, and F. W. 
Clark, Glasgow. Mariners’ Compasses. (2 Figs.) March 
24, 1909.—This invention relates to mariners’ compasses, and is 
an improvement on or modification of that described in the 
Specification of Letters Patent No. 10,200, of 1907. In the prior 
specification there is described an arrangement according to 
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which the gimbal ring is fitted with sets of anti-friction rollers, 
and the binnacle flange is also fitted with sets of anti-friction 
rollers for supporting journals on the compass bow! and gimbal 





ring respectively. The applicants propose in the case of certain 
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ty of compasses to support the compass bowl by means of a 
cudinction of knife-edges and roller bearings—i.e., the ee 
bow! is suspended from the gimbal ring B by means of knife 

CO, and the gimbal ring B is supported from the binnacle by means 
of roller bearings D, or the com; bowl A may be supported on 
roller bearings and the gim ring B suspended from the 
binnacle by means of kni ee In the former case, and as 
shown in the drawings, the gimbal ring B is formed with journals 


the sump, is placed in such a position that all the water of con- 
densation from the steam-pi gravitates or passes through 
ipes or ducts thereinto. It is necessary to place this sump at a 
ow elevation, and run the entraining pipes d to it in the most 
direct manner with a continuous fall, so that the least possible 
time is lost. between the actual condensation of the steam and the 
deposit ofthe water of condensation in the sump. The water of 
condensation is thereby delivered in the hottest possible state. 


The ber » is fixed at such a height above the steam-generator | 





E resting on rollers F carried in casings G fitted to the 
flange H, and in the second case the compass bowl A is formed 
with journals resting on rollers carried in casings fitted to the 
gimbal ring B. Asa further a each of the casings G 
is fitted with a cover I pivoted, as at J, on one of two pins K 
passing through perforations in the cover and movable in re- 





cesses L in the casing, the pins K being shouldered at their ends 
M which bear on the base of the casing, the ends M being tapped 
to receive small screw-threaded studs N having squared outer ends 
© passing through correspondingly formed openings in the base 
P of the casing, the pins M being surrounded by helical springs Q 
interposed between the shouldered ends M of the pins, and the 
ends R of the recesses L, the outer ends of the pins M which pro- 
ject through the cover I of the casing G being engaged by milled 
nuts 8, the arrangement being such that when at any time a 
journal E tends to move away from the rollers F, it will press 
against the cover I of the casing G and lift the same slightly 
against the action of the helical springs Q, which will thus absorb 
the shock, whether caused by vibration or otherwise. (Sealed 
February 17,1910.) 


26,169. R. H. Davis and some, Gorman, and Co., 
Limited, London, and S&S. 8. Portsmouth. 
Diving tus. December 3, 1908. —This invention 
relates to self-contained diving apparatus. In self-contained 
breathing apparatus for use under water it is found that whilst 
the apparatus is self-buoyant when it contains all the air originally 
in the jacket and helmet, yet it is not sufficiently buoyant to main- 
tain the wearer afloat at the surface of the water when the window 
of the helmet is opened, and the enclosed air permitted to escape. 
The necessity of opening the window to permit of the access of 
fresh air to the helmet arises from the fact that the artificial air 
supply given by such apparatus is limited, and a wearer may not 
be rescued for some time after reaching the surface of the water. 
The object of this invention is to obviate the disadvantages above 
referred to, and to this end the invention consists in attaching to 
the apparatus, inside the jacket, n.eans, such as an air-bag or the 
like, which the diver himself can inflate when he rises to the sur- 
face, and which will be sufficient to render him buoyant enough to 
float. «a represents the helmet, and } the jacket of the dress, the 
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jacket being fitted with the oxygen generators ¢ located in pockets 
cd. e is the flexible water-tight chamber which is attached to the 
jacket b of the dress, and extends around the body and under the 
arms of the wearer thereof. / is the tube which extends from the 
chamber e and opens at y inside the helmet a, the extremity being 
in the form of a mouth-piece, which is adjacent to the wearer's 
mouth. Outside the helmet the tube / is fitted with a valve h. 
When the wearer of the dress desires, under the circumstances 
above alluded to, to inflate the flexible chamber ¢, he unscrews the 
valve h and blows through the mov th-piece g into the tube /, the 
valve A being closed intermittently— that is to say, whilst 
the wearer is taking breath—in order to prevent the escape of the 
air already blown into the chamber e. The inflation of the chamber 
¢ gives to the dress sufficient buoyancy to retain the wearer afloat 
in the water, notwithstanding that the window @! of the apparatus 
has been opened. In lieu of the manually-operated valve h, the 
connecting-tude # may be fitted, between the helmet a and the 
flexible bag or chamber ¢, with a non-return valve. (Accepted 
December 8, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 

16,287. G. Wilkinson, Harrogate. 5S -Generat- 
ing Plant. [2 Figs.) July 13, 1909.—This invention relates to 
apparatus for delivering the water of condensation formed in the 
pipes, separators, and the like of steam plant, in which liquid is 





vaporised by heat, to the apparatus wherein the vapour was gene- 
rated. Two closed chambers a, ) are employed, one of which, | 


that the water impounded therein may quickly gravitate there- 
from tothe generator through a pipe e fitted with the necessary 
check and control valves, This chamber is termed the ‘‘ receiver,” 
and is connected to the sump @ by.a pipe ¢ through which the 
water of condensation rises. This pipe ¢ is termed the “ risin 

pipe.” The bottom end of the rising pipe dips down to or termi- 
nates in the lower part of the sump, and the upper end termi- 
nates in the receiver, preferably at or near itstopend. In working 
the action as regards each chamber consists of two operations, 
alternately performed, firstly the filling, and secondly the empty- 
ing. The water which accumulates in the sump is transfer to 
the receiver due to the drop in pressure caused by the cooling of 


the steam in the latter. As soon as the whole of the water down | 


Fig. 2. 
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to the level of the rising pipe-inlet is thus transferred from the 
sump to the receiver, the steam passing into the sump through 
the entraining pipes is free to enter the rising pipe and receiver, 
approximately equalising the pressure in this chamber and the 
generator, and hence causing the water to gravitate from the 
receiver to the generator. The rising pipe subsequently again 
becomes sealed off in the sump due to the accumulation of more 
condensed steam or vapour in the sump, and the cycle is repeated. 
It is obvious that should at any time the receiver and rising pipe 
become full of water, the apparatus will stop working, and will 


remain out of action till some water is blown out. Such a stop- | 


page might occur should an abnormal amount of water be pro- 
jected into the sump and entraining pipes due, say, tothe priming 
of the generator, to the opening out of a length of cold steam- 
pipe, to faulty entrainment, or in the event of the stop-valve on 
the discharge pipe being accidentally left closed for a short time. 
To deal with such flooding or excess of water an automatic relief- 
valve or an ordinary steam-trap or its equivalent is so arranged 
that if the water impounded is too great for the apparatus to 
deal with, such excess is removed through the automatic relief- 
valve, steam-trap, or its equivalent, and projected into the atmo- 
sphere or hot-well, after which the apparatus will automatically 
resume its functions. (Accepted December 8, 1909.) 


852. J. Dewrance, Southwark. Relief - Valves. 
(4 Figs.| January 13, 1909.—This invention is primarily applicable 
to relief-valves of the type —— to come into operation either 
upon the steam pressure exceeding the maximum desired or upon 
the water-level falling below the desired minimum. Fig. 1 illus: 
trates in vertical section a combined high-steam and low-water 
relief-valve of the type to which the present improvements are 
applicable; the valve a, which comes into operation upon a con- 
dition of low water being reached, is seated upon the back of the 
valve b, which comes into operation upon a condition of excessive 
steam pressure being attained. The low-water relief-valve a, 


Fig. 2. 
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instead of being formed asa portion of the spindle a!, which is 
operated by the float-lever, is formed separately therefrom, the 
valve being supported upon a shoulder formed on the spindle a!, 

inst which shoulder the valve is held by means of a nut a”. 

upper extremity of the spindle a! projects beyond the nut, 
and terminates in a squared end a+. The high-pressure relief- 
valve b is held down upon its seat by means of a bridge-piece ¢ 
which stands astride of the low-water relief-valve a, and is held 
down by means of a spindle cl! which connects with a weighted 
lever. In the event of either of the valves becoming defective, the 
cover of the valve-chest is removed, and with it the weighted 
lever and holding-down spindle cl. The bridge-piece ¢ having 


been withdrawn, two box-spanners d, d! (Figs. 2 and 3) are 
applied, one (d) to the square end of the low-water relief-vaive 

indle a1, and the other (d!) to the nut a°, which serves to hold 
that valve upon the spindle. The nut.a* may now be unscrewed 
whilst the spindle a! is held en rotation. Upon the removal 
of the nut a*, the low-water relief-valve a is free to be withdrawn, 
and thereupon the high-pressure relief-valve b may be lifted out 

| or may be re-ground to its seat. (Sealed February 17, 1910.) 


| J. Howden and J. Holloway, Glasgow. 

Tur (10 Figs.] April 21, 1909.—This invention relates to 
turbines and comprises an improved construction of blade shroud- 
ing. According to this invention, blade shrouding for turbines is 
formed by overturning and cutting away the rotating blades, the 
peripheral parts of which interlock with each other and support 
each other laterally as well as circumferentially. The shrouding q, 
shown in its simplest form, is produced by constructing each of 
the rotating blades so that when the blades and distance-picces 
are fitted in the ve in the wheel H the blades interlock with 
each other at their outer ends and support each other laterally and 


i 
H 


0 
| circumferentially and form a continuous and firm band without 
| riveting, that can be ground true and smooth on its periphery and 
| on each side, enabling the wheel with its blades to run truly and 
| steadily, with little tendency to vibration, and permitting the 
shrouding to be brought close to the outer casing with safety, thus 
tending to prevent the leakage of steam passing over the outer 
ends of the blades. As clearly shown in Fig. 2, the bent, curved, 
and checked circumferential forward part of each blade forming 
the shroud g bears against the rounded back of each preceding 
blade, and also at both sides enters rectangular parts cut out for 
this purpose. (Accepted December 8, 1909.) 


meee. J. Howden, Glasgow. Steam-Generators. 
| [3 Figs.] December 5, 1908.—This invention relates to a water- 
tube steam-generator of the kind comprising top drums and 
bottom drums ofsemi-circular, or approximately semi-circular cross- 
section, connected by upright water-tubes. As shown, the gene- 
| rator comprises top drums A and bottom drums B semi-circular 
| in cross-section. C, C are the vertical water-tubes connecting 
| the two drums, through which the steam evaporated in the lower 
| drum and in the tubes themselves passes into the upper drum. 
| The tubes are of equal length, straight, without bends, and thus 
| interchangeable. The water-line D of the boiler is in the top 
| drums, the upper part of these drums being steam space. The 
| top drums A are extended backwards over the combustion-chamber 
| I, thus forming part of the effective heating-surface of the boiler, 
| the top drums being provided with bridge-stays a. The back ends 
1 
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Fig.7. 
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of the drums have projecting angle-pieces J with vertical flanges 
fixed to the ends of the drums, the lower flange resting on 4 
common horizontal beam K resting on and fixed to iron columns 
or standards L, preferably resting and fixed on a common iron 
foundation plate. The method of removing and replacing the 
| tubes with the generator in position is as follows :—The tubes are 
| cut from the interior of the drums, and a ferrule filling up." 
| enlarged hole in one of the drums, say the lower one, is also cut 
out at the same time. Should the tube to be removed be in the 
interior of the stack of tubes, the tubes nearest to the outsice in 
the row are also removed in a like manner and drawn up chron 
the space O or taken out at the side doors if they are in the side 
elements and nearer to these doors. By this method of removing 
and replacing the tubes all the costly and objectionable doors on 
the top of the drums A, which are used in other forms of wa!er 
tube boilers of this kind, may be entirely dispensed with 
(Sealed February 17, 1910.) 

















ENGINEERING. 





MarcH IT, 1910.] 





301 








THE STABILITY OF FLYING- 
MACHINES. 


By Hersert Cnatiey, B.Sc. 
(Continued from page 266.) 
9. HistoricaL SKETCH OF THE THEORY OF 
STABILITY. 


Tue first definite ideas as to the automatic sta- 
bility of aerodromes seem to have originated with 
Penaud,* but the effect of the forward displace- 
ment of the centre of pressure was recognised by 
Sir G. Cayleyt and by Pettigrew} much earlier than 
this. 

Mouillard§ seems to have first noticed the exist- 
ence of periodic vibrations. Lanchester|| doubts 
the identity of the vibrations with those in his 
‘‘ phugoid theory,” although in a quotation which 
he makes from Mouillard’s book he refers to two 
types of vibration, and seems to think that those of 
the longer period agree with those which he has 
discovered. Probably the two types are identical 
with those investigated by Professor Bryan and 
Mr. Williams in 1903.9] 

There does not seem, however, to have been any 
very defmite theory or practice as to stability until 
after 1903. The Wright Brothers practically per- 
fected their machine at this time, but this was largely 
volitionally controlled. Numerous experiments 
were made by Chanute, Herring, and Ferber on the 
lines adopted by Lilienthal, and Langley built aero- 
dromes which proved to be fairly stable. Thus 
while several large and small machines had been 
empirically made stable, there was no comprehen- 
sive system. 

It was reserved for Professor Bryan, of Bangor 
University, to first tackle the problem analytically in 
conjunction with his assistant, Mr. W. E. Williams, 
B.Sc. The results of this investigation appear in 
the Proceedings of the Royal Society, vol. lxxiii., 
June, 1903. Experimental corroboration by mag- 
nesium trial photographs was sufficient to indicate 
that important results had been obtained. 

Captain Ferber, of the French Artillery, had 
been experimenting for several years, and further 
developed Professor Bryan’s analysis so as to cover 
the question of motion in all directions and all 
types of aerodrome. The results of these investi- 
gations were published in the Revue d’ Artillerie in 
October and November, 1905. 

In 1907 (about July) Mr. F. W. Lanchester, of 
Birmingham, a well-known motor engineer, pro- 
duced the first volume (‘* Aerodynamics”) of a 
‘* Treatise on Aerial Flight,”** and a few months 
iater a second volume (‘‘ Aerodonetics ”), which 
propounded a new theory of stability, embodying 
about thirteen years’ study, applicable to aero- 
dromes of the balanced type, referred to in the pre- 
vious chapter. The completeness of this work 
demonstrated the author to have a more practical 
grasp of the fundamental principles of the subject 
than any previous student of it, and he at once 
sprang into fame as a leading authority. 

The theory of stability is then almost entirely 
associated with the names of Bryan, Ferber, and 
Lanchester ; and although we shall afterwards have 
occasion to consider their analyses in detail, it will 
be useful here to point out the lines on which their 
investigations proceeded. 

In all dynamic problems it is necessary to first 
state the equations of motion. If these can be 
integrated, then it is a fairly easy matter to say 
precisely what will be the effect of any variation, 
and consequently deduce the criterion of stability. 
Unfortunately, the equations of motion of aero- 
dromes are not integrable, so that it is necessary to 
study the differential equations themselves, and it 
is this which Professor Bryan set himself to do. 

He first assumed that the lateral and directional 
stability was already assured, so that the vertical 
axis of a machine would not depart from the plane 
of symmetry, and then formulated the equations of 
motion. These equations are three in number, and 
have been already foreshadowed in the last article. 
here are two involving the equation of direct 


’ “L Aeronaut,” vol. v., 1872, Journal Polymathique. 

+ Nicholson’s Journal. ; 

> aes Animal Locomotion.” 

§“L mare de l Air,” 1881, 

i Aerodonetics,” page 66. 

“Aeronautical Society’s Journal, July, 1903. 

** This was, with the exception of the writer's book 
r he Problem of Flight,” published April, 1907), the 

‘rst scientific treatise on aviation published since the 

subject assumed’a practical phase. 





forces along two rectangular co-ordinate axes, and 
a third expressing the equation of rotative forces. 
We first assume that there is a point of refer- 
ence o within the machine (for convenience, the 
centre of gravity), which is the origin of a system 
of rectangular co-ordinates which move with the 
body, but do not change their direction—i.e., they 
remain parallel to their original positions. Then 
the velocity of o will have components u, v, and w 
in space parallel to these axes, and in addition 
there may be a rotation of the machine about some 
axis passing through 0. By the conditions assumed 
there is no component along the y axis (the one 
perpendicular to the plane of symmetry), nor any 
rotation about the z or x axes, so that there are 
three elements of motion represented by the linear 
velocities u and w, and an angular velocity w,, We 
have 
mu éu 
dt 
where M is the mass of the machine, and (2) is 
the algebraic sum of the force components parallel 
to the axis of x. 
Similarly we have 
M2” = S(2) 
dt 


= Z (z) 


(1) 


(2) 
and 
dw > < 
I 7 =(M) (3) 

If some point other than the origin be taken, we 
must include the components of the motion of the 
centre of gravity about the origin. 

If now we introduce small deviations from the 
values which produce equilibrium, there are certain 
mathematical conditions which determine whether 
the condition for stability is satisfied. This condi- 
tion is that ‘‘ the potential energy in the position of 
stable equilibrium must be an absolute minimum.” 

One example of the application of this principle 
is to be seen in the ordinary pendulum, or its 
analogue, the well-built ship. The centre of gravity 
being below the centre of oscillation, and rigidly 
attached thereto, any deviation will cause the 
centre of gravity to be raised, so increasing the 
potential energy at the expense of kinetic. In no 
position but that of equilibrium is the potential 
energy so small, and the kinetic energy is made up 
by the excess of potential energy in the positions 
other than that of stable equilibrium. 

Since the aerodrome is practically a conservative 
system, it will probably follow from this fact alone 
that the stability is greatest when the kinetic energy 
is a maximum—i.e., in the conditions of least 
resistance. We shall later see that this is one of 
Lanchester’s conclusions. 

Proceeding now to the actual machine, let us 
suppose that we can express the arrangement of the 
masses in the aerodrome by the quantities 6,, 6... . 
6,,,* such that when their value is known, the 
arrangement is fully determined. These quantities 
are called ‘‘ generalised co-ordinates,” and any set 
of values of 6,, 6... . 6, give a possible arrangement 
of the machine. 

Further, let us say that 0, = 6,, 0, = 0... O0.= 
6, constitute that particular set of values which 
refers to the position of equilibrium. 

Then 

gi = 91 — 91, be = O — Og. «n= On ~ On 
are also generalised co-ordinates (for if 6,, &c., re- 
presents acertain possible position of machine, and 
6, represents another, their difference is equally a 
general property of the machine), and will possess 
the property of vanishing when equilibrium is 
attained. 

Then the potential energy of the system in any 
position is given by 


dw dw dw 

a®&+ & ot + eee +... ew te 

w= WW 1 7, % 70, * on 70, 

aw dw + 

+4(¢2%"% +2 3 +...) 
a( daa t 2M hag ao, 


* These are not necessarily angles, but simply general 
terms which may symbolise any variety of co-ordinate 
appropriate to the conditions. ? 

Pp [Perhaps the following note may assist some of our 
readers in following Professor Chatley’s argument. Sup- 

the machine to be tilted in some direction or other 
rom its position of equilibrium ; then the displacement 
at any instant of each particle of it can be exp in 
terms of the co-ordinates z, y, and z. The potential 
energy of the machine will be a function of these displace- 
ments. For instance, a spinning-top has less potential 
energy when its axis is inclined than when it is “‘ sleep- 


ing,” since its centre of gravity is nearer the ground. 
The value of the potential energy can therefore be ex 








that is to say, the potential energy is the sum 
of the potential energy in the position of equi- 
librium (w») plus the rate of change of that 
potential energy with regard to the co-ordinates of 
any position multiplied by the range of disturb- 
ance from the position of equilibrium. Now the 
condition of equilibrium is that the component of 
the opposing forces in any direction shall simul- 
taneously vanish (i.e., so that there is no resultant), 
which means-that the space rate of change of the 
potential energy in any direction is zero, 
Hence in the position of equilibrium 


dw _@w_ _dwig 
d @, d 6 d On 
so that we can write W in the form 
W = wy + ay, 2 + Zaye, O, Got... tann, Gn? 


the powers of ¢ higher than the second being 
omitted on account of the assumed smallness of 
the disturbances ; a,,, &c., are constants within the 
limits of the hypothesis. 

The kinetic energy is always a quadratic function 
of the velocity (or time rate of change of the dis- 
turbance), so that we may write 

T = by, 92 +2 by, do, de +... thnn, on? 
T being the kinetic energy, ¢,, &c., being the 
time rate of change of ¢,, and b,,, &c., being con- 
stants. 

It is often convenient to get the expressions for 
the kinetic and potential energies in the forms 

W = Wy + ,, ¥,* + ag, Ho? +... + On, Wn *. 
and 


(4) 


r = B, ¥,* + Ba We? +... + Ba Wn* 
This can always be done by putting 


=n Vit Yet - ++ + Kin bn 
G2 = Koy Vi + Xe Yo + Kan Yn, &e. 
Here «,, ko, &c., are constants chosen so as to 
make the products ¥, W,, &c., vanish, both in the 
equation for the potential energy and in that for 








pressed in terms of the displacements of the particles 
composing the machine ; that is to say, in terms of z, y, 
and z. ow, if 6), 0, @, be any quantities whatever 
relating to the machine, which vary with its position in 
space, then these quantities can be expressed in terms of 
x, y, and z, and conversely z, y, and z can be expressed 
in terms of 4), 6, and @3. It follows, therefore, 


that the potential energy can also be expressed in 
terms of 6), 9, and 6,; or, if w be the potential energy, 
we may write w = F (6,, 69, 93). ow sup 0 


changes by the small 


we ¢1, 9 by the small quan- 
tity po, and Oy ps 


he new value of w is given by the 


relation w = F (0, + $1; 0 + $2; 43 + $3). Expanding 
this by Taylor’s theorem we get 
. bw iw 5 w 
» = F (0, 0, 85) + +057.” + 9,9! 
u (9;, %, 3) M1 56, 5 by % 59, 
fg2”wso & w a 
+4 59a t 2H so 5p + he} +... 


In a position of equilibrium, whether unstable or stable, 
the potential energy is either a maximum or a minimum— 
that is to say, for this position we have 

Sw _ Sw _ dw _ 
50, 60, 60, 

Hence if ¢), %, ¢; denote small departures from the 

position of equilibrium, we have 


» &w 2w ) 
2 +2 + &e. ; 
goat MMs 5G, t My 


Again, the kinetic energy of any particle can be ex- 
pressed in terms of its component velocities, which are, 
of course, 


w=m +4{ o 


dx dy dz 
dt? dt dt? 
or, adopting Newton's notation, we may write these 
2, ¥, and 2 
Now since zx, y, and z can be expressed in terms of 
@,, %, and @3, they can also be expressed in terms of 
$i, Po and os, since = = 
o, = 9 — 9%, by = 02 — 02, $3 = A; — O3, 


Writing 
x =f. (bi, Or os), 
we have P . 3 P 
: o.-F.. @ : .. 
o=7e “o6,° + 5g, @t 5g,° % 
Hence the kinetic energy of each particle can be ex- 


pressed in terms of ¢), %o, ¢; and their derivatives. 
Calling this kinetic energy T, we may write 
tx - 2 8m 82 : . 
T = (55 &) +255 5g,° i: Ot & 
If we differentiate the expression given above for x 
partially with respect to $,, we get 
bx 82 
3g, 59’ 
an important result needed later on,—Ep E.] 
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the kinetic energy ; and it is also possible, if desired, 
to make the coefficients of the terms y,*, &c., in the 
kinetic energy equation equal to unity. 

These quantities y,, fy, .. , are called ‘‘ principal 
co-ordinates.” 

Employing now equations deduced by Lagrange* 


$(2)- PS 
dt\sy,/ oy on 


(with similar forms for Y.... Wn ). 


Here 8 denotes partial differentiation. 
We find that y, and its analogues can be expressed 
in the form 
Wi = A; cos (x, ¢-e,) 
(x being a coefficient and ¢ the time) 


and that unless all the coefficients A,, A, . . A, are 
positive, y will steadily increase and the motion will 
not be stable. 

This then is the essential feature of the mathe- 
matical investigations both of Professor Bryan and 
Captain Ferber: to find the expressions for the 
potential energy in positions other than that of 
equilibrium in terms of yj, f2.~. Wn, or, what is 
the same thing, an expression for a perturbation in 
relation to time.’ The signs of the coefficients will 
then indicate whether or not there is stability. 
This seems to be the only rigorous method of find- 
ing the criteria. 

The above sketch of the mathematical processes 
indicates the possibility of solving the problem, 
the chief difficulty being the exact determination 

* [Lagrange’s theorem may be established thus :—If a 
particle under the action of a force X, parallel to the 
x axis, moves through a distance A z, the work done 
is X Ax. But the force X is equal to the mass accelera- 
tion of the particle—i.e., tom. Hence, if a particle moves 
under any force whatever, acting in any direction, the 


total work done onit ism (zx Ax + yAy +2zA4z). Now 
suppose the displacements A x, Ay, and A z all result from 
some one variation, A / in y some other related qpentity. 
Then Ax =f dy; y= tt Ayand Az = Fa, Ay. 
Then the total work done on any particle due to the 
variation A y will 
. 82 . by . ;+) A 
m(ebet ogy te sy y 

And the total work done on the whole body will be the 
sum of that done on each particle, or 


wie aa ~ 82 
Zm(z 55 that : 3% 


If no external forces act on the body, this must be done 
at the expense of the potential energy. Hence 


a reerrped hyeral ster 
Em (aS HS te Tae + oy y 


Now on completing the differentiation, it will be found 


that 
é ~o2, soy ft) -2 (eZ 82 
tiem (25a t vey ‘ay =m tat ay ty” 


d by ,;:d be) _y (#54 yoy 254) 
di ept tai) = ™ “spt spt sy} 
The kinetic energy T of the whole body is given by the 
relation T = 42m (a2 + y+ 22). 


oa 


_ oT zm (224 by ; 22) 
oo —; = iniz— +y¥ +t—s) 
by Vay ay By 
: , : 3x2 
And, as pointed out in the previous footnote, —- = iv 
6 
.@ » (253 -Sy ,° 82 d 6T 
oe mM F—— ty" + 27 l= Te, 
at ay hy ry) di oy 


Now it will be found on trial with 2 equal to any 
function of several variables, such as, for instance, ¥, 7, 


and A, that 
é . $88, é¢,4 ; 
dt’ by sy dt By 
Hence 
zm(ee Pea yd dy f.Fz)= 
dt vy dt sy dt by 
-8a,°3y +83 
= plo pa 4 nd 
m( aot et eh), 


and on differentiating T partially with respect to ¥ this 
latter expression is seen to be ’ nme 


éT 
jy: 
Hence finally we get 
d@ 8T _8T, 3w 
dt’ sy te ae” 
If ¥ is a principal co-ordinate 
iy 
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of the coefficients which enable the various force 
acting on the machine to be expressed in terms of 
the co-ordinates and dimensions of the machine. 

Captain Ferber, recognising the necessity of 
knowing the conditions of stability in all direc- 
tions, did not limit the problem by the assump- 
tions adopted by Professor Bryan, and succeeded in 
carrying out the analysis for all the possible motions 
of the machine. In order to do this, it was, how- 
ever, necessary to standardise the form of the 
machine. This he did, in a very simple manner, 
as follows :—The origin of the co-ordinates was 
taken at the centre of gravity, and co-ordinate axes 
2, yy, and z, were taken, the first being parallel to 
the main surfaces, the second also parallel, but trans- 
verse to the main surfaces, and the third perpen- 
dicular to the main surfaces. All the surfaces con- 
stituting the various parts of the machine are 
resolved into equivalent rectangular areas perpen- 
dicular (in the «,, z, and z,, y, planes) to the main 
surfaces. Curvature in any of the surfaces is 
allowed for by approximately increasing or decreas- 
ing the three standard surfaces. 

Each surface has four important co-ordinates or 
characteristics :—(1) Area ; (2) and (3) rectangular 
co-ordinates of the centre of area (there is no third 
co-ordinate, since each surface is symmetric about 
one of the reference planes); and (4) a dimension 
in one direction (the other being unimportant or 
determined from this and the area). 

Thus we have S the area of the principal (aero- 
dynamic supporting) surface ; H and L the <,, and 
x, co-ordinates of its centre of area with regard to the 
centre of gravity ; and Kits lateral dimension(parallel 
to the y, axis). Again, there is S, the head or 
‘‘nuisible ” area, of which the z, and x, co-ordinates 
are h and 1, and the lateral dimension (parallel to 
the y, axis) ise. Lastly, there is o, the keel area, 
n and X its 2, and «x, co-ordinates, and ¢ its longi- 
tudinal dimension. For convenience in studying 
the centre of pressure the longitudinal (x,) dimen- 
sions of the surface S is also taken as L!. 

The thrust F is also specitied, making an angle 
® with the x, axis and passing at a perpendicular 
distance f from the centre of gravity. P is the 
weight, A is the moment of inertia about the 2, 
axis (transverse moment of inertia), B is the moment 
of inertia about the y, axis (longitudinal moment of 
inertia), and C is the moment of inertia about the 
z, axis (directional moment of inertia). 

Two further assumptions are made—viz. (1) that 
the equivalent surfaces S and o do not appreciably 
vary with small variations of the angle of attack (y), 
and (2) that the centre of pressure is situated at a 
point a — b sin y in front of the centre of gravity. 


a=L+03L! 
b6=03L) ] 


This last hypothesis depends for its truth on 
Joessel’s law, and is therefore open to question; 
but the analysis may be modified to agree with any 
new rule which may be discovered. 

Captain Ferber, using this standard specification, 
proceeds to formulate the equations of motion, 
applies small variations to the variable functions, 
and deduces the equations of stability for longi- 
tudinal and lateral motion, as will be afterwards 
shown. 

Mr. Lanchester’s method is very different from 
that above outlined, and consists briefly in deduc- 
ing the natural oscillations of an ideal frictionless 
machine, and then balancing the effects of inertia 
and resistance on this oscillation. From a mathe- 
matical point of view this is not so rigid a proce- 
dure, and as a matter of fact only properly ex- 
plains the balancing of one well-known type of 
machine; but its simplicity and practical applica- 
bility widely recommend it. 

He commences by assuming that the machine is, 
as mentioned, frictionless, and also that it possesses 
no moment of inertia and is of dimensions bearing 
no appreciable ratio to the radius of curvature of the 
flight path. 

ow the lifting force on the surfaces is propor- 
tionate to the square of the velocity, and since (by 
the assumption of no friction) there is no loss of 
energy, the sum of potential and kinetic energies 
of the machine relative to the mean flight path 
remains the same, any decrease in the velocity 
being compensated for by elevation above the mean 
flight path. In the absence of resistance, or, if there 
be a force exactly opposite and equal to the resist- 


ance, then the mean flight path is horizontal. 
When the machine is travelling along any part of 
the flight path inclined @ to the horizon, there is a 








vity component perpendicular. to the path of 
pe 6, which is balanced by the diptinals oom of 
the reaction on the plane and the centrifugal forcs 
due to the curvature of the path. 
We have now the following quantities :— 
F = positive reaction per unit mass of the aerodroiie, 
f = negative or positive centrifugal force per unit 


mass. 
V = velocity = J 29H, where H is the velocity 
** head.” 4 

L = length of path. 


0 = angle of tangent to path with the horizon. 
t = time of flight. 


The fundamental equation is 
F -f=gcos@. 


Now F « V2, so that we can write F = n. 29 H and 
d@ 
=*-.Y, 
f dt 
so that 
a0 <~ 
@=n.29gH + —.V; 
g cos n.29 7 
but since 
€L _y,at=%) ana 29 vy -49 veo 
dt V dt dl 
(This could also be obtained by taking d@_1 
ae dl R 
= 89H —. 
"a 
Further, 
sin 6 = 7 (negative if the path is descending) 
aL-@H d@_sin@.d0_ _ dcosé 
sin 0’ du dH dH 
(Since d cos @ = — sin @. d 6) so that we get finally | y 
substitution 
dcos@ _,, _ cos 0 (6) 
dH 2H ° ’ F 


as the differential equation to the path of flight. 
Calling cos @ = y, and H = z, this becomes 
dy, y 
ada 22 
the solution to which is 
y= §naxet Ca} 


n, 


[Proof :— 
_3 
€@¥—-gn-4Cx 2 
da 
f= an +4Cx- 2 
dy eo — 
a ie = nt hn =n. | 


Substituting, we have 


Cc 
cos @ = nH + =: 
JH 


Since under conditions of straight-line flight— 
i.e., with no centrifugal force— 
g =2g9 Han, 
where H,, is the head corresponding to the ‘‘ natural 
velocity ” occurring in these conditions, 








n= 1 : 
- 2H,’ i 
which, inserted in the above equations, gives Lan- : 


chester’s ‘‘ phugoid ” equation 


oe 


H C 
cos @ = 3 Ha + /H 


In Lanchester’s book this equation is plotted for 
various values within the possible limits, the whole 
forming his ‘‘ phugoid chart” (see ENGINEERING, 
vol. Ixxxvii., page 241 et seq.) 

Since every aerodrome has one particular velocity 
at which it will glide in a straight line, H,, is a con- 
stant. C also is a constant, which can be deduced 
from experimental observations. From the mathe- 
matical conditions it will be found that if C = 0 
the curves are semicircles, and if 6 = 0 then C = 


VH (1-H) 
— 


By plotting from calculated values of the radius 
of curvature, Lanchester shows that the curves 
for minus values of C are of the ‘‘tumbler” or 
looped pseudo-epi-trochoid type, passing with an 
increasing periodic time and decreasing amplitude 
through the semicircular form when C=0 to sinuous 
pseudo-hypo-trochoidal forms, which finally approx:- 
mate to a straight line when the required value of 
C is attained. The phugoids of small amplitude 
can be closely approximated to by harmonic or si! € 
curves, and their periodic time is nearly constant. 

As will be subsequently described, Lanchester 
proceeds to ascertain the quantitative effect of 


, and the flight is a straight-line one. 
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inertia and aerodynamic resistance on these motions, 
and hence deduces a rule for stability. At present 
it suftices to notice that the constant C is, toa 
ain extent, a measure of the stability. 


(To be continued.) 


cert 








STRESS-LINES AND STREAM-LINES. 

Ir is common knowledge that the engineer is 
often compelled to erect structures in which it is 
impossible, in the existing state of mathematics, 
to determine with any great accuracy the stresses 
to be resisted. The ordinary plate-girder bridge is 
a well-known example, and such bridges have, 
accordingly, been dubbed ‘‘unscientific”” structures 
hy Professor A. J. Waddell, an opinion which seems 









Fig./. 











Though rubber has not quite the same elastic pro- 

rties as our structural materials, there can be 
ittle question that results obtained with it are 
substantially correct, but this is much more doubtful 
with another method of experimenting, which has 
also enjoyed a certain favour, and is based upon 
an assumed close analogy between stress-lines and 
stream-lines. 

It is well known that around any point of a body 
under strain, a stress ellipsoid can be drawn, which, 
in the case of stresses in one plane only, degenerates 
into an ellipse of stress. The radii of this ellipse 
show the direction and amount of the stress on 
every plane through the centre of the ellipse. On 
planes in which the principal axes of the ellipse lie 
the stresses are wholly normal, there being no shear- 
ing forces whatever on these planes. If then a 
series of such ellipses are drawn for successive 
points of a body under strain, and the principal 
axes of the whole set joined up, a network o 
curves is obtained, such as that shown in Fig. 1, 


taken through the courtesy of Messrs. Macmillan ' 
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stream-lines or of equipotential lines ; corresponding 
to the flow of an electric current through a con- 
ducting plate, or to the flow of a film of a viscous 
fluid between two glass plates, as in Professor 
Hele-Shaw’s beautiful experiments. A set of such 
stream-lines is reproduced in Fig. 2, and shows the 
direction and velocity of flow of the stream at cach 
point. The equipotential lines, of course, cut these 
stream-lines at right angles. 

From what has been said above, it will be obvious 
that each set of stress-lines does, indeed, correspond 
to a set of stream-lines, but, as will be shown 
later, it is not an easy matter to determine what 
must be the conditions of an experiment to give a 
set of stream-lines corresponding to the stress-lines 
resulting from a given system of loading. This fact 
has not always been recognised, and has led to 
some erroneous statements. Thus in a paper read 
before the Victorian Institute of Engineers in 


f | 1901 the late Professor Kernot discussed the failure 


of a certain skew bridge of Monier reinforced con- 
crete, and arrived at the conclusion that the load 


















































to take a very restricted view of the field covered 
by science, and which would logically seem to ex- 
clude from the sciences, biology, geology, and large 
departments of chemistry. In actual practice it 
matters little what the true stresses ae are in a 
plate-girder bridge, provided the designer knows it 
is safe. Whatever the true stresses may be in 
similar structures, they must bear nearly the same 
proportion to the nominal stresses as calculated by 
the ordinary methods, and hence, if experience 
has shown that a certain nominal working stress is 
permissible in one structure, a similar one can be 
sifely and scientifically proportioned, though the 
Values of the real maximum stresses may be un- 


known. Nevertheless, more minute knowledge of 
the real stresses in actual structures is always in- 
teresting, even though such knowledge will but 
~cldom enable any substantial economy to be effected 


in structures and machines, of which large numbers 
hia v already been built. 

he resources of the mathematician being at an 
end, our knowledge of such stresses must be gained 
by experiment, and in this direction some very 
valuable and illuminative results have been obtained 
th india-rubber models. Thus, at the Engineer- 
4 Conference in 1899, Mr. A. Mallock exhibited 
ne very interesting model eye-bars made in this 
terial, which showed very clearly the difference 
tween bad and good forms of head. Similar 


Wi 
iy 
} 
he 
t 


's periments, it will be remembered, were made by 
Mr. Theodore Cooper in connection with the pro- 
|rlioning of the eye-bars for the Quebec Bridge, 
\ hilst the extremely valuable experiments of Messrs. 
‘ison and Gore, in which they determined, in this 
vay, the distribution of the stresses in reservoir 
“caus, are too recent to need further reference here. 
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and Co. from Ibbetson’s ‘* Mathematical Theory 
of Elastic Solids.” The two sets of curves, as 
will be seen, cross each other at right angles, and 
are intended to show at every poiat the direction 
of the principal stresses in the head of a thigh- 
bone. y suitably spacing such curves it will, 
moreover, be obvious that the two systems may 
represent not merely the direction of the principal 
stresses at each point, but also their amount. 
| Where the stress is greatest the network is made 
proportionately closer. When thus arranged each 





set of curves may then also represent a set of | 





tem eee en nnnd 


(7) 


was not fairly transferred to the abutments. In this 
investigation he had, he said, the assistance of Mr. 
Love, Tensieteuher in Physics at the Melbourne 
University, who pointed out that ‘‘there was a very 
striking analogy between the laws regulating the 
distribution of stress in an elastic solid and those 
regulating the flow of electricity in a conductor.” 
Mr. Love therefore suggested that a metallic model 
of the bridge should be made, and a current of 
electricity being passed through this model, the 
equipotential lines should be determined experi- 
mentally, after which it would, of course, be an 
easy matter to map out the stream-lines of the 
current. The experiment was made and was con- 
|sidered to contirm Professor Kernot’s view that 
| there was a very serious concentration of stress on 
| the corners of the abutments. 

| It is quite true, as wees out above, that an 
| analogy between stress-lines and current-lines does 
exist, but a more careful examination shows that 
| to get, in the manner suggested above, the stream- 
lines corresponding to a given series of stress-lines 
it will in general be necessary to make use of a 
heterogeneous conductor, so that the results ob- 
tained with the bridge model were in all probability 
very erroneous. ; 

For example, consider a strip of material, 
ABCD, Fig. 3, say 3.14 in. wide and 10 in. 
long. Apply to each end a load varying uniformly 
from zero up to 3.14 lb. per square inch, as indi- 
cated by the triangles at each end. Then, on the 
usual theory of bending, it will be shown that at 
any other normal cross-section the distribution 
of the stress will be the same as at the ends. The 











sition of the stress-lines will therefore be found 
»y dividing, by lines parallel to AC, the load 
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into equal areas. Joining the points where | 


these lines would cut the bases A B and D C|! 


respectively, we get the stress-lines, shown dotted | 
in the figure, which, as will be seen, are closer | 
together near the edge A.C, where the stress is | 
greatest, than at the edge BD, where it is zero. 
Take next the case where electric currents are 
fed into a similar strip at one end and withdrawn 
at the other, in such a way that the strength of the 
current at each end is proportional to the forces in 
Fig. 3—that is to say, the current entering at the | 
end A B varies uniformly from zero at up to| 
3.14 amperes per square inch at A, whilst Gutiaty 


at C D the current in leaving varies uniformly |is led into and out of the plate. 










Wi” & 
bYjj 


Now general 


from zero at D up to 3.14 amperes at C. Such an | reasoning makes it at once obvious that the stream- 
arrangement can, of course, be approximated to, as| lines now obtained (the plate being taken as of 
accurately as may be desired, by suitably fixing the | uniform conductivity throughout) are entirely dif- 
ferent from the stress-lines shown in Fig. 3. 


resistances of the conductors by which the current | 


In 






































fact, it is not difficult, by means of Fourier’s series, 
to calculate exactly what the stream-lines are in 
this case. 
If we neglect cosech 10 in comparison with coth 10, 
it can be shown that the strength of the current 
rallel to the axis of the plate is given at all poimts 
S the expression 
n= 
Ss 


= 


n=0 


« 
cosh n x (1 


GC. = = -< tanh n x) cos ” ¢ 


n- 
where x represents the co-ordinates parallel t the 
axis of the plate, the origin being at B, and y 
denotes the co-ordinate at right angles to this, 
whilst n stands for each odd integer taken 1 suc 
cession. This expression holds accurately { all 
ints not very close to the end C D of the j te, 
but as the distribution is obviously symmet:ca 
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various points of that sheet when exposed to an 
irrotational strain. 

So far Mr. Smith was on safe ground in his 
paper ; but in the second portion of it he no longer 
refers to u and v as the displacements of his sheet, 
but as the strains in it, which is quite a different 
matter. In fact, if a load be suspended from a bar, 
the displacement of any section isa maximum at the 
point of application of the load, and is zero at the 
point of suspension. The strain, however, is uni- 
form from end to end of the bar, and the stress is 
eg tee to this strain. This strain is obtained 

yy differentiating the corresponding displacement. 
Thus, if u represent the displacement in the direc- 
tion of x, the strain in this direction is given by 
the relation 

du 


dz 


and, similarly, if f is the strain in the direction of y, 
we have 


e 


dv 
f Ts’ 

Mr. Smith gave the diagram, Fig. 2, showing 
the stream-lines round a cylinder, and remarks that 
these show also the stress-lines (strain-lines ?) round 
a circular opening in a stressed plate or flat. Thus, 
Mr. Smith stated in his paper, ‘‘Such an opening 
might be a rivet-hole (with rivet missing), a cir- 
cular deck-light, a coaling-scuttle, or the outline of 
a barbette.” 

From what has gone before, it will be seen that 
this conclusion is quite illogical, for if the strain- 
lines and stream-lines were analogous, we ought to 
have 
d 
d 


du 
dy 


"and f= 
= 
in place of 
dv 

fx oS 
dy* 
Hence it would seem that strain-lines and stream- 
lines in a conductor of uniform resistance will only 
be analogous when the current or stress is a 
function of one co-ordinate only, and v = 0; that 
is to say, in the case of Fig. 3, only when the 
stream-lines are parallel to the axis and uniformly 
spaced. They cannot represent with accuracy the 
strain or stress-lines elsewhere. The magnitude 
of the error involved is not easily estimated, but a 
comparison of Figs. 3 and 9 shows that it is not 
safe to assume it as small. 

It is unfortunate that the analogy between stress 
and stregm-lines is so very imperfect, as otherwise 
many complicated problems in the distribution of 
stress, such as, for instance, the actual stresses in 
masonry dams, could be determined with great ease 





and very great accuracy; and as the method in 


question is, at first sight, so very plausible, we have | 


thought it well to point out its deficiencies, and 
thus prevent the further waste of time in attempts 
to apply it. 





THE TRANS-CONTINENTAL RAILWAY 
OF AUSTRALIA. 

Towarps the end of last year cabled summaries 
of the report on the survey of this line were 
received, and we now have the full text concur- 
rently with the news by wire of Lord Kitchener’s 
strong advocacy, on strategical grounds, of the con- 
struction of the railway. 

It will be remembered that Western Australia, at 
present isolated from her sister States as far as 
railways are concerned, has been agitating for this 
scheme for years, and the hope of obtaining its 
consummation by the Federal Government was one 
of the inducements of that colony to join the 
Federation. South Australia was hostile to the 
project as depriving Adelaide of the advantage 
which she now possesses of being the ocean terminus 
of the approach to Australia from the west, which 
would be transformed to Perth and Fremantle 
by the completion of the proposed line. The 
other States were in a position of rather more than 
benevolent neutrality, so that the grant of 20,000I. 
for the survey and preliminary estimate of the 
work had some Parliamentary vicissitudes before it 
was finally passed at the end of 1907. 

Before referring specifically to the report before 
us, it might be well to recall the principal objects 
to be obtained by the construction of the line from 
Port Augusta to Kalgoorlie. In the first place, there 
is the shortening to the extent of two to three days 
of the mail and passenger transit between Euro 
and five of the Australian States ; secondly, the rail- 
way will connect Kalgoorlie, the Great Western 
Australian goldfield, direct with the centres of trade 
and activity in the Hastern States, Adelaide, Mel- 
bourne, Sydney, and Brisbane, which connection has 
now to be effected by rail westward to Fremantle 
and then eastward by sea to Adelaide, or vice versd. 
Thirdly, the line will form a great strategical help 
in the defence of the Commonwealth, this fea- 
ture becoming more prominent owing to Lord 
Kitchener’s pronouncement. In connection with 
this, the Trans-Continental telegraph line which at 
present runs along the coast, and is generally only 
accessible by sea, will be transferred to the railway 
linc, and will be thus better situated both for pro- 
tection from a hostile force and for maintenance. 

Finally, there is the opening up of the country 
itself which will be traversed. This object was 


formerly regarded as the least important, owing to 
| the supposed waterless and barren character of the 
‘country ; but owing largely to the investigations 
in connection with this proposal showing a much 
‘better country than was at first supposed, pastoral 
settlement to a considerable extent is now thought 
to be not unlikely. The survey was under the 
charge of the engineers-in-chief for the railways of 
South and West Australia, who were responsible 
respectively for that portion lying within their 
respective States, while Mr. H. Deane, M. Inst. 
C.E., formerly engineer-in-chief for New South 
Wales, controlled the whole as consulting engineeer. 

The consideration and rejection of three proposed 
deviations from the general route occupy the first 
part of the joint report of the three engineers, 
and the document then deals separately with the 
Western Australian and South Australian portions. 
The operations of the former began on July 1, 
1908, with four surveyors, under a superintendent, 
Mr. John Muir, who had some years ago explored the 
country, and they were finished on September 27, 
covering a distance of 455 miles, or an average of 
about 6 miles per working day, the junction-peg 
being fixed at latitude 30 deg. 45 min. south and 
longitude 129 deg. east. The country is fairly 
easythroughout. Ninety-one camels were employed, 
of which thirty-six were used for three wagon teams, 
another thirty-six for three strings of pack animals, 
three for carrying pegs and other marks for the 
centre line, four for the buggy, five for inspection, 
and seven pack animals for transporting plant and 
equipment for a boring party. Nineteen tons of 
stores were distributed along the route, and water 
left at every seven miles, this keeping all the 
camels and their drivers fully occupied throughout. 

The method adopted for the actual setting out 
was as follows :—The chief surveyor ran the course 
with a prismatic compass ahead of the main purty, 
taking numerous stellar observations to check 
each day’s work as he proceeded. The route 
traversed was marked by a heavy bullock-chain 
dragged by the rear camel of the string. This 
chain having a knot at the end, left a well-defined 
trail, which was easily followed by the rest of the 
party. The centre line was carefully ranged with 
a 5-in. Troughton and Simms theodolite, observa- 
tions being taken every 20 miles to check the year- 
ings. The chaining was carried out with a 5-chain 
band, checked daily with a standard chain. The 
section was taken with a 14-in. dumpy level. As 
to the alignment, the course is south-easter!y 'or 
40 miles, thence almost due east adjacent to the 
31st parallel to about 357 miles, then on a bearing 
of north 79 deg. east till the South Australian 
|border is reached. The first 107 miles is undu- 
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lating, and is less so up to the 151st mile, from 
which onward the surface is almost level. After 
leaving the gold-bearing area, granite formation 
prevails for over 100 miles, limestone being con- 
tinuous for the remainder. 

The soil is for the most part good and covered 
with vegetation consisting of various salt bushes, 
blue bush, grass, edible and other shrubs and 
trees of various kinds, such as mulga, myall, mallee, 
casuarina, and myaporum, with frequent bushes of 
sandal wood and quangdong. The great drawback 
is the low rainfall, which, except for about fifty 
miles near the western end, does not exceed 7 in. 
to 8in. annually. Boring or conservation in re- 
servoirs will be essential, and there are many suit- 
able sites for the latter. 

The South Australian surveyors began work in 
June, 1908, and reached the border-post fixed by 
the other party on March 13, 1909, a distance of 
608 miles, or less than three miles per working 
day, the strength of the party being similar to that 
of the western section.. Greater difficulties, how- 
ever, appear to have beset the South Australians 
in regard to water scarcity, especially in the summer 
months, before which trying period the western 
surveyors had finished their shorter length. There 
is not so much detail given in the report as to the 
methods used by the eastern party as in the case 
of the western, though there was a general simi- 
larity ; but pack camels only, eighty in number, 
were employed. 

Taking the course of the line as continued 
easterly from the Western Australian boundary- 
mark at latitude 30 deg. 45 min., it runs 10 deg. 
north of east for about 108 miles to the sandhill 
country, where the general direction is easterly. 
With a less direct alignment the sheep-stations 
of civilisation near Tarcoola are reached, and the 
remaining 262 miles are generally easterly or south- 
easterly to Port Augusta. Generally, this section 
of the survey is not so easy as the other, and the 
limiting grade of 1 in 80 and 20-chain curves are 
more frequently required. 

From the border, for 170 miles there is an open 
waterless plain, with limestone near the surface 
throughout, good for pasturage if water were 
tapped ; 108 miles following go through inferior 
country, and 53 miles to the present occupied hold- 
ings are fairly good pastoral land. 

The proportion of the ruling grade of 1 in 80 is 
small for the great length of the line—namely, 
44 miles in the aggregate. The levelling operations 
met at the boundary of the States with a discrepancy 
of 2.81 ft., a remarkably good result considering 
the distance—1447 miles between the two mean sea- 
levels from which they originated. The outline 
estimate, which is founded on the 4-ft. 84-in. gauge, 
is as follows :—- 


: £ £per Mile 
Clearing and earthwork 371,000 350 
Bridges and culverts 65,000 61 

sallasting and permanent- 
way ... . nee a 2,141,000 2000 
Stations and shops, tele- 
graph, &c. ... Bae yee 335,000 
Fencing 2 8,000 
Water supply... 609,000 573 
Land purchase Sie ia 5,000 
Engineering and supervision 100,000 
Maintenance for twelve 
months aa ; ; 63,000 60 
Rolling-stock ... 291,000 274 
Total... 3,988,000 


With regard to this estimate, the report explains 
that each item is put sufficiently high to cover the 
contingencies usually added to the total, and that 
tie quantity of rolling-stock provided for will be 
sullicient for one passenger train per diem each 
Way, and one goods train in each direction every 
nd day. Interest on the outlay during con- 
tion is not included. The report does not say 
So, but it is evident from the figures that the items 
for land purchase and for fencing refer only to 

wall portion of the line, these not being 
tiecessary on the greater part of it. 

The question of the gauge to be estimated for 
ust have been a real perplexity to the engineers. 
he variegated system now existing in Australia is 
torious, Queensland has 3 ft. 6 in., New South 
Wales 4 ft. 8}in., Victoria and South Australia, not 
— satisfied with divergence from their neigh- 
bi urs only, have 5 ft. 3 in. and 2 ft. 6 in. and 
“it. Sin, and 3 ft. 6 in. respectively, within their 
own borders, while Western Australia has 3-ft. 6-in. 


gauge, 


The line now proposed connects the 3-ft. 6-in. 


Se 


St 





systems of South and Western Australia, and had 
other considerations been absent it would, no 
doubt, have been estimated for this gauge, prevent- 
ing the five breaks which a traveller from Queens- 
land to Perth would otherwise encounter. These 
reasons, however, may fairly be considered to have 
influenced the decision to adopt the standard gauge. 

Firstly, some years ago it was decided in a Joint 
Conference on Unification that, if ever carried out, 
the basis should be 4 ft. 8} in. Secondly, the 
adoption of the narrower gauge would seriously 
interfere with the —— required to justify the con- 
struction of the line, as eupiielinn the rapid 
acceleration of ocean traflic; and thirdly, wool 
being the chief commodity expected to be dealt 
with, the light specific gravity of this loading leads 
to more economical working with the wider wagons 
of the standard gauge. 

Since, however, the Gauge Conference met, each 
separate system has been largely extended, so 
that the cost of unification, even then formidable, 
would be enomously increased if undertaken in the 
future. 

The evils of diversity in this matter are chiefly 
represented by transhipment, isolation of rolling- 
stock from central cs: som and obstacles to its 
fluidity when the traffic of different districts varies in 
volume. These evils are serious in a small system, 
but are not felt so much in the now much larger 
self-contained divisions. Hence uniformity may 
at this time be considered to be an advantage 
hardly worth its huge cost. The other reasons, 
however, are strong ones for the course adopted, 
and even might justify the consideration of the 
wisdom of incurring the slightly increased esti- 
mate due to the adoption of the still larger 
Victorian 5-ft. 3-in. gauge. In this case, not only 
would the above-mentioned advantages of a wider 
line be accentuated, but by the conversion of a 
comparatively short 3-ft. 6-in. length of. the South 
Australian railways adjoining the Trans-Continental 
line, or the introduction there of a mixed gauge, 
there would be a strefch of one gauge from the 
southern border of New South Wales right away to 
Kalgoorlie—a military consideration of great value. 

Since the above was written, the Prime Minister 
of the Commonwealth is reported to have said, in 
reference to Lord Kitchener’s defence proposals 
generally, ‘‘ We have — to Cesar, and mean 
to follow his judgment.” Hence we may look forward 
with a fair amount of confidence to the construction 
of this important railway at no very distant date. 





ROBERTS'S DIRECT-ACTING HYDRAULIC 
PUMP. 

Tue direct-acting hydraulic pump which we illustrate 
on pages 304 and 305 has been f torn te and patented by 
Mr. H. I. Roberts, M.I. Mech. E., Victoria Chambers, 
42, Castle-street, Liverpool. It is a combination of a 
piston-pump, a piston and plunger-pump, and a ram- 
pump. When the maximum quantity of water is 
— the og mcg works as a piston-pump and 
delivers the full bore of the barrels at each stroke ; 
but on the pressure reaching a certain point, levers 
with weights attached are automatically lifted by the 
pressure from the main, and one set of valves is thrown 
out of action, which immediately converts the pum 
into a differential, or piston and plunger-pump, whic 
then delivers a smaller quantity of water to a higher 
level. When the pressure is so great that the pump 
can no longer work as a piston and plunger-pump, 
another set of valves is lifted by means of the pressure, 
and the pump is automatically converted into a simple 
ram-pump, which forces a still smaller quantity of 
water to the maximum height. On the removal of the 
pressure the pump returns to a piston-pump, or if the 
pressure is only partly released, it returns to a piston 
and plunger-pump. The total work done is the same 
in each case, as the pump adjusts itself to the amount 
of work required. 

A general view of the apparatus is shown in Fig. 1, 
page 304, which is a reproduction of a photograph of the 
combined engine and pump, while Figs. 8, 9, and 10, 
page 305, are respectively a front elevation, a plan, and 
an end elevation of the arrangement. Before giving a 
detailed description of the working parts shown in 
these illustrations, it may, however, be well to make 
élear, by means of the diagrammatic illustration, Fig. 7, 
page 304, the action of the valves, which enables the 
various changes in the type of pump to be made. In 
this illustration the positions of the valves have been so 
arranged that their relation to one another may be better 
understood. The valves are not in the same positions 
as in the actual pump, and the actuating mechanism 
for the valves is not shown. When working as an 


ordinary piston-pump the water is drawn through 
the suction-valves A and B, and delivered through 
the delivery-valves C and D in the usual way. 


When 





——s as a piston and plunger-pump, however, the 
valve E is kept open, and the water drawn into the 
space H through the suction-valve A is, on the return 
stroke, sent through the pipe G past the valve E 
(which has been raised), lifts up and passes the valve 
F and enters through the -pipe I into the 
space J, and, as the volume of J is less than that of 

» part of the water is sent through the delivery- 
valve C, and, on the return stroke, the water in J is 
sent through the delivery-valve D. In the third 
case, when the apparatus is working as a ram-pump, 
the valves E and Veo both kept open, and there is a 
free e through G and I past the valves E and F, 
between one side of the piston H to the other side of 
the piston space J, so that only the quantity of water 
disp by the ram K is delivered. The illustrations, 
Figs. 2 to 5, 304, show the valves ; they also show 
the arrangement for keeping the valves E and F auto- 
matically open. These valves are opened, and kept 
open, by the pressure from the main, acting through 
the balanced regulator. 

The above is merely descriptive of the principle on 
which the pump works, the actual arrangement of the 
various working parts with relation to one another 
being shown in ioe. 8, 9, and 10. From these it will 
be seen that there is one steam-cylinder L and two 
pumps M M, which are operated from each end. The 
same piston-rod does not pass through the two pumps, 
the piston-rod of the left-hand pump being actuated 
direct from the piston-rod of the engine, and that of 
the right-hand pump from the cross-heads N and O 
through the Se. & a vertical section 
through the valves of one of the pumps is shown in 
Fig. 2, a sectional plan in Fig. 3, and two transverse 
sections in Figs. 4 and 5. The end of each pump- 
barrel has a cover, and the space left between 
the pump-barrels makes it easy to put new leathers 
on the water-piston without disturbing any of the 
water connections. Each pump-barrel has six valves, 
each with a separate cover, two of these being suction- 
valves, one for each side of the piston, and two delivery- 
valves, one for each side of the piston. The remaining 
two are regulating-valves, which are in the e 
joining the two ends of the pump. These last two are 
actuated by cams placed on spindles, on the ends of 
which there are the levers Q and R, Figs. 8 and 9. On 
these levers are fixed the weights Sand T. There are 
also two weights U and V, which rest on brackets, 
each weight having a rod passing through it, with a 
nut at the lower end, which allows the lever, with the 
weight attached, to rise a certain distance before the nut 
catches the vertical weight, and lifts it off the bracket. 
Each lever is operated by a small ram Y actuated by the 
pressure from the main. When the pressure in the 
main gets up to7 cwt. per square inch (in the case of the 
pump we are describing), it lifts the lever until the nut 
catches the vertical weight, when the lever stops. 
The lever, as it rises, operates a cam W, Figs. 2 and 5, 
which lifts one of the regulating valves EK, Figs. 2, 3, 
and 5, and allows the water from one end of the water- 
cylinder to flow past the valve to the rod end of the 
water-cylinder from the other end, thus converting the 
pump into a piston and plunger pump. As the pressure 
rises and reaches 134 cwt. per a inch, the pressure 
from the main lifts the lever with the fixed weight, and 
also the weight U, and, by means of the cam x, opens 
the other regulating valve F, Figs. 3and 5. The two 
regulating valves are then open, and the water is free 
to pass from one side of the a to the other, through 
the passages and past the valves. As already explained, 
the pump then acts as a ram-pump, as the water dis- 
placed is equal to the displacement of the pump-rod. 

In the illustrations, Figs. 3 and 4, the construction 
of the pump-barrel is shown. The barrel is lined with 
gun-metal, of which material the valves and seats 
are also made. Fig. 4 is a section through the delivery- 
valves, and Fig. 5 is a section through the regulating 
valves. Fig. 6 shows the pump-piston to a larger scale. 

These pumps have been tested by the makers, 
Messrs. F. Pearn and Co., Limited, Manchester, at 
different pressures with very satisfactory results. The 
following are particulars of the tests of a pump having 
a barrel 28 in. in diameter, a rod of 1} in. in diameter, 
and a stroke of 12in. The tests were all taken at a 
piston speed of 50 ft. per minute. 





Pressure per | Actual Gallons 














. Content in : 
Square Inch in Delivered per Slip. 
Cwts. Hour. Gallons, 4 
i. per cent. 
7 1017.6 1172 18.46 
134 624 701 1 
40 206 229 lo 








There was a special test taken at 70 ft. per minute 
against 7 cwt., when the gallons delivered were 1401, 
the contents 1646 gallons, and the slip 14.9 per cent. 





Tue Commerctat CaBLe ComPpany,—On the occasion of 
the twenty-fifth anniversary of competitive trans-Atlantic 
cable service, the Commercial Cable Company have 





issued a pamphlet giving the hi f th 
particulars of hele ayeten, Te Sere ee 
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Fig. 1. 


Fias. 1 to 3. 


PETROL-ELECTRIC GENERATORS. 

Tuer second international Aero and Motor-Boat 
Exhibition opens at Olympia to-day, and will remain 
open till the 19th inst. inclusive. We shall, in future 
issues, deal fully with this Exhibition, but meanwhile 
we illustrate in our present number a few exhibits 
which relate to, though they are not directly connected 
with, those involved in the official title of the Exhibi- 
tion. 

One of these, which we illustrate on the present 
page, consists of a combined engine and dynamo set, 
which has been constructed by the Parsons Motor Com- 
peny, Limited, Town Quay, Southampton, the engine 
eing one of the makers’ standard 14-horse-power type, 
fitted to a special box-base, and bolted to the bed-plate. 
The general arrangement is shown in Fig. 1, which is a 
reproduction from a photograph. The coupling between 
the engine and the dynamo cannot be seen, but it is so 
made that, by slacking one bolt, the coupling comes 
away from the fly-wheel drive, and the engine can be 
run without the dynamo if desired. Either petrol or 
paraffin may be used as fuel, and for the latter the 
makers are now fitting a new type of vaporiser, which 
allows the engine to be governed and controlled 
exactly like a petrol-engine. It will be seen that the 
governor is operated from an extension of the cross- 
shaft at the front of the engine ; it controls the usual 
throttle on the supply-pipe. Complete magneto-igni- 
tion is fitted, including the whole of the wiring and 
the switch itself. The drive from the crank-shaft to 
the cam-shaft is shown in Fig. 2. The magneto has 
a new type of timing drive, the arrangement of which 
is shown in Fig. 3. With this device a wide range 
of timing can be given, though the contact-maker 
itself ie for fixed ignition. The break takes place 
always at the maximum magnetism, the result being 
that, with a late spark, starting up is as easy, safe, 
and certain as if battery coil ignition were used, whilst 
the engine can be run throttled down only just turn- 
ing over. 

The crank-chamber is divided into three distinctly 
separate units, whether the engine is of two, three, 
or four cylinders, and, from the lubricating tank 
shown at the top left-hand side of the engine in 
Fig. 1, one oil feed to each division supplies oil to 
the whole of the internal parts. Hand-holes are pro- 
vided on each side of. the crank-chamber, which is 
very strongly made and well-ribbed everywhere, 
in order to provide that stiffness which is so im- 
portant where hot bearings due to twisting are to be 
avoided. It is claimed that this engine is very quiet 
when running, which is partly due to the arrangement 
of the gear-wheels, the centre of one of which is 
staggered, or not in line with the other two, which 
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Fig. 3, 


14-Horse-Power Pertror-ENGINE AND Dynamo; THE Parsons Motor Company, Liwitep, SourHampTon. 














y 7 ' 7 \ 
Fic. 4. 4-Horse-Power Petrot-EncGine anp. Dynamo; Messrs. J. W. Brooke anv Co., 
Limitep, LoweEstort. 


enables it, when fitted up, to be geared without any 
backlash. It is also claimed that the engine can 
be run at full power for long periods without any 
trouble from any of the working parts. 

Another oil-motor and dynamo set is illustrated in 
Fig. 4, annexed, this being an electric-lighting set, 
constructed by Messrs. J. W. Brooke and Co., Limited, 
of Lowestoft. The motor is fixed on a cast-iron base- 

late, which carries both the motor and the dynamo. 

he base is also constructed toform the exhaust-silencer. 
The motor itself is a four-stroke Brooke petrol type of 
4 horse-power, the bore of the cylinder being 38 in., 
and the length of stroke 4? in. The crank-shaft is 
extended, and the starting-handle is at the forward end. 
The motor is arranged to run at 900 revolutions per 
minute, and a centrifugal governor is fitted at the end 
of the cam-shaft, and acts direct on a Brooke car- 
burettor. Splash lubrication has been adopted, the 


oil being fed from a push lubricator, but a drip lubri- 
cator can be substituted if desired. 

The dynamo has been constructed by the General 
| Electric Company, and has an output of 1.6 kilowatts. 
It is wound for 50 volts, and gives 32 amperes ata 
| speed of 900 revolutions per minute. We understand 
that a number of these sets have been constructed, 
| and are giving entire satisfaction. 








Tue P. axp O. Company.—The Peninsular and Oriental 
Steam Navigation Company has completed arrangements 


for the purchase of Lund’s Blue Anchor Line of passenger 
steamers, running between South Africa and Austre:1a 
The Blue Anchor Line comprises five steamers 

the Geelong, 7954 tons; the Conmmacarwenith 6611 * oa 


the Wilcannia, 4653 tons; the Wakool, 5014 tons ; 
the Narrung, 5078 tons. The Geelong and the Common 


| Wealth are twin-screw steamers, 
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Fies. 3 to 8. Two-Cycre Rotary Perrot-Enorve; Messrs. Lamptover anp Son, Limirep, WiLtespen, Lonpon, 


TWO-CYCLE PETROL ENGINES. 


_At the Aero and Motor-Boat Exhibition, which 
Opens at Olympia to-day, there are several new designs 
~ petrol-engines, two of which, shown by Messrs. 

“mplough and Son, Limited, of Cumberland Park, 
The esden Junction, N.W., we illustrate on this page. 

‘he firet of these two engines, illustrated in Figs. 1 
- 12, is built u of a series of units, each consisting of 
0, acging-cylinder Cand a double-firing cylinder A B. 
ap of these units is shown in cross-section in Fig. 2. 

we cycle of operations is as follows :—On the down- 
stroke of the Suingeinte: piston a charge is drawn 

the ports shown, and on the up-stroke is 


in — 
delivered, through . ' 
ceiver Dy gh the i D,, to the re 


Just before the ging-cylinder piston 


| 
| 








reaches the top of its stroke, as shown in Fig. 2, the 
downward travelling firing-cylinder piston A, uncovers 
the port A,, so that the charge in the receiver flows into 
the cylinder A. Immediately before the piston A, 
uncovers the port Ay, however, the piston has un- 
covered the exhaust-ports B,, B,, so that the incoming 
charge from the port A, sweeps the products of com- 
bustion remaining from the previous charge, onwards 
and out through the exhaust-ports. On the return 
upward stroke, the new charge is trap and com- 
in the usual way in the cylinder-head, when 

it is fired, and the next outward stroke commences. 
As the firing pistons make their upward stroke, com- 
ressing the c the charging-piston is descending, 
Seowing in the charge for the next stroke. It will be 
obvious that the arrangement is a two-cycle one, and 








that there is an explosion for every downward stroke 
of the firing pistons. 

The arrangement for operating the inlet ports of 
the charging -cylinder can be seen in Fig. 1, the 
method being to utilise the angularity of the connect- 
ing-rod to operate liners in which the ports are cut, and 
which slide inside the cylinder. The inner end of the 
connecting-rod is pivoted in the piston in the usual 
way, as shown in Fig. 2, and is provided with teeth 
on two —_ sides, as shown in Fig. 1. These teeth 
gear with short racks cut in the sliding liners, so that 
as the connecting-rod moves from its centre position, 
as shown in Fig. 1, to its position of maximum angu- 
larity on the down-stroke of the charging-piston, the 
liners J, and J, slide over one another until their ports 
are opposite the corresponding ports in the piston, and 
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the charge is drawn into the cylinder. As the con- 
necting-rod reaches its centre position again; at ‘the 
bottom of the stroke, the ports are gradually closed, 
so that on the upward stroke the trapped charge is 
delivered through the diaphragm valve 1),. The result 
of the angularity of the connecting-rod on the upward 
stroke is to cause the liners to slide over each other 
in the opposite direction to their relative movement on 
the downward stroke, so that the ports move away 
from each other, and no communication with the 
su ply-pi is established. 
e carburettor G is fixed on the top of the engine. 
It has no float, and contains a petrol-pipe communi- 
cating directly with the petrol-tank. . The pipe is 
fitted with a spring-controlled needle-valve, which is 
operated by the suct‘on of the charging-cylinder. The 
trol falls on to a cone, where it mixes with hot air 
om the engine, and passes through a baffle system, 
which gives the charge a whirling motion to ensure 
proper mixing. The charge passes to the supply-pipe 
through a fine grating, which breaks up the petrol, and 
finally ensures thorough mixing. The petrol supply 
may be adjusted by the milled screw (. 

The lubricating-oil for the sliding liners and internal 
a is taken in with the petrol through the car- 

urettor. The oil enters through a sight-feed lubri- 
cator at F, which has an adjustment F,, and drops on 
to the cone inside the carburettor, along with the 
trol. The lubricator is connected to the oil-pump 
by a pipe. The oil-pump is of the rotary dis- 
placement type, and draws from below a grating 
at the bottom of the crank-chamber, so that the 
circulation is continuous. The crank-pins are lubri- 
cated by sprayers, connected to the oil service, one of 
which can be seen in Fig. 1. The crank-shaft is 
formed with three discs, and runs in ball-bearings on 
the outside of theee. The engine which is exhibited 
has four units, each consisting of charging and firing 
cylinders, so that the cross-section in Fig. 2 represents 
half of the engine only. The firing cylinders are 2 in. 
in diameter and 3 in. stroke, while the charging, 
cylinders are 2? in. in diameter with the same stroke. 

Messrs. Lamplough also exhibit a rotary petrol- 
engine of a novel character, which is illustrated in 
Figs. 3 to 8, on page 309. As far as the working 
cycle of the engine is concerned, the arrangement 
follows that of the one described above. The workin 
charge is drawn into a charging-cylinder and delive 
to a receiver, from where it passes into the firing-cylin- 
der by inlet ports at one end, passing forward and 
sweeping out the products of the previous —. 
through exhaust ports situated at the other end. In 
mechanical arrangement, however, the engine bears 
little resemblance to the one described above, and 
departs far from general practice. Briefly, it consists 
of a fixed shaft, round which the engine itself rotates, 
forming its own fly-wheel. The cylinders lie parallel 
to the tixed shaft, are open at both ends, and each 
has two pistons working back to back. The outer 
ends of the piston connecting-rods connect on to 
two ring-castings, which are each carried on two 
bearings placed across a diameter. These bearings 
are fixed to the frame of the engine, so that the two 
rings have an oscillating motion, as the pistons move 
in and out, swinging from the extreme position, as 
shown in Fig. 3, toa corresponding angular position 
on the other side of the normal. 

The rotary motion of the engine round the fixed 
shaft is obtained, from the oscillating motion of these 
rings, by means of two coned rollers, which are carried 
inside each of the rings, as shown in Fig. 4. These 
rollers work in a race-way cut in a block fixed to the 
shaft. One of the blocks is shown in section in Fig. 4. 
The race-way is a truly circular path, but as it is fixed 
at an angle other than 90 deg. to the axis of the 
shaft, it is obvious that if the engine, as a whole, 
is to rotate round the shaft, the effect of the coned 
rollers in the race-way will be to cause the ring to 
which they are secured to oscillate from the position 
shown in Fig. 3 to the corresponding position on the 
other side of the normal. Or, conversely, the effect 
of the pistons reciprocating the rings and forcing the 
rollers around the circular race-way will be to cause 
the engine as a whole to rotate round the shaft. The 
fixed race-way may be looked upon as part of a male 
screw-thread, and the rollers as part of the female 
thread, with the action of the piston connecting-rods 
on the oscillating ring and vollers as equivalent to an 
axial pressure on the female screw. The effect of this 
is, of course, to cause the female screw to rotate 
round the male, although in this case there is no 
motion of translation as in a screw-thread proper, 
because the direction of movement of the female screw 
is continually changing, owing to the oscillating motion 
of the ring. The final result is a continuous rotation 
of the rollers, together with the whole of the engine, 
round the roller-path and the fixed shaft. 

The detail construction of the engine will be seen 
from Figs. 3 to 8. The shaft, which is hollow, is 
fixed in the bracket carrying the magneto shown at 
the left-hand side of Fig. 3. The shaft runs right 
through the.engine to the point P,, at the right- 
hand side of Fig. 3. The hollow shaft is cl at 





this end. The whole of the apparatus shown in this 
figure rotates with the engine, with the exception of 
the shaft, with its roller-paths, the bracket at the left- 
hand end, and the ball-bearing at the right-hand end. 
On the centre of the hollow shaft an aluminium cast- 
ing, shown in Figs. 7 and 8, is carried. This is 
shaped to form a centre chamber round the shaft, with 
which the inside of the shaft communicates by means 
of a number of small holes. These holes serve for the 
introduction of the charge to the engine from thé 
carburettor, which is connected to the hollow shaft at 
the left-hand end of Fig. 3. The casting shown in 
Figs. 7 and 8 runs on ball-bearings, and is provided 
with stuffing-boxes and glands L, L to keep the petrol 
away from the working parts. The glands are kept in 
position by means of the spiral spring shown. 

The engine has two firing-cylinders GG and two 
charging-cylinders H H, the latter being in communi- 
cation with the centre chamber, as shown in Fig. 6. 
The centre casting is furnished with bosses and outlets 
O,, to take the connections from these cylinders. The 
arrangement and operation of the ports of the charging- 
cylinders will be seen from Fig. 3. During the out- 
ward stroke of the pistons the charge comes from the 
centre chamber through the passage-way O,, and enters 
the cylinder by ports O,. On the return stroke the 
charge es through ports O, into the receiver O,. 
Ports O, and O, are opened and closed by the 
oscillation of the charging-cylinder, which is driven 
by an eccentric fixed on the main shaft. This eccen- 
tric is shown at H, in Fig. 5. From receiver O, the 
oo enters the firing-cylinder through ports J;, and 
is exhausted through ports J,. The exhaust-ports are 
opened before the rt. wrgndes and the new incoming 
charge sweeps the products of combustion before it 
out of the cylinder. The exhaust-ports are formed of 
a number of holes, progressively increasing in size, to 
form a silencer. 

The arrangement of the oscillating rings will be seen 
from Figs. 4 and 5. The pivots F, F work in ball- 
bearings which are carried in brackets fixed to the end 
plates which carry the cylinders. These brackets are 
not shown in Fig. 3. The coned rollers are carried in 
ball-bearings, with a forward adjustment for wear, as 
shown in Fig. 4. The cylinders are carried in two 
end plates, which are bolted to the centre casting, which 
is shown in Fig. 7. A centre plate is also fitted, which 

revents splaying of the cylinders, owing to centri- 
ugal force. The three plates are fastened together 
by eight through-bolts, which serve to retain the 
centre one in position and generally stiffen the ma- 
chine. End covers of aluminium are fitted, which 
protect the working parts and act as oil-reservoirs for 
the splash lubrication of the oscillating rings. It will 
be seen that the diameter of the engine is small, and 
that the form is such as to present little air resistance 
for aeroplane work, for which it is primarily intended. 
The firing-cylinders are 3 in. in diameter, and each 
— has a stroke of 4 in., while the charging-cylin- 
ers are 24 in. in diameter, the pistons having, of 
course, the same stroke as in the firing-cylinders. 








“THE LOCAL GOVERNMENT BOARD AND 
REINFORCED CONCRETE.” 
To THE Eprtor or ENGINEERING. 

Sir, —The letter from *‘ Y. Z.,” published in your issue 
of February 25, contains statements and raises questions 
which argue complete ignorance of reinforced concrete on 
the part of the writer. 

The proceedings of engineering institutions and societies 
in this country, France, and America, are sufficient to 
prove that reinforced concrete has been in use for con- 
ogy | more than half a century, and that its applica- 
tion in the forms with which we are familiar to-day has 
extended back for a period of nearly 20 years. Therefore 
ample data are available to support the claims justly 
made on behalf of its continued durability. If your 
a really desires to be informed on this point, 
I shall be pleased, with your permission, to quote chapter 
and verse. 

Judging from his letter, ‘‘Y. Z.” has evidently not 
taken the trouble to make any inquiry as to the nature of 
reinforced concrete and the properties of its constituent 
materials, or he would not have suggested that the rein- 
forcement consists of “iron or steel of large dimensions,” 
and that concrete ‘‘ has little or no power of expansion or 
contraction.” 

The facts are that the steel employed is invariably in 
the form of thin bars and strips, ion that the coefficient 
of expansion and contraction of concrete is identical with 
that of steel. 

It follows that if the concrete and the embedded steel 
were both heated through the range of temperatures 
mentioned 5 Y. Z.,” the expansion of the two mate- 
rials would equal, and so no disturbance, cracks, or 
fissures would be caused in the concrete, as erroneously 


“ihe enti 

e entire lack of knowledge so far evidenced in the 
letter of your correspondent is supplemented by the 
da y small possession of nl nen concerning the 
oxidation of metals. Whatever may happen to iron or steel 
when exposed to the action of - poweent responsible for the 
origin and continued ~_ of corrosion, every engineer 
knows that iron or steel is permanently preserved from 
deterioration when embedded in concrete. Abun- 
dant evidence on this point could be quoted, and quite 





sufficient to make it absolutely clear can be found in the 
reports of the last Engineering Conference of the Institu. 
tion of Civil Engineers. Even if steel is slightly rusted 
when first put into the concrete, the progress of corro- 
sion is immediately stopped by the formation of an in. 
soluble compound combining the original film of rust 
with calcium from the cement, leaving and keeping the 
surface of the metal permanently intact. 
Assuming that your object in publishing a letter full of 
misconceptions is to invite correspondence on a subject of 
meral interest to engineers, I have brought forward ag 
riefly as possible the true facts of the case. 
Yours truly, 
W. Nosie TWELvetress, 
195, Bedford-hill, S.W., March 5, 1910. 








*“CAISSON DISEASE.” 
To THE EprTor oF ENGINEERING. 

Sir,—I am one of those who are unable to accept Pro- 
fessor Leonard Hill’s invitation to suspend judgment on 
Dr. Haldane’s method of stage decompression, since [ 
became a convert to it over two years ago. 

In the meantime the Professor appears to be under a 
misconception as to what stage decompression really is, 
since stages (using the plural) are not an essential or even 
a distinctive feature of stage decompression, nor for 
caisson and tunnel work at ordinary pressures, say up to 
45 Ib., advocated by the originator. The essence of stage 
decompression is not that decompression is in stages, 
but that it is the volume of gas liberated that matters, and 
not the mass. 

As an actual matter of fact, after an exposure of any- 
thing up to about 70 lb. a single wait at 18 Ib. is sufficient, 
and is all that the theory of stage decompression demands, 
But those of us who favour stage decompression main- 
tain that the time necessary for stage decompression is 
shortened by a further gradual lowering of the pressure, 
which for mere practical convenience, and for no other 
reason, may be in stages. 

The greatest need at the moment appears to me to be 
for a hastening of judgment rather than a suspending of 
it, since stage decompression has already revolutionised, 
and, in my opinion, is destined still further to revolutionise, 
not only methods of working in compressed air, but also our 
conception of what is possible in that direction. In the 
meanwhile adherence to more old-fashioned methods can 
only result in continued disaster when applied to the 
ordinary working pressures, and be a bar to progress in 
the way of undertaking work at pressures higher than 
the 40 to 50 lb. by gauge which have hitherto tom con- 
sidered about the limit for caisson and tunnel work. 

But this point I will not press, since I take it that the 
pees of Dr. Hill’s results will not be long delayed. 

will only add this. It will be, in my opinion, useless to 
attempt to convert the engineering profession by merely 
pitting experiment against experiment, but it is essential 
that any new theory should rest on a rational basis, as 
stage decompression does, and, further, for its full accep- 
tance should be tested under actual working conditions 
in the same way that stage decompression has been 


tested and found reliable. 
Yours way, 
G. W. M. Boycorrt. 


19, Old Queen-street, Westminster, 8S. W., 
March 5, 1910. 








WATER-SOFTENING. 
To THE EDITOR OF ENGINEERING. 

Srtr,— Your correspondent, ‘“‘A Believer in Rational 
Methods,” will not, I think, be satisfied with a scientific 
explanation from the Kiel report, for, if Iam not mistaken, 
it will not be for publication, being private, like all other 
Government communications. 

There is really no mystery in the working of the 
‘* Luminator,” the water being changed physically by the 
treatment and actually softened. Perhaps some further 
particulars may be of interest. 

he chemical analysis of the water, before and after 
treatment, shows no change, although there is a decided 
change ; but at present I have no means delicate enough 
to test the difference. The following are accounts of 
various boilers I have seen:— 

A Babcock and Wilcox boiler, which was fed direct 
from mains with water of about 30 deg. hardness, and 
which usually had a very hard scale from } in. to } in. 
in thickness, at each cleaning that took place four 
times a year, after being treated with “‘ Luminator” water, 
for three months, showed that corrosion had entirely 
svepped, the powdery deposit being quite white and soft, 
and the amount of deposit being less than usual. Some 
of the lime-salts being in solution and some in suspension, 
mostly passed out when blown off. : 

A Lancashire boiler, 30 ft. by 8 ft., one of five, all being 
fed through a Green’s economiser, usually showed a thick 
scale, which took one man two weeks to chip out, while 
the Green’s economiser had mostly to be drilled to clear 
the tubes. After three months’ feeding with ‘ Lumi- 
nator” water the boiler was found to be absolutel y clean, 
— only a fine soft powder, which nowhere had set 

ard. 
Another manufacturer, who has some thirty boilers 
working with a most efficient water-softening plant, and 
several skilled chemists to superintend, upon seeing the 
above-mentioned boiler, admitted that it was as good as 
the best results he could get with his elaborate plant, and 
he is, in consequence, testing a ‘‘ Luminator.” 

In another case several locomotives had patches cleaned, 
and was run on ‘‘ Luminator” water, the results being quite 
satisfactory. The old scale, when I last saw these boilers, 
was rapidly clearing off ; a piece of the top of the copper 











MARCH II, 1910.) 


ENGINEERING. 





311 








fire-box remained “- bright, all the powder that formed 

shing off quite easily. , 
= : Sageing of flues is due in many—probably nearly 
all—cases to a thin film of oil getting between the 
scale and the plate, and so giving rise to overheating. 
Now, if no scale is there, only a thin, soft powder, the oil 
will rise to the surface, and most probably no collapsing 
will take place. ae i 

The ‘‘ Luminator’ be oe almost any water, and will 

what no softening plant can. i 
— "to the question how a boiler would fare using 
water containing nitrates, the nitrates would 3s into 
the boiler in solution, but with the “‘ Luminator” nitrates 
and many other similar substances are decomposed. I 
have seen nitrate waters used through the ** Luminator, 
and all corrosion, which to be, ceased. ie 

As regards the loss in blowing off in boilers, this is of 
no moment (radiation from brickwork and other parts is 
far greater), and really in practice is of no account. 

Your correspondent says there is no short cut to water 
treatment ; perhaps he would have been well advised to 
have said that up till now there has been no short cut ; 
but since “ Luminator ” has been available things have 
changed. J : : 

As regards water purification by treatment in the 
usually cumbersome way of adding chemicals, settling or 
filtering, this is much too costly for the average manufac- 
turer, and requires skilled persons to superintend its 
operations, whereas the ‘‘Luminator” requires little out- 
lay and no attention or chemicals. : 

If “A Believer in Rational Methods” will only take 
the trouble to call on Messrs. Andrews, Croucher, and 
Co., Limited, 81, Cannon-street, E.C., as I did, he will 
find them willing to give every information in their power 
and perhaps might arrange for some experiments under 
his direction. 

Yours truly, 
An Otp ApvocaTé OF TANNATE OF Sopa. 

March 7, 1910. 





AUTOGENOUS WELDING. 
To THE Eprror oF ENGINEERING. 

Srr,—The article in your last issue on the above subject 
is of very great interest. I, and doubtless many others, 
have been watching the of your journal and other 
technical papers for the last two years, in the hope that 
engineers in this country would have the opportunity of 
aoline their minds familiar with a method of repairing 
and building steel structures which appears to have been 
common practice with our competitors on the Continent 
for some considerable time before that period. 

The application of this process so completely revo- 
lutionises all of our previously conceived ideas as to the 
heat treatment of steel built into important structures, 
that I cannot but think a very great deal of attention 
might with advantage have been drawn to it by the 
technical Press much sooner than has been done. 

There can be no doubt that both the electric and acety- 
lene methods of welding, which enable vital portions of 
steam boilers working under great pressures and stress 
to be renewed in situ with perfect “safety and with 
absolute equality in efficiency when at work to the original 
structure, have completely revolutionised the system of 
boiler repairs, and have indefinitely prolonged the useful 
life of all classes of boilers. 

The unfortunate and exasperating thing is that although 

this is well known to those interested in such repairs in 
this country, it has been practically impossible to get 
anything worth mentioning done in this direction here. 
It is still more so to know that repairs are frequently 
done on the Continent to boilers endl otiee vital parts of 
steamships, and that such repairs would not be permitted 
by the classification societies or by the Board of Trade if 
done in this country. 
_ Repairs done by the acetylene process have been made 
in this country, and approved by Lloyd’s Register, but 
as yet, I believe, toa small extent. The Board of Trade 
limit its use entirely to the building up of landing 
edges. In both cases it is, I fear, not very favourably 
accepted. 

Its ee undoubtedly entirely depen- 
dent upon the skill of the workman, and the exploitation 
of the process has been in the hands of a very amateur 
class ; at any rate, until quite recently. So that one can 
understand that the greatest caution has been necessary 
when sanctioning it. 

It is hardly so now, and this caution, or, rather, con- 
Servatism—to give it its proper name—is, I suggest, being 
carried too far, in view of the known successful work 
already done, and tested under working conditions over 
prolonged periods, to boilers re ined. by Continental 
repairers, In Many instances on ships owned by British 
shipowners, 

a he cocnemy in time and money 
of making repairs is so 
and the oe ot ae 


ined by this process 
th Lloyd’s Register 
oard of Trade may be assured that the stress 
of competition will inevitably lead to its adoption, and 
that it has been, and will continue to be, adopted sub 
rosa until they can come into line and ahead of established 
Continental practice. 
_ While the acetylene process is wonderfully satisfactory 
in actual practice, my information, from very trustworthy 
Sources, 18 to the effect that the electrical method is still 
more so. It is more easily applied, there is greater cer- | 
tainty of sound work, less extensive local heating, and it | 
moe applied to parts inaccessible to the acetylene 
We are familiar with the electric methods of welding 
anc ntting steel castings, and the welding of tubes, 


and humiliating position for the one-time premier work- 
“a the world. 

e possibilities of this process are so great, and the 
field for its use so vast. that I suggest that it is incum- 
bent upon the registration societies and the of 
Trade, not only to watch over and restrain its improper 
and inefficient application, but also to encourage and 
foster its more extended use. 

If riveted seams may be cut out of an old boiler, 
and both rivetsand seams dispensed with, why should we 
put them in a new boiler? Why have caulked seams 
when they can be hermetically sealed by welding? Why 
cover the butts of angles ro | other bars with heavy and 
expensive reinforcements ? or, indeed, why have a riveted 
or eee seam in the structure of a shipor any steel 
tank ? 

With cheap electricity becoming cheaper, these ques- 
tions, and many more, will soon call for an answer. 

I am, Sir, yours faithfully, 
A MANACLED BRITISHER. 








IRISH ROAD CONGRESS. 
To THe Eprror oF ENGINEERING. 

Srr,—So many circulars have to be sent out in this 
country to those interested in work connected with the 
Irish Co: to be held in Dublin on April 20, 
21, and 22 next, that. it will be impossible for the secre- 
taries to send circulars to all those who may possibly 
desire to become members of the congress in other parts 
of the United Kingdom. I should feel extremely obliged, 
therefore, if you would kindly allow me to nally the 
public through the medium of = paper that a list of 
the committees, p me of co and form of 
membership, can be obtained on application either to Mr. 
A. Keogh Nolan, 16, Leinster-street, Dublin, or to me. 

Yours faithfully, 
H. Dorman. 


, R. 
County Surveyor’s Office, Armagh, March 8, 1910. 








AN ILLIMITABLE ATOM. 
To THE EpiTror oF ENGINEERING. 

Srr,—Some of the changes or separations which take 
place in radioactive substances are admittedly more like 
the breaking up of a vibratory system than the actual sepa- 
ration of distinctive parts. The following novel conception 
of an atom seems applicable to recent discoveries in this 
direction, and not at variance with other established 
physical facts. 

Weare all more or less acquainted with the phenomenon 
of superimposed waves, whether in gases or on the sur- 
face of liquids. If we watch the surface of the water 
opposite a sea-wall which happens to curve in a concave 
sense, or to present a re-entrant angle seaw we see 
waves reflected from various directions and running over 
each other without being destroyed. 

We are familiar with the fact that a bell has many other 
vibrations than that which produces the predominant 
tone or note. 

An Atlantic wave bears upon its surface smaller waves, 
beneath which it is passing, the smaller waves travelling 
more slowly and remaining behind, to be picked up by, 
and form part of, the next huge roller that comes along, 
without themselves being destroyed or altered in cha- 
racter. These small waves, again, carry ripples, which 
further complicate the composition of the primary wave 
as a whole, until any attempt at the exact analysis of the 
form, motions, and origin oft the whole wave would quickly 
lead into utterly unmanageable complications. 

In the same way waves of light and radiant heat pro- 
duced at the surface of the sun, or reflected from the 
surface of the planets, or reaching us from the fixed stars, 
will be found crossing each other at any point in space 
without being destroyed, although they may be momen- 
tarily disguised by interference, as also happens with a 
wave ate surface of the water. 

Now, when we wish to explain or discuss the attraction 
or repulsion of electrified ies, we have to resort to 
imaginary ‘‘ lines of force ” or “‘ tubes of force ” connect- 
ing up these bodies. Seeing that the attraction and 
repulsion of such bodies takes place at indefinite distances, 
it is only logical to suppose, or imagine, that the “‘ lines 
of force” or ‘‘ tubes of force ” extend indefinitely in all 
directions, or, at any rate, some of them. It has already 
been suggested that an atom may be merely a centre of 
motion and energy, and therefore would it not be ae 
to replace or combine these two conceptions by regarding 
the atom as the centre of a vibratory system, extending 
indefinitely in all directions in the ether, and super- 
imposing its vibrations as “overtones” On the vibratory 
systems of all other atoms ? = im 

Under this conception the atom becomes infinitely 
large instead of almost infinitely small. fees 

The ether which vibrates as part of one of these illimi- 
table atoms is also called upon to vibrate or move as part 
of all other atoms in the same way as a drop of water in 
the ocean may have to move as part of two, three, or even 
a hundred different waves. fh 

The translation in thought from the contemplation 
of an ocean wave bearing on its surface a hundred 
or two of other waves of quite separate origin and 
character, to the contemplation of an atom with an 
illimitable ethereal envelope vibrating in unison with 
that of every other atom in the universe, is at first 
wering. But we have a sort of half-way house 


ove 
in this mental journey, in the contemplation of the 
properties of ethereal space as we daily, but, perhaps, 
unconsciously, observe them. Limitless and incon- 


ceivable volumes of space are being traversed in all 





not ab] y for oenrater work, but I believe there is not a 
Single plant available in this ge for repairing boilers | 
his is an unfortunate - 


and large steel structures in situ, 





directions by the light from millions of stars, and yet we 
cannot “tap” a single cubic inch or fraction of a cubic 
inch of that space with suitable and sufficiently sensitive 





instruments, the eye, for example, aided by the telescope 
and spectroscope, without finding traces of the special 
vibration due to —— of those stars, and even of the 
particular elements that go to compose it. 

To go further, and to conceive that such a small volume 
of space contains traces of the special vibrations, due to 
every separate atom of matter in the universe, is making 
a long stride, but it is a stride which is absolutely in line 
with our experience of Nature. 

It follows from the ape pr suggestions that every 
atom overlaps and contains all other atoms, and the great 
difficulty in explaining ‘‘attraction” (the action of matter 
at a point where it does not itself exist) disappears. 
Precisely the same forces which hold together the atoms 
of this earth may serve to keep the planet in its orbit. 

Yours faithfully, 
Weymouth, March 7, 1910. Frank W. Dopp. 





NOISE OF GEAR - WHEELS. 
To THe Eprror oF ENGINEERING. 

Srr,—Being interested in the above subject, I consulted 
several cont edi, and I note that there is a seemi 
lack of definite information. I should therefore be muc 
obliged if any of your numerous readers could give any 
information on this topic. 

As far as I can see, there is no definite limit given for 
the peripheral speed of machine-cut gears with plain 
teeth, so as to assure comparative quiet while running. 
Of course, if teeth-wheels are inaccurately fitted together, 
then, no matter how correctly they may be cut, they will 
never run quietly. I am, however, assuming that all the 
care possible has been observed in the different depart- 
ments to ensure a first-class job. 

The peripheral speed will obviously have different 
limits for different metals; but if we take steel, cast or 
forged, and cast iron, and perhaps a combination of steel- 
pinion and cast-iron wheel, these would do in the present 
instance. Then, again, there must be a difference of 
noise, say, between two pairs of wheels having like 
peripheral speeds, but different pitch of teeth. 

Summarising the questions at issue, we have :— 

Limit of peripheral speed for cast-iron machine-cut 
wheels of different pitches. 

Limit of peripheral speed for cast-steel machine-cut 
wheels of different pitches. 

Limit of peripheral speed for steel-pinion and iron 
wheels of different pitches. 

Limit of peripheral speed for double or treble helical 
steel wheels of different pitches, 

The foregoing questions may be, perhaps, rather a “‘ tall 
order,” but information on any one of them will be grate- 
fully received by 

Yours truly, 
JUNIOR. 





Tue InstituTiIon or Civit ENcinrers: StvupEnts’ 
Meetinc.—At the students’ meeting, held at the Insti- 
tution on Friday, March 4, at 8 p.m., Mr. C. S. Meik, 
M. Inst. C.E., in the chair, Mr. A. J. Hart, Stud. Inst. 
C.E., read a paper entitled ‘“‘ Reinforced Concrete as 
Applied to Retaining Walis, Reservoirs, and Dams.” 
The author discussed generally the methods employed in 
the erection of reinforced-concrete structures and the 
principles governing their design, and dwelt on the 
economy of reinforced over mass concrete construction. 
The paper was illustrated by a number of diagrams and 
by several lantern-slides. A _well-sustained discussion 
followed in which Messrs. N. Smith, G. F. Walton, 
R. J. Samuel, 8S. Lacey, L. T. Wilson, H. V. Hutt, 
P. G. Bowie, R. W. Brims, and A. G. Haigh took part. 

Tue Society or ENGIN#ERS (INCORPORATED).—A paper 
ae ** Sewage-Disposal Ideals” was read by Mr. ¥. C. 

ale, M.R. San. Inst., on Monday, March 7. The 
author says that in selecting the system of treatment the 
chief factors to be considered are the character of the 
sewage to be treated, the extent to which it must be 
purified, and the fall available at the works. There are 
so many types of tanks that it is extremely difficult to 
choose the most suitable type. he question is raised as 
to whether it is essential to have septic action as a pre- 
liminary process in all cases. The ideal method is such 
that it 1s adapted to the particular character of the sew 
to be dealt with, and will produce the most suitable 
effluent for the filters, while at the same time reducing 
the quantity of sludge to the minimum, and prevent- 
ing the possibility of nuisance from smell. In the 
construction of tanks attention must be given to the 
rate of flow through them, and ial care must be 
devoted to the provision of every facility for the 
removal of sludge. In the design of contact-beds the 
ideals to be attained are to make them absolutely 
water-tight, to provide a self-cleansing gradient on the 
floors, and a false bottom over the whole area, and also 
to select the best material, and see that it is properly 
graded. With regard to percolating filters, the id as 
to floors, false bottoms, and material laid down for 
contact-beds, 7 equal force. The question of 
distribution is of prime importance, and the author con- 
siders that continuous distribution, where possible, is 
more efficient than intermittent. Humus settling-tanks 
or fine-grain filters are necessary in order to produce the 
ideal final effluent. From the eral constructional 
point of view the ideal works should be executed in such 
a manner that while they are constructed throughout in 
a substantial manner, and of materials which are the best 
of their kind, they should contain nothing which has not 
a direct upon their efficiency in the production of 
a satisfactory effluent, and their maintenance in a good 








condition at the least possible outlay for repairs. 
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IVATT’S LOCOMOTIVE CRANK-SHAFT. 


On page 57 of our last volume we illustrated a type 
of locomotive crank-axle introduced by Mr. H. A. 
Ivatt, of the Great Northern Railway, of which a 
model was shown at the Imperial International Ex- 
hibition at Shepherd’s Bush last year. This axle was 
designed to give rather increased flexibility to the 
crank, combining with this a better balance. 

We now reproduce a photograph tiken of a modified 
form of this crank, recently designed by Mr. Ivatt, 
and made by Messrs. Taylor Brothers. In the form 
previously illustrated it was not possible to use the 
ordinary eccentrics and valve motion, the central 
length of axle on which the eccentrics are commonly 
keyed being absent from the desi In the modified 
form this is re-introduced by making the axle of three 
vieces instead of two, as formerly, the central portion 
ome bolted, as shown, to prolongations of the 
inside crank-webs. 








HAND METAL-PUNCH. 

WE illustrate below a simple little tool which has 
been designed for punching holes in sheet-metal by 
hand, and which is now being placed on the market 
by Messrs. Wallach Brothers, Limited, Royal London 
House, Finsbury-square, London, E.C. As will be 
seen by our illustration, the tool consists of a strong 
casting forming the jaws which carry the punch and 
the die, the tail of the casting forming the handle of 
the tool. The die is inserted in the oats jaw, and 
is held in place by a pin which passes through a semi- 
circular slot cut across the die. There are four of 
these slots in each die at different distances from the 
face of the die, so that the latter can be fixed at vary- 
ing distances from the top jaw. The punch slides ina 
hole in the upper jaw directly above the centre of the 

















die, and is forced down by a system of levers, as 
shown. The movable hand-lever (which is in the open 
position in the illustration) is pivoted by a pin which 
passes through the lower ends of the bottom links of 
the toggle joint that actuates the lever, the short arm 
of which forces down the punch. It will be seen that 
this forms a very compact and powerful arrangement. 
Three sizes of dies and punches are supplied, the 
diameters being 4 in., y% in., and } in., and the 
maximum thickness of metal that the jaws will take 
is about 14 wire gauge. The upper end of each punch 
is ee, and enters a circular slot in the end of 
the upper lever. In this slot it is free to slide so as 
to allow for the radial motion of the end of the lever ; 
the ball shape of the end also prevents the punch from 
leaving the slot when the men has to be withdrawn. 
The spare punches and dies are shown in our illustra- 
tion. The tool works very satisfactorily and is easily 
manipulated. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 23. 

Conpitions in the steel industry throughout Penn- 
sylvania are satisfactory to manufacturers, jobbers, 
and buyers. Orders are being filled with dispatch, 
although the volume of business in some cases calls 
for delivery as late as next August. The railroads are 
buying considerable equipment, in which locomotives 
figure prominently. The Baltimore and Ohio Rail- 
road ape ed is in the market for 120 Consolidation 
and 30 Mallet engines. Other companies are in the 
market also, and the locomotive builders report an 
abundance of business in sight that will call for de- 
livery during the coming summer and autumn. There 
are also urgent inquiries for passenger-cars, baggage 
and postal-cars, as well as for steel freight-cars, and 
these orders are keeping car-builders over-crowded. 
All’ of the great car plants contemplate further 
additions, which will be made as soon as possible. 
The Pressed Steel Car Company has just booked an 
order for 500 steel gondola cars, and the Cincinnati, 
Hamilton, and Dayton Company for 500, while 
the American and Foundry Company has contracted 
for 500 steel freight-cars. So far as the railroad 

uirements are concerned, the equipment manu- 
facturers feel that they can rely upon sufficient busi- 
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ness to keep them busy during the entire current year. 
General business is improving throughout the West, 
although here and there the output of manufacturing 
establishments is obstructed by the fact that raw 
material cannot be delivered with regularity. The 
weather has obstructed traffic, and at the present 
time @ large portion of the West is in the grip of a 
blizzard. Agricultural implement makers are being 
handicapped by their inability to secure raw material 
contracted for last summer, but the iron mills are 
making the iron fast enough. 

The-largest orders last week were for 15,000 tons of 
structural materials given to mills in this State. The 
largest steel rail order was for 15,000 tons. The 
Bethlehem Steel Company, through Mr. C. M. Schwab, 
its President, have contracted for the erection of 400 
coke-ovens, to be erected by certain German builders. 
The building of these ovens will be completed within 
two years and will have a capacity of 3000 tons of 
coke a day. Later this capacity will be doubled. 
The iron mills throughout the State are crowded to the 
limit of their capacity and are shipping iron as fast as 
the natural obstacles due to bad weather permit. 
Confidence prevails universally and many new enter- 
prises are looming up that will call for large iron and 


steel supplies. 
March 2. 


The strike at the Bethlehem Steel Works has 
assumed serious proportions by the closing down of all 
departments, throwing out 10,000 men. The State 
Constabulary is preserving order, and the management 
will maintain its attitude of opposition to trade- 
union dictation until the issue is satisfactorily settled. 
The workmen imagine that, because the company has 
many millions of dollars’ worth of contracts, concessions 
will be forced to their advantage. There are a good 
many expedients to resort to before such a crisis will 
be reached. The company is well equipped, and, as 
has been pointed out, will soon make extensive en- 
largements. It will have its own coke supply, and 
it has enormous ore supplies in this and other countries. 
It has for years been i from domination of unions, 
and the company proposes to maintain its position, 
while, on the other hand, the labour leaders think 
they see an excellent opportunity for establishing 
control over a great industry. The steel trade is in a 
good condition and orders have improved in number 
within a week. This is supposed to be due to mode- 
rate concessions in various lines. The cause for the 
weakness is attributed to the hard winter, which has 
interfered with the prosecution of work in nearly all 
— of the country. Insome localities requests have 

n made to postpone shipments in consequence of a 
lack of readiness to push construction. The expan- 
sion of capacity planned some time ago will. not be 
checked by any accidental or temporary discourage- 
ments. One of the most prosperous sections of the 
industry is the manufacture fn wire. The steel cor- 
meg is giving attention to this ae branch. 

t year that concern produced 2,000, tons of 


wire, the largest output of a single concern on record. 

This extraordinary demand and expansion is mainly 
due to the requirements of the agricultural communi- 
ties, which use wire for fencing and many other farm 


purposes. The production of galvanised wire is to be 








largely increased this year. Two large plants, the 
Jones and Laughlin Company and the Cambria Steel 
Company, are now erecting plants, the products of 
which will enable those companies to extend their 
trade. The former company has prepared to seize the 
big portion of the business in the south-western states 
heretofore controlled by the Steel Corporation. A 
heavy demand is assured for all the lighter iron and 
steel products, such as bar iron, bar steel, wire pro- 
ducts of all kinds, tin-plate, tubes, and all lines of 
merchant steel. Inquiries for steel rails have im- 
proved, and large contracts will probably be placed 
before the close of this month. The tone of the 
market is satisfactory, and every new development 
strengthens the belief that manufacturing interests 
will not be able to arbitrarily dictate prices for the 
current year. 








ENGINEERING STANDARDS CoMMITTEE.—With a view 
of assisting the Committee to meet the heavy expenses 
incurred in the preparation of their reports, it has been 
decided to make certain alterations in the Committee's 
price-list after March 31 next. The prices of twenty-one 
of the reports will be raised, the prices of twenty-eight 
will remain unaltered, and the — of one report— 
namely, that dealing with the Properties of British 
Standard Sections (Report No. 6)—has been reduced, 
with a view to its more readily finding its way into the 
hands of draughtsmen and others engaged in construc 
tional work. Copies of the revised price-list can be 
obtained upon application to the Secretary of the Engi« 
neering Standards Committee, 28, Victoria-street, West- 
minster, S.W., or to Messrs. Crosby, Lockwood, and Son, 
7, Stationers’ Hall-court, E.CU., the official publishers to 
the Committee. 





JUNIOR INSTITUTION OF ENGINEERS.—A combined meet- 
ing of this Institution and of the Architectural Association 
bating Society recently took place at the Rooms of the 
Architectural Association, Tufton street, Westminster, 
for the consideration of the subject of ‘‘ Town-Planning, 
the architect’s point of view being represented in a paper 
by Mr. Stanley Hamp, and the engineer’s in one by Mr. 
Frank R. Durham. The importance of comprehensive 
and orderly planning, and the necessity of provision for 
development, was urged by Mr. Hamp, in illustration of 
which reference was made to Paris, Germany, and 
America. The limitation of town areas, open spaces, and 
uping of buildings, were dealt with, and the difficulties 
ue to various circumstances in regard to the character 
and height of buildings to be erected were touched upon, 
the value of fore-courts in any scheme, and the position 
of public buildings, traffic problems, &c., were discussed. 
Mr. Durham showed how essential it was that the archi- 
tect and engineer should co-operate, and made reference 
to the pioneer and later work in Germany, Austria, &e., 
carried out by Mr. W. Lindley, including the rebuilding 
of the city of Hamburg. The esthetic, hygienic, social, 
and economical principles involved in the question were 
reviewed, and the author showed that the seworage 
system was a determining factor in designing ™ain 
arteries. The survey of the ground, width of streets, 
position of sewer, water, and other pipes, engineering 
considerations due to traffic, planning and class of build- 
ings, and depths of plots were dwelt upon, the Hor - 
and Town-Planning Act, of course, receiving notice, 
discussion followed the reading of the papers, and a vote 
of thanks to the authors brought the proceedings ‘° 4 
close. 
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CONSTRUCTED BY MR. F. SCHICHAU, SHIPBUILDER AND ENGINEER, ELBING AND DANTZIC. 
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shows the arrangement of 
and decks. 


WE publish this week on our two-page plate, on 
this page, and on page 316, drawings and perspective 
views illustrative of five single-screw steamers, and 
their machinery, built by Mr. F. Schichau, Elbi 
and Dantzic, for the Kussian Volunteer Fleet, an 
intended for the Vladivostock and Shanghai service. 
The order for the vessels was placed in October, 1908, 
with special conditions, which included the follow- 
ing :—That all five vessels should be delivered in a 
year, that the hulls should be of special strength in order 
to break through the ice in the port of Vladivostock, 
and that the speed should be 14 knots, with a dead- 
weight capacity of 2050 tons on a draught not exceed- 
ing 19 ft., and with a small consumption of coal at 
the service speed of 14 knots. All these conditions 
have been amply fulfilled. The vessels are named 
Orel, Poltava, Simbirsk, Pensa, and Rjasan. The 
dimensions are as follow :— 


Length over all.. * fe 350 ft. 1 in. 
Length between perpendiculars 834 ft. 
Breadth, mould ool dos 45 ,, 
Depth to spar-deck 32 ft. 6 in. 
Draught ... .? es = 19 ft. 
Dead-weight capacity, about 2300 tons 
..Gross tonnage ... ols - ... 8424 reg. tons 

Net tonnage . 1987 os 


The’ vessels are built according to the rules and 
under the special survey of Lloyd’s Registry for the 
100 A 1 >] spar-deck class, with freeboard and 
according to the requirements of the Board of Trade. 
As to the scantlings of the vessel little need be said ; 
the cross-section, Fig. 12, and the bulkhead section, 
— 13, annexed, give all details, while the longi- 
tudini 


al section of the ship on the a plate 
louble-bottom, bulkheads, 
There are three continuous steel decks— 





spar deck, main and lower decks—and six water-tight 
bulkheads. In order to increase the transverse strength 
in the engine and boiler-room there are web-frames 





15 in. in height on every fourth frame (Fig. 8). 
The internal arrangement of the ship is shown on 
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the plans on the two-page plate. The vessel has two 
boiler-rooms, with an athwartship bunker between 
them, one engine-room, two cargo-holds forward and 
twoaft. The passenger accommodation is arranged in 
four classes, and 60 are carried in the first-class quarter, 
30 in the second, 40 in the third, and 40 Chinese and 
40 Japanese in the fourth class. In addition, room 
for 180 soldiers is arranged on the lower deck aft. 

The first-class passengers are aczommodated on the 
main deck amidships (Fig. 6). The dining-saloon, 
situated forward of the boiler casings and the main 
companion-wa , extends from side to side, and is 
furnished with a number of small tables, giving 
accommodation for 60 passengers. The walls and the 
ceiling are panelled, coloured white, lacquered and 

ilded. The floor is laid with parquetry linoleum on 
itosilo. Abaft of the dining-saloon there are arranged 
on each side of the vessel 12 first-class cabins—24 in 
all, each for two passengers—these are panelled in 
white, lacquered, and finished in polished ash. Amid- 
ships, between the engine and boiler casings, there are 
situated the baths, &c., and the first-class pantry. 
The first-class ladies’ room and the — are 
adjacent to each other in a separate deck-house for- 
ward on the spar-deck (Fig. 5), with direct communica- 
tion with the main companion-way. The ladies’ saloon 
is also finished in white, walls and ceiling being gilded, 
while the floor is completely covered with a thick carpet. 
The smoking-room is finished in stained oak, and the 
floor is laid with linoleum. From the entrance, which 
is laid with india-rubber tiles, there are doors on each 
side to the open spar-deck, which serves as‘a sheltered 
promenade. On this deck there are cabins for the 
officers and three state-rooms, arranged in a separate 
deck-house amidships, between the boiler casings. 

Forward on the boat-deck above (Fig. 3) there are 
the chart and wheel-house with the bridge. Above 
this bridge there is arranged a second bridge. Although 
the boat-deck carries a large number of lifeboats, the 
greater part is available as a promenade for the first- 
class passengers. 

The accommodation for the second-class passengers 
is on the main deck aft (Fig. 6), and consists of a 
dining-saloon, six cabins for two, and six cabins for 
three passengers. The smoking-room and two cabins 
for the doctor and a postal official are situated on the 
— in a separate deck-house, with staircase to 
the main deck below (Fig. 5). 

At the forward end of the main deck (Fig. 6) there 
are the cabins for the seamen and the washhouses and 
w.c.’s for the steerage passengers. 

The cabins for the third-class European passengers, 
each for four persons, are arranged on the lower deck 
forward (Fig. 7). A separate compartment is divided 
by a wooden longitudinal bulkhead, as shown, into two 
parts, each provided with forty iron berths, placed in 
the usual manner in two ranges and intended for the 
Chinese and Japanese passengers. On the remaining 
part of the lower deck amidships there are situated the 
cabins for the engineers, greasers, and firemen, as well 
as the kitchen, with bakery, scullery, &c. There is 
one galley for the first and second-class, with a lift to 
the first-class pantry above. The second-class pantry 
is adjacent to the dining-saloon. There are also sepa- 
rate galleys for the crew--European, Chinese, and 
Japanese-—four in all—and two bars. 

A great refrigerating-room, cooled by a CO, engine, 
is arranged on the lower deck aft for the preservation 
of provisions. The ventilation of the ship has had 
careful attention, and is associated with the steam 
heating appliances. All parts of the vessel are lighted 
by an electric installation. Two hospitals, each with 
two berths and bath and w.c., are provided for sick 
passengers. 

Brown’s steam steering-gear is arranged on the poop 
aft in a separate deck-house, and is illustrated in 
Figs. 14 and 15, on page 313. It is manipulated by a 
a telemotor from the bridge. The steam anchor-gear 
is combined with a capstan ; the steam-winch aft has 
two drums for warping use. 

Each vessel is fitted with a wooden small-boat and 
with seven seamless steel lifeboats, according to the 
rules of the Board of Trade. These are fitted to be 
rigged as schooners. Each mast in the ship is pro- 
vided with two derricks capable of lifting 3 or 5 tons, 
and with steam-winches. 

The propelling engine of the vessel is of the triple- 
expansion type, with surface condensers. Longitu- 
dinal and cross-sections, and a plan of the main engines, 
are given on the two-page plate, and a perspective 
view of the engines of two of the ships on 316. 
The cylinders are 27.5 in., 46.4 in., and 76.4 in. in 
diameter respectively, with a 47.2-in. stroke, All 
the cylinders are fitted with liners, and are steam- 
jacketed. The details of the design are well shown in 
the section, plan, and perspective view. 

The boilers are constructed according to the rules 
of the Board of Trade and Lloyd’s, for a pressure of 
210 1b. There are four single-ended cylindrical boilers 
14 ft. 3 in. in diameter and 11 ft. 9 in. in length, 
designed to work under Howden's system of forced 
draught. The total heating surface is about 9900 
square feet, and the grate arca 245 square feet. 





The Orel, the first vessel completed, began her trials 
on August 24 last, under the inspection of the commis- 
sion, consisting of Mr. V. Rzewuski, Chamberlain of 
the Imperial Russian Court, and of the inspector of the 
Russian Volunteer Fleet, Prince Mawrocordato. The 
speed of the vessel was on the measured mile 16.42 
knots, with an air pressure equal to ? in. water column. 
On the 24-hours trial trip the consumption of coal did 
not exceed 44.3 tons at a speed of 14.54 knots. 








Unitep States Navy.—The Naval Secretary of the 
United States Government, Mr. Meyer, in his statement 
to the Committee on naval affairs of the United States 
Legislature, stated that his programme for the next year 
would include two battleships of 27,000 tons, to cost about 
2,200,000/., one repair ship, to cost about 500,000/.; two 
colliers, to cost about 200,000/.; and five submarines, 
to cost between 90,0007. and 100,000/. each. The new 
battleships will be the largest in the American navy, as 
the Wyoming class, the most powerful yet ordered, are 
only of 26,000 tons. It is further stated that Mr. Meyer 
contemplates the construction in the following year of 
vessels of 34,000 tons, armed with 14-in. guns, but too 
much reliance should not be placed on the report, as much 
may happen before then. It is also intended to build a 
large number of submarine boats for the defence of the 
Pacific coast. Plans are being formulated for the construc- 
tion of dry docks. Another important decision is to fit one 
of the fleet colliers, now being constructed by the Maryland 
Steel Company, with high-s steam-turbines driving 
propellers through speed-reduction gear on the principle 
devised by Engineer- Admiral Melville, peo engineer- 
in-chief, and Mr. J. H. Macalpine, and manufactured by 
the Westinghouse Company. This gear has already been 
illustrated in ENGINEERING, and the application in this 
case will be followed with very great interest. It is said 
that there will be a considerable reduction in the weight 
of machinery in consequence of the change. 





Lonpon’s WaTER Supp.ty.—An underground stream of 
reat purity and abundance has been discovered in 
olborn. Messrs. A. W. Gamage, Limited, have just had 
a most successful Artesian well bored, giving an inde- 
pendent water supply to their large premises. During 
the boring operations the following strata were passed 


through :— 
Thickness. Total Depth. 
Ft. Ft. 


Dug Well: 
Concrete .. ae oe ™ od 6 6 
Blue clay .. i no a re 10 16 

Boring : 
Blue clay .. ‘ca a ‘a é 3 19 
Blue clay and stones... ‘3 sia 15 34 
Blue clay .. “ “ wie i 44 78 
Brown clay . u ies 3 81 
Mottled clay : 3 of 
Hard grey sand .. ei e 4 88 
Loam, sand, and shell .. * ~~ 6 94 
Mixture of red and light blue sands. . 8 102 
Rock es ee ee - 1 103 
Sandy clay and pebbles 6 109 
Pebbles... ‘a Ba 1 110 
Green sand and pebbles 3 113 
Hard grey sand ; 33 146 


Chalk and Flints. . = sa .. 304 450 

On reaching the chalk large beds of flints were discovered 
containing a large supply of water, which rose toa height 
of 210 ft. from the surface. The work was carried out by 
Messrs. Alfred Williams and Co., of Bow, E. The water 
is pumped direct in one operation to the storage tanks on 
the roof of the building by one of this firm’s silent Artesian 
well pumps, at a cost of 24d. per 1000 gallons. 





BrEAKDOWNS OF MacHINERY.—At the annual meeting 
of shareholders of the British Engine, Boiler, and Elec- 
trical Insurance Company, Limited, held at the offices of 
the company, 12, ee Seats, on Friday, 
March 4, the chairman (Mr. Longridge) said: ‘‘In the 
case of steam-engines, it was found that the ratio of 
breakdown ey | those which were insured was 1 in 6.5; 
~ oo this ratio was 1 in 13; and among gas- 

ucing plants the ratio of mishaps for which claims 

ad to be met wasl1 in17. It was interesting,” he con- 
tinued, ‘‘ to note the slow but steady increase in the num- 
ber of steam-turbines and also of the larger gas-engines, 
though as regards the latter the company’s experience 
would not justify him in saying that makers were 
entirely successful in supplying a gas-engine that was 
equal to a steam-engine, either for safety or economy. 
It was perhaps in connection with the insurance of 
electrical machines that the advantages of the company’s 
system of periodical inspection was most noticeable, hn 
vast numbers of small motors are entrusted to the care of 
attendants who are helpless when the slightest thing goes 
wrong. To such, and even to others with greater know- 
ledge, the benefit of occasional visits from trained inspec- 
tors, with special experience of the weaknesses of both 
men and machines, is often incalculable ; and although the 
ratio of breakdowns has not been appreciably diminished, 
the number of useless summonses to see a machine that 
needs very little doing to it, and the cost of repairs after 
breakdowns, have both been materially reduced. The 
ratio of breakdowns is higher for motors than for dynamos, 
and taking the two together for the past year it was found 
to have n 1 in 9 of the total number of machines 
insured. The use of alternating current in place of con- 
tinuous current been gradually extending; but while 
it might have been expected that the risk of breakdown 
would thereby be diminished, this had not yet proved to 
be the case according to the company’s experience. It 
might be well to emphasise the fact that in the figures he 
had quoted noaccount had been taken of the number of 
engines or the amount of machinery rejected for insurance 


after inspection.” 


= 


| 
NOTES FROM THE NORTH. 
Giascow Wednesday. 
| Glasgow Pig-Iron Market.—Last Thursday morning the 
| pig-iron market opened with a strong tone, and Cleveland 
| warrants were done at from 51s. 6d. to 51s. 8d. cash, and 
52s. 34d. May 23. The business was only some 2500 tons, 
| and c | sellers quoted 51s. 84d. cash, 51s. 114d. one 
| month, and 52s. 6d. three months. In the afternoon the 
market was quiet, but the tone remainei good, and 2000 
| tons of Cleveland warrants were done at 51s. 9d. eighteen 
and nineteen days. Sellers’ prices at the close were 51s. 8d, 
| cash, 51s. 11d. one month, and 52s. 5d. three months. On 
re eas the market was easier and 2000 tons of 
Cleveland warrants changed hands at 5ls. 6d. cash and 
seven days, and 52s. 3d. threemonths. The closing quota- 
tions were 51s. 64d. cash, 51s. 9}d. one month, and 52s, 34d. 
three months’ sellers. Cash hematite was quoted 66s, 
sellers and 65s. buyers. The afternoon session was quite 
idle, but sellers’ prices for Cleveland warrants at the close 
of the day were firm at 51s. 7d. cash, 51s. 10d. one month, 
and 52s. 4d. three months. Hematite was unchanged at 
65s. cash buyers. On Monday morning a firm toneprevailed, 
and 3000 tons of Cleveland warrants were put through 
at 51s. 6d. cash, 51s. 10d. and 51s. 114d. one month, and 
52s. 5d. three months. Closing sellers quoted 5ls. 9d. 
cash, 52s. one month, and 52s. 64d. three months. One 
lot of hematite changed hands at 65s. 6d. April 6. In 
the afternoon the market was a trifle easier, and the deal. 
ings were about 2500 tons of Cleveland warrants at 
51s. 114d. twenty-four days, and 51s. 11d. one month. 
Sellers’ closing quotations were 51s. 8d. cash, 51s. lid. 
one month, and 52s. 6d. threemonths. On Tuesday morn- 
ing Cleveland warrants were firm, but the business only 
amounted to 1000 tons at 51s. 8d. cash and 52s. 6d. three 
months. The closing prices were 51s. 84d. cash, 52s. one 
month, and 52s. 64d. B sen months. Hematite was firm, 
and one lot was done at 65s. 9d. cash. In the afternoon 
the tone was easier, and the price of Cleveland warrants 
fell slightly. The turnover was 3500 tons at from 51s. 8d. 
to 5ls. 64d. cash, and from 51s. 104d. to 51s. 10d. one 
month, and sellers’ closing quotations were 51s. 7d. cash, 
51s. 10d. one month, and 52s. 44d. three months. When 
the market : ee to-day (Wednesday), an easier tone 
again prevailed, and business was very quiet. The 
dealings in Cleveland warrants only amounted to 
about 1000 tons at from 51s. 54d. to 5ls. 6d. cash, 
and closing prices were 51s. 64d. cash, 51s. 94d. one 
month, and 52s. 34d. three months sellers. At the 
afternoon session there was very little doing and the 
business was limited to one lot of Cleveland warrants at 
52s. 34d. three months. The tone was firmer inclined, and 
at the close there were sellers at 51s. 7d. cash, 51s. 10d. one 
month, and 52s. 44d. three months. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
63s. ; Calder and Gartsherrie, 63s. 6d.; Langloan, 64s. ; 
Summerlee, 65s. 6d. ; and Coltness, 85s. (all shipped at 
G w); Glengarnock (at Ardrossan), 64s. ; Shotts (at 
Leith), 63s. 6d. ; and Carron (at Grangemouth), 66s. 


Sulphate of Ammonia. — The sulphate of ammonia 
market continues to maintain a strong tone, and a fairly 
good business is passing. The price quoted to-day for 
near-date delivery is 12/. 5s. per ton, Glasgow or Leith. 
The shipments from Leith Harbour last week were 1301 
tons. 


Scotch Steel Trade.—There has been no falling off in the 
demand for heavy steel material during the past week, 
and makers report a considerable improvement all round. 
The increased number of specifications in makers’ hands 
ensures the steady running of the rolling-mills for some 
weeks ahead. The demand from abroad is not behind 
that of the home market, and inquiries for a large ton- 
nage have come to hand this week. Makers of light 
material are being kept steadily employed, the demand 
being as urgent as ever, and fresh supplies are asked for 
by buyers in Australia, India, and the Far East. Struc- 
tural steel-makers are fairly busy both on home and ex- 
port account. 


Malleable-Iron Trade.—The trade of the malleable-iron 
makers of the West of Scotland has not yet shown much 
sign of expansion. There has been some little improve- 
ment in inquiry, but specifications are still very scarce 
and new business is very slow. Prices for the home 
market are unchanged, with crown bars at 6/. 17s. 6d. per 
ton, less 5 per cent. 


Scotch Pig-Iron Trade.—The condition of affairs in the 
Scotch pig-iron trade is without change, and the demand 
for lots for shipment continues strong, especially for No. 1 
quality. Buyers in the South are also taking in fairly 
large quantities of the ordinary qualities, but local con- 
sumers seem to be less in evidence at the moment. The 
inquiry for hematite has increased again, and dealing on 
forward account has taken place at about 70s. per ton. 
Buyers are desirous of fixing more, even on this basis, 
but producers are unwilling sellers, some of the latter 
declaring that they are meantime out of the market. 


Shipbutlding.—It is reported that a Wick firm has 
placed an order with Moses MacKie and Thomson, 
Govan, for ten steam herring-drifters, each of 82 ft. in 
length. Mr. W. V. V. Lidgerwood, Coatbridge, is to 
supply the machinery.—Messrs. Lobnitz and Co., Limited, 
Renfrew, have received an order for two hopper I arges 
for Sir John Jackson, Limited, duplicates of vessels uilt 
by them for the same owners last year, for Singapore. 











ASSOCIATION OF TEACHERS IN TECHNICAL INSTITUTIONS 


(West YorKsHIRE Brancn).—An important meetiny of 
the above Association will be held at the University of 
Sheffield on Saturday, March 19. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Though the amount of 
business passing is not on a very extensive scale, it is 
gratifying to find buyers of pig iron more disposed to 
operate. Rather better accounts from abroad are to hand, 
and altogether the situation is decidedly improved. Very 
little iron is going into stock, and a general opinion ~ 
vails that in the near future requirements will be such as 
fully to absorb the output. A number of home consumers 
of pig iron are understood to be getting well through their 
contracts, and buying for home use, as well as as for 
shipment, is expected to be on a fairly good scale 
over the spring and summer months. Prominent traders 
from Manchester and Sheffield have this week visited the 
Middlesbrough market, but whether or not they have 
placed orders has not transpired. Sales of No. 3 g.m.b. 
Cleveland pig have been recorded at 51s. 6d. and at 51s. 9d. 
for this month’s f.o.b. delivery, and the general quotation 
may now be put at 51s. 74d. No. 1 is 53s. 9d. to BBs. 104d. ; 
No. 4 foundry, 50s. 6d.; No. 4 forge, 50s.; and mottled 


and white each, 49s, 6d.—all for early delivery. Any | ¢ 


inquiries on forward account elicit quotations rather 
above the foregoing. East Coast hematite pig is quiet, 
bnt steady. Some second hands are pre to sell small 
odd lots of mixed numbers at 64s. 6d. for early delivery, 
but 65s. is generally quoted, and 67s. 6d. for delivery to 
the end of June. oreign ore is as firm as ever, values 
being based on 20s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality. Coke is very plentiful, and medium blast- 
furnace qualities are rather freely offered at 18s. delivered 
here. 

Manufactured Iron and Steel.—Several branches of 
the manufactured iron trade are still only very mode- 
rately enplares, but the steel industry is characterised 
by considerable briskness. Whilst works turning out 
finished iron are running irregularly, steel producers are 
very busily employed, and not only have they good order 
books, but there are a fair number of inquiries in the 
market. Values are still unaltered, but advance for some 
descriptions may shortly be announced. Common iron 
bars are 7/.; best bars, 7. 7s. 6d. ; best best bars, 7/. 15s. ; 
iron ship-plates, 6/7. to 6/. 5s.; iron ship-angles, 7/.; 
steel bars, 61. 5s.; steel ship-plates, 67. 5s. ; steel ship- 
angles, 5l. 17s. 6d.; steel strip, 6/. 7s. 6d.; steel hoops, 
6/. 10s. ; and steel joists, 62. 2s. 6d. to 6/. 5s.—all less the 
customary 24 per cent. discount. Cast-iron columns are 
61. 10s. ; cast-iron railway chairs, 3/. 10s. ; light iron rails, 
6l. 7s. 6d.; heavy steel rails, 5. 7s. 6d. ; and steel rail- 
way sleepers, 67. 10s.—all net cash at works. Iron or 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
stand firm at 12/7. f.o.b.—less the usual 4 per cent. dis- 
count. 

Important Bridge Contract.—A contract for 6000 tons 
of steel-work, comprising 400 bridge spans, varying from 
7 ft. to 105 ft. in length, and required in connection with 
the doubling of the South Manchurian Railway system 
between Su-chia-tun and Noiren (Dalny) has been placed 
with Messrs. Dorman, Long, and Co., of Middles- 
brough. The contract is the largest foreign structural 
work placed for some time with British engineers. 


American bridge-builders were keen competitors for the | rp 


order. 

Shipments.—Shipments—so far as pig iron isconcerned— 
are excellent. To date this month they average 3605 tons 
per working day, the total despatches reaching 28,841 tons, 
as compared with a daily average of 2918 tons and a total 
clearance of 23,347 tons to the same date last month, and 
a daily average of 2677 tons and a total shipment of 
21,419 tons for the corresponding part of March last year. 
Manufactured iron and steel shipments this month are on 
only a moderate scale. 

Paper on ‘‘ Foundry Practice.”—On the subject of 
** Foundry Practice,” Mr. E. Lansdale, of Yarm, read an 
instructive paper on Monday night before the Cleveland 
Institution of Engineers, in the Hall of the Literary and 
Philosophical Society at Middlesbrough. Mr. Greville 
Jones, the president, was in the chair. In his paper Mr. 
Lansdale entered at great length, though very lucidly, 
into the methods of melting cast iron, and-the influence‘of 
design and method of moulding on its physical properties. 
The lecture was, illustrated by several lantern-slides, and 
a discussion followed. 
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NOTES FROM SGUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Prohibition. —The injury that will be inflicted, not only 
on Sheffield trades, but on English trade generally, by the 
imposition of the proposed, new French tariff is not, 
perhaps, fully realised. Speci#fit instances are continually 
coming to hand,.and 
the French Senate. TheSheftield Chamber of Commerce, 
at their meeting this week, before them information 
to the effect that the duty on hi ~~ twist-drills, 
already increased five times by the French Chamber 
of Deputies, was, on the recommendation of the Tariff 
(ommission, to be further multiplied three times by the 
Senate, making, the duties fifteen times greater than 
formerly. They, passed a strong resolution of protest, 
which has been sent to the President of the Senate as 
well as to the Sheffield Members of Parliament. Mr. 
Samuel Roberts, M:P., was not slow in acting upon it, 
and raised the question in the House of Commons on 
Tuesday. Sheffield manufacturers, however, have ve 
doubts as to the efficacy ofthe protest, and at the m- 
her of Commerge meeting more than one of them ex- 
pressed the opinion that the new tariff meant absolute 
prohibition in certain trades, «°* 


romano as often being made to | &s. 





Hull Coal Returns.—The February tonnage dealt with 
at Hull constitutes a record for the month. The total 
was 460,544 tons, as compared with 355,728 tons in Feb- 
ruary of last year, and is most nearly approached by the 
422,672 tons in February, 1908. The two months’ total 
this year follow closely upon the big tonnage dealt with 
in January and February, 1908. The exports also create 
an absolute record, 218,024 tons as against 165,947 tons 
in February, 1907, the previous best. The two months 
total is 495,268 tons. Germany, Holland, and Italy were 
the best customers, with about 40,000 tons each, the 
Italian figure having jumped up from 5452 tons in Feb- 
ruary last year. The coastwise exports were about the 
pat oe 452 tons—London taking 56,132 tons. Denaby 
and Cadeby are again first for output with over 56,000 
tons, though this is little more than half their January 
tonnage. 


Recent Dividends.—In spite of the bad conditions 
experienced in the steel tradc, at least three Sheffield 
firms have a fairly satisfactory year to report. Ata 
meeting of the directors of William Jessop and Sons, 
Limited, Brightside Works, a dividend for the year of 
74 per cent. was recommended. Hadfield’s Steel Foundry 
ompany, Limited, have maintained the level of the 
past two years in their dividend of 174 per cent. although 
the profits were less than in 1908. essrs. Vickers Sons 
and Maxim’s directors recommend a dividend for the 
year of 10 per cent., the same as the previous year. 


South Yorkshire Coal Trade.—Plenty of coal on hand 
and some slackness in buying with consequent tendency 
to easier prices are the outstanding features of the district 
coal trade. The return to activity of the Brodsworth pit 
is one of the contributory causes of this state of things, 
the advancement of the season being, of course, the most 
potent. Mild weather has already made itself felt in 
smaller demands from London merchants. The drop is 
not great, but is noticeable in view of the rather excep- 
tional recent buying. rge tonnages of steam are 
still going to the Humber, though the demand for both 
trawling and bunkering purposes is hardly as active. 
House-coal trade is about the same, but with buying on 
the weak side. The best qualities keep their price, but 
there is a large quantity of pene fuel which is fetching at 
pits 6s. 6d. to 7s. The best house is 10s. to 10s. 6d. ; and 
seconds, 8s. 3d. to 9s. 


Iron and Stecl.—Conditions in the iron market are re- | po 


ting themselves week after week with an unsatis- 
actory monotony. Buyers and sellers are more or less 
held apart by the maintenance of high prices for raw 
material, and in some quarters a deadlock is prophesied. 
Makers who stated their advances for deliveries covering 
the coming months have every appearance of keeping 
firm. Customers with good stocks on hand have main- 
tained an equally independent attitude, but with the dis- 
appearances of those a lies they must come into the 
market. Unless a nota Ie slackening occurs, business 
threatens to be restricted. East Coast hematites are still 
at 72s. net, and West Coast have not moved from 
their high figure of 793. to 81s. 6d. (less 24). Prices of 
Lincolnshire and Derbyshire common irons are unchanged, 
foundry being quoted at 53s. 6d. to 54s., and forge 52s. 
to 52s. 6d. The official increases on bars and sheets are 
maintained. Iron and steel scrap has gone up again. 
he best heavy material commands from 60s. to 75s. a 
ton, and rails are at a similarly high figure. Best qualli- 
ties are still going out to America. @ rise in pig iron 
has had its effect upon billets, though the advances asked 
cannot always be obtained. The official increase on high 
carbon and basic billets is 10s. per ton, but for good con- 
tracts as much as 5s, reduction is being made. A better 
picture is presented by the steel trade, where recent im- 
provement is being maintained. A good deal of bustle 
is occasioned by the quick inrush of French orders. 
The buyers there are piling up Sheffield material before 
the imposition of the new tariff. The American demand 
is also very satisfactory. Buyers over there will have 


Sheffield high-speed steel, in spite of the efforts being had be 


made by their own manufacturers to get back the trade. 
Light steel is going out in large quantities to Europe and 
the Colonies, and makers of malleable a are well 
occupied with orders. Railway orders are still slack, but 
a lot of tramway rails are wanted in South Africa. 
Sheffield manufacturers will try to‘share, but they will 
in all probability have to face keen Belgian competition. 





NOTES FROM THE SOUTH-WEST. 

Ca Sree for steam coal have been tending up- 
wards duripg' the week, an advance of 1s. per ton being 
reported*in some cases. The best Admiralty coal has 
made 17s. to 17s. 3d. per ton, with other descriptions pro- 

rtionately dearer. Secondary qualit yhave ranged 

etween 16s. 6d. and 16s. 9d. per. ton: _best smalls 
have brought 9s. to 9s. 6d.; andthe best ordinary — 
6d. to 8s. 9d. per ton. ‘ House coal has shown ttle 
change ; the best ordinary qualities have made 15s. 6d. 
to 16s. 6d. per ton; No. 3 Rhondda large has brought 
16s, 9d. to 17s. 3d. per ton; smalls have realised 10s. to 
10s. 3d. per ton. No. 2 Rhondda large has been quoted 
at 13s. 3d. to 13s. 6d., and smalls 7s. to 7s. 6d. per ton. 
gray coke has brought 19s. to 20s., and furnace ditto 
17s. to 17s. 6d. per ton. As regards iron ore, Rubio has 
realised 19s. 9d. to 20s. 3d. per ton, upon a basis of 50 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 

Dowlais.—The Big Mill, which had been idle for some 
days, has been engaged upon a large order for light rails 
and general railway material. There has been a good 
output of heavy steel sleepers, rails, and tin bars. 


New Cardiff Bridge.—A new bridge over the Rhymne 
Railway, at the eastern end of Monthermer-road, Cardiff, 





has been formally opened. _ The bridge, which has cost 
over 2300/., is constructed in semi-ferro concrete, which 
will preserve the steel-work from corrosion through 
— fumes and steam from engines passing under- 
neath. 


Monmouth.—At a meeting of the Monmouth Town 
Council it was announced that a London firm had written 
asking if the Council could, in the event of a calcium 
carbide factory page J erected locally, provide the factory 
with electricity to the extent of 500 kilowatts. It was 
: to get into communication with the inquiring 

rm. 

Bristol Docks.—The charge of the Bristol Docks to the 
Bristol City Council for the year ending March, 1911, 
will be 154,000/.; this is about the same amount as that 
for 1909-10. 


_The Miners’ Eight Hours Act.—The report of the 
directors of the Penrikyber Navigation Colliery Com- 
pany, Limited, shows a falling off of more than one-half 
in the profits of the company for 1909. This is presum- 
ably largely due to the effect of the Miners’ Eight Hours 
Act. It is, however, fair to add that last year’s profits 
were, after all, larger than those realised in 1902, 1903, 
1904, 1905, and 1906. The dividends of the company for 
the past ten years come out as follows :—1900,;25 per 
cent. ; 1901, 10 per cent. ; 1902, 6 per cent. ; 1903, 5 per 
cent. ; 1904, nil; 1905, 24 per cent. ; 1906, 5 per cent. ; 
rae 124 per cent. ; 1908, 15 per cent. ; and 1909, 10 per 
cen 

The Swansea Valley.—The yield of pig has been about 
an average. The tin-plate trade has shown continued 
activity. There has been a large output of. coal, and the 
coal trade appears to have generally improved. 








PrrsonaLt.—Mr. C. I. Davidson, formerly steamboat 
superintendent to the Great Western Railway Company, 
has commenced business at 10, Fenchurch-street, ne. 
as a consulting engineer and naval architect.—Mr. James 
Swinburne has retired from the firm of Swinburne, 
O’Gorman, and Baillie. He and the firm continue their 
respective practices at 82, Victoria-street, Westminster. -—- 
We have been asked to state that Messrs. Maudslay’s, 
Limited, Zone Works, Dursley, Gloucestershire, have ap- 
inted Mr. G. B. Lowe, of Warrington, to represent them 
in their Manchester district, comprising Lancashire, North 
Wales, Derbyshire, the Potteries, and South Yorkshire, 
and also that, owing to Mr. C. E. Lugard, their late re- 
are gy on the North-East Coast, having left the 

istrict, Messrs. George Craggs and Co., of ' Albert- 
buildings, Middlesbrough, now represent them. 





Royat Corrs or Navat Construcrors.—The annual 
dinner of the Royal Corps of Naval Constructors was 
held at the Hotel Cecil on Friday last. Sir Philip Watts, 
the Director of Naval Construction and President of the 
Corps, occupied the chair, and the guests of the evening 
included Sir W. H. White, Mr. Alfred Eyles, Accountant- 
General of the Navy ; Engineer Vice-Admiral H. J. Oraw, 
Engineer-in-Chief of the Fleet; Mr. Alexander Gracie, 
Chairman of the Fairfield Company; Mr. 8S. J. P. 
Thearle, Chief Surveyor, and Mr. E C. Champness, 
Assistant Chief Surveyor, of Lloyd’s istry; Mr. 
W. J. Luke, of Messrs. John Brown and Co., Limited ; 
and Engineer-Captain Goodwin. In replying for the 
guests, proposed by Mr. W. E. Smith, Admiral Oram 
referred to the friendly relations which existed be- 
tween the constructive and engineering branches of the 
service. Mr. Thearle, proposing the Royal Corps, stated 
that when it was wend in 1883 the membership was 72, 
and the Navy Estimates totalled 114 millions ; to-day the 
number was 109, and next year’s estimates exceeded 40 
millions. This comparison, he said, suggested, that the 
responsibility and work had increased to a greater extent 
than the membership, and he hoped that the emoluments 
en augmented to the same éxtent as the value of 
the work accomplished. Sir William White and Mr. W. J. 
Luke replied for past members, and Mr. J. Smith for 
present members. 





Roya Instrtution.—The following are the lecture 
arrangements at the Royal Institution after Kaster :— 
Three lectures on’ the ‘Modern Development of the 
Problem of Alcoholic Fermentation,” by Dr. A. Harden ; 
three lectures on the ‘‘ Mechanism of the Human Voice,” 
by Dr. F. W.° Mott, Fullerian Professor of Physiology, 

-I.; two lectures on ‘“Karth Tides,” by fessor 
A. E. H. Love ; two lectures on ‘‘ Heredity in Tudor and 
Stuart Portraits,” by Professor C. J. Holmes; three lec- 
tures on the ‘‘ Himalayan Region,” by Dr. Tem G. Long- 
staff; three lectures on ‘‘ Blackfeet Indians in Nort 
“America,” by Mr. W. McClintock ; two lectures on the 
‘*Constitution and Internal Structure of Alloys,” by Dr. 
W. Rosenhain; two lectures on ‘* Malaria,” by Major 
Ronald Ross; three lectures on ‘‘ Bells, Carillons, and 
Chimes,” by Mr. W. W. Starmer ; three lectures on ‘‘ The 
World of Plants before the Appearance of Flowers,” by 
Dr. D. H. Scott ; two lectures on (1) “‘ Johnson without 
Boswell ;” (2) ‘‘Johnson’s Lives of the Poets,” by, Pro- 
fessor Walter Raleigh ; two lectures on ‘‘ Electric Heat- 
ing and Pyrometry” (the Tyndall Lectures), by Professor 
J.-A. Fleming. The Friday evening meetings will be 
resumed on —_ 8, when a discourse will be given by 
Professor P. Lowell, on’ the “‘ Lowell Observatory Photo- 
graphs of the Planets.” nag 0 in mg will prob- 
ably be ag by Professor W. J. Pope, Mr. T. Thorne 

. Tempest Anderson, Sir Almroth E. Wright, 
Professor W. H.: Bragg, Sir David Gill,<Captain'’R.+F. \ 
Scott, the Right Hon. Sir Rennell Rodd, ‘and “other ” 
gentlemen. 
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Art and History of British Lead-Work,’ 
by Mr. Lawrence Weaver, F.S.A. (Lecture II.) — Wednesday. 

arch 16,at8p.m. ‘The Foundations of Stained-Glass Work,” 
by Mr. Noel Heaton, B.Sc., F.C.S. Mr. Lewis F. Day, will preside. 

Tue INstrTUTION oF CiviL, ENGINEERS. 
8p.m. Papers to be discussed :— 
Works,” by Mr. John Duncan Wa‘ 
Drainage,” by Mr. William James Eames Binnie, B.A., M 
C.E.—Students’ meeting, Friday, March 18, at 8 p.m. 
be read :—‘The Construction of Warships,” by Mr. 
Stud. Inst. C.E. Mr. A. M. Alexander, M. Inst. 
the chair. 

Tue Royal MeTeoro.oaicaL Society. 
the Institution of Civil Engineers, 
will be delivered on “Climatic In 
Soudan,” by Captain H. G. Lyons, 
illustrated by lantern-slides. 
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of Arts, John-street, Adelphi. 
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(9) “‘ The Application of Internal-Combustion Engines to Fishing- 
Boats and other Commercial Vessels,” by Mr. Linton-Hope ; (10) 
“The Substitution of the Electric Motor for Marine Propulsion,” 

Friday, March 18, morning meeting at 


“Birmingham Sewage- 
tson, M. Inst. C.E. ; “‘ Salisbury 


Wednesday, Thursday, 
all of the Royal Society 





by Mr. W. P. Durtnall. 
11.30: (11) ‘The Application of the Marine Steam - Turbine 
and Mechanical Gearing to Merchant Ships,” by the Hon. ©. A. 
Parsons, O.B., Vice-President ; (12) ‘ Note on the Measurement of 
Shaft-Horse-Power,” by Professor B. Hopkinson, M.A.; (13) ‘‘ The 
Brittleness of Mild Steel Due to Nitrogen,” by Mr. ©. E. 
Stromeyer, Member of Council. In the afternoon a visit will be 

id to the National Physical Laboratory and Experimental Tank, 
eddington. 
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at 8 o'clock, instead of March 18, as 
to be read and discussed : ‘‘ Com 
Horwich Locomotives,” by 
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RITAIN.—Friday, March 18, at 
n, M.A., LL.D., D.S8c., F.R.8., 


Yorksuire Locan 
rtment of Applied 
heffield, at 7.15 p.m. 
on “ Rating and Testing of 


Thursday, March 17, 
previously announced. Paper 
pounding and Superheating in 
Mr. George Hughes (Member), of 


—Thursday, March 17, 


Tue Roya. InstrruTion oF Great B 
9 o’clock. Professor Sir J. J. Thomso 
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his colleagues on the Board to meet the requirements 


“‘On Coherers,” by Mr. W. H. Eccles, 
Currents,” by Mr. G. OC. Simpson, 


paratus being Exhausted,” by Mr. B. D. Steele, 


Tue INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ Associa- 


—Tuesday, March 15, at 


. Inst. 
Paper to 
N. Maas, 
-E., will occupy 


—Wednesday, March 16, at 
at 7.30 p.m., when a lecture 
fluences in Egypt and the 
F.R.8. The lecture will be 


Wednesday, March 16, morning 


previously reached—in 1904-5. Perhaps of ter 
Significance is the fact that the sum allotted 
for next year is quite 7} millions more than the 
average annual total for the preceding nine years 


; of the century. And yet there is full justification 
TION.—Monday, March 14, at 8 A will be read by Mr. ° dae 
_V.V. Hutehi .G Fad ro. “Leotmott e Valve Motions.” | for this great additional expenditure. As Mr. 
, zus J — IystITUTION 2 Everunana — Monde I = If, at | McKenna said in the House of Commons on Wednes- 
.30 p.m. eeting at the Royal United Service Institution, Tee . 
Whitehall. Paper on ‘‘ The Transmission of Power by Belts,” by day, a few hours before the publication of the Esti- 
Mr. Reg. F. Krall, Assoc. M. Inst. C.E., Member. Raturday, mates, our naval expenditure ‘‘is not based on the 
March 19, at 3 .m. Visit to the new engineering laboratory, work- 


assumption that other nations mean to be un- 
friendly to us, or that we mean to be unfriendly to 
them.” Similarly, the German Chancellor, a day 
or two earlier, proclaimed that they are building 
their navy ‘‘ not for aggressive purposes, but solely 
because we are convinced that we require an effec- 
tive sea-power for the protection of our coast and 
our trade.” It is obviously thus a question of 
proportion. It is idle to criticise Germany's con- 
ception of her needs ; the extent of sea-board and 
of floating commerce are the deciding factors, and 
are known. But because of this we are the better 
able to appraise our relative needs, and as Mr. 
McKenna, on the occasion quoted, said, our Esti. 
mates are framed ‘to preserve our standard of 
naval power, and depend on the actual expendi- 
ture of other countries.” If, therefore, Germany 
in two years adds 5,200,000/. to her total Naval 
Vote, and 3,800,000/. to her Construction and 
Armament Vote, in order to lay down annually 
four armoured ships, besides a large number of 
small craft, our addition of 84 millions to our total, 
and 5,873,000. to the New Construction Vote 
cannot be regarded as an excessive provision for 
defence. 
The most important point, alike in the Esti- 
mates and in the statement of the First Lord 
explanatory of these Estimates, is the pro- 
vision made for new construction. This is em- 
braced in Votes 8 and 9, for construction and 
ordnance respectively. The former includes hull, 
machinery, and gun-mountings manufactured in the 
dockyard and by contract, and for next year totals 
13,279,8301. This, again, isan un recedentedly high 
figure, being 4,394,000/. more than in the current 
year; but the addition to the votes of the years 
1903-4 and 1904-5 is only about two millions ster- 
ling. Here, again, it is well to take the average fora 
period; since the beginning of the century the aver- 
age annual expenditure to date has been 9, 160,0001., 
or four millions less than the sum ear-marked for 
the next financial year. When the Ordnance Vote is 
added to the Shipbuilding Vote, the increase over the 
current year is found ag over five millions, which 
seems a satisfactory augmentation to the provision 
for increasing the Fleet. The First Lord makes out 
a fair case in his short but lucid exposition of the 
situation, when he states that five Dreadnoughts 
have been completed for commission during the 
current year, in addition to two unarmoured 
cruisers, nine destroyers, six torpedo-boats, and 
sixteen submarine boats. The vessels to be com- 
pleted during the next twelve months, however, are 
not quite so important—a battleship, an armoured 
cruiser, an unarmoured cruiser, five protected 
cruisers, twenty destroyers, and four submarines. 
Including these vessels to be completed, provi- 
sion is made for progress with the following ships 
already authorised : — Seven battleships, three 
armoured cruisers, nine protected cruisers, two 
unarmoured, thirty-seven torpedo-boat destroyers, 
and nine submarine boats. On advancing these 
vessels 11,850,790/. will be spent. There are to 
be laid down five large armoured ships, five pro- 
tected cruisers, twenty destroyers, and ten sub- 
marine boats, which represent a cost when com- 
pleted of 750,000/. The year’s progress in all of 
these ships, however, will only involve 1,429,0401., 
so that the date of laying them down will be far 
advanced in the year. 

Doubt exists as to whether the five new armoured 
ships include the two armoured ships to be built on 
behalf of the Colonies. In the First Lord’s memo- 
randum there is no statement on this question. It 
is stated that orders have been received, and the 
contracts are about to be placed for the two e 
ships for the Colonies. é maximum sum to 
spent on any one of the new ships to be laid down 
by contract is only 48,6041., and, as the Colonial ships 
will be ordered within a month or two, this sum seems 
so small that we are dis to believe that the 
Colonial armoured ships do not appear at all in the 








Navy Estimates. Against this assumption, how- 
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TABLE I.—STATEMENT SHOWING THE NUMBERS BORNE AND THE ACTUAL EXPENDITURE ON BRITISH NAVAL SERVICES 


FOR THE YEARS 1901-2 TO 1908-9 (INCLUSIVE) AND THE ESTIMATES FOR 1909-10 AND 1910-11. 



































Vor Vore | VorTr Vore Vore| VoTe Vorr Vore Vore 8 VoTE Vore 
A. 2. 3. | 5. 6. 7. . - 10. 
— —_—____——| —_— ——_— 
Pf “4 dt tie] — | Shipbuilding, Repairs, Main- p 
Year. b> E te. zs 4 | 2 . F gy tenance, &e. | § 
Zz rs a te my fh — | o¢ e¢ 3 ® | — 
‘: — gag = | 38 $3 Ae | A i ; 
3 go 48 #66342) «4 $s | 2b | ae | Sek | goa Seell.| ge 2 
5 fe J Ss Tae & =s 23 SS |  Per- Matériel, Contract 22 5 
%, 5°o% se a5) 6s | B® Ze 2s sonnel. * Work. 7 = 
I £ £ £ £ £ £ P. 4 £ £ £ 
1901-02 | 117,116 5,805,498 | 1,882,295 | 206,926 17,083) 94,771 | 63,295 | 246,243 | 2,701,937 | 5,323,163 6,794,326 | 3,837,271 962,723 
1902-03 121,870 6,075,015 | 2,022,613 | 243,007 18,183| 96,764 , 62,381 264,171 | 2,848,812 | 4,435,818 7,601,950 | 3,252,152 1,064,174 
1903-04 125,948 6,356,710 | 2,363,431 | 254,706 14,290/ 110,999 68,714 287,454 3,043,217 | 4,719,083 10,832,371 | 3,065,059 1,440,200 
, 260,189 10,071,514 | 3,615,816 , 1,551,630 


1904-05 130,490 6,785,785 | 2,410,030 | 288,164 14,409] 137,745 68,133 | 378,879 | 3,019,571 | 5 
13,279] 151,076 | 73,083 | 385,060 | 2,625,285 | 4,905,075 7,781,483 
3 . 
3 


1905-06 | 127,667 6,835,909 | 2,157,427 265,457 


1906-07 127,431 7,064,837 | 1,865,994 253,274 12,857| 155,705 | 62,328 346,291 | 2,490,448 | & 
1907-08 127,228 7,025,029 | 2,036,956 | 254,442 12,879| 160,198 60,342 351,495 | 2,717,202 | 3,% 


1908-09 128,000 7,129,700 | 2,286,400 | 258,700 13,900] 167,000  66,¢ 


1909-10* 128,000 7,280,200 | 2,416,800 | 258,700 12,700| 159,300 67,300 367,000 | 3,148,200 
1910-11* 181,000 7,389,400 2,500,300 | 263,900 10,900) 157,400 _ 69,200 372,500 3,444,100 


ever, there is the fact that the three torpedo-boat 
destroyers which are to be built for the Colonies 
are included, in addition to the twenty torpedo- 
boat destroyers for the Home Fleet. It is possible, 
however, that the inclusion of these latter is due to 
a special financial arrangement between the Admi- 
ralty and the Colonial Government. We hope we 
are right in assuming that all five armoured shi 
are for the Home Fleet, and that the two Colonial 
cruisers soon to be ordered are additional ; other- 
wise the provision made in respect to armoured 
ships is inadequate to the needs of the present. 
ti has therefore to be provided for building 
twelve battleships. The Neptune, to be completed at 
Portsmouth, will have spent upon her 1,572,7141., 
which leaves only 15,0001. to complete the vessel for 
commission. The second battleship is the Orion, 
for which a second year’s instalment is provided, 
amounting to 1,301,9311. Coming now to contract 
battleships, for the Colossus, which is being con- 
structed at Scotts’ Shipbuilding and Engineering 
Company’s works at Greenock, the amount provided 
is 1,303,4601. ; this is about double the sum ex- 
pended during the year now closing. As the vessel 
1s to be launched early in April, the provision made 
does not seem quite adequate, cee A only 
109,0001. is allowed for gun-mountings. The Her- 
cules, which is building at Palmer’s, is in almost 
exactly the same position, there being only a 
few thousands difference in the amounts quoted, 
both for the coming year and they ear now closing. 
We come next to ives of the so-called contingent 
battleships. The Conqueror is to be built at Messrs, 
William rdmore and Co.’s works at Dalmuir ; 
the Monarch, by Sir W. G. Armstrong, Whitworth, 
and Co., at Newcastle ; and on these 1,052,000I. is 
to be spent, while 118,000/. will be spent before the 
end of this month. As regards the third, no official 
notification is given as to ‘* where laid down,” and 
only 23,0001. is allowed for progress up to the end 
of this month. This vessel has been ordered from 
the Thames Iron Works, and the amount voted for 
the forthcoming year is 976,437/. It is perfectly 
clear that the five new battleships of next year’s 
programme do not include these contingent ships. 
Of the five new ships, one will be built at 
Portsmouth and another at Devonport. For the 
former, which will be laid down in the early 
autumn, as soon as the Orion is floated, there 
is provided 96,700/., while for the Devonport ship 
a similar amount is ear-marked. Three armoured 
ships are to be built by contract, the sums voted 
being respectively 48,600/., 40,500/., and 38,4471. 
There is room for regret that a larger amount has 
not been provided for progress with these vessels 
during the next financial year, particularly as only 
11,0001. is put aside for the gun-mountings of each 
ship. We have recently been told by the First Lord 
that, from the date of ordering the vessels, the time 
required for construction is from 27 months, and 
to secure the completion of the Conqueror class by 
the end of March, 1912, it was necessary to spend 
118,000/. before the end of this month in prelimi- 
nary arrangements. The 48,000/.—the largest sum 
now laid aside for any of these contingent ships-— 
compares unfavourably even with the 114,000. 
spent on the Conqueror class; but we shall ho 
that, as in their case, the date of laying down the 
ships will be made earlier than the present intention, 
and a supplementary estimate asked for in connec- 
tion with work done before March of next year. 
Of the five new re the probabilities are in 
favour of three being battleships and two cruisers 
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* Estimate. 
of the Lion class, and that two of the latter will 
be built by contract. A noted naval officer once 
remarked that there was no use in having a chair 
with three legs, and as we have now four 26-knot 
cruisers of the Invincible class, it is important that 
we should have four 28-knot cruisers of the Lion 
class, and, so far, only two have been arranged for. 
No particulars as regards hull and machinery of the 
Orion or Lion classes are given. 

On the Lion, being built at Devonport, 1,360,000. 
will be spent during the next year, of which 283, 0001. 
is for the machinery, which is of unprecedented 
power, and is being manufactured by the Vickers 
Company at Barrow-in-Furness, who also are build- 
ing the sister-ship named the Princess Royal, for 
which 1,094,000J. is ear-marked. We do not propose 
to enter into corresponding details regarding the 
money voted for the unarmoured cruisers. On 
the Indefatigable, to be completed at Devonport, 
the sum provided for next year is 1,416,976. The 
five ‘‘Town” cruisers are to be completed, which 
will be a simple matter, as all of them will have 
finished their trials by the end of May. On the 
four sister-ships, ordered a few months ago, about 
240,000/. will - spent. The year’s expenditure on 
the forty-nine ocean-going torpedo-boat destroyers 
now in progress is 4,798,000/., on nine first-class 
reste a 392,000/., and on twenty-two contract 
submarine-boats 1,233,0001. 

A word may be said regarding the non-comba- 
tive ships. A floating-dock, as is known, has been 
ordered from Messrs. Cammell Laird and Co., and 
another from Messrs. Swan, Hunter, and Wigham 
Richardson. On each of these structures over 
170,000/. will be spent. Two more docks are evi- 
dently to be built, and 9000/. is put aside for each 
of them. It is notable, too, that a submarine- 
dépét ship is to be built, two submarine tenders, 
a surveying ship, a coastguard cruiser, a salvage 
steamer, and several lighters and small craft, so 
that many firms throughout the kingdom who fare 
not builders of warships may ‘still enjoy a con- 
siderable amount of patronage from the Admiralty. 

An examination of the details of the Estimates 
indicates how the steel-makers, and engineering 
establishments generally, are to profit by the ex- 
penditure of the year. For contract-built ships 
the outlay on material and labour is not appor- 
tioned ; but for the dockyards the details are 
given. Table I. shows that the wages bill of the 
yards totals 3,444,100/., and of the 4,614,000/. for 
material there will be spent on metals over a million 
sterling ; this is double the amount of 1907-8, but 
only slightly above the total in the two preceding 
years, as shown in Table II. The steady advance 
in the cost of fuel for the Fleet, which is close 
upon two millions sterling, is significant, not only 
of the increase in the Fleet, but of the extent of 
manceuvring and fleet exercises undertaken. There 
is a great increase in nearly all prominent items. The 
amounttobe spenton armour—2, 755, 133/.—is nearly 
50 per cent. more than in the previous year; but it is 
surprising that it is not greater since we have now ten 
armoured ships at the stage when shipbuilders will 
be clamouring for armour. The same reason explains 
why the amount to be spent on hulls, 3,602,008/., is 
nearly double that of the closing year. In the case 
of propelling machinery the addition is not so great, 
although the total, 3,907,357/., is immense, and com- 
pares with 3,028,5771. in the current financial year. 

The amount ear-marked for guns has gone up 
from 570,0001. last year and 711,000/. this year to 
1,003,3007. next year. It results that the pro- 
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vision for gun-mountings should follow the same 
general trend, but this year the total is only 
1,541,002. This is scarcely as it should be, and 
it would seem as if provision for new ships is 
being delayed. We have time and again urged 
that our resources in this department of naval 
construction are quite adequate if they are taken 
advantage of in a systematic and continuous way ; 
but the fact that the amount to be spent on 
mountings is 105,7371. less than in the current year, 
notwithstanding that we have now in various stages 
of progress, or in contemplation, fifteen armoured 
ships, each requiring ordnance machinery in eight 
or ten turrets, would seem to prove that the 
amount provided is inadequate. We are glad to 
note a higher sum for projectiles and ammunition, 
for which 800,000/. is provided, and in torpedoes 
and gun-cotton, for which 329,000/. is allotted ; 
but in view of suggestions that our stock of such 
munitions is considerably depleted, we could have 
wished for a greater expenditure. We hope that 
this point, as well as the question of gun-mountings, 
will be raised during the discussion of the Esti- 
mates in the House of Commons on Monday. 
TABLE II.—Sums Voted for Various Works. 





} 
1910-11. 1909-10. 1908-09. 


Mattrial for dockyard work— : £ 
Metals and metal articles .. .. 1,016,000 | 974,400 920,500 
Electrical, torpedo, &c., apparatus 484,000; 460,200 439,000 
Fuel for Fleet ae ws . {1,991,000 |1,748,300 1,822,000 

Contract work— } 

Propelling machinery . - |3,907,357 |3,028,577 2,264,408 
Auxiliary machinery a --| 115,070, 170,968 216,970 
RSet ed. ns oS . . 8,602,008 | 1,954,922 |1,257,074 
Armour 2 re oe .. 2,755,133 | 997,164 1,249,666 
Gun-mountings and air-compress- 

ing machinery... ae .. 1,541,C02 1,646,739 1,737,082 








Shore machinery .. ae -. 235,000 | 225,000 250,000 

Naval armaments— 

I aaa as .. 1,008,300 | 711,000 570,000 

Projectiles and ammunition ..| 800,000 | 770,000 700,000 
329,000 | 268,406 209,000 


Torpedoes and gun-cotton 


Small-arms 235,000 | 211,700 185,000 


| 

The Civil Engineering Vote, No. 10, also shows 
an increase, amounting to 79,000/., and totals 
2,995,3001. There would have been a reduction in 
this vote had it not been for the large surplus of 
177,0001., which has accrued during the current 
financial year, because the contractors failed to earn 
the money on work as rapidly as was expected. The 
rincipal charge in the Vote is that for progress at 
syth, which amounts to 250,000/., but there still 
remain to spend these 2,717,000/. At Portsmouth, 
again, it is proposed to build another large graving 
dock for the accommodation of the modern-sized 
ships. For the dock already authorised the vote is 
185,0001., which will leave 915,0001. to spend. The 
accommodation for a floating dock, which it is pro- 
posed to station at Portsmouth, will cost 100,000/., of 
which one-fourth is to be spent during the forthcom- 
ing year. The other floating dock, already ordered, 
is to be achored in the Medway, and a correspond- 
ing amount will, no doubt, require to be spent in 
making a sufficiently deep berth for it. The annuity 
and repayment of loans under the Naval Works 
Act shows a decrease this year. At Woolwich there 
is to be provided extensive accommodation for the 
storage of submarines. Already 188,000I. has been 
spent, and 152,0001. will remain after next year to 
complete the work. Notification is made of the com- 
letion of the dockyards extension, and of a larze 
Seak at Simon’s Bay, of the Columbia Dock, of the 
dockyard extension and large dock at Hong Kong, of 
the Malta breakwaters, and of the Dover Harbour. 
The expansion of the Fleet, of course, involves 
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what are termed automatic increases on other 
votes. Thus we find that 3000 are to be added to 
the personnel of the Fleet, bringing it to 131,000. 
This addition is partly due to a revision of the 
scheme of complement of ships ‘‘in order to fit 
them for the needs of modern warfare.” We ho 
that this means a considerable addition to the 
engine-room complements, which are inadequate, 
especially when —— with similar ships of the 
merchant service. The pay-bill of the Fleet thus 
shows an increase of 120,000/., totalling now 
2,536,0001., as shown in Table I. There is an 
addition of 83,5001. to the bill for food, clothing, 
&c. The same cause accounts for other increases, 
as shown in the table. There is an addition of 
20,2001. to miscellaneous charges due to travelling, 
&c. Even the non-effective charges are augmented 
by 114,0002. 

There are many interesting subjects adverted to 
in the First Lord’s statement ; notably, improve- 
ments in designs of projectiles, both as regards 
safety, effectiveness, and increased range. As to 
cordite, measures have been taken which it is hoped 
may ensure greater regularity of ballistics than was 
obtained under the old conditions. Satisfactory 
progress has been made in bringing the older types 
of 12-in. gun mountings up to moderu require- 
ments; this has resulted in increased accuracy 
of fire. The developments of the torpedo have con- 
tinued with most satisfactory results. Great atten- 
tion has been devoted to mining and mine-sweeping. 
Six trawlers have been bought in connection with 
this work, and four cruisers have been fitted as 
mine-layers. Practically all ships have now been 
fitted with the latest pattern wireless telegraphy 
installations, which are working satisfactorily. 

The new torpedo factory at Greenock, and range 
at Loch Long, will be occupied during the summer 
of 1910, and arrangements are in progress for the 
transfer of the torpedo-factory men and their 
families, at Government expense, from Woolwich to 
Greenock. The new torpedo dépét at Keyham has 
been opened. A large number of oil-fuel tanks 
have been completed, and additional tanks arranged 
for, in order to keep pace with increased require- 
ments consequent on the greater number of shi 
fitted to burn this description of fuel. The 
facilities for the supply of oil fuel by contract at 
a number of ports have also been considerably 
added to, particularly in the direction of taking 
advantage of the Scotch shale-oil industry. 

Experimental work connected with the burning 
of oil fuel is still in progress at Haslar and also on 
the Surly. Arrangements are being made to obtain 
further experience by extending the -supply of 
these fittings. During the year a large amount of 
work has been done in designing special furnace 
fittings for use with boilers using oil-fuel, which has 
led to simplification in the supply and maintenance 
of the stores required for repair of these fittings. 

_Satisfactory trials have been carried out with the 
oil-driven electric generating machinery installed 
in the St. Vincent class and in the Vernon for 
instructional purposes. Most of the motor-boats 
using heavy oil (with high flash point) have been 
appropriated to harbour service, and much valuable 
experience has been obtained. ‘‘Up to the present, 
however, it has been considered that there are not 
sufficient advantages to warrant replacing steam 
machinery by oil-engines in the power-boats 
attached to ships, except in special cases.” 

Where practicable, interchangeability of the 
auxiliary machinery and.the principal parts of the 
main machinery as a whole, has been secured, and 
this practice is being continued for ships of the 
same class. ‘* Satisfactory results continue to be 
obtained with turbine-propelling machinery, which 
type is now installed in all warships under con- 
struction.” 

Other topics dealt with include the reorganisa- 
tion of the Naval Intelligence Department and the 
creation of the Navy War Couneil, consisting of the 
Virst Sea Lord as President, the Director of Naval 
intelligence, the Director of Naval Mobilisation, 
sud the Assistant Secretary of the Admiralty as 
Secretary. This has immense potentialities in the 
‘irection of improving the effectiveness of the 
preparations for war. Modifications have been 
made in the Hydrographic Department, while Lord 
Fisher's scheme for the distribution of the Fleet 
continues to mature with promise of the highest 
emeiency, and this brings us to the end—to the 
well-merited compliment paid by the First Lord to 
ord Fisher for his work. Mr. McKenna concludes 
with the remark that ‘‘ the measures which are asso- 





ciated with his name and have been adopted by 
several successive Governments will prove of far- 
reaching and lasting benefit to the naval service 
and to the country.” 








MAGNETIC STORMS. 

Last Friday’s Royal Institution discourse was 
delivered by Dr. C. Chree, F.R.S., Superintendent 
of the Observatory Department, at Kew, of the 
National Physical Laboratory, on ‘‘ Magnetic 
Storms.” It was a very instructive lecture, though 
Dr. Chree did not touch upon the obscure problem 
of the source of tanetieiel magnetism at all. In 
his introductory remarks the lecturer stated that, 
according to the earliest British observations, made 
by Boroughs at Limehouse in 1580, the needle 
pointed 11} deg. east of geographical north. The 
needle then moved to the west, and kept moving 
westward for more than two centuries, reached its 
extreme position of 24} deg. to west of north in 
1818, and had since retraced its path, pointing now, 
at Kew, a little more than 16 deg. to west of north. 
At present the declination was diminishing at the 
rate of 1 deg. in about ten years, and thus the 
needle should point true due north for England 
before the year 2100. When the needle was sus- 
pended so as to turn freely, it dipped, and the dip, 
which varied from 0 deg. on the magnetic equator 
to 90 deg. at the magnetic poles, was now 67 deg. 
in London. The dipping-needle must coincide in 
direction with the resultant magnetic force on 
either pole, and that force thus had both a hori- 
zontal and a vertical component, and the intensity 
of each of these was continuously varying. 

Besides these slow secular changes there were 
daily changes which were being recorded at obser- 
vatories. In the Kew pattern instrument each 
magnetograph for declination, horizontal force and 
vertical force, had a separate drum and sheet of 
paper ; but the three drums were driven bya single 
clock. In the Eschenhagen type, which was used 
in the National Antarctic Expedition of 1901 to 
1904 on the Discovery, the three elements were 
recorded on one sheet, but only for one day, while 
the Kew sheets took two days. The daily changes 
were of two kinds, as in temperature. The range 
for the regular diurnal irregularity was found by 
taking mean values for each of the twenty-four 
hours from all the days of the month ; these obser- 
vations would, in the case of temperature, give a 
maximum about 3 p.M., and a minimum about 
6 a.M., and the range of the regular diurnal in- 
equality for the months was the difference between 
this maximum and minimum. The mean absolute 
range corresponded to the mean of the highest and 
lowest values for the day, irrespective of the hour at 
which they occurred. 

As a rule, the absolute range was greater than 
the regular range ; the declination values for Kew, 
taken from the years 1890 to 1900, were 13.6 and 8 
minutes of arc, e.g. The regular range was smaller 
near the equator at Batavia (in Java), for instance, 
and much greater nearer the Poles, and it varied with 
seasons, being in all cases greater in the (local) 
summer than in winter. As regards the magnitude 
of the range in various latitudes, it should not be 
forgotten that the disturbing force required to dis- 
place the needle 1 deg. out of the meridian was 
proportional to the intensity of the horizontal com- 

nent H. Now the H was 0.183 c.g.s. unit at 

ew at the same time when it was 0.367 at Batavia 
and 0.065 in the Antarctic ; thus a force producing 
a deflection of 1 minute at Batavia would produce 
a deflection of 2 minutes at Kew and of 6 minutes 
in the Antarctic. But even allowing for these 
factors, the disturbances in the Arctic stations were 
much larger than elsewhere, and this remark ap- 
— still more strongly to the absolute range. 

nges of 120 minutes were 39 times as common 
during the Discovery Expedition as ranges of 40 
minutes were at Kew. Sean we learned as much 
from one year’s observations in the Antarctic as 
from the records of one generation in England, and 
that rendered ple wned scientific observations in 
high latitudes—as distinct from rushes to the 
Pole—so valuable. For temperate latitudes the 
absolute range, which depended upon irregular 
changes, was much more pronounced (than the 
regular range) in the winter months, and ob- 
tained its maximum about the equinoxes, not 
in the summer. Thus magnetic storms were, 


in temperate latitudes, frequent in the four equi- 
noctial months; near the ma 
season had little influence, an 


etic equator the 
in the Antarctic 





midsummer was decidedly the most stormy (mag- 
netically) season. The hour of the day had also a 
certain influence at some stations. At Greenwich 
60 per cent. of the storms commenced during the 
afternoon hours, 1 P.M. to 8 p.m., while only 9 per 
cent. ended then, according to Mr. E. W. Maunder ; 
and Dr. W. Van Bemmelen had also found a prefer- 
ence for certain hours at Batavia. 

Coming to the supposed influences of sun-spots 
on magnetic storms, Dr. Chree exhibited the tables 
on sun-spot frequency, first compiled by Wolf, of 
Ziirich, and afterwards conttuaell by his successor 
there, Professor Wolfer ; and further tables on the 
regular and absolute daily ranges of the magnetic 
elements from Kew and from Pavlovsk (the obser- 
vatory south of St. Petersburg). The sun-spot 
frequency had a maximum in 1893, and two 
minima in 1890 and 1900. The parallelism between 
the progressive changes from year to year in sun- 
spot frequency and in the diurnal inequality ranges 
at Kew and Pavlovsk was quite remarkable. But 
this parallelity became obliterated as we passed to 
the less regular changes and to magnetic storms. 
This phenomenon was capable of several explana- 
tions. The regular and irregular changes in the 
terrestrial magnetic elements might be due to dis- 
tinct causes, and the irregular changes might have 
little, if any, dependence on the condition of the 
solar surface; or sun-spots of similar area might be 
of very different character, an occasional Napoleon 
alone being capable of producing large magnetic 
disturbance on the earth ; and, thirdly, the mag- 
netic condition of any one day might depend upon 
the solar condition of several previous days. 

Examining these questions, Dr. Chree pointed 
out that there was certainly no connection between 
the solar and magnetic phenomena (declination in 
the first instance) for the same day at Kew. He 
had found that a connection became more distinct 
when he allowed for the possibility that the solar 
influence took one or several days to travel to the 
earth. The study of the disturbances of the hori- 
zontal force was more instructive than that of de- 
clination. These set in at the same moment all over 
the earth. Comparing the records of fifty-three 
sudden commencements of storms at Batavia and 
at Greenwich, Bemmelen had been able to calculate 
the difference in longitude between the two stations 
from these records correctly within one minute ; 
he found a difference of 106 deg. 48 min. 45 sec. 
instead of 106 deg. 49 min. 45 sec., as by astro- 
nomical observations. The storm of September 25, 
1909, had been short, but of unusual violence, the 
worst at Kew since 1859. Dr. Adolph Schmidt, of 
the Potsdam Observatory, the leading German 
authority on the subject, had assigned to this storm 
the intensity 3800 (arbitrary scale), while the storm 
of October 31, 1903, only reached 2860, and none 
of those previously observed since 1892 had ex- 
ceeded 1800. 

The question of periodicity of magnetic storms, 
Dr. Chree continued, was closely connected with 
that of the length of the solar day, and there we 
had to distinguish between the true period of the 
sun’s rotation—which varied considerably with the 
solar latitude—and the period of a revolution of 
the sun relative to a point on the earth, which 
had meanwhile travelled round the sun in the 
direction of the sun’s own rotation. J. A. Broun, 
an early pioneer of magnetic work in Scotland and 
India, had found a magnetic storm period of 26 
days ; Mr. Maunder suggested a period of 27.275 
days, Mr. A. Harvey (Toronto), of 27.246 days, 
and Dr. Schmidt, of 29.97 days. Dr. Schmidt had, 
in fact, given a formula for the occurrence of mag- 
netic storms since the commencement of the Julian 
era, which had proved extraordinarily correct. But 
if he were right as to magnetic storms, Mr. Maunder 
could not be right as to sun-spote, unless two dis- 
tinct periods were admitted; and Dr. Chee showed, 
moreover, from his Kew curves, that several periods 
might as well be picked out as one. 

At thé present time, Dr. Chree proceeded, mag- 
netic storms were ascribed to some solar discharge 
of an electric nature, probably from sun-spot area. 
Mr. Maunder supposed that discharge to traverse 
space like a jet of water; a magnetic storm would 
begin when the jet overtook the earth, and would 
continue until the full width of the jet had passed 
over ; and if the solar discharge lasted long enough, 
it might sweep over the earth during several suc- 
cessive revolutions of the sun, and give rise to a 
serics of magnetic storms at regular intervals. 

Nordmann had suggested Réntgen rays ; Birke- 
land, cathode rays ; Arrhenius, negatively-charged 
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particles; on these three views the terrestrial 
phenomena should follow the solar respectively in 
a few minutes, in a few hours, and in two or more 
days. Now the magnetic storm beginning about 
noon on September 25, 1909, had, according to 
Dr. J. 8. Lockyer, been preceded, at 10 a.m. on 
September 24, by a flocculus which was quite 
unique in the spectro-heliograph records of South 
Kensington ; that would be an interval of twenty- 
five or thirty hours, considering also the end of the 
magnetic storm. On the other hand, Mr. Michie 
Smith, of the Kodaikanal Observatory, in India, 
did not notice any outstanding solar activity until 
September 28, when there occurred a sudden and 
very bright outburst of gases on or near the sun-spot 
then visible, and simultaneously a sudden and large 
rise in the horizontal force. In Mr. Michie Smith’s 
opinion the two—simultaneous—phenomena were 
directly connected with one another, as Carrington 
had believed in 1859, while in Dr. Lockyer’s obser- 
vation the storm followed a day after the solar 
outburst. 

Dr. Chree finally dealt with the studies of Pro- 
fessor K. Birkeland, of Christiania, which he 
explained with the aid of diagrams. Birkeland 
had set up observatories in Iceland, Spitzbergen, 
and Northern Norway during the Norwegian 
Aurora Polaris Expedition of 1902 to 1903, and had 
experimented with cathode rays. We have men- 
tioned on another occasion that it was these studies 
of cathode ray phenomena which led Birkeland 
to the utilisation of arc-flame discs in his electric 
furnaces for the oxidation of atmospheric nitrogen 
to nitric oxide and nitric acid. In his experiments, 
Dr. Chree stated, Birkeland had placed a ‘‘terrella”’ 
—a small globe—within the Réntgen bulb, and he 
had noticed that the globe became encircled, under 
certain conditions, by an equatorial belt of lumin- 
osity. Such ‘‘ equatorial ” storms—principally dis- 
turbances of the horizontal foree—should, according 
to Birkeland, be largest in equatorial regions, and 
be produced by circular atmospheric electric cur- 
rents in the plane of the magnetic equator, at a 
height of several thousand miles, But Birkeland’s 
terrella was very small, and the calculations which 
Professor Stormer had made showed that electrified 
particles, which had to describe spirals round lines 
of magnetic force, would, as a rule, be deflected 
and not be able to approach the earth, except in 
a narrow belt round each magnetic pole. That 
belt, varying in angular distance from 2 deg. 
to 12.7 deg., according to the nature of the par- 
ticles (« and § particles were also considered), was 
too small compared with the band of maximum 
auroral frequency. Birkeland had also spoken of 
polar elementary storms. But, according to his 
views, the vertical component should always be large 
and should predominate near the poles. Dr. 
Chree showed, however, by the simultaneous 
curves of Birkeland, from the Arctic, and of 
Mr. Bernacchi, who conducted the magnetic obser- 
vations during the Discovery Expedition in the 
Antarctic, that the vertical components were small, 
and they were still smaller in the simultaneous 
records from New Zealand, India, and Kew. Thus 
Dr. Chree was not prepared to accept Birkeland’s 
view, and he refrained from offering any specula- 
tions of his own. 








THE ELECTRIFICATION OF THE 
LAPLAND RAILWAY. 

REFERENCE has, on one or two previous occa- 
sions, been made to the impending electrification 
of the important Swedish State Railway through 
Lapland, built originally for the transport of iron 
ore from the vast deposits at Gellivare, Kiruna- 
vaara and Luossavaara. The Board of the State 
Railways have now completed a plan, and recom- 
mended the Government to adopt electric traction 
for the line in question. According to this plan, 
the power-station would be situated at Vackokoski, 
about 12 miles distant from Kiruna. This situation 
is considered preferable from the point of view. of 
railway working, even if it, as has been urged by 
other authorities, would be more advantageous, 
viewed from the more general standpoint of national 
ad to place the power-station at the Porjus 


The Railway Board have made a prelirfinary 
agreement with the General Swedish Electric Com- 
many, at Vesteras, and the firm of Siemens and 
wed ead Berlin, which they recommend for de- 


finite acceptance. The expenditure, according to 


this agreement, amounts to 5,120,000 kr. (284,0001.), 





which sum includes the construction of all the 
electric lines and transformer stations at Kiruna, 
Tornetriisk, Abisko, and Vassijaure, and, further, 
two express and twelve ore train locomotives. The 
offer in question seems favourable for the State 
Railways, the conditions being very stringent as 
far as the contractors are concerned. They are to 
find the money for the installation, the State paying 
interest and amortisation, with the option of taking 
over the installation at any time ; after twenty-five 
years it will all pass into the possession of the State 
without any further payment. Added to this—and 
this offers, perhaps, the greatest guarantee—the 
companies are bound to remove the electric instal- 
lation if it does not fulfil a number of specified and 
exacting conditions ; they have to do this without 
any cost to the State, and are bound to restore the 
railway to the condition in which it was prior to the 
electrification. 

The companies further guarantee the State a 
certain limit of working cost ; should this be ex- 
ceeded, the companies have to make good the excess 
to the State ; if the working cost proves smaller 
than the stipulated limit, then, on the other hand, 
the companies will receive two-thirds of the saving 
and the State the remaining one-third. 

The works connected with the electrification of 
the section in question are calculated to be com- 
pleted, respectively; by the year 1913 or 1915, 
according to the location of the power-station, 
either at -Vackokoski or Porjus. The installation 
will be one of very considerable technical interest, 
insomuch as it will be the world’s greatest and most 
high-powered electric railway, provided, of course, 
that no other country in the meantime goes in for a 
still more imposing electrification of a railway line. 
The goods or ore locomotives will weigh 90 tons, 
and have a capacity of 1600 horse-power, divided 
between two motors of 800 horse-power each. The 
ore trains are heavy, weighing about 1400 tons 
with the present locomotives, which weight will be 
increased to 2000 tons when electric traction has 
been introduced. The train will then consist of 
forty ore trucks, and for manceuvring purposes two 
locomotives will be used, one at either end of the 
train. The speed of the ore trains has been fixed 
at 37 kilometres, or about 23 miles, per hour. 

As has been pointed out on a previous occasion, 
this railway must be considered exceptionally well 
suited for electric traction, with its regular traffic 
yielding a very substantial revenue, in addition to 
which abundant water-power is available at a con- 
venient distance. The working of this first electric 
State line in Sweden will therefore be watched with 
much interest, and is likely to yield much valuable 
and needed practical experience. 

Concerning the location of the power-station, the 
Waterfalls Board have arrived at a different result 
from that of the railway authorities. The Govern- 
ment having requested the Waterfalls Board to 
examine and report upon the possibilities of ex- 
ploiting for industrial purposes waterfalls belonging 
to the Crown in the Torne, the Kalix, and the 
Lule Rivers, with due regard to an impending elec- 
trification of the Lapland Ore Railway, surveys have, 
during the last two years, been made of the Porjus 
and the Harspranget Falls, in the Great Lule River, 
and of the Porjus, the Edefors, and other falls in 
the Lule River. The board was also asked to 
furnish a complete report in reference to the 
erection of an electric-power station at Vackokoski. 

As the power requirements, not only at the 
present time, but also in the future, are likely 
to be, in the main, confined to the vicinity of 
the large iron -ore deposits, the surveys were 
principally restricted to the waterfalls within a 
reasonable distance from these places. The Water- 
falls Board arrived at the conclusion that the 
Porjus Falls were the most suitable, the more so 
as they may be said to form the key to the Lule 
Rivers, where the State owns most important 
waterfalls. The Board have found it expedient to 
frame a — for the building of a power-station 
at the Porjus Falls, the more so as the railway 
authorities are known to favour the construction of 
a power-station at Vackokoski. The Waterfalls 
Board recommend a comprehensive regulation not 
only of the Porjus Falls, but also the building 
of regulating dams at the outlet of the Great Lule 
waters at Satisjaure, Virijaure, and perhaps other 
lakes—a complete regulation, in fact, of this water- 
way, alibeng the present plan only deals with the 
erection of the power-station at Porjus, but does 
not include the lating works, which, in the 
meantime, can be allowed to stand over. 


The cost of the power-station, with necessary 
constructive work, buildings, turbines, &c., is 
calculated at about 9,400,000 kr. (or about 
522,000/.); the electric equipment of the station 
has been calculated to amount to about 2,300,000 ky. 
(or some 128,000/.). If the wer-station be 
located at the Porjus Falls, it will be necessary {o 
extend the railway from Gellivare to Porjus ; this 
railway will cost about 1,920,000 kr. (or 106,600/.), 
or 2,450,000 kr. (136,0001.), if the construction of 
the railway has to be hurried. The power-station, 
according to the plan, can be ready three years 
after the rails have been laid, and the annua! cost 
of working it is calculated to lie between 600,000 kr. 
and 660,000 kr. (33,3001. and 36,6001.). 

As the iron-ore companies at Gellivare and 
Kirunavaara are likely tobe the largest con- 
sumers of current within the area of a power- 
station at the Porjus Falls, the Waterfalls Board 
have entered upon negotiations with the Luossavaara- 
Kirunavaara Company, with the result that the 
company has offered a guarantee. This is based 
upon the supposition that the State constructs and 
maintains the electric current lines to Gellivare 
and Kirunavaara. The company offers a price of 
35 kr. (11. 18s. 11d.) per kilowatt and year, + 
4 Gre (one-fifteenth of a penny) per kilowatt hour, 
measured on the high voltage side at Gellivare and 
Kirunavaara, with the right to use all the output 
the installation in question can produce, without 
any regulation of the Lule River. This compara- 
tively low figure results from the low cost of steam 
power, owing to modern improvements and cheap 
coal freights, and to the fact that the company 
already has built good-sized steam stations at Gelli- 
vare and Kirunavaara, which stations would have to 
be further extended pending the completion of the 
State power-station. In return, however, the com- 
pany offers, from the outset, a minimum payment 
of 350,000 kr. (19,5001.) per annum, which the 
company claims must be a material advantage to the 
meron ane of the power, who thus receives a guar- 
antee for receipts representing a considerable por- 
tion of the annual cost at the very start. The 
revenue may confidently be expected materially 
to increase within a near future, inasmuch as 
the working time at the iron-ore deposits will be 
extended when cheap electric current is available. 
The Waterfalls Board are of opinion that it will 
not be very long before the revenue of the Porjus 
power-station exceeds its expenditure. 

A power-station at the Porjus Falls, with sub- 
sequent power-station at the famous Harspranget 
Falls, &c., opens out immense possibilities also for 
parts of the country around the lower course of 
the Lule River, which undoubtedly possess possi- 
bilities for industrial development. The recent 
erection of important water-power stations, both on 
the Skellefte River and the Byske River, proves 
this ; the power is principally used for wood-pulp 
and sulphide manufactures, and at one of the power- 
stations in question, although only about a year 
old, material extensions are impending. 





ELECTRIC WAVES AND THE ELECTRO- 
MAGNETIC THEORY OF LIGHT. 

In commencing his fourth lecture on the above 
subject at the Royal Institution on Saturday last, 
Sir J. J. Thomson said that on the last occasion he 
had shown that electric waves actually existed, and 
in the present lecture he proposed to consider 
various methods which had been employed to deter- 
mine the velocity with which they were propagated, 
and to see whether such an investigation gave any 
clue as to their nature. Most of the experiments on 
the velocity of propagation, he proceeded, had been 
made on waves guided along wires, though, perhaps, 
the most interesting point was the velocity of the 
waves when passing freely through air, and not so 
guided. It was, however, easy to prove that the 
velocity was in both cases the same. This fact had 
been established by Sarasin and De la Rive ata 
very early stage of their researches. On a previous 
occasion he had himself, Professor Thomson con- 
tinued, shown in that room that interference eficc's 
could be obtained in two ways. In the one case 
the wave passed only through the air, and, using 4 
particular resonator, it was possible to find the «is- 
tance in such cases between two positions of reso- 
nance. In the second case the waves were guided 
between wires, and he had shown that analogous 
effects were then produced. He had further poitied 
out that the position of resonance was such that the 





time taken for the wave to travel to the point of 
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reflection and back was equal to the periodZof the 
detector used. Hence using the same detector for 
the case in which the waves were reflected from 
a screen, and for that in which they were guided 
along wires, it followed that if the distance of the 
position of resonance from the point of reflection 
were the same in both cases, the time taken must also 
be the same, since this was the period of the detector. 
The comparison had been carefully made by Sarasin 
and De la Rive, who found that the distance of the 
detector from the screen in the one case and from 
the end of the wire in the other was exactly the 
same. It followed, therefore, that experiment 
coincided with theory in showing that the velocity 
of the wave when guided was the same as it was 
when freely passing through space. 

Coming to the question of actual experimental 
determinations of the velocity of these waves, he 
would, the lecturer said, begin by describing the 
only one in which this velocity had been determined 
by direct observation. The experiment in ques- 
tion was made by Blondlot about fifteen years ago, 
the apparatus used being represented in Fig. 1. 
It consisted of two Leyden jars A and B, each 
having its outer coating in two separate portions— 
viz., a narrow ring of tin-foil near the yy ob nen a 
broad ring near the bottom of the jar. A con- 
ductor was used to connect the narrow ring with 
the broad one. From each narrow ring a short pin 
projected as indicated at P, P'. From each broad 
ring a long wire, many metres in length, extended 











as indicated in the figure, terminating finally in 
the corresponding short pin Por P!. The apparatus 
was, Professor Thomson said, based on the theory 
that on the discharge of the jar there would be a 
little spark between the two points P and P', due 
to the discharge of the narrow rings of tin-foil from 
which each projected, and that this would be fol- 
lowed by another spark due to a disturbance travel- 
ling along the long wires. The actual process of 
discharge was observed in a revolving mirror, and, 
from the known speed of rotation of this, the in- 
terval between the two sparks could be calculated, 
and this was assumed to be the time taken for the 
electric wave to travel along the wire. The result 
obtained was that, within the limits of the errors 
of the experiment, the velocity of these waves was 
equal to the velocity of light. 

This, Professor Thomson continued, was the 
only direct measurement which had been made of 
this velocity. The most accurate methods of 
measurement were, however, indirect, being based 
on certain theories, which were, however, so well 
established as to be used with confidence. 

In a previous lecture of the present course he 
had alluded to Lord Kelvin’s calculation of the time 
of vibration of a Leyden jar, which was, he proved, 
equal to 2 + ,/ LC, where L was the self-induction 
depending on the length and shape of the wire, 
and C was the capacity of the jar. The important 
point was that, by suitably choosing the shape of 
the wire and of the condenser, these two quantities 
could be calculated, and an exciting circuit, the 
eriod of which was known, could thus be obtained. 





f, then, the length of the wave could be deter- 
mined by other means, the velocity v could be calcu- 
lated from the expression \ = v T, where \ was the 
wave-'cngth and T the time of one vibration. The 


Wwave-ength \ could be found by making use of the 
rinci}'e of resonance. To show this, Professor 
‘homson had arranged an exciter and a resonating 

circuit, the latter consisting of a loop of wire which 

could Le completed by a movable bridge, so as to 

form a closed circuit: By moving the bridge, a 

Position was found in which a neon tube, used 

to indicate the attainment of the ition of 

resonance, glowed brightly. In such case, he 

Stated, the wave-length was either equal to, or a 

sub-multiple of, the total length of the circuit, 





The wave-length being thus determined, the velocity 
was the ratio of this to the period of the condenser 
circuit, which, as already stated, could be calculated 
a priori. Bysuch experiments it had, he said, been 
shown that the velocity of electric waves in air was 
the same as the velocity of light in air. A very 
interesting question then arose, since, as was well 
known, light moved more slowly in such substances 
as glass and water than in air. The ratio of the 
velocity in these substances to that in air was 
known, and the point to be determined was 
whether, if electric waves were also sent through 
such substances, the velocity would be equal to 
that of light in the same bodies. 

At a very early stage of research into this ques- 
tion he had himself, Sir Joseph continued, used a 
rough method of finding the velocity of electric 
waves through paraffin wax and sulphur. The 
arrangement used was the simplest of any in theory, 
though it was surpassed by others in the accuracy 
of the results obtained. The apparatus used, Fig. 2, 
consisted of a rectangle of wire having a spark-gap 
at the middle of its lowerarm. At the top it was 
connected by a sliding contact to a source of electric 
disturbances. When this wire was in the centre 
of the upper arm the apparatus was symmetrical, 
and there was no tendency for sparks to cross the 
gap, since both balls were at any instant at the 
same potential. On shifting the contact, however, 
so as to make the length of conductor between it 
and the ball shorter on one side than the other, 
sparks were observed to pass. This was also the 
case if, with the contact in the central position, one 
arm of the apparatus was immersed in oil. It was 
easy to see that the method could be used to find 
the ratio of the velocity of the wave in air and in 
oil by making the extent of the immersion adjust- 
able and shifting the contact till the — 
disappeared. In this way it was possible to 
get a rough measure of the relative speed of 
the electric waves in different substances. In 
a reproduction of the experiment shown by Pro- 
fessor Thomson a very sensitive neon tube was used 
to replace the spark-gap, and this tube lit up 
brilliantly when one arm of the apparatus was 
immersed in paraffin. His own original experi- 
ments, the lecturer continued, had proved that in 
the case of paraftin wax the ratio of the velocity of 
the wave in air to that in wax was much the same 
as the corresponding ratio for light waves. Much 





more accurate methods of comparison were now 
available, one of the best being due to Drude, of 
which he had in that room a replica. It consisted 
(see Fig. 3) of a wire bent, as secondary, round an 
exciting circuit at Q, whilst the free ends, after 
passing through the air, dipped into a tank at R, as 
shown. The exciting circuit consisted of two semi- 
circles, each having a ball terminal, as indicated, 
these balls being connected to a coil. The exciting 
circuit was itself immersed in oil, so as to require a 
higher potential for the production of a spark, and 
thus to obtain a more vigorous disturbance. Movable 
bridge-pieces E and F were arranged across the free 
ends of the wire, and the experiment consisted in 
finding positions for these bridges at which resonance 
wasestablished. The principleon whichtheapparatus 
was based was much the same as that governing the 
resonance of a column of air ina tube, over the open 
mouth of which a vibrating tuning-fork was held. 
Making use of a long vertical tube containing water, 
the length of air column acted on could be 
adjusted by raising or lowering the level of the 
water. Starting with the water near the top and 
then gradually lowering its level, a position would be 
found at which the tube began to ‘‘sing out.” If 
the level were still further reduced, the effect dis- 
appeared until a certain other level was reached, 
when the tube would again respond. The distance 
between the two levels was half the wave-length 
in air of the note sounded by the tuning-fork. The 
two wires with the bridges in Drude’s experiment 
corresponded to the water column of adjustable 
height, Professor Thomson continued, and he 


tion. These 





showed that with the “‘air” bridge in one position 
resonance was obtained, as indicated, by a neon 
tube. On shifting the bridge the brightness of 
this tube died away, but it became luminous again 
when the bridge reached a certain distance from 
the first point of resonance. This distance, Pro- 
fessor Thomson said, was half the length of the 
electric wave in air. Repeating the experiment, 
moving this time a bridge over that portion of 
the wires immersed in paraffin, he showed that the 
wave-length was shorter than in air, so that 
the wave took a longer time to pass through the 
parafiin than through the air, and the ratio of the 
two was, he said, the same as in the case of light 
waves. With the wires immersed in certain other 
substances, however, this was no longer the 
case. Thus, taking the velocity of light in water 
as 1, that in air was from 1.3 to 1.4, the 
ratio being thus rather more than half. In the 
case of electric waves, however, the experiment 
being tried in normal conditions, the ratio came out 
as one-ninth, hence, whilst the electric and light 
waves had the same velocity in air, their velocities 
in water were entirely different. Substances which 
showed this great difference in the speed of electric 
and light waves all had a certain peculiarity in their 
chemical constitution. Of them water was the 
most conspicuous example, but the effect was also 
shown by alcohol and by glycerine. All+hese were 
characterised by chemical formule containing the 
radicle O H, which seemed therefore to be asso- 
ciated with this great difference in the velocity 
of electric and light waves. Sir James Dewar 
and Professor Fleming had, however, found out 
that if the temperature of water, or rather ice, 
was reduced to that of liquid air, this exces- 
sive slowness of the electric waves disappeared, 
so that these waves went through very cold ice 
at much the same speed as light; this was also 
the case with alcohol and glycerine, so that it 
was possible to, as it were, freeze out the peculiarity 
in question, provided the temperature was sufli- 
ciently low. 

It might be thought, he proceeded, that the 
peculiarity in question arose not from the chemical 
constitution of these bodies, but from the fact 
that they were not good insulators. If, hewever, 
the experiment were repeated after adding a 
little acid to the water, so as to increase its con- 
ductivity many hundred times, the wave-length 
at normal temperatures was still the same, as 
in the case of the very purest water with the 
very lowest conductivity. As stated, however, 
at the temperature of liquid air the abnormality 
disappeared, and water fell into line with such 
substances as paraflin, the velocity of the electric 
wave being the same as that of light. This was 
proved by Dewar and Fleming, who found that at 
— 200 deg. Cent. glycerine had a dielectric constant 
of about 3, whilst at ordinary temperatures the 
figure was 18 or 19. The square of the dielectric 
constant was, the lecturer said, equal to the ratio 
of the speed of the electric wave in air to its speed 
in the body under examination. The value for water 
came down to 2.4 in place of the 81 found at ordinary 
temperatures. It appeared, therefore, that what- 
ever caused the anomaly could be frozen out. The 
subject, Professor Thomson continued, was an ex- 
ceedingly interesting one, since the waves affected 
were several metres long, and had times of vibration 
of quite a different order from those associated 
with ordinary molecules. Water, in short, showed 
anomalous dispersion, refracting these long waves 
more than it did short ones, which normally were 
bent the most. In all theories as to anomalous 
dispersion the phenomena was associated with the 
existence of periods of vibration amongst the mole- 
cules comparable with the period of the light 
affected. It would seem, therefore, that in water 
something was showing a time of vibration millions 
of times that usually associated with molecules, so 
that apparently some complex substance was formed 
which ceased to exist at low temperatures, and that 
we had to deal with great clusters of molecules 
rather than ordinary molecules, and these gave rise 
to the excessive retardation of the electric waves. 
The periodicity observed would indicate that these 
clusters were very complex indeed, for the length 
of the electric waves was several metres. 

It a red conceivable, the lecturer continued, 
that the peculiarity in question might throw light 
on the possible existence of complex aggregates in 
bodies, often thought to be quite simple in constitu- 
aggregates continued to exist until the 
temperature was lowered to hetween — 150 deg. and 
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—200 deg. Cent. Other substances, such as ethylene 
di-bromide, Sir Joseph continued, showed hardly 
any temperature change in the value of the dielec- 
tric constant. This was typical of many substances, 
including paraffin, but there was another set of 
bodies constituting a second type, in which the 
change with the temperature was large. Sum- 
ming up, then, the velocity of electric waves in 
air was the same as that of light, and this was 
also the case with a large class of media. Other 
bodies, however, existed in which, in normal condi- 
tions, the speed was very much less than that of 
light ; but these could be brought into line with the 
foregoing by sufficiently reducing the temperature. 
There was thus a very strong probability that there 
was no real difference between waves of light and 
electric waves, and this he proposed to discuss in 
his next lecture. 








NOTES. 
Decomposition OF Sopa In STEAM-Bor.ers. 

Ir is not generally known that the ordinary soda 
which remains in boiler-water from the softening 
process is apt to dissociate in the boiler and to 
render the water acid, owing to the generation 
of free carbonic acid. Lime and soda are added to 
water, to precipitate carbonates of calcium and of 
magnesium, and, further, magnesia hydrate, and in 
order to secure this object, a slight excess of soda has 
to be used. The excess must be sufficient, and yet 
as small as possible. This soda accumulates to a 
certain extent in the boiler, even when the boiler 
is blown off, and it is this soda which is decom- 
»osed. A case of this nature was brought before the 
Mannheim branch of the Verein Deutscher Inge- 
nieure last November. The firm of Messrs. C. F. 
Bohringer and Séhne, of Waldhof, noticed that 
their distilled water, obtained by the condensation 
of boiler.steam, was acid. This acidity—it was 
not overlooked — disappeared in the course of 
time, and was correctly ascribed to carbonic 
acid. It was at first thought that some bicar- 
bonate had found access to the boiler, in which 
it would be decomposed. The softener was there- 
fore overhauled. When the trouble was repeated, 
it was suspected that the temperature in the water 
softener, bo deg. Cent., might not be sufficiently 
high to decompose all the bicarbonate ; the tem- 
perature was hence raised to 100 deg. Cent., boil- 
ing point, but the carbonic acid still appeared in 
the boiler-water. After having been informed of 
these observations, Dr. Griinewald ascertained that 
Basch had proved some time ago, that boiler- water 
contained the soda, not all as carbonate, but largely 
as caustic soda, and that carbonic acid was given 
off in the boiler. Now, the presence of carbonic 
acid undoubtedly favours the rusting of iron, though 
it is not indispensable for starting the oxidation 
of iron in the presence of water, and this point, 
whilst not important, deserves some attention, 
because caustic alkali is regarded as preventing 
the formation of rust. 


Workmen's Lianintty To EMPLOYERS FOR 
NEGLIGENCE, 

The decision of the County Court Judge at Old- 
ham, on March 3, is calculated to mislead those 
who are interested in cases similar to that brought 
by the firm at Oldham against two of their em- 
teen for an indemnity in respect of compensation 
paid toa boy who was iniured while working under 
the two defendants. It appears the boy was clean- 
ing a scavenger-cloth on a spinning-mule by order 
of one of the defendants, and that while the cloth 
was being cleaned, the machinery, which should 
have remained stationary, was started by the other 
defendant, and the result of this negligence was a 
severe injury to the boy. For this act of negli- 
gence the defendants were fined at the police court 
for a breach of the Factory Act. The firm paid 
compensation under the Workmen’s Compensation 
Act to the injured boy, and as they thought the 
fellow-workmen of the boy should be made respon- 
sible for the effects of their negligence, they brought 
an action under Section 6 of the Workmen’s Com- 

nsation Act for an indemnity, and, if the County 

ourt Judge is correctly reported, he ap to 
have granted it. The Cognty Court Judge very 
justly said, ‘*‘ Why phloe the master bear the 
runt, and the whole cost, if the accident was 
caused by a workman’s negligence? It was only 
right the master should be able to claim against 
the man responsible.” Had the employers sued at 


common law the suit shoud have been for damages, 





for no indemity is recoverable at common law, but 


had damages been given against the defendants, 
the judgment would have been good law as well as 
common-sense. But, curiously, what should have 
been a common-law action was made an arbitration 
under the Workmen’s Compensation Act, which 
does not appear to be applicable to such a case at 
all. It seems to be an attempt to shift the respon- 
sibility, under the Workmen’s Compensation Act, 
from the employers to the workmen where there is 
negligence. Section 6, under which the plaintiffs 
sued for indemnity, provides ‘‘ Where the injury 
for which compensation is payable under this Act 
was caused under circumstances creating legal 
liability in some person, other than the em- 
ployer, to pay damages in respect thereof, (2) if 
the workman has recovered compensation under 
this Act, the person by whom the compensation 
was paid . . . shall be entitled to be indemnified 
by the person so liable to pay damages as afore- 
said.” Had the persons made liable been outsiders, 
the case for arbitration under the Workmen’s Com- 

ensation Act would have been according to law. 

he two defendants, however, were not outsiders, 
or strangers, but fellow-workmen of the injured 
boy, working under a similar contract of service for 
the same employers. The person against whom 
indemnity is recoverable is ‘‘some person, other 
than the employer, who is liable to pay damages in 
respect of the injury ;” but under the Workmen’s 
Compensation Act compensation for an accident is 
never a liability that can be imposed upon a person 
who is in the same service as the injured workman. 
The outsider, or stranger, to whom Section 6 
applies, is someone who is unconnected with the 
employment. The defendants in this Oldham case 
might have been liable at common law to pay 
damages to the employer, but the words of the 
County Court Judge seem to suggest that he granted 
an indemnity under Section 6 of the Workmen’s 
Compensation Act, thus conveying to employers 
that they have a remedy against negligent work- 
men, who, of course, are not liable under the 
Workmen’s Compensation Act for the effects of 
their negligence. The Act is designed solely for 
the protection of the workmen as a class. 








DeprEciATion.—A_ useful paper, entitled ‘‘ Deprecia- 
tion in Relation to Machinery and Plant,” was read before 
the Sheffield branch of the Chartered Institute of Sec- 
retaries on the 28th ult. by Mr. Rowland Wilson, F.C.I.8., 
Secretary of Messrs. Hobson, Houghton, and Co., Limited, 
of Sheffield. The subject was discussed mainly from the 
point of view of the steel and allied trades, and of 
the three systems for calculating depreciation mostl 
used, the lecturer favoured the one known as the instal- 
ment, or fixed percentage, method—namely, writing off a 
certain percentage annually from the balance standing to 
the debit account at the commencement of the year. 
These percentages, it was pointed out, should be strictly 
accurate to be of any value, and must vary with different 
concerns and the class of machinery employed. One 
reason given in favour of the fixed percentage system on 
a yearly reducing value was that the wear and tear of 
machinery is muc ter in the later than in the earlier 
period of its life. It is pointed out that circumstances 
vary so much that no universal or distinct rule can be 
safely recommended, and manufacturers should adopt a 
system which can be most readily worked, and which is 
best adapted for their particular business, always bearin 
in mind the desirability of determining the life an 
amount of each asset, with a view to making a syste- 
matic apportionment year by year towards ultimate re- 
placement. 

Contracts.—Recent orders obtained by the Yorkshire 
Boiler Company, Limited, Leeds, for Yorkshire boilers 
include, for collieries, one 24 ft. by 8 ft. 6 in., and three 
24 ft. by 9 ft.; for Yorkshire textile factories, two 24 ft. 
by 9 ft. and two 24 ft. by 8 ft. 6 in.; also one 24 ft. by 9 ft. 
for a Leeds tannery; one 20 ft. by 7 ft. for China; and 
one 20 ft. by 8 ft. 6 in. for the Glasgow Corporation. 
This list includes four repeat orders.—Messrs. Joseph 
Kaye and Sons, Limited, Leeds, have just received 
further orders from the British Navy for 3918 oil-cans and 
6963 seamless spouts for His Majesty’s battleships.— 
Messrs. Francis Morton and Co., Limited, Garston, Liver- 
pool, have secured several large contracts recently, in- 
cluding the construction of workshops for the Madras and 
Southern Mahratta Railway Company, the Central Argen- 
tine Railway Company, the Cuban Central agent O m 
pany, and the Lsepdtiies Railway Company, and bridge- 
work for the Crown Agents for the Colonies, &c. They 
are also at present en in erecting the airship shed 
for the Admiralty at w-in-Furness. —The yal 
Liver Building, Liverpool, is being supplied with fifteen 
Waygood high-speed electric passenger-lifts ; this is the 
largest lift contract ever placed for the equipment of 
any one building in the United Kingdom.—The Grices’ 
Gas-Engine Company, Limited, Birmingham, have been 
successful in securing an order from Messrs. Godinez, 
Moreno, and Co., cement manufacturers, Madrid, for 
eight gas-engines and suction plants, developing 1000 
horse-power. 





THE LATE MR. T. N. ARMIT. 


THe death is announced, at the age of sixty-three 
years, of Mr. T. Napier Armit, who gained consider- 
able renown in connection with ship-salvage operations, 
which he carried on for a considerable period. His 
first important undertaking was the raising of the 
wreck of the centre spans of the first Tay Bridge, 
including 7000 tons of girder work, and the locomotive 
and carriages of the train which fell into the Firth 
when the bridge collapsed. The work was attended 
with very considerable difficulty, and was com- 
pleted most successfully in five months. Another 
prominent undertaking was the raising (in 1883) of the 
steamer Daphne, which, it will be remembered, 
capsized immediately after being launched from het 
builders’ works on the Clyde. The vessel, owing 
to her position in the river, was difficult to move, 
and yet, as she blocked the fairway, expedition in the 
salvage operation was essential. The work was 
carried out with great success in the short period of 
a few days. Many other wrecks were raised by the 
process of under-building, of which Mr. Armit was 
the originator. The flotation of the Anchor liner 
Utopia, which had sunk after a collision at Gibraltar, 
proved a splendid demonstration of the suitability 
of this process. Without going to Gibraltar, Mr. Armit, 
from telegraphic reports as to the depth of water 
under the forward and after end of the ship, and from 
the drawings of the ship, prepared, in Glasgow, the 
structure with which he proposed to raise the vessel. 
In the case of this vessel the structure was 700 ft. 
long and 24 ft. deep, and was forwarded to Gibraltar in 
sections. It was attached to the side of the ship, piece 
by piece, eight divers accomplishing the work in two 
months. The hole in the side of the ship was then closed, 
and the vessel was able to float and was towed to this 
country without being dry-docked. Among other cases 
might be quoted the Wick Bay, this being a notable 
instance, as she had practically broken in two, and 
was a menace to shipping near King’s Lynn for four 
— Many attempts had been made to raise her, 

ut without success, until Mr. Armit applied his 
system. He was the —7 director of the East 
Coast Salvage Company, of Leith. His death was 
unexpected, as it resulted, on March 3, from a para- 
lytic seizure. 








THE LATE MR. GEORGE WHALE. 

Tuer death occurred at Hove, on the 7th inst., of 
Mr. George Whale, until recently Locomotive Super- 
intendent of the London and North-Western Railway. 

Mr. Whale was born in 1842, and was educated at 
a private school at Lewisham, where he went at the 
age of eight, and stayed for eight years. At the close of 
his school career he proceeded, in 1858, to Wolverton 
as a pupil under Mr. J. McConnell, who was then in 
charge of the southern division of the London and 
North. Western Railway. At Wolverton Mr. Whale 
spent his time in the shops and drawing-office, being in 
the latter fortwo years. In 1865 he was transferred to 
Crewe, where he worked under Mr. John Ramsbottom 
for two years, his time being spent in the drawing- 
office there. 

He was appointed, in 1867, assistant to the late Mr. 
J. Rigg, who was then superintendent of the locomotive 
running department ; and on Mr. Rigg’s retirement, 
in 1877, he was made superintendent of the locomotive 
running department for the southern division, the late 
Mr. J. Mumford having charge of the northern division. 
In 1899 Mr. Mumford retired, and Mr. Whale was 
made superintendent of the running department for 
the whole line. On the retirement of the late Mr. 
F.* W. Webb, in 1903, Mr. Whale was appointed loco- 
motive superintendent, a position he continued to 
hold until last year, when ill-health compelled him to 
relinquish this work. During his tenure of office as 
chief mechanical engineer on the London and North- 
Western Railway, the locomotive stock underwent a 
very considerable change, and the once familiar three- 
cylinder compound engines are now rarely seen, nearly 
all having been withdrawn from service or converted. 
The engines produced in recent years at the Crewe 
works have been fully up to the high standard claimed 
for British locomotive practice, both in workmanship 
and power. eo) 

Mr. Whale was elected a Member of the Institution 
of Mechanical Engineers in 1900, and was appointed a 
Member of Council in 1907, an office he held until the 
autumn of last year, when he resigned. He was elected 


-| an Associate Member of the Institution of Civil Engi- 


neers in 1886, and was transferred to the class of 
Members in 1903. 








Tue Late Mr. James Hornspy.—We regret to have 
to record the death, which occurred on the 6th inst. at 
Laxton Park, Stamford, of Mr. James Hornsby. ‘The 
de mtleman was 75 years of age, and had been 
for about fifty years at the head of the well-known com- 

ny, Richard Hornsby and Sons, Limited, Engineers, 

rantham. We propose to refer at length to the career 
of Mr. Hornsby in our next week’s issue. 











Marcu 11, 1910.] 


ENGINEERING. 





323 








WORKMEN’S COMPENSATION CASES. 


Medical Referee’s Report.—It should be understood that, 
although much importance is attached to a medical 
referee's report in all workmen’s compensation cases, 
there is no finality in his report. When it is sought by 
employers to terminate a workman’s compensation, the 
workman’s fitness to resume work is referred to a medical 
referee ; and when the report confirms the employer’s 
contention, they too often assume that the matter is 
ended in their favour. 

In the Dunfermline Sheriff Court, on February 16, the 
Foydell Coal Company had to pay 1/. a week compensation 
for injuries which incapacitated a workman named Walker 
from August, 1908, till October 20, 1909, when the medical 
referee reported that he was again quite fit for ordinary 
work. T “ man having returned to work, the company 
made application to the Sheriff to declare the compensa- 
tion at an end, and Walker opposed this, and sought 
continuance of the compensation on the ground that after 
his return to work he became worse, and his condition, as 
a result of his injuries, still rendered him incapable of 
doing his ordinary work. It was held that the referee's 
report might be conclusive as to the workman’s capacity 
on October 20, but it did not prevent him showing proof 
of incapacity a month later. On the date of application 
to review, November 21, the man was again incapacitated ; 
and as his condition was caused by the accident, the 
Sheriff ordered the employers to resume the weekly pay- 
ment down to February 7; and as the workman had 
now begun work as a fireman, he was entitled to partial 
compensation at the rate of 14s. a week. 


Court or APPEAL. 


letting a Workman on Hire.—The question who is 
responsible for workmen’s compensation when an accident 
is suffered by a man whose services have been temporarily 
lent by his employer was before the Court of Appeal on 
February 15. The appellants were Messrs. Smith, Wil- 
kinson, and Co., against an award made to Thos. Reed, 
their employee, by the County Court Judge of Barry. 
The workman Reed, at the time of the accident, had been 
let or hired to another person under unusual circum- 
stances. The appellants are owners of agricultural machi- 
nery, which they send out from farm to farm, and as the 
Locomotives and Highways Act requiresa man witha red 
flag to walk in front of the travelling motor with the 
thrashing machine, the man Reed was employed at ls. a 
journey, and he went on the chance of being employed by 
the farmer as a trusser while the machine was at work. 
The case of the appellants was that the man was not in- 
jured while in their service. He had his fingers injured 
while trussing for the farmer. He was the appellants’ 
servant till he arrived at the farm, but from the moment 
of his engagement as trusser he ceased to be their servant. 

The Court of Appeal held that the fact that the man 

was paid by the farmer for trussing was not material. 
He was still the appellant’s servant, and when the job 
was finished at one farm, he proceeded with the red flag 
before the motor to the next farm. 
_ Section 13 of the Workmen’s Compensation Act makes 
it clear that where the services of a workman are tempo- 
rarily lent, or let on hire to another person, with whom 
the workman has entered into a contract of service or 
apprenticeship, the hirer shall, for the purposes of the 
Act, be deemed to continue to be the employer of the 
workman whilst he is working for that other person. 

This section is important to employers who are accus- 
- soma to lend the services of their servants or appren- 
ices. 

Concurrent Contracts of Service.—It is a fundamental 
principle of the law of Workmen’s Compensation that 
there must be a contract of service between the appli- 
cant and the person charged with liability. The re- 
lationship of master and servant must in all cases be 
established as a primary condition. It is very difficult 
sometimes to define clearly what is a “‘contract of ser- 
vice.” The definition generally accepted is that “a 
servant is a person subject to the command of his master 
as to the manner in which he shall do his work. When 
& person to do the work may do it as he pleases, then 
such a person is not a servant.” 

The difficulty as to contract of service seldom arises, 
but on February 25 it was presented in a case in the Court 


of Appeal. It was an appeal from an award of the 
Bloomsbury County Court, which, although trifling in 
amount, involved the interesting question as to what is 
the true basis of a compensation claim when the applicant 
Tey ecurrent contracts of service with two employers. 


facts were that the applicant was a young woman 
who met with an accident in the service of the Heath 
Laundry Company, where she was employed at 7s. a 
week. In her evenings she was employed as music-teacher 
to her neighbour’s children, and was paid 3s. a week. Her 
weekly earnings were thus 10s. a week, and the question 
- dispute was whether the compensation to be paid by the 

undry company should be the half of the young woman’s 
wages carned at the laundry, or the half of her total earn- 


_ it will be noted that in Schedule 1, Section 2 of 
- bi “it 18 provided that where the workman had 
entered into concurrent contracts of service with two or 


— nployers, under which he worked at one time for 
a oan employer and at another time for another such 
Mag et ; his, average weekly earnings shall be com- 
a @ ss if his earnings under all such contracts were 
nings in the employment of the employer for whom he 


Recten king at the time of the accident. It was this 
reli “d n, no doubt, that the applicant in this laundry case 
“ec upon ; and if her contract to give lessons in music 


were a contract of service, it is clear that the concurrent 


contra ‘s would have increased her claim under the 
orkme 


pany. 


n’s Compensation Act against the laundry com- 


| 


In Section 13 of the Act a ‘ workman” is defined as 
‘‘any person who works under a contract of service or 
apprenticeship with an employer, whether by way of 
manual labour, clerical work, or otherwise.” The point 
the Court of Appeal had to decide was whether in her 
capacity as music-teacher giving lessons the applicant had 
entered into a contract of service such as is contemplated 
by the Workmen’s Compensation Act. A tutor or a 
governess in the ordinary way is under the Act, but it 
may be different with one whose contract is to give so 
many lessons per week, for in this case there is no master’s 
or employer's control involved as a condition of the con- 
tract. 

The circumstances of each particular case must influ- 
ence the opinion of the County Court Judge. Upon the 
facts, it is a matter for him alone to judge, and the Court 
of Appeal will not interfere, unless, by a misunder- 
standing of the facts, he has ‘‘ misdirected” himself. In 
this case the young laundry woman got an award on the 
basis of her earnings at the laundry, and without reckon- 
ing her earnings from her music-lessons, which the 
County Court Judge held did not involve her in the 
relation of a servant to her pupils. 

The Court of Appeal held the same view, and dismissed 
the applicant’s appeal. Control by the employer is the 
essential condition of any contract of service, which is 
necessary to support a claim for workmen’s compensation. 

What ts a Review ?—Under the Workmen’s Compensa- 
tion Act an application for review cannot be entertained 
where there is no change in the circumstances. Clause 16 
means that where a weekly payment has been ordered, 
and the injured workman gets better in health and earns 
better wages, the employer may apply for a review. It 
is a mistake of em ed to suppose they can get a 
review when the condition of the workman is unchanged, 
simply because they wish to show the award is wrong. 

In the case before the Court of Appeal of Radcliffe v. 
the Pacific Steam Navigation Company, this question of 
the right to review was discussed, and judgment, which 
had been reserved, was finally delivered on February 24, 
and the appeal of the Pacific Steam Navigation Com 
was dismissed. The workman Radcliffe was a butcher's 
mate on one of the appellants’ liners. He had a finger 
amputated as a result a accident at his work, and was 
awarded compensation in March, 1908, at 15s. a week, 
and in May, 1909, the appellants applied for a review or 
termination of the weekly payments as from May 12, on 
the — that incapacity from the accident had ceased, 
and he was doing his old work for the appellants. The 
workman’s evidence was that after the employment with 
the appellants came to an end, the loss of his finger would 
diminish his chance of employment elsewhere. The 
County Court Judge thought, on the other hand, that he 
was not materially featieneee. and therefore he reduced 
the payment to 1s. a week as from May 17, 1909. The 
butcher, in October, 1909, applied to review this award 
of 1s. a week, and the County Court Judge increased 
ade <= was from = —~ rag Be pn a 

avigation Company appealed. e apparently 
a reasonable case, meng that the Caseher admitted 
his physical condition was precisely as it was when the 
payment was reduced from 15s. to 1s. a week in May, 1909. 
One important aspect of the case the appellants had over- 
looked. In the first review the County Court Judge 
reduced the payment because the inju workman was 
then at his old job with his employers, and his chances of 
future employment did not appear to be materially affected 
by the result of the accident. The County Court Judge 
on the second review returned to the first award of 15s. 
a week because the butcher gave evidence that no medical 
man would pass him for his old employment as butcher’s 
mate on board ship. The second review was justified, 
and it could not properly be said that the County Court 
Judge had reopened a question that was res judicata, 
because the first review which reduced the award to 1s. a 
week regarded the butcher’s earning capacity as having 
been diminished to no material extent. This was not a 
matter of fact, and the County Court Judge was right in 
correcting his mistaken opinion. The Court of ——— 
held that a workman is entitled to say that although the 
physical effects of the accident may have disappeared, or 
may be unchanged, yet he, as a mutilated man, may 
handicapped in the labour market more and more as the 
result of the accident. It would have been unfair not to 
take into account the workman’s permanent disability 
proved at the second review. 

The second review did not violate the doctrine of 
res judicata, but merely corrected a false opinion, based 
on a wrong understanding of the facts. It should 
not be forgotten that a review under Clause 16 of the 
Act is not an appeal, nor is it a re-hearing. It implies 
new elements or a change of circumstance, where subse- 
quent experience shows that a previous opinion was 
wrong. 

Court OF SESSION. 


Preferential Employment.—In_some employers’ works 
workmen’s compensation is paid during incapacity after 
accident out of a works’ accident society or fund, 
and one of the rules of such society or works’ fund is 
to make a mutual agreement between members and 
their employers that members receiving compensation 
shall, if they remain in the works after the accident, be 
entitled, other things being equal, to preferential em- 
ployment, provided their conduct is satisfactory to 
the employers. This kind of agreement was made 
between Hugh Cameron, a labourer, and his employers, 
Messrs. Denny, engineers, &c., Dumb m. The work- 
man had his hand injured and received compensation, 
and he came back to the works. On February 8, 1909, 
he obtained a short leave of absence on persona) busi- 
ness, and, becoming unwell, he remained absent a week ; 
when he returned he was refused employment, to tras 








by the agreement, he thought he was entitled.’ Hes: 


Messrs. Denny for 5007. damages for breach of con- 
tract. They said they acted within their right. The man 
had been unsatisfactory in his conduct in absenting himself 
without excuse or ex tion. In dismissing the work- 
man’s case the Court held Messrs. Denny were perfectly 
right in the position they took. They could not give 
preferential employment to any workman who had m 
compensated out of the accident society, but only to 
those who were above reproach. In the interests of the 
whole body of their workmen this was a salutary rule. 
The workman in this action had himself to blame for 
lack of caution and common-sense. There had been no 
serious misconduct, but the accident society’s rule said 
that preferential employment was only for those whose 
conduct was satisfactory. This case, which excited the 
pity of the Court for the thoughtless workman, is a warn- 
ing to workmen who would preserve the benefits of their 
accident society. 


FOREIGN ENGINEERING PROJECTS. 

WE give below a list of several colonial and foreign 
engineering projects. For several of these tenders are 
asked, and further data concerning the same can be ob- 
tained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-treet, E.C. 

Cape Colony: With reference to the proposed extension 
of the Adderley-street pier at Cape Town, the Imperial 
Trade Correspondent at the place reports that tenders 
are now being invited by the architect for this work in 
accordance with his design. The preparation of the 
necessary documents and the obtaining of tenders were 
expected to take from five to six weeks. 

Norway: With reference to an invitation by the Nor- 
wegian State Railways for tenders for the supply of an 
iron engine-shed, His Majesty’s Consul reports that the 
date for the receipt of the same in this connection has 
been extended to June 25. Tenders should be addressed 
to Overingeniérenskontor, Christiania. In all Nor- 
wegian Government contracts a preference of from 10 to 
15 per cent. (apart from Customs duties) is given to 








Y | Norwegian manufacturers. It is obligatory that a resident 


agent (not necessarily a Norwegian firm) should act for 
tenderers not residing in Norway. 

Italy : The Gazzetta Ufficiale contains a decree approv- 
ing a contract granting to the Societa Tramvie Vicentine, 
of Vicenza, a concession for the construction and working 
of a steam tramway from Valdagno to ro. The 
company is to receive an annual State subsidy of 1681 
lire (67/.) per kilometre. The same Gazzetta publishes 
a decree granting to the communal authorities of Padua 
a concession for the construction and working by electric 
traction of various lines of tramway in Padua. The 
electric power will be conducted by means of overhead 
wires, 

Netherlands East Indies: According to a recent report 
of the Belgian Consul at Batavia, it 1s proposed to con- 
struct a railway from Sawa-Loento to the eastern side of 
Sumatra, ana 4 opposite Singapore, and on its com- 

letion, a direct line from the Ombilian mines to Padang. 

he object of these railways is to facilitate the trans- 
portation of coal from the mines to the coast. The latter 
railway, which would go by way of the ‘‘Soebang Pas,” 
would cost 8,000,000 florins (about 667,0002.). It appears, 
however, that the attitude of the Legislature in regard 
to the above schemes is not yet definitely known. 








NAVAL, MERCANTILE MARINE, AND GENERAL ENGI- 
NEERING AND MACHINERY ExuiBition.—This Exhibition 
is to be held in Olympia from September 1 to 26 inclusive. 
The list of patrons and members of the honorary advisory 
council contains the names of a large number of autho- 
rities in naval and engineering matters. Mr. Frederic . 
W. Bridges is.the organising secretary and manager, and 
all aqpaegene should be sent to him, addressed 119-125, 
Finsbury Pavement, E.C, 





THe LATE Mr. WILLIAM Rosert GREEN.—We regret 
to have to record the death, which occurred on the 
6th inst., of Mr. William Robert Green, M.I.M.E., who 
for about fifty years had been connected with Messrs. R. 


be | Waygood and Co., Limited. Mr. Green was born in 


1838 at Poole ; he served his apprenticeship with Messrs. 
Gourlay Brothers, marine engineers, Dundee. After a 
period of about four years spent in the Royal Navy, as 
engineer on the Radamanthus, he joined his uncle, the 
late Mr. Richard Waygood, who had founded the present 
company’s business in 1833, at Beaminster, Dorset, and 
who had removed it in 1840 to works in London. In 
course of time Mr. Green became a partner in the firm. 
When this was formed into a private limited company he 
was appointed a director, a position which he held down 
to about three years ago, when he retired. Mr. Green 
contributed freatly, to the development of the company, 
and was held in high esteem., 





AGRICULTURAL ENGinEs.—The value of the agricultural 
engines (electrical excepted) exported from the United 
Kingdom last year was 964,822/. The largest exports are 
made to European countries, which took engines to the 
value of 566,982/. The exports to South America are, 
however, also considerable, their value last year amount- 
ing to 293,090/. The value of the engines exported year 
by Anaad for the decade ending with 1909 inclusive was as 
annexed :— 


Year. Value, Year. Value. 
£ £ 
1900 755,505 1905 1,098,054 
1901 620,968 1906 1,135,646 
1902 631,736 1907 1, 083 
1903 .. .. 876,101 1908 .. 1,016,108 
1904 930,648 1909 .. 964,822 


It will be seen that the greatest activity prevailed in 1906, 





and that shipments have since been declining. 
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INDUSTRIAL NOTES. 

Tue coal trade difficulty in South Wales is still 
serious, but some people think that before the 
end of the month a settlement may be arrived at ; 
not that there is as yet much unity of feeling be- 
tween the contending parties, but there is said to be 
a growing opinion that there ought to be a way to 
prevent a stoppage at the end of March. The three 
most prominent points are the question of the payment 
for the working of small coal ; the ‘‘abnormal work- 
ing places;” and the minimum and the equivalent 
selling price. Ifthe last two questions were settled, the 
other one might be passed over by the men. The sug- 

ested minimum has been varied from time to time, 

th by the coalowners and by the miners, so that it 
ought not now to prove a great difficulty. Such 
negotiations as those in South Wales have often in the 
past been drawn out to near the period when the old 
agreement would expire, and it may be so again. 
Such delays are, however, very hurtful to trade, 
because they cause uncertainty and diversion of con- 
tracts. The sliding-scale system, which was in force 
from about 1875 to 1902, may not have been perfect, 
but it had its merits, for there was the certainty of 
work, and the prices of coal really ruled the wages, 
giving at times prices much above the standard. For 
instance, in 1880 the prices were 5 per cent. above the 
standard, while in 1884 they had risen to 57 hay cent. 
above the standard. It seems very doubtful if the 
conciliation methed has given any better results, for 
with it the frequent changes of the base cause delay 
and interfere with trade, this being particularly 
objectionable now that the Eight Hours Act is 
limiting individual output and adding to the cost of 
production.. The effects of the Act must be overcome 
as much as possible by steady working. 

Delegates of the Miners’ Federation from all parts of 
Great Britain met in London on Wednesday to con- 
sider the position in South Wales. At the close the 
following resolution, submitted by the executive 
committee, was unanimously adopted :—‘‘ That this 
conference stands ad vee | until our officials have 
consulted with the executive committee of South 
Wales, and co-operated with that body to arrive at a 
satisfactory settlement, failing that settlement the 
conference to reassemble for the purpose of deciding 
what are the next steps to be taken.” 





The conflicting position of affairs created in North- 
umberland by the proxy vote is forming the subject 
of inquiries by the Board of Trade, but at present 
there is no justification for thinking that the Board 
will intervene. One interesting aspect of the situa- 
tion is that the miners of the county, as a whole, 
when they voted by ballot, did not record the two- 
thirds majority necessary for a general strike, but by 
the recent proxy voting they did not countenance 
their Executive Committee’s action in directing idle 
lodges to open negotiations for resuming work. 

the president of the Northumberland Association 
(Mr. Joseph English), with Mr. W. Straker, the corre- 
sponding secretary, and Mr. John Cairns, the financial 
secretary, travelled to London on Monday evening to 
attend the special conference yesterday of the Miners’ 
Federation of Great Britain respecting the trouble in 
South Wales. There seems to be much speculation in 
Northumberland concerning the officials’ visit. They 
started for London only after the returns in the county 
lodge voting had been finally tabulated. It is known 
that the Board of Trade has recently been kept informed 
as to the progress of events in the county, and yester- 
day an opinion gained credence in influential quarters 
that the Northumberland representatives were in 
London for a two-fold purpose. Some of the leading 
officials consider the present an opportune moment 
for outside intervention in the dispute. 





A dispute which has a serious aspect has arisen 
between the men employed at the various branches of 
Wool-Combers, Limited, Bradford, and their em- 
ployers. A difference of opinion arose a short time 
ago, which affected about hands en in sorting 
mohair and alpaca, but, added to this, a further griev- 
ance has been ventilated with regard to the reduction 
of the number of men — on certain work, and 
this it is that threatens to develop somewhat seriously. 
Although the matter has been for some weeks under 
discussion, no settlement has been arrived at. The 
men were advised by Wool-Combers, Limited, to con- 
tinue their work while negotiations were pending. 
The night-hands of one firm struck work last week, 
being followed the next day by the day-hands. On 
Friday night last the majority of the men struck 
work, and there is a possibility of the remainder follow- 
ing their example. A mass meeting of the men is to 
be held in order to discuss the situation. 





The general strike of the tramway hands in Phila- 
delphia, which was threatened if the tramway com- 
panies failed to reinstate the men discharged, started 
at midnight on Friday last. Some 70,000 men, mainly 





those belonging to the labour unions, stopped work, 
and an immense amount of inconvenience has been 
caused chiefly through the stopping of work by cab- 
drivers and those running trafic facilities generally. 
The strike-leaders think that the movement will grow, 
and they threaten to bring out 20,000 or 30,000 more 
men. eir methods have, however, alienated a large 
degree of public sympathy. On Saturday and Sun- 
day there were many minor disorders, and several 
parades were held in different parts of the city, and 
there were some collisions with the police. It is felt, 
however, that this aspect may at any time change, 
and the authorities are taking extra precautions to 
prevent rioting and violence. 

At the time of going to press the latest reports state 
that the strike is going against the men. hile the 
strike leaders assert that 100,000 men are out, the em- 
ployers and the police insist that not more than 20,000 
are idle. The desperation of the strikers is shown by 
their efforts to induce a sympathetic strike of all classes 
of labour throughout the entire State of Pennsylvania, 
but it is not believed that the attempt will succeed. 
Public opinion is strongly opposed to an extension of 
the strike. 





The executive council of the National Seamen’s 
Union for the North-East Coast have issued a circular 
to the ship-owners asking for the restoration of the 
rate of wages formerly paid to seamen in the North- 
Kast ports—namely, 4/. 103. per month, to commence 
from Aprill. The circular points out that when the 
ship-owners demanded a reduction owing to the de- 
pression in shipping last year, it was understood that 
the old rate would be paid when freights improved. 
The seamen’s representatives claim that trade has now 
improved, and they suggest that the owners should 
arrange a conference to discuss the question. 





A meeting of the standing sub-committee of the 
joint board of the three national labour organisations 
—the Parliamentary Committee of the Trades Union 
Congress, the executive of the Labour Party, and the 
management committee of the General Federation of 
‘Trade Unions—was held at the House of Commons on 
Tuesday last, Mr. D. J. Shackleton, M.P., presiding, 
for the pag of considering a draft which has been 
prepared of a Bill to amend the Trade Unions Act. 
‘The object of the amendment is to restore to trade 
unions the position in which they stood prior to the 
decision of the Law Courts in the case of Osborne v. 
the Amalgamated Society of Railway Servants. The 
committee had not completed the final draft when the 
meeting was adjourned. 





From statistics which have recently been laid before 
the Academy of Moral and Political Sciences in Paris 
by M. Jacques Bertillon, we learn some interesting 
facts regarding thrift in France. It appears from the 
figures given that three out of every four Frenchmen 
and Frenchwomen possess enough money before reach- 
ing the age of fifty to prevent aon being in want, or, 
ut, sufficient to give them ‘‘ the psychology 
of proprietorship.” Before the age of forty, however, 
the proportion of ple who are in this fortunate 
condition is naturally much smaller, for on the one hand 
there has not been time to inherit, or on the other 
hand to accumulate savings. From the same statistics 
we gather some interesting particulars regarding the 
distribution of wealth in Europe. For instance, the 
sum possessed by the average Frenchman or French- 
woman over forty years of age is 464/. Only two 
other countries in Europe appear to be more 
fortunate—Holland, where the average wealth per 
head after forty is 670/., and England, where it is 
840/. It is much lower in some other countries, 

rticularly Austria, Italy, and Spain, where it ranges 

rom 143/. to 193/. per head of population over forty. 
M. Bertillon also shows that in the case of France 
this wealth is much more evenly distributed than in 
either Holland or the United Kingdom. The test 
M. Bertillon applies is the proportion per thousand 
of persons over forty bequeathing property exceeding 
100/. in value. | This proportion in France is 364; in 
Holland, 218 ; while in England, the richest country 
of all, it is only 186. France can therefore claim it 
is not only one of the richest countries in Europe, 
but that its wealth is more evenly distributed. 


as it is 





In a new monthly m ine called Mercator, which 
is published at Helsingfors, and devoted to commer- 
cial and industrial relations between Finland and 
Great Britain, the fact is deplored that, beyond 
certain specialities, such as butter and timber, the 
Finnish people, who have a great liking for English 
goods, have little opportunity to trade with this coun- 

, the reason being that English business houses do 
not ‘‘travel” Finland. They know nothing of Finland, 
of her requirements, her resources, or her methods of 
business. It is stated that many hundreds of thousands 
of pounds of the imports of Finland ought to come from 
England. Americans do a great trade there, and 
German travellers are there in great numbers. 





A strike in the boot and shoe trade is not improb- 
able. Mr. W. B. Yates, the umpire appointed by the 
Board of Trade to consider the question of the hours 
constituting the working-week in the trade in the 
Rushden and Higham Ferrers district, has issued his 
award. The employers claimed that the existing 
Speunee are based on a working week of 54 hours, 
whilst the operatives contended that as 52} hours are 
now registered with the Board of Trade as the national 
working week in the shoe trade, the arrangements are 
based thereon. Mr. Yates has decided that the opera- 
tives cannot at present reopen the question without 
the employers’ consent. 





It is to be hoped that the efforts of Lord London. 
derry and Colonel Sharman Crawford, who for some 
years have been active in their endeavours to 
promote the growth of flax in Ireland, may lead 
to success. It is not easy to understand why there 
has been a steady diminution of acreage under 
this plant in Ireland, although the linen trade, 
which of course depends on the supply of flax, has 
greatly increased. The growing of flax in the country 
is no new thing, for it has been cultivated for more 
than a century. According to the Journal of the 
Royal Society of Arts, the year of maximum acreage 
was 1864, when over 300,000 acres were under culti- 
vation. The price, however, fell as low as 2s. 6d. per 
stone, and from that time the industry in Ireland has 
declined, until last year the area sown with flax 
reached only 38,116 acres, or 21,421 acres less than 
the area of the crop in 1907. The increase in the 
linen trade during the same time has been steady. In 
1864 there were in Ireland 650,774 spindles ; in 1908 
the number had increased to 913,423. In 1864 there 
were 8187 power-looms in Ireland, and in 1908, 35,386. 








THE Paris Fioops.—Three great French railway com- 
panies—the Paris, Lyons, and Mediterranean, the Paris 
and Orleans, and the Western of France (now owned by the 
State)—have suffered severely from the great Paris floods. 
The loss of revenue on the Paris, Lyons, and Mediter- 
ranean during the first six weeks of this year was 100,800/. ; 
upon the Orleans, 29,600/.; and upon the Western of 

rance, 15,200/. The earnings of the Metropolitan of 
Paris Railway were also uced by the floods in the 
first six weeks of this year to the extent of 93,7071. 





Tue CorpreR MarKeEt.—In their monthly report, dated 
the 1st inst., Messrs. James Lewis and Son state that 
discouraging advices from the United States have kept 
the Standard market very dull during the past month, 
the value steadily declining from 60/. 6s. 3d. for cash on 
the Ist ult. to 58/. 16s. 3d. on the 16th, followed by a 
reaction to 59/. 12s. 6d. on the 25th. Closing values on 
the 1st inst. were 59/. 12s. 6d. for cash and 60/. 10s. for 
three months’ prompt. The explanation given of the 
large increase in the exports for January, as stated in the 
American producers’ returns—from 26,598 tons actually 
exported to 36,469 tons returned by them—is that the 
quantity represented by the difference of 9871 tons was 
ready for shipment, but not included in the official ex- 
ports before the close of the month, and thus form part of 
the official exports for February. The chief part of these 
large exports have gone to Germany and Holland, increas- 
ing the stocks there, of which no returns are made. It 
is to be regretted that the actual quantity of these stocks 
should be unknown. Of the increased American con- 
sumption shown in the same producers’ returns, it is 
stated that ‘‘ probably 5000 tons (of 2000 1b.) went to 
swell the stock in manufacturers’ yards.” The demand 
from American consumers has consequently been very 
limited during the past month, and producers are show- 
ing more anxiety to realise their accumulating stocks. 
European manufacturers also show very little desire to 
make purchases, being already fully supplied. 





FLAMELESS CorpiTr.—The Marten Hale flame-killer, 
already successfully tested in large guns, was the subject 
of experiment on the 5th inst., at Kynochtown, in the 
0.308 British Service rifle, and proved equally effective in 
this small arm. The result of two series of tests was 
recorded as follows :— 

0.303 Service Cartridge; Cordite Charge, 31.5 Grains. 
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The official War-Office specification for the 0.303 small- 
arms ammunition requires that the mean pressure shall 
not exceed 16.5 tons per square inch, and that the muzzle 
velocities shall not exceed 2050 foot-seconds, nor be lower 
than 1950 foot-seconds, so that, notwithstanding the 
addition and action of the flame-killer, the ballistics 
obtained fulfil the conditions required by the Government 
jn a most satisfactory manner. This invention is the 
subject of four recent applications for letters patent. 
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THE PANAMA CANAL. 
A General Description of the Engineering and Construc- 
tional Features of the Panama Canal.* 
By Grorcr W. GorrHats, Chairman and Chief 
“ Engineer, Isthmian Canal Commission. 
(Concluded from page 296.) 
SovrH of the French canal the Mindi Hills cross the 
line of the canal between Gatun and Limon Bay, rising 


channel against such filling, but also to afford shelter to 
shipping against seas created by the ‘“‘trades” and 
** northers.” 
|. For the complete protection of the harbour, the pro- 
oy breakwaters converge in a general direction from 
| Toro Point on one side toward the outer end of the 
| dredged channel. As the general direction of storms 
|is from the north, or west of north, it is possible that 
adequate protection of the harbour may be obtained 
| by the construction of the west breakwater only, so that 





{ 


to elevations 50 and 60. As the bulk of excavation is | the one to the east will not be begun until the necessity for it 


in rock, several steam-shovels were put at work to 
secure the requisite width and depth. Tt was assumed 
that when sea-level was reached the shovels would have 
to be replaced by dredgers, as the Mindi River is within 
a few hundred yards of the area, and the French canal 
just borders it. As the work progressed, however, not- 
withstanding the seamy nature of the rock, it was found 
that «a relatively narrow levee would keep out the water 
from the French canal], and the seepage was so sinall as 
to be easily handled by pumps ; the removal of material 


|isshown. The west breakwater, as pro , will have its 
}outer end in 44 ft. of water, and about 10,000 ft. in 
| length, containing 2,215,000 cubic yards of rock. The 
jeasterly one is about 3500 feet in length, containing 
810,000 cubic yards of material. 

| The work to be done in the Pacific division consists of 


| the construction of the twin locks at Pedro Miguel, with | 


the necessary dams; two twin locks in flight at Miraflores, 


| connected by one earth and one concrete dam with the | 


adjacent hills ; excavating the channel between locks to 


made to rock for the purpose of removing an existi 
stratum of gravel. Selected material is te be ‘- 
the central? portion, properly puddled and rolled, which 
will have a minimum thickness at the bottom of 140 ft. 
The dam will be connected with the lock and also with 
the hill by concrete walls extending well into the hill 
and dam. The natural surface of the ground to the east 
of the lock is at a sufficient height to maintain the level 
of the pool above, but it is to some extent pervious to 
water. To cut off any possible flow, the lock-wall is 
returned toward the hill, with which it is connected by a 
concrete core 550 ft. long, 4 ft. thick at the top, and 10 ft. 
thick at the bottom ; the up-stream face will be vertical. 
(Fig. 50.) 

| _In_the construction of the lock the excavation of the 
| site down to elevation 40 was considered as of the 
Culebra Cut. When the surface reached this reference, 
the work was transferred to the lock forces; there 
remained to be excavated 770,700 cubic yards, of which 
715,700 cubic yards have been removed. sause of its 
excellent quality, such portions of it as can be utilised for 





in the dry has continued, one shovel-cut having reached | the required depth ; and the excavation of the channel to | the centre wall have been left in place to the reference 
the depth of 32 ft. below the sea, or 9 ft. above grade. | proper width and depth to deep water in the Pacific. In | of the bottom of the central culvert ; the core thus left will 
Four 8-in. pumps are installed for freeing the pit of water | connection with the work*of {this division the breakwater | be faced with concrete on top and on either side. 


that collects through seepage and rain falling in the 


_ to Naos, Island will be included. 


The Cocoli River, a tributary of the Rio Grande, crosses 





Proposed Dams at 


PEDRO MIGUEL. 
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The 
spoils are handled by trains of steel side-dumps, and 
utilised on the Gatun dam and in the embankments on 
the relocation of the Panama Railroad. The total esti- 
mated «mount to be excavated in this section is 3,839,725 
cubic yards, of which 1,152,105 cubic yards have been 


its adjacent drainage area. 


removed. From deep water in Limon Bay to the Mindi 
Hills, and from here to the foot of the locks, the original 
estimate required the removal of 32,365,400 cubic yards, 
exclusive of that in the Mindi section, all of which 
was tw be done by dredgers. Of this amount 13,188,123 
cubic y: rds have been excavated. North of Mindi Hills 
consiierable rock is found below the surface soil, neces- 


sitatin< breaking up of the material so that it can be 
hand] ‘| by the dredgers. Holes 40 ft. to 50 ft. deep are 
made hy churn or well drills, steam-driven, , 
approwmately 15 ft. apart and loaded with 175 Ib. of 


60 per cent. dynamite and fired. 
mon Bay is exposed to the trade winds and to occa- 


Sone thers,” which make the bay an unsafe anchor- 
re torcing the ships to leave their piers and take to sea. 
, a ‘tications also disclose that wave action caused by 
= rade winds effects a very material silting of the 
of aun-., and though this might be handled by dredgers, 
unif rmly distributed, a single severe storm of long 
— ion, ight so fill a portion of the channel as wholly to 
om mi" navigation. Artificial structures or breakwaters 


ore deemed necessary, not only to protect the 


, , 
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The rock foundations for the locks are amply strong to 
r the maximum pressures that will be brought upon 
them. At Pedro Miguel the rock is a hard variety of trap, 
together with limestone and argillaceous sandstone ; at 
Miraflores, limestone and argillaceous sandstone will form 
the material on which the structures are to rest. The 
absence of seams, as far as disclosed by the excavation, 
and of any other water-bearing material, obviates the 
necessity of any special preparation for the floors. The 
laterals will be built in trenches excavated to a depth of 
15 ft. below the floor-level, and connected at the floor- 
level by concrete 1 ft, thick. To guard against any flow 
that may result from the heads of water that will exist 
after the completion of the work, a system of sub-drains, 
with access to the lock-chambers, is provided as a pre- 
cautionary measure. 
he Pedro Miguel lock (Figs. 50 to 52) connects the 
summit or 85-ft. level with the 55-ft. level, and has a lift 
of 30 ft. The west dam connects the head of the lock with 
a hill to the north-west. It is to be of earth, about 1400 ft. 
long. The elevation of the top is fixed at 107 ; ar 
of estimating, the top width is made 40 ft., and side slo 
8:1. As it will form a convenient dump for the Cule 
division, its width and inclination of side slopes will be 
increased by the amount of material subsequently placed 
along the west slope. It will be subjected toa maximum 
hood of 40 ft., though the average head is from 25 ft. to 
30 ft. 


In its construction two rock piles are formed, con- 
sisting of spoils removed from the lock excavation ; be- 
tween these two masses of material, excavation has been 








the site of the Miraflores locks from the west, and is such 
a formidable stream in times of heavy freshets that the 
protection of the lock site against its floods during con- 
struction and after completion is necessary. A diversion 
channel through the hills to the west, with a dam across 
the river valley, would acecomplish the desired end ; but 
as a dam to the head of, and to the west of, the locks, to 
impound the water for the pool above, is also necessary, 
the solution finally adopted‘ was the construction of a 
dam extending from the head of the lock to Cocoli Hill, 
as shown in Figs. 61 to 63 on e 328, which has a 
direction nearly parallel to the axis of the locks. By 
this arrangement the Cocoli will discharge into the upper 
pool, or into what is called Miraflores Lake. The dam is 
to be of earth, constructed in the same way as the west dam 
at Pedro Miguel, with two rock toes, not less than 180 ft. 
apart, the area between them filled with suitable material 
obtained from below the locks, at present pumped in by a 
suction-dredger of the same type as those used at Gatun, 
to be replaced by the plant to be installed for removing 
mabecial i the channel below. Concrete-core wall-con- 
nections will be made with the hill and lock. The length 
of the dam will be 2300 ft.; top width, 40 ft. at refer- 
ence 70, and the side.slopes approximately 12:1. The 
average head to which the dam will be subjected is 30 ft., 
the maximum 465 ft. (Figs. 61 to 63). 

The east dam will be of concrete, approximately 500 ft. 
long, not including the 200-ft. wing wall of the lock, pro- 
vided with regulating works similar to and of the same 
dimensions as those at Gatun, the crest in this instance 
being at elevation 39, with seven openings operated by 
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Stoney gates, permitting a discharge of 75,000 cubic feet | 
p2r second, 

The broken stone for concrete will be obtained from a | 
quarry established on the west side of Ancon Hill, which | 
furnishes an excellent variety of rhyolite rphyry, | 
light blue in colour, hard, compact, and durable. ery 
little stripping is necessary, and where required steam- 
shovels will be utilised. The total amount to be quarried 
is approximately 2,500,000 cubic yards, and a crushing 
plant has been provided with a capacity of 2500 cubic 
yards per day. The rock will be quarried from a face 
about 1500 ft. long and between elevations 175 and 350. 
The track from which stone will be dumped into a No. 12 
crusher will be on the former elevation, and a series of 
switchbacks on a maximum grade of 2.5 per cent. will 
lead to the higher level. Drilling will be done by well or 
churn-drills operated by air, and operations will be con- 
ducted so as to increase gradually the height of the face, 
permitting the removal one at a time of the switchbacks, 
until the shovel and train service will eventually be on 
one level, with a consequent reduction in the haul ; this 
arrangement, however, will ultimately require deep holes. 
Steam-shovels will remove the material that has been 
blasted to steel side-dumps of 12 yards capacity, hauled by | 
locomotives in general use on the canal to the crusher 
already mentioned. A revolving screen, 84 in. by 15 ft., 
receives the product, and passes the rejections to four 
No. 6 crushers; the stone from these crushers and that 
which passes through the screen are transferred by a con- 
veyor to bins arranged for loading by gravity six cars at a | 
time. In an adjacent yard trains of 25 to 30 cars will be 


| 


The construction plant, operated by electricity from 
the Miraflores power plant, will consist of eight canti- 
lever cranes built of steel throughout. Four of the cranes 
will operate in the lock-chambers, designated chamber- 
cranes, and four will operate at Miraflores from the top 
of the side banks, or berms, of the lock-pit, and are called 


| “berm cranes.” At Pedro Miguel the instability of the 


banks, or berms, prevent the use of the berm cranes in 
laying concrete in the walls, which will therefore be built 
by the chamber cranes alone ; two of the berm cranes, 
however, will operate in the storage yard (Figs. 55 to 57). 
The type of chamber crane is shown in Figs. 58 to 60. 

The co cranes are under contract ; each berm crane 
consists of a tower mounted on trucks running on two 
tracks 50 ft. apart, centre to centre, with a fixed canti- 
lever on one side, consisting of nine panels, 16 ft. 8 in. 
centre to centre, or a total length of 150ft. On the other 
side of the tower is a boom 144 ft. long, so hinged that it 
has motion in a vertical plane from 10 deg. above the hori- 
zontal to 15 deg. below (Fig. 65). The operating machinery 
on both berm and chamber-cranes is in an enclosed struc- 
ture on top of the towers. Motion along the tracks is 
given through a pull on a cable attached to a deadman, 
so p as to permit a travel of 700 ft. without change 
in the location of the deadman. As so designed, four 
berm cranes will be used at Miraflores. At Pedro Miguel, 
however, where but two of these cranes are to be used, 
the booms will be removed and replaced by cantilevers 
from the other two cranes, thus making two towers with 
a fixed cantilever on either side. 

At the bottom of each tower two 2-yard cubical con- 





unloading cranes at the terminals for handling coal or 
other materi 

To secure the necessary width and depth of channel be- 
tween Pedro Miguel and Miraflores locks, 1,279,600 culiic 
yards of material, 63,600 cubic yards of which are of rock, 
must be excavated.’ The ck will be removed by hy- 
draulic methods and the rock taken out in the dry. 
Between Miraflores and deep water in the Pacific, a dis- 
tance of 8 miles, the completed channel originally required 
the removal of 27,825,000 cubic yards of material, of which 
11,200,000 cubic yards have m excavated by the 
dredgers, resulting in the completion of about 5 miles of 
the channel from the sea ; of the estimated quantity there 
remain, therefore, about 16,625,000 cubic yards to be re- 
moved. 

The 20-in. suction dredger pumping the impervious 
material into the west dam at Miraflores cut its way to 
the lower locks of the flight, but with many difficulties 
and delays. The material is a dark loam, containing 
about 15 per cent. of sand, but so interspersed with 
boulders dl veces size that the dredger is not adapted 
satisfactorily and economically to lone it. Of the esti- 
mated quantity to be removed below the locks, 1,725,000 
cubic yards is of rock, which, especially in view of the 
tidal oscillations, can be taken out more cheaply in the 
dry. As a result, it has been decided to replace the 
dredger by hydraulic excavating and sluicing machinery, 
for which proposals have been invited. Of the excava- 
tion already done, a relatively small portion was accom- 
plished by steam-shovels and the spoils distributed to the 
east of and parallel to the projected channel forming one 
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Fig. 54. LONGITUDINAL SECTION OF LOCK CHAMBERS. 








made up for taking the stone to the storage piles at the 
lock sites. 

Sand will be procured from an extensive sand-bank at 
Chamé, 23 miles west of Balboa. A ladder dredger will 
transfer sand to barges having a capacity of 500 cubic 
yards, and towed to a sand-dock at Balboa ; there will be 
six of these barges in service. It will be removed from | 
the barges by electric cranes, of which there are three, to | 
bins —— a capacity of cubic yards, by hoppers to 
cars, and then to storage, piles, The equipment for hauling | 
the sand and stone to the site of the locks consists of | 
12-yard steel side-dump cars and locomotives, such as are 
used in other construction work. 

Cement received from the ships at Cristobal will be 
taken by cars to a storage shed, 400 ft. long by 120 ft. wide, 
having a capacity of 75,000 barrels, and equipped with 
four electric cranes. The cement will be handled by the 
cranes to and from cars on a track through the middle of 
the structure. Cement will be delivered as required to | 
the construction plant at the site of the work by cars | 
of standard equipment ; in fact, provision is made so that 
the equipment used for excavating the lock-pits can be | 
subsequently utilised in handling materials for the con- 
crete. | 

The storage piles for Pedro Miguel are above the lock | 
site on the bottom of the top level, or at elevation 40 | 
(Fig. 53). Two trestles are run out by a switch- | 
back from the west side of the lock, from which the cars | 
will dump their loads—sand on one side, stone on the | 
other. Arrangements have been made for a storage capa 
city of one-fifth the total amount of material. At Mira- | 
flores the stock piles are on either side of the lock site, 
and materials will be dumped from trestles also, the | 
storage capacity being apereceantel y one-third the total 
amount required for the locks (Bi . 64). The total 
amount of concrete to be laid in the Pedro Miguel locks 
is 750,000 cubic yards, and in the Miraflores locks 
1,800,000 cubic yards. 


crete-mixers are mounted, fed by hoppersabove. Twenty- 
seven feet above the top of the rails is a platform, 50 ft. 
by 50 ft., provided with a hopper feeding into the mixer- 
hoppers, on which is stored cement delivered from cars 
by conveyors. Fifteen feet above this platform are the 
openings of the sand and cement-hoppers feeding the 
mixer-hoppers. Sand and stone are brought to the 
heppeve vy grab-buckets operated by an endless chain or 
cable on the cantilevers. Arrangements are provided for 
passing through the hoppers the proper proportion of 
materials to the mixers. Water is supplied to the mixers 
from self-measuring tanks. 

The chamber cranes are mounted by trucks on tracks 
placed 60 ft. centre to centre, along which the crane is 
moved in the same way as the berm crane. Two fixed 
arms pes from the towers, one extending out 87 ft. 6 in., 
and the other 59 ft.6 in. These cranes will lay the con- 
crete in the walls of the Pedro Miguel locks, as well as 
place the forms, which will be of the wooden cantilever 
type. The concrete from the mixers will be delivered to 
concrete buckets on cars, two buckets to the car, and two 
cars to the train, pulled by a 12-ton construction locomo- 
tive operating on a track 36-in. gauge, laid on an incline 
to the floor of the lock. The buckets will be handled by 
a fall attached to an endless chain or cable on the canti- 
levers. In both the berm and chamber cranes the operator 
is directly over the bucket, and attends to delivering the 
material in place. The design permits the crane to 
deliver concrete in one side wall and in one-half of the 
centre wall (Figs. 58 to 60). 

In the Miraflores locks the chamber cranes will place 


| the forms and, receiving concrete by means of a specially 
designed hop 


from the berm cranes, will place it in 


r 
the centre a The berm cranes will o 


fixed cantilevers over the stock piles, supplying the mixers, | 
the boom taking the product and placing it in the outer | 
walls (Figs. 65 to 69). After the completion of the lock the 

i as loading or 


berm cranes can ar and uti 





rate with the | 


embankment for: a diversion for the Cardenas River. 
Beyond the diversion is a low stretch of territory inun- 
dated by the tides. A similar tract of partially sub- 
merged land extends along the west side of the channel, 
both of which will be reclaimed by use of excavated 
materials, 

It is now proposed to construct a dam across the line of 
the main channel, of sufficient height to keep out the 
tides, 11,800 ft. below the locks, and remove the earth 
above the dam by the sluicing pumps, after which the 
rock will be taken out by steam-shovels. Below the dam 
recourse will be had to dredgers and subaqueous excava- 
tion. The material still to be removed above the tem- 
porary dam consists of 11,300,000 cubic yards of dark 
loam, and 1,602,000 cubic yards of rock. Below the dam 
the quantities aggregate 3,600,000 cubic yards of loam and 
123,000 cubic yards of rock, of which latter 83,000 cubic 
yards will require oiting and blasting under water, and 
the remainder, 40,000 cubic yards, will be drilled and 
blasted through the overlying deposit of loam or clay 
preparatory to dredging. 

e machinery to be installed above the dam will 
remove the loam overlying the rock by sluicing and 
dredging. The former will be done by pumping water 
from Sloe the dam, and delivering it through “mee line 
to any point along the section to be excavated. Branches 
will be run from the main pipe-line, and water from them 
will be forced through monitors against the earth to be 
moved, which will flow in suspension to sumps. Power 
will be furnished by a steam pranping ststion Dowie near 
the dam. The capacity of the pumps will be 30.000 
gallons of water per minute, delivered through 3600 ft. of 
main pipe and ft. of branch line under a pressure 
of 130 Ye per square inch. The pumps will be arranged 
in two units, so as to permit continuous work in case 
either must beclosed for repairs. Proposals are in‘ 
for not less than four, nor more than eight. multi-stage 
centrifugal pumps, or reciprocating steam-pumps of 6qu4 
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capacity, ora pumping plant capable of accomplishing the | the convenience and comfort of the crews. Each dredger | 250 - horse - power engines, and have twin-screws. The 
same results, left to the option of the bidder. has two centrifugal sand-pumps, with suction and dis- | larger mud-scows are 110 ft. long, 24 ft. beam, loaded 
The dredging plant will consist of three centrifugal | charge pipes, 21.25 in. inside diameter, operated by ver- | draught of 8 ft., and have a capacity of 400 cubic yards. 
pumps adapted to continuous service with salt water, and | tical, inverted, marine compound condensing engines, | They are towed by sea-going tugs to the dumping-ground, 
run os electrically-driven motors with current supplied | direct connected, steam being furnished by four boilers of | and at times by clapets. 
by the Miraflores power plant. Each pump must be | Scotch marine tubular type. Each dredger is capable of | The dredging fleet on the Atlantic side consists of one 
able to deliver 300 cubic yards of solid matter an hour, | dredging to a depth of 40 i Material brought up by the | sea-going suction-dredger, two dipper-dredgers, three 
and 10,000 gallons of water per minute ——- 1200 ft. of paw is delivered in bins, one forward and one aft, the | ladder-dredgers, five clapets, nineteen barges of various 
pipe to a height of 60 ft., exclusive of pipe losses, and a | former having a capacity of 1250 cubic yards, the latter | sizes, with two tugs; that on the Pacific side onsists of 
suction head of 10 ft. 1000 cubic yards. The redger begins operations at the one sea-going suction-dredger, one dipper-dredger, four 
Below the dam such rock as can be blasted through the | inner end of the area to be deepened, moves slowly sea- | ladder-dredgers, eight clapets, three mud-scows, with 
earth overlying it will be broken up by the use of dyna-| ward with pumps in operation, and two drags sucking | two tugs. ; 
mite loaded in holes sunk to a depth required for the | mud from the bottom until the bins are full. The pipes| The original project contemplated the location of the 
channel. For subaqueous rock excavation the rock will | are then raised, the dredger proceeds to the dumping’ flight of two locks at Sosa Hill, projecting into the 
be broken up by blasting and by a rock-breaker. In the und, and the bins empty through gates. These | Pacific, and arrangements were made for utilising mate- 
former case A will be made by a drill-scow or barge — remove from 300,000 to 350,000 cubic yards per | rial from Culebra Cut in constructing the dams which 
112 ft. long, 36 ft. wide, and 8 ft. deep, mounting three | month, and operate practically continuously. | were to impound the water above, and the cofferdam 
drill-frames fitted with Ingersoll-Rand drills, 54-in. The dipper-dredgers have 5-yard buckets, with ample | which was to enclose the lock site. When the location 
diameter cylinder, with an 8-in. stroke, delivering 250} capacity and power for dredging stiff mud or clay to a|of the locks was changed to Miraflores, the direction of 
strokes per minute. Each of the drills can bore six holes | depth of 40 ft. The hulls are of steel, 110 ft. long, 38 ft. | the channel in the Pacific was maintained to the west of 
from one position of the barge. A vertical hydraulic | beam, and 11 ft. depth ; the engines are double-cylinder, | the group of islands, instead of following the French 
ram, located immediately back of the drill-frames, will | condensing, 13-in. by 18-in. stroke. The A frames and | channel, not alone because of less excavation, but because 
raise and lower each drill These rams will have a capa-! booms are of steel, while the dipper-handles are of wood ' investigation of the currents indicated that the channel 
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city of 5000 1b., and will make a total free lift of 10 ft. | covered and strengthened with steel angles. The hoist is | would be better protected inst the lateral drift of sand 


Drill bars measure up to 60 ft., so as to reach 5 ft. below | a single wire rope. and silt. The dump that the original cofferdam offered 
grade at high tide. The barge is held in position by four| The French useda number of ladder-dredgers of Scotch | was continued and extended seaward towards Naos Island 
spuds. The rock-breaker is the Lobnitz type, with three | and Belgian construction, which were located at various | as a breakwater, which entirely cuts off the cross-current 
sizes of rams—one 30 ft. in length, weighing 10 tons; | points aheng the line. Of these, seven were overhauled | that previously existed and prevents deposit in the 
another, 40 ft. in length, weighing 18 tons ; and the third, | and reconstructed, and are now in use. The one described | channel of the material that is held in suspension. The 
oO ft. in length, weighing 19 tons. The rams operate | is to be used in digging sand at Chame, and is typical of | breakwater crosses the old channel to the east of the 
through a well in the middle of a barge 100 ft. long by | this classof dredger. The length of hull is 137 ft.; width, | islands, and the end of it is within one mile of Naos 


28 ft. beam by 8 ft. depth. The ram is raised from 4 ft. | 26 ft.; and depth, 12 ft. The bucket-ladder is 79 ft. long, | Island, with which it is to be connected. The break- 
to 10 ft. above the surface of the rock to be crushed and | on which thirty-two buckets, connected by links forming | water will not only assist in the maintenance of the 


then let fall, the operation being repeated until the rock | continuous chain, operate ; the links and buckets run | channel, but will simplify to some extent the defence of 
is broken to a depth of about 3 ft. The barge is held in| over rollers fixed to the ladder. Motion is transmitted | this end of the canal. The breakwater forms one of the 
pos:non by six cables to anchors—two at the head and|from the engine by a sprocket-chain to a four-sided dumps forthe central division and is being constructed 
four from the side. tumbler at the top of the ladder, of the same pitch as | by the forces of that division. 


_ Jue plant for dredging consists of 20-in. suction dredgers, | buckets and links; the bottom tumbler is six-sided. The | The adoption of the 85-ft. level eres makes necessary 
q “- going suction-dredgers, dipper - dredgers, der- | sprocket is connected with a shaft provided with suitable | the reconstruction of the Panama Railroad, as the present 
Credvers left by the French or rebuilt from those found | friction soas to permit of slip, thus Ye stp | rupture | road-bed will, for the greater part of its length, be on the 
on the work, mrit propelling dump-scows, or clapets, and | should the buckets be caught and suddenly stopped. The | bed of the lake. From the Atlantic terminal to Mindi, 
mud-scows. The 20-in. suction-dredgers, five in all when | engine is 24-in. by 48-in. compound inverted condensing, | about 5 miles, and from Corozal to Panama, the old line 


the one under order is received, will be concentrated on the | to which steam is furnished by two boilers. The buckets | will be used, but between Mindi and Oorozal the road 


hyd wulie fill for the Gatun Dam ; but when the lake has| have a capacity of # cubic yard, and dump into a_ will be carried to the east of its present location, and at 
been filled to proper elevation, two will be put at work | hopper, from which a chute leads to a barge alongside. _| the general elevation of 95, or 10 ft. above the normal sur- 
a lake section to secure required depths. For serving the dredgers there are thirteen self-pro- | face of the lake. From Mindi the new line passes to 


ona, Ce Bong suction-dredgers are twin-screw craft, | pelling barges, or clapets, purchased with the French | Gatun, thence up the valley of the Gatun River, which it 
+ Agi all, 47.5 ft. beam, and 25 ft. depth. Each is | property, and put in working order, anda number of mud- | crosses 4 miles, measured in a straight line, from the old 
oe \uipped, in addition to dredging, propelling, and | scows or barges. The former are 132ft. long, 25 ft. beam, | road-bed, and makes for Bas Obispo, crossing the Ch 
ering machinery, with refrigerating and electric-light | and 11 ft. in depth, with loaded draught of 9 ft., and| near Gamboa. From Bas Obi to Pedro Miguel it 
Plants, and provided with suitable quarters arranged for! a capacity of cubic yards. They are operated by | passes through Culebra Cut on the 40-ft. berm provided 
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at elevation 95 in the adopted cross-section. At Pedro 
Miguel it swings to the east, drops down 30 ft., and 
through a tunnel in the ridge opposite Miraflores locks. 
Leaving the tunnel, the elevation drops 40 ft. to Corozal, 
where the present road-bed is followed to Panama and | 
Balboa. The total length of line is 46.2 miles, with a| 
maximum curvature of 6 deg. The maximum e is 
1.25 per cent. between Mindi and Gatun ; between Gatun 
and Panama the maximum grade is 0.45 per cent. The | 
gauge is the same as the present road—namely, 5 ft. 

The new location contemplated a bridge across the, 
Chagres near Gamboa, and a tunnel near Miraflores. The 
former, when built, would give access to the heavy em- 
bankments that are needed on the new line north of the | 
river, and make excellent dumps for material oneness 
in the Culebra Cut. The tunnel, while in no wise neces- 
sary during the early period of construction, was for part | 
of its length through treacherous material, and its comple- 
tion was desirable on this account. The old sunbed | 
crossed the line of Gatun Dam, and had to be removed so | 
as not to interfere with, or delay, the construction of the 
dam. Accordingly, these three parts were undertaken 
with a view to their early completion, and, in addition, 
trestles were driven along such parts of the line as would | 
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give convenient dumps, taereby assisting in building some | 


end through earth. It is lined with reinforced concrete ; 
at the south end a foundation of concrete 2 ft. 6 in. thick 
ere the lining, which consists of the side walls, 
4 ft. 6 in. thick at the base and 2 ft. 10 in. at the spring 
of the arch; the crown of the arch is 2 ft. thick. In the 
rock portion the lining rests on the natural rock founda- 
tion and is 1 ft. 3 in. thick in both side walls and arch. 
For drainage the bottom is graded in both directions from 
the centre. The tunnel is 21 ft. 3 in. high above the top 
of the rails, and 15 ft. wide. 

To avoid delay in theconstruction of the Gatun dam, 
the new line was constructed from Mindi to Gatun and 
temporarily extended to Tiger Hill, where the old line 
was again joined, thus making a loop around the locks. 
The embankment across the valley just south of Gatun 
station gave considerable difficulty because of the slides 
which began when elevation 60 was passed, the slides 
causing an upheaval of the soft bottom some distance 
from the toe of the embankment. At first the slides 
were to the west, but after the foot of the dump had 
been spread in this direction until the general slope 
reached 7:1, the slipping to the west ceased, and , 
veloped to the east. This was also overcome by proper 
spread of the lower parts of the embankment. 
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SECTION A.A. at Station 2046. 


ast 


SECTION B.B.at Station 2051, 


The line originally selected crossed the Gatun Valley | hills and through ridges is done by 
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to reach at as early a date as practicable the 55-ft. mar] 
which will permit dredger operations in the lake secti« 
Work on the relocation of the Panama Railroad is oy 
lined, so as to keep pace with such progress, and peri: 
of handling traffic over a higher line when necessary. 

Arrangements are therefore made to construct a line 
for temporary use to Bas Obispo, and subsequently | 
raise this to proper elevation so as to complete the enti; 
road by the time the full lake surface is attained. Wi 
this in view work is in ey at as many points . 
possible. A trestle across the cut at Bas Obispo wi 
connect the temporary line on the east of the canal wi 
the old line on the west, which latter will be used to 
Panama and Balboa until the connecting track through 
the cut is laid and ready for use. The embankments 
from Caimito (on the Chagres, opposite San Pablo) to Bas 
Obis: are being made from material procured from 
ceual euuelieles to the north of Caimito by material 
obtained from excavation for the road, or from borrow 
pits. Culverts through the embankients are built of 
reinforced concrete. 

Pile trestles built across the valleys where embank- 
ments are located are filled by material brought in side- 
dumps and deposited from them. Excavation inside 
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task-work, where 


of the required embankments, notably at Miraflores and | near the temporary embankment, but was changed to the | this is advantageous, and by steam-shovels. Sack-work 


Caimito, opposite San Pablo. 


crossing above. 


The change was made because of the/is resorted to very largely in the relocation work, an 


The new Gamboa Bridge, which is erected in place | considerable length of heavy embankment, and the spread | in the canal-work, where small isolated mounds in the 
that must be given to the base due to the character of | lake section project above the required bottom grade. 


across the Chagres Valley, has an opening of about 


1300 ft., connecting at each end with the 40-ft. berm | the material on which it must be built, and also because | The 

basin is desired, removed from the canal | wheel-barrows, shovels, hand-drills, explosives, and tools 
n ey 2 from the high winds that at times 
As more favourable 


along the east slope of the canal. It consists of a} 
220-ft. riveted truss-span of the Warren type across the | 
river channel, and fourteen 80-ft. through plate-girder 


an ancho' 
channel a 


prevail. orter line and one with 


spans, of which nine are on tangent, one on spiral, and | grade up to elevation 95 would result had the line been 
four on a 6 deg. curve. The channel span is 17 ft. | carried from Mount Hope to the locality selected for the 
between the centre line of trusses and 34 ft. between | crossing of the valley; but this would be removed by 
centre lines of top and bottora chords, giving a lateral | approximately 3 miles from Gatun, which, when the 
clearance of 7 ft. 3 in. from centre of track and a vertical | canal is completed, will be one of the most important 
clearance above the top of the rails of 22 ft. 8in. The} points on it. On the other hand, the importance of the 
tangent girders are 15 ft. 6 in. centre to centre of webs, | rail as a common carrier after the canal is in use is a 
giving a lateral clearance of 7 ft. 1 in. from centre of track, | question of doubt. Should the road subsequently de- 


while the girders on the curve are 17 ft. between centres 
of webs to give equal clearance for the longest cars. To give 
an uninterrupted line of webs a special span is introduced 
at one end of the curve, with distance of 15 ft. 6 in. | 
between centres at one end and 17 ft. at the other, the 
same as adjoining girders. The other end of the curve is 
at the truss where the wide girders line with the trusses. 
Ihe abutments and piers are of concrete, which, because 
of the quality of the sand, was mixed 1 : 2 : 5, reinforced 
with French rails and founded on grillage piles. 

The tunnel at Miraflores is 600 ft. long, 400 ft. at the 
north end being through rock, and the 200 ft. at the south 


velop such an amount of traffic as to make the shorter 
line more desirable and economical, it can be constructed. 

As already noted, the Chagres River now flows through 
the west diversion at Gatun, access to its original bed 
having been cut off by the dam. On completion of the 
concrete work in the spillway, some time early in the 
next dry season, the west diversion will be closed, 
forcing the river to discharge through the ae (see 
Figs. 27 and 28, page 240 ante). This will be the first step 
towards the formation of the lake, since the spillway 
floor is held at elevation 10. As work progresses this 
elevation of the lake will be gradually increased so as 


uipment, consisting of Decauville cars and track, 


for making trestles, are furnished to the various gangs; 
a minimum task for one day is fixed, and the men 
engaged are allowed to complete it in their own time, or 
increase the amount, payment being made accordingly. 
This method is not only economical, but secures the 
greatest amount of work from the West Indian labourers. 
Where the length of haul becomes too great to remove 
the cars by hand, Decauville engines are used, or the 
steam-shovel is substituted for the task method. 

The principal shops in the canal service, exclusive of the 
shops of the Panama Railroad, are located at Gorgona and 
Empire, with two marine-shops, one each at Cristobal xnd 
Balboa. These shops keep in repair the equipment used 
in canal construction, furnish parts that cannot be bought 
in open market, do emergency work, which, because of 
the time involved, cannot be done in the United States, 
and compete with the shops in the States to the extent 
of making machines and parts that can be manufactu:: d 
more cheaply than they can be laid down at Colon )y 
American shops. The shops are handicapped by being 
2000 miles from the base of supplies, and so are thrown 





on their own resources, due also to the fact that the 
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repair work is necessarily irregular and very broad in | efficient condition for such work. There are 100 shovels | new engineering problems have arisen, and none are 
scope. including sean every kind of instrument and | all told in use on the canal, and the shop is so designed as | likely to come up. The difficulties are due entirely to 
machine, from chronometers to steam-shovels and loce- | to permit a thorough overhauling of ten to twelve shovels | the magnitude of the work, complicated by conditions 
motives. In addition to the main shops, each construc- | per month, so that, if necessary, every shovel can be put | resulting from delays in securing supplies, the effects of 
tion division of the organisation has from one to three | in first-class condition every eight or ten months. As | the climate, and the contentment of employees, rarely 
small field repair-shops for handling minor repairs quickly | weaknesses develop in shovels and steel cars, changes are | encountered elsewhere, but which have a material bear- 
and in the immediate vicinity of the work. The principal | made with a view to strengthening the weak parts, and |ing on the issue. Results are obtained not alone 
engine-houses, at which from thirty to fifty-five engines | in some instances with marked success. because of the machines in use, but by the organisa- 
are handled daily, are also equipped with small machine-| The marine shops—one at Cristobal and one at Balboa | tion, which is formed of upwards of 30,000 men of all 
shops for emergency work. | —are fully equipped for erecting and repairing the inarine | walks of life, and of practically every nationality. 
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‘he Gorgona shops are the largest, and are the best 
equipped for handling every class of work. They occupy 
~| scres. The locomotive department, and the car and 
ty department, each covers approximately 7} acres, 
le: is 6 acres for general pur: The yard includes 
teiles of track, and the floor space of the buildings is 
= square feet. Besides doing the general manufac- 
< for the isthmus, and the instrument repairs, the 
ade largely confined to locomotives and flat cars. 

ine —— shops, erected for making extensive repairs 
. ’sveam-shovels and steel dump-cars, consist of thirteen 
fa ‘dings with a combined floor space of 160,831 square 
eet. The work in rock subjects the shovels to very hard 
usage, and it is designed to keep them in a thoroughly 
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equipment. The former is adjacent to a dry dock origi- 
nally built by the French, but enlarged since 1905, and 
will accommodate a vessel 290 ft. long, 50 ft. beam, and 
15 ft. draught. Reaching over the dock and running its 
full length is a gantry crane of 15 tons —— In 
connection with the Balboa shop are two slipways, on 
which boats up to 400 tons may be hauled. They are 
equipped so that es cag, Sen work is done with pneu- 
matic tools. A gridiron also been constructed for 
vessels up to 3000 tons. : 

An attempt has been made in the foregoing pages to 
describe concisely methods employed in constructing the 
Panama Canal, and if any light been thrown on the 
subject, then they have not been written in vain. No 





ELEVATION OF . 
BERM CRANE 
SF cTiION B.8. 

Authority is centralised, but responsibilities are dis- 
tributed from the various heads of departments on down 
to the lowest in the ranks. Each man has a task to 
perform, each knows the results desired ; it is his duty to 
secure them, the necessary discretion being allowed to 
secure brain effort as well as brawn. Competition spurs 
men on to effort, and in carrying on the work this factor 
is not forgotten. As a consequence, the organisation is 
itself a huge machine, which, in an enervating climate, 
and notwithstanding the human element, has made not 
only the steam-shovel produce results never before antici- 
pated, but can carry to successful completion, if pro- 
vided with the er means, and tected against 
disease, the greatest work that has ever been attempted, 
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GEOMETRY OF THE TURBINE-DRIVEN 
PROPELLER.* 
By Dr. Joun Morrow. 

Section 1.—The introduction of the steam-turbine for 
the propulsion of pe has necessitated a modification in 
the shape of propeller blades. A screw of given dia- 
meter is designed to have a much greater area than if it 
were to be driven by reciprocating engines ; it would, of 


course, deal with a considerably greater horse-power. The | | 


ordinary elliptical blade is thus usually replaced by the 
wide-tip pattern. 

When designing and drawing the propeller, various 
approximate geometrical constructions are employed ; 
and it is obvious that any such construction, though suffi- 
ciently accurate for a narrow blade, may not be satisfac- 
tory for a wide one. 

It is on account of this necessity for increased accuracy 
that the matter is investiga’ here. From a practical 
standpoint the objects are:—(1)To exhibit in tabular 
form the relation between the developed and_ projected 
areas of a wide-bladed screw ; and (2) to facilitate the 
setting out of a screw of any required area. 

Section 2.—The chief problem involved is the deter- 
mination of the geometrical relationship existing between 
the projected area, expanded area, true shape, and pitch 
of the screw. 

It is necessary to define the term ‘“‘true shape.” This 
may be done in various ways, but the oy | two are 
the most useful, and it will be seen that the shape 
depends upon which definition is accepted. 

Ve must have two co-ordinates to represent the corre- 
sponding true lengths on the driving surface of the blade, 
and the first definition consists in the selection of the 
following pair of true lengths :— 

(a) Distance measured, from centre of screw, along 
centre-line of blade ; 

: (b) Distance measured at right angles to centre line of 
lade. 

For the second definition we have as co-ordinates:— 

(a) Distance measured radially from centre of screw to 
a point on its outline ; 

(2) Distance measured at right angles to centre line of 
blade. 

In each of these definitions it must be stated further 
whether the length 4 is a chord or a line drawn in the 
helical surface. Since a helicoidal surface is not strictly 
developable, the true shape of a blade will not in general 
include the true area. To accurately represent the ex- 
panded blade we therefore require two diagrams, one 
giving the true area, and the other the true shape. 

The usual approximate constructions endeavour to 
represent by a single curve both the area and the shape 
of the blade; and since it is not generally realised that 
such a representation cannot be an exact one, the state- 
ments and proofs are frequently confusing and _ in- 
accurate. 

Section 3.—The oentien of a helicoidal surface, of 
pitch P, and having O z as axis, may be written 

> 
: tan- 
Qe 

Let y =f (x) be the equation of the projected outline of 
a blade on a plane at right angles to the axis; it will 
also represent a cylinder having its base on the projected 
outline and its sides parallel to the axis. 

It is required to find the curve formed by the inter- 
section of this cylinder with the helical surface, and to 
determine the area on this surface bounded by the 
curve. 

Let us take polar (or cylindrical) co-ordinates, as shown 
in Fig. 1. The projected area of an element is 


r.50.5r. 
Its true or expanded area is 


1%, 


vz + 72.50.57, 


Thus the true area of the blade is 


[J vor r?,d0.dr, 


» 
where J stands for L and the integrations extend to the 
2r 


boundaries of the above-mentioned cylinder. 
If p = f (@) be the equation of the cylinder, we can per- 
form one integration and find true area 
] dé, 


2 2 . =i 
=[[pVeres g tinh ’ 


the limit being such that the point (p, @) travels once 
completely round the curve. 

The form of p is settled arbitrarily. The conditions it 
must satisfy are defined by disc area ratio and general 
shape of blade. 

Thus for a circular blade we would substitute R cos @ 
for p and proceed with the integration. The form repre- 


sented by 
p? = R* cos 20 


is the Lemniscate of Bernoulli; whilst for elliptical 
patterns we would have 


(fh cos @ — 1): + (4-sine)2 == i. 
In these equations R is the propeller radius. , 
Section 4.—We will consider first a sector of a circle as 


shown in Fig. 2, and will then modify it by rounding off 
= corners and allowing for the portion cut away by the 
2088. 

For the sector p=R and the integration is from zero to 
0. The projected area is 4 R26; and the developed area 


0 [Ral e+ RY Sint . 
or we may write p for the pitch ratio and substitute the 


rithmic equivalent for the inverse hyperbolic term ; 
whence the true area is 


ms ia/ (2 y+ 1+ 


(eYomels(t=/ EP) 


The portion in square brackets is thus the ratio— 
Developed area , 


Projected area ” 


and, being a function of the pitch ratio only, it is indepen- 
dent of the diameter of the screw. 


(2) 








1594.8 


The above expressions may also be used to calculate 
the boss allowance. If Ro is the radius of the boss, the 
projected area cut away by the boss is 

5 R26. 
The developed area of this portion is to be found by 
substituting Rp for R in expression (1), or po for si 
in expression (2). ; 


As a numerical example, let * =83; the developed 


° 2 
area of the complete sector is 1.256 = °, and if we take 
k= Bs = 0.2, this area must be reduced by 0.141 

2 
eS! The effect of the boss is thus to reduce the ratio 


of developed to projected area from 1.256 to 1.16. The 
disc area ratio would be 0.177 6, where n is the number 
of blades. 

Section 5. Tip Allowance.—We select, as an average 
case for examination, a blade having the corners rounded 
off to a radius equal to one-quarter of that of the pro- 
peller, and we get good practical shapes by taking this 
ius as independent of the angle 0. 

The projected area ach (Fig. 3) which is thus sub- 
tracted from that of the blade is easily shown to be 
0.0219 R? ; 


To find the true area of the surface ac b, we assume its 
mean radius to be 0.94 R ; whence its ratio 


Expanded area p a/ ; 

~ ——- = sec tan—! = 7 

Projected area mo 094 © 140.1147 p’. 
In the numerical example of the previous paragraph 

this ratio would be 1.061. The allowance to be subtracted 

_ the developed area is thus 0.0465 R?. Hence, in 

this case, 


Net projected area of hlade = R2 (0.480 0 — 0.0438) ; 
Net developed area of blade = R?2 (0.557 @ — 0.0465). 


We notice that the tip allowance makes very little dif- 
ference to the ratio of the areas. For all values of @ met 
with in practice the ratio is constant to three significant 
figures, and for this particular pitch ratio is 1.17. With 
no tip allowance the ratio was 1.16. 

Section 6.—For practical use we have calculated the 
following table of areas covering the range of modern 
turbine practice. The numbers in the first line (zero 
pitch ratio) give the projected area of the blade, the re. 
maining lines give the expanded area for different pitch 
ratios. 

TABLE I, 

















Boss Allowance (to be Subtracted). Tip 
| po Allowance 
Ratio. \o (to be 

(4 R) = = Ro = Ro = Subtracted), 
@.2R. | 0.22 R.| 0.24R. 0.26R. 
0.00 1.0000 0.0484 0.0576 0.0676 ' 0.0438 
0.85 1.1833 0.1170 0.1308 0.1452 0.1599 0.04545 
0.90 1.2013 0.1231 0.1374 | 0.1522 0.1674 0.0458 
0.95 1.2196 0.1291 0.1439 0.1592 0.1749 0.0460 
1.00 1.2383 0.1352 _ 0.1505 | 0.1662 0.1824 0.0462 
1.05 1.2573 = =0:1412 | 0.1570 | 0.1733 0.1900 0.0465 
110 = 1.2767 0.1473 0.1804 | 0.1977 0.0467 


0.1636 


Above to be 
multiplied 
9 


The above numbers to be multiplied 
R60, by R 


by 4 


Using this table as a basis, others may be constructed 
to suit special methods of design. The two given helow 
prove especially useful. 

Table IT. is for setting out the blade of a propeller of 
given projected or developed area. It gives the values of 
@ in circular measure, and assumes that the screws are 
of the three - bladed type. In the event of a four. 
bladed propeller the area ratios must be multiplied by 
four-thirds. The area ratio given in the first column is 
the total projected area of the blades divided by the area 
of the circle described by the blade-tips. 





TABLE II. 
| 
| Values of 6 for Three-Bladed Screws. 
Projected — Ne Se ne eS : 
Area Ratio. | 

Ro = 0.20 R. Ro = 0.22 R. Ro = 0.24 R. Ro = 0.23 R. 
0.40 | 0.964 0.972 0.982 0.992 
0.50 | 1.182 1.193 1.204 1.217 
0.60 1.400 1.413 1.426 1.442 
0.70 | 1.618 1.633 1.649 1.666 
0.80 1.836 1,853 1.871 1.891 


The above table is calculated for the type of blade re- 
presented in Fig. 3. When this type is departed from, 
the numbers in the table still provide a very good guide 
in a first setting out of the blade. The ratio of the de- 
veloped to the projected area is not much affected by the 
shape of blade, and hence Table III., which gives these 
ratios, is applicable to almost any wide-tipped blade. It 
may be noticed that the numbers in Table III. also give 
the ratio of the usual “‘ disc area ratio ” to the ‘‘ projected 


area ratio.” 
TasLe ITI. 





Developed Area + Projected Area. 


| 














P Pitch Ratio. 
4 Projected 
R Area Ratio. 
0.8 0.9 1.0 1.1 
0.4 1.105 1.131 1.159 1.188 
0.20 0.6 1.103 1,129 1.156 1.184 
0.8 1.102 1.127 1.154 1.182 
0.4 1.101 1.126 1.153 1 181 
0.22 0.6 1.098 1.123 1,150 1.17% 
0.8 1.097 1.122 1,148 1,175 
0.4 1.096 1,121 1.147 1.174 
0.24 0.6 1.094 1,118 1.144 1.170 
0.8 1,093 1.117 1,142 1.168 
0.4 1.092 1.116 1.141 1.167 
0.26 0.6 1.090 1.113 1,138 1 164 
0.8 1.089 1.112 1.136 1.16: 





As interpolation can be effected by direct proportion, 
Tables II. and IIT. may er be enlarged to give two or 
more significant figures in each of the quantities involved. 
Section 7: Use of the Tables in Design.—In turbine 
work it is usual to fix the values of the pitch ratio and 
projected area ratio before determining the diameter of 
the propeller. . 

The necessary projected area is then found from the 
permissible intensity of thrust, and the final step the 
estimation of the revolutions necessary to generate the 
uired thrust horse-power. 
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that is, a reduction of 0.0488 R? per blade. 
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then be estimated, and the process repeated for other 
itch and area ratios if ees, ; 

To illustrate the use of the tables, let us assume a pitch 
ratio of unity, diameter of boss equal to 0.22 of that of 
the propeller, and a projected area ratio of 0.7. 

Table II. gives @ = 1.633 for a three-bladed screw. 
Table III. gives the ratio of developed to projected area 

149. 
The dise area ratio is thus 0.7 x 1.149 = 0,804. Now 
suppose the required projected area is 20 square feet. 
From Table I. 


(1 ~ 0.0484) § R2 x 1.633 — 0,0438 R? = ; 
- R=3.015 ft. 

The diameter of the propeller is thus 6.03 ft., and its 

developed area is 
1.149 x 20 = 22.98, 

or, say, 23 square feet. aa 

For the actual construction of the blades it is most con- 
venient to give the lengths of a series of chords measured 
at right angles to the centre lines of the blades. It is a 
very simple matter to determine these lengths either 
graphically or by calculation. 





American Pig-Iron Propuction.—The production of 
pig iron in the United States last year was 25,795,471 tons, 
as compared with 14,773,125 tonsin 1908. Pig iron made 
with bituminous coal figured for 24,721,037 tons and 
14,138,582 tons respectively ; pig iron made with anthra- 
cite, or anthracite and coke, for 698,431 tons, as compared 
with 429,929 tons ; and pig iron made with charcoal, for 


376,003 tons, as compared with 204,614 tons. Of the pig! goo 


iron made in the United States last year, 10,918,824 tons 
were produced in Pennsylvania, 5,551,545 tons in Ohio, 
2,467,156 tons in Illinois, 1,763,617 tons in Alabama, and 
1,733,675 tons in New York. 





Sinete-PHASE TRACTION IN FraNnce.—The electrifica- 
tion of existing steam railways is being pursued with 
considerable activity in France. One of the latest electri- 
fication schemes is that which the Midi Railway Com- 
pany of France recently decided upon in connection with 
the Montrejean-Pau portion of the Toulouse-Bayonne 
line, which portion has a length of some 70 miles. The 
country is very hilly, and the line has a number of 
steep gradients, one of the latter being 1 in 28.6 over 
a length of about 7 miles. Electrification is to be 
extended later to the entire line over a distance of 
200 miles. The Midi Railway have ordered from the 
Société Anonyme Westinghouse, Havre, the equipment 
of 30 double-bogie electric-motor coaches for passenger 
service, and one complete electric locomotive for freight 
service on this line. The motor-coaches, to seat about 
50 passengers, are to be equipped with four 125-horse- 
power Westinghouse single-phase motors, 15 periods, 
285 volts, with multiple control. They will haul trains 
weighing 100 tons, inclusive of the motor-coach, at a speed 
of 45 miles per hour on a level. The weight of each motor- 
coach in running order is about 56 tons. The locomotive 
will be equipped with two 600-horse-power single-phase 
motors, 15 periods. It isa five-axle locomotive, three of 
the axles being driven by the motors through jack-shafts 
and connecting-rods. The locomotive weighs 80 tons, and 
will be capable of hauling trains weighing 400 tons, exclu- 
sive of the locomotive. With a haulage load of 280 tons 
the speed will be 25 miles per hour, and with 100 tons, 
about 38 miles per hour. The current is to be supplied to 
the motors by means of a 12,000-volt overhead catenary 
line ; the pantagraph type of trolley will be used. 





Timpers FOR RarmLwAy SLEEPERS IN THE UNITED 
States or AMERICA,—Some idea of the amount of timber 
required for sleepers by the steam and electric railways of 
the United States was given recently in tables in the 
Railway and Engineering Review. hese showed that 
the sleepers bought in 1908 numbered 112,463,449, which 
is very uch below the number purchased the year before 
—viz., 153,699,620. The figure for 1908, although smaller 
than that for 1907, is very considerable, and, allow- 
mg 2900 sleepers per mile, as is common in American 
practice, would be sufficient for 38,780 miles of track. 
The sleepers are classed as either hewn or sawn. Of the 
former, {1,979,233 were purchased in 1908, and of the 
latter 20,484,216. The average cost of the former was, 
as purchased by both steam and electric railroads, 
50 cents, while steam railroads paid an average price of 
52 cents for sawn sleepers, and electric roads an average 
of 54 cents. Most of the sleepers used were of oak of one 
of the several kinds. Such sleepers averaged, for sawn 
and hewn, 51 cents. Southern pines, next in number, 


averaged 54 cents., and then, in order of number purchased, 

Cedar, 49 cents each ; Chestnut, 49 cents ; Douglas fir, 

45 cents; Tamarack, 50 cents; Cypress, 44 cents; Hem- 

lock, JS cents; Western pine, 51 cents; Redwood, 51 cents ; 

— ‘tter only 871,906 were used, while of the others 
n, 


n each case the wy a to more than 3,000,000 
sleepers purchased, The difference between hewn and 
foe a scepers used on steam railroads is most marked, 
or the woods given above; in the case of redwood, for in- 
Stance, sawn sleepers averaged 15 cents each more than 
ewn. Sawn western pine averaged 10 cents each more 


on when hewn, while oak only cost 6 cents more, as did 
= Douglas fir. Tamarack sleepers cost on an average 
10 cents less when sawn than when hewn, and hemlock 
— less. On electric railroads hewn southern pine 
a i 5 cost 19 cents less than sawn, the latter averaging 
43 cents each. 


; Electric railroads purchased most sleepers 
of oak and chestnut. On the steam roads purchases of 


> and southern pines were far in excess of any other 
asses. 





CATALOGUES. , 


A REFERENCE list of firms ie with water-cooling 
towers has been issued by Messrs. Balcke and Co., Limited, 
27, Clement’s-lane, E.C. The list shows that a large 
number of cooling-towers with natural or fan draught, 
and also open-type coolers, have been supplied to electri- 
city works, collieries, steel-works, &c. 


Messrs. A. and J. Main and Co., Limited, Clydesdale 
Iron Works, Possil Park, Glasgow, have recently issued a 
catalogue of structural steel-work. Several types of roof 
principals are illustrated, and some particulars are given 
of skylights, ventilators, iron and steel doors, &c. 
number of complete structures are also illustrated, and 
these include dock-sheds, buildings for electric power- 
stations, engineering works and mines, exhibition build- 
ings, tea-factory buildings, and also railway and 
bridges, foot-bridges, &c. 

A catalogue describing and illustrating the ‘‘ Simplex” 
bar coal-cutting machine has m received from the 
Electric Construction Company, Limited, Dashwood 
House, 9, New Broad-street, E.C. In this machine, 
which is made under the Peake and English patents, the 
cutter-bar is directly coupled to the armature shaft of the 
electric motor. The catalogue describes the other special 
features of the machine, and also the method of operating 
it. Three standard sizes of 15, 20, and 25 brake horse- 
power are manufactured. Some other electrical machi- 
nery for collieries is also illustrated in the catalogue, in- 
cluding haulage gears, direct-current generators, and 
alternators. 


The British Electric Plant Company, Limited, Alloa, 
tland, has sent us two pamphlets, one relating to the 
industrial applications of electric motors, and the other 
dealing with centrifugal pumps. The first pamphlet 
contains a list of motors and other electrical machinery 
supplied to various industrial concerns, and states the pur- 
poses for which they were installed in each case. Illustra- 
tions of electric generating sets and some electrically- 
driven machinery are included, and several pages are 
devoted to useful tables and formule. The other 
pamphlet illustrates and gives particulars of self-balanci: 
centrifugal pumps for high and low lifts. Tables o 
speeds and outputs for single-stage and multi-s pumps 
are given in the pamplet, and illustrations show both 
horizontal and vertical pumps coupled to the firm’s elec- 
tric motors. 


A catalogue of ‘‘Sentinel” air-compressors has been 
issued by Messrs. Alley and MacLellan, Limited, Sentinel 
Works, Polmadie, Glasgow. This catalogue illustrates 
the construction and gives full particulars, includin 
dimensions, shipping weights and prices, of compoun 
intercooling and single-stage air-compressors. The former 
type are suitable for pressures up to 130 lb. per square 
inch, and have capacities ranging from 75 to 8300 cubic 
feet of free air per minute. Thg single-stage compressors 
are for pressures up to 50 1b. per square inch, and 
those listed are capable of dealing with 100 to 6600 cubic 
feet of free air per minute. Both types are arranged for 
belt-driving, or combined with simple or compound 
steam-engines. Particulars are also given of the ‘‘Sentinel 
Junior” compressors. These are small single - s' 
machines for pressures up to 100 lb. per square inch, 
arranged for belt or electric drive. Illustrations of port- 
able compressors, air-reservoirs, after-coolers, and various 
other products of the firm are also included in the 
catalogue. 


An album of illustrations of machine-tools for ship- 
builders, railway companies, structural engineers, boiler- 
makers, and others, has been issued by Messrs. Henry 
Pels and Co., Lincoln Chambers, 9, Portsmouth-street, 
Lincoln’s Inn Fields, W.C. The tools illustrated, all of 
which have frames built up of steel plates and sections, 
include billet and scrap shears, single and multiple 
punching-machines, double-ended punching and shearing- 
machines, notching-machines, cropping-machines, and 
bevel croppers for bars, joists, angles, and other rolled 
sections and plates. A new shearing-machine for joists is 
illustrated among the others. With this tool, standard 
and sees Fount, Ke dh channels, and other sections are 
cut with one stroke, without altering the upper knife, the 
bottom and side knives — | requiring to be ——— for 
different sections. Several special tools are illustrated, 
including a machine for automatically pnnching the rivet- 
holes in dished boiler-ends. Portable punches, croppers, 
shears, and other tools for hand-power are also illus- 
trated. 


We have received from Messrs. Bowes Scott and 
Western, Limited, Broadway Chambers, Westminster, 
S.W., a booklet illustrating and describing their water- 
softening apparatus. The publication, after pointing out 
the advantages of using softened water for boiler feed, 
laundry purposes, and also in the textile industries, 
describes the construction of Stephenson’s patent water- 
softener and illustrates a number of installations. These 
softeners are made in rectangular and cylindrical forms, 
the latter type having capacities up to 15,000 gallons per 
hour. Another catalogue from this firm deals with the 
‘* Francis ” rapid concentrator for low-grade ores, furnace 
residues, &c. The machine can also be used for the 
elimination of waste matter from the metallic portion of 
foundry and machine-shop sweepings. The catalogue 
illustrates and describes the construction of the machine 
and points out its special features, among which may be 
mentioned the facts that the table has a longitudinal 
reciprocating motion combined with a lateral rocking 
motion, and also that the inclination of the table can be 
varied while the machine is working. 


Messrs. Siemens Brothers and Co., Limited, Caxton 





House, Westminster, S.W., have sent us a catalogue sec- 


tion describing and illustrating Frahm’s patent frequency 
indicators and vibration tachometers. These instruments 
consist of a series of steel reeds with different periods of 
vibration. For indicating the frequency of an alternating 
current an electro-magnet, excited by the current, sets up 
vibrations which cause the reed in resonance with them 
to vibrate without affecting the others. Indicating-ti 
on the free ends of the reeds render their vibrations easily 
visible, and the scale of the instrument is graduated so 
that the number immediately over the vibrating reed is 
the frequency. The tachometers are constructed on the 
same principle, but the vibrations of the reeds are set up 
by those of the machine. The instrument is fixed to the 
bed-plate, or other convenient part, and, although the 
vibrations of the machine itself may be barely perceptible, 
they are, with ordinary machinery, quite sufficient to 
render the vibrations of the corresponding reed clearly 
visible. Prices are stated for instruments with different 
ranges for standard speeds varying from 1000 to 7000 re- 
volutions per minute. 


The Segment Motor-Rim Company, Limited, 1, Queen 
Victoria-street, E.C., have sent us a booklet illustrating 
and describing their detachable rim for motor-car tyres, 
by means of which a fully inflated tyre, carried on the 
car, can be substituted for a da one in a few 
minutes. The rim is made in four equal segments, pro- 
vided with flanges which fit against both sides of the 
felloe and prevent side movement of the rim. A pin 
attached to each segment and fitting into a corresponding 
recess in the bonding-band of the felloe serves to prevent 
circumferential movement, and also to transmit the drive. 
To remove the tyre and rim a special tool is inserted in 
holes provided near the adjacent ends of two segments. 
The tool is then turned so as to force the segments apart 
and increase the diameter of the rim sufficiently to enable 
the flanges to clear the felloe and allow the rim and tyre 
to be removed together. By a similar operation a spare 
tyre and rim can be placed on the wheel, or the rim can 
be fitted to another tyre. In the ordinary way the pres- 
sure of air in the tyre is quite sufficient to keep the rim 
on the felloe, but four security bolts are provided to keep 
the tyre in place if it should become deflated. 





Rapium in Swepen.—The Swedish Company Kolm, 
started for the production of radium, has purchased 
several areas, where work has already commenced, and 
the factory at Lidingo, near Stockholm, will, it isexpected, 
be ready next spring, and will employ some 120 hands. 
According to calculations the new factory will be able to 
produce some 44 grammes of radium per annum, and 
arrangements have already been made with the French 
factory at Nogent-sur-Marne with regard to supplying it 
with Swedish radium. The German radium factory so 
far has only produced } gramme of radium per annum. 





INTERNATIONAL CoNnGRESS, DiissgLporF.—The provi- 
sional programme recently issued by the Organising Com- 
mittee of the Diisseldorf International Congress for 
Mining, Metallurgy, Applied Mechanics, and Geology, is 
as follows :—Saturday, June 18, opening of the Congress 
office in the ‘‘ Tonhalle” (hours from 10 till 5). Sunday, 
June 19, Congress office in the ‘‘Tonhalle,” open from 
10.30 to3 ; and in the evening an informal meeting of the 
members of the Con . onday, June 20, 9.30 a.m., 
opening ceremony of the Congress, and forenoon and 
cheese meetings of the sections; luncheon of the 
members in company ; and an evening reception by the 
town of Diisseldorf. Tuesday, June 21, forenoon and 
afternoon meetings of the sections, luncheon of the mem- 
bers in company, and in the evening a grand banquet. 
Wednesday, June 22, 9a.m., fifth meeting of the sections, if 
found necessary—otherwise excursions ; evening, trip u 
the Rhine to beyond Duisburg. Thursday, June a 
excursions ; 5 p.m., concluding meeting of the Congress 
in the “ Stiidtische Saalbau,” Essen, followed by a garden 
party. The delivery of the proceedings is only guaranteed 
to those who intend taking part in the meetings, pro- 
vided their application has been received by the com- 
mittee before the 15th inst. 





Prosectep Exxctric STaTION IN COPENHAGEN, &¢,— 
The consumption of electricity in Copenhagen is increas- 
ing at an exceedingly rapid rate, and it has been found 
necessary to prepare plans for the construction of a large 
alternating-current central station, besides undertaking 
extensions to already existing central stations. It is pro- 
posed to locate the new station at the Kallebadstrand 
water-course, and that it shall have, when fully com- 
pleted, a capacity of 180,000 horse-power. At first, how- 
ever, the plan only comprises the installation of three 
turbo-dynamos of 7500 horse-power ——— each. The 
cost is calculated at 6,100,000 kr., or about 340,000/, As 
the site in question will not be available until 1911, it has 
been necessary, in the meantime, to provide for a supply 
of electricity from other sources, and for this purpose it is 
pro to extend the east alternating-current station 
and the large central station, to meet a calculated annual 
increase in the consumption of 15 per cent. The cost of 
these extensions, which should suffice for five to six years, 
will entail an expenditure of about 100,000. The possi- 
bility of drawing a portion of <woanee> requirements 
of electric current from the large Trollhiittan hydro- 
electric power-station in Sweden, now in course of con- 
struction, has also been under serious consideration. There 
do not appear to be any technical difficulties in the way, 
but the authorities in Copenhagen have received no 
definite offer, and even if an arrangement of this nature 
were arrived at, it is considered necessary to have the 
same amount of current available from the corporation’s 
own plant; thus an agreement of the kind would entail 
no material saving in the matter of cost of plant and 
installation. 
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““ENGINEERING” ILLUSTRATED PATENT | 
RECO | 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 
The number of views given in the ——— Drawings is a 


in each case ; where none is mentioned, 
illustrated. 


Where inventions are communicated from abroad, the Names, &c., | 


of the Communicators are given in italics. 
Copies of Aeoneees may be obtained at the Patent Office, Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the mee of a Complete 
Specification is, in each case, given after the abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the t of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 





MACHINE AND OTHER TOOLS, SHAFTING, &c. | 


19,160. G. W. Grimshaw and W. Norris, 
Bridge. Pneumatic Hamm: (8 Figs.) August 20, 
1909.—This invention consists in a double-acting fluid-operated 
hammer, in which the simultaneous compression and expansion 
of fluid on opposite faces of the tup-piston are controlled by two 
triple-ported valves, each valve having non-return valves in two 
of its ports, the non-return valves in one of the valves being of 
opposite sense to those in the coneeentins ports of the other. 
Passages 1, m connect the upper part of the cylinder a to the 
upper end of the cylinder f, while nando t the 
lower end of the cylinder f with the annular space p formed by 
the two diameters of the tup-piston. In the passages /, m and 
n, 0 are cylindrical chambers g, 7, in which work ported plug- 
valves s,t. The chambers y, r have liners u, v formed in them. 
Considering first the chamber ¢ and valves. The liner « has ports 
v, w communicating with ducts 5,5 which open to the atmos- 
here, Port 2 communicates with el, and port 8 with m, 
The ports 6, 7, 8in valve s communicate with the ports w, z, y 
when the valve is rotated. The port 7 has a one-way valve which 
permits flow from cylinder a to cylinder f; the port 8 has a one-way 
vaive which permits flow from f to a only. The ports y, 2, w are 
parallel to one another, but are arranged out of alignment with the 
pas 6, 7, 8, these latter being so placed that the ports y or w can 
»e closed or opened according to the position of the valve s. Con- 
sidering now the valve t and liner v, ports 1, 3 in the latter com- 
municate with the atmosphere by means of ports 16, and ports 2, 4 
communicate with ports n, 0 tively. Ports 12, 13 are pro- 
yided with one-way valves, which permit flow from f to a, and 
from a to f respectively. The ~ 1, 2, 8 are arranged out of 
alignment with the ports 11, 12, 13 in a similar manner to the 
ports in the liner uv. Owing to the fact that the non-return 
valves in one of the ported valves are of opposite sense to those 
in the other, it is possible to operate the valves 4, ¢ simultaneously 
and in the same direction of rotation ; therefore the valves s, t 
may be directly connected together and operated by suitable foot 
or hand-gear. A series of ape 17 are arranged round the cylinder 
A communicating with the at phere, and adapted to un- 
covered by the piston g towards the end of its out-stroke. The 
operation is as follows :—With the valves s,¢ in the positions 
shown the port w is closed ; consequently the piston g, on 
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making an up-stroke, will, owing to the actions of the one-way 
valves, expel the air contained in the cylinder f above the piston 
g out to atmosphere by way of ports 8, y, and 5. Simultaneously 
air is drawnin Sete the piston g through the ports 16, 1, and 13. 
Meanwhile, the valve t being in the position shown, the port 3 is 
closed, and also the port 12 is closed by the one-way valve. On 
the next down-stroke of the piston g, air is forced under the 
piston ¢ by way of ports 12, 2, and n, the one-way valve closing the 
port 13. The descent of the piston g causes a partial vacuum in 
the upper part of the cylinder f, and this partial vacuum is com- 
municated to the upper side of the piston c by way of the ports 
7, x, m, and l. The combined action of this compression and 
expansion of air is to raise the piston c, and to hold it in the 
raised position as long as the valves are maintained in the positi 

shown. A 18 and valve 19 are provided communicating 
with the top of the cylinder a and the port . On its up-stroke 
the piston c overruns the port J, and owing to the valve 19 closing 
the passage 18, some air is trapped above the piston c, and thus 
acts as a cushion. If now the valves be moved to place the 
ports 7, w, and 5, and the ports 12, 3, and 16 in communication 
respectively, the piston g on making a down-stroke will draw in 
air through 5, y, 7, and will expel air from its underside by n, 12, 
3, and 16. On the next up-stroke, the piston g will compress air 
on to the topof the piston c by way of 18, z, l, and simultaneously 
will expand air below c by way of ports o, 13, 1, and n. The 
result of these actions is to drive the piston c down, and to hold 
it pressed down as long as the valves are kept in this last-men- 
tioned position. If the valves be next moved so as to bring the 
ports 6, 2, | and 11, 2, n into communication respectively, the 
movements of the omg g will produce synchronous movements 
of the piston c, as there is free passage for the air to and from the 
upper and lower sides of the two pistons. With the valves in 
this position the tup-piston ¢ will strike its heaviest blow, and 
will continue to do so as long as the -valves are in this position. 
The three valve positions above described d three distinct 








inte itions intermediate effects will be produced, 
thus heavy or light blows, heavy or light sjueezes, or holding up 
of the = may be obtained by a suitable manipulation of the 
valves. (Accepted December 30, 1909.) ; 
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P tion Company 
effects ; it is, however, obvious that by moving the valves a te | (6 Figs.) March 4, 1909.—This invention has particular 


MOTOR ROAD VEHICLES. 

17,821. The Maudsley Motor Com (1907), 
Limited, and A. M. Rowlan Coventry. Motor 
Road Vehicles. (2 Figs.) July 31, 1909.—This invention 
relates to torque and radius-rods for use on motor vehicles. The 
axle-tube A has keyed to it a brake-drum B. Upon this is 
mounted a brake-band C, the ends of which are adjustably held 
together by means of.the bolt D. Thus the friction created by 
the band may.be varied. The. brake-band is carried by a block E, 
to which is pivoted the radius-rod F. The radius- is pivoted 
to the car- at the forward end, as usual. It will be seen 
that as the axle rises and falls the brake-band turns upon the 
brake-drum or frictional surface B. Thus a damping effect is 
obtained, which improves the action of the springs. The effect 
may be adjusted by adjusting the bolt D, whilst the actual con- 
struction of the shock- rber may vary, being of any well-known 
type. Attached to the frictional surface B are arms H. These 
arms engage a block J, lying within a tube K and mounted freely 





(67821) 





on the rod M. In this tube lie springs L, which bear against the 
block J. The tube and springs are mounted upon the torque- 
rod M, which is pivoted at its forward end, as usual. The arms H 
resist the tendency of the axle-tube to turn when the brakes are 
applied or when the engine is driving, the resistance being taken 
resiliently by the springs L. By arranging the torque-rod M 
parallel to and over the radius-rod F twisting of the axle is over- 
come when the axle rises and falls. It is preferred that the rods 
F and M be universally jointed at their forward ends. For this 
purpose each terminates in a jaw F2, M2, which receives a block O 
rovided with a vertical pivot 02. This block O is pivoted to the 
rame by a horizontal pivot P, there being two pivots at right 
angles to one another. The rods F and M are thus free to move 
in every direction, as is required. Alternately a ball joint may 
be used, if desired. It will be seen that by this invention an 
improved torque and radius-rod system is provided, which will 
considerably improve the effect of the car-springs. (Sealed 
February 24, 1910.) 


RAILWAYS AND TRAMWAYS. 


6083. C. Watson, London. Draw and Buffing-Gear. 
(5 Figs.) March 13, 1909.—This invention relates to central com- 
bined buffer and coupling devices, and has for its object the pro- 
vision of an improved arrangement for preventing the turning of 
the buffing and draw-gear on its axis, and ensuring the buffer 
faces adapting themselves to all working positions. The draw-bar 
a through a horizontal slot in the buffer-spring socket, and 
is 


i re with top and bottom flats a!, a2, and aseparate detach- 
ab The detachable head c is pivoted to turn in a vertical 


e head ec. 
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plane, and is provided at its inner end with a socket c! for the 
reception of the outer end of the buffing-spring ¢. At its inner 





A ding to this i tion, a guard'is employed having an inclined 
surface extending from the pole, to which it is convenient|\ con. 
nected by a sliding sleeve, toa point at such a level relatiyuiy to 
the contact-wheels or shoes, or some member connected t).ere. 
with, that a cross-wire coming in contact with the guard would 
be caused to pass right over the head. The upper end o/ the 
trolley-arm A terminates in a socket A! capable of limited rotary 
movement relatively to the arm A. The socket A! is provided 
with 9 fork A%, the arms of which are pivoted, as shown in Fig. 2, 
to lugs B! extending downwardly from a plate B which forms 
the base of the trolley-head. This base B is provided with an 
extension B2 having an upwardly curved portion B%. To the ex. 
tension B? is pivoted an inclined arm C, having its lower ey. 











tremity pivoted to a lug C2, forming part of a sleeve capable of 
sliding on the trolley-arm A, and of rotating thereon. The base 
B is provided with an upturned flange, forming a box-like casing, 
and in this casing is carried a flanged member D, having its upper 
portion bolted to a plate or frame E. The lower flanged portion 
of the member D is carried between ball-bearings, and the casing 
is closed by a cover-plate. The plate E forms the frame of the 
rotatable portion of the trolley-head, and its edge is closely ad- 
jacent to the a edge B* of the extension B?. Leading 
from the edge of the plate E are inclined guiding-ribs F, so shaped 
as to lead’ any cross-wire which may pass on to them from the 
inclined member C up to and over the trolley-wheels G. (Ac- 
cepted December 30, 1909.) 


3498. A. S. Nelson and A. McKillop, Motherwell. 
Buffers. [7 Figs.) February 12, 1909.—This invention relates 
to the guides or cylinders of wagon buffers, and has for object 
the production of a buffer from a single piece of steel plate. A 
plate of steel is corrugated and bent preferably into the form of 
a cone, with its edges meeting face to face as projecting flanges A 
which are riveted together. The larger end of the cone is formed 








(3499 


with a circular flange B, which is enclosed and bound by a flan ed 


base-plate C shrunk on over the end of the flange B. The smaller 
end of the cone is bound by aferrule D. The corrugations form 
ribs E in the direction of the longitudinal axis of the guide, two 
of these ribs being preferably parallel, so as to form a footstep, as 
indicated at F, or the footstep may be formed by bending over 





end the spring e is carried by the socket / on the headstock, a 
corresponding socket g on the opposite side carrying the draw- 
spring A. It will be seen that the draw-bar, whilst prevented 
from turning by the flats a@!, a%, is capable of lateral move- 
ment, and that the head ¢ is capable of both lateral and vertical 
movement, but is normally held central by the pressure of the 

buffing and draw-springs. (Sealed February 24, 1910.) 
19,098. Dick, Kerr, and Co., Limited, London. 
¢ Braun, Friedenau, Germany.) Electro - Magnetic 
{1 Fig.) August 19, 1909.—This invention relates to 
electro-magnetic brakes. The brake, according to the invention, 
consists of single electro-magnets connected together like the 
links of a chain, which construction results in a certain mobility 
of the brake magnets relatively to each other, and makes it 
— for the chain elements to adapt themselves to the irregu- 
arities of the rails or wheels. The brake consists of magnets A, 
A A A 


A, & 


8B 











r] 
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which can be of any desired shape, and which are capable of 
magnetising the rail in a transverse or longitudinal direction. 
In the present case, the magnets are taken to magnetise the rail C 
transversely. e ets A are 7 connected to each 
other by means of eyes and bolts B. The whole brake is thus 
constructed so as to have the shape of a chain, the links of which 
can move to a certain extent relatively to each other. The 
magnets are preferably provided with pole-pieces D. (Accepted 
.) 


30, 1 


5249. E.M.Munro and the Railless Electric Trac- 
Limi Trolley-Heads. 

reference 
to trolley-heads in which, — to their size and construction, 
there is an angle or hook formed between the pole and the head 
that is likely to cause trouble in the event of the collector be- 
disengaged from the wire by catching in cross-wires, 





the longitudinal flanges A. (Accepted December 30, 1909.) 

3285, Ley Allen and Co., Limi and H. H. 
Gunstone, ffield. Central Draw-Bar . (2 Figs.) 
February 10, 1909.—This invention relates to means by which the 
draw-bars and their direct connections may always be maintained 
at a constant level from the rails, and therefore in alignment with 
each other. A socket a is provided to carry the draw-bar ), 


td 


















cecsenescncnmmmedensece 


which socket is attached to a cross-bar c, carried from « mai 
lever d@ supported on the axle-box at each side of the a 
Suitable boxes and slides are provided in the buffer-plank, he a. 
stock, or frame of the vehicle to allow of the body of the \ — le 
rising and falling by the action and reaction of the springs, 1" “4 
pendently of the draw-bar gear, which always remains at thé 
same level from the rails. (Accepted December 30, 1909.) 
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FOUNDRY PLANT AND MACHINERY. 
No. V 
By JosrrH Horner. 


Tur design of foundry buildings involves several 
matters of much importance. After the lay-out 
has been determined with due regard to the re- 
quirements of the firm, there remain the questions 
of walls, roof, and lighting. In several respects the 
most approved practice of the present day differs 
from that of the past in reference to each of these 
subjects. 

The walls of foundries are generally built of 
brick or masonry of substantial thickness, suitable 
to the size of the building. Most of the old shops 
were constructed thus, with internal buttresses, also 
of masonry. This design is solid, the building does 
not suffer from extremes of temperature, and it is 
the best form of construction. But it is also the 
most expensive. 

Cheaper walls are built with columns spaced at 
intervals of a few feet, and having the intervening 
spaces filled with a thin wall of bricks, just as 
match-boarding or corrugated sheets are used in 
some shops in the same way. In such designs the 
material which occupies the interspaces has no 
structural value, the columns carry everything, and 


girder section, lightening holes are often cast 
in the plane of the neutral axis, and facings or 
brackets can be cast on as required. Moreover, 
alterations in the main pattern can be easily 
effected to suit the requirements of different parts 
of the shop; and the flat faces are permanently 
convenient for the attachment of anything that 





























there are some advantages in the substitution of 
columns for buttresses and thick walls. They not | 
only support the roof principals, but also the over- 
head crane runways. Provision, too, can be readily | 
made for the attachment of swinging jib-cranes to | 
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them. Such a design permits of uniform and rapid 
extensions in the future, and it has a light effect. 
The same pattern of column can be used both for 
walls and partitions between bays, with pleasing 
uniformit y of appearance, the minimum obstruction 
of light, and with economy in manufacture. Lastly, 
columns afford excellent means of attachment for 
heating and ventilating pipes. 

The type of column used, whether cast or built 


_* rolled sections, is chiefly a matter of cost. 

4st-iron columns may be cylindrical, but that is 

a er | the best shape to adopt, because of 
al 


; iculty of making attachments to them. If 
meport s for runways are required below the top of 
h ° rappes brackets are cast on at the proper 
ne At, or else facings are provided to bolt brackets 
©. The same remark applies to the fitting of 
: the pintles of which must 
suitable brackets, Using cast columns of 


SWinging jib-cranes, 
turn in 








may ever be required. Such columns may also be 
depended on for soundness more than circular ones, 
the presence of the central core in which is always 
liable to cause blow-holes, sponginess, or metal of 
unequal thickness in top and bottom of the mould. 
A good type of column is shown in Fig. 33, with 
offset brackets to carry runways, and with a reduced 
section above the top runway to carry the roof 
principals. 
Built-up columns, though not quite so rigid as 
those of cast iron, are, if properly braced, quite stiff 
enough. They are either built on the rolled joist 
or }} section, or in the braced box section. ere 
are several variations in the methods of building up 
with rolled jdists, channels, or angles, and flat 
bracing-bars, rather than with solid plates. The 
bars are arranged zigzag or crossing. 

Frequently a column of large cross-sectional area 


by a rolled joist section going up to support the 
irders on which the roof principals are supported. 
ese rolled and plated constructions are now 
generally preferred to cast-iron work on account of 
their lightness, good appearance, the facility with 
which they can be built and erected, and of their 
offering suitable faces for receiving any attachments. 
Timber and steel have divided favour for roof 
principals, but the use of timber is undesirable for 
several reasons. The heavy beams block light, 
they soon become covered with dust in a foundry, 
and require frequent cleaning and whitewashing. 
There is also danger from fire. The timber is 
liable to warp and render the roof leaky ; notwith- 
standing this, large numbers of foundry roofs have 
been built of timber. But the light steel roofs built 
up of- rolled sections and flat bars are preferable, 
angles or tees being used for compression, and bars 
for tension members. Fig. 33 gives an example of 
this kind. Fig. 34 shows another, the roof for the 
middle bays of the steel foundry of the Lancashire 
and Yorkshire Railway, the plan of which was 
given in the last article. Fig. 35 shows a similar 
span, with details which apply generally to all the 
spans. It is a louvre roof, slated, and glazed on 
Pennycook’s system. The principal dimensions 
and particulars are given on the drawings. 
In designing a roof, ventilation and light both 
have to be considered. A common way of pro- 
viding for ventilation is to make a ridge roof sur- 
mounted with a louvre over the ridge, Figs. 33, 
34, and 35, having boards fixed at an angle at each 
side. The louvre openings are so high up that they 
permit escape of bad air without ordinarily creat- 
ing any sensible draught. In cold and gusty 
weather, however, the wind blows through, and 
sunshine will find its way in. An alternative is to 
put hinged windows, the opening of which can be 
regulated from below. But the louvre is not now 
adopted as much as formerly, because ventilation is 
secured better by artificial systems produced by 
fans. Then a plain ridge roof is used, with nothing 
above the apex of the ridge. 
A rival to the ridge type of roof employed in a 
ood many recent shops is the saw-tooth type, 
igs. 36 and 37, page 334, borrowed from the weav- 
ing-mills. The section approaches that of a cross- 
cut saw, though not equilateral. The steeper side 
faces the north, and therefore never admits the 

lare of direct sunlight, but reflected light only. 

he whole of this side is glazed, the whole of the 
other side, that of greater slope, is covered. The 
ridges of such roofs may run longitudinally or down 
the shop bays, or transversely thereto. ey vary 
also greatly in pitch. 

A saw-tooth roof will provide enough light for a 
shop without putting windows in the walls. It is 
also possible to get enough light from an ordinary 
ridge roof. Many new ia have therefore been 
built without windows in the walls. There is the 
advantage that the glare of direct sunlight coming 
in workmen’s faces is avoided. Further, the shops 
are of more uniform temperature, because windows 

rmit the passage of heat in summer and loss of 
neat in winter. Lastly, walls can be utilised for 
shelving, for hanging light plated — on, strip- 
ping — and much besides, while windows cannot 
Ie. ose who are designing new foundries would 
therefore be well advised to weigh the alternative 
of windows or continuous walls. It is possible to 
get a glazed area in the roof equal to one-third or 
one-half the floor area which it covers; this is 
enough, and much more than many foundries have. 
The windows are run along continuously on each 
slope of the roof, frequently also along the top of 
the ridge, occupying a few feet on each side of it. 
This, with light principals of steel, seems the best 
design for a foundry. 

If it is not pone A desirable to put so much 
glass in the roof, a portion may be put in the upper 
part of the walls occupying the space between the 
runways of the cranes and the springing of the roof 
principals. Such windows do not occupy space that 
could be rendered available for any useful purpose. 
An alternative is small windows along the sides as 
well as at ends, which do not interfere much with 
the wall e. An example is given in Figs. 38 
and 39, page 334, that shows the foundry of the 
Campbell Gas-Engine Company, Limited, the plan 
of which was shown in a previous article. 

Many foundries have large windows in the end 
walls, and if these happen to face north, there can 
be no objection to them on account of direct 
sunlight. Or if they are situated high up, there 





will carry the traveller runways, and be surmounted 


is not the objection that there would be to low 
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windows. In foundries doing heavy work the end 
doors must be large, and of the sliding type, and 
then these will occupy so much wall area when 
closed and open that little space will be left for 
windows, which, if inserted at all, much be high up. 

With regard to glazing, putty is not suitable, 
because when it cracks, the rain leaks in, and drips 
on the floor and the moulds. There are now various 
systems of puttyless glazing which give excellent 





cannot be recommended, except for buildings of 
a temporary character. They transmit extremes 
of heat and cold, and are not permanently weather- 
proof. — ° 

Roof principals are carried on girders running 
longitudinally on top of columns, when such are 
used, or on brick or masonry walls. The columns, 
when used, are of much smaller cross-section above 
the runways than below, Fig. 33. They may be 












































Fig. 37. 
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results. Twenty-one-ounce glass is readily fractured 
by heavy falls of snow, and by the effects of heat 
on the sash-frames, and by missiles. If it is covered 
with wire-netting, cleaning is rendered difficult. 

There is a kind of glass, the ‘‘ Refrax,” which, 
though expensive, is better for roofs than the ordi- 
nary kinds. It is about } in. thick, plain on the 
outer or top face, and fluted below, the section of 
the flutes cies exactly like the teeth of a band- 
saw (see Fig. 40), while the sheet, when required, 
encloses a fine wire-netting, Fig.41. This netting 
not only renders the glass stronger to resist frac- 
ture, but if the glass breaks, the pieces will not 
tumble down. It is claimed that the effect of the 
fluting is to improve the distribution of the light 
transmitted. 

A good deal of money can be spent on roofs 
beyond that necessary for mere covering. Tiled 
roofs are not desirable for large spans, because of 
the excessive weight. Slates are better, but more 
costly. iy ed nails should be used preferably to 
zine, which ome corroded in the course of time. 
A well-laid slated roof is water-tight, but security 
is sometimes increased by lining it with felt laid 
en boarding. Roof-coverings of galvanised iron 
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of the same pattern for good appearance, though of 
reduced dimensions. 

A very cheap type of roofing is that known as the 
Belfast roof. In this the principals are of arched 
form, the arched ribs, the ties, and the bracing 
being all built up of timber planking, arranged to 
break joints, 


NEW HIGH-TENSION ELECTRIC GENRE. 
RATING STATION, DUNDEE. 


THE city of Dundee, situated on the north })ank 
of the River Tay, is the third city in Scotland. It 
has an area of 4881 acres, and a population of 
practically 170,000 inhabitants. The city is the 
centre of the jute industry in Great Britain, im- 
porting roughly 220,000 tons of jute annually, 
There are about one hundred mills and factories, 
having an aggregate horse-power approximatins to 
60,000. Shipbuilding and iron foundries also pro- 
vide employment for a large portion of the inhabi- 
tants. The Admiralty, within the last year, have 
leased a portion of the harbour and docks, and 
have formed there a submarine base. 

Although Dundee was one of the first towns to 
adopt electricity, it is only within recent years that 
its use has really extended to any great extent. 
The supply was started on March 15, 1893, for 
lighting and power purposes, and from then up to 
1900 slow but steady progress was made. In that 
year the Corporation took over the horse and steam 
tramways from the City and District Tramway 
Company, and gradually electrified the whole 
system. -Extensions have since been made to the 
tramways, and at present the length of route 
y ome: for traffic amounts to 144 miles. The price 
charged to the tramways for current has been 
steadily reduced from 13d. to 14d. per unit. 

To meet the increasing demand from private 
consumers as well as the extra load caused by the 
conversion of the tramway system, large extensions 
were made to the plant at the generating station. 
Within the last few years, however, the business 
has increased to such an extent that it was felt 
that serious attention would have to be given to 
extending the plant still furthur, notwithstanding 
the fact that the generating station was practi- 
cally remodelled directly the present chief engi- 
neer took up his duties, in order that the best 
possible results could be got from the plant then 
installed. 

After receiving reports and estimates from Mr. 
H. Richardson, and after consultation with Mr. J. 
F. C. Snell, M. Inst. C.E., the Council proceeded 
with the work, placing the responsibility for the 
design and execution of the whole system in the 
hands of Mr. Richardson, who advised the adoption 
of an extra high-tension generating station with 
sub - stations. In 1907, the building of an extra 
high-tension alternating-current three-phase station 
was started for generating current at 6600 volts 
with a periodicity of 50 cycles per second, together 
with three sub-stations where the current would 
be converted to direct-current and fed into the 
low-tension systems, either three-wire with 400 
volts across the outers for lighting and power, or 
at 550 volts for tramways. This system, which has 
cost over 100,000/., has now been partly in opera- 
tion since July of last year, and so far has proved 
eminently satisfactory in every way. The official 
inauguration of the new system took place on the 
23rd ult., when the main generating station was 
opened by Professor J. A. Ewing, C.B., F.R.S. 

With a capital expenditure of 242,552/., the 
revenue last year from the sale of current was 
36,9751. Although the accounts have never shown 

rofits of large dimensions, still the fact must not 

e lost sight of that for several years it has been 
the eustom of the department steadily to reduce 
the capital debt of the undertaking. This has 
been done by transferring large sums annually from 
capital to revenue, and with the cost of the large 
alterations which were carried out earlier, which 
were also paid out of revenue, the sum of 31,500l. 
has been paid out of the revenue account during 
the last five years—an average of 63001. per annum. 

The main generating station is situated at Caro- 
lina Port, about 14 miles from the centre of the 
city and 560 ft. from the River Tay. The site 
occupies an area of roughly 1 acre, but there 1s 
ample ground in the vicinity for extensions. The 
present main buildings average 120 ft. long by 
132 ft. wide, and consist of a steel framework filled 
in with brickwork on three elevations, and a tem- 
| porary corrugated iron screen wall forming the west 
‘elevation to allow for easy extension. The roof 
|is of wood and slates, supported on steel principals 
15 ft. apart, and has large roof lights running the 
| whole length of the building. The arrangement 15 
| shown in Figs. 1 and 2, es 335 and 336, which are 
a plan and a sectional devation respectively. A «is- 
tinctive feature of the buildings is the large wind ows 
in the north and east elevations. In the boiler 
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ELECTRIC GENERATING STATION AT. DUNDEE. 
CONSTRUCTED FROM THE DESIGNS OF MR. H. RICHARDSON, M.1. MECH.E., ENGINEER, DUNDEE. 
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house, especially, the large amount of light and the | erected by the Clyde Steel Structural Company, 
white glazed bricks of the boiler settings and econo-| and the brickwork by Messrs. A. and T. Craig, 
misers give a pleasing effect, and must be conducive |a local firm. A view of the steel-work, which is 
to good work on the part of the boiler-house staff. reproduced from a photograph taken during con- 
Foundations. —The ground upon which the | struction, is shown in Fig. 6, page 340. 
station is built was reclaimed from the river some| The Engine-Room.—The engine-room is 120 ft. 
20 years ago. A large percentage of the sub-soil |long, 50 ft. 1} in. wide, and 49 ft. 9 in. high from 
18 the refuse of the local gas-works, and of no use the lower floor-level to the eaves. The upper floor 
whatever for bearing any permanent loads. Nu- |is of reinforced-concrete on the Columbian system, 
merous borings were made, and good rock was and is 14 ft. 9 in. above the lower floor. This 
found 30 to 33 ft. below the surface. It was ulti-| floor does not extend the whole length of the 
mately decided to pile the whole foundation with engine-room, as will be seen from Fig. 1, the part 
reinforced-conerete piles, grouping the piles where |at the extreme east end of the lower floor being 
the he ier weights had to be carried, and then to | used for sub-station machinery. 
build a reinforced-concrete raft over the whole, | The Switch-House.—The switch-house is 120 ft. 
censtructcd to the various levels required. The|long, 15 ft. 3 in. wide, and has four floors, of 
work was started in December, 1907. More than |which the extra high-tension switch-gear occupies 
300 reinforced-concrete piles were driven down to| three and a battery the fourth. A part of this 
the rock, and a raft, varying in thickness from 4 ft. | house at the east end is reserved for rooms for the 
to 43 in., constructed. Figs. 4and 5, page 340, show | station superintendent and staff, as may be seen in 
the foundations and the raft during construction. | Fig. 1. The boiler-house is 105 ft. long, 40 ft. 
Buil cngs.—The whole of the structural steel-| wide, and 52 ft. 9 in. from the ash-basement level 
work of the main buildings was supplied and/|to the eaves: Provision in height has been made 




















for thermal storage should conditions warrant the 
adoption of this in the future. 
he bunker-house is 105 ft. long, 20 ft. wide, 
and 65 ft. high from the ash-basement level to the 
eaves. It may be seen in section on the right-hand 
side of Fig. 2. The firing-floor is 4 ft. above the 
ound-level ; this allows of windows in the ash- 
ment to give light and ventilation. An inclined 
roadway at the north door of the boiler-house pro- 
vides easy access to the firing-floor for carting coal 
in case of emergency, as well as for handling plant. 
A small workshop, store, and lodge are situated at 
the north-east corner of the site, and a weigh-house 
and locomotive-shed are also provided. 

As far as practicable the unit system has been 
carried out in the design of the work. The station 
as at present put down is complete and symmetrical 
on each side of its north and south centre line. In 
the arrangement: of the buildings the possibility of 
the future use of gas-engines and gas-generators, 
if they become more reliable and smaller, has been 
kept constantly in view. 

Coal-Handling.—A railway branch line is brought 
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on to the site at the average level of the ground. 
This line passes over a 20-ton weighing-machine, 
where the wagons are weighed, then leads through 
a large ring-tippler situated over a_ receiving- 
hopper. In the tippler the wagons, after being 
clamped down, are turned completely over, coming 
back to the original position. The tippler is driven 
by an electric-motor of 4 brake horse-power, and 
the time taken to make a complete revolution is 
two minutes. The rings are weighted at the top 
to give a central centre of gravity when turning 
with a wagon, and an ingenious lock prevents the 
—— being turned without a wagon in =. 

he wagons are handled by an electric locomotive 
supplied by the British Thomson-Houston Com- 
pany, Limited. This locomotive takes its current 
from overhead wires by two trolley-arms. It has 
two motors, and is capable of - ling a load of 
20 tons up an incline of 1 in at 64 miles per 
hour. The vr a ee pel (shown in section in 
Fig. 2) into which the coal is dumped has-a capa- 
city of 18 tons, and it is built of steel plates 2 in. 
thick, stiffened by tees and angles. A tray conveyor 
carries the coal from this — to the main gravity 
bucket conveyor, which lifts it to the overhead 
bunkers. This tray conveyor carries the coal a 
distance of 45 ft., and is driven by a 2-brake-horse- 
power motor ; it discharges the coal into a rotary 
filler which feeds the buckets of the main conveyor 
while they are in motion. 

The gravity bucket-conveyor, supplied by Messrs. 
Babcock and Wilcox, Limited, is about 326 ft. 
long, and has a vertical lift of 62ft. This conveyor 
is driven by a 6-brake-horse-power motor, and runs 
at a speed of 50 ft. per minute. The buckets are 
each stamped out of a single piece of steel, and 
have only the side brackets and tipping-lugs riveted. 
The coal is deposited in the bunkers by means of 
— of which there are two to each bunker. 

he overhead coal-bunkers have a capacity of 
about 700 tons, and are situated above the firing- 
floor. They are built of steel plates stiffened by 


angles and tees; the bottoms are # in. thick, and 
the sides and bulkheads ,5, in. Special attention 
was given to the riveting, so as to have the bunkers 
The coal passes 


as far as possible water-tight. 
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through a valve at the bottom of the bunker into superheater of 1389 square feet heating surface, 
measuring-machines, where the amount is regis-| which gives a superheat of about 150 deg. Fahr. ; 
tered, then by way of shoots to the stoker hoppers. ‘each superheater is fitted with the usual flooding 
The measuring-machines run on rails euspended | and draining arrangement. There are two chain- 
from the bunkers, but the shoots are fixed. Coal | grate stokers to each boiler, having a total — 
may be taken from either of two bunkers to either | area of 120 square feet, and driven by —— 
of two boilers in a battery. |chains from a shaft in the ash-basement. The 

Boilers.—At present there are four Babcock and | driving motors are situated between the ory 
Wilcox water-tube boilers, each having a heating|of boilers in a room at the ash-basement level. 
surface of 6182 square feet, and rated to evaporate | These are 8 brake horse-power each, and -~ = 
20,000 Ib. of water per hour with a working pres-| trolled from the firing- floor, each motor being 
sure of 180 Ib. per square inch. The boilers are | capable of driving the eight stokers. The — = 
each fitted with a Babcock and Wilcox improved | discharged through dumping-doors at the back 0 
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built of brick, and has a firebrick lining and centre 
division inside toa height of 26 ft. above the firing- 
| level, 
| Feed Pumps.—Two steam-driven Weir feed- 
umps are situated on the engine-room lower floor 
in front of the chimney. Each pump is capable of 
delivering 80,000 lb. of water per hour against the 
boiler pressure of 180 lb. per square inch. Besides 
the ordinary stop-valve at the pump there is a valve 
with an extended spindle passing through the 
chimney to the boiler-house, with which. the fire- 
men can regulate the 7 of the pump. Above 
the wheel on this spindle in the 6. sien is a 
gauge showing the pressure of the feed-water, and + 
on this gauge the strokes of the pump can be plainly 
observed. As the pump exhaust is not free from 
oil, it is not allowed to mix with the turbine exhaust, 
but is passed through a coil in the hotwells, where 
the otherwise waste heat is taken advantage of to 
heat the feed-water, and the condensed steam is 
run to the drains. 

Steam-Piping.—The main and branch steam- 
pipes to the turbines are of mild steel, 8 in. in dia- 
meter, with branches and flanges riveted on. The 
main steam header is securelyanchored at two points 
—viz., in the middle of each battery of boilers, and 
an expansion bend is fitted between the batteries. 
In erecting this pipe the expansion bend was sprung 
in cold by an amount equal to half the maximum 
total expansion when working. There is a mild- 
steel steam-separator for each turbine situated in 
Fie, 14. Pumpine Station, the engine-room lower floor, with a Poole trap dis- 
charging the condensed steam either to the hotwell 
the chain grates to the ash-pits underneath, from | veyor. There are two economisers of 360 tubes | or to the drains. . 
which they are allowed to fall to the ash-basement ! each, situated one on each side of the chimney, one Turbines.— The main steam plant consists of two 
floor. After they ate cooled, they are taken by the | for each battery of boilers. They are erected above | Willans-Parsons steam-turbines, each having a 
main conveyor to the ask-bunker. The ashes are | the main flues, so that the gases travel upwards from | nominal capacity of 2000 kilowatts = (2700 elec- 
then discharged through shoots either to railway | the flues through the economisers to the chimney. | trical horse-power), but each is capable of een 

n 

















wagons or carts as may be desired. In the boiler-| When the economiser is not in use the main flue | with an overload of 26 per cent. for two hours a 
house there are a Simmance Abady combined CO, | discharges direct to the chimney. All the dampers | 50 per cent. for half an hour. Each turbine is fitted 
and (: .ught recorder, large illuminated dial steam- | are of the horizontal butterfly type. | with a hand-operated overload valve, which admits 


pressure gauge, giving the steam pressure in the, The soot-pit under each section of the economiser | high-pressure steam to the second expansion rings, 
main steam-pipe, and a recording steam-pressure | is formed with a double slope leading to a trough |a governor with electrical control, an oil-pump, 





gauge. at the bottom, where a screw conveyor, driven by | and a tachometer. A hand oil-pump is also pro- 
Flues and Economisers.—Special attention has | means of a clutch from the scraper-gear, discharges | vided to flush the bearings before starting. 
been yiven to making the flues as short as prac-|the soot into trucks ; it is then taken by the main Condensing Plant.—Immediately underneath each 
ticable, with easy curves and rounded corners. To | conveyer tothe ash-bunker. The economiser scraper | turbine is a contra-flow surface condenser of 3400 
facilitate the cleaning of the flues, sliding doors|gear is driven by a 4-brake-horse-power motor | square feet cooling surface. To allow for ex- 
have Leen provided in the bottom of the main flues, | situated at the level of the top of the economiser. nsion and prevent distortion of the turbine 
80 that the soot may be dropped into barrows at the| | Chimney.—There is one chimney 9 ft. in internal y, the condenser rests on springs, and is not ‘ 
#sh-basement level, and oPes to the main con-' diameter and 200 ft. high above firing-level. It is | rigidly fixed. Each condenser is provided with a 
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three-throw Edwards air-pump, driven by an electric 
motor. On the end of the air-pump crank-shaft 
there is a force-pump, which lifts the discharge to a 
Lea recorder on the upper engine-room floor, where 
the steam used per hour is continuously measured ; 
the water is then allowed to gravitate to the hot- 
well, 

Cirewlating-Water.—The circulating-water for the 
condenser is taken from the River Tay. A pump- 
room, constructed of reinforced concrete, was sunk 
at the waterside. The maximum rise and fall of the 
tide in the river amounts to nearly 18 ft. To reduce 
the power required to circulate the large amount of 
water, and also to avoid the necessity for constant 
regulation due to a varying head on the pumps, it 
was decided to use a closed system of piping and 
arrange the outlet of the discharge-pipe below 
water-level. The condensers are well above highest 
water-level, and consequently the internal pressure 
is less than atmospheric pressure, especially at low 
tide. Hence it would have been preferable to lay 
as much of the piping as possible below low-water 
level, and thus reduce the chances of air leakage, 
and also the volume of air in the pipes should the 
siphon break. The expense of doing this was, 
however, so great that the pipes had to be laid at 
such a depth that they are only partly below water- 
level at the highest tide. The outlet-pipe passes 
through the concrete wall of the eastern wharf, 
and then turns vertically downwards, ending with 
a short bend in a horizontal direction. The top of 
the mouth of this bend is 2 ft. below lowest water- 
level. The top of the condenser is 19.9 ft. above 
Ordnance datum, and on test a mercury gauge 
showed a vacuum of 22.8 ft. of water, while the 
tide was 22.7 ft. below this level. The measure- 
ments could not be made very exactly, owing to 
fluctuations, but they show that the pipe was run- 
ning full bore. Some months later, during a 
specially low tide, a gauge connected to the main 
pipe in the engine-room showed a vacuum of 20 ft., 
while the tide was actually 20.1 ft. below this 
point. In the main supply-pipe in the engine-room 
at the same level the vacuum was 12 ft. of water. 
The difference of 8 ft. is about the normal fric- 
tional head, so that the full effect of the return-flow 
is utilised. To make sure that water can always 
be obtained in emergencies, the pumps are arranged 
below lowest water-level, and can be speeded up 
to deliver the full quantity of water should the 
siphonic action fail altogether. Automatic reflux- 
valves are fitted at the pumps, enabling all ordi- 
nary control operations to be carried out from the 
power-station. At first these valves closed with 
considerable shock, but this was greatly lessened 
by fitting a small valve on the main one, opening 
in the reverse direction, and closed with a spring. 

This pump-room is 14 ft. internal diameter, and 
27 ft. sn from the ground level to the bottom 
floor. Two sectional clevations of it may be 
seen in Figs, 8 and 9, and sectional plans in Figs. 
10 to.13, page 337, while an exterior view, repro- 
duced froma photograph, is shown in Fig. 14, on the 
same page. On the river side of the pump-room 
are two settling-tanks, constructed of reinforced 
concrete, and having removable covers for cleaning. 
In these settling-tanks the change in the velocity 
of the water precipitates the mud, &c., which may 
have been carried through the gratings on the 
inlets. The pump-room is equipped with two 16-in. 
diameter vertical-spindle centrifugal pumps, situated 
on the bottom floor below the lowest low-water 
level, and driven direct by two vertical electric 
motors of 63 brake horse-power each, at the ground 
level. The motors are started and controlled from 
the engine-room, and have a wide range of speed 
regulation. ‘lhe main circulating-water pipe ode 
the pump-room to the engine-room, and from the 
engine-room to the river, is cast iron, 30 in. in 
diameter and § in. thick, having spigot and faucet 
joints where laid in the ground, and flange joints 
in the engine-room. The pipes rest on a reinforced- 
concrete raft supported on reinforced-concrete piles, 
and the greatest precautions were taken to protect 
the pipes from corrosion. The pipes were coated 
internally and externally with Dr. Angus Smith’s 
solution, then asphalted 4 in. thick, and covered 
with 6 in. of puddle clay after they were laid. At 
the highest point of the system a single-throw 
Edwards air-pump is connected by means of a 
barometric pipe to deal with the air that has been 
carried in with the water. i 

Generators. —There are two main generators, each 
2000-kilowatt three-phase, giving 50 periods at 
6600 volts when running at 1500 revolutions per 





minute. Each is capable of carrying an overload 
of 25 per cent. for two hours and 50 per cent. for 
half an hour. The stator body is in one piece and is 
arranged to slide lengthways along the shaft to give 
access to the rotor. The rotor has four poles and 
is very strongly constructed. Natural ventilation 
is used, cold air being drawn through air-passages 
from below. Direct coupled to each generator is 
an exciter of 18.5 kilowatts at 125 volts. 

There are two auxiliary direct-current generators 
coupled to two Willans central valve II type of 
engines, used as a stand-by for exciting the main 
generators or driving the works motors. The gene- 
rators are of the Siemens bi-polar type, giving 600 
amperes at 200 volts. A small booster situated on 
the upper engine-room floor consists of a 23 brake- 
horse-power motor, and a 15-kilowatt generator is 
used for charging the battery. 

There are two motor generators situated on the 
lower engine-room floor. One is a single-ended 
machine, consisting of a three-phase 6600-volt motor, 
coupled direct to a 300-kilowatt continuous-current 
generator generating at 400 to 460 volts. The other 
is a double-ended machine, consisting of a three- 
phase motor in the centre, driving two continuous- 
current generators of 150 kilowatts generating at 
200 to 230 volts. These motor generators are used 
for feeding the district round the main station, and 
for the works, motors, &c. In the engine-room there 
is a 25-ton three-motor travelling-crane, supplied by 
Messrs. Alexander Jack and Co., Motherwell. 

Battery.—The battery is situated on the fourth 
floor of the switch-house, as may be seen in Fig. 2, 
and consists of 102 Tudor cells in lead-lined wood 
boxes, supported on glass oil-insulators. Special 
care was taken in the construction of the battery- 
room floor to make it acid-proof. Blue adaman- 
tine clinkers were laid on cement and grouted with 
bitumen. 

Switch-Gear..—The extra high-tension switch-gear 
is contained in a separate building, and occupies 
three ficors. The ground floor is occupied -by the 
cable-dividing boxes, static-dischargers, and isolat- 
ing-switches. The bus-bars are on the first-floor, and 
the oil-switches on the second, so as to be free and 
easily accessible. The whole of the extra high-ten- 
sion switch-gear is contained in moulded concrete 
cells, no brickwork of any kind being used. The 
bus-bars are in duplicate, and the two sets can be 
paralleled through an oil-switch. Each bar is 
isolated in a cell by itself, and as it is only con- 
nected to its own phase, the risk of a breakdown on 
any part spreading is greatly reduced. Static-dis- 
chargers are provided on the outgoing feeders. The 
oil-switches have two breaks per pole, and each of 
the three phases is contained in a separate cell. 
The opening and closing of the switch is effected by 
the release of powerful springs. The mechanism is 
so arranged that, after the switch is cither opened 
or closed, the motor coils up the spring ready for 
the next operation. 

The whole of the switch gear was supplied by the 
British Thomson-Houston Company. The alternat- 
ing-current control-boards and the direct-current 
main board are situated ona gallery 11 ft. above the 
engine-room upper floor level. The boards are of 
white marble. On the alternating-current control- 
board indicating-lamps show whether the oil-switches 
are in or out, A synchroscope with indicating- 
lamps is mounted at each end of the board on swing 
panels, in full view of the operator. Triple-pole 
time-limit overload relays are used on the feeder 
and motor-generator panels, and Andrews reverse- 

wer relays for the generators. A Tirill regulator 
is installed for keeping the voltage constant in 
spite of the variable tramway load. Special atten- 
tion was given to earthing the framework, &c., in 
a very substantial manner. 

Sub-Stations.—There are three sub- stations be- 
sides the part of the main generating station allotted 
to the sub-station machinery. These are situated 
at Clepington, Lochee, and Dudhope. Lochee and 
Clepington sub-stations are similar in construction, 
except that the former is built of stone lined with 
brick, while the latter is all brickwork. Dud- 
hope sub-station is part of the old generating- 
station, altered to suit. The general arrangement 
of the sub-station at Clepington is as shown in 
Fig. 3, page 336. The buildings are plain, and 
lighted from the roof, while the whole of the floors 
are finished in terrano. The transformers and 
ro converters are on the ground-floor, while 
the high and low-tension switch-gear is situated on 
a gallery 7 ft. 8 in. above the floor-level. 

he extra high-tension switch-gear is in similar 





moulded concrete cells to the switch-gear of the 
main station, but the oil-switches are mechanically 
operated. The bus-bars are so arranged that 
various sections may be separated if desired. (Op 
both incoming and outgoing extra high-tension 
feeders static dischargers are provided, while re- 
verse-current relays are in circuit with the incoming 
feeders. In the Clepington sub-station there are 
at present three rotary converters, supplied by the 
British Westinghouse Company, each of 550 kilo- 
watts. By means of a double-throw switch on the 
machines these may be made either shunt-wound 
machines, suitable for lighting loads, or compound- 
wound machines, suitable for running on traction, 
Kach rotary is combined with an alternate-current 
booster, which boosts the low-tension volts up or 
down, so that the machine is capable of giving any 
voltage from 400 to 550 volts on the direct-current 
side. A 610-kilovolt-ampere three-phase to six- 
phase oil-cooled transformer is provided for each 
machine. 

At Dudhope there are two 550-kilowatt, 400 to 
550-volt rotary converters, and at Lochee there are 
two 250-kilowatt, 400 to 550-volt, all similar to 
the machines described above. On the direct- 
current switchboards reverse and overload circuit- 
breakers are in circuit with the machines. 

Cables. — The extra high-tension cables were 
manufactured and laid by the British Insulated and 
Helsby Cables, Limited, Prescot. The cables are 
three-core, paper-insulated, lead-covered, double- 
steel-armoured, and jute-protected cables, with 
Board of Trade earthing strip below the lead and 
insulated from it by a strip of paper. The cables 
on being completed at the works were subjected to 
the following tests :— 

Each length of cable, after 24 hours’ immersion 
in water, was tested for 15 minutes with an alter- 
nating electromotive force of 20,000 volts between 
cores, and 13,000 volts between cores and sheathing. 
The cables, after being laid and jointed, were tested 
to a pressure of 13,000 volts between cores and 
between each core and earth. 

From the generating station 0.1 square inch three- 
core cables are laid in duplicate to Clepington and 
Dudhope sub-stations, and 0.05 square inch three- 
core cables in duplicate between Dudhope and 
Lochee. The total length of extra high-tension 
cables connecting the generating station and the 
sub-stations is about 12 miles. The cables, for 
about three-quarters of a mile from the main gene- 
rating station, are laid solid in creosoted wood 
troughing, the troughing being covered with 2-in. 
tiles. Where the cables pass under the lines of 
the Dundee and Arbroath joint railway they are 
drawn into 6-in. fire-clay conduits, laid with a 
slight fall to each end to carry off any water which 
might accumulate through condensation, &c. The 
conduits are embedded in concrete. At each side 
of the crossing special manholes were built with 
damp-proof walls. 

The remainder of the cables are laid direct in the 
ground at an average depth of 4 ft. 6 in. and 18 in. 
apart. After being laid they were heavily coated 
with a preservative compound and then covered 
with a specially-shaped tile, 24 in. thick, with skew 
ends for jointing. Where the cables leave the 
main generating station, and where they enter the 
sub-stations, they are supported on heavy wrought- 
iron brackets, which keep them 12 in. apart. The 
brackets are placed at 3-ft. centres. The joints are 
of the usual extra high-tension type, each phase 
stepped. The Board of Trade strip, lead, and 
armour is electrically continuous throughout. The 
joints after being completed were troughed and run 
in solid with bitumen. After a series of tests the 
sheathing of the cables, where found necessary, was 
bonded to the city water-pipes. 

A general view of the main generating station 
may be seen in Fig. 7, page 340, which is a repro- 
duction from a photograph. 








THE INTERNATIONAL AERO AND 
MOTOR-BOAT EXHIBITION. 
Tue International Aero and Motor-Boat Exhibi- 
tion, organised by the Society of Motor Manufac- 
turers and Traders, which opened at Olympia, on 
Friday, the 11th inst., shows very clearly the ad- 
vance which aviation has made during the last year. 
This is the second exhibition of the kind held, the 
first being in March last year. At that Exhibition 
the exhibits were comparatively few in number, 
and a very large proportion of them were of a very 
unpractical nature, while the machines that had 
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actually flown were very few indeed. This year the 
floor area is well filled with aeroplanes, and a very 
considerable number of these have either actually 
flown, or are identical in every way with others 
which have, while the large majority of the rest 
are of somewhat similar proportions and have the 
appearance of being quite practical machines. 
There are very few machines indeed which are 
at all freaks. 

Undoubtedly the most striking feature of the 
Show is the very large proportion of monoplanes 
to biplanes. Up to last spring there is no doubt 
that the biplane was far the more popular, and 
the supporters of the monoplane were few and far 
between. At the present Show, on the other hand, 
a very large majority of the machines are mono- 
planes, and the biplanes are in a very small 
minority, while there is only one example of a 
machine with more than two planes. We went into 
the comparative points of the monoplane and 
biplane in our issue of November 12, 1909, 
page 656, so need not go fully into the matter 
here. The principal merit of the monoplane lies 
in the greater simplicity of the construction, and 
the fact that the surface is more efficient. In 
consequence of this greater simplicity of structure, 
it seems probable that the monoplane will be 
distinctly the cheaper to make, and this may have 
much to do with its popularity among builders. 
There seems no reason why the wings of the mono- 

lane should cost materially more than those of the 
Fiplane for an equal area of surface, and the 
bracing of the wings is very much more simple, 
and therefore probably cheaper, than the numerous 
struts and ties of the biplane. 

In the actual construction of the machines there 
is, however, less alteration than might have been 
expected, both in the biplane and monoplane, if a 
comparison is made between the best practice of 
to-day and a year ago, while there is very little 
alteration indeed since the Paris Show of last 
September, which was reported in our issues of 
October 1 and October 8, 1909. The very large 
majority of the monoplanes show a great family 
resemblance to either the Blériot, ‘* Demoiselle,” 
or ‘* Antoinette” machines, while the biplanes also 
show a very strong likeness to the Voisin or 
Wright. Almost all the monoplanes have the 
engine at the front of the backbone, with the 
propeller direct coupled, though there is one in- 
stance of the propeller being placed at the tail, and 
in some instances it is geared down. The mono- 
plane invariably has the main planes in front and a 
tail plane behind, but the biplanes always have the 
elevating plane in front, the majority having a steady- 
ing plane behind, though this is absent in the Wright 
machine. This difference between the disposition of 
the surfaces of the biplane and monoplane appears 
rather curious, and there does not seem any essential 
reason why the biplane should not be made with 
the control entirely in the tail, like the monoplane. 
This has, of course, been done in some cases, but 
there is only one example of it at this Show, and the 
other arrangement is the more usual. It is also 
rather curious that few, if any, attempts have been 
made to construct the monoplane with the elevating 
plane in front. No doubt the tail seems the most 
natural arrangement, as it makes the machine 
look the most like a bird, and there may be good 
reasons why it is the best ; but it is rather a remark- 
able fact that many of the most successful model 
monoplanes have the main plane behind and the 
smaller surface in front. 

It is remarkable in this connection that the 
only example of the triplane to be found at the 
Show has no elevating plane in front, but simply a 
tail behind. 

In the construction of the backbones, the 
system of having the vertical and cross-members 
wood struts, and the diagonals wire ties, appears to 
be the favourite, but there are instances of the 
back!» mes being lattice girders entirely built of 
wood, with diagonal trusses of wood. This seems 
both the simplest and lightest plan, as although 
the diagonal wires look very light, they will often 
actually weigh more than the diagonal wood struts, 
and the fastenings of the latter are very light 
indeed. There is one instance of the backbone 
being « wood tube of large diameter, and this may 
Possibly be the lightest of all; it certainly offers 
very little wind resistance. 

Probably the most important part of the aero- 
plane at the present time is the motor. : In order 


to make any machine fly satisfactorily it is neces- 
Bary that it should be fitted with a motor which 








does not weigh too much for the power developed, 
and which can be relied on to run when wanted, and 
not to stop while flying. In order to attain the 
required reduction of weight, motor constructors 
have adopted very different methods. In some cases 
the ordinary vertical motor-car type is retained, 
and the engine is lightened by special methods of 
construction, or by getting a large amount of power 
from a small engine by means of high compres- 
sion and high revolutions. In other cases the 
cylinders are arranged in such a way as to enable 
a very large cylinder capacity to he placed on a 
short crank-case, either by placing the cylinders 
radially, diagonally, or opposed. The various types 
were dealt with in our issues of October 1 and Octo- 
ber 8, 1909, and the relative advantages and disad- 
vantages of the different arrangements were then 
discussed. At present it appears that the ordinary 
vertical four-cylinder type is the most common, 
though many other types are in evidence in large 
numbers. Several excellent examples of the opposed 
type are shown, and this seems a very promising 
method of construction. Radial engines also are 
fairly numerous. 

The question of air v. water-cooling is also still 
a matter of opinion. The Blériots and several of 
the other smaller machines are fitted with air-cooled 
engines, but, on the other hand, the ‘‘ Demoiselle,” 
which is the smallest flyer of all, is fitted with a 
water-cooled one, as are also the majority of the 
larger machines. In one case a vertical engine is 
used, placed upside down—i.e., with the cylinders 
at the bottom. Generally speaking, there is a 
very distinct improvement in the proportions of 
the aeroplane engines, and they appear to be 
better capable of standing up to their work 
than formerly. Whatever arrangement of cylinders 
is adopted, there are always two ways of making a 
light engine. The one is to take an engine of 
ordinary proportions of parts, and to get more 
power out of cylinders of given dimensions by 
running it harder—i.e., at a higher speed, and with 
a higher compression.; the other to make an engine 
of very light construction in proportion to the size 
of the cylinders. The ideal would, of course, be 
both to make an engine very light in proportion 
to the size of the cylinders, and om to run it very 
hard. But it is found that, in practice, it is very 
difficult to make an engine which is very light in 
proportion to the cylinder capacity, and, at the 
same time, to make it stand up to very hard 
running, and the majority of engines therefore fall 
into one or other of the above classes, but not into 
both. 

What will be the proportion which will survive 
in the future is, of course, a matter of conjecture, 
but there is no doubt that the very extremely light 
type has not proved successful, and that the ten- 
dency is to make the light type a good deal heavier 
than a year ago. Possibly the matter will depend 
largely on the question of whether the propeller is 
direct-coupled or geared down. In the former case 
a very high speed entailsa very inefficient propeller, 
and hence it may be best to have a slow-running 
engine, which must, in this case, be very light in 
proportion to its cylinder capacity to get within the 
weight limit. Where the propeller is geared down, 
however, there is no limit to the revolutions of the 
engine, and it may therefore be better to make the 
cylinders smaller and the engine of more sub- 
stantial construction. The large majority of the 
engines have the cylinders fixed, and there are few 
instances of the type with the crank-shaft fixed and 
the cylinders revolving ; this is only found on one 
aeroplane. There is a revival of the two-stroke 
engine in connection with light engines, and it will 
be very interesting to see what progress this type 
makes. 

Messrs. A. V. Roe and Co., Brownfield Mills, 
8, Great Ancoats-street, Manchester, exhibit the 
only example of a triplane in the Show. This 
machine, which is illustrated on page 340, .in Figs. 
1 and 2, has several original features in its design. 
The general construction is similar to that of the 
ordinary biplane, but with a third plane super- 
posed. The engine and propeller are, however, in 
front of the main planes, and therefore the back- 
bone can be arranged in a manner generally similar 
to-the monoplane, in place of having to be large 
enough to clear the propeller, as is the case when 
the latter is placed behind the main some A 
triangular section is adopted for the backbone, and 
the latter is flanked with wood at the forward end, 
and cased with fabric at the after end. The machine 
is of very small dimensions, the backbone being 








23 ft. long and the main planes 20 ft: by 3 ft: 6 in., 
while the tail consists of three superposed planes, 
8 ft. 6 in. by 3 ft. The total supporting surface is 
320 square feet. The total height to the top of the 
upper plane is 9 ft. It is intended to make future 
machines 26-ft. span in place of 20-ft. 

The most remarkable feature of the machine is 
that, in place of having an elevating-rudder to vary 
the elevation, the angle of the main and tail planes 
is varied simultaneously. That is to say, that to 
ascend the angle of the main planes is increaséd 
and that of the tail planes reduced; and vice versd. 
It is claimed that by this means the machine is 
horizontal at all speeds, which cannot be the case 
when the angle of the main planes is fixed. No 
cables aro used to control the front planes, the 
connections being entirely by rods and levers. 
The machine is controlled by a wheel, which is 
turned to effect the warping of the wings, and 

ushed forwards and backwards for the elevation. 
Steering is done by the feet. The front is carried, 
when on the ground, by a combination of skids 
and.wheels, while the back has a skid. The motor 
fitted is a 35-horse-power Green engine, with 
Lamplough radiator fitting against the front of the 
ee tg ‘ 

The machine is altogether interesting, as it is 
one of the few designs departing materially from 
the ordinary type which has actually flown. 

Messrs. Mann and Overtons, Limited, 15, Com- 
mercial-road, Pimlico, London, S8.W., show an 
aeroplane of the ‘‘ Demoiselle” type, which -is 
interesting from the fact that the main longitudinal 
members are hollow spars. We illustrate this ma- 
chine in Fig. 3, page 340, from which it will be seen 
thatthe frame consists of three wooden longitudinals, 
one above and two below, braced together with 
steel tube struts and wire ties. The longitudinals 
are about 2 in. in diameter and are hollow except 
where the struts come, where they are left solid 
for the fastenings. Wheels are placed on a 
cross-axle at the front of the lower spars, and no 
springs are provided. The engine is a three- 
cylinder air-cooled Anzani, mounted on the upper 
longitudinal. Control is by two levers, the right- 
hand of which works the elevator, while the left 
controls both the steering and warping of the 
wings. The machine is 20 ft. wide, ft. long, 
has 133 square feet of surface, and weighs 3 cwt. 
It is stated to be capable of lifting 14 stono. 

The New Engine (Motor) Company, : Limited, 
9, Grafton-street, Bond-street, London, show two 
examples of their two-cycle aero engine. . This 
engine is of interest, as although the cycle is, in 
general principles, the same as the majority of two- 
cycle engines—i.¢., the exhaust gases are washed 
out by the incoming charge, and the ports through 
which this takes place are opened ey the piston 
overrunning them—the methods by which it is 
carried out are novel. 

Mounted alongside the crank - chamber (see 
Fig. 4, on age 341) is a rotary blower of the Roots 
type, divi into three parts, of which two 
compress pure air, and the other an explosive 
mixture. The action of the engine is as follows: 
—On the charge being fired the piston is driven 
down till, near the bottom of the stroke, it uncovers 
an exhaust-port, and almost immediately after a 
port communicating with the compressed - air 
chamber. The charge of air thereupon sweeps 
through the cylinder and drives out the exhaust 
gases. Immediately after this again the chamber 
containing the compressed explosive mixture -is 
placed in communication with the above port by 
a rotary valve which runs alongside the cylinders, 
and the mixture thereupon sweeps out a part of 
the air and fills the cylinder. e piston then 
returns, and compresses the charge, which is fired 
at the top of the stroke in the usual way, and the 
cycle recommences. By the above arrangement 
the use of the crank-chamber as a compressor for 
the charge, as is usual in most of the two-cycle 
engines, is avoided, as also the use of a separate 
compressing cylinder. 

The use of the crank-chamber as a pump has 
many objections, as it renders the problem of 
lubrication more difficult, and introduces other 
complications, especially in multi-cylinder engines, 
as the separate crank-chambers have each to be air- 
tight. In the ordinary two-cycle engine there is 
also: difficulty from the incoming p notin being 
ignited by the still burning exhaust gases, and it 
is impossible completely to get rid of the exhaust 
gases without some of the fresh charge also going 
out of the exhaust-pipe. By interposing a charge 
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of pure air between the mixture and the exhaust 
it is claimed that both these difficulties can be got 
over. Two engines are shown on the stand—a four- 
cylinder and a six-cylinder. The latter has cylinders 
345; in. by 4} in., and is stated to be capable of 
developing 60 brake horse-power at 2000 revolutions 
~ minute, and of ayers this continuously. 

he weight is 220 lb., or 3.7 lb. per horse-power. 
In structural features the engine is not very re- 
markable. The crank-shaft has a bearing between 
each pair of cranks, a double bearing, with a thrust 
between, being used at the driving end. Forced 
lubrication is provided, and ignition is by high- 
tension magneto. 

The Wolseley Tool and Motor-Car Company, 
Adderley Park, Birmingham, show three examples of 
aeroplane engines—a 60-horse-power eight-cylinder 
diagonal, having cylinders 3} in. by 59 in. ; a 30- 
horse-power vertical four-cylinder, with cylinders 
the same size ; and a 50-horse-power eight-cylinder 
diagonal, having cylinders 3} in. by 6in. Of these 
the two former are new types, while the last is 
essentially the same as was exhibited last year, but 
is now arranged for the propeller to be mounted on 
the cam-shaft, so that it is driven at half the engine 
speed. The 60-horse-power and 30-horse-power 
éngines are generally the same in their struc- 
tural details, except that the former has only 
half the number of cylinders, and these are placed 
vertically. In the 60-horse-power engine all the 
valves are direct-driven, and are actuated by a cam- 
shaft placed between the cylinders, the carburettor, 
which is of a special type, being placed centrally 
between them, so arranged that the induction-pipes 
are as short as possible, and of equal length to all 
the cylinders. The cylinders are cast in pairs, water 
cooled, the jackets being made of sheet-metal, 
screwed on. Water circulation is by a gear-driven 
pump. Lubrication is by forced feed, also by a gear- 
driven pump. 

The a of the 60-horse-power engine is stated 
to be 340 lb., and of the 30-horse-power 180 lb., 
and it is claimed that they can, if necessary, be 
worked up to 85 and 42 brake horse-power respec- 
tively, the rated horse-power being obtained at 
1200 and 1100 revolutions per minute respectively. 
This works out at 5.7 lb. per horse-power for the 
diagonal engine, and 6 lb. per horse-power for the 
vertical one, the rated horse-powers being taken. 

It is interesting to compare these weights, as the 
engines are of generally the same arrangement and 
proportions, and have approximately the same 
margin of strength, &c. it can be seen that the 
saving of weight from the diagonal arrangement, 
though very perceptible, is not great, and it may 
be doubted whether it is of much value, considering 
that the vertical is the simpler and more accessible. 
Both engines appear to be excellent examples of 
that class in which weight has been carefully 
studied, but not cut down to such a point that the 
engines are likely to be unreliable. 

Jn the stand of the Royal Aero Club, 166, 
Piccadilly, London, W., a Wright biplane, belong- 
ing to the Hon. C. 8S. Rolls, is exhibited. In view 
of the performance of the Wright brothers this 
machine is of considerable interest. The essential 
feature of the Wright biplane is that there is no 
tail plane, the supporting surfaces consisting 
simply of the main planes and two small elevating- 
planes placed in front of them. A rudder is placed 
a very short way behind the main planes, and there 
are two small vertical surfaces between the front 
elevating-planes to give the front part- lateral 
resistance when turning. 

In comparing the construction of the Wright 
machine with other successful flyers, one of the 








most striking features is the complete absence of 
tightening-screws in the diagonal wire-trusses of 
the ‘biplanes, and the fact that the vertical struts 
are not rigidly attached to the main span. On the 
contrary, the whole is hooked together, as in Fig. 5, 
and must be very flexible. Two ers 
are used, running considerably slower than the 
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engine, driven by chains, one of which is crossed, 
as in the original machine the Wrights made. 
Very little care appears to have been taken to 
make the various struts and rods of a section 
suitable for minimising air resistance, and most 
of them are nearly square. The engine used is 
of the vertical motor-car type, of apparently very 
ordinary construction, having both inlet and exhaust 
valves in the cylinder-head, the inlet-valve being 
automatic. The cylinder-heads do not appear to be 
water-jacketed. The engine is very small in pro- 
portion to the rest of the machine, and does not 
seem to be capable of developing a very great deal 
of power, so the large slow-running propellers must 
be very efficient. 

There is also on the Aero Club stand the ‘‘ Short” 





machine, with which Mr. Moore Brabazon won the 
10001. prize given by the Daily Mail for the circular 
mile. This resembles the Wright in many parti- 
culars, but has a tail consisting of two surfaces— 
one horizontal and one vertical—placed about level 
with the top main plane and some way behind it. 
The main wings are quite rigid, and the balance is 
maintained by supplementary surfaces between the 
ends of the main wings. The rudder is in front. 
This machine is entirely British-made, and has flown 
some 100 miles altogether. In this machine both 
propellers are driven in the same direction, anc the 
crossed chiain istherefore avoided. The surface of 
Mr. Moore Brabazon’s emg od - —e —< ; 
weight, including steersman, .; the dimen- 
pn being 48 ft. wide and 28 ft. long. Mr. Re ils’s 
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is somewhat smaller, being only 40 ft. wide by the 
same length. 

An example of the Farman biplane is shown at 
the stand of Messrs. A. Darracq and Co., Limited, 
Walnut Tree Walk, London, S.E. This type of 
machine is well known, as it holds the majority 
of the records at the present time. In general con- 
struction the machine is little altered from last 
year, and consists of two main planes 32-ft. 6-in. 
span, with an elevating plane in front and a tail 
behind. The principal alterations are that the tail 
is now fitted with a single rudder in place of the 
two previously used, and that it is provided with 
an elevating-plane which works in connection with 
the front plane. The greater part of the tail is 
fixed as before, and the elevating -plane consists 
of a piece behind the fixed part, and hinged to it. 
The total length of the machine exhibited is 39 ft., 
and the surface 480 square feet. The weight with- 
out engine is 1050 Ib. 

The machine shown is fitted with a four-cylinder 


Darrac:| motor, having the cylinders horizontal and 
opposed. The inlet and exhaust-valves are both 
in the cylinder-heads, and they are, in addition, 
ae ( with exhaust-ports which are uncovered 

y the piston at the bottom of the stroke. These 
ports «io not, however, now open direct into the 
air, but are provided with a port round the cylin- 
ders, snd this opens into the air. A cam-shaft is 
plac: hove the crank-case, from which the valves 
aredii\on by very light rocking-levers. The cylin- 
ders ave 130 millimetres in diameter, with a 120- 
millimetre stroke, and the engine is stated to be of 
50 brake horse-power. The weight is 242 lb., or 
4.8 lb. per horse-power. 

It 's noteworthy that this and the Clement engine 
are almost the only examples in the Exhibition in 
which the stroke is less than the diameter. This 
agg esting, especially in view of the fact that 

large 


majority of the rules proposed for rating 








Four-CyLinpER Moror ; THE New Enoine Motor Company, Limirep, Lonpon. 


petrol-engines assume that shortening the stroke 
reduces the power very slightly. If this were a fact, 
it would undoubtedly pay to make very light engines 
with a stroke much less than the diameter, whereas 
the large majority of makers use a stroke a good 
deal longer than the diameter, and the few who 
have it shorter do not make it anything like as 
short as the rating rules would prescribe. 

An interesting example of a light type of vertical 
engine, made specially for aeroplane work, is the 
Green, shown by Messrs. Green’s Motor Patents, 
Limited, 55, Berners-street, London. 

We illustrate this engine in Figs. 6 to 9, on 
page 342. The cylinders are separate, and have all 
the valves in the cylinder-heads, and driven by 
rocking-levers from a cam-shaft placed at the top of 
the cylinders. This cam-shaft can be swung on its 
centre to get at the valves, and remove them if 
necessary. From the shape of the cylinders, it is 
possible to machine them all over, and therefore to 
keep the weight as small as possible. It will be 
seen that in case of breakage of a valve-cotter, the 
valve cannot fall into the cylinder. A vertical 
shaft driven by skew gear is used to operate the 
cam-shaft. 

The crank-shaft has a bearing between each pair 
of cranks, and the main bearing bolts are carried 
up to form the holding-down bolts of the cylinders. 
By this means the crank-case is relieved of all 
tensile stress, and can be made very light indeed 
without danger. The crank-shaft is hollow. The 
bottom of the crank-case, forming the oil-sump, is 
of sheet aluminium. The pistons and valve-cages 
are cast iron, and all bearings are bronze, lined with 
white metal. A ball-thrust, to take the thrust of the 
propeller, is provided. Ignition is by high-tension 
magneto, and water circulation by gear-pump, these 
being placed on a cross-shaft at the front of the en- 
gine. Forced lubrication is used, the oil-channel 
being cast solid in the crank-case, and the oil finding 


its way to the main bearings through the holes of the 
holding-down bolts, the latter being reduced in the 
middle of their length to allow of this. From 
here it passes along the hollow shaft, as usual, to 
the big ends. By this system outside pipes, with 
their liability to breakage, are avoided. The oil- 
pump is at the bottom of the vertical shaft, and 
well below the oil-sump, so that it gets a good 
supply of oil. 

"he engine illustrated has cylinders 105 by 120 
millimetres (4} in. by 4? in.), and develops 40 brake 
horse-power at 1220 revolutions. The weight is 
158 Ib., or 3.95 lb. per horse-power. 

The Thames Iron Works, Shipbuilding, and En- 
gineering Company, Limited, show an aeroplane 
engine which has several interesting features. 
We illustrate this engine in Figs. 10 to 12, on 
page 344, from which it will be seen that it 
is of the four-cylinder opposed type. The main 
bearings, crank-pins, cam-shaft bearings, and, in 
fact, all the bearings in the engine. with the 
exception of the gudgeon-pins and rocking-levers 
of the valve gear, are of the Hoffmann ball-bearing 
type.’ The crank-shaft is of the two-throw type, 
each opposed pair of cylinders working on to one 
crank. This gives a very small rocking moment, 
which is not balanced, but this is found to be so 
small that it is not objectionable. In order to get 
the ball-races on to the crank-pins the crank-shaft 
is not in one solid piece, but is built up, and there 
is no intermediate bearing in its length. All the 
valves are placed at the top of the cylinder-heads, 
and are driven by rocking-levers. from one shaft, 
which lies across the crank-shaft and above it. This 
shaft is driven by worm and wheel from a large-dia- 
meter worm placed between the crank-pins. 

The cylinders are of steel, with cast-iron heads, 
and are held on to the base-chamber by long bolts 
passing right across from cylinder-head to cylinder- 
head. The whole of the crank-case is thus in com- 
pression, and the difficulties of making a light 
crank-case of aluminium, when it has to stand a 
tensile stress, are avoided. The pistons are cast 
iron. A cross-shaft is placed at one end of the 
crank-case, driving a high-tension magneto at one 
end, and a water-circulating sey at the other. 
The cylinders are 4 in. in diameter by 44 in. stroke, 
and the engine is guaranteed to develop 35 brake 
horse-power. The weight is 150 lb., or 4.3 ]b. per 
horse-power. 

The Phoenix Radial Rotary Motor Company, 
Limited, Gloucester, show examples of their rotary 
motors. This engine is of the type in which the 
crank-shaft is fixed and the cylinders revolve. 
Examples are shown with two, four, and six cylin- 
ders, the four-cylinder engine having the cylinders 
in pairs opposed, and the six-cylinder having them 
all radial. The exhaust-valve in these engines is in 
the cylinder-head, and the inlet is in the piston. 
The cylinders are air-cooled, and have the pecu- 
liarity of having no cooling ribs on them, the 
makers thinking that these are not necessary in 
view of the speed at which the cylinders move 
through the air. The explosive mixture is taken 
into the crank-chamber through a hollow crank- 
shaft, and from there goes into the cylinder by an 
automatic valve in the head of the piston. The 
six-cylinder engine is arranged so that the two 
cylinders which are opposite to each other fire at 
the same time. The cylinders of this engine are 
44 in. by 5 in., and the power developed 50 brake 
horse-power, the weight being 3.2 lb. per horse- 
power. 

Messrs. L. Blériot, of Paris, and 12-23, Belfast 
Chambers, 156-158, Regent-street, London, W., 
show two machines, both of the ‘‘ Cross-Channel.” 
type. These are in every way identical with those 
shown at the Paris Exhibition, and described on 

ges 152, 452, 490, 614, and 829, of our vol. lxxxviii, 

hese machines are fitted with a three-cylinder 
air-cooled Anzani motor, having cylinders 105 by 
110 millimetres (44 in. by 4% in.), which develops 
25 brake horse- power at 1200 revolutions per 
minute. The control in these machines is effected 
by a wheel, which is moved forwards and backwards 
for the control of the elevation, and sideways for the 


warping of the wings, steering being by the feet. 
The ‘backbone of these aeroplanes consists of a 


square lattice girder, comprising four longitudinals 
connected by vertical and horizontal struts and 
braced together with diagonal wires. The engine is 
mounted at the front on cross-pieces across the 
lower longitudinals, the propeller being direct 
driven at the front of the machine, and the driver's 





seat in the main girder, level with the after edge of 
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the main plane. Both the main and tail surfaces |the left hand, a lever for the back to warp the 
are considerably curved, and part of the tail is wings, and a throttle controlled by the feet. 
fixed, while there is a part movable for the elevat-| Messrs. Short Brothers, Queen’s-circus, Batter- 
ing. The running chassis is carefully thought out, | sea, S.W., show an aeroplane of the modified 
and consists of two pneumatic-tyred wheels pivoted | Wright type, in which the skids for carrying the 
like castors, with long india-rubber springs. | sence on the ground are supplemented by four 
The Blériot machines are well worthy of study, | wheels. This machine has an elevating-plane in 
for they are the prototypes of many of the aero- | front, and has also the steering-rudder in front, 
ate exhibited. M. Blériot has undoubtedly | while behind there is a fixed tail, consisting of a 
yeen the principal champion of the monoplane, and | vertical and a horizontal surface arranged in the form 
it is very largely due to his influence that it is now |of a cross. The weight of this machine is stated 
so popular, and many of the monoplanes are almost | to be 700 lb., and the lifting surface is 270 square 
absolute copies of the type he has evolved. \feet. It is fitted with a Green engine of 38 horse- 
M. A. Clement, Quai Michelet, Levallois, Paris, | power, having cylinders 105 by 120 millimetres 
shows an aeroplane of the ‘* Demoiselle ” type, the | (44 in. by 4} in.). In this machine the wings are 
eneral appearance being very similar to that of | not made flexible, as in the Wright machine, but 
fessrs. Mann and Overtons, illustrated in Fig. 3, | are fitted with tightening-screws to the diagonal 
page 340. The frame is, however, of metal entirely, wires, and the balance is maintained by small 
tubes being used in place of wood for the main longi- | supplementary wings fitted between the ends of 
tudinals. It is fitted with a very neat-looking engine | the main wings. 





of the two-cylinder opposed type, having cylinders 
120 millimetres in diameter by 130 millimetres 
stroke (4} in. by 5) in.). Thecylinders are of steel 
and the valves are in the cylinder-heads, driven by 
rocking-levers. The water-jackets are of copper. 
A feature of this engine is that the exhaust-valve 
springs are not placed on the valve-spindle, but on 


The whole impresses one as being a great im- 
provement on the actual Wright machine, and 
much more mechanical in its details. A special 
feature of its construction is that the bracing of 
the structure forming the skids is by flat strips of 
steel instead of wires. Steering is done by the feet, 
and two hand-levers maintain the balance and eleva- 


the tappet-rod, and the valve is therefore pulled to tion respectively. Both the Wright machine be- 
its seat by the tappet-rod. By this means the spring | longing to Mr. Rolls, and the machine belonging to 
is kept well away from the heat of the exhaust; Mr. Moore Brabazon, which are exhibited on the 
gases. The supporting surface is 115 square feet, | stand of the Royal Aero Club, were made by 
and the weight complete with engine is 320 lb. | Messrs. Short Brothers. 

Control is by a lever for the right hand, which| The Star Engineering Company, Limited, Star 
works the eclevating-rudder, a steering-handle for | Works, Wolverhampton, show a very neat-looking 
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Synypicate, Limrrep, Lonpoy. 


aeroplane engine of 40 brake horse-power, with 
four vertical steel cylinders having electro-deposited 
copper water-jackets, all the valves being in the 
head, and driven by means of rocking-levers. The 
cylinders are 4 in. in diameter by 5 in. stroke, and 
the engine develops 40 brake horse-power at 1450 
revolutions per minute. This engine is of a very 
neat and simple design, having all the various parts 
grouped with a minimum of gear-wheels and shafts. 
Forced lubrication is used and a centrifugal water- 
circulating pump, and these are placed one at each 
end of the cam-shaft. Ignition is by high-tension 
magneto placed direct on the end of the crank- 
shaft. e latter is of large diameter, and has 4 
bearing between each pair of cranks. The piston 1s 
very light, weighing under 21b., and hasa cast-iron 
barrel and a steel head. The weight of this engine 
is stated to be 165 lb., or 4.1 lb. per horse-power. 

A monoplane is also shown which has the pecu- 
liarity that there is no provision for warping the 
wings, stability being maintained by elevating one 
side of the tail plane and depressing the other. 
This machine has wire-rope for the stays to the 
main plane in place of the usual single wire. 


Marine Morors. 


Although the marine motors at Olympia are to 4 
large extent overshadowed in popular interest by 
the aeroplane, they are none the less a very 1mpor- 
tant part of the Exhibition. The aeroplane is, how- 
ever, a novelty, and the fact that man has at last 
succeeded in flying is so striking that it naturally 
attracts more attention than the fact of steam being 
to a large extent superseded by the internal-com- 
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bustion engine for the small powers. Still the 
latter is a fact of very great importance, and it is 
quite likely that the application of the internal- 
combustion engine to marine work will be a more 
important event in the immediate future even than 
the success of a few experimental flying-machines. 
In the smaller-sized launches the internal-combus- 
tion engine has made speeds common which a very 
short time ago were hardly regarded as pos- 
sible, even on a trial trip; while the fact that 
the weight of fuel used is a great deal less than 
what is required for a steam-engine has an enor- 
mous effect on the radius of action possible. 
In the small sizes used in launch work the weight 
of an internal-combustion engine is, roughly speak- 
ing, half that of steam plant made with an equal 
margin of safety and wear, while the weight of fuel 
which has to be carried for a given distance run is 
seldom more than a quarter. There are very few 
classes of marine work where sucha reduction would 
not be a very great advantage, and as experience in 
construction is obtained, it seems. probable that 
very much larger marine motors may be constructed 
than at present. In one respect the internal- 
combustion marine engine will have a very im- 
portant effect on warfare, and possibly therefore 
on the world’s history, for it has rendered possible 
the modern type of submarine boat. It is also 
having a very considerable effect on the sea-fishing 
industry, for a considerable number of the fishing- 
boats are now being fitted with auxiliary motor 
power. This has been a problem practically im- 
possible to solve by steam, for it has not been 
feasible to put enough power into the weight 
and space available in a sailing- boat without 
making the machinery too light and delicate for 
fishermen to handle. With the. internal-combus- 
tion engine, however, the weight can be brought 
down to about the same amount per horse- 
power as in torpedo-boat machinery, and at the 
same time the engine can be of substantial con- 
struction and fit for hard wear. The engine, being 
automatic in its action, is also one which can be 
easily handled by unskilled men. A sailing-boat 
can, therefore, now be fitted with machinery which 
will take her along at about 6 knots without 
interfering with her sailing powers, or taking up 
any very large amount of room. As compared 
with a sailing-boat, such a craft can earn more 
money, as she can get along independent of calms, 
while using the wind when the latter is favourable; 
while, as compared with a steamer, she will be more 
economical, as she can sail when the wind is favour- 
able, and will carry more for her size, owing to the 
fact that the weight and space taken for machinery 
and fuel are so much less. 

It is therefore certain that there will be a very 
large development in the internal-combustion en- 
gine for sizes up to several hundred horse-power 
in the immediate future, and very probably for 
very much higher powers at a time not very distant, 
though this is at present a matter of speculation. 
There is very little change in the general construc- 
tion of the motors shown since last year, but there 
is a very much greater appreciation of the differ- 
ences between the marine and car-motor. A few 
years ago the makers of car-motors appeared to 
think that any motor which would work in a car 
would work in a boat, regardless of the very dif- 
ferent conditions the two work under. It has now 
been thoroughly recognised that the marine motor 
requires to be specially built in every way, and 
practically all those shown are designed with appre- 
ciation of this. The tendency is, therefore, to 
make the engine more substantial than formerly, 
and to pay proper attention to the lubrication so as 
to insure the bearings keeping cool when run hard, 
regardiess of the inclination of the boat. Each 
bearing is therefore usually properly supplied with 
oil either from a drip or by forced feed. 

It is much more usual in marine motors than in 
car motors to cast all the cylinders separate, and 
there is a good deal to be said for this. The marine 
motor, especially of the larger sizes, is not at 
present made in the quantities in which car motors 


are inae, and therefore the cost of patterns is a 
matter of more importance. It is also convenient 
to be able to make engines with different numbers 
of cylinders from the same cylinder patterns. In 
& motor-car engine one of the greatest advantages 
of having the cylinders cast together is that by 
taking tie cylinder-bolts down to the main bear- 
ings y stiffen the crank-case, but as the 
seein ‘s of a marine engine are always carried on 
e 


bottom half of the crank-case, this cannot 


be obtained. Several makers cast their cylinders 
in pairs, in which case there is usually no bearing 
between the adjacent cranks, but a considerable 
number have a bearing between cach pair of 
cranks and separate cylinders, and this seems much 
the soundest practice. The majority of the larger 
sizes of engines use common paraflin, while the 
smaller ones—that is to say, those under 30 brake- 
horse-power—use petrol. There is no doubt that 
petrol is cleaner to use and makes less smell, while 
with it considerably more power can be got out of 
a given engine ; but it is both expensive and dan- 
gerous, and hardly seems fit for use at sea, even in 
the smallest sizes. Several makers can arrange all 
— engines, however small, to use paraffin if de- 
sired. 

One of the most notable changes is that a con- 
siderable number of makers are using ordinary 
plunger-pumps, in place of either centrifugal or 
rotary-gear pumps, for circulating the cooling water. 
The objection to the centrifugal is that it cannot 
be put below the water-line without being very 
inaccessible, and if placed above must have some 
means of charging it to make itwork. The advan- 
tage claimed for the plunger-pump over the gear- 
pump is that it is not so liable to wear from grit in 
the water, that it is more certain of charging itself 
if above the water-line, and that it is much better 
understood by the average fitter. 

In the matter of ignition practically all the 
engines are fitted with either high or low-tension 
magneto, the views of constructors as to the rela- 
tive advantages of these varying considerably. The 
high-tension system is practically universal for the 
smaller sizes, but in the larger there are several very 
good examples of the low tension. The advantage 
claimed for this is that the electric circuit is very 
much simpler, and that none of it is under high 
tension, and therefore the chance of short circuit is 
very small. Also that when paraffin is used as 
fuel the plugs do not get short-circuited by dirt so 
easily owing to the smaller tension. These seem 
undoubtedly great advantages, and in the larger- 
sized engines there is no difficulty, as there is in the 
smaller ones, in arranging for the make-and-break 
gear in the cylinder to be very substantial. On the 
other hand, there are constructors who prefer the 
high tension even for the larger sizes, and who do 
not consider that there is any greater tendency to 
foul the plugs when paraffin is used as fuel. 

The question of reversing remains very much 
where it was. Many makers use a reversing gear 
of the epicyclic type, in which the gear wheels are 
running idle when the boat is at rest. There are, 
however, examples of the dog-clutch reversing 
gear with a single friction-clutch to transmit the 
power to it, and of reversing gears with friction- 
clutches in which there are no gears running except 
on the reverse. It seems probable that in many 
cases reduction gears will have to be used, and in 
this case they should be combined with the reversing 
gears. Propellers run at the speeds usual with 
petrol or paraftin motors are not so efficient as 
those run slower, but the difference is not very 
marked as long as the boat is light and the speed 
high. Now that internal-combustion engines are 
coming into use for practical work in heavy boats, 
however, the loss of efticiency in the high-speed 
propeller is very serious, and reduction gear is 
being used. 

Many makers make engines of very much larger 
sizes than can be conveniently shown at such an 
exhibition, and in these there is little doubt that the 
engines themselves will have to be made to reverse. 


(To be continued.) 








BUREAU VERITAS INTERNATIONAL 
REGISTER OF SHIPPING. 

THERE is shortly to be issued a new edition of 
the rules of the Bureau Veritas, and, as one might 
expect from an institution which has, since its 
foundation in 1828, pursued a most pr sive 
policy, it embodies the latest practice in shipbuild- 
ing and marine engineering. In recent times the 
Bureau Veritas showed their pa tendency 
by being, from the first, closely identified with the 
classification of oil-tank steamers and of turret 
steamers. They recognised the tendency towards 
large dimensions, and issued supplementary rules 
offering guidance for the construction of vessels up 
to about 900 ft. in length. 

In connection with the question of freeboard, 
the Bureau Veritas were entrusted by the French 





Government with the preparation of the freeboard 





rules issued two years ago, and practically identical 
with the British rules, but arranged in a more 
systematic manner, so as to simplify the calculation 
and assignment of the roe hae These freeboard 
regulations have been adopted by the government 
authorities of several foreign countries. In the 
French ofticial freeboard regulations the Bureau 
Veritas rules for the construction of vessels have 
been accepted as providing the standard of strength 
a for a given type of ship. 

For France and other maritime countries the 
— of the Bureau Veritas as to survey of 
hull and machinery are accepted as fulfilling the 
demands of national laws for the safety of merchant 
shipping, so that vessels classed by them are exempt 
from the Government survey to which they would 
otherwise be liable. 

The Bureau Veritas have also devoted attention 
to the preparation of rules for craft intended for 
inland waters, and these have proved of much ser- 
vice to builders who make a speciality in this class 
of work. The motor-boat industry has also been 
provided for, and the Bureau Veritas has furnished 
rules regarding petrol motor-boats and engines. 
They have also collaborated with Lloyd's Register of 
Shipping and the Germanischer Lloyds in framing 
the rules for the scantlings of yachts intended for 
the international rating certificate. 

The new —, as can be understood, is 
very comprehensive. It has not been considered 
necessary to make any change in the method of 
determining the scantling numerals, which remain 
as formerly, the basis being the sum of the breadth 
and depth, and the product of the length, breadth, 
and depth. In regard to the other modifications, 
the Bureau Veritas has issued a circular giving the 
salient features of the new publication, and from 
this we make the following extracts :— 


For thicknesses of material, one-fiftieth of an inch has 

een adopted as a unit instead of one-thirty-second, as pre- 
weeny employed. This will admit of ready comparison 
with the British standard decimal system on the one hand, 
and with the metric system on the other. The term 
**full-deck” has been adopted as descriptive of vessels 
which comply fully with the requirements of the rules, 
and which are thus entitled to the maximum draught of 
water allowed by the freeboard tables of the Bureau 
Veritas. As the freeboard tables provide for *‘‘spar- 
deck” and ‘‘ awning-deck ” vessels, these terms have been 
retained as descriptive of certain types of vessels having 
a draught of water less than that which would be accorded 
to “‘full-deck ” vessels of the same dimensions and arrange- 
ment. The scantlings of “spar-deck” and ‘‘awning- 
deck” vessels will be determined in accordance with the 
designed draught of water. In other words, the scantlin 
of such vessels will be derived from those of the “‘ full- 
deck” type, by reducing those of the “ full-deck” vessel 
proportionately to the draught of water in the two cases, but 
with a certain maximum reduction as definitely specified 
in the rules, In all cases, the sheer-strake and upper deck 
stringer and deck plating are to be placed at the level of 
the uppermost deck of the vessel. This arrangement of 
material will hold good also in the case of a bridge-house 
having a length greater than indicated in the tables. In 
way of such bridge-house the strength material will 
be located at the level of the bridge deck, and the deck 
below same will be rega as the second deck, all as 
described in the rules. The tables of framing provide for 
two systems: 1, without web frames; 2, with web 
frames. The previous diagrammatic method of specify- 
ing the depth of framing has given place to a tabular form. 
Each table for framing has m arranged according to 
the number of decks in the vessel, and sketches side by 
side with the tables indicate clearly the arrangement con- 
templated. The system of framing with hold stringer 
and wide-spaced hold beams has been confined to the single- 
deck type of vessel. Corrections for proportions are now 
determined by modifying the longitudinal numeral, and 
not as formerly, by a special table. The scantlings on the 
whole have been slightly reduced as compared with the 
requirements of previous editions, but not in any case to 
jen an extent as to affect the strength or safety of the 
vessel. Whilst the scantlings have been slightly reduced, 
the strength has been fully maintained by rearrangement 
of the material. 


The register also contains several new features, 
the most important being information regarding 
dead-weight, bunker capacity, size of hatchways, 
speed, &c., which, when the collection of the 
necessary data has been completed, will be helpful 
to those interested in these matters. The diameter 
of chain cables has been inserted, and, being a mea- 
sure of the equipment of the vessel, enables ground 
tackle to be provided without delay. 





ExLectric WAVES AND THE ELecTRO-MAGNETIC THEORY 
or Licut: Erratum.—We regret that there is an error 
in our report of Sir Joseph omson’s lecture given in 
our last issue. On page 321, column 3, line 35 from the 
bottom, the words ‘‘The square of the dielectric con- 
stant * should read ‘‘The square root of the dielectric 





constant.” 
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EXHIBITS AT THE AERO AND MOTOR-BOAT EXHIBITION. 
(For Description, see Page 338.) 
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THE NATIONAL EXPERIMENTAL TANK. | 
Report on the Progress of the National Experimental | 
Tank.* 





By R. T. Giazesrook, D.Sc., F.R.S., Director 
of the National Physical Laboratory. 


On April 17, 1909, very shortly after the close of last 
year’s meeting of the Institution, Mr. A. F. Yarrow 
wrote to Dr. Glazebrook in the fdllowing terms :— 


** My dear Mr. Glazebrook,—I am now vw ready to 
give effect to my promise of 20,000/. to establish at Bushey 
an experimental tank. 

“I presume for many reasons it would be wise for me 
to hand over now to the proper authorities the above 
amount. 

“IT presume a special banking account will be opened 
for the construction of the experimental tank in the name 
of trustees. I should propose to hand them a cheque for | 
a few thousand pounds in order to open such an account. 
The balance I should propose to transfer in securities of 
the trustee stock type ros moans its equivalent. From 
time to time these stocks could be sold as may be re- 
quired, but until they are sold the interest would be 
accumulating. Should it by any means happen that 
when the sale of the stocks is completed the total amount, 
together with the accrued interest, does not ual 
20,000/., I will make up the deficiency. If, on the other 
hand (which is most probable), it exceeds the 20,000/., the 
excess can go towards the tank funds. 

** As to the management of the tank, it is understood 
that there shall be an Advisory Tank Committee con- 
coting mainly of representatives of the Institution of 
Naval Architects nominated for the position by the 
Council of that Institution. The Advisory Tank Com- 
mittee should be appointed as a standing committee by 
the Executive Committee of the Laboratory, arrange- 
ments being made to secure a regular rotation in the 
retirement and appointment of its members. The 
Advisory Tank Committee will draw up definite schemes 
from time to time for the working of the tank, advise as 
to the problems to be investigated, and arrange as to the 
publication of the results. 

‘The tank would be worked as a department of the 
Laboratory, under the general direction of the director, 
but with a superintendent appointed by the Executive 
Committee on the nomination of the Advisory Tank 
Committee above referred to. 

“The Advisory Tank Committee would also recommend 
what the staff of the department shall be, and would 
indicate generally how the funds available for the main- 
tenance of the tank and its work are to be expended. It 
will provide for the maintenance of the confidential 
character of all work done at the tank for a firms, 
will specify the conditions under which such work shall 
be undertaken, and indicate the principles on which fees 
are to be ae 

“* In general the scheme must provide that the Council 
of the Institution of Naval Architects and the subscribers 
to the maintenance fund shall have ample security that 
the tank is being worked in conformity with the wishes of 
the Council of the Institution of Naval Architects, as 
expressed by decisions of the Advisory Committee. 

‘“‘T remain, yours very truly, 
** (Signed) A. F. Yarrow. 

** Campsie Dene, Blanefield, Stirlingshire, 

** April 17, 1909.” 


This letter was referred to the president and Council 
of the Royal Society, in whom the property of the 
Laboratory is vested, and the secretaries wrote to Mr. 
Yarrow accepting his generous gift, and expressing the 
very suatetdl thane of the Society. At the meeting of 
the Laboratory Committee on May 21, the treasurer re- 
ported that Mr. Yarrow had handed over securities and 
cash representing 20,000. Meanwhile, the Building 
Committee, which had already been appointed, was 
authorised to approve the ome drawn up by Messrs. 
Mott and Hay, to whom the Committee are greatly in- 
debted for the cordial manner in which they have under- 
taken the work, and to accept tenders for its con- 
struction. 


| 





* Paper read before the Institution of Naval Architects, 





March 16, 1910, 
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Fies. 10 ro 12. ArRopLaANE EnGInE; THE THAMES IRON Works, SHIPBUILDING, 
AND ENGINEERING Company, Limttep, Lonpon. 


Figs. 1, 2, and 3, page 345, show the main details of the 
plan as finally approved. The tank is 30 ft. wide and 13 ft. 
pe This depth extends for a length of 493 ft. The 
docks at one end, and the sloping beach at the other, make 
the total length of the basin 3b ft. The length of the build- 
ing runs very nearly north and south, and it is lighted 
throughout by a saw-tooth roof, having north lights only. 

The section of the tank and the general arrangements 
have been modelled on those at Webigau. us the 
gangway round the tank is 3 ft.6 in. below the level of the 
tank walls. The building itself is 42 ft. wide. At the 
north end are the workshops, offices, and storerooms. 
The main workshop is 72 ft. 60 ft. 6 in. inarea. Be- 
sides this there is a fitting the , adjacent to the tank, 
with an area of 75 ft. by 20 tt. A two-ton traveller 
traverses one bay of the workshop. A small tank, 58 ft. 
by 5 ft. by 3 ft. 6 in., occupies an annexe on the east side 
of the main tank. The water in this tank can be made 
to flow through it by means of a pump at one end, 
returning by a conduit in the concrete. 

Three tenders were obtained for the work, and on 
May 21 the contract was given to Messrs. Dick, Kerr, 
and Co., who also undertook the electrical equipment. 
The work was commenced early in July, and the buildin 
is to be complete early in March. Designs for the truc 
and the electrical equipment have been prepared, and the 
work of carrying these out is well in hand. 

The construction of the model-making machinery, in- 
cluding the paraffin-melting tank, the model-cutting 
machine, and the trimming-table, has been entrusted to 
Messrs. W. and T. Avery, of the Soho Works, Birming- 
ham. The details of the dynamometer apparatus are not 
yet settled, but experiments on various matters connected 
with this are in progress at the Laboratory, and also, by 
Mr. Froude’s kindness, at Haslar. 

The scheme for working the tank was the subject of 
careful consideration by the Executive Committee of the 
Laboratory and the Council of the Institution, and after 
approval the Council, was formally adopted by the 

xecutive Committee on July 16, 1909, in the form given 
in the Appendix. On the same date the following were 
appointed as the first Committee :— 


Lord Rayleigh—Chairman. 


Members of the Governing 
Body of the Laboratory, 
nominated by the Council 
of the Institution of Naval 
Architects. 


Mr. R. E. Froude (1910) rae by the Council 


Mr. W. E. Smith 
M. A. F. Yarrow 


- - i a These (1012) of the Institution of Naval 
Sir W. H. White (1913) Architects. 





+ i é . eet te Committee of the Labora- 
Dr. W. H. Maw (1913) wy 

Nortr.—The dates given show the years of retirement 
of the members of the Committee. 

The Committee held their first meeting on July 27, 
when Sir William White was appointed Vice-Chairman. 
It was agreed at the same meeting to suggest to the 
Executive Committee that Mr. Harold Yarrow should be 
invited to attend meetings as the representative of his 
father, and accordingly this has been arranged ; while, by 
a further resolution of the Committee, Mr. R. W. Dana, 
Secretary of the Institution of Naval Architects, will be 
invited to attend, and to receive all papers, &c., relating 
to the meetings. The Committee hope thus to keep the 
Council of the Institution fully informed of their work. 

Mr. Dana reported as to the position of the guarantee- 
fund, and it was arranged that he should remain in charge 
of the fund, and pay over the income to the treasurer of 
the National Physical Laboratory. In any year in which 
the whole income is not spent on the work of the tank 
the balance will be returned to the guarantors pro ruta. 

The Committee took into consideration the conditions 
of appointment of the superintendent of the tank, and 
considered the staff that would be required. In accord- 
ance with the scheme the tank is to be worked as a de- 
partment of the National Physical Laboratory, under 4 
superintendent, responsible to the director. The super- 
intendent is appointed by the Executive Committee of 
the Laboratory, on the nomination of the Advisory ‘Tank 
Committee. Op January 12 the Advisory Committee 
nominated for the post Mr. G. S. Baker, member of the 
Royal Corps of Naval Constructors and professional secre- 
tary to the Director of Naval Construction, and Mr. 

er was appointed by the Laboratory Committee on 
January 21. He took up his duties on March 1, 1°10. 
In making the selection the Committee received valuable 
assistance from Sir Philip Watt, F.R.S., the Director of 
Naval Construction. 

In the above report I have not attempted to givea 
full description of the National Experimental Tank, «r 1ts 
equipment. That must be left for Mr. Baker when the 
equipment is complete. I trust, however, that mem ers 
may be interested in this brief account, which it appears 
desirable to have among the records of the Institution. 


APPENDIX. 
Tue Nationat PuysicaL LABORATORY. 
Scheme for the Constitution of an Advisory Tank Comite 
and for the Working of the National Experimental T1:/ 
June 18, 1909. 
1. An Advisory Tank Committee shall be appointed 


Mr. H. Darwin (1910) | sea by the Executive 
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NOISE OF GEAR-WHEELS. 
To THE EprTor OF ENGINEERING. 

Str,—Probably your correspondent ‘‘ Junior” is correct 
in eaying that, so far as text-books are concerned, there 
is a lack of information on this subject. If, however, 
ke had consulted various r-manufacturers’ literature, 
he would have been more likely to find the information he 

uires. 
aking his queries in order, the answers are as 
follow :— 

1, Cast-iron machine-cut gears should not exceed 
2000 ft. per minute peripheral speed ; the most desirable 
speed, from considerations of economy and satisfactory 
running, is in the neighbourhood of 1000 ft. per minute. 

2. Cast-steel machine-cut gears are sometimes run at a 
peripheral speed as high as ¢ ft. per minute, but cases 
are very rare in which the noise does not prove objec- 
tionable at such a high speed. 

3. Is answered by the above. 

4. Double or treble helical gears can be run at the 
above speeds, but cannot be recommended for higher 
speeds unless exceptional care is taken in balancing and 
mounting ; they are occasionally run at speeds up to 

ft. per minute, and, when enclosed in a rigid cast- 
iron case and properly lubricated, no objectionable noise 
occurs, providing that workmanship and design are 
correct. 

It seems that your correspondent has not given the 
subject much consideration. He asks for limits of peri- 
pheral speeds for different pitches. It is perfectly obvious 
that the pitch has no direct bearing on the limit of speed. 
In the case of straight-cut gears the number of teeth in 
the pinion is the most important factor ; and, secondly, 
the proportion of face width to pitch ; this last because, 
if a wide face width is chosen, a relatively fine pitch, and 
consequently a larger number of teeth, can be adopted. 

For high speeds—say 1000 ft. to 2000 ft. per minute— 
straight tooth-gears should have a face width not less 
than four pitches wide, and the number of teeth in the 
pinion should not be less than thirty. 

If double helical gears are used, continuity of en - 
ment and smoothness of action can be obtained without 
regard to the number of teeth ; and therefore, when a high 
ratio bet veen wheel and pinion is required, the number 
of teeth may be as low as nine or ten. Face width should 
be ine in proportion to the ratio, in order to obtain 
a sufficient bearing surface on the faces of the teeth. 
Wherg silent-running rs at high s s are desired, 
machine-cut double helical gears will best suit the pur- 
og Information and formule relating to the same can 

raat in most of the mechanical engineering pocket- 
S 


Trusting that the above information will be of some use 
to your correspondent, and, incidentally, to your many 
readers, 

T am, Sir, yours truly, 


. KE. Sy 
14, The Greenway, Uxbridge, March 14, 1910. 








“ WATER-SOFTENING.” 
To THe Epitor oF ENGINEERING. 

Srr,—The letter from ‘‘ An Old Advocate of Tannate 
of Soda,” appearing in your issue of March 11, contains 
several mutually contradictory assertions, which suggest 
an imperfect acquaintance on the part of the writer with 
the chemical details of water treatment. 

For instance, it is stated in one place that water treated 
by the process referred to undergoes no chemical change 
whatever, and in another that it is ‘‘softened.” Your 
correspondent here evidently fails to draw the distinction 
—a somewhat vital one to steam-users—between softening 
the scale and softening the water so that it can deposit no 
scale. Softened water is commonly understood to mean 
water from which the scale-forming constituents have 
been removed prior to its entering the boilers. 

In your article you make it perfectly clear that 
*‘Luminator” effects nothing in the way of removing 
re from the water; it does nothing, either, to 
retard the deposition of the salts of the water in the 
boiler, and therefore cannot be described as a water- 
softener in any sense of the term. 

All it is claimed to do, apparently, is to minimise—to 
some extent difficult to determine—the formation of 
‘hard ” scale on certain restricted portions of the boiler 
surface ; a claim which, it is scarcely necessary to point 
out, has been made for years on behalf of every one of the 
many boiler compositions on the market. In this connec- 
tion it is interesting to read your correspondent’s asser- 
tion that the ‘**‘ Luminator” “ will treat almost any water 
and will do what no softening plant can.” 

Your correspondent contradicts himself when he says 
that the ‘‘ Luminator” decomposes nitrates in the water, 
after having previously stated that no chemical change 
takes place. The decomposition of nitrates is surely a 
chemical change. 

In the absence of a chemical reaction how does the 
apparatus deal with the large class of waters which cause 
corrosion by reason of their containing magnesium 
chloride in solution ? Does the ‘“‘ Luminator” in these 
cases arrest the decomposition of magnesium chloride and 
—_ the formation of hydrochloric acid? And, if so, 

ow? 

The examples given by your correspondent would be 
more impressive if he would say definitely that no scale 
was formed in these boilers during their treatment with 
‘** Luminator” water. This he carefully omits to do, 
only mentioning that there was no corrosion. He also 
neglects to explain how water treated by ‘‘ Luminator,” 
which admittedly effects no chemical change in it, can 
produce less deposit than untreated water, the total 
solids remaining unaltered in quantity. 

Your correspondent evidently has not followed the 





modern development of water-softening plant with the 
same scientific zest that he displays towards the ‘‘ Lumi- 
nator.” If he will do so, he will probably be surprised at 
the simple and ingenious way in which the water and 
sbeondaae are measured and mixed, and the water com- 
pletely and properly softened and filtered in these plants, 
which, so far from being cumbersome or costly, are con- 
spicuous examples of compact and inexpensive apparatus. 

It isto be regretted that the Kiel authorities, having 
had ‘‘ Luminator” on trial since, I believe, 1908, do not 
seem inclined to make public the result of their investiga- 
tion, and it is only to be hoped that they wag be induced, 
in the interest of science, to throw some light on this 
apparent mystery. Lacking such explanation, it would 
seem that ‘ Luminator” is, after all, only another of the 
boiler-water cure-alls with which the market has been 
flooded of late years. 

Yours truly, 
AN UNCONVERTED BELIEVER IN 
RATIONAL METHODS. 








“CAISSON DISEASE.” 
To THE EpITOoR OF ENGINEERING. 

Sir,—If Mr. G. W. M. Boycott had ever done any 
experimental work on caisson disease, he would, I think, 
have been ready to suspend judgment until I published 
the final results of some twelve years of research. He 
has accepted as gospel the conclusions of Dr. Haldane 
and Dr. A. E. Boycott, conclusions which these two distin 
guished physiologists, as any other real men of science, 
would be ready to modify in the light of further research, 
if that were of a convincing character. 

Mr. G. W. M. Boycott has no authority to speak on 
this matter other than that gained by the publication of 
a small book into which he, an engineer, copied the 
conclusions of Dr. Haldane and Dr. Boycott. 


Yours ~~: 
EONARD HILL. 


The London Hospital Medical College, 
March 15, 1910. 








NortTHampton Potytecunic InstiTuTE.—The appoint- 
ment of Associate-Head of the Electrical Engineering 
and Applied Physics Department at the above Institute 
having m rendered vacant by the resignation of Dr. 
C. V. Drysdale, Mr. Francis Medforth Denton, of the 
Carnegie Technical Schools, Pittsburgh, has been ap- 
pointed to the post. Mr. Denton received his technical 
training at the Central Technical College, London, ob- 
taining the Associate’s diploma in 1901. On leaving the 
Central Technical College, Mr. Denton spent a year and 
a half with Messrs. Elliott Brothers, London, and subse- 

uently was for two and a half years at the Oerlikon 
Works Switzerland. From the Oerlikon Works Mr. 
Denton returned to the Central Technical College, to a 
position on the staff of the Electrical Engineering De- 
partment, which he occupied for one year, and at the 
expiration of this en ment he went to the United 
States to join the staff of the General Electric Company, 
at Pittsfield, Mass., and at Schenectady. After occupy- 
ing these positions for one year, he was, two and a half 
years ago, appointed lecturer in electrical engineering at 
the Carnegie Technical Schools, Pittsburgh, a position 
which he is resigning to take up his London appointment. 

DRESDEN INTERNATIONAL HYGIENE EXHIBITION, 1911.— 
At a meeting of members of the British executive com- 
mittee of this exhibition, held on the 14th inst., at the 
Hotel Cecil, Professor Dr. Pannwitz, the Sounly repre- 
sentative of the Scientific Department of the Exhibition, 
delivered an address before a large gathering of British 
authorities and doctors. He explained the aims and 
objects of the exhibition, the support which was being so 
liberally extended by the German Imperial and State 
Governments, the vigorous efforts which every civilized 
country was making to secure an effective representation, 
and concluded by a gees | his full confidence that the 
British representation would be in every respect worthy 
of the country which was the acknowledged birthplace of 
sanitary science. The speech was very warmly received, 
and after various other speeches had been delivered by 
Dr. Williams, Major Pollock, Dr. Armit, Sir John 
Purley, Mr. Whitelegge, and others in approval of the 
project, and offering many practical suggestions, the 
proceedings concluded. It was stated that offices were 
to be opened in Victoria-street, 8S.W., for the accomnio- 
dation of the British executive and for the general 
working of the undertaking in this country. 


Conrracts.—Messrs. Edward Hayes, Watling Works, 
Stony Stratford, have received orders for the following :— 
Steel steam passenger launch for Lisbon, 54 ft. “4 
between perpendiculars, 12 ft. 6 in. wide, fitted wit 
6 wy compound aeeeae erntenang sngeees ; and two 
steel light-draught twin-screw tugs for Mesopotamia, each 
60 ft. i by 11 ft. wide, 3 ft. draught, fitted with 
‘* Hayes” standard twin-screw set of machinery.— Messrs. 
Henry Pels and Co., 9, Portsmouth-street, Lincoln’s Inn, 
booked an order from the Shelton Iron, Steel, and Coal 
Company, Limited, Stoke-on-Trent, for a billet-shears to 
cut 15-in. by _— slabs, and steel billets up to 5-in. 
square, cold; the material to be dealt with having a 
tensile strength up to 55 tons per square inch.— Messrs. 
Ed. Bennis and Co., Limited, have recently booked 
orders for thirty-five stokers of their various types, com- 
o~ with accessory gear, for Great Britain and the 

Jontinent ; several of these are repeat orders.—Mr. W. 
Gerhardi, of Liidenschied, informs us he has received 
orders for continuous rod and wire-drawing machines, to 
draw rolled copper and aluminium rods from } in. to 
a 17 S.W.G. and finer in one operation without anneal- 
ing. 





NOTES FROM THE NORTH. 
Giascow Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, but business was 
quiet and only amounted to 3000 tons of Cleveland war. 
rants at 51s. 8d. cash, and 52s. 6d. three months. The 
close was easier, with sellers at 51s. 8d. cash, 51s. 11d, 
one month, and 52s. 54d. three months. In the after- 
noon no dealing of any kind took place, and sellers of 
Cleveland warrants quoted 4d. under the morning 
closing prices. Buyers of hematite offered 66s. cash, 
but there were no sellers. On Friday morning there 
was no improvement, and Cleveland warrants were the 
turn easier. Sales to the amount of 2000 tons took 
place at 51s. 64d. cash and 51s. 10d. one month, and 
the closing quotations were 51s. 7d. cash, 51s. 10d. one 
month, and 52s. 44d. three months sellers. One lot of 
hematite changed hands at 67s. one month, with cash 
sellers at that figure, and cash buyers at 6(is. 6d. The 
market was steady in the afternoon, and 3500 tons of 
Cleveland warrants were done at 5ls. 6d. and 5ls. 64d, 
cash, 51s. 10d. one month, and 52s. 34d. three months. 
Closing sellers quoted 51s. 7d. cash, 51s. 10d. one month, 
and 52s. 4d. three months. On Monday morning the 
market was dull, and only 1000 tons of Cleveland warrants 
were dealt in at 51s. 6d. cash, the session closed with sellers 
quoting 51s. 64d. cash, 51s. 94d. one month, and 52s. 4d. three 
months. Buyers of hematite were offering 67s. one month. 
The afternoon market was very quiet, and only one lot 
of Cleveland warrants changed hands at 51s. 6d. cash. 
The closing prices were unchanged from those of the 
morning. ematite was stronger, and buyers quoted 
67s. 3d. one month, but there were no declared sellers, 
On Tuesday morning the market for Cleveland warrants 
was steady, and 1500 tons were done at 5ls. 54d. and 
51s. 6d. cash. Closing sellers quoted 51s. 64d. cash, 
51s. 10d. one month, and 52s, 4d. three months. Hematite 
was strong, and 500 tons were dealt in at 67s. 11d. one 
month, with buyers over and sellers at 68s. In the 
afternoon dealings were on the increase, and 4000 tons 
of Cleveland warrants changed hands at 51s. 6d. cash, 
5ls. 6d. and 5ls. Gd. six days, and 5ls. 10d. one 
month. Sellers’ closing prices were 5ls. 64d. cash, 
51s. 10d. one month, and 52s. 44d. three months. When 
the market opened to-day (Wednesday) the tone was 
again steady, and about 4000 tons of Cleveland warrants 
were dealt in at 51s. 6d. cash, and closing quotations were 
unchanged at 51s. 64d. cash, 51s. 10d. one month, and 
52s. 44d. three months sellers. Hematite was firm, and 
one lot changed hands at 68s. cash, and there were sellers 
at 68s. 44d. one month. In the afternoon Cleveland 
warrants were a shade easier, and 3000 tons were done at 
5ls. 9d. one month, 52s. May 9, and at 52s. 3d. and 
52s. 34d. three months. At the close of the day sellers 

uoted 5ls. 6d. cash, 51s. 94d. one month, and 52s. 4d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 63s. ; Calder and Gart- 
sherrie, 63s. 6d. ; Summerlee, 65s. 6d. ; Langloan, 64s. ; 
and Coltness, 85s. (all shipped at Glasgow) ; Glengarnock 
(at Ardrossan), 64s.; Shotts (at Leith), 63s. 6d. ; and 
Carron (at Grangemouth), 66s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has lately been on the increase, and prices have 
accordingly become firmer. Business has been put through 
this week at 127. 103. per ton for prompt delivery, but 
many of the makers are not willing sellers at present, 
especially of forward parcels. With the very large ship- 
ments which have been made since this year commenced, 
stocks have been reduced, with the mrad that the home 
buyers who are now desirous of covering their require- 
ments are having to pay the penalty of delay. For 
April-June delivery the price is round 12/. 5s. per ton, 
while for the end of the year delivery the price named is 
about 12/. per ton; this latter quotation is from 10s. to 
15s. above what a number of the all-year contracts were 
fixed at. The amount shipped last week from Leith 
Harbour was 411 tons. 


Scotch Steel Trade.—Scotch steel-makers continue to be 
very well employed, and with specifications more plenti- 
ful the majority of the mills are running fairly full. 
Present inquiries for heavy material for shipment are 
numerous, but few of them amount to any very large 
tonnage. Light material is still in good request, and the 

uotations for sheets have been advanced 5s. per ton. 
The current prices are as follow :—7 to 12 size, 7/. 10s. per 
ton ; 13 to 16, 7/. 15s. per ton; 17 to 20, 8/. per ton ; 21 to 
24, 81. 5s. per ton—all less 5 per cent. Structural sections 
are in better demand this week, and some respectable 
inquiries are reported from the Far East, Australia, and 
South Africa. 


Scotch Imports of Iron and Stcel.—The registered im- 
rts of the undernoted metals into the ports of Glasgow, 
trangemouth, Leith, Dundee, and Aberdeen during the 
month of February, 1910, were as follow :— 
Ex Continent. Ex U.S.A. 
Tons. Value. Tons. Value. 





£ £ 
Iron, wrought in bars, angles, &c. 694 4,227 
Steel, wrought in bars, angles, &c. 1067 8,045 = o 
Iron and steel hoops and strips .. 119 936 3634416 
Iron and steel sheets and plates... 705 6,072 336 96244 
2585 19,280 704 6520 


Scotch Pig-Iron Trade.—A fairly good all-round demand 
still prevails for the ordinary qualities of Scotch pig iron. 
and makers’ stocks are gradually being reduced. Hema- 
tite continues to maintain a strong position, and buying 
is difficult to do except at full prices. The quotation at 
which some business has been put through is 70s., but 
some makers will not even accept that figure. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
File Contracts.—The Sheffield file trade will benefit 
considerably from the requirements of three of the 
Government departments. This week the Admiralty 
have placed their annual contract for files and rasps, 
amounting to 36,000 dozen, with three local firms. It is 
suggested that the new mechanical testing conditions may 
have had a deterring influence, since fewer firms have 
tendered on this occasion. Similar tests will be made by 
the War Office, who are inviting tenders for some 6000 
dozen files. In their specifications the clause ‘‘ Made 
from best crucible cast steel,” dropped from the Admiralty 
contracts, is retained. The India Office are wanting 1000 
dozen files, and these special uirements, in addition to 
an improvement in general trade, are making prospects 
very gt od. 

Low-Priced Gas.—For the first time since the last re- 
duction in the price of gas in April, 1907, the Sheffield 
United Gas-Light Company have been able to make a 

rofit which exceeds the amount required for dividend. 
Tt was shown at the half-yearly meeting on Monday that 
a very slight variation in price materially affected revenue, 
one penny per 1000 cubic feet representing 14,500/. per 
annum. Sheffield gas for all pee stands at the re- 
markably low average price of 1s. 3d. per 1000 cubic feet. 
As an instance of the increased use of gas for heating, it 
was stated that during the half-year 1358 gas-fires and 
1149 cooking-stoves of various kinds had been sold and 
let on hire, and 34 extra gas-engines, varying in size from 
4 to 130 horse-power, fixed. Sulphate of ammonia—a 
very valuable by-product—was produced in large quanti- 
ties, bat the majority of it was exported. English 
farmers do not seem fully to appreciate its value as a 
fertiliser. 

Vickers’ Profits—In explaining why, in spite of the 
reduction in the amount carried forward, they recom- 
mend a dividend for the year of 10 per cent., the directors 
of Vickers Sons and Maxim, in the report just issued, 
state that the orders mentioned a year ago are still in 
progress, and have not contributed to the profits of the 
year, Which are less than the previous twelve months. 
Further large orders have also been obtained. After de- 
ducting debenture interest, depreciation, &c., the profits 
for the year were 288,044/. 2s. 4d., which, added to the 
sum brought forward from 1908, makes 474.716/. 7s. 9d. 
The report is signed by the new chairman, Mr. Albert 
Vickers, who succeeds Mr. T. E. Vickers, C.B., chairman 
since 1873, and managing director since 1867. 


South Yorkshire Coal Trade.— Activity of a very marked 
kind is the characteristic of the coal trade at present, and 
is especially noticeable in regard tosteam coal. For this 
commodity the demand is exceptionally large, in spite of 
the colliery troubles in the north andsouth. The figures 
for output are high, and many pits yielding good quali- 
ties of steam coal are sold out. In some cases collieries 
are driven to make purchases to meet their customers. 
With a market in this condition, prices are, of course, very 
firm, and the top quotation for spot supplies has risen 
from 8s. 9d. per ton to 93. With the export season close 
at hand terms for forward deliveries are not very favour- 
able to buyers, but there is a big demand under con- 
tract. A good many cheap lots are going into railway 
dépots. Deliveries of gas fuel are more numerous. House- 
coal business is generally quieter, affected largely by the 
milder weather of the advancing season. Demands show 
a falling off almost all round, including diminished 
London orders. Many users are working largely on 
stocks, and merchants appear to be bidding for lower 
prices hy keeping back orders. Quotations, however, 


are not likely to be much affected before the end of the | pe 


month. At pits best house coal commands 10s. to 10s. 6d. 
per ton, seconds 8s. 3d. to 9s., and cheap house 6s. to 7s. 


Tron and Steel.—Unchanged conditions rule in the iron 
market, with prices firm, but not much advance buying. 
Large quantities of hematite have been delivered. A 
fair business has been done in Derbyshire irons, but very 
little Lincolnshire is asked for, and both on forge and 
foundry a 2s, advance is quoted for deliveries after 
July 1. Some little dislocation of business is being 
caused by ironmasters insisting on delivery clauses of 
contracts being more strictly adhered to than in the 


past. Billets are being sold at old prices, as ad 
vances are still difficult to obtain. Scrap iron is dear. 
The increased expenditure foreshadowed in the Naval 


Estimates means a good deal of work for local firms. 
Some of the orders have already been placed, and a good 
year is expected. The heavy steel trade has benefited 
considerably during the week, but in the lighter trades 


the home demand is still small. A Board of Trade return 
shows that the engineering nergy oper ved industries 
have ray in but a depression in the cotton trade has 
Causer 


. drop in the demand for spindle steel. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
: MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Cleveland pig iron is quiet, 


with only a moderate business passing and with quota- 
be ms stationary, but traders take a cheerful view of the 
Situation, and look for improvement in the near future. 


No. 3 g.m.b, 
delivery at 51s, 
at 5ls. 74d, 


Cleveland is obtainable for prompt f.o.b. 
6d., and some named brands can be bought 
sl ., whilst No. 1 is on sale at 53s. 9d. The 
Ower qualities are scarce owing to the fact that the 
urnaces are working very well, with the result that 
most of their output consists of the better kinds of pig 
ron, No. 4 foundry is 50s. 6d.; No. 4 forge, 503. 3d. ; 
and mottled and white, each 49s. 9d. to 503s.. The 





feature of the market is the improvement in hematite 
pig iron after a lengthy period of dulness, Buyers are 
now coming forward, and one large local firm of 
consumers has bought heavily for delivery to the end of 
the year, at, it is ve hawt § a little above the current 

uotations. The spring demand promises to be better 
than for the past two years. These facts, together with 
higher prices for West Coast hematite, have had a 
strengthening influence on this market, and mixed num- 


bers of East Coast brands are now strong at 65s. for early 
7 The branch is not hampe by any stocks 
other than makers’, and, in the absence of opportunity to 


amble in warrants, values are ruled by supply and 

emand. Foreign-ore traders take a very strong stand, 
though for the time being they report business very quiet. 
They have extensive contracts made, however, and as a 
rule do not name anything below the basis of 20s. 6d. 
ex-ship Tees for Rubio of 50 per cent. quality. Coke is 
plentiful, and no difficulty is experienced in obtaining 
average blast-furnace qualities at 18s. delivered here. 


Manufactured Iron and Steel.—The finished iron and 
steel trades present few new features of importance, but 
the recent placing of shipbuilding orders with local firms 
should have a bensScial influence on these important 
branches of the staple industry. Several orders for 
steamers have been secured by builders on the Wear and 

ees. There is continued slackness in many of the manu- 
factured iron departments, but steel producers are busily 
employed, and have good contracts made. Quotations all 
round are stationary. Common iron bars are 7/.; best 
bars, 7/. 7s. 6d. ; best best bars, 7/. 15s.; packing iron or 
steel, 5/. 5s.; iron ship-plates, 6/. to 6/. 5s.; iron ship- 
angles, 7/. ; iron ship-rivets, 7/. 3s, 9d. to 7/. 5s. ; steel 
bars, 6l. 5s.; steel ship-plates, 6/. 5s.; steel ship-angles, 
5l. 17s. 6d. ; steel strip, 6. 7s. 6d.; steel hoops, 62. 10s. ; 
steel joists, 6/. 2s. Gd. to 6/. 5s. ; cast-iron railway chairs, 
31. 103. ; light iron rails, 6/. 7s. 6d.; heavy steel rails, 
5i. 7s. Gd. ; and steel railway sleepers, 6/. 103.; railway 
material net cash at works, and all other descriptions less 


24 per cent. discount; whilst iron or steel galvanised | }, 


corrugated sheets, 24 gauge, in bundles, stand at 12V. f.o.b. 
—less 4 per cent. 


Shipments.—Shipments are good, and promise to con- 
tinue so. As was anticipated, Canada is coming here for 
ig iron, and this week a parcel of 1500 tons of No. 3 
‘leveland has been sold to that colony for delivery 
towards the middle of next month. It is estimated that 
between the middle of April and the middle of May 20,000 
tons of pig iron will be exported to Canada from this 
district. To date this month shipments of pig iron 
average 3426 tons per working day, the total clearances 
reaching 47,962 tons. To the same date last month the 
total despatches of pig from this district were returned at 
37,997 tons, or a daily average of 2714 tons, and for the 
corresponding part of March last year the pig cleared 
amounted to 40,754 tons, or an ave of 2911 tons per 
working day. Manufactured iron shipped to date this 
month is officially given at 3257 tons, and steel at 17,366 
tons. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has been quiet, with an 
easier tendency, but quotations have shown little actual 
change. Forward transactions have been upon a re- 
stricted scale, as both buyers and sellers are awaiting the 
course of events. The t large steam coal has made 
16s. 9d. to 17s. 3d. per ton, while secondary qualities have 
ranged between 15s. 6d. and 16s. 6d. per ton. The best 
ordinary smalls have been quoted at 9s. to 9s. 6d. per ton. 
Good ordinary household coal has made 15s. 6d. to 16s. 6d. 
rton ; No. 3 Rhondda large has brought 17s. 6d. to 18s., 
while smalls have been quoted at 10s. 6d. to 11s. per ton. 
No. 2 Rhondda large has realised 13s. 6d. to 13s. 9d. per 
ton; smalls 7s. 6d. to 8s. per ton. Foundry coke ioe 
brought 19s. to 20s., and furnace ditto 17s. to 17s. 6d. per 
ton. As regards iron ore, Rubio has made 19s. 9d. to 
20s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

New Industries for Swansea.—A meeting of the Execu- 
tive Committee of the Swansea Harbour Trust was held 
on Thursday, under the presidency of Sir Griffith Thomas. 
An application from a gentleman in Hamburg for a site 
for fuel works at the King’s Dock, 6000 square yards in 
area, was agreed to. The consideration of an application 
from the Welsh Patent Fuel Company for a site for new 
works at the same dock was deferred, as was the question 
of acquiring land for a roadway on the south side of the 
Crown Spelter Works, forming a connection with Port 
Tennant-road and the Burrows. 


Weymouth Bay.—Messrs. Whitehead and Co. pogee 
to apply for permission to make a torpedo range in Wey- 
be Bay. At present Whitehead’s have a range in 
Portland s, in close proximity to their works; but 
owing to the increased range of the latest pattern pro- 
jectile, the existing area is inadequate. 


Dowlais.—The Bessemer department has effected a full 
output of late, and the Goat Mill has turned out a large 

uantity of heavy rails, steel sleepers, and tin-plate bars. 

he Big Mill has also been actively employed on light 
rails, angle iron, &c. 

The Swansea Valley.—The collieries have been turnin 
out about their usual output. The production of stee 
ingots has somewhat fallen off, several furnaces being 
under repair. The tin-plate trade has been active. 


Canada and Bristol.—The Canadian Northern Railway 
Company has decided to use Bristol as the British port 
for its trans-Atlantic steamship service. Bristol is within 
two hours’ journey of London ; fast express trains con- 





nect it with Birmingham, Manchester, Leeds, Bradford, 
Liverpool, and .Glasgow ; while South Wales, the West 
of England, and the Southern Counties are, of course, 
close at hand. 

Portsmouth Floating Dock.—The Lords of the Admi- 
ralty have decided that, instead of. placing Portsmouth 
floating dock alongside the dockyard, it shall be secured 
in Fountain Lake, in the north-west corner of the yard. 
A viaduct is to connect the dock with thedockyard. The 
dock will be 650 ft. long by about 100ft. wide, Its lifting 
power will be 35,000 tons. 








LavuncH OFTHE Destroyer “‘Savacr.”—H.M.S. Savage, 
a torpedo-boat destroyer of 920 tons displacement, built 
by Messrs. John I. Thornycroft and Co., Limited, was 
successfully launched at the company’s worksat Woolston 
on the 10th inst. She is fitted with Parsons turbines of 
a power sufficient to give her a 27-knot speed, and, unlike 
all the destroyers previously built at Woolston, the 
Savage will burn coal fuel. She was launched with 
masts, funnels, guns, boats, &c., all in position, and the 
machinery nearly complete; she will very shortly be 
ready for steaming. The Savage is much more power- 
fully armed, both as regards guns and torpedoes, than 
the preceding vessels of the 33-knot type. 





Messrs. CaMMELL Larrp AND Co., LimitEp.—The 
annual report of the company shows a considerable im- 
provement upon the results of the previous year, the 

rofit, after the deduction of the debenture interest, 
veing 50,714/., but there was a loss brought forward from 
the previous year of 171,320/., so that the debit balance 
on the profit and loss account at the end of last year 
was thus 120,606/. The directors indicate that orders 
were difficult to obtain at remunerative prices during the 

t year, and, as a consequence, the works have me bn 
ully occupied in any department, and they add that ‘it 
is hard to make a profit with a production much below 
the capacity of the works.” ‘The Birkenhead ship- 
uilding yards have suffered from the general depression 
throughout the ship-building industry. Orders have been 
gradually pounivedt so that at present there is a fair 
quantity of work in hand, including a large floating dock 
for the Government, torpedo-boat destroyers for a 
foreign government, and several cross-channel and cargo 
steamers. 





Tue “ Paaroso” Perroi-Gas System anp “ Pax” 
Switcu. — An interesting apparatus which has been 
brought out in connection wiih petecl-segeurene light- 
ing, was publicly shown last week by the Pax Patents 
are Durham House, John-street, Adelphi, London, 
W.C. . The apparatus is the invention of Mr. P. Curral 
Pace, and consists of a very simple form of generator 
for vaporising the petrol before it is mixed with the 
amount of air required for burning. The petrol supply 
is placed in a strong tank (which preferably should be 
kept outside the building) and is put under a pressure 
of about 25 1b. per square inch, by means of a foot air- 
pump. From this tank the petrol is led through a small 
pipe about yy in. internal diameter to the generator, 
which is simply a piece of #-in. brass tubing, about 7 in. 
long, which is heated initially by means of some methy- 
lated spirit burning below it in a tray. Inside the 
brass tube is a brass rod, which nearly fits it, and is 
nearly of the same length, the object of which is to cause 
the petrol to pass -— the tube as a thin film, which is 
quic iy vaporised. The vapour under pressure passes 
from the tube through a fine nozzle, the jet being directed 
into the bell-mouthed end of another §-in. brass tube 
leading to the service ley of the house. There is an air 
space between the end of the nozzle and the end of the 
bell-shaped pipe, and it is here that the supply of air 
is drawn in to form the gas for lighting, the amount 
of air being regulated by the length of the air- 
gap. Its action is, in fact, that of a small injector. 
In the apparatus we had the opportunity of inspect- 
ing the air space was about 4in. As soon as the gene- 
rating tube has been made sufficiently hot the methylated 
spirit is removed, and the heating is continued by means 
of the petrol-gas generated. The plant shown at the 
demonstration was sufficient to supply gas to twenty 
40-candle-power burners. In case some of the burners 
should be turned off, and less gas be required, the gas 
would, if no means were supplied for its escape, back 
up in the pipe and cause over-pressure. In order 
to avoid this a simple form of safety-valve is pro- 
vided which allows the excess of gas to escape into 
the air. The time occupied in starting the generator 
is about two minntes. It is claimed for this system, 
which is called the ‘‘ Pharoso,” that it is very effec- 
tive, simple, safe, and cheap, as no engine and pump 
are required. The cost of gas for a 100 candle-power 
light for 10 hours is said to be 14d. The same firm 
have brought out a form of switch which does away with 
the by-pass in connection with incandescent gas-lighting. 
A switch, fixed to the wall near the door of a room or 
in any other convenient position, allows, when it is 
turned, the gas to pass to the burner, and, at the same 
time, closes an electric circuit from a small battery and 
coil, the current causing a spark to pass across a gap 
just above the incandescent mantle at the moment the 
gas is turned on. It is arranged so that by the number 
of turns given to the tap (or what is equivalent to the 
tap) it is ible to light only one burner in a room 
ormany. The actual mechanism of the appliance can- 
not be described fully without the aid of drawings, but 
the principle will be understood from what we have 
said. Another device on view at the same address was 
a movable incandescent gas reflector bracket, which can 
be turned to almost any angle, so as to iJluminate any 





part of a room. 
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PARLIAMENT AND THE NAVY. 


ALMosT every speaker in the Navy debates in 
Parliament this week assumed the réle either of 
Codlin or ‘Short rather than that of the patriot. 
The nation has no desire to know which is the best 
friend of the Navy. The first essential is that the 
Navy should be adequate, not only to make supre- 
macy sure, but to give that confidence in our future 
which is essential to commercial development. 
Such feeling of security was completely shattered 
a year ago by the alarmist statements made in 
Parliament, and while the shipbuilding programme, 
which was fully reviewed in last week’s ENGINEER- 
ING, did something to restore confidence, the attitude 
alike of the critic of, and the apologist for, the 
Admiralty policy is to be the more reprehended. 
Criticism is always desirable, but ought to be asso- 
ciated with absolute accuracy as to facts and with 
the minimum of hypothetical argument. We have 
had too much of comparisons between the British 
and specific navies, because, apart from the prover- 
bial odiousness of such comparisons, there is the 
additional disadvantage that they irritate uninformed 
and ill-balanced opinion abroad. We cannot have 
too strong a fleet, use the stronger the fleet the 
greater the security. In our previous article we 
expressed general approval of the Navy Estimates, 
and we are glad to find that such a capable expert 
as Mr. Arthur Lee stated that ‘‘ they were better 
than the Opposition had feared.” This is, perhaps, 
a mild phrase ; but it is, in the circumstances, a 
significant admission. It is in the provision for 
proceeding with the work that there is cause for 
anxiety. As Earl Cawdor said at the dinner of 
the Institution of Naval Architects, what must be 
reckoned with are ‘‘ keels laid,” not ships projected. 

The First Lord of the Admiralty indicated that 
we were right in the view we had taken regarding 
the two Colonial ships not being included in the 
programme, although the three Colonia] destroyers 
were embraced in Vote 8, owing to a special 
arrangement with the Colonies. These two Colonial 
cruisers, indeed, have this week been ordered—the 
one from the Fairfield Shipbuilding and Engineer- 
ing Company, and the other from Messrs. John 
Brown and Co., Limited. They will be very power- 
ful ships, having a displacement of 18,800 tons, 
with eight 12-in. guns and sixteen 4-in. quick-firers, 
and with turbine machinery of 44,000 shaft horse- 
power, to give a speed of 25 knots. It is specially 
appropriate that they should be built by two firms 
who have done much for the Navy and for Colonial 
shipping. The work on these two cruisers will be 
commenced at once, and will be pushed forward 
with all despatch, the date of completion being 
It is an interesting fact that eight 
of the nine firms who are usually classed as battle- 
ship builders are now engaged on large armoured 
ships—the Vickers Company have the Princess 


355 | Royal, the largest and fastest cruiser yet projected ; 
856 | Messrs. Scott and Messrs. Palmer respectively will 
356 | Shortly launch the Colossus and Hercules ; Messrs. 


Armstrong have the Monarch, Messrs. Beardmore 
the Conqueror, and the Thames Iron Works the 
Thunderer. In addition to the two Colonial 
armoured cruisers referred to, there is in progress 
at Portsmouth the battleship Orion, and at Devon- 

the Lion, a sister-ship to the Princess Royal. 


rt 
365 Phis is a formidable list, but it is far from exhaust- 


ing our resources. Messrs. Cammell Laird and 
Co. have yet no battleship, although they have 


considerable experience in this form of work. | also lately been constructed, which have opened up 








Other firms already named have facilities for pro- 
ceeding simultaneously and expeditiously with two, 
or even three, such ships, so that there is no prac- 
tical limit to the work which may be undertaken 
for the British or foreign navies. 

The two dockyard battleships of the home pro- 
gramme are to be laid down in January, 1911, 
although it is admitted that suitable berths will be 
wainel by next autumn, while the other three 
ships to. be built by contract are to be ordered in 
the same month. We hope that Mr. McKenna will 
give effect.to the view, generally expressed, that 
these ships should be accelerated. We have no 
fear of British shipbuilding resources proving less 
adequate than those of Germany, or of their ships 
being built in a shorter period of time ; but it must 
be remembered that the greater flexibility of 
the arrangement existing between the German 
Admiralty and the shipbuilding firms enables work 
to be advanced in anticipation of official orders. 
Thus, when the vessels to be laid down are ‘‘repeats ” 
of ships already in course of construction—that is 
to say, generally of the same design—it is not in- 
frequently the habit to arrange with a firm in need of 
work to proceed with the preliminary arrange- 
ments on the understanding that, if they accept 
the lowest price submitted by any firm for the 
corresponding ship in the previous competition for 
orders, the official order will be pl when the 
time arrives for the laying down of the new ship. 
This procedure, it will be seen, secures economy, and 
at the same time results in advancing work, so that at 
the moment the actual order is given building opera- 
tions proceed with great rapidity. It is very desir- 
able that the possibility of such acceleration should 
be kept in view in arranging the new contracts, and 
‘ary ary those for the five armoured ships to be 

id down during the next year. The gun-mount- 
ings especially ought to be ordered in anticipation 
of their need, because practically there is no cause 
to wait even for the design of the ship or for the 
determining of the calibre of ‘the gun before 
settling the details of the gun-mountings. 

We are glad to note that, in addition to the five 
unarmoured cruisers, three will be built for the 
Australian fleet. Although the two large armoured 
ships and these three small cruisers are destined 
to be utilised in distant parts of the Empire, their 
presence in this country, in process of construction 
or nearly completed, may give increased measure 
of security. the twenty-three destroyers are to be 
ordered in June, so that by the end of 1911 all of 
them will be completed. 

While the Estimates for the year may be satis- 
factory, we think it is of the first importance that 
our neighbours should realise our determination to 
maintain supremacy at all cost, and for this reason 
we cannot overrate the importance enforced during 
the debate upon the unqualified acceptance of the 
two-Power standard. Indeed, it might be a great 
advantage to have a complete disclosure of our 
probable programme for some years, apart alto- 
gether from the question as to whether the money 
was to be found out of ordinary revenue or by a 
loan. This would make foreign Powers realise our 
acceptance of the two-Power standard. It would 
add a certain measure of stability to naval opinion, 
and might obviate the recurrence at stated in- 
tervals of those scares which are most undesirable 
from every standpoint. 








CANADIAN IRON ORES ALONG THE 

OTTAWA AND GATINEAU RIVERS. 

From the city of Ottawa, extending along the 
Ottawa River for 100 miles on the Quebec side, and 
from Ottawa along both sides of the Gatineau 
River, for a distance of 83 miles, there lies a 
district comprising an area of about 900 square 
miles. This district is now attracting some atten- 
tion on account of the deposits of iron ore which lie 
there. These deposits have, however, not received 
in the past any great amount of notice, owing to 
reasons which have now lost much of their 
force. The deposits have been known for a long 
time, some of them for over 60 years; and though 
attempts have not been lacking to establish an 
iron industry in the district, very little has been 
done. The region is not difficult of access, good 
wagon roads traverse many parts of it, and the area 
tributary to the Gatineau has two roads running on 
both sides along the river, as far as 200 miles from 
Ottawa. There are also numerous cross-roads from 
these main arteries. Good colonisation roads have 
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parts previously outside civilisation. In addition, 
the Canadian Pacific Railway runs along the western 
shore of the Gatineau as far as Maniwaki, and will 
probably soon be extended. The country is of 
a rugged character, wooded hills of granite and 
gneiss, together with numerous lakes, forming the 
chief feature of the landscape, and much unde- 
veloped water-power awaits the coming of the engi- 
neer. It appears that several reasons have been 

iven as to why the iron-ore deposits of this region 
ae remained undeveloped. As we stated bafore, 
attempts have been made, but they have failed. Some 
of the failures were due to incompetent management, 
some to lack of fuel and transport facilities. What 
has probably contributed more than anything else, 
however, to the failure of the industry has been the 
want of proper concentration methods for the utili- 
sation of lean ores. 

The gigantic strides that have been made in the 
world’s production and consumption of iron and 
steel may be said, as yet, hardly to have touched 
Canada. In 1876 the world’s production of pig iron 
was about 14,000,000 tons, while in 1907 it was over 
60,000,000 tons, or an increase of 46,000,000 tons 
in a generation. In Canada, however, little pro- 
gress has been made, It has been stated that 
the ores of that country are unsuited for the manu- 
facture of iron on a commercial scale, but in 
the face of our present knowledge and improved 
methods, this statement must be looked upon with 
suspicion ; and, indeed, a the last ten years 
efforts have been made to utilise iron ores which 
have been for long looked upon as useless, owing to 
the amount of gangue stuff they contain, or due to 
other deleterious constituents. 

According to particulars given by Mr. Fritz 
Cirkel, in a report issued by the Canadian Depart- 
ment of Mines, the iron ores found in the region 
we have named may generally be divided into three 
classes :—(1) magnetite ; (2) hematite ; and (3) a 
mixture of both. The first of these is the most 
abundant, and, when in a comparatively pure state, 
consists of 72.4 parts of iron and 27.6 parts of 
oxygen ; but it always contains foreign matter, by 
which the percentage of iron is more or less 
reduced. As the name implies, it is attracted by 
the magnet, although it rarely has the power of 
attracting particles of iron itself ; but when endued 
with polarity it constitutes the loadstone. It is 
black in colour, and has a specific gravity of from 
4.7 to 5.2. It is a mixture of iron sesquioxide and 
protoxide, the former being in the proportion of 
69 per cent., and the latter 31 per cent. In the 
district we are considering it is sometimes fine- 
grained and compact, while at others it is coarsely 
crystalline and granular, but seldom in crystals. 
Cubes of a well-defined form, have, however, been 
found where the iron ore comes in contact with 
crystalline limestone. It is sometimes found to 
contain as much as 17 per cent. titanic acid or other 
impurities. The hematite ore is frequently found 
in the Gatineau district, but it is less abundant 
than magnetite. It is found either pure or in 
association with magnetic iron ore, and is composed 
of iron sesquioxide containing theoretically 70 per 
cent. of iron and 30 per cent. of oxygen. In form 
it is brittle and compact. Its colour is dark steely 
grey, though red when a and some varieties 
are magnetic, which is probably due to the presence 
of magnetite. 

Although the total output of iron ore from 
Canada is not great, it is increasing. In 1909 the 
total shipments from the mines amounted to 268,043 
short tons, as compared with 238,082 tons in 1908. 
Of the shipments in the former year, magnetites 
accounted for 73,420 tons, hematite for 190,473 
tons, bog ore 3330 tons, and titaniferous magnetite 
(sand), for experimental purposes, 820 tons. The 
amount of ore exported from Canada during 
1909 reached the total of 21,956 tons. The quan- 
tity of iron ore mined in Newfoundland during 
1909 was much greater than that produced in 
Canada during the same time, the amount being 
1,110,049 short tons, of which 697,068 tons went 
to Sydney and 412,981 tons to the United States 
and Europe. 

Our knowledge of to-day will, in all probability, 
make the prospects for Canadian iron ores more 
hopeful. During the last fifteen years it has been 
shown that ores giving a low percentage of metallic 
iron can be successfully and commercially worked 
where proper concentration methods are used ; and 
although the new discoveries of large tracts of 
hematite in Western Ontario may attract attention 
from the magnetite deposits of the provinee of 





Quebec, it is possible that these latter may prove 
an important factor in the iron industry of Canada. 
There are mines producing similar ore in the 
Adirondacks, which at one time could not be suc- 
cessfully worked, owing to the lack of concentration 
methods, which are now doing well, and have 
proved an important source of ore supply. Not 
only are they fitted with concentration plants, 
but with furnaces as well, which produce excellent 
iron and steel. In the year 1904 they shipped 
559,500 tons of magnetite, and two years ago a 
shipment of 50,000 tons was sent to Germany, and 

ractically all the furnaces east of the Alleghany 
Mountains use it as a base in the manufacture of 
foundry, mill, and basic irons and steels. A very 
important firm in the Adirondacks have an exten- 
sive plant for treating this ore. They use an 
——s form of the Ball-Norton separator of the 
endless-belt type, which they have perfected them- 
selves, the arrangement of the magnets in series of 
alternating polarities, which is a feature of this 
separator, imparting a constant vibratory motion 
to the particles of ore as they pass from one magnet 
to another, which gives the entangled gangue 
matter an opportunity of freeing itself. By its use 
the ore, which carries about 60 per cent. of iron, 
and often 1.5 or 2 per cent. of phosphorus, is con- 
centrated till it assays over 65 per cent. of iron and 
from 0.5 to 0.7 per cent. of phosphorus. The 
tailings are treated in Wetherill separators, by 
means of which a further portion of the magnetite 
is recovered. The percentage of phosphorus in the 
tailings is about 12 per cent., or 60 per cent. 
tricalcium phosphate, which is sold as a fertiliser. 
A special feature of these Adirondack mines is the 
extensive use of electric power for driving the 
various plants, as well as for lighting, for pumping, 
and for hoisting. 

Now it is known that the iron-ore deposits along 
the Ottawa River and the Gatineau River extend 
over a large area, though their full extent can only 
be determined by further development or by 
magnetometric surveys. The quality also is excel- 
lent, and it is probable that they would lend them- 
selves to modern concentration methods equally as 
well as those of the Adirondack region in the United 
States. Vast stores of water power are also available. 
Another possibility for the future of the Canadian 
deposits of iron ore is the smelting of iron electri- 
cally. It is well known that considerable advance 
has now been made in this direction, and we had 
occasion to refer to the subject on page 414 of our 
last volume in connection with some experiments 
carried out in Sweden. It has now been shown 
that pig iron can be produced on a commercial 
scale by this method at a price to compete with the 
ordinary blast-furnace. 

There are a number of large deposits in the 
district covered by the report in which the per- 
centage of sulphur is high, but with modern roast- 
ing-furnaces it is probable that there should not be 
any difficulty in utilising all these ores by suitable 
treatment previous to their use in the blast-furnace, 
after which the resulting pig could be treated by 
the basic open-hearth process. The phosphorus 
which the ores contain can be got rid of in open- 
hearth basic furnaces. Some of the ores contain 
titanium, but, where the proportion is not too high, 
the ores can no doubt be satisfactorily worked. 
The great drawback to titanium is that, where it 
is present, a considerable amount of iron is lost in 
the slag, and the throat of the furnace, in which 
the ores are smelted, becomes quickly obstructed 
with refractory matter. Superior iron can be made 
from titanic ores, a small amount of titanium 
giving hardness and toughness, and the iron is well 
adapted for steel-making. The loss of iron in the 
slag is due to the fact that the only solvents of 
titanic iron are the double silicates of iron and lime, 
or iron and aluminium and lime, or iron, potash 
and lime, &c., and these, in the slag that comes 
from the furnace, carry away a percentage of iron, 
the percentage being in proportion to the amount 
of titanium it is necessary to remove from the iron. 
Titanic ores, having as high a percentage of titanic 
dioxide as from 5 to 10 per cent., have been success- 
fully smelted in charcoal furnaces in Sweden, while 
Norway ores, containing as much as 40 per cent. 
of titanic oxide, and only 36 per cent. of iron, have 
been smelted with perfect success metallurgically, 
though, of course, the cost in fuel was high. The 
proper treatment of such ores depends on the choice 
of fluxes. 

From evidence brought forward in the report to 
whieh we have referred, it appears that the iron ore 





deposits: of the Ottawa region of Canada are well 
worthy of consideration, and further careful investi- 
gation is needed. The district lies within easy 
reach of civilisation, and the means of transport 
by river and road are, as we have stated, not bad. 
Moreover, there is at present abundance of good 
timber which could be utilised for mine work, both 
for constructive purposes and for fuel, and water- 

wer is available in large quantities, this last 
veing a most important feature. 








IONISATION OF GASES AND 
CHEMICAL CHANGE. 

Tue title of the discourse on ‘‘Tonisation of 
Gases and Chemical Change,” which Mr. H. 
Brereton Baker, M.A., D.Sc., F.R.S., of Oxford, 
delivered at the Royal Institution last Friday, 
hardly conveyed to the general public that he would 
attempt to explain some so-called ‘‘ catalytic” pro- 
cesses by an ionisation of gases. Chemists know 
that Dr. Baker has for years been engaged in most 
painstaking researches which tend to indicate that 
two pure elements will not combine unless some 
third substance be present, if only in traces. Ina 
certain sense, every reaction would thus need the 
presence of a catalyser. It was these problems 
that Dr. Baker discussed. 

In introducing his subject, Dr. Baker remarked 
that the term ‘‘catalytic” had been proposed by 
Berzelius to describe a number of cheinical actions 
which would only take place in the presence of a 
third substance, which itself remained apparently 
unchanged throughout the reaction. The first of 
these cases had been investigated by Humphry 
Davy in 1817, who showed that many gases, like 
hydrogen and oxygen, were caused to unite at tempe- 
ratures far below those at which union ordinarily 
took place, in the presence of finely-divided plati- 
num ; this fact, the lecturer afterwards added, was 
still mysterious. Many reactions had been regarded 
as catalytic, fermentation among others, because the 
nature of the ferment had not been understood. 
When chlorate of potash was heated to generate 
oxygen it was mixed with a little manganese 
dioxide, which had been thought to remain quite 
unchanged ; it was believed now, however, that 
manganese salts were formed, decomposed, and re- 
formed again. Thirty years ago Professor H. B. 
Dixon had discovered that the ordinarily explosive 
mixture of carbon monoxide and oxygen could not 
be ignited by the electric spark when both the 
gases were dried as completely as possible. In 
1883, Dr. Baker had himself observed that purified 
carbon could be heated to redness in dry oxygen, 
without burning, and that sulphur could be dis- 
tilled in oxygen. Dr. Baker showed the latter 
experiment. Two glass tubes contained sulphur 
and oxygen, and the one also a trace of moisture ; 
in the dry tube the sulphur distilled, in the moist 
tube it burned. 

Some thirty simple reactions, Dr. Baker con- 
tinued, had been tried by himself and others. Dry 
ammonia and chlorine would not unite to fumes of 
ammonium chloride, and when, in investigating this 
reaction, he had thought that the simplest way of 
producing these two dry gases would be by heating 
the dry ammonium chloride, he had found that this 
salt would not dissociate unless a trace of moisture 
was present. Great care had, however, to be 
exercised in effecting the drying by means of phos- 
phorus pentoxide, and others, repeating his exper!- 
ments, had stated that he had not observed any free 
gases after heating the sali, because the pentoxide 
absorbed both the chlorine and the ammonia. 
That was indeed so with ordinary impure pentoxide, 
which contained metaphosphoric acid, which would 
bind the ammonia, while the pentoxide and lower 
oxides took up the chlorine. With the aid of the 
most carefully distilled pentoxide of Shenstone, he 
had succeeded in confirming his experiment. It 
was also very interesting that the white needle 
crystals of sulphur trioxide would settle on dry, 
pure lime, while in the presence of moisture the 
two substances at once combined under evolution of 
heat. A similar experiment could be made with 
sulphur trioxide and the black copper oxide. 

After ten years of experimenting, Dr. Baker 

roceeded, he had succeeded in showing that pure 

ydrogen and oxygen would not combine in the 
absence of moisture. This was shown. Two glass 
tubes containing these gases, and the one a trace of 
moisture, were heated by a Bunsen burner; an 
explosion took place only in the wet tube. The 
hydrogen had to be prepared by eleetrolysis ; trace# 
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of methane generally present in hydrogen from 
zinc and acid would spoil the demonstration. On 
the other hand, dry mercurous chloride would not 
decompose into mercury and mercuric chloride when 
heated ; the tube used for the demonstration also 
contained a piece of gold foil, which amalgamated 
with the mercury liberated in the moist tube, but 
remained untarnished in the dry tube. The trace 
of moisture required for starting those decompo- 
sitions or combinations was exceedingly small—l 
milligramme in 300,000 litres. That meant about 
as much water as would be produced by evapora- 
ting a drop of the size of a pin in the lecture 
theatre. 

In order to account for these phenomena, Pro- 
fessor H. E. Armstrong had suggested that a third 
substance was wanted to start the reaction, just as 
a third substance was wanted in electrolysis to con- 
duct the current. That theory, Dr. Baker said, 
was supported by his observation that the presence 
of water would not cause hydrogen and oxygen to 
unite— as stated above—if the water were pure. In 
order to test the theory further, he had tried to 
prepare pure sodium which should not decompose 
pure water (which it energetically decomposes under 
ordinary conditions). After distilling sodium in 
the inert gas helium, he thought he had actually 
succeeded in keeping sodium in contact with water 
for three seconds without observing decomposition. 
He might be mistaken. But he demonstrated that 
sodium amalgam (which is less active than sodium) 
did not at once generate hydrogen from his espe- 
cially distilled water, while the evolution began 
immediately in ordinary water. 

Another theory, the lecturer went on, had been 
suggested by Sir J. J. Thomson in 1893. If the 
combination of atoms in a molecule were electrical 
in nature, Thomson argued, the presence of liquid 
drops of water, or of any other liquid of high specific 
inductive capacity, would be sufficient to cause a 
loosening of the tie between the atoms which might 
result in the chemical combination of the partially- 
freed atoms to form new molecules. The discovery 
of Réntgen rays had come soon afterwards, and 
Dr. Baker had tried tosee whether ions could bring 
about chemical changes. Dr. Baker protested 
against the use of the term ‘‘ ions” as applied to 
Rontgen ray phenomena. The electrolytic ions of 
Faraday were quite different from those so-called 
ions of the gases. The negative gaseous ion had 
only 1/1500 the mass of the hydrogen atom, the 
positive gaseous ion was the residue, and the 
name ‘“‘ions” should not be used for them. 
We quite agree with this. But we fail to under- 
stand why Dr. Baker had, after long consulta- 
tions with classical scholars, decided that the 
processes which took place in gases under the 
action of Réntgen rays should be styled ‘‘electro- 
merism,” and why the ‘‘ electron ”—a well-under- 
stood term, surely—should be called the ‘‘ negative 
electromer.” Proceeding, Dr. Baker stated that 
Professor Dixon and himself had not, in 1896, 
succeeded in bringing about chemical change by 
Réntgen rays. But there might be electrolysis 
and true ionisation in gases, as in the decomposi- 
tion of steam by electric sparks. A recent experi- 
ment of his showed that something like ionisation 
took place in mereury vapour, which was supposed 
to consist of atoms (not of molecules, or of mole- 
cules containing only one atom). He performed 
the experiment. A mercury-vapour lamp was 
started, and the current turned off again before the 
glass tube of the lamp had become too warm to be 
held in the hand. When oxygen was then admitted 
into the tube, the metallic vapour changed into 
oxide. That, he said, might not be considered re- 
markable, but it was, as a matter of fact, very diffi- 
cult to oxidise mereury at a temperature like that 
in the lamp, which did not exceed 150 deg. Cent., 
mercury vapour being as inert almost as helium. 

In order to test the question further as to whether 
electromerism would be able to bring about chemi- 
cal change, Dr. Baker added, he had sealed up 
dry hydrogen and oxygen together with a silica 
tube cont ining radium bromide ; no combination 
Was observed during the two months of the experi- 
ng Nor did carbon monoxide and oxygen com- 

ine when sealed up with radium bromide, even 
hot when wet. These experiments having been 
made at 20 deg. Cent., he had tried whether there 
Were any effect or acceleration of the effect by 


electromerism at higher temperatures. For this 
2 og he had sealed up hydrogen and nitrous 
in 


Jena glass tubes ; the one tube further 


off electrons when hot, the other the same weight 
of powdered glass. Both tubes were heated in an 
electric furnace to 530 deg. Cent., and during the 
first five minutes the reaction proceeded in the 
lime tube five times as fast as in the glass tube ; 
afterwards the reaction was quicker in the glass 
tube. He had then replaced the lime by thoria, 
and thus accelerated the reaction twenty times. 
When he heated 2 milligrammes of radium bromide 
in the gas mixture, explosion ensued as soon as the 
combining temperature was reached. There was 
thus a decided acceleration. On the other hand, 
the initiated combination between carbon mon- 
oxide and oxygen was retarded, when the union 
took place in a strong electric field which removed 
the electromers. 

The following experiments, Dr. Baker remarked 
in conclusion, indicated one way in which electro- 
merism might act. Hydrogen sulphide and 
sulphur dioxide would combine with liberation of 
sulphur, but only in the presence of liquid water. 
He sealed up these gases, not as dry as they could 
be obtained, together with some radium bromide. 
—— a reaction did not take place. But 
when he afterwards heated the radium tube, water 
and sulphur vapours were given off. Thus all the 
sulphur had condensed upon the radium bromide, 
on which the water had previously condensed. He 
had always noticed that water collected in radium 
salt tube when they were exposed to undried air ; 
the salt was not at all deliquescent, but 10 milli- 
grammes of radium bromide caused, in two days, at 
0 deg. Cent., a deposition of 1.5 milligrammes of 
water vapour. According to Professor Townsend 
(of Oxford), water was condensed on the electrons, 
when the vapour tension amounted to 4 milli- 
metre. If this deposition of water in a form 
approaching that of a drop went on, even if water 
vapour were present in traces only, the theory of 
J. J. Thomson would afford a satisfactory explana- 
tion of the influence of moisture on chemical 
change, since some electromers were always present 
in ordinary gases. 





ELECTRIC WAVES AND THE ELECTRO.- 
MAGNETIC THEORY OF LIGHT. 

On Saturday afternoon last Sir J. J. Thomson, 
F.R.S., delivered at the Royal Institution the 
penultimate lecture of his course on the above sub- 
ject. On the previous occasion, he said, he had 
shown experiments leading to the conclusion that 
in air the speed of electric waves was the same 
as that of light, and that there were many other 
bodies in which the speed of the two disturbances 
were also nearly the same. There were, however, he 
had also shown, other bodies forming an exception 
to this rule, and of these water was the most con- 
spicuous example. In fact, at ordinary tempera- 
tures the velocity in water of the long electrical 
waves was only one-seventh that of light waves. 
It was, however, a general rule that the shorter 
the wave the slower the speed at which it 
travelled through a dense medium. Thus violet 
light moved through glass more slowly than red, 
and hence the behaviour in water of the long elec- 
trical waves was opposed to that of light waves 
in general, the electric wave travelling much more 
slowly than it should. In his last lecture he had 
stated, Professor Thomson continued, that this 
peculiarity could be explained if water contained 
systems analogous to little pendulums having a 
time of swing intermediate between the periodi- 
city of light and that of electric waves. In such 
cases anomalous dispersion arose. Through the 
kindness of Professor Wilberforce, of Liverpool, 
he was able, he said, to exhibit a model which 
showed in quite a conspicuous way what happened 
when a vibration passed into a medium comprising 
such systems. 

Before demonstrating the peculiarities of this 
model, it might, however, be well to consider the 
theoretical connection between the frequency of 
light and the refractive index of a medium con- 
taining systems having certain natural periods of 
vibration. In Fig. 1, he said, the ordinates repre- 
sented refractive indices which were inversely pro- 
rtional to the speed of light in the medium. 
requencies were set off along the line AC, and 
the medium was assumed to contain systems having 
a period of vibration equal to the distance A L. 
Then starting with frequencies less than this, the 
refractive index increased as the number of vibra- 
tions increased, which was in accordance with the 





Sontained a little lime, which was known to split 


general law, When, however, the eritieal value L 


was approached, the index went up enormously, as 
indicated by the curve tothe left of L, and at the 
critical frequency would be infinite were it not for 
losses of energy in friction and the like. After 
passing the critical value, the index, ProfessorThom- 
son stated, died right down, as indicated. A negative 
value of the index would, he said, imply that the 
light was not able to get through at all, but was 
all reflected. Actually in the neighbourhood of K, 
the index was exceedingly small, but after this 
point it began to increase again, but still remained 
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always much smaller than on the left of the vertical 
through L, that region corresponding to the 
electric waves in water, and the region on the right 
to light waves in the same medium. 

The arrangement of Professor Wilberforce’s 
model was, Professor Thomson said, represented in 
Fig. 2. The model consisted of a number of balls 
fixed on a horizontal wire and held down to the 
lower bar of the frame by ties, whilst springs 
between them and the upper of the frame, as indi- 
cated, tended to keep all the balls in the plane 
of the frame. The ties connecting the balls to the 
lower bar were in the case of one half of the model 
simple wires, whilst in the case of the other half 
these were replaced by wooden frames, each fur- 
nished with a little pendulum, as shown. This latter 
half of the model represented a medium showing 
anomalous dispersion, whilst that in which the ties 
were simple wires represented the air. All the 

ndulums were of the same length and vibrated 
in the same time. When a slow horizontal vibra- 
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tion was given to the ball on the extreme left 
of the ‘‘air” series, Professor Thomson showed 
that this vibration passed through the whole 
series, the horizontal wire on which the balls 
were strung taking a wave form, the wave-length 
being shorter in the ‘‘anomalous”’ portion of the 
model. As the speed of vibration was increased, 
this wave-length estene still shorter, the effect 
being the same as an increase of », the refractive 
index, in the case of light. At a certain critical 
speed, the lecturer showed, the wave disappeared 
entirely in the ‘‘anomalous” section, no wave at all 
being transmitted through it, though the first ball 
of this series vibrated widely in response to the 
impulses received. On further increasing the speed 
of oscillation beyond the critical value, the wave- 
length was greater in the second portion of the 
model than in the first. Professor Thomson pointed 
out that in this case the pendulums swung in the 
opposite direction to the balls to which they were 
attached, whilst with speeds of vibration less than 
the critical the ball and its pendulum both swung 
in the same direction. 

Professor Wood, of Baltimore, the lecturer pro- 
ceeded, had shown an analogous experiment with 
light. This was based on the principle that sodium 
vapour had some system which could vibrate with 
the speed of sodium light. If, accordingly, light of a 
little slower speed of vibration were passed through 
sodium vapour, the refractive index should be abnor- 
mally high ; whilst if, on the other hand, the light 
— through was of slightly higher pitch, it should 
1ardly be refracted at all. If, the lecturer said, 








the light from an are lamp were thrown through 
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@ prism on to a screen giving a horizontal spec- 
trum, and a second prism at right angles to the 
first were interposed, this latter would throw up 
each ray of the original spectrum by an amount 
proportional in each case to the refractive index 
of the prism for that light. In place of. the 
second prism Professor Wood used a horizontal tube 
fitted with transparent ends, and containing metallic 
sodium. On heating this tube the sodium was 
vaporised, and as the vapour was denser near 
the bottom than the top, the arrangement formed 
a kind of prism. Repeating the experiment, Pro- 
fessor Thomson showed that a dark space appeared 
in the spectrum at the position of the sodium lines, 
and that on the red side of this space the rays were 
bent up into a horn, whilst on the other side of the 
dark band a negative horn was to be seen, as indi- 
cated in Fig. 3. 

If then, he proceeded, water contained systems 
having frequencies nearly that of the long electric 
waves, the slowness of the latter in this medium 
would be explained; but the fact was very in- 
teresting and extraordinary that the complexes 
in question must have a time of vibration very 
large as compared with ordinary molecules. As he 
had mentioned in his previous lecture, Dewar and 
Fleming had shown that it was possible to remove 
these systems by sufficiently lowering the tem- 
perature, and this done, water would transmit the 
long waves at nearly the same speed as light. 

Hitherto in these lectures, Sir Joseph continued, 
he had been trying to establish the electro-magnetic 
theory of light by means of experiments showing that 
electric waves acted like light waves, and this seemed 
the easiest method of approach ; but it was historic- 
ally incorrect. The electro-magnetic theory of light 
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had not been discovered, or even suggested, by ex- 
periment, but had arisen from the work of Maxwell 
in his study, rather than in his laboratory. He 
wished now to try and give an account of the 
principles which had at first led to the conclusion 
that electrical effects travelled with the velocity of 
light, though he was afraid the subject was a little 
difficult. To simplify matters he would use a 
method of cnneapeiion the subject different from 
that of Maxwell, who had made great use of the 
idea of displacement currents. This conception 
was not, however, easy to p. Indeed, Hertz 
had declared that Maxwell’s theory consisted simply 
of Maxwell's equations—viz. :— 
Curl of electric force = time rate of decrease of 
magnetic force ; and 
Curl of magnetic force = 4 * times the current passing 
through the circuit. 

On the other hand, the lecturer proposed to make 
use of the conception of lines  ¢ force, a method 
perhaps particularly appropriate to the Royal Insti- 
tution, since the idea originated there with Faraday. 
These lines were drawn so that they coincided at 
every point of space with the direction of the force 
there. Thus conceived they were descriptive rather 
than metrical, but it was ible to extend their 
meaning so as to endow them with metrical pro- 
perties. The lines always started from a posi- 
tively-electrified body. Taking those originating 
in a small portion of the body having spread 
over it a unit charge, these lines would form 
a tube of force, which extended through space 
and consisted always of the same lines. Such a 
tube, originating in a unit quantity of positive 
electricity, might be callec a unit-tube, and the 
whole of the system of lines might be done up into 
unit bundles of this kind. By ascribing physical 
properties to these tubes, Faraday was able to 
explain various properties of electrified bodies. 
He assumed that the lines were in a state of 
tension in the direction of their length, and that a 
repulsion existed between neighbouring lines. 
Thus the lines stretching between a _positively- 
electrified and a negatively-electrified body, as in 
Fig. 3, bulged out as indicated, due to their mutual 
repulsion, whilst the tension along the lines caused 
the attraction of the two bodies. 





Faraday, however, only considered the case of 
the tubes of force when at rest, whilst the funda- 
mental point in Maxwell’s theory was what hap- 
pened when the tubes were moving. Following 
out the idea that a magnetic force was produced 
when the tubes moved, there must be an inter- 
connection between the magnetic and the electric 
forces. The fact that the magnetic force arose 
from the motion of tubes of electric force sup- 
posed, in short, some definite relation between 
the magnetic force and the moving tubes. There 
were definite experimental bases for the belief that 
tubes of moving electric force gave rise to magnetic 
force. Thus in Rowland’s famous experiment an 
electrified disc set in rotation produced a magnetic 
field. This fact had been denied a few years ago, 
but a repetition of the experiment showed that 
Rowland was quite right. hat happened in this 
experiment was merely that the lines of electric 
force were being moved, and these, as stated, gave 
rise to a magnetic field. To take another case: if 
two plates forming a condenser were charged, one 
positively and the other negatively, the lines of force 
extended from one to the other across the inter- 
space. Such a charged condenser showed no mag- 
netic effects, but on connecting the two plates by 
a conductor the lines of force rushed round to go 
into the wire, and a magnetic field was produced 
between the plates, the direction of which was 
at right angles to the lines of electric force, and 
also to their direction of motion. If N denoted the 
number of unit tubes of force, and i the current, 
whilst v denoted the velocity of the lines, then 

t=4nrvN. 

The motion of the lines would produce a mag- 
netic force which varied with the velocity and the 
number of lines in motion. If H denoted the 
magnetic force, and @ the angle between the line 
of electric force and its direction of motion, then 


H=47N vsin @. 


Any movement whatever of the lines of electric 
force implied a change in the magnetic force. If 
the electric force varied in any part of the field, 
this must be represented by a change in the lines 
of electric force—that was to say, by a movement of 
these lines, and it was in this way that the idea of 
a displacement current came in. The assumption 
that an alteration in the electric field was equiva- 
lent to a motion of the lines of force was, in fact, 
the essence of the electro-magnetic theory of light. 

Various rules had been given, Sir Joseph con- 
tinued, for memorising the direction of the magnetic 
force relatively to the lines of the electric force and 
to their direction of motion. One frequently em- 
ployed, was based on placing the thumb and first 
two fingers of the hand at right angles to each 
other. In attempting to remember, however, 
which finger represented which, he found himself 
much in the position of the centipede described by 
Lewis Carroll, as follows :— 

“The centipede was happy quite until the toad in fun 

Said, ‘Pres, wih ie } mene after which ?’ 
This wrought his mind to such a pitch, 
He lay distracted in a ditch, 

Considering how to run.” 

The so-called corkscrew rule suited him much 
better. This might be expressed as follows :—Push 
the hand along the direction of the current and 
twist it round as if using a corkscrew, then the 
direction of the twist was that of the lines of the 
magnetic force. 

A magnetic field possessed energy, the amount 


being equal to - H’, or as H was equal to 
TT 


4nWN v sin 6, this energy might be expressed as 
p (47 Nv sin Of 
84 : 

The number of units of energy obtained in the 
magnetic field depended therefore on the direction 
of the motion, and was a maximum when the lines 
of electric force were at right angles to the direc- 
tion of their motion. An analogous case arose in 
the motion of an elongated body through a fluid. 
The energy in the medium depended then upon 
whether such a body moved point foremost or broad- 
side on. In such cases the principles of mechanics 
showed that there must be forces tending to make 
the bodies point in a definite direction. Klongated 
bodies placed in a moving fluid tended, in fact, to 
set themselves at right angles to the line of motion. 
For example, falling leaves in autumn never came 
down with their faces vertical, but fluttered down 
broadside on, so as to create as much disturb- 





ance as possible in the medium. The lines of 
electric force, Professor Thomson continued, acted 
in exactly similar fashion, tending to set themselves 
at right angles to their line of motion. ‘his 
tendency could be represented by an electric force 
acting on them in the sense required. This force 
was equal to the magnetic induction multiplied 
by the speed of the electric force, and was itself 
directed at right angles to the magnetic force, and 
to the direction of motion. Owing to this, lines 
of electric force far away from charges were always 
at right angles to their direction of motion, and 
thus im such cases the electric force, its direction of 
motion, and the magnetic force were mutually at 
right angles to each other. 
The expression for H then reduced to 
H=47Nv. 

Whilst if X denoted the electric force, this was 
equal to B v, where B was the magnetic force, or 
B=zH, 

where # was the magnetic permeability. 
Further the number of lines of electric force was 
given by the relation 
Ss =~ 
N= e X, 
k being the specific inductive capacity of the 
medium. Substituting for X, we got 


N= ~ -pH», 
but since 
H=4aNz, 
this gave 
H=kyz. He? 
Whence 
1 
2 — 
v= k ° 


Hence the lines of electric force travelled at a 
definite speed equal to the square root of the product 
of the specific inductive capacity and the magnetic 
permeability of the medium. To obtain numerical 
results these two quantities must be expressed in 
the same system of units, and to find the proper 
value for k in the above equality it was necessary 
to determine the ratio of the units of an electric 
charge expressed in the electrostatic and in the 
electro-magnetic systems respectively. 

Maxwell had results of experiments on this 
head, and could calculate k », and he then found 


that = = v*, where v denoted the velocity of 
cp 

light. This fact suggested the electro-magnetic 

theory of light, which was thus based on purely 


electrical considerations, and not on the observed 
behaviour of electric and of light waves. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

Tue annual meeting of the Institution of Naval 
Architects opened last Wednesday at the Royal 
Society of Arts, Adelphi, W.C., the President, the 
Right Hon. Earl Cawdor, being in the chair. The 
morning meeting opened at 11.30, and business 
commenced with the reading of the annual report 
for the past year. 


ANNUAL REPORT OF THE COUNCIL. 


The report presented drew attention to the fact 
that this was the fiftieth year of the Institution's 
existence, and that anniversary meetings had been 
arranged to be held in London on July 5 and the 
following days. H.R.H. the Prince of Wales had 
graciously consented to open these meetings, which 
would take the form of an International Congress 
in Naval Architecture and Marine Engineering, at 
which many foreign representatives were expected 
to be present. ; 

Reference was next made to the incorporation of 
the Institution under Royal Charter, and it was 
stated, as already announced, that a special general 
meeting to consider this proposal would be held on 
the next day (Thursday). If the proposal were 
approved, the petition to his Majesty the King 
would then be laid before the Privy Council. _ 

The membership roll showed a net gain of tifty- 
three names for the year. The number of new 
members, associates, and students elected during 
the last year had been 136, but these were off-set 
through death, resignation, &c., by eighty-tliree 
names being removed. During the year the Insti- 
tution had suffered the loss of their hon. Treasurer, 
Mr. James Dixon, who died last summer, the 
vacancy having been filled by the appointment of 
Mr. C. E. Ellis. The financial statement presented 
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showed a satisfactory condition of affairs, and a 
larger balance to carry over than last year. A read- 
ing-room for the use of members had been added to 
the accommodation at the Institution’s address. 

It was expected that the National Experimental 
Tank would be ready for use shortly. e annual 
report proceeded to give other details on this sub- 
ject, which, however, was fully dealt with in one 
of the papers subsequently read before the meeting, 
and reproduced elsewhere in this issue. During 
the last year the Institution had been represented 
on the following bodies :—On the Merchant Ship- 

ing Advisory Committee to the Board of Trade 
” Dr. J. Inglis and Sir Theodore Doxford ; on the 
Technical Committee of the British Corporation by 
Mr. A. W. Sampson and Engineer-Commander 
W. M. Winsom ; on the Consultative Committee 
of the Board of Trade by Mr. D. J. Dunlop, Mr. 
A. E. Seaton, Mr. Roy Laird, and Mr. R. Crighton ; 
and on the Court of the Bristol University by Mr. 
Mark Whitwell. Dr. J. Inglis had been elected 
an Hon. Vice-President of the Institution. 

The report further stated that the ‘‘ Institution of 
Naval Architects” Scholarship (1909) had been 
awarded to Mr. C, H. Perry, of Devonport Dock- 
yard, and that that gentleman was following a course 
in naval architecture at Armstrong College(Durham 
University), Newcastle-on-Tyne. The ‘Elgar ” 
Scholarship was being offered for competition this 
year for the first time. The Institution premium 
for 1909 had been awarded to Dr. T. E. Stanton, 
of the National Physical Laboratory, for his paper 
on ‘The Resistance of Thin Plates and Models ina 
Current of Water,” and a similar premium had been 
awarded to Mr. H. C. Anstey, for his paper on ‘‘The 
Application of Internal-Combustion Engines for 
Marine Propulsion,” read at the last annual meeting. 


EXECTION OF OFFICERS. 


After the report had been read and adopted, the 
names were announced of the President, Vice- 
Presidents, &c., who had been re-elected on retire- 
ment in accordance with the rules of the Institu- 
tion. As President, the Right Hon. Earl Cawdor ; 
as Vice-Presidents, Engineer Vice-Admiral Sir J. 
Durston, K.C.B., Sir Phillip Watts, K.C.B., Pro- 
fessor J. H. Biles, Mr. H. J. Cornish, Mr. A. 
Denny, Sir W. T. Doxford, Mr. D. J. Dunlop, 
Mr. J. Dunn, Mr. R. H. Humphrys, Mr. J. i 
Milton, Engineer Vice-Admiral i. J. Oram, C.B., 
the Hon. C, A. Parsons, C.B., Mr. W. E. Smith, C.B., 
Mr. A. F. Yarrow. As hon. Treasurer, Mr. C. E. 
Ellis. The list of names of Members of Council 
elected by ballot to fill vacancies caused by retire- 
ment was then read. It was as follows :—Vice- 
President, Mr. Alexander Gracie ; Members of 
Council, Mr. P. T. Caird, Mr. H. R. Champness, 
Mr. J. Gilchrist, Mr. J. Hamilton, Mr. G. B. 
Hunter, Mr. Summers Hunter, Mr. W. J. Luke, 
Mr. A. E. Seaton, Mr. W. H. Whiting, Mr. H. 
Withy, all the above, save Mr. Summers Hunter, 
having served before on the Council. As Associate 
Members of Council, the following were elected : 
the Hon. T. A. Brassey, Professor W. E. Dalby, 
and Admiral Sir G. Noel, K.C.M.G. 

A long list of the new members, associate 
members, associates and students, was then read 
out, and the scrutineers for the ensuing year were 
elected. The Insitution premium for 1909 was 
then handed to Dr. Stanton, and a similar premium 
to Mr. H. C. Anstey, for their papers, as men- 
tioned in the annual report above. 


THE PRESIDENTIAL ADDRESS. 


At the conclusion of the business of the annual 
meeting, the President of the Institution, the 
Right Hon. Earl Cawdor, delivered his address. 
Earl Cawdor opened his remarks with a reference 
to the fact that the Institution was in its jubilee 


year, xnd made reference to its origination in 1860. 
A very brief résumé of the Institution’s history was 
then viven, after which the President referred to 
the matter of incorporation under Royal Charter, 
which was to be considered at the special meeting 
on the following day (Thursday). 

Earl Cawdor continued by drawing attention to 
a renarkable development in marine engineering 
seen 


recent years, due to the various scientific 


discoveries and researches lately made. For in- 
Stanc:, the output of marine steam-turbine shaft 
horse-power of last year amounted to 468,000—an 
advance of 25 per cent. on the average of the 
Previous two years, while in 1909 an output in 
Teciprocating engines of 1,000,000 horse-power was 


extremely interesting if iculars of the perform- 
ance of the White Star liner Laurentic, fitted with 
combined installation of turbines and _ recipro- 
cating engines, could be placed before the Institu- 
tion. The hope was expressed that the papers on 
‘*Mechanical Rotution Gearing” and ‘‘ Electrical 
Transmission,” to be read before the meeting, 
would provoke good discussions. In smaller craft, 


|the internal-combustion engine continued to make 
| steady progress, while as an auxiliary this type of 





engine proved itself unsurpassed. The appli- 
cation of this form of engine in the solution of the 
<7 ee of flight would be watched with interest, 
ut it was as yet difficult to say how far this branch 
of engineering might affect naval work in the future. 
The President then proceeded to review the 
position of the mercantile marines of the world, 
and the effect of the general depression in the 
trade on the shipbuilding output, several countries 
showing a decrease in output of from 30 to 40 per 
cent., whereas the decrease shown in the United 
Kingdom was no more than 6} per cent. Dur- 
ing the past year some 8 millions sterling had 
been expended in private yards on repair 
work, and 2} millions in Government dockyards, 
making a total of 10} millions sterling spent 
on repair work out of a total expenditure on 
shipbuilding generally of about 48,000,0001. Com- 
ment was next made by the President on the 
influence of labour questions on shipbuilding affairs 
and on the delays by strikes. The delay to the 
building of the Superb was cited as a case in point, 
and contrasted with the expeditious building of 
the Vanguard. The President then turned to 
the output of warships and the Navy Estimates 
for the current year. With regard to the con- 
tinued growth in size of vessels, Earl Cawdor 
said: ‘It is all very well for enthusiasts to 
advocate the reduction of armaments, but who 
can secure that other navies shall also restrict their 
pe of expansion?” ‘‘ The only sound policy, 
venture to submit,” he continued, ‘‘ is one based 
on the maintenance of our Navy in its traditional 
position of assured supremacy. . . . It is certainly 
in the best interests of the nation that those in 
whose hands these highly technical matters must 
ultimately rest should have unhampered freedom 
to provide for all the reasonably possible needs of 
a navy on which, as our first line of defence, the 
safety of this Empire is so absolutely dependent.” 
The President’s address concluded with a refer- 
ence to the proposed jubilee meetings to be held in 
the summer of this year. 


Tue FortTHcomMinc JusILEE MEETINGs. 


A preliminary programme for these meetings 
has pce been drawn up, according to which 
the celebration will extend from Monday, July 4, 
to Friday, the 8th. An outline of the pro- 
gramme is as follows :—Monday, July 4, even- 
ing reception at the Royal United Service 
Institute. Tuesday, July 5, opening of the In- 
ternational Congress by HRA. the Prince of 
Wales, at the Connaught Rooms, Freemasuns’ 
Hall, Great Queen-street, W.C.; in the evening a 
reception will be held by the Lord Mayor at the 
Mansion House. On Wednesday, July 6, there will 
be morning meetings in the halls of the Institution 
of Civil Engineers and the Institution of Mechanical 
Engineers for the reading and discussion of papers. 
In the evening a concert has been arranged at the 
Queen’s Hall. On Thursday, July 7, morning 
meetings will be held, as on Wednesday, and similar 
morning meetings will be held on Friday, July 8, 
for the reading and discussion of papers, while on 
Thursday evening a banquet to the foreign dele- 
gates and guests will be given, to be followed by a 
reception by Lord and Lady Brassey. In the 
afternoons visits will be paid to places within easy 
reach of London. 

It may be added that delegates and official re- 
resentatives from Austria, Belgium, Brazil, France, 
taly, Japan, Russia, Spain, Sweden, the United 
States, and other countries are expected to be pre- 
sent, and to take part in the Congress, and the 
subjects that will be brought forward for considera- 
tion at the meetings will cover a wide field in naval 
architecture and marine engineering. The Guaran- 
tee Fund already amounts to a considerable sum, 
so that arrangements for the entertainment of 
guests on an adequate scale is assured. 


Tue BatrLEsHIP OF THE FUTURE. 
The Chairman now called upon Rear-Admiral R. 


tecorded. The President stated that it would be | H. Bacon, who read his paper on the above 








subject. 
this issue. 

Sir Gerard H. Noel, in opening the discussion, 
remarked upon the excellent way in which Rear- 
Admiral Bacon had presented his case, and the 
soundness of the arguments from the particular 
standpoint taken up in the paper. He looked upon 
the paper as a defence of the Dreadnought, with 
the construction and design of which Rear-Admiral 
Bacon was closely concerned. He (the speaker) 
had always opposed increase in the size of battle- 
ships. We must keep size within reasonable limits 
for two reasons :—First, because of questions of 
draught, and in this connection service in all parts 
of the world, and not only in home waters, must 
be kept in view; second, because as a torpedo 
will put any og out of action, it is undesir- 
able unduly to limit the number of ships by 
making them very large. He did not agree with 
Rear-Admiral Bacon’s suggestion in the paper 
that the likelihood of hits with torpedoes in 
battle is greater with a number of smaller ships 
than with fewer larger ones. Referring to ques- 
tions of armament, he was sorry to see the secon- 
dary batteries abolished in the Dreadnought, and, in 
his opinion, the armament of the King Edward 
was superior to that of the Dreadnoughts. The battle 
of Tsushima was won by rapidity of hitting. He 
considered that the fallacy of the one-calibre idea 
lay in supposing that actions would in the future 
take place over long ranges. There was no 
foundation for this idea ; in the North Sea, for 
instance, it would be impossible to see far enough 
for a battle to take place over such distances as 
were apparently contemplated. In reference to 
matters of speed, he considered that the extra 
weight put into ships to obtain higher speed 
could be more effectively utilised in improved 
guns and armour. In the case of the Dread- 
nought, no doubt the increase was partly due to 
the adoption of turbines. But could not smaller 
turbines have been put in, and the weight saved 
utilised elsewhere ? 

Admiral C, C. P. FitzGerald, who next spoke, 
suggested that it was perhaps hardly fair to put up 
all the old admirals to criticise the young one. It 
would, however, be recognised that the paper 
was by a man of the highest authority, the first 
commander of the Dreadnought, and the father of 
the present submarine. Admiral FitzGerald criti- 
cised the suggested case quoted in the paper, in 
which a battleship fleet was held out of action 
during a whole war. He could not conceive that 
such circumstances could ever arise. On the 
whole, it appeared to him that the general idea 
of the paper was to discount the value of 
armour ; but surely the passages having reference 
to the penetration of a ship’s armour altogether 
failed to allow for the large proportion of hits 
which would be in the nature of glancing shots, 
which would not penetrate. The argument in refer- 
ence to the racking of ships by continued pounding 
was a very old story, but it appeared to him that in 
any case it was better to have the racking outside 
the ships than inside. The crews would probably 
be of the same opinion. He was glad to see that 
Rear-Admiral Bacon condemned the building of 
second-class battleships. Old and obsolescent ships 
formed a natural supply of second-class battleships, 
and he did not believe that anyone wanted to build 
new second-class ships nowadays. To argue on this 
matter was flogging a dead horse. e entirely 
agreed with Rear-Admiral Bacon’s ideas on the 
value of speed. He considered that this point was 
definitely established by the Russian-Japanese War. 
He could, however, hardly picture the naval engage- 
ment of the future as consisting of a series of 
actions between units. Surely in the event of one 
ship sinking another, the victor would go to the 
assistance of its nearest fellow, in its unit action. 

Sir William H. White, before commenting on the 
peper, said he thought it should be known that 
Rear-Admiral Bacon had written it at the request 
of the Council. Continuing, he said he wished to 
confine himself to princi hy and not to criticise 
the design of any particular ships. The question 
of secondary armament was a vital issue. Other 
governments had not abandoned secondary arma- 
ment to such an extent as we had. The Japanese, 
with recent experience of war, confirmed the 
value of such armament. He thought that Rear- 
Admiral Bacon’s arguments in reference to this 
point had not much force. The South Carolina, 


The paper is reprinted on page 359 in 


of the United States Navy, carried eight heavy 
guns combined with a secondary armament; this 
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was an excellent compromise. If twelve heavy, 

guns were fitted, the centre part of the ship, whic 

normally was given up to the engines and boilers, 
must be cut into, and there were difficulties with 
the secondary armament ; but they were not insur- 
mountable, and there were designs in existence em- 
bodying those points. It was important to note 
that France, after an interval of rest, had begun 
to build again, and that a powerful secondary 
armament, plus twelve heavy guns, had been de- 
cided on. Great Britain was the only country 
relying on 12-in. and 3-in. armament alone. Sir 
William suggested that a growth in the power of 
the secondary armament in this country was likely 
to be seen; already 4-in. guns were. being fitted, 
and he would not be surprised if these grew to 
4.7-in., and ultimately to the 6-in. gun. In refer- 
ence to the question of torpedo attack, the state- 
ment in the paper that a single hit might incapa- 
citate a battleship of any size for the remainder 
of an action was most important. Questions of 
concentration and possible distribution must both 
be kept in view. If guns were concentrated in 
few vessels, more risk was run than if they were dis- 
tributed over a large number of ships. Sir William, 
in common with other speakers, did not appear to 
agree with Rear-Admiral Bacon’s idea that the 
proportion of torpedo hits was likely to be greater 
when directed against a larger number of smaller 
vessels than against fewer larger ships. He referred 
to the question of the proportion of hits obtained 
by guns of large and small calibre respectively, 
and stated that information from naval officers led 
him to believe that the proportion of hits with 
small guns was not less than with larger ones. In 
reference to second-class battleships, he had never 
advocated the building of such ships; old ships 
naturally formed such a class. The real question, 
however, was not one of first-class and second-class 
ships, but one of large and small ships, and of the 
way to get the best fighting value for the money 
spent. Ss reference to were size and handiness in 
manceuvring, he had seen the Mauretania, 790 ft. 
long, turn in four times its length at 26 knots. 
Questions of draught and radius of action were 
really matters for the Board of Admiralty rather 
than for naval architects. 

Admiral W. H. Henderson, speaking in reference 
to questions of the dimensions of ships, suggested 
that considerations in reference to tides and the 
accommodation of ports were of much importance. 
In many ports the period of slack tide was limited, 
so that if the size of ships increased too much, 
it would not be possible to deal with the same 
number of units in the time available as it was now. 
He pointed out that a practical limit was always 
reached in mechanical applications, as, for instance, 
the speed which can be attained on railways of 
standard gauge, and suggested that the practical 
limit of size had about been reached in battleships. 
In reference to armaments, he would say that 
weapons of greater hitting length had continually 
superseded those of shorter range, but that the 
older weapon had not of necessity been abandoned. 
The question of rifles and the retention of bayonets 
was a case in point. This would seem to suggest 
the likelihood of a retention of the secondary 
armament in battleships. It was inevitable that 
on the completion of the Dreadnought, other 
nations—in an attempt to improve on her—should 
add a secondary armament to the special features 
she possessed. 

Professor J. H. Biles was the next speaker. He 
remarked that last year a request had been made 
to the Admiralty for a paper on the Dreadnought, 
but that it had not been forthcoming. The 
present paper should, perhaps, be looked upon as 
filling the gap. Naval architects must take a 
gloomy view of the case presented. Apparently it 
was impossible to design a ship that could not 
be destroyed ; the gun-makers were beating the 
armour-makers. He, however, suggested that 
some comfort might be derived from the considera- 
tion of nervous strain and the question as to what 
ship’s crews could really stand. In reference to 
the possibility of saving weight in the Dread- 
nought’s engines, and employing the difference to 
improve guns and armour, he thought it would be 
found that the higher speed was more or less 
inherent in the turbines, and that little or nothing 
could have been done in this way. He suggested 
that Mr. Parsons should speak on this point. Pro- 
fessor Biles went on to say that he was glad to see 
Sir William White now approved of more than 
four 12-in. guns in a ship. [Sir William inter- 





rupted at this point to say that four guns had never 
been his ideal, and that he considered eight the 
best arrangement.| Professor Biles concluded by 
referring to the relative accuracy of fire of heavy 
guns and secondary armament, and stated that it 
was usual to suppose that gun-layer tests were a 
fair measure of battle practice in such connection. 

The Hon. C. A. Parsons, rising at the request of 
the Chairman, said that he had not come prepared 
to speak on the paper, but in reference to the 
Dreadnought he thought that a considerable saving 
of weight in the turbines would have resulted by 
arranging for a 19-knot speed. 

Rear-Admiral Bacon then replied. He stated 
that the paper had not been easy to write, as it was 
difficult to avoid confidential matter and at the 
same time make himself clear. He thought that at 
this time of day the Dreadnought required no 
defence. Referring to the question of secondary 
armament, he would point out that the results 
obtained at the Battle of Tsushima were got with 
armaments and ships which were now practically 
out of date, as the battle was fought by ships 
having only four i guns each, which was not 
enough for accurate hitting; and also since that 
time the progress in gunnery had been so enormous 
that the munitions then used were now prac- 
tically obsolete. In connection with this point 
of secondary armament, he stated that gunnery 
lieutenants on ships with such armaments com- 
plained that their promotion was likely to suffer 
owing to the superior results obtained by the 
Dreadnoughts, and requested to be transferred to 
the latter. The question of armour was one of 
thin armour against thick—not a question of no 
armour at all. In this connection Sir William 
White had not explained how, if the thickness 
of armour to meet gun development were kept up, 
the ships were to remain small. He (the speaker) 
was aware that heavier armour could be put in, but 
the question concerned the best way to utilise the 
allowable weight. Answering Admiral Henderson, 
he admitted that there was a practical limit to the 
size of ships, but did not admit that we had got 
there yet. Referring to the question of nervous 
strain, he thought the best way to keep up the 
nerves of a crew was to get the first hit in at the 
enemy, instead of letting him getting it in at yourself. 

At the conclusion of Rear-Admiral Bacon’s reply, 
the Chairman announced that the meeting would 
adjourn for lunch until 3 o’clock that afternoon. 


Report oN THE NATIONAL EXPERIMENTAL TANK. 

On re-assembling in the afternoon, Sir William 
White occupied the chair, and the first paper to be 
taken was the report by Dr. Glazebrook, F.R.S., 
on ‘‘The Progress of the National Experimental 
Tank.” Dr. Glazebrook, in reading this report, 
added a few particulars as to what had been done 
since the printing of the report. He indicated on 
the diagram, which is reproduced with the paper 
on page 334 of this issue, the positions that had been 
selected for various machines and apparatus which 
will form part of the equipment of the tank and 
workshops adjoining. He stated that the tank 
had been constructed in 60-ft. lengths in order to 
avoid risk of cracking from settlement. These 
sections would not be joined up until all settlement 
that might reasonably be expected to occur had 
taken place. 

Sir William White, in proposing the vote of 
thanks to Dr. Glazebrovk for his report, said it 
had been drawn up at the suggestion of the Council 
in order that members might be kept informed of 
what was being done, and that the progress might 
be recorded in the Proceedings. It was not the 
first time the Institution had been indebted to Dr. 
Glazebrook for work done on its behalf, and he 
wished to place on record the fact that it was 
mainly owing to Dr. Glazebrook’s energy that the 
scheme had so rapidly taken definite shape and 
been so thoroughly worked out. The importance 
of the fact that the tank was situated at Bushy in 
connection with the National Physical Laboratory 
would be fully appreciated by members when they 
visited it on Friday. The gain in this direction he 
anticipated would really be much greater than was 

enerally supposed, and the assistance afforded by 
Dr. Stanton and his staff would prove to be, he 
thought, very considerable. This fact had been in 
Mr. Taews mind when the suggestion first came 
forward. It was Mr. Yarrow’s wish that the tank 
should form part of the Laboratory equipment there. 

Mr. A. F. Yarrow, on being called upon by Sir W. 
White, said that he only had to record the fact that 





a great deal was due to Dr. Glazebrook for the 
energy he had displayed over the scheme, and also 
to Sir W. White for the practical interest he had 
taken in it. Mr. Harold Yarrow remarked that he 
had had an opportunity of viewing the tank and 
thought that the work had been very rapidly 
pushed on. 

- After pone the vote of thanks to Dr. Giaze. 
brook, the Chairman said he wished to take the 
opportunity of reminding members that the main- 
tenance fund did not exceed 14001. per annum. It 
had been Mr. Yarrow’s wish that the fund should 
stand at at least 2000/., and, if necessary, it would 
actually be brought up to this figure. It was, how- 
ever, desirable that the Institution should not 
allow any part of the expense to fall on the 
National Physical Laboratory; and he hoped, there- 
fore, that the list of guarantors would be increased 
so as fully to provide for maintenance. 


Tue Society FOR THE IMPROVEMENT OF Nava 
ARCHITECTURE. 


The next paper to be taken was one by Mr. 
A. W. Johns. It was entitled ‘‘ An Account of the 
Society for the Improvement of Naval Architec- 
ture,” and will be found reprinted on page 362 et 
seq. of this issue. At the close of the reading of 
the paper, Sir W. White said that the Institution 
had been indebted to Mr. Johns on former occa- 
sions in connection with Beaufoy’s experimental 
work. Mr. Johns had shown that Beaufoy had 
anticipated much work of recent years with regard 
to the motion of fluids past planes, and had actually 
demonstrated peculiarities which later workers 
thought had only recently been brought to light. 
He thought the footnotes good. They showed 
how wide Mr. Johns’ reading and research had been 
in order that an adequate account of the old Society 
of Naval Architects might be put before the 
members. 

Professor J. J. Welch said he thought it quite 
appropriate that the Institution should have a full 
record of what might be said, not inaptly, to have 
been its early beginnings in the form of the old 
Society. He thought that actually the establish- 
ment of the various schools of naval architecture 
followed, as suggested by Mr. Johns, from the report 
of the Commission appointed to revise the civil 
affairs of the Navy. They had in the paper a 
record of the early history—the genesis—of that 
Committee. It was not fanciful to say that the 
bookseller Sewell builded better than he knew, 
and that from his work the schools ultimately 
arose. Dr. Glazebrook had, a few moments before, 
mentioned the smaller tank in the equipment at 
Bushy. In that tank would be carried out experi- 
ments very much on the lines of Beaufoy’s investi- 
gations. A vote of thanks was then passed to the 
author, and the meeting adjourned till 11 a.m. on 
Thursday. 

THe ANNUAL DINNER. 


The annual dinner was held at the Hotel Cecil 
on Wednesday evening. Lord Cawdor was in the 
chair, and covers were laid for four hundred. 
There was a large number of foreign guests present. 
The President, in proposing the toast of ‘The 
Naval and Military ee of the Crown,” made a 
strong plea for the laying down of the five armoured 
ships of next year’s programme at as early a date 
as possible. Admiral of the Fleet Sir Gerard 
Noel and Lieut.-General D. Hutchinson re- 
sponded. Admiral Sir Archibald Douglas proposed 
‘Our Dominions Beyond the Seas,” and Captain 
Muirhead Collins replied on behalf of the High 
Commissioners of Australia. ‘‘The Mercantile 
Marine” was proposed by the Hon. T. A. 
Brassey, who stated that the percentage of 
foreigners in the mercantile fleet had in eight years 
decreased from 22.88 to 20 per cent. Mr. Edward 
Hain, the President of the Chamber of Shipping, 
replied. The toast ‘‘The Guests,” oo age by 
Mr. S. J. P. Thearle, was acknowledged by Sir J. 
R. Jellicoe, the Controller of the Navy. There was 

eculiar fitness in ‘‘ The President” being submitted 
by Mr. J. C. Inglis, the President of the Institu- 
tion of Civil Engineers. 


Proceepines on Tourspay, Marcu 17. 
The proceedings on Thursday, of which we shall 
give a full report next week, commenced with 4 
special general meeting at 11 a.m., to consider the 
subject of the incorporation of the Institution 
under Royal Charter. We may say now that the 
result of this meeting was to approve of the appli- 
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cation as recommended by the Council of the In- 
stitution. ; ‘ 

On the ordinary session being resumed the fol- 
lowing papers were read and discussed at the morn- 
ing and evening meetings :— 

‘Experimental Investigations on Wake and Thrust 
Deduction Values,” by Mr. W. J. Luke. 

‘‘Some Considerations oo the Phenomena of 
Propulsion,” by Professor J. B. Henderson. 

‘* Model Screw-Propeller Results: A Comparison,” by 
Mr. T. B. Abell. 

‘* 4 New Method of Ascertaining the Weight of Cargoes 
on Board Ship,” by Mr. A. Murray. 

‘*Motor Lifeboats of the Royal National Lifeboat In- 
stitution,” by Mr. J. R. Barnett. 

‘‘The Application of Internal-Combustion Engines to 
Fishing-Boats and other Commercial Vessels,” by Mr. 
Linton Hope. 

‘The Substitution of the Electric-Motor fur Marine 
Propulsion,” by Mr. W. P. Durtnall. 

The discussion of these pang will be given in 
our next issue, when we shall also deal with several 
of the papers themselves. 


PROCEEDINGS ON Fripay, Marcu 18. 

The meeting continues to-day, when the morning 
arrangements include the reading and discussion of 
the following papers :— 

“The Application of the Marine Steam-Turbine and 
Mechanical Gearing to Merchant Ships,” by the Hon. 
C. A. Parsons. 

‘Note on the Measurement of Shaft Horse-Power,” 
by Professor B. Hopkinson. 

“The Brittleness of Mild Steel due to Nitrogen,” by 
Mr. C. E. Stromeyer. 

The report of the discussion on these papers, and 
the papers themselves, will be dealt with in a subse- 
quent issue of ENGrngERING. This (Friday) after- 
noon a visit is being made by members to the National 
Experimental Tank, Teddington, for the ‘oe of 
viewing the progress made with that work. 

(To be continued.) 








ROYAL METEOROLOGICAL SOCIETY. 

A MEETING of this Society was held on Wednesday 
evening, the 16th inst., at the Institution of Civil Engi- 
neers, Great George-street, Westminster, Mr. H. Mellish, 
F.R.G.S., President, in the chair. 

Captain H. G. Lyons, F.R.S., delivered an interesting 
lecture on the ‘‘ Climatic Influences in Egypt and the 
Sudan.” From early times the ancient Greeks recog- 
nised the marked difference between the climate of the 
Mediterranean and that of Africa, and Aristotle indicated 
correctly the rains of Ethiopia as the cause of the annual 
flood of the Nile. Teavdlians have supplemented our 
knowledge from time to time, but only within the last 
ten years has a network of meteorological stations given 
precision to our views and furnished a basis for further 
investigations. The comparatively low relief of the 
country, which lies as a vast land area in low latitudes, 
combined with the effect of the north-easterly trade winds 
which sweep over it, produce the hot and dry conditions 
which are so characteristic of North-Eastern Africa. 
Moditied somewhat in the north by the warm waters of 
the Mediterranean, and in the south by the rains of the 
monsoon in summer, the highest temperatures and most 
arid conditions are reached between Wadi Halfa and 
Dongola, where northerly winds, clear skies, and a great 
range of temperature prevail throughout the year. 

The important rains are those falling in Uganda, the 
southern plains of the Sudan, and on the tableland of 
Abyssinia, since they not only provide the whole supply 
of the Nile and its tributaries, but largely control their 
regimen. Fed | the south-easterly air-currents blowing 
in from the Indian Ocean, these monsoon rains supply 
the equatorial lakes and the tributaries of the Nile. 

But it is the Abyssinian tableland, with its heavy 
summer rainfall, which is most effective, since it furnishes 
the whole of the Nile flood, and enables the Nile to main- 
tain itself through 1500 miles of desert. As the sole 
source of the flood, the variation of these rains directly 
determines the abundance or deficiency of Egypt’s supply, 
so that this climatic problem is of immense importance. 
Hardly less important in these days of intensive cultiva- 
tion of cotton is the study of the winter storms which 
occasionally break in the Sudan and Abyssinia, raising 


the level of the rivers and increasing the supply of the 
Nile appreciably at a time when the normal supply is in- 
adequate. The climate of the region not only influences 
the water supply, but the great range of temperature 
rapidly disintegrates the rocks, and the wind removes 
the finer portion of the material. In this way the deserts 
are being constantly modified, and vast ranges of sand 
dunes ave piled up. The distribution of vegetation is 
very markedly influenced both by the moisture and by 
te phy sical character of the cot ntry. 
1 if 


‘cture was illustrated by numerous lantern-slides. 





Roya. AGRICULTURAL Society OF ENGLAND.—Intending 
exhibitors in the implement department at the Society’s 
Show, to be held at Liverpool, are reminded that the 
entries close on Monday, March 21. Entries for trials of 
pana motors close on Monday, May 2. The regu- 
" —_ and forms of Fe payee | for space are now y, 
6 Will be forwarded on application to the secretary, 

5, Bedford-square, London, W.C. 





THE LATE MR. JAMES HORNSBY. 


As briefly announced in our last issue, the agricul- 
tural engineering industry of this country has just suf- 
fered a great loss by the death of Mr. James eons, 
formerly the head of the firm of Messrs. R. Hornsby 
and Sons, Limited, of Grantham. Mr. Hornsby was 
born on February 7, 1836. He was the second son of 
Mr. Richard Hornsby, who founded Spittlegate Iron- 
Works, and was fourteen years old when a place was 
found for him in the works, in which his elder brother 
was already occupied. The whole of his life was de- 
voted to the building-up of the company, whose name 
is identified with the very best products of engineering, 
and stands high in public estimation as a synonym of 
all that is excellent in agricultural machinery. 

The business was started, in 1815, by Mr. Richard 
Hornsby, father of the deceased, in partnership with 
Mr. Seaman. The latter retired in December, 1828, 
and Mr. Richard Hornsby continued alone, under his 
own name. The firm subsequently became Hornsby 
and Son, and, later, Richard Hornsby and Sons. At 
the death of Mr. Richard Hornsby, in 1864, the com- 
pany was continued by his sons. 

In 1877 Mr. James Hornsby became the senior 
‘mes in the firm, owing to the death of his elder 

rother Richard, and, together with his younger 
brother, Mr. William Hornsby, continued the manage- 
ment until November, 1879, when the company was 
re-arranged and formed into a limited liability com- 
pany, this step being resolved upon owing to the 
withdrawal of a large amount of capital consequent 
upon the death of M 

of the founder. The certificate of incorporation was 
granted on November 20, 1879, and the first general 
meeting of shareholders took place at Cannon-street 
Hotel, London, on March 17, 1880. The manage- 
ment and staff remained unaltered, the business being 
still under the superintendence of Messrs. James 
and William Hornsby, who both retained a large 
interest in it, the former taking the position of chair- 
man of the Board of Directors. In 1895 Mr. David 
Roberts took over the management, but it was not 
until 1900 that Mr. Hornsby resigned the office of 
chairman of the company, being succeeded by Mr. 
Simpson Gee, who had presided at two or three of 
the annual meetings prior to that date. When Mr. 
Hornsby’s more active connection with the business 
ceased, he handed to his successor in the chair a 
concern which afforded employment to about 1500 men. 
The works then covered nearly seventeen acres, and 
had acquired a world-wide reputation. Mr. Hornsby 
was familiar with every department of the works, and 
he personally superintended all experiments. The 
patents which he took out for labour-saving appli- 
ances included improvements in drills, corn-dressing 
machines, portable engines, thrashing - machines, 
mowers, reapers, binders, and, more recently, ap- 
plied also to stationary oil-engines. In many cases 
the improvements effected by Mr. Hornsby have been 
the basis for further improvements, and have hel 
in the evolution of agricultural machinery to that 
state of mechanical perfection which it enjoys at the 
present time. The name of Hornsby is associated 
with many modern appliances, and the sheaf-binder 
is accounted one of the company’s greatest successes. 

Mr. Hornsby was always prominent at agricultural 
shows, and, although his active connection with the 
Spittlegate Ironworks had ceased, his interest in the 
prosperity of the company, and in agriculture and 
kindred pursuits, ever remained the same. He was 
the oldest member of the Smithfield Clab, having been 
elected as far back as 1846. He was also one of the 
vice-presidents and a member of the Council. At the 
annual meeting held in December, 1906, he had the 
distinguished honour of being unanimously elected 

resident for the following year, in succession to the 
*rince of Wales. The deceased was a member of 
many agricultural and other societies, also of the 
Institution of Mechanical Engineers. He was a 
Justice of the Peace for Lincolnshire, Leicestershire, 
Northamptonshire, and the Borough of Grantham. In 
the last-mentioned borough the dignity was conferred 
upon him in March, 1869. In August, 1889, he was 
appointed a Deputy-Lieutenant for Lincolnshire ; he 
was likewise a Deputy-Lieutenant, and in 1902 High 
Sheriff, for Northamptonshire. 








PrRsonaL.—The Locke Insulator Manufacturing Com- 
ny, of Victor, N.Y., have purchased the plant and 
usiness of the Lima Insulator Company, and in future 
the whole of the insulators turned out by these two works 
will be sold under the name of “ Victor,” the name of 
‘‘Lima” now becoming obsolete. Wm. Geipel and Co., 
72a, St. Thomas-street, 8. E., continue to act as European 
mts for the concern.—The em 4 between Mr. 
. Tinsley and Mr. Arthur Snell, ogy and electrical 
engineers, Stanley House, Eldon Park, South Norwood, 
has been dissolved. Mr. Tinsley is continuing business 
at the same address; he will trade as H. Tinsley and Co., 
in his cadmium cells, potentiometers, and _ high-class 
measuring instruments, including Dr. Drysdale’s poly- 
phase wattmeters, alternate-current potentiometer, and 
phase-shifting transformer. 


r. R. Hornsby, the eldest son | Y. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 9. 

THE most encouraging news of recent origin comes 
from railroad systems which are sending orders for 
equipment, rails, and track supplies. Some of these 
orders are due to concessions made within the past 
two weeks. The orders for rails which have been 
oo within ten days foot up closely to 100,000 tons. 

ost of these rails are for southern delivery during the 
summer. The policy of equipping railroads with steel 
cars is being vigorously naa out. The New York 
Central Railway has placed orders for 1000 box care, 
and the management is now preparing estimates for 
the coming year, 1911. Most of these orders may not 
be placed for some months to come, and the esti- 
mates soon to be completed may be modified later 
on, but the results will not vary oo from 
the coming estimate. It is known that so far this 
year the orders for cars of various types, steel and 
wood, figure up 48,000. This is only the beginning. 
So far this year orders have been placed for 500 loco- 
motives, but these figures do not include reports from 
some railway companies which have not yet reported. 
The locomotive works are practically sold up to the 
end of the year, although the orders actually placed 
will not keep the plants busy till that time. The tone 
of the steel market has improved under active buying 
of Bessemer and basic iron especially. A lerge tonnage 
of foundry iron has been sold, and at the time of 
Neng a number of negotiations are pending involv- 
ing deliveries of pig iron during the last quarter of the 
ear. The strong tone of the market is indicated by 
this willingness of buyers to contract so far in the 
future. Many of the larger makers of equipment used 
in building construction are now in the market for 
special brands of foundry iron, and these inquiries have 
hardened prices. 

Railway managers are considerably disturbed over 
the continued agitation for railway legislation in 
Congress. There are eighty-three bills before Congress 
at the present time, exclusively affecting railways. 
There are a very large number of bills in the hands of 
the railway committee which affect railways in 
common with all other carriers. This agitation is 
calculated to repress railway enterprise and delay 
contemplated construction. The manufacturers of 
railway equipment have organised to protect their 
interests and to oppose as far as they can this con- 
tinued agitation which interferes with their market 
for their goods. The railway interests have been 
punished by legislative measures, which do not accom- 
plish the contemplated purposes. The problem is a 
gigantic one, and it is beyond the ability of the third- 
class lawyers, which mainly make up Congress, to deal 
justly and comprehensively with a problem of such 
magnitude. Their only method seems to be to manu- 
facture laws by the yard, which throw obstacles in the 

thway of the practical railroad men who have to 
Neal with complex conditions that are constantly 
arising, despite the most sincere efforts to do the right 
thing. 








Tuer Past AND PRESENT ENGINEERING STUDENTS OF 
University CoLtiecre, Lonpon.—The annual dinner of 
yast and present engineering students of University 
Bollege. London, will take place at the Trocadero 
Restaurant, Shaftesbury-avenue, London, W.C., at 
7.30 p.m. on Tuesday, 22nd inst. Tickets for the dinner, 
over which Sir Alexander B. W. Kennedy, Emeritus 
Professor of ape ey will preside, can be obtained 
from the Secretary of the ingineering Society, University 
College, Gower-street, London, W.C. It is hoped that a 
large number of past and present students will attend. 





SouTH-WeEsTERN Po.yrecunic InstiTUTE.—On Friday 
evening last, the 11th inst., the fourteenth annual distri- 
bution of prizes and certificates to students of the evening 
and day classes took place at this Institute. The chair 
was taken by Mr. Hayes Fisher, and after the 
Principal had read his report on the work of the previous 
session, the pan were distributed by Sir William H. 
White, K.C.B., who then addressed the meeti At the 
conclusion of this part of the proceedings the laboratories 
and workshops. were opened to the inspection of the 
visitors, who were present in exceptionally numbers. 
Excellent examples of students’ work, and interesting 
experiments and demonstrations in all departments, 
contributed to the success of the evening. 





Tuer Institution or Exxcrrica Encinerers.—Two 
papers, dealing with the design of turbo-alternators, were 
read by Mr. Miles Walker, M.1.E.E., before the Insti- 
tution of Electrical Engineers on the 10th inst. The first 
was concerned with the forces acting on the armature- 
end windings of such machines, in case of short-circuit. 
These forces may be extremely large, as the momentary 
short-circuit current of a fully-excited machine may use 
20 or 30 times the full-load current, and in the past 
considerable trouble has been experienced owing to the 
destruction of such end windings following on short-circuit 
or bad synchronising. The paper described various 
modern methods of staying these windings as adopted by 
different firms. The second paper dealt with the desi 
of turbo-alternator field magnets, and compared the 
salient pole and cylindrical types. 
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INDUSTRIAL NOTES. 


Tue state of affairs in connection with the eight- 
hours dispute among the miners in Northumberland 
does not show any change. In a report issued at the 
end of last week , the members of the executive of 
the Northumberland Miners’ Association a defence is 
made against the attack from lodges regarding strikers’ 
conferences. It had been declared by the committee 
that a conference of strikers at Conmtingion was 
unconstitutional, with the result that many protests 
and resolutions calling for resignation were received at 
the association’s headquarters. The executive, in 
dealing with these, declare that they do not see any 
reason to alter their views relating to the plan of 
action adopted. They believe, moreover, that any 
sectional movements of the kind will lead to disinte- 
gration and disunion. 

The Northumberland coal-owners held a meeting at 
Newcastle on Monday, the 14th inst., to consider a 
letter from the Miners’ Association of the county. In 
this letter the employers were asked to receive a de- 

utation to discuss possible solutions of the present 
ispute. The result of the meeting was, however, 
to leave the situation unchanged. 

As an indication of what may be called the under- 
current of feeling, which no doubt exists, with regard 
to the Eight-Hours Act, and which was foretold by 
many people when the Act was , ® meeting of 
miners, held in the Store Hall, Netherton, is interest- 
ing. At this meeting, after a lengthy discussion on 
the crisis in the coal trade, the following resolution 
was :—‘* That we, the members of the Nether- 
ton Hall Pit branch of the Northumberland Miners 
Association believe that the most effective way to 
defeat the present county agreement and its attendant 
evils is to remove the cause—namely, the Eight-Hours 
Act. We therefore urge all lodges in the county to 
pass resolutions urging our Members of Parliament 
and Association officers to join with us in takin 
united action with a view to peg ers | Parliament 
to release the North from an Act that has operated 
with such disastrous results to the coal-mining industr 
of the whole county.” Another resolution, whic 
the secretary is sending to the Home Secretary, the 
local Members of Parliament, and the union officials, 
runs as follows :—‘‘ That we do hereby petition for 
the repeal of the Eight Hours Act in the county of 
Northumberland, it wee injurious to our trade and 
interfering with the whole of our working system.” 
The irony of the situation is delightful. 

A meeting of the Durham Miners’ Association was 
held at Durham on Monday last, when matters of a 
far-reaching character were discussed. The business 
was of a purely routine character, and there was 
nothing of any general importance beyond matters 
appertaining entirely to the Association. The pro- 
gramme was very long, and several of the motions 
were withdrawn. 


Matters in South Wales still remain unsettled, but 
in order to resume negotiations with regard to matters 
in dispute between the men and the coal-owners com- 
munications have passed between Mr. W. G. Dalziel, 
the Owners’ secretary, and Mr. S. Richards, M.P., 
the Miners’ Federation secretary. Asa result it was 
decided to call a meeting of the Conciliation Board for 
to-day, and for to-morrow if necessary. The executive 
council of the South Wales Miners’ Federation met last 
Monday. Itis not at present easy to see how an a; - 
ment can be arrived at when the different eaatbiane bab 
by the masters and the men are taken into account. 
The matter is approached by the employers from the 
standpoint of their experience of intensified difficulties 
and increased working costs by the Eight-Hours Act, 
while the leaders of the men advance certain ideas 
they have with regard to higher prices in the market, 
poe greater profits, which, though they may be mis- 
leading, have nevertheless a powerful influence on their 
minds. 





The woolcombers’ dispute in Bradford and district | P. 


was brought to an end yesterday. The terms which 
the employers offered were as follow :— 

‘© That a Federation of Employers be formed ; that 
from this Federation a joint board of employers, together 
with the employees, be formed for dealing with wages, 
conditions of labour, and the settlement of disputes, 
provided that the parties concerned cannot come to a 
mutual understanding. That it be recommended :— 

**(1) That an advance of 6d. be given to all em- 
ployees earning 15s. or less, and Is. to those earning 
more than 15s., to commence March 11, and that 
another advance of Is. respectively be given, com- 
mencing August 5. 

**(2) That two stops of half an hour each, or their 
equivalent, be allowed to all-night workers for meals. 

**(3) That the clause relating to en ment of 
employees from the Woolcombers’ Club be left to the 


masters’ representatives to consider and report upon 
at the next conference.” 

With regard to Clause 3, the employers expressed 
their willingness to send to the union for men 


§|to be an 





when required, but decided that they could not 
see their way to pledge themselves to insist that all 
men they employ should be members of the union. 
The masters’ offer was discussed at a crowded mass 
meeting of strikers last Friday. There was a con- 
siderable amount of hostility, some of the men con- 
tending that better terms should have been -obtained. 
The officials of the Machine Woolcombers’ Union, 
however, strongly advised the acceptance of the offer, 
and on a show of hands the voting appeared to be 
in favour of adopting the terms. A ballot was de- 
manded, and, after a meeting lasting 24 hours, it was 
decided to count the votes as the men passed out. In 
this way it was ascertained that there were 1796 votes 
in favour of accepting the masters’ offer, and 395 
against, a majority of 1401. It then only remained 
for the men’s officials to meet the employers for the 
pu of making a formal settlement. 

e result is that Clauses 1 and 2 are embodied inthe 
terms of the settlement, with the addition that the 
Lord pm ea shall call a conference to form a wages 
board before April 11. The point with regard to non- 
union men is waived for the present. The agreement 
was signed by each party, and counter-signed by 
the Lord Mayor. 





A Board of Trade Report recently issued gives some 
interesting figures relating to the condition of the 
working classes in the chief industrial centres of 
Belgium. Fifteen towns were visited by the investi- 
ators, including Brussels, Antwerp, Bruges, Ghent, 
iege, and Courtrai. A memorandum states that 
rents were found to be much lower than in England, 
and if allowance be made for the element of local rates 
included in the English rents, the predominant rents 
paid in Belgian towns are only about three-quarters 
of those paid in English towns for a corresponding 
amount of accommodation. As regards the prices of 
the necessaries of life, however, there does not appear 
marked difference, the general level being 
only slightly below that prevalent in the smaller 
towns in England and Wales. On the assumption 
which has been adopted for these international com- 
parisons, it therefore follows that an English working 
man with an average family, who might go to Belgium 
and try to maintain his accustomed mode of living, 
would find his expenditure on housing, food, and 
fuel somewhat diminished, but he would find his 
earning aed reduced in a much ter degree. 
The weekly money wages of the wothin classes in 
Belgian towns, in widely distributed trades selected 
for comparison, are for those of the same class in the 
ratio of 63 to 100, while the average usual working 
hours are as 121] to 100. Hence it follows that the 
hourly rates of money wages are hardly more than 
half what they are in England, or, to be exact, as 
52 is to 100. 





The annual report of the Hearts of Oak Benefit Society 
indicates that the Society is now showing no signs of 
abated energy or impaired usefulness. The membership 
increased during the year by 2750, in spite of the distress 
prevailing in many sections of the industrial classes, 
and now stands at the total of 301,154. Upwards of 
528,833/. was paid to members in benefits during the 
year, making the total claims paid from the founda- 
tion of the Society in 1842 to date as much as 
10,102,300/. The cost of management continues to be 
small, amounting to only 5/. 11s. 2d. per cent. of the 
total income, while the sickness reserve fund, which 
totals over 3,752,960/., yields 3/. 12s. per cent. inte- 
rest. 





On Saturday morning last meetings of the Ship- 
building Employers’ Federation and the Engineerin 
Employers’ eration and the trade unions interes 
in the shipbuilding and engineering industries were 
held in the County Hotel, Carlisle, with reference to 


-| the question of the demarcation of work in shipyards 


and engineering shops, the aim being to prevent dis- 

utes on this question. The men assembled at ten 
o’clock, and held a meeting, and later the employers 
also met. A conference was arranged, but the pro- 
ceedings were strictly private, an the officials de- 
clined to give any information as to what had been 
done. 





A strike of the tramway men in Rome has been 
proclaimed, and the men refused to work last Monday. 
The strike will probably be a difficult one to settle, 
as it is due to the attempt of the tramway company 
to punish the committee of the Tramway League. 
The authorities are reluctant to allow the company to 
run any of their cars, owing to the difficulty pe pong 
ing the lines. 





News from Chicago states that for the present 
at least the great strike of railway firemen is 
averted. lt was expected that nearly 30,000 engine 
stokers would come out on Tuesday, and this would 
have paralysed the energies offnearly fifty lines 
between Chicago and the Pacific coast. e plan sug- 





gested was to send telegraphic instructions to ey»ry 
point where the men were employed, and to have ai] 
of them:stop work at a giveri moment. A final ej!ort 
for mediation has been made, and on Tuesday the 
leaders of the Firemen’s Union announced that they 
would accept the mediation of officers appointed by 
President Taft, and the men would continue their 
duties until a decision in the dispute was arrived at, 
Under the circumstances this is a partial victory for 
the men, because the railways have steadily refised 
to carry all the questions to arbitration, although 
they were willing to submit the matter of wages to 
outside settlement. The union delivered an ultima. 
tum to the companies, demanding that the whole case 
should be submitted to arbitration, and at the eleventh 
hour the officials agreed. The controversy involves 
forty-seven railways west, north-west, and south-west 
of Chicago, embracing 150,000 miles of lines. Both sides 
previously stated that if a strike were called it would 
tie up every freight and passenger train from Chicago 
to the Pacific coast. The disputed points include an 
increase in wages and the promotion of firemen to be 
engine-drivers. The officers of the Brotherhood of 
we declare that the engine-drivers will not 
strike. - 





An extraordinary strike, which lasted one day, 
occurred at Kiel last Tuesday among the dockyard 
workers employed in Germany’s a: head-quarters, 
The strike was political, and was organised by the 
Socialists, who wished to give the Government a de: 
monstration that they are prepared to paralyse 
national industry, even to the extent of preventing 
the construction of German Dreadnoughts, unless their 
demands for the reform of the Prussian franchise are 
conceded. The men returned to work on Wednesday 
morning. On Tuesday evening meetings were held by 
the strikers, and there was some street fighting with 
the police, in which several persons were wounded. 





The coal strike in New South Wales, which is now 
at an end, lasted eighteen weeks, and the loss in wages 
which it entails amounts to over 1,000,000/. Three- 
quarters of this loss will have to be borne by the 
miners. 





The Clyde engineers have been refused their request 
for a 53 hours week to place them on an equal footing 
with the men on the North-East Coast. 








FOREIGN ENGINEERING PROJECTS. 

We give below a list of several foreign projects for 
several of which tenders are asked. Further data con- 
cerning same can be obtained from the Commercial 
Intelligence Branch, Board of Trade, 73, Basinghall- 
street, B.C: 

Switzerland: According to the Feuille Fédérale Suisse, 
the plans for the construction of a narrow-gauge secondary 
railway from Tanz to Disentis have been provisionally 
approved. 

Roumania : —_ British mice om at eine (Mr. J. 
Pyke) reports that it is pro to begin work at once 
on the Selhewing lines of railway:—1. Dorobantz-Babadag- 
Tulcea; 240,0002. are assigned for the first part of this 
work. 2. Buhaeshti-N hti - Baceshti - Bara-Roman ; 
the portion from Buhaeshti to Baceshti, which will not 
be difficult of construction, is expected to cost 100,000/. 
3. Pashcani-Grashi-Targu-Neamtz ; the cost of this is 
estimated at 120,000/. 4. Faurei-Tecuci ; 120,000/., about 
one-third of the total estimated cost, has been allotted 
for beginning work on this line. 

Mexico: e Diario Oficial publishes the text of a 
contract between the Mexican Government and Mr. 
Milton Irving Vought, empowering the latter to utilise 
the waters of the river Frio, in the District of Sur, 
State of Tamaulipas, to an extent not exceeding 3120 
litres per second, for the purpose of irrigating the lands 
around the ‘El Celeste” district. The concessionaire 
e to commence operations within twenty-four 
come, and to complete the work in seven years. He 
is granted the right to import free of duty all the ma- 
chinery and apparatus necessary for executing the work, 
and is further authorised to construct any bridges, tele- 
graph and telephone lines that yon oe: required. — 

Brazil: A decree has been published approving the 
plans and estimate of 1,679,937 milreis (about 105, 0004.), 
submitted by the Director General of Ways and Com- 
munications for the construction of a section of the rail- 
way from Cruz Alta to the mouth of the river Ijuhy, 
between Ijuhy and Santo Angelo, a distance of 32 miles. 

China; According to the North China Herald, it 18 
stated that the Chamber of Commerce in Tishling es 
initiated a proposal to build a railway from Haich’en 
to Tiehling, and that the scheme has been sanction 
by the Manchurian Viceroy, who has obtained permission 
from the Yu-chuanpu to begin the survey this spring. 








Tuer INSTITUTION OF MECHANICAL ENGINEERS; (7 RADU- 
ates’ AssociaTION.—The sixth meeting of the session 
of this Association was held at the Institution, Storey § 
Gate, S.W., on Monday, March 14, at 8 p.m. A paper, 
entitled “Locomotive Valve Motions,” was read by Mr. 
G. V. V. Hutchinson, Graduate, of Dublin. The dis- 
cussion was opened by Mr. M. G. Duncan, and some 
interesting remarks were made by the Chairman, Mr, 
Dugald Drummond, 
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COMPOUNDING AND SUPERHEATING IN 
HORWICH LOCOMOTIVES.* 


By Grorck HuGHES (Member), Chief Mechanical Engi- 

neer, Lancashire and Yorkshire Railway, Horwich. 
Wuen using the di ms, tables, and illustrations 
iven in this , it should be remembered that the 
Craceshine and 3 Yockshize Railway is made up cf severe 
gradients, numerous junctions, many goods dépéts and 
sidings, and that it runs through a very thickly popu- 
lated district ; consequently, with dense traffic, it 1s ex- 
tremely difficult to operate. 


\CoMPOUNDING, 

For many years the compounding of locomotives has 
been a subject of controversy, and to-day opinions are 
divided. 

Even a very important element, the ratios of volume of 
the high and low-pressure cylinders, is debatable, for we 


Fig.t. EIGHT WHEELED COAL ENGINE. 








2. Frequent repetition of this variation. 

3. Comparatively good results of the simple engine. 

_ Economy in locomotive working does not necessarily 
imply a reduced coal bill, as this is only one item in the 
total expenses of locomotive service. Efficiency and 
maintenance must also be kept in view. These considera- 
tions, ther with the varying character of locomotive 
work and the meagreness of published results, have made 
locomotive engi eers very cautious in adopting the com- 
pound principle. 

The author reasons that very little benefit will accrue 
from compounding express passenger-engines. The value 
of compounding largely depends upon reduction of the 
range of temperatures in the cylinders. High piston- 
speeds reduce this ra: in express work even with early 
cut-offs, and these conditions do not exist in slow-running 
goods-engines. 

When piston-speeds are below about 600 ft. per minute, 
the remarks regarding condensation hold , and com- 
| pounding is correct. Above this speed there is little 


Fig. 2. 





engine, under every-day conditions of working, it was 
found that the average cut-off was 45 per cent. for the 
former and 20 per cent. for the latter. These observa- 
tions convinced the author that the goods-engine, with its 
later cut-off and later compression, was the more pro- 
mising one for compounding. Consequently; when he 
had an opportunity of carrying his opinions into effect, 
he converted a 2-cylinder simple coal-engine, Fig. 1 
(below), into a easy compound (see Fig. 4, and Figs. 
7 and 8, Plate XXIII., with this week’s issue), ma’ 

the hauling capacity of the two engines the same ; y 
as far as possible, dividing the power equally between 
the er and the low-pressure cylinders, which had a 
ratio of 1 to 2. 

Cylinder clearances (if kept in the same proportions as 
adopted in simple engines) result in excessive compression 
ine eT coe m ner meng at - = — and 

i 8; consequently a mu r clearance is 
sometimes resorted to than is usual with the simple 
engine. Even with this precaution, however, it is found 





SIX WHEELED GOODS ENGINE. 
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Fig.3. EIGHT WHEELED PASSENGER ENGINE. 





_ Fig.5. Six WHEELED GOODS ENGINE WITH SUPERHEATER. 
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Fig.4 EIGHT WHEELED COMPOUND COAL ENGINE. 
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Fig 6 EIGHT WHEELED PASSENGER ENGINE WITH SUPERHEATER, 
—*' 1 
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find them as low as 1 to 1.69, and as high as 1 to 3, and difference between compound and simple working, the | that excessive compression does take place on the Lanca- 


even more. It appears to the author, when com ng 
the area of a simple engine cylinder with that of the low 
pressure of a compen # the back-pressure on the low- 
pressure piston is not proportionately lower than in the 
simple engine, it is better not to over-cylinder a com- 
pound on the low-pressure side. The question of boiler 
pressures is another point upon which much diversity of 
opinion exists, as pressures varying from 140 Ib. to 230 Ib. 
per square inch are in use, or hate been tried. On this 
a, the author considers that steam-pressure should not 
» raised simply for compounding, because per se this 
produces greater efficiency at the cost of increased boiler 
maintenance, 
. Tho application of compounding to marine and sta- 
Honary engines proved so advantageous that little experi- 
ment was needed to ensure its general adoption. For 
locomotive work, however, it is quite another problem. 
Theoretically, there is no error in the claims for greater 
efficiency of compounding over simple engines in loco- 
eotive practice, and when superheated steam is used in 
t ~- latter there is close competition; but in the application 
there are practical difficulties which, collectively, may 
io ‘gh any advantage of fuel economy. The reasons 
or tue apparent neglect of compounding in this country 


are :-— 
1. Great variation in torque, from starting to full speed. 


.” Paper read bef ituti : 
Eagincces, h 17, 19 = Institution of Mechanical 








period being too short for interchange of much heat to 
take place between the cylinders and the steam. 


TABLE I.—Piston Speeds of Lancashire and Yorkshire 
Railway Passenger and Goods Engines. 





| 
Diameter | 











: f Piston 
Class of Engine. Driving- Speed. Speeds. 
Wheels. 
ft. in. | miles per, ft. per min. 
a 1004.38 
Ten-wheeled bogie passenger) 7 3 | : 
Four-cylinder passenger .. 6 3 60 | 1165.14 
Radial tank, eight-wheeled. . 5 8 60 | 1285.16 
Six-wheeled goods .. “ 5 1 20 to 30 | 478.49 716.24 
ight-wheeled coal engines | 
simple and compound) .. 4 6 20 ,, 80 | 589.45 809.36 








With the valve-gears at present in use on the simple 
engines, early cut-offs are always oe pee by early 
compression, which is jially undesirable when applied 
to the high-pressure cylinder of a compound engine. If 
the compression point could be delayed to about 80 or 90 
per cent., the evil of excessive com jon would not 
exist, and the author considers this a better way than the 
practice of giving increased clearance volume. _ 

From a number of observations made on a six-wheeled 
goods-engine hauling 450 tons, andan 8-wheeled passenger- 





shire and Yorkshire compounds when the cut-off in the 
high-pressure cylinders is lower than 40 per cent. 

‘able II. gives cylinder clearances of Lancashire and 
Yorkshire simple and compound engines. 








Tasie II. 
| Percentage of Stroke. 
Class of Engine. Ce _ 
Front End. | Back End. 
Simple .. 7" - du ws - 7.4 7.1 
Compound high pressure .. on - 12.36 11.36 
99 low pressure .. es ra 9.76 9.43 





In the simple engine, the ratio of expansion is limited 
by the condensation during admission, due to the differ- 
ence in temperature between the cylinder walls and admis- 
sion steam ; but this ratio may be increased by com- 
pounding ther with a diminution of initial condensa- 
tion. In addition to this advantage there are other good 
features, such as reduction of piston and valve leakage, 
owing to the difference of pressure on each side of these 
parts less than in the simple engine. When four 
stresses are better 


cylinders are employed the worki 
i good balance of recipro- 


distributed, and there is also a 





cating parts, impossible of accomplishment with two- 
This balancing and distribution of 


cylinder engines. 
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stresses, which lead to greater mechanical efficiency and | with easy bends, giving a free course for low-pressure | additional cylinders, rocking-shaft and brackets, and 
reduced wear and tear at high speeds, have been so readily | steam. No intercepting valve is used, but a small valve| the extra dead-weight in the foot-block at the rear 
appreciated in themselves that a large number of four-| is provided for admitting boiler steam to the low-pressure | end, to equalise the weights on each wheel. The siinple 
cylinder simple engines are now running, both on the Con- engine is fitted with two cylinders 20 in. in diameter 
tinent and in this country. s TABLE II. ___ | by 26 in. stroke, which actuate cranks on the second 
Omitting the various types of compounds which have ase axle ; and steam is distributed by a pair of Richardson's 
been tried from time to time, the author will now confine High-Pressure _ Low-Pressure balanced valves exhausting through the back. The 
his remarks to the four-cylinder compounds in use on the Cylinder. Cylinder. valves are practically the same design as those employed 
Lancashire and Yorkshire Railway. _ ii a ___|in the low-pressure cylinders of the compound. The 
_If a compound locomotive is designed on true prin- | F | peck | F . valve-setting and steam distribution is as follows :— 
ciples, it involves the introduction of a separate valve- Front | Bac front | Bac Vv 
: . : : End. | End. End. | End. TaBLE IV. 
motion for each cylinder, an intercepting valve, and the | Rowe ees Cre 
use of high-pressure steam; but as all these add to the | Lap.. ie es ee H } (For the Compound, see Table ITT.) 
first cost of production and maintenance, it was referred Lead rat in. fs | & Fy 3 ” « 
to leave out such complications in the Lancashire and | ames - - in 7 “ nil | - — Front Port. Back Port 
Yorkshire compound. xhaust clearance we tty i j ni h —-—~ ~ -- ice 
Sufficient ws pte been said to show that the compound- rae poe a forward p.c. 88 | 73 oes rr] lee of valve 1 in. Lin. 
P : ° -off, mi a .C. ‘ 4 *” oe ‘i 
ing of locomotives is not an easy problem. pi eo - er ek : { es ts in fe in. 
The design of the compound engine adopted is in many : ‘ Cut-off, full gear, forward 79} per cent. | 84 per cent, 
respects similar to the simple engine, except that the two | steam-chest, for starting pur . It consists of two » mid gear 36 vs Sa wn  - Se 
20-in. diameter cylinders are replaced by four cylinders—  slide-valves, back to back, cod is situated in anauxiliary| = ae 
TABLE V.—COMPARISON OF TESTS OF SIMPLE AND COMPOUND ENGINES. 
AINTREE TO ACCRINGTON. GooLs To SmirHy Briper. 7, 
Simple. Compound. Average. Simple. Compound. Averege. ie’ 
PARTICULARS. ; $$ —_ —_________—. — | —_—___-- 
‘ s . “ Com ~ - - Yom 
1 | 2. 3 4 5. 6. Simple. pound 7. 8. 9. 10. Mm: 12. Simple. ben 
Average steam pressure through- at Sas ~—_ : 
outtest  .. Ib. per sq. in. 174 | 180 180 189 180 180 178 180 176.6 179 177 180 179 180 177.8 | 179.5 
Actual running time .. min. 101 | 1015 96.25 101 97.5 95.5 99.6 98 215 197.25 127 181.5 204 224 206.12 204 
Average speed. . miles per hour 21.7 21.5 22.7 21.6 22.4 23 21.9 22.3 16.9 = 18.3 20 17.8 17.8 17.6 17.8 
: ‘ ” 5 7 Ree ¢ < 801 60 775 712 | 809 812 780.5 10.5 
Weight of train... ~ 578 «=| «(583 586 584 588 584 583.3 | 585.3 {748 nas . 4 4 = eh 
Weight of engine, tender, and \ _ : 2 _ 7 . f 895.8 854.8 os 913.4 910.4 913.4 875.3 911.9 
a SS tons}| 6728 | 6828 | 680.8 685.4 639.4 635.4 O7R1 686.7 | yo" 839.8 | 869.8 866.4 853.4 843.4 | 8413 | sis 
Number of wagons in train. . 67 | 56 58 60 55 59 87.7 \{ = 4 79° 7 = b4 i . | 64 
0 oe (9.0 iu 
Average indicated horse-power 647.3 777.3 678.3 533.9 496.5 607.8 701 546 674 628.4 606.8 658.2 623.3 10.6 651.2 | 566.9 
Draw-bar pull .. .. horse-power 537 635 529 504 455 560 567 506 510 546 525 610 583 5473 527 528 
Average draw-bar pull tons 4.3 | 4.92 3.9 3.9 3.4 4.07 | 4.37 3.79 5.05 4.96 4.8 5.1 5.48 4.44 4.94 5.0 
Average initial pressure in cy- | | 
linders.. .. Ib. persq.in.) 131 148 141.4 164.9 136.2 145.6 | 140.1 | 1489 | 157.4 153.7 142 | 159.1 164.6 160.3 155.5 | 162.4 
Average steam pressure at release 
Ib. per sq. in 61.2 57 57 233 | 27.4 29.6 | 55.1 28.4 59.6 52.9 48.6 36.9 27.4 27.2 56.2 7.3 
Average percentage steam cut-off | | | 
ineylinders.. ciated bak 48 | (56 48.6 58 49.25 | 54 51.9 52.1 41.8 48.6 55.6 55.7 | 49.2 | 469 | 525 
Class of coal used North North North North North Denaby ea “a North North Denaby | Denaby Denaby | North | 
Gawber | Gawber | Gawber | Gawber | Gawber Main Gawber | Gawber Main Main Main | Gawber 
Amount of coal burnt Ib. 4144 5376 2800 3024 2576 4405 2800 7056 6608 3696 7056 | 4816 | 5600 6832 5208 
Coal burnt per square foot of grate | 
surface per hour me) 2087 137.8 | 90.0 72.1 80.7 70.2 | 11L6 74.3 85.4 87.2 75.7 101.1 | 61.4 71.4 86.3 66.4 
Average time burning 1 cwt. mins. 2.73 2.11 2.92 4.04 3.61 4.15 2.59 3.93 3.4 3.34 3.84 2.88 4.74 4.03 &37' 441 
Average steam consumption per 
hour from indicator diagrams Ib. 15,338 16,823 16,808 9516 9232 10,743 | 16,323 | 9830 15,001 13,325 12,872 15,536 9975 8895 | 14,163) 9435 
Average steam consumption per | 
indicated horse-power per hour | 
Ib.) 23.5 21.6 24.7 17.8 185 | 17.7 | 233 | 180 22.3 21.2 21.2 236 6| 1 | 174 21.7 | 168 
Average water consumption per | 
hour recorded by meter... 1 17,200 | 19,120 20,033 11,964 | 11,778 | 13,504 | 18,784 | 12,415 16,158 16,744 15,180 | 16,617 | 12,036 11,856 | 16,451 | 11,946 
Waste from injector overflow Ib. 220 230 200 410 | 480 | 380 | 217 | 423 720 240 260 240 | 300 520 407 353 
Efficiency of injectors per cent. 98.7 98.8 98.9 96.6 | 95.9 97.2 | 98.8 96.6 95.5 98.5 98.2 98.5 97.5 95.6 97.5 97 
Water unaccounted for... .| 1642 2067 3025 2038 | 2381 2245 2162 437 3179 2048 841 1761 } 2441 1883 1681 
Average water per indicated horse- | 
power perhour .. -- Id 26.6 | 24.6 20.5 | 22.4 23.7 22.2 26.9 22.8 24 26.6 25 25.2 19.3 23.2 25.3 | 212 
Percentage saving of coal in favour | | | 
of :— .. as ee as - 36 23.7 
Percentage saving of steam based | 
on indicator diagrams in favour | 
of :— .. ‘a «a a s 39.7 | 33.3 
Percentage saving of steam per | 
indicated horse-power from in- | 
dicator diagrams in favour of :— 23 ss os 22.5 
Percentage — of water based 
on meters (total) in favour of :— 33.9 ‘ 7.3 
Coal per indicated horse-power per 
hour .. pe 2 ~ Ib. 3.8 1 3.4 3.1 3.7 2.6 3.7 3.1 2.9 3.1 2.9 3.5 2.3 3.2 3 2.75 
eo saving of coal per indi- 
cated horse-power per hour in 
favour of :—.. os Ra os 16 8.3 
Average velocity of wind, miles per 
hour .. + ee oe A 2t 22 18 22 23 20 20.3 21.7 18 21 18 22 19 22 19 21 
Inclination and direction of wind { <= W254 } <P Ais ef Ss VA KE % 
Weather om Foggy Frosty Fine Fine Showery Fine Fine Fine Fine Frosty Fine Foggy 
Condition of rails Dry Slippery Dry Dry Slippery Dry Dry Dry ry Slippery Dry Dry 
Date of test 14/9/05 | 23/11/04 8/8/05 7/506 | 30/4/06 9/7/08 22/3/05 | 12/4/05 | 24/8/05 | 26/4/06 4/5/06 4/4)07 


namely, two high-pressure 15}-in. diameter, and two low- 
we 22-in. diameter, all having 26-in. stroke. The 


igh-pressure valves are of the piston type, with inside 
admission (see Figs. 28 and 29, page 360). 

Standard slide-valves of the Richardson type are fitted 
to the low-pressure cylinders (see Figs. 30 and 31). 

The particulars of valve-setting and steam distribution 
in the cylinders are given in Table ITT. (above). 

The two high-pressure cylinders are placed outside the 
frames, and actuate cranks driving the third pair of 
wheels. The low-pressure *ylinders are placed between 
the frames, and connected (v the cranks on the second axle, 
Figs. 11 and 12, Plate XXIIl. The pistons of the con- 
tiguous high and low-pressure cylinders move oppositely, 
and the high-pressure exhaust steam can pass at once to 
the low-pressure, the cranks being arranged 180 deg. 
apart. The cranks of the other two cylinders are also 
180 deg. apart, but placed 90 deg. round the circle from 
the first mentioned. The valve motion is of the Joy 
type, which is the standard adopted by the Lancashire 
and Yorkshire Company. One set of gear drives two 
valves (one high and one low-pressure), through the 
medium of a two-armed rocking shaft, Figs. 7 and 
9, Plate XXIII. The valves travel in the same direc- 
tion, while the pistons move oppositely. The exhaust 


from the high-pressure cylinders to the low-pressure 
is led throug 





our receiver-pipes, 5 in. inside diameter, 


chamber cast within the low-pressure steam - chest, 
Figs. 32 to 37 (page 360). The chamber is supplied with 
steam direct from the boiler through a connection to the 
regulator-pipe in the smoke-box. The valve is moved by 
a rod connected toa lever, which is part of the reversing- 
shaft of the valve motion. At starting the reversing- 
lever is in either “ full-forward” or ‘‘full-backward” 
ear. This position allows boiler steam to pass into the 
ow-pressure steam-chest and the receiver-pipes and to 
the back side of the high-pressure pistons. As the work- 
ing sides of these pistons are also receiving boiler steam, 
they are practically in equilibrium. The low-pressure 
pistons are 22 in. in diameter, consequently when 
admitting boiler steam, ample power is ondhile. The 
starting device is extremely simple, positive, and beyond 
the control of the driver, and cannot be tampered with or 
abused without detection. The admission of high-pres- 
sure steam into the low-pressure steam-chest ranges from 
full gear—namely, 83 per cent. front port, 88} per cent. 
back port, down to 73 per cent. and 73} per cent. cut-off 
respectively. In operation, this a sage is the same as the 
simple engine, no additional handles requiring manipu- 
lation. Figs. 38 to 41 (page 360) show a set of starting 


d ms. 
It will, however, be observed by referring to Fig. 1 
and Fig. 4 that the compound is heavier than the 





simple. This is due to the increased weight of the 


The following tests are not included in averages ;:—‘‘ A” test finished at Brighouse, as the load at this place was much reduced. ‘‘B” exceptionally fast run. 


A number of comparative tests were carried out on this 
compound, and also on a simple engine having a similar 
boiler, the same diameter and number of coupled wheels, 
and the same valve-motion. ‘ 

Both engines were in good condition, the simple having 
~~ just left the shops after a general repair. 

or the measurement of feed-water, a Siemens meter 
was fitted on each of the injector-pi between engine 
and tender. The meters were tested before and after, and 
errors corrected. The waste water from the injector 
overflow pipes was collected in a tank placed between 
the frames, fitted with an indicator, so that the amount 
could be easily observed. The capacity of the tender 
enabled sufficient coal to be placed, in 1-cwt. bags, for each 
run. 

The coal used before the test, and also for shunting 
Sans was carefully noted. A Tabor indicator, with 
three-way cocks, was employed on each cylinder. The 
indicator-pipes were 4 in. inside diameter, with easy bends 
and well lagged with asbestos rope. The scale of incicat- 
ing springs on the simple engine was 80 Ib.; the high 
are cylinders of the compound, 100 Ib.; and on the 
ow-pressure cylinders, 40 Ib. 

Before and after the trials these springs were t sted 
and calibrated under steam pressure, and a set of scales 
made, which were employed in working out the indicator 
diagrams. A dynamometer-car was used, which is fully 
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COMPOUNDING AND 
Comparative Tests of a Simple Expansion end a Four Cylinder Compound Coods 
Engine Hauling the 10-S5pm. Goods Train, Aintree te Accrington. 
Full lines dende Test of Simple Expansion Engine, dotted lines Test of Compound 


. Fig.i6. Speed and Gradunt. 


+b 


ge 






s-==Scam Chest 


—--Steam Chest Pressure, 
~~ Receiver Pressure, 


18 Steam Cut-off in Cylinders. 





Fu 19. Indicated Horse Power: 


--- LHP 

——LHP Simple 

+==*7ractive Effort, Compound 
—--Tradine Effort, Simple | Prawhar 





1g. 20. _ Steam Cmsumed per hour accounted for by the Indicator. 


----Slcam Consumed, Compound 
——Steam Cmsumed, 


Fig. 21. Pressure at moment of Release. 


----Release Pressure, Compound 
—Release Pressure, 


SUPERHEATING IN HORWICH LOCOMOTIVES. 


Comparative Tests of a Simple Expansion, and a Four Cylinder Compound Goods 
Engne. Hauling the 10-30pm Goods Train. Coole to Smithy Bridge. 
Fill lines denote Test of Simple Expansion Engine, dotied lines Test of Compand Engine 


Fig. Speed and Gradient. 






Boiler Pressure, and High and Low Pressure Steam Chest Pressures. 


seen 


Steam Consumed per hour, accounted for by the sndicater. 


Fig.27. Pressure moment of Release. 





described in ‘* Aspinall on Train Resistance.”* Table V. 
(page 358) gives the particulars of a number of tests 
carried out on the respective engines, and Figs. 16 to 27 
ga have Leen plotted from Nos. 1, 4, 7, and 11 
sts. 
The following isa brief explanation of the curves and 
data of Figs. 16 to 27. 


Figs. ve and 22.—Speed curves of tests, and gradients of 
roads. 

Figs. 17 and 23.—Data of boiler pressures and steam-chest 

pressures, of simple and compound engines. 

Figs, 18 and 24,—Data of steam cut-offs in the cylinders of 
simple and compound engines. 

-8. 19 and 25,~Data of indicated horse-powers and tractive 
efforts, or draw-bar pull developed by the simple and com- 

. pound engines. 

“8. 20 and 26.—Data of steam consumed per hour by the 
simple and compound engines, accounted for by the 
indicator. 

F'zs, 21 and 27.—Release pressures of the simple and com- 
pound engines, 


_ 


Tn carrying out these tests, every possible precaution 
Was taken to have the conditions for the competitive 
®ngines (such as number of wagons, total tonnage hauled, 
time over journeys, and sectional time) similar in each 
case. The drivers were not influenced in any degree as to 
the position of the reversing lever ; the regulator, how- 
ever, was kept full open. Every effort was made to have 
the fire in the same condition at the end of each test as 
at the start, which was not difficult, as the tests finished 
before the end of each journey. Table VL., in the next 
column, gives the analysis of coal used on tests. 


. Proceedings of the Institution of Civil Engineers, 
vol, cxlvii, 








Taste VI.—Analysis of Coals Used on Lancashire and | over-sea military operations. The superior offensive and 





Yorkshire Railway Trials. | defensive powers of the battle fleet make it the controlling 
ane ———— | factor in all schemes of invasion. If supreme, it can de- 

] | fend the approaches to the base, and therefore the shi 
Coal Used. Ps 


|at the base, from the opposing battle fleet. It can, if 

: . | necessary, defend the unarmoured ships, during passage, 
NorthGawhber.| Denaby Main. | from ships of superior power, or it can hold the enemy’s 

— | fleet during such operations, leaving the transports free 














5 percent. | percent. | to pass in safety to their destination, or, at the most, 
ga Tonge .* " . v or | rd open merely to raids by faster vessels, which in turn can 
Vole ile matter. . “a i a as 7 | be dealt with by corresponding friendly vessels. This 
i f * ? a ee “i in the old days was the sole distinctive use of the battle 
Totals. ik hee. aif 100 100 | fleet. It preserved or annulled at will the dangers of the 
Sulphur .. $ ¥ » ; 1.60 1.25 | intervening expanse of sea between the belligerent and his 
Calorific value, B.Th.U. .. | 13,068 13,668 = sig! ce . 
Pound of water per pound of coal... 14.1 14.1 | This assumption involves the ability of the eee | 


not only to fight any vessel afloat, but also to defen 
| friendly vessels from attack. It was this overwhelming 
| strength over every other class of ship that made the 
ow eh amg - the old days, and —— it 
7 ¥ "7 TURE * as the em iment of the sea-power of the nation. 
THE BATTLESHIP OF THE FU TURE. Battleship design should therefore be the solution of the 
By Rear-Admiral R. H. 8. Bacon, C.V.O., D.S.O., | problem, “How to design a ship which will prove an 
Associate. _ | adequate defence to over-sea capeaitiene, and at.the same 
Txis title may seem a bold one, and is, perhaps, mis- | time be equal or ee in fighting strength to the 

leading, for it is not the intention in this paper to attempt | corresponding capital ships of the enemy.” 

to foretell the design of battleships in the future; it is| In the old days, when the same elements of desi 
written rather with the idea of reviewing the chief features | suited both conditions, the problem was simply solved Ey 
of battleship design and the direction in which they trend making the wooden sides of the battleship as thick as 
owing to progressin modern naval conditions, and so to start possible, and mounting a Jarge number of guns. The 
a discussion which may be of interest to this Institution. | question of speed was relatively of small consideration 
The accepted function of the battleship is to control | since the variable conditions of sea and wind produced 
eae ee a ———— | larger variations in speed from place to place than did the 
* Paper read before the Institution of Naval Architects, | actual design of the ship. A a owever, began to 
March 16, 1910. ‘creep in about forty years ago. Prior to that date the 


(To be continued. ) 
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battleship had no enemy except the battleship. Cruisers 
rarely fought battleships, and, if ow did, it was at very 
great risk, and no other craft existed which was capable 
of inflicting damage on so formidable an adversary. The 
tire-ship, perhaps, was the only exception, but the con- 
ditions favouring the use of this class of vessel were so 
special that, beyond finding a reflection at a later date 
in the functions of the old small torpedo-boat (now no 
longer existing), they need no further reference. _ 

uring the fast forty Boe this condition of things has 
completely changed. e enemies of the battleship have 
multiplied, and include every vessel carrying a torpedo: 
cruisers, destroyers, submarines, and, uhder certain con- 
ditions, mine-layers. In fact, the introduction of the 
torpedo has brought about a very considerable limitation 
in the powers of the battleship. Not only is the battle- 
ship itself open to attack by small craft which it cannot 
engage on equal terms, but it is powerless to protect any 
form of vessel against the attacks of such craft. Whereas 
forty years the battleship was practically supreme, 
it can now only be looked upon as supreme against vessels 
of more or less corresponding class, size, and speed. This 
is probably best shown by the consideration that if a 
country ing a battle fleet were fighting another 
country which did not possess a battle fleet, and as regards 
other — vessels the pape age ory "4 more or os 
on an ity ; supposing that in the backgroun 
there tos the fear of complications arising with another 
Power ing a battle fleet; the value of the battle 
fleet would be so small compared to the risks of its loss, 


that in all probability it would never be used during the 
war, and its possession would in no way increase the 
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fighting power of that een | during such a war. In 
fact, in these days, the battleship has developed merely 
into a vessel for fighting other battleships, and it shuns, 
as far as 
vessels. It is this defencelessness against the to lo 
which has ch , to a certain extent, the tactical and 
strategical use of battleships. 

The problem of building a ship which cannot be sunk 
by the explosion of a torpedo is one that has exercised 
the skill of naval architects, and the design of a ship 
which will not be incapacitated by such attack has 
hitherto baffied all solution. Leaving for the moment 
the consideration of the use of the torpedo against 
battleships, we will take the main features of design, and 
examine their trend with a view to discussing the prob- 
able development of each in the future. 

The battleship is solely a gun-platform. The gun is at 
the present moment the main weapon in deciding naval 
actions; therefore p in battleship desi has 
continuously been in the direction of iaennell em 
sive gun-power, and defensive armour protection against 

in-power. The development of gun-power has fol- 
owed closely upon the improvements in the manu- 
facture of steel. The cast gun with spherical shot was 
superseded by coil guns, rifling, and pointed jectiles. 
The restriction of the chamber pressures which could 
be allowed in the early days involved low muzzle 
velocities and short Improvements in_pro- 
pellants and strength, and more reliable material for 
construction, have increased the length of range, and 


led to longer guns and higher pressures. The result has 
been that the accuracy of tke gun of to-day at 12,000 yards 


ible, encounters with most other classes of | 
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STARTING DIAGRAM. 
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is considerably greater than the accuracy of the gun of 
30 years ago at 2000 yards. At the present moment the 
development of the gun shows no signs of abating, and 
there is every reason to believe that, if required, the 
power of the guncan, within the next few years, be con- 
siderably increased. The first important questions mm 
design are: Is such an increase necessary? What advan- 
tages would it confer, and what disadvantages would it 
entail? To consider these we must examine the secon 
feature of a battleship—namely, its defensive armour. 
The distinctive feature of the battleship over the 
cruiser is that, in the battleship, speed is sacrificed for 
defensive armour protection. This armour is disposed 
with its greatest thickness in the belt, gun positions, #2 
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conning-tower, so as to protect those portions which are 
vital, so faras manceu and gun-fire are concerned. 
There is no doubt that the nm of the present day can, 
with armour-piercing proj les at a range of about 6000 
yards, penetrate any armour which..can be practically 
mounted in a ship; and guns can -be built which can 
netrate this armour at ranges outside which it would 
Be practically impossible to bring a fleet action to a deci- 
sive conclusion. Therefore, if anything approaching 
modern design of battleships is to be adhered to, it is per- 
fectly hopeless to think of attempting to supply armour 
which would be impenetrable to any guns which may be 
constructed in the reasonable future. If such a thing 
were attempted, we would have to return to the shape 
and speed of the old Inflexible. Moreover, if such a ship 
were constructed, and impenetrable armour provided, the 
racking entailed by successive hits of heavy projectiles 
would cause such general leakage as to leave the ship 
little better off than if the armour had been penetrated. 
This race between gun and armour which has been 
going on for over half a century is being decided, for the 
moment, in favour of the gun; nor is there any indication 
of there being a chance of improving the armour, and 
strengthening general construction, so as to render ships 
reasonably immune from armour-piercing projectiles. 
So far, therefore, as regards mere perforation of armour 
with armour-piercing projectiles, there seems to be no 
immediate necessity for increasing the power of the gun. 
The armour-piercing projectile, however, is not the 
most efficient shell for effecting general damage ona ship, 
and penetration of armour is not the sole object of gun- 
fire. The chief damage will probably be done by heavy 
bursting charges. The heavier the bursting charge the 
greater the damage inflicted by each individual hit. 
There can be no choice, so far as damage is concerned, 
between a large burster and a small one, and, therefore, 
from this point of view, the larger the gun and the larger 
the projectile the better. Again, accuracy in the per- 
formance of a gun can be best obtained by development 
of the gun and projectile in reasonable proportions. 
With power-worked mountings rate of fire need not be 
reduced as guns increase in size, and therefore the de- 
sirability of rapid hitting and effect of the hits when 
obtained, both point to steady increase in the size of the 
guns. The sole limitation as regards progress in the size 
of gun carried is the increase in displacement necessary. 
If the gun is to be in in size, on the same dis- 
placement, one of these three things must happen :-— 


1. The number of guns must be reduced ; or 
2. The armour protection must be reduced ; or 
3. The speed must be reduced. 


The extra weight required for the guns must be 
obtained from one of these three sources. We therefore 
find that while accuracy and efficiency point to increase 
in size of gun, this increase must be obtained at a sacrifice, 

First, as regards displacement. It has often been said 
that our ships are too large, and as regards this there are 
two distinct issues :— 

1. Finance and expediency. 

2. Efficiency and general utility. 

The chief argument against size is the enormous cost of 
each ship, and, therefore, the large loss in case of sink- 
ing. Another argument is that our harbours are already 
too small; our docks require enlarging; and the ships 
become too large to handle in fleets. As regards the first 
of these arguments, the whole crux of the question seems 
to lie in the consideration as to whether a large ship or a 
smal] ship is more likely to be lost from the attack of a 
torpedo. Constructionally, there seems no doubt that 
the larger the ship the more likely she is to survive the 
blow of a torpedo. Surviving, however, is not the sole 
point. Damage by a torpedo will temporarily incapaci- 
tate a ship however large she may be, and, therefore, a 
bigger money value of ‘Eghting appliance will be tempo- 
rarily incapacitated by a single torpedo attack in the case 
of the large ship than in the case of the smaller ; but the 
smaller ship may sink and the loss become permanent. 
This question, therefore, resolves itself into one of time 
of repair. Provided, therefore, the number of ships are 
kept constant, although their size is increased, no anger 
from the torpedo accrues to the country by building 
larger ships. The matter, from this point of view, 
becomes one of the national purse, and whether, while 
retaining pro rata numbers, we can afford to build bigger 


ships. 
There are, however, many who uphold the view that 
they prefer a larger amount of smaller ships to a less 


number of large ships, and that the money devoted to 
naval construction would be better spent upon numbers 
than upon size. The features of this contention require 
careful consideration. It must be assumed that an equal 
Sum of money is spent in either case. The smaller-sized 
ships involve carrying fewer guns, or a mixed armament 
of heavy and lighter guns, both of which are adverse 
factors to hitting at long ranges. 


he most modern type of battleship at present con- 
structed is represented by the Dreadnought class, and the 
improved succeeding vessels. f course, it is well known 
that the chief features of the Dreadnought are the instal- 
tion of an all-heavy calibre armament of the heaviest 
nature, accompanied by increase of speed. Whatever 
arguments have been raised against this type have been 
Proved by subsequent experience to have little weight 
= European navies, since all have to a large extent 
‘opted the principal features of the Dreadnought. It 
~~ only to be expected that the sudden transition from 
rw mee Nelson (or really, so far as general knowledge in 
Ed Navy and the country were concerned, the Ring 
dward type) to the Dreadnought was certain to evoke 
— and comment. The directness that characterised 
a Adiniralty administration of that period swept aside 
compromise, and designed a ship with no guns of any 


sort except the 12-in. and 12-pounder, the latter being then 
considered the most suitable for dealing with destroyers. 

The main reasons underlying the abolition of the 
secondary armament were, first, that these guns tended 
to reduce the accuracy of hitting of the heavier guns; and, 
secondly, that the weight, and therefore the extra ton- 
nage that the installation demanded, could be better 
devoted to other purposes. The contention as regards 
accuracy of hitting has been well borne out by subse- 
quent experience. Without entering into any technical 
reasons—and the argument is very highly technical—one 
point can be easily copueiated, and that is that.when the 
undivided attention of those directing the fire of the guns 
is concentrated on one type of gun only, it is far easier to 
correct the fire of the guns efficiently than to correct the 
vagaries of three calibres of guns of varying rapidity of 
fire and of varying external ballistics, all of which are 
firing at the same object. 

It must be appreciated that a 6-in. gun at long ran 
is of no use at all against thick armour, and inst the 
lighter armour and superstructures the small burster of 
the light weight of the shell militate against much real 
damage being done to the ship, even by a large number 
of such ag sey It is held that ‘‘a hail” of such pro- 
jectiles is liable to damage communications, &c. is 
= possibly have some weight provided that ‘‘ the 
hail ” really exists in practice, or that, if it exists, ‘‘ the 
hail” hits the ship. Asa matter of fact, when gun-fire 
is handled so as to attempt to obtain hits, rapidity of fire 
falls very much below the possible rapidity of fire of the 
gun, and the actual mee of fire may easily fall toa 
spue or less of the possible rapidity. In fact, when 
the fire of a quick-loading gun at long range is intermixed 
with other guns, rapidity of fire falls off very consider- 
ably, since it is now sqguariated that a of fire, 
unaccompanied by rapidity of hitting, is a futile waste of 
ammunition. It is generally considered that 6-in. fire at 
ordinary battle range may be discounted when accom- 
panied by 12-in. gun-fire. 

There are, however, a considerable number of ple 
who hold the view that battles will not always be fought 
at long range, and, therefore, in thick weather, the 
smaller guns may more nearly approach their theoretical 
value. It is perfectly possible that battles may be fought 
at moderate ranges, but it must not be forgotten that the 
accuracy and rate of fire of the heavier guns is also in- 
creased pro rata at such ranges, whereas the actual effect 
of the bursters and fragments of the projectiles at these 
ranges is not greater than at the longer ones, and that the 
—- occasioned by small projectiles is in no way com- 
parable to those of the heavier type of guns. 

If it were possible to instal guns of this nature in a ship 
without either restricting the fire of the heavier guns or 
of unnecessarily increasing her displacement, and if it 
were thoroughly understood that they were only there 
to be used in thick weather, there might be some advan- 
tage in installing them. The difficulty, however, of such 
an installation is very great. If placed below the tier of 
heavy guns, their position comes very close to the water ; 
if placed on a level, they are bound to reduce the arc of 
fire of the heavier guns; and if placed above them, they 
involve considerable top weight ; since, wherever they are 
put, if they are to be of value in a fleet or single ship 
action, they must be protected by adequate armour. The 
futility of installing any guns for use in an action unless 
they are adequately protected inst gun-fire is apparent. 
If the fighting power of the ship with a mixed armament 
is to be kept the same as that of a ship with a single- 
calibre armament, the small gun must be in addition to 
the large ones. The question of the installation of such 
guns is, therefore, purely one of whether the designers 
consider the extra tonnage to be worth the advan that 
may accrue. Up to the present those responsible for the 
construction of our ships appear to take the view that 
the advantage is not worth the extra displacement. 

The question of mounting an intermediate type, such 
as the 9.2-in. or 10-in., as well as the heaviest type, is 
slightly different, since these guns have a projectile more 
capable of inflicting damage at long range ; but when the 
disadvantage of a dual armament is considered, in con- 
junction with the comparatively small amount of weight 
saved, and the small increase in rate of fire obtained 
practically by mounting such guns, instead of an addi- 
tional number of heavy guns, there is not much doubt 
+ ey the future the single heavy armament will carry 

e day. 

There is one other aspect as regards thc mounting of 
6-in. guns, and that is from the point of view of those guns 
being used merely for anti-torpedo boat guns. This is 
advocated by those who look on the 6-in. gun as a better 
anti-torpedo boat gun than the 4-in. is is purely a 
matter of opinion, and there is a greater excuse for 
mounting 6-in. guns for this pu than for use in an 
action, since it does not involve the necessity of porns 
them with armour protection. Their use would then be 
largely confined to defence against to o craft before 
the day of a general action arrived, and for this pu 
they require no armour protection. It is not likely that 
after a general action with the present-day heavy ord- 
nance, these guns, whether protected or not, would survive 
to be of aon practical value. 

One point, however, must not be forgotten, and that is 
that 9 possibility of mounting 6-in. guns in future 
ships sets a low limit on the thickness of armour belt, 
since it would obviously be foolish to reduce this to an 
amount which would allow these small guns to effect pene- 
tration at battle ranges, and therefore to lay the ship open 


to vital attack by small guns. 
In building the cual ship, s , size of gun, and 
power of each hit are sacrificed. oreover, the length of 


the line of battle is considerably in The fewer the 
guns mounted in each ship, the larger the number of 








ships that will be required for an equal number of guns; 


therefore, the larger number of intervals between the 
ships, and an equivalent increase in the length .of the 
fighting line. is is, further, a very important con- 
sideration when the question of the use of the torpedo 
during an action comes to be considered. ; 

As regards the size of our harbours, we have still plenty 
of places where we can berth ships 100 per cent. yen 
than the Dreadnought, and without real inconvenience. 
Size is by no means the only inconvenience in handling a 
ship in a close harbour, and from practical experience I 
can vouch that the Dreadnought was from every point of 
view more easily handled in a close harbour than the Irre- 
sistible, whose tonnage was 50 per cent. less. It must 
also be r bered that i of size of ship in com- 
parison with the size of harbour may be met by adevelop- 
mentof methods and of auxiliaries, suchastugs. As rega: 
depth of water, although certain harbours may be less 
convenient than others, we have still plenty that can be 
used, even if greatly increased draught become a neces- 
sity. ; 

Xs regards manceuvring with a fleet, no greater libel 
was ever published than the statement that the Dread- 
nought could not be manceuvred satisfactorily with the 
fleet, and any naval officer of experience who is not an 
automaton would find no difficulty in handling vessels of 
50 percent. greater tonnage, even when in company with 
the lighter class of battleships. The fact that the Dido 
class were about one-third the tonnage of the Bulwark did 
not prevent their safe handling when in company. 

The use of the ——— during a fleet action can no 
longer be neglected. The improvements of late years in 
this weapon have been considerable. It has been very 
much the fashion up te date to disregard the possible 
developments of this weapon. There is.no. doubt that of 
late years in America, on the Continent, and also at 
Messrs. Whitehead’s, there have been introduced improve- 
ments into the to! o which have totally altered the 
character and use of that weapon. It is not improbable 
that these improvements are merely in their infancy, 
and that before many years have ela’ we may find 
ourselves confronted with a weapon of considerably 

reater powers. If the —— of the cee can be 
Saache up to 6000 yards, it great possibilities in an 
action. There is no doubt that it is far easier to hit one 
of twelve ships with a torpedo than to hit a single ship 
aimed at, and therefore the longer the line of ships, and 
the greater their numbers, the more vulnerable they will 
be to attack by destroyers at long range in an action. 
This is an additional argument in favour of increasing the 
size of individual ships, rather than the number of ships 
in the line. 

As regards retention of the present thickness of armour 
protection, this is a matter which may before long —- 
considerable modification, and the armour problem of the 
future appears to resolve itself into the answer to the 
following question :— 

Supposing the guns of the enemy can with ‘certainty 
pierce armour protection at reasonable fighting range, 
what is the most economical thickness of armour to 
adopt? Very many considerations are involved in the 
answer to this question, such as the position and thick- 
ness of horizontal armour, but considering the enormous 
sacrifice in weight now made to carry thick armour pro- 
tection, it is a matter that beforelong may undergo bold 
and radical revision. 

We now come to the third possibility of saving weight, 
and that is, reduction in speed. Probably there was no 
point among the improvements introduced into the Dread- 
nought that was more violently attacked than the increase 
in speed from 19 to 21 knots, and the attempts made to 
prove that such an increase was of no value were legion. It 
is probable that this increase will in time be looked upon 
as one of the most valuable features of this design. It 
been impossible for anyone to argue that, from a strategi- 
cal point of view, such an increase in s8' was not of 
value, but from a tactical point of view this increase was 
bitterly attacked. “This attack arose from not taking a 
sufficiently broad view of the possibilities of the future. 

The speed of a ship when she is built remains practi- 
cally constant all ber life. Judging from past experience 
it is improbable that the designed mpeed of a ship will 
ever be su uently increased. Fifteen years ahead is 
a long time to look forward to, but the careful student of 
naval pi is forced to take into account the possi- 
bilities of all naval weapons. The improvements in the 
torpedo must in time introduce a class of tactics more 
analogous to single ship than fleet actions. It is in such 
a class of tactics that speed will become a valuable factor, 
and it is highly probable that the speed of battleships 
will increase up to that of the cruisers. 

It is therefore probable that, to get the maximum effi- 
ciency out of the gun, and yet not to decrease the numbers 
mounted in a ship, increase in tonnage and reduction of 
belt armour of battleships will be features in future con- 
struction, and that for other reasons the value of speed 
will be enhanced. 

It does not seem possible that the size of gun will be 
limited unless all nations agree to do so, and such an 
agreement is highly improbable. It would be a foolish 
policy on the part of any nation to instal smaller guns 
than those carried in the ships of rival Powers. Again, 
it would be almost as unwise to provide guns of less 
damaging power than modern design permits. The 
number of guns carried in a ship cannot well be reduced 
below that of the Dreadnought, otherwise the difficulty 
of hitting at long range with such an armament will be 
considerably inc’ ; 

To sum up, all the considerations of offence and defence 
point to increase in size of battleships as modern gun 
construction advances. But, since the modern battleship 
no longer holds the supreme position which, in the old 
days, made the battleship the sole ultimate arbiter of 











sea-power, it is improbable that, as the torpedo improves 
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battleships, unable to defend themselves against any 
form of torpedo craft, will be built merely to fight battle- 
ships. The functions of. the ae cruiser will therefore 
be assumed by the battleship, high speed will become 
more and more necessary, and armour protection will be 
less accentuated than at present. The link between the 
ocean-going destroyer and the battleship will become 
closer, and we may reasonably expect that the huge 
monsters of the future will always be accompanied by 
torpedo craft of high sea-going speed, as defensive and 
offensive satellites. - 

The battleship as now known will probably develop 
from a single ship into a battle unit, consisting of a large 
armoured cruiser with attendant torpedo craft. Line of 
battle, as we now know it, will be radically modified, 
— - fleet action of the ae. = = course of time, 

evelop into an aggregation of duels between o ing 
battle units. The eotes of such units open up oune of 
most exhilarating speculation, and will afford to the naval 
officer of the future a scope for his tactical skill never 
dreamed of by us or our predecessors. 

The whole future is pregnant with radical oblitera- 
tion of our present notions as regards tactics; but we 
may confidently prophesy that size of ships and power of 
gun will increase and increase until war, the great 
arbitrator among theories, will confirm or reconstitute 
our opinions regarding naval armaments. 





AN ACCOUNT OF THE SOCIETY FOR THE 
IMPROVEMENT OF NAVAL ARCHITEC- 
TURE.* 

By A. W. Jouns, R.C.N.C., Member. 


At a time when the Institution of Naval Architects 
is celebrating its Jubilee, it seems an appropriate occa- 
sion to place on. record an account of the aims and work 
of a very similar institution, founded nearly 120 years 
Ago. This was the Society for the Improvement of 
Naval Architecture, formed in 1791. 

The Society owed its formation to the exertions of a 
bookseller named Sewell,+ one of the proprietors of the 
‘*Kuropean Magazine.” This gentleman, while on a 
visit to one of our naval ports, was so impressed with 
the many grave complaints which reached him as to the 
inferiority of our warships as compared with those of 
France and Spain that, on his return, he wrote articles 
and invited correspondence suggesting possible means of 
improving naval architecture in ‘this country. The 
letters received in answer to his invitation were first 
published on the covers of his magazine, and were after- 
wards collected and published in two volumes.t He also 
set apart a room at his office for discussions on the 
subject, and for the exhibition of plans and models for 
the inspection of those interested in the matter. In 
addition to this he prepared and published a descriptive 
catalogue of British and foreign works dealing with the 
theory and practice of naval architecture, and subjects 
closely allied to it. Sewell’s idea, as put forward in his 
own writings, appears to have been to form a society 
which would do for naval architecture what the Society 
of Arts, founded in 1753, proposed to do for the arts 
generally. 

Public interest was soon aroused, and it was decided to 
call a public meeting to consider the matter. This meet- 
ing was held at the Crown and Anchor Tavern, in the 
Strand, on April 14, 1791. It was presided over by 
Lord Rawdon, and was attended by a numerous com- 
pany of prominent men. It was unanimously decided 
y the meeting :— 


1. ‘That the theory and art of shipbuilding are 
objects of the first magnitude and importance to 
these kingdoms. 

2. “That the theory and art of shipbuilding are not so 
well understood in this country as matters of so 
much consequence deserve. 

3. ‘*That a remedy for this radical deficiency merits 
the attention of every well-wisher to the true in- 
terests of Great Britain. 

4. ‘‘That the most effectual remedy for this deficiency 
will be to concentrate the theoretical and practical 
wisdom of this country by the institution of a 
Society for the Improvement of Naval Archi- 
tecture.” 


It was further decided to ask the Duke of Clarence— 
afterwards William IV., the ‘“‘Sailor King”—to become 
the president and to lay the plans of the Society before 
His Majesty King George III. The Duke of Clarence 
pervades | the presidency of the Society, and at a meeting 
held on April 20, 1791, it was unanimously resolved to 
thank His Royal Highness for the honour conferred on 
the Society. 

A general meeting was held at the same place on 
June 2, 1791, at_ which the election of officers was ap- 
proved and the Rules and Regulations for the Society 
were discussed and adopted. is meeting was presided 
over by Captain Sir James Borlase Warren, R.N., a 
vice-president. In September of the same year an 
address to the public, setting forth the aims of the society, 
was published. This address states :— 

“The principal intention of the Society, as the name 
of the Institution implies, is the improvement of naval 





* Paper read before the Institution of Naval Architects, 
March 16, 1910. 

+ See Creuze’s “Shipbuilding,” page 22. 

t ‘Papers on Naval Architecture,” published in 1791. 
These are quite distinct from those published in four 
volumes under the same title in 1828-32, and edited by 
Morgan and Creuze, 





architecture in all its branches, for it cannot be conceived 
that the Society has any idea of confining themselves to 
one branch of the art, but that it is their intention to 
extend their inquiries and improvements to vessels of 
every kind. 

“To promote this important object as effectually as 
possible the Society proposes to encourage every useful 
invention and discovery as far as shall be in their power, 
both by honorary and pecuniary rewards. They have in 
view particularly to improve the theories of floatin 
bodies and the resistance of fluids, to procure drafts an 
models of different vessels, together with calculations of 
their capacity, centre of gravity, tonnage, &c., to make 
observations and experiments themselves, and to point 
out such observations and experiments as appear best 
calculated to further their designs and most deserving 
those premiums which the Society can bestow. .. . 

“The Society do not by any means intend to confine 
themselves merely to the forms and structure of vessels. 
Every subordinate and collateral pursuit will claim a 
share of the attention of the Society in proportion to its 
merits, and whatever may have any tendency to render 
navigation more safe, salutary, and even pleasant will not 
be neglected... . 

“It is with confidence that they repeat their solicita- 
tions for further assistance such as may enable them to 
extend their views—to make experiments on a large scale 
—to assist young persons in the attainment of this most 
useful art—and even to’ institute an academy for the 
regular study, not only of the art itself, but of those 
sciences which ought to form the basis of it... .. 

‘*They solicit the officers of the Royal Navy and mer- 
chant’s services to examine carefully the hints, proposals, 
and plans which may at any time be laid before this 
Society, and to suggest any improvements that may occur, 
however minute they may appear to them; they bein 
confessedly the best judges of the advantages to be deriv 
from the facilit of manceuvring ships, of the compara- 
tive excellence between one vessel and another in sailing 
and all other desirable properties. 

'**They likewise solicit all professional men of what 
description soever employed in the construction and 
equipment of shipping to assist the Society with their 
knowledge and experience, and to forward their views to 
this Institution. 

“Finally, they invite men of eminence in the mathe- 
matical sciences, as well in London as in our universities 
and elsewhere, to co-operate with them in their views for 
the public good, and they will thankfully receive informa- 
tion from every description of ingenious men, not only in 
this but in every other country.” 

A list of the officers and members of the Society was 
appended to this address. The President was the 
Duke of Clarence. The Vice-Presidents included Earls 
Stanhope, Leicester, and Uxbridge, Lords Rawdon 
and Mulgrave (the First Lord of the Admiralty), Sir 
Joseph Banks (President of the Royal Society), and 
Admiral Sir Charles Middleton,* who in the previous 
year had resigned his position of Comptroller of the Navy. 

he Committee insbubed Sir Joseph Banks, Captain Sir 
John Warren,t Admiral Sir Charles Knowles (the first to 
use coloured filaments to show the path of water past an 
obstacle, and who published a translation of M. de la 
Croix’s treatise on the mechanism of the motion of float- 
ing bodies), Dr. Hutton (then engaged in his classical 
pa ge on ballistics), Mr. Marmaduke Stalkartt 
(who in 1781 published his book on Naval Architecture), 
Mr. Sewell (the founder, and who wasalso appointed book- 
seller to the Society), and the Rev. Thomas Martyn,} the 
honorary secretary. The members numbered 134, includ- 
ing 15 life members, but a note at the end of the list naively 
remarks that ‘‘readers are desired not to consider this list, 
however respectable, as the list of the whole Society, as 
many other gentleman have promised their support, 
though they have not yet paid their subscription.” 

The rules and regulations of the Society were also 
appended. These numbered thirty-two, and were of 


* Sir Charles Middleton had suggested alterations in 
the constitution of the Navy Board, which, however, 
were not approved ; hence his resignation. 

+ For the Ristinguished services afterwards rendered to 
his country by this officer, see James’s ‘‘ Naval History.” 

t Professor of Botany at Cambridge, who had acted as 
tutor to Sir John Warren. For the following interesting 
extract of a letter from the Professor to the Rev. G. 
Ashby, I am indepted to our Secretary, Mr. Dana :— 
** My friend Sir John Borlase Warren, who is a captain 
in the Navy, desired me to go with him to Sewell, the 
bookseller in Cornhill, to settle matters for printing a 
book which he has composed and since published, under 
the title of ‘A View of the Marine Force of Great 
Britain.’ Our conversation turned upon naval affairs and 
the t ignorance that prevailed in the principles of 
shipbuilding. Mr. Sewell said that he had been thinkin 
on the subject for thirty-five years, upon which my frien 
observed that he had thought upon the subject long 
enough, and that it was now time to do something. e 

that so considerable a national object would prob- 
ably be taken up with ardour, if it was at once laid before 
the public. I promised to draw up a proposal, which I 
did immediately, and having showed it to my friend and 


Sewell, together with a Mr. Rogers, a watchmaker in the | page 1 


City, an intimate friend of Mr. Sewell’s, we printed and 
dispersed it directly. This produced a meeting, another 
soon after on April 20; a numerous list of subscribers ; 
and respectable patronage. Thus has a great society for 
naval improvement been formed by a bookseller, a watch- 
maker, and a parson, with the assistance of one who is 
rather more a fashionable man than a naval officer.” The 
book referred to above was published anonymously, the 
title-page stating that it is by ‘‘ an officer of rank.” It was 
dedicated to the Duke of Clarence. 





the type common to all such institutions.* The subscrip. 
tion was two guineas a year, payable in four instalments, 
at the usual feast days. Life subscribers. paid twenty 
guineas. General meetings were to be held on the first 
Tuesday in every month from October to June inclusive, 
with special general meetings on the first Tuesdays jn 
April, oy November, and December. Members on 
election were required to sign an obligation to the effect 
that they would do all in their power to promote the 
honour and interest of the Society ; and any member by 
writing or speaking, or in any other manner defaming 
the Society, or tending to the injury and disgrace thereof, 
was subject to expulsion. It appears from these riiles 
that one of the officials of the Society was a messenger 
who waited on any person elected a member, if he were 
in London, and presented him with a book of the rules 
and orders. 

Such are, briefly, the origin and aims of this Society, 
It was founded at a time when, judging from the works 
of contemporary writers, an improvement in the qualities 
of our warships was urgently needed. ign was, as it 
had been for the previous 300 years, a process of trial 
and error, and.very little improvement had taken place 
since the time of the Pettsand Sir Anthony Deane. From 
time to time Commissions composed of the most able men 
had been appointed to inquire into the best means of 
improving the qualities of our warships. With this end 
in view these Commissions, after comparison of our own 
with foreign warships, had ‘‘ standardised ”+ the diinen- 
sions of the various classes. This procedure was, however, 
attended with but slight success. 

The principles underlying stability were not understood 
by our designers, although at the time the metacentric 
method of considering stability had been known and 
utilised on the Continent for many years, while Chapman 
the celebrated Swedish naval architect, had introduced 
the metacentric diagram} as we now use it, and inclining 
experiments were made on all Swedish warships. 

Stability not being properly understood, our warships 
were generally less stable than those of foreign Powers. 
The first rates were particularly deficient in this respect, 
and it is stated that many captains appointed to their 
command took up their posts with some reluctance.§ 
They poiated out that in certain circumstances the defec- 
tive stability prevented the lowest and heaviest tier of 
guns being used, thus virtually reducing the ships to a 
lower rating. Still less was understood of the subject of 
resistance, and our ships were generally not such good 
sailers as those of our rivals. 

The comparative failure of our own designs led to many 
of our warships being built on the models of ships cap- 
tured from the enemy, which, on being taken into the 
Service, had proved superior to our own. In such cases, 
where exact copies were made, the results were success- 
ful, but in a few cases ‘‘improvements” on the model 
ship were attempted with very indifferent results. 

But, although our warships were deficient in some 

ualities, the workmanship was generally far better than 
that in foreign ships. Our builders were excellent prac- 
tical men, and thoroughly understood the whole art of 
shipbuilding. Their theoretical knowledge** was, how- 
ever, extremely poor, and their lack of mathematical 
training prevented them from profiting by the study of 
the many excellent books on theoretical naval architec- 
ture published on the Continent.+}+ This state of affairs 
continued well into the nineteenth century—until, in fact, 
the students of the first British School of Naval Architec- 
ture were given their opportunity, and conclusively 
proved that their training had been such as to render 
them capable of designing and building pm equal, 
if not superior, to those of their Continental rivals. Since 
that time British warship design has led rather than fol- 
lowed that of other nations. 

The naval architects in the service of the State gener- 
ally kept aloof from the Society for the Improvement of 
Naval Architecture, probably considering that its forma- 
tion was a direct slight to their own abilities and pro- 
ductions. Im the list of members of the Society the names 
of Henslow, Rule, Seppings, Williams, Palliser, Bent- 
ham, Barallier, and other well-known architects, are not 


* The similarity of these rules to those of the Institu- 
tution of Naval Architects led our Secretary to inquire of 
the late Sir Edward Reed and Sir Nathaniel Barnaby if 
the latter were modelled on the former, but, as far as 
could be recollected, this was not the case. 

+ Establishments of dimensions for the various classes 
were promulgated in 1677, 1691, 1706, and 1745. Others 
were pro in 1733 and 1741. ; ; 

+ See Morgan’s translation of Chapman’s ‘‘ Treatise on 
Ships of War,” in vol. iii.; ‘‘ Papers on Naval Architec- 
ture,” 372. The late Sir Edward Reed, in his 
“Stability of Ships,” states that the late Mr. F. K 
Barnes first used the metacentric diagram, but this 1s 
incorrect. 

§ Knowles, ‘‘ Shipbuilding,” e175. | ; 

|| See Third Report of the Commission | appointed 

to inquire into and revise the civil affairs of the 
Navy. 
T Cour builders are, without doubt, much superior to 
foreign artists in the execution and finishing of. their 
works.”—‘‘ A View of the Naval Force of Great Britain, 
2. 

** «Tf the builders of the yard were men possessed of 
theory as well as practice, they would be of much more 
service than in their present state.” —Jbid., page 17 

++ “The illustrious Chapman, whose works, if trans- 
lated, would be of little value, since they are not to be 
understood without a previous acquaintance with the 
higher branches of mathematics, of which very little 18 
known by our artists—t.e., shipbuilders.”—Preface S 
Knowles’ ‘‘Shipbuilding.” The mathematics empoy 
in the works are of a very simple character. 
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to be found. Gabriel Snodgrass, of the Kast India Com- 
pany, is also a notable absentee. 

In the second year of its existence (1792) the Society 

ublished a report of its proceedings. This report shows 
that the list of members had ine’ to over 300, and 
the number of its rules and orders from 32 to 43. Four 
papers contributed by members are included in the 
report. The first is by Mr. Charles Gore, and describes 
some experiments made by him on the resistance of bodies 
in water, and suggests that further experiments should be 
carried out by the Society. The second is by Sir Charles 
Middleton, rs ean a — - 1 for the rex 
sideration of the Council, su y applications whic! 
came before the Navy Board while Sir Charles was Comp- 
troller. The third is by Captain Charles Patton, R.N., and 
deals with resistance and stability, and also suggests sub- 
jects to be taught at the proposed emy for training 
navalarchitects. The fourth, and most important paper, is 
by Admiral Chapman, and explains rules for the measure- 
ment of the tonnage of ships, and gives a list of the rules 
for tonnage adopted by the Swedish Government. It is 
not stated in this report whether these papers were 
discussed by the Society, but if so, the discussions are 
not given. 

The Council of the Society also decided to offer pre- 
miums and medals for ee on subjects in which the 
considered information and improvement were souulend. 
These were as follow :— 

“100. or gold medal for the best series of experiments, 
with deductions tending to ascertain the laws of resist- 
ance of solids of different forms in all varieties of circum- 
stances. 

“«90/. and silver medal for the most ready and accurate 
method, by approximation or otherwise, for determining 
the tonnage of ships from an admeasurement of the prin- 
cipal dimensions. 

“50l. or gold medal for the best plan of making ships 
weatherly. 

‘Gold medal and 50 guineas for the best and most 
practical method of freeing ships from water either by 
manual labour or other natural agent. 

“301. or gold medal for the best method of ascertaining 
the respective situation, due proportion, and number of 
masts and yards for vessels of all classes. 

“Silver medal and 20 guineas for the best and most 
ready way of saving a ship when by any accident she is 
in danger of sinking. 

‘Silver medal and 20 guineas for the most immediate 

= expeditious method of stopping the progress of fire in 
ships. 
“Silver medal and 20 guineas for the best and most 
reliable method of securing magazines, lazarettoes, store 
and spirit-rooms, and other dangerous places, from taking 
fre.” 


re. 

Many of the subjects suggested above appear in the 
paper contributed by Sir Charles Middleton. 

n the following year (1793) the ge | decided to carry 
out experiments on the resistance of bodies moving 
through water, and a small committee was appointed for 
this purpose.* Colonel Beaufoy, a member of the Society 
from its formation, and who had been elected a Member 
of Council in 1792, was a member of this committee, and 
in his case the Society’s choice proved a most excellent 
one. He was a born experimentalist, and had already 
carried out a series of experiments on resistance, using 
a pendulum instrument.+ The body was attached to the 
free end, and the pendulum being raised to a certain angle 
was released. The body passed through a trough of water 
and the pendulum rose to a smaller angle on the other 
side. The difference between the angles was taken as a 
measure of the resistance. By using other bodies the 
comparative resistances were obtained. 

The faults of this method were recognised by Beaufoy, 
and the experiments for the Society were carried out by 
a far more accurate method. This method is well known, 
being similar to that proposed by Herr Wellenkampt a 
short time ago, the only essential difference being that 

ufoy used a mechanical in place of the electric chrono- 
graph of Wellenkamp. A comparison of the method 
adopted by Beaufoy with that of the experiments made 
by Bossut, D’Alembert, and Condorcet$ for the French 
Government some eighteen years before, shows the great 
advance nade by Beaufoy in this branch of experimental 
research. 

The experiments were carried out at the Greenland 
Dock, kindly lent by Mr. William Wells, a member of 
the Society.. They continued from 1793 to 1798, and over 
1700 successful experiments are recorded. At first experi- 
ments were made with bodies on the surface, but, certain 
difficulties being met with, the remainder were carried 
out with the bodies submerged and supported by one or 
two rods from a body on the surface. ven in this case 
difficult les were encountered, and for four months not one 
penta experiment was made, the cause of the failure 
eng that the two rods were too close together, and the 
dead wat: r from the first influenced the second. This 
and other difficulties were successfully overcome. 


At this time it was generally considered that what we 
now know as skin and eddy resistances were the only 
resistances met with by a floating body, and these experi- 
— 7 pletely determined the laws of these resist- 


one or two cases bodies tried both on the 

Re oy ‘ated with Beaufoy were Messrs. Garnett, 

shin all (afterwards killed in a riot by the Rotherhithe 

— nights), Brent (3), Captain Scott (assistant secretary 
hy _ \cty, a military officer), and Captain Leard. 

ing hi am ’y made experiments on resistance before attain- 

is fifteenth birthday. The results of the pendulum 
Te nts are given in Nautical Experiments. 

isk ransactions of the Institution of Naval Architects, 
$ See “Papers on Naval Architecture,” Vol. I: 


surface and also submerged, were found to have slightly 
different resistances, that on the surface being the greater. 
This was, however, considered to be due to experimental 
errors rather than to any actual difference. Itis interest- 
ing to note that Bossut considered wave resistance to be 
far more important than skin resistance; and, in the 
French experiments referred to above, the heights of the 
waves were measured. It required the genius of Froude 
to show that both wave and skin resistance were equally 
important. 

Beaufoy’s experiments for the Society were made on 
bodies of rectilinear form, but it was his intention to pro- 
ceed afterwards with curved and ship-sha forms, but 
lack of funds and also of time prevented this. Through- 
out the experiments he was constant in his attendance, 
and nearly the whole cost of the experiments, amounting 
to some 20,0002. to 30,000/., was borne by him. 

On the conclusion of the experiments a general report 
on the results was published by the Society. In an intro- 
ductory note to this report it was stated :*— 

“* The experiments will be found both curious and in- 
structive. They explain many things which were before 
either not at all or but very imperfectly understood, and 
they ascertain new principles ; but, what is most valuable, 
they clearly prove that experiments can now be made by 
means of proper models so as to ascertain the compara- 
tive advantages or disadvantages arising from the form 
either of the head end or of the midship body or of the 
stern end of all kinds of navigable vessels.” 

Very little practical use was made of the results of 
these experiments by the naval architects of the time. 
Their use was almost solely to confute the theories of re- 
sistance brought forward from time to time by ingenious 
persons who suggested their application to the forms of 
ships. It is interesting, however, to note that Fulton 
utilised the results in determining the power of the engines 

uired to drive his steam vessels. 

he publication of the report on the resistance experi- 
ments was the last official act of the Society, which, not 
without a certain amount of regret, dissolved in the fol- 
lowing year, 1799. The work of the Society was, however, 
carried on by one or two of the old members, and prin- 
cipally by Beaufoy, who turned his attention to experi- 
ments on the stability of floating bodies. These are 
described in the Appendix to this paper. Three series of 
experiments were made ; one series determined the inter- 
section of the line of action of the buoyancy in the inclined 
and upright conditions of bodies with different transverse 
sections. The point of intersection Beaufoy termed the 
‘“*metacentre,” although the largest angle of inclination 
was in all cases 30 deg. Another series was carried out 
to prove to those who could not follow the mathematical 
processes of Atwood that his results were correct, and a 
third series showed the effect of free water on stability. 

These three series of experiments should take an 
important place in the history of the study of the stability 
of ships, and it is, therefore, strange to find that no 
mention of them has ever been made in any work on naval 
architecture. At the time the results of the first and 
second series were highly important, for they showed that 
the point of intersection of the lines of action of the 
buoyancy in the upright and inclined conditions was con- 
stant in position for comparatively large angles of heel. 
They thus proved the practical importance of the meta- 
centric method of considering stability. Until the middle 
of the nineteenth century British naval architects failed 
to recognise this, and considered the metacentre as a 
geometrical curiosity, applicable only to evanescent 
angles, and hence of no practical use. Up to that time 
the moment of stability was usually calculated for an 
angle of heel of about 7 deg.- or 10 deg. by the laborious 
method introduced by Atwood. 

There is little doubt that Colonel Beaufoy did very 
excellent work, unfortunately unrecognised at the time, 
in connection with the improvement of naval architecture ; 
and it is curious to note that it is only when his experi- 
ments are referred to that one learns of the existence of 
the Society. In addition to the work on resistance and 
stability, he wrote many articles on naval architecture, 
and urged the Government to undertake experiments on 
resistance, pointing out that the cost of these for a single 
ship would be less than the cost of the main-mast.} 

Still more excellent work, from the Society’s point of 
view, was carried out after its dissolution by another of 
its former members. This was Sir Charles Middleton, 
one of the vice-presidents, and a very active member, 
who, as Lord Barham,§ was appointed First Lord of the 
Admiralty in 1805, and presided over the Commission 
appointed by Parliament to inquire into and revise 
the civil affairs of the Navy. The formation vf a school 
for the training of Government naval architects was 
recommended by this Committee in their third report, 
made in 1806. Shortly afterwards this recommenda- 
tion was adopted, and the first British School of Naval 
Architecture started at Portsmouth in 1810. The suc- 
cess of the students of this school has already been 
noticed. It is impossible to state to what extent the 
recommendation for the establishment of this school 
was due to the work of Lord Barham while a member of 
the Society, but it is noteworthy that such a training 
school was contemplated by the Society, as stated in their 
address to the public. 





* Knowles, ‘‘ Shipbuilding,” page 92. 

+ “ Papers on Naval Architecture,” Vol. I., page 287. 
+ Annals of Philosophy, vol. xxiii. 

§ For the career of this remarkable man see the Intro- 
duction to ‘‘The Barham Papers,” vol. i., published by 
the Navy Records Society. 

Suggestions for the establishment of such a school 
also appear in ‘‘A View of the Naval Force of Great 
Britain,” and also in a letter from Captain Kempenfelt to 


It may be concluded from the foregoing that the results 
of the work of the Society were far more important than 
is generally supposed, and would have been still more so if 
it had not been dissolved. After this interval of time, it is 
difficult to account for the short existence—eight years— 
of a society formed for so useful and patriotic a purpose. 
One reason, perhaps, is to be found in the fact that the 
naval officers, who formed a proportion of its 
members, were engaged in the more important work of 
fighting the nation’s battles. Another, that the brilliant 
naval victories won by our ships during the period of its 
existence tended to show that perhaps, after all, the 

ualities of our ships were not so decidedly inferior to 
those of the ships of other nations. But probably the 
chief reason is that the Society was not supported by those 
directly engaged in the design and building of warships, 
and who must of necessity supply the greater part of the 
motive power needed for the success of such an institu- 
tion. If such support had been forthcoming, there is 
every probability that the Institution of Naval Architects 
would now be nearing its 120th anniversary, instead of, 
as is actually the case, celebrating the jubilee of its 
foundation. 

In conclusion, I have to thank our Secretary, Mr. Dana, 
and Mr. Perrin, the Admiralty Librarian, for some interest- 
ing notes bearing on the history of the Society. 





APPENDIX. 
Brauroy’s EXpkRIMENTS ON STABILITY. 


The three series of experiments made by Beaufoy were 
all carried out in the same way, which was as follows :— 
A model of the shape required was constructed of wood, 
and was fitted with a central well, into which ballast could 
be placed, and the vertical position of the centre of gravity 
thereby regulated as required. The position of the centre 
of gravity was determined by suspending the model eccen- 
trically in a small frame fitted with two pointed centering 
pieces, which could be forced against the ends of the 
model. The weight of the model and ballast was deter- 
mined by weighing. The model was then placed in water, 
and a string attached to a fixed point in the mast, and 
thence led over a pulley, the free end of the string being 
attached to a scale-pan, in which weights could be placed. 

The pulley was supported by a framework on the side 
of the tank, and oa be raised or lowered, so that the 
string leading from the pate to the mast was always per- 
pendicular to the latter. A light pendulum was attached 
to the mast, and the inclination of the model was read off 
on a circular sector. Lateral motion.of the model due to 
the pull of the string was prevented by two strings 
attached one to each end of the model at the height of 
the centre of gravity, and led away horizontally and 
attached to the side of the tank (see Fig. 1). The models 
used were generally about 2 ft. long and weighed from 
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16 1b. to 20 lb. Inclinations were made in both directions, 
and a mean of the two results taken. In the majority of 
the experiments the moments of stability for twe 
different positions of the centre of gravity were obtained. 
_ The first set of experiments are described by Beaufoy 
in a letter published in the Annals of deg | for 1813. 
Beaufoy explains that, having often heard that many of 
the fishing vessels employed in the North Sea sailed from 
port and were never heard of again, and as no wreckage 
was ever found on the shore, he concluded they were lost 
by foundering. This he attributes to the faulty con- 
struction of the wells for carrying the fish, which were 
open wells containing salt water to preserve the fish. He 
thereupon decided to carry out experiments to test his 
conclusions. For this purpose he constructed a box 24 in. 
long, 9 in. wide, and 7 in. deep. Two wooden bulkheads 
were fitted to this box to form a central well 13.57 in. 
long and 8} in. broad. A deck was fitted to the well, and 
this was flush with the water outside when upright. In 
all the pees the height of the centre of gravity in 
the upright condition was 2} in. above the keel, and the 
draught 44 in. The results of the experiments are given 
below, the weights in the columns being those necessary 
to heel the aot to the angle stated. The leverage was 
in all cases about 25 in. 





Inclining Weights in Ounces. 





Angle of - 
Heel. 
No Water. Water Solid. Water Free, 
deg. 
5 2.47 2.34 2.37 
10 4.95 5.00 4.31 
15 7.73 7.73 6.16 
20 10.72 10.93 8.37 
25 13.97 13.87 10.89 
80 17.34 17.34 13.53 


| 





In the third condition the water was apparently allowed 








Lord Barham. See ‘‘ Barham Papers,” vol: i: 
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to move through holes in the deck of the well. From 
these experiments Beaufoy concluded that the stability 
was endangered by the faulty method of construction, a 
proposed that in all fishing vessels a water-tight deck 
should be fitted in the well, andany necessary hatches fitted 
with water-tight covers or sluice-valves, the tank to 
completely filled, so as to represent the second of the three 
conditions in his experiments, _ am 

The second series of ye on stability was 
described in the Annals of Philosophy for 1816, page 184, 
and was made to verify certain theorems on stability, 
particularly those of guer. In these experiments 
the height of the point of. intersection of the lines 
of buoyancy in the upright. and inclined position was 
determined for angles up to 30 deg. of heel. This point 
Beaufoy termed the ‘‘metacentre.” The moment of 
stability at an angle @ being determined, and the weight 
of the model being known, the distance G Z in > ae 
calculated, 0 being known, G M was given by in 0” and 
OG being known, the distance O M became known. The 
following shows the results of a typical experiment, with 
a model of rectangular cross-section :—Length, 24 in.; 
breadth, 44 in.; depth, 74 in.; draught, 44 in.; weight, 
2794 oz.; centre of gravity, 1.45 in. above keel— 


Angles of inclination 
| 


io 15° | 2 | 2% 30 
2.48 | 2.5 | 261 | 2.52 | 2.58 


eg. 

Height of point M—| 

i.e., O -. in, 2.47 
Moment of stability 

in,-oz, 24.96 50.38 75.8 101.3 | 126.5 1514 


Twenty-three different models were used in these experi- 
ments. These were of metrical form, and include 
models of rectangular, circular, elliptical, and parabolic 
cross-sections, and also of rectangular, elliptical, and 
rhomboidal water-planes. One model had a cross-section 
of a form closely approaching the mid-section of a ship. 
The results of these experiments show that the ‘‘ meta- 
centre” occupied a practically constant position for 


ge 








angles of heel up to 10 or 15 deg. The effect of an alte- 
ration in the beam, and also of the position of the centre 
of gravity on the stability, are well shown by these ex- 
periments, i : : 

The third series of experiments is described in the 
Annals of Philosophy for 1824, page 81, and was 
made to show those who could not follow the mathe- 
matical treatment of Atwood that the results giver by 
the latter were correct. The stability levers up to 30deg. 


were determined, and these are compared with those of | hed 


Atwood’s calculations. The distance between the ‘ meta- 
centre” and centre of buoyancy in the upright condition 
is also given. The number of models used was ten. The 
cross-section of the first is rectangular; the second, 
rectangular below water, and the sides flared out 15 deg. 
above; in the third the sides above water “‘ tumbled in” 
at 15 deg.; the fourth is a double trapezium, the short 
sides being coincident with the water-line, and falling 
out at 15 deg., both above and below water; the fifth isa 
double trapezium, with the long sides coincident with the 
water, but falling back 15 deg. above and below water ; 
the sixth is circular; the seventh parabolic; and the 
eighth, ninth, and tenth have sections similar to the mid- 
sections of the Howe, of 120 guns, Leopard, of 50 guns, 
and an 18-gun brig respectively. 

The results show the correctness of Atwood’s formule, 
and also the practical utility of the metacentric method 


of regarding stability. 





SEWAGE WORKS. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tu y, March 8, Mr. James C. 
Inglis, President, in the chair, the poner: read were: 
mp ond won Sewage-Disposal Works,” by Mr. John 
D. Watson, M. Inst. C.E., and ‘‘ Salisbury + 4 
by Mr. W. J. E. Binnie, B.A., M. Inst. C.E. he 
following are abstracts of the papers :— 

The works described in the first paper belong to the 
Birmingham, Tame, and Rea District Drainage Board, 
a joint board pone ~ ae = for Ax 

ur of purifying the sewage of a district whic 
fodoien, in vaditton to the city of Birmingham, three 
boroughs, four urban districts, and one rural district, 
with a drai area of nearly 100 square miles, and a 
population of about 950,000. ¢ 

fore the establishment of the Joint Board, the Town 
Council of Birmingham were responsible for the treat- 
ment of the sewage of Birmingham, and they adopted a 
system consisting of lime precipitation and land - 
tion. This system was greatly extended by the Joint 
Board, until the works and lands covered an area of 2830 
acres, and embraced the Valley of the Tame for about 
6 miles between Birmingham and Tamworth. 

In conducting experiments, in 1900, on biological 
methods of treatment, it was found that Birming 
sewage was capable of purification by the septic tank 





process. It was also found that it was not necessary 
to use lime in the prelimi process in order to pro- 


minary 
ndj|duce a good effluent, either by land or by artificial 


filters. 
In the spring of 1903 the Board instructed the author 


be | to construct several bacteria-beds on more permanent 


lines than the experimental beds which had been at work 
for the previous two or three years. The excellent 
effluents obtained, the large amount of sewage purified on 
the limited area of the bacteria-beds, as compared with 
land, and the obviously hygienic advantages possessed 
by these beds, together with the fact that it was 
necessary to buy and lay out for irrigation nearly 
14 acres of land every week in order to keep pace with 
the increasing population, all contributed to induce 
the Board to advance along the lines of biological treat- 
ment. 

The average dry-weather flow, as measured in 1908, is 
27,000,000 gallons, and the estimated average velume of 
liquid trades waste discharged into the sewers per day is 
4,000,000 gallons. In quality this is necessarily varied, as 
the Birmingham manufactures are so numerous, but much 
of it comes from pickle-using industries. The influence 
of this trades’ waste upon the ave flow is shown 
markedly by the comparative paucity of micro-organisms; 
for example, London sewage contains an average of five 
to six million organisms per cubic centimetre, whereas the 
Birmingham sewage has an average of only 500,000, and 
when analysed this figure shows that the more metal- 
works there are connected with a particular sewer, tne 
fewer the organisms in the sewage. 

A great deal of work has been done at Birmingham in 
connection with the sludge problem, the total amount of 
liquid sludge amounting to 1170 tons per day. The 
method of sludge treatment is stated, and various experi- 
ments for deodorising it described. 

Distinct preference for the percolating type of bacteria- 
bed is shown by the author, and the construction of the 
latest beds is described in detail. The necessity of good 
material for the medium is strongly urged. The author 
states that, from the experience obtained by using the 
various materials enumerated by him, he came to the 
conclusion that there was practically no virtue in the 
material > | itself ; that any hard material which would 
not break down or become friable by the action of air or 
water would answer the purpose, provided that it 
would break. into fairly cubical pieces, and be reason- 
able in cost. Small media retain the suspended solids 
near the surface of the bed for oxidation, but thereby 
tend to render that surface water-proof, thus losing 
time available for the purification process so far as 
the lower portions of the are concerned, and con- 
sequently increasing the cost per million gallons treated. 
The quality of the effluent demanded, the available 
depth and size of medium, the strength eg ys: f of 
sewage to be applied, the periods of rest the is likely 
to require, and the facilities for removing suspended 
solids either from the surface of the bed or from the 
effluent, are points that only judgment and experience 
can determine. Tables showing the amount of solids 
emanating from a bacteria-bed are given, and the follow- 


ing conclusions are drawn :—‘‘ These figures prove that | q 


colloid matters or other substances, which are in solution 
when the sewage Seenas to the bed, are transformed 
into suspended matter by the time the effluent leaves the 
. In all sewage there are impurities that are readily 
got rid of in the form of gas; but there are others that 
undergo change slowly, such as colloids ; and probably it 
is such matter that cl fine-grain beds, that causes the 
notorious loss of capacity of contact-beds, and that con- 
stitutes the bulk of the matter issuing from coarse-grain 
percolating beds. The author desiderates caution in 
using fine medium, and would suggest that the tempta- 
tion to secure a beautiful effluent by using it should be 
resisted.” The only serious drawback in adopting the 
reolating system on a very la installation is the 
ifficulty of distribution, and this, the author thinks, has 
been overcome by spraying the sewage under pres- 
sure. 

At Birmingham there is a large area of excess-flow 
bacteria-beds (about 20 acres now, and there will soon be 
upwards of 30 acres). The construction of these excess- 
flow bacteria-beds at Saltley differs somewhat from that 
of those at Minworth, chiefly in respect to the medium 
employed and the facilities for drainage. The level of 
the excess-flow beds has been kept up, to maintain their 
usefulness in time of flood, thus necessitating pumping. 
The pene eee is installed with motor-driven centri- 
fugal pumps, and sufficient pressure is obtained to give 
about 8 ft. of head on the spray jets, the total lift being 
about 20 ft. The pumps deliver direct in the mains 
feeding the distribution pipes, and each section of the 
filters is controlled by means of electrically-operated sluice- 
valves, which are worked from the operating gallery of 
the pumping-station. Interesting tables of maximum con- 
tinuous duration of various rates of flow during 1908, and 
diagrams of the flow of sewage to the works during 1908, 
are given. A storm-water basin has been constructed 
to impound 13,000,000 gallons of sew: The chief 
object of this tank being to get rid of sludge, it is 
obvious that a sludge-pumping plant is an essential fea- 
ture of the scheme. <i w of the direct-acting 
type are installed in duplicate. ey are coupled up to 
15-in. cast-iron suction pipes, and they force the sludge 
through a 12-in. cast-iron main to the sludge dépét, more 
than 4 miles distant. The following statement shows in 
brief the financial aspect of the undertaking of the 
Drainage Board :— 


Capital Expenditure. 
Amount of loans sanctioned by Par- £ 
liament and the Local Government 
Board up to March 31, 1909 int 1,407,519 





Of this sum 956,492/. has been nt £ 
on works, and 451,027/. po 
hold land 


After deducting payments to sink- 
ing fund, there was a balance of 
unpaid loans, as at March 31, 

909, of id sks sat . 1,135,407 

The expenditure for the year ended March 31, 1999, 
amounted to 91,946/., made up by 83,3952. levied on con. 
stituent authorities, and 8551/. derived from rents, {c. 
The amount levied on the constituent authorities was 
obtained by issuing a precept upon them for 7s. 11.(i9d. 
per rated tenement. This method of rating is unusual, 
and it may convey a clearer meaning if expressed in its 

uivalent to a rate on the city of Birmingham alone, 
which was 4.32d. in the £ for the year ended March 31, 
1909. Notwithstanding the fact that the Drainage Board 
have substituted one method of treatment for another 
during the past eight years, the new works having cost 
400,000/., the rate per tenement has not materially in. 
creased ; for instance, in 1901-2 it was 7s. 4.35d., or a rate 
of 4.21d. in the £ in Birmingham. 

The city of Salisbury lies for the most part in the flat 
a at the junction of the Rivers Avon, Nadder, 
and Bourne. The subsoil under the greater part of the 
town is gravel, attaining a maximum depth of about 30 ft. 
overlying the chalk, and containing but littlesand. Before 
the first drainage works were completed in 1854. the 
water-level rose to the surface, the streets being traversed 
in some instances by streams which ran down gutters at 
the edge of the pavement. The drainage works carried 
out between 1854 and 1856 were intentionally designed 
to lower the level of the subsoil water by permitting its 
entry into the sewers. When some form of treatment be- 
came necessary to purify the sewage before passing into 
the river, works were undertaken which reduced the total 
flow of sewage and subsoil water to 2,000,000 gallons per 
twenty-four hours in dry weather. In 1903 the Corpora- 
tion decided to make application to the Local Govern- 
ment Board for extension of the city boundaries. At 
this date the sewage was being treated by means of a 
septic tank, followed by five percolating filters containing 
about 1000 cubic yards of material each, and smal] strain. 
ao to remove the suspended matter from the per- 
colating filter effluent. It was found impracticable, how- 
ever, to treat the whole of the dilute sewage on this area, 
the balance passing direct to the river from the septic 
tank. On receipt of this application the Local Govern- 
ment Board intimated that no such extension could be 
entertained until a scheme was brought forward whereby 
the whole of the sewage should be properly treated before 
delivery into the river. The Avon below Nalisbury being 
used as a source of water-supply, it was not surprising 
that the Board took up this attitude. 

The author’s firm were accordingly instructed to prepare 
a scheme for the extension of the sewers and sewage- 
disposal works, to include those districts to be incorpo- 
rated in the city. At that time it was only in excep- 
tional cases that the Board gave its sanction to a scheme 
in which land treatment did not play a part. The land, 
however, in the neighbourhood of the existing aomage 

isposal works was water-logged, and totally unsuitable 
for land treatment. Such good results were also being 
obtained by the existing method of treatment, inadequate 
though it was to deal with the total flow of sewage, that 
it was decided to lay out the new works on the same lines. 

The question of the capacity of the beds which would 
be required in order to obtain the sanction of the Local 
Government Board had then to be considered. Owing 
to the fact that the Board had not, up to that time, 
taken any account of the degree of dilution of sewage in 
fixing the quantity of filtering material to be provided, 
it was obvious that the total capacity of the beds would 
have to be proportional to the dry-weather flow, which, 
as already stated, was then 2,000,000 gallons per diem, 
the sewage being largely diluted with subsoil water. _ 

According to the information supplied by the City 
Surveyor, and given in evidence at the inquiry, the 
actual water supply was only 25 gallons per head per 
diem. If the subsoil water could be excluded, the dry- 
weather flow, taking the population at 22,000 persons, 
would amount to 550,000 gallons per diem. By excluding 
the subsoil water, therefore, the amount of jiltering 
material would be reduced in the ratio of 200 to 55. It 
was at once apparent that it would be much cheaper 
to exclude the subsoil water than to lay out disposal 
works to deal with the existing flow, and it was therefore 
decided to lay entirely new cast-iron sewers, with cast- 
iron manhole inverts, in the gpd tom water-logged 
portion of the town, in addition to those sewers which 
would be required for the inclusion of the districts to be 
incorpora in the city, the existing sewers being re- 
tained as subsoil-water and surface-water drains. These 
sewers have accordingly been laid, with the result that 
the dry-weather flow has been reduced from 2,000,000 to 
680,000.gallons per diem as measured during the twenty- 
four hours of October 5 and 6, 1908. - 2 

By the recent findings of the Royal Commission, 
their fifth report, on Sewage Purification, it is the organic 
impurity present in the sewage, and not the rate of flow, 
which determines the difficulty of treatment. Had the 
Salisbury disposal works been laid out in accordance with 
this finding a considerable sum of money would have been 
saved. 

As the greater part of the city lies on very near!) level 
ground, the old sewer-gradients are often insu/ficient 
according to modern ideas; and, without reconstructing 
the entire system, it was impossible to ensure & 


gradients in all cases for the new sewers. Under these 
circumstances it was decided that a velocity of not less 
than 2 ft. per second would be sufficient to keep the 
sewers clean, even if this velocity were only ©! tained 


for af{short period during each 24 hours. ‘Jwenty 








Marcu 18, 1910. ] 


ENGINEERING. 





365 








flushing-chambers were therefore constructed, provided 
with automatic siphons which discharge the contents of a 
cistern when the water reaches a certain level. These 
siphons are of little service unless the cistern is of such 
capacity as to maintain a sufficient flush for at least one 
minute. The capacity of the cisterns at Salisbury varies 
from 500 to 1500 gallons, according to the size and 
gradient of the sewer to be flushed, the larger cisterns 
being used for the larger sewers and flatter gradients. 

A large number of experiments were carried out to 
determine the actual velocities obtained in the sewers by 
means of the flushing-chambers. These experiments 
showed that with flat gradients the intensity of flush dies 
off with great rapidity, and therefore flushing-chambers 
require to be placed close together ; whereas, with better 
gradients, the flush is transmitted for long distances, 
being clearly traced for over one mile. The experiments 
also emphasize ‘the importance of arranging that the 
flush shall be delivered along the axes of the sewers. The 
sewers have been kept clean by means of these flushing- 
chambers where no grit can find its way in; but in the 
case of one sewer where grit was admitted, a deposit 
formed, even though the maximum diurnal velocity 
reached 2.2 ft. per second. 

Ventilation.— Ventilating columns, spaced about 540 ft. 
apart, 30 ft. high, and 6 in. in diameter, were used, and 
experiments showed that they were successful. These 
experiments were carried out on sixty-eight columns, the 
average results being as follow :— 

1. That four ventilators, all lying in the lower portions 
of the town, acted sometimes as air-inlets and sometimes 
as air-outlets, and that the other sixty-four acted as air- 
outlets. 

2. That the average velocity of the air escaping up 
these columns was 3.2 lineal feet per second, representing 
the circulation of 3,600,000 cubic feet of air per diem, or 
sufficient to change the air in the sewers every 10 
minutes. 

3. That the average velocity of the current of air in the 
ventilating column increases with the size of the sewer to 
which it is connected, averaging 2.4 ft. per second with 
the 7-in. sewers, 3.6 ft. per second with the 9-in. sewers, 
3.7 ft. per second with the 12-in. sewers, and 4.1 ft. per 
second with the 15-in. sewers, in these experiments. 

4. That the draught in the column is very largely de- 
pendent on the wiad, being at its minimum on a still 
day, and could therefore be readily increased by the use 
of a suitable cowl. 

5. That closing a previously open manhole at some 
distance from the ventilator had only a slight effect on 
the draught up the column. 

Sewage-Works : Method of Purification.—The sewage, 
which is entirely domestic in character, cndegete the 
following operations :— 

(a) Screening ; 

(b) Deposition of detritus in grit-chamber ; 

(c) Agitation and partial aeration by means of an air- 
lift pump, which lifts the sewage from the grit-chamber 
and dinceanges it into the septic tank ; 

(d) Open septic-tank treatment ; 

(ce) Percolation through primary sprinkler-beds ; 

(f) Deposition in channels ; 

(y) Continuous filtration through fine beds. 

The air-lift pump was adopted at Salisbury in order to 
obviate the introduction of another set of pumps. 

Shone ejectors were used for lifting the sewage at two 
stations in the city, and by merely increasing the size of 
the air-compressing plant required for these, the addi- 
tional air is supplied to lift the sewage, up to three times 
the dry-weather flow, into the septic tank. . 

Experiments showed that when the ratio of the lift to 
the submerged column of the air-lift pump was as 1 to 
1.33, the efficiency, comparing the indicated horse-power 
of the steam-cylinder and the sewage lifted, worked out 
at 23 per cent. On the other hand, this form of pump is 
perfectly automatic in action, has no parts which can get 
out of order, and so requires little or no attention. 

Fears were exp that the injection of air might be 
found to be prejudicial to the action of the septic tanks. 
This appears not to be the case, the action of the pump 
being rather beneficial than otherwise. 

The final effluent obtained at Salisbury is clear, bright, 
and uon-putrefactive, the following being an average of 
the analyses made in 1908-1909 :— 

(a) Oxygen absorbed from per- 
manganate in four hours 
at 80 deg. Fahr. 

(}) Albuminoid ammonia 

(c) Saline ammonia 

(¢) Suspended matter 

(e) Nitrates and nitrites as 
nitrogen 


parts per 100,000 
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Tecuntcat Dictionary 1n Six Lancuaces.—The latest 
addition to the Deinhardt-Schlomann series of technical 
dictionaries is vol. vii., which deals with hoisting and 
poor ying machinery. This contains 422 pages of matter 
and ~° pages of index. It is divided into fifteen chapters, 
whic deal with loading, fundamental principles of 
dynamics, elements of lifting machinery, iron construc- 
tions und statics, gears, &e. 


nn Cr Wares Coat-Fretp ; Western Section.—The 
pesiness Statistics Publishing Company, Limited, 12, 
vames street, Cardiff, have just issued an interesting 
the? iowing the steam-coal and anthracite properties in 
the western section of the South Wales coalfield. The 
Position of pits, railways, and ports of shipment is marked 
on the map. It is on a scale of lin. to the mile. It 
Measiires 30in. by 33 in., and its price, mounted on canvas 


**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFT- 
CATIONS UNDER THE AOT OF 1907. 
The ber of views gi: in the Specification Drawings is stated 
in each a wadeuene @ mentioned, the ‘Spectfieation is not 
illustrated, 
Where inventions are communicated from abroad, the Names, &c., 
covise af Saesttenns on shelned at the Patent Office, Sale 
0, t0Ons ? 
ranch, 25, Southonptes Buildings, Chancery-lane, W.C., at 


the uniform price of 8d. 
The date of the advertisement of the nee of a Complete 
rn is, in each case, given after abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the accept of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the grow mentioned in the Act. 


MINING, MET OLLURGY, AND METAL- 


138. E. Le Bas and H. T. Garvie, London. Pile- 
(7 Figs.| January 2, 1909.—This invention relates 
to steam pile-drivers. A cylinder 1 adapted to act as a falling 
weight is provided with a piston 2 attached to a hollow piston- 
rod 3, which passes through the upper end of the cylinder- 
cover. A valve-chamber 6 is supported at the top of the piston- 
rod 3. In the valve-chamber 6 an inner cylindrical chamber 7 is 
SS in which is arranged a double piston-valve 8 adapted to 

moved by meansof an arm 9 connected with the valve through 
a connecting-link. The arm 9 is mounted on a shaft 11 and 
provided at its outer ends with arm 18 connected with a pair of 
rods 14 arranged on opposite sides of the cylinder 1. The lower 
ends of the rods 14 are provided with adjustable stops 17 ted 
to be engaged by the lower ends of guides 15, when the cylinder 1 
is at lower end of its stroke. Near the upper endsof the rods 14 
is a pair of adjustable stops 18 provided with cushion rings 19 
































arranged between the stops 18 and the collars 21. In order to 
operate the pile-driver steam is admitted through the steam inlet- 
valve to the chamber formed between the walls of the piston- 
valve 8 and its cylindrical chamber 7. When the valve is in the 
position shown in Fig. 2, the steam will pass from this chamber 
through the ports 24 and hollow piston-rod to the cylinder 1, 
thereby raising the cylinder until the upper ends of its guides 15 
engage their respective stops 18, thereby lifting the rods 14, and 
moving, through the rock-shaft 11, the valve 8 in its chamber 7 
to a position in which the chamber is shut off from the ports 24, 
while the ports are open to the hollow interior of the valve, thus 
allowing the steam in the cylinder to pass out through the hollow 
piston-rod through the valve to the atmosphere, and the cylinder 
to fall to a position in which its guides 15 can strike their 
respective stops 17, and when the shaft 11 is again rocked, and 
the valve is again brought back to the position in which steam is 
admitted to the cylinder. (Accepted December 31, 1909.) 


RAILWAYS AND TRAMWAYS. 


764. E. M. Munro and the Railless Electric Trac- 
tion Com > London. El Traction 
Systems. (7 Figs.) January 12, 1909.—This invention relates 
to trolley-arms for electric traction systems, and has jcular 
reference to trolley-arms for use in connection with railless 
vehicles. The trolley-arm A is pivotally attached to a base C, 
and is acted upon in the usual way by a spring D, which 
tends to clevate the arm. These features are of the usual 
type. The main pivot E of the trolley base is provided with 
an extension E!, forming a double lever or double crank, 
one throw of the crank lying at 180 deg. to the other. This 
double crank is enclosed in a casing F, within which it can 
revolve, and to each throw is attached one end of a spiral spring 
G. Each of these springs G is accommodated partly in the casin; 

F, and tly in an extension F! formed therein, the end of eac'! 

ring G being attached by means of a screw eye-bolt H and nut 
1 to a cap F® closing the end of the extension F!. The springs 
G are so arranged that horizontal angular movements of the pivot 
or trolley-pole in a direction approaching the longitudinal centre 
line of the car are opposed, and similar movements in a direction 
away from the longitudinal centre line of the car are assisted. 
The action is as follows :—Supposing the car to be running imme- 
diately beneath the overh conductors, the pole will be lying 
on the longitudinal centre line of the car, and the double-cran 

ve the throws E! of the crank lying on the same 
centre line as the le, as illustrated in gs. 1 and 2. 
The springs G_ will exerting their greatest tension; but 
as they are pulling from opposite sides, the forces exerted 
by them will be in equilibrium, and no stress will be acting upon 
the pivot except a slight tilting action due to the difference of 
plane in which the springs operate. This, however, can be made 
of such small amount as to negligible. Suppose now the car 
to be moving, and to suddenly make a deviation. The pole will 
make an an; ie with the longitudinal centre line of the car, and the 
ivot will partially rotated, the i h iti 


pivot will 





tend to turn tg Fe greater angle than the natural trailing 
angle of the pole. is turning movement of the pivot, due to 
the springs, advances, or tends to advance, the pole, and re- 
lieves the contacts of side-pressure upon the conductors; and 
although the car might have made a considerable deviation from 
the overhead conductors, yet by reason of this relief from side- 
pressure the car is instantly free to make a still further deviation 





without risk of setting up excessive side-pressure. Should the 
car cross the overhead conductors and run on the other side of the 
road, the same conditions will obtain, with the trolley-arm forming 
an angle at the other side of the centre line. Stops = be pro- 
vided on the crank-pivot and on the frame or base to limit the 
horizontal angle between the pole and the longitudinal centre 
line of the car. (Accepted December 31, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


7404. Clayton and Shuttleworth, Limited, and J. W. 
Munday, coln. Fire-Boxes. [5 Figs.) March 27, 1909,— 
This invention relates especially to fire-boxes for steam-generators 
of the locomotive type usually provided in portable engines. The 
fire-box is fitted with fire-bars a, with wide air-spaces between 
them, the length of these bars being less than that of the fire-box. 
At the rear end of these bars there is fitted a plate b that can be 
raised and lowered, and that when raised (see Fig. 1) projects 
upwards nearly to the top of the fire-box, so as to form a baffle- 
ue. When straw and the like is to be burnt, the plate b is raised. 

he plate } has cast in it slots that, when the plate is raised, allow 
the flames to pass through to aid combustion, charred or unburnt 
straw being at the same time prevented from passing through the 
slots and choking the boiler tubes. The lower portion of the 
plate b, when it is raised, projects downwards into the recep- 
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tacle f, this portion serving, when the plate is lowered, to prol 
the grate rearwards to the full len of the fire-box Vig. 2 
When it is desired to burn coal, the plate b is lowered on to the 
top of the straw-burning fire-bars a, so as to form close-set fire 
bars, its slots then serving as air-spaces. To raise or lower the 
slotted plate there is fitted outside the fire-box a lever g that is 
attached to a ry | shaft A that carries arms i, each provided 
at its end with a roller that runs in a ve k formed in the 
lower portion of the platé ». The plate b is mounted on a rocking 
shaft / of square section, and adapted to e in a transverse 
channel m in what, when the plate is lowered, is its underside ; 
and in each groove there is provided a gate n, by which the roller 
can be caused to enter and leave the groove k, the arrangement 
being such that the plate b can be removed for cleaning or repair, 
and replaced without interfering with the rocking shaftl. (Ac- 








on rollers, or folded in book form, is 25s, net. 


) parts « the p 
indicated diagrammatically in Fig. 3. One end of each spon! G 
is therefore pulled round the centre of the pivot, and both springs 


cepted December 30, 1909.) 
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1308. J. Dewrance, Southwark. Stop - Valves. 
[5 Figs.) January 19, 1909.—This invention relates to stop-valves 
of the shutter or —_< ate’type, such as are commonly em- 
ployed for controlling fluid-Ways or passages, and wherein the 
shutter es of a sliding movement between parallel seatings 
arran on either side of the shutter. With a view to maintaining 
the opposite faces of the shutter in contact with the valve-seatings, 
which are presented on either side thereof, the shutter commonly 
comprises two discs a, a, between which is interposed a spring a! 
adapted to force the discs apart and to maintain their outer faces 
in close contact with their seatings. When, however, the valve 
is opened, and_the greater portion of the shutter is withdrawn 
from between the valve-seatings, it is necessary to restrict the 
action of the m= oiry dg tending to force the two discs apart, and 
with this object it been proposed to employ a retainer formed 
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with ears, which engages with flanges on the discs, the retainer 
being held upon the discs by means of clips. In carrying out this 
invention, a clip-plate or keep ¢ is employed extending ‘over 
flanges a? formed about the periphery of each dise a, and the 
clip-plate or keep c is maintained in engagement with the flanges 
a2 by means of a shoulder @, which is formed on the hollow 
spindle d!, in which the screw for operating the valve works. The 
lower, or inner, end of the hollow spindle d! is formed with a 
T-head d2, and passes through a slotted a clin the keep c, 
as also through a similar opening formed in the bridge-piece e, 
whereby the discs a,a are lifted. The T-end of the spindle, 
having been inserted in position, is turned at right angles, and 
its opposite end is then engaged, by means of lugs d%, with the 
guide-stems, whereon the cross-head for carrying the screw or 
operating spindle is mounted. (Sealed March 3, 1910 ) 


27,907. C. A. Parsons, New.zastle-on-Tyne. Tur- 
bines. [15 Figs.| December 22, 1908.—This invention consists 
in a turbine having annular or segmental jets formed by a 
radial restriction of the space between the fixed and rotating 
parts, and adapted to convey the steam in axial direction while 
imparting velocity to it, the steam being then given angular 
direction without substantial change of velocity before delivery 
to blading of the velocity-absorption type, whereby the energy 
of the steam is abstracted. It is desirable that the space between the 
rotating and fixed member shall be restricted on about the mean dia- 
meter of the space to form such an annular jet or such segmental 
jets at several intervals in the length so as to divide the turbine 
into a series of pressure stages, each stage having one or more 
rows of guide and rotating blades, upon which the steam from the 
preceding restriction impinges. In order to obtain the best results 
the number of rows of blades per stage should be small. The 
restriction is made such that the width of the jet delivered by it 
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is less than the pene of the blades following the restriction, by 
which means very little or no clearance losses can occur. In 
carrying the invention into effect according to the construction 
shown re arpa eet a series of annular restrictions a, a!, a2 
are provided in the tur! ine. Each restriction may be formed by 
a barrier strip d, secured tothe casiig e, opposite toa similar strip 
J, secured in a ve in the turbine-drum g. The adjacent faces 
of these strips leave an annular space of such a form as to allow 
for an expansion of the working fluia tooccur. From the first re- 
striction a, the working fi thi 

blades b. From these gaide-blanes th 

S passed through encther sumer fes on of elauuy meporeree 
8 rough another annu’ jet a, o! ly r area, 
and is further expanded to impart suitable velocity for the next 
stage, which may consist of a ring of guide-blades b! and a 

of rotating blades c!, of the same character as those in the first 
section. is action may be repeated as many times as desired 
through theturbine. (Sealed March 10, 1910.) 


8177. A. W. Clarke, Chorlton-cum-Hardy. Tur- 
Dimes. (10 Figs.) April 5, 1909.—This invention relates to tur- 
bines, has for its object to provide an improved ment 
for securing the blades or vanes by means of - in 
gtooves in the rotor or stator of machines of description. 
According to this invention, each blade, or vane, 1 is provided 





with one or more wedge-shaped projections 2 formed integrally 
therewith near the root thereof, to engage with corre- 
recesses 3 formed in the spacing-pieces 4 next adjacent, 

e spacing-pieces being secured in slots in the rotor or stator. 
A convenient method of securing the blades or vanes and spacing- 
pieces in the groove in the stator or rotor consists in providing 


Figt. | Rig.2. 9? 





a rectangular projection on oneor both sides of the groove adapted 
to en with corresponding recesses in the distance-pieces or 
in the blades or vanes and distance-pieces. This arrangement is 
illustrated in Fig. 4, in which the rectangular projections 5 are 
shown formed in the walls of groove 6 in the stator or rotor en- 
gaging with corresponding recesses 7 formed in the blades or vanes 
and distance-pieces. (Sealed February 17, 1910.) 

937. N. Chandler, Cann- and C. R. Winn, Bir- 
mingham. Forced-Feed Lu tors. [6 Figs.) January 
14, 1909. —This invention relates to forced-feed lubricators intended 
for lubricating the pistons and other internal moving parts of en- 
gines. The cover-plate A is provided with bearings for a spindle pro- 
vided with a pulley a? by which it is rotated. This spindle is 
equipped with a worm gearing with a wheel on a second spindle B ; 
this second spindle B is equipped with a cam }!, or cams, according 
to the number of forcing-pumps in use. The cylinders or pump- 
barrels D are inserted in the bottom of the oil-reservoir E from 























the exterior, and work vertically. The arms C are approximately 
horizontal and bear on the upper ends of the pump-plunger rods 
di, The cams b! are ee to bear on the upper surface of the 
arms ©, and as the spindle rotates the cams force down the arms 
which depress the plungers rapidly against the pressure of springs 
d2, For starting this lubricator, in order to quickly charge the 
pipe leading from the lubricator to the engine, a hand-operating 
rod F is provided, working through the cover A to press on the 
arms OC, depressing the plungera as quickly as desired. (Accepted 
December 30, 1900) 


18,536. Vensginigte BangQesttnes G.m.b.H., Berlin, 

4 4 Figs.) August 11, 1909.—This 

invention relates to turbine - blades, and more particularly to 
the relatively long blades used in certain stages of a tur- 
bine. The invention is shown as applied to the rotor of a 
turbine, but it may be used for strengthening and supporting 
the blades carried by the stator. The inner ends of the blades 6 
are provided with dovetail bases 7 that engage a correspondingly 
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shaped groove in the rim of the rotor. Space-blocks 8 are 

ve e of the es. e outer 
placed in the between the ends of the blad The oute 
ends of the les carry a shroud-ring 9 which serves to 
strengthen them. Jn relatively long blades an additional 
we ge eye means is necessary to enable the blades to with- 
8 the effects of the centrifugal and other stresses to which 
they are subjected. For this Ly ag the blades forming a given 
ring about the rotor are arranged in groups of two, Fig. 1, and a 





stay-bolt 11 firmly unites the buckets of each group at a poin 
intermediate their ends. The bolt 11 is provided with an enlarg 
portion located between the blades and forming shoulders tht 
engage the adjacent faces of the blades to space them apart, 
The ends of the bolt pass through the blades and are secure { 
therein by riveting or otherwise. (Sealed February 24, 1910.) 


27,204. A. Spyer, London. Steam -Generator:, 
{1 Fig.] December 15, 1908.—This invention relates primarily to 
feed-water heaters or economisers applicable to water-tube stear. 

nerators of the Babcock and cox type. The feed-waier 

eater comprises a number of tubes A connected at their ends to 
series of headers Band C. The headers B are all joined at the ‘. p 
toa box E. An inlet pipe, preferably fitted with a valve, is cor. 
nected to the bottom box D, into which box the feed-water js 
ee and from which it passes through the tubes A, in which 
it is heated by the waste gases of combustion on their way to the 
uptake or ney to the top box E, whence it is led by way of a 
pipe G, from which it is delivered preferably through a non-return 








valve H into the steam-drum F. The feed-water heater may be 
located in any suitable position in the path of the waste gases. 
The feed-water heater is encased, the casing being provided with 
access-doors, and is also roofed in at J and separated from the 
boiler-furnace K by a horizontal partition L, while baffles M are 
provided, whereby the gases are caused to follow the path indi- 
cated by the arrows on their way to the uptake or chimney. The 
generator proper is fitted with a superheater, located in a space 
formed by omission of a row or rows of water-tubes between 
the under rows of tubes and the upper rows of tubes ; the super- 
heater being composed of transverse tubes and substantial hori- 
zontal manifolds fitted with diaphragms so as to secure the 
necessary circulation. (Sealed February 24, 1910.) 


4659. J. A. Fletcher, Ashton-under-Lyne. Valves. 
(2 Figs.) February 25, 1909.—This invention relates to stop- 
valves for isolating one or more steam-generators from the main 
steam-pipe of a range of generators. With this type of valve it is 
advisable to have means for preventing the opening of the valve 
except when the generator which is isolated is under pressure. 
The present invention comprises the provision of automatic 
means operated by the difference between the pressures at the two 
sides of the valve for preventing the opening of the valve when 
the generator or pipe-line to which it is fitted is not under pres- 
sure or under a predetermined degree of pressure. In the valve- 
casing at each side of the valve-seat an aperture is provided, into 
which is secured the end of a pipe. The pipes lead to cylinders 
a, b, in which work pistons c, d, the two pistons being secured to 
one another by a piston-rod e. The latter carries collars /, /, 
between which rests a portion g of a key-piece h, having a semi- 
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circular part capable of passing (when the valve is in its closed 
— between a collar i on the valve-spindle j and the vaive- 
ridge & or the frame m carried by the bridge-supports | i 
the manner illustrated. The ends of the key-piece g are guided 
and supported in slots in the frame m. The operation of the 
device is as follows :—When the generator upon which the valv« 1s 
fitted is under pressure, the pistons c, d operating the locking-\«) 
h are under uniform res, and the key is moved into its out- 
of-service position due to the difference of areas of the (wo 
pistons, the larger area piston being in communication with -Le 
merator side of the valve. The valve can now be freely ope! 
en, however, the boiler is not under pressure, the pressure -» 
the steam-pipe line acts upon its piston d to cause the key ( 
between the collar i on the valve-spindlej and the fran 
Ee vee cannot now be opened until the key / is moved ou 
position by the pressure on the generator side of the valve ' 
toa sufficient extent to move its piston c against the press! ) 
the pipe line acting on the piston d. (Seale February 24, 19'' 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Aw ordinary general meeting of this Institution 
was held on Thursday last, the 17th inst., at the 
Institution House, Storey’s Gate, Westminster, the 
President, Mr. J. A. F. Aspinall, occupying the 
chair. The minutes of the previous meeting were 
first read, and the announcement was made that 
on examination of the ballot-list it was found that 
eighty-one candidates had been duly elected. 


CoMPOUNDING AND SuPERHEATING IN HorRwicH 
LocoMOorTIvEs. 

The paper down for reading and discussion was 
one entitled ‘‘ Compounding and Superheating in 
Horwich Locomotives,” by Mr. George Hughes. 
This paper was read by the author. A portion of 
this paper appeared in our last issue, and the pub- 
lication is continued on page 396 of the present 
number. 

Before the discussion was opened, Mr. Hughes 
added some further remarks to his paper. He said 
he had made an attempt to put a great many values 
on to the various phases of locomotive working, and 
the paper might be summed up thus: as compared 
with simple engines the economy of the compounds 
was equal to 9 per cent., of the superheater goods 
engines 12 per cent., and of the superheater pas- 
senger engines 21 per cent. With regard to the 
commercial aspect of the savings, the speaker 
would explain that the compound engines cost 


2601. more than their sister simple engines—first | good 


cost—and, consequently, if a modest 10 per cent. 
were taken for interest and depreciation and 
repairs, there would be a standing charge against 
each of the engines of 26/. per annum. During 
the period under review coal had cost his com- 
pany 8s. 4d. per ton at the pit. Consequently the 
saving in coal, plus the saving in water, less the 
extra cost of oil, would give per annum an average 
for each of the compound engines of 281. 4s. 10d., 
which only just covered the increase in the stand- 
ing charges ; if the coal were 10s. per ton, the saving 
would naturally be greater. 

With regard to the superheater engines the first 
cost was 3501. more than without superheaters ; 
but he believed, from a careful scrutiny of the 
figures, that a second or third lot of engines would 
cost only 300/. more. With cval again at 8s. 4d. per 
ton, plus water saved, less increased cost of oil, the 
saving per engine was 371. 14s. 7d., against a standing 
general charge of 351. For passenger engines, of 
course, taking the capital cost to be the same as the 
goods engine, the saving would be between 40/. 
and 50/1. per annum for coal. Therefore, from a 
commercial point of view, when looking only at 
the question of fuel economy—especially where fuel 
was as cheap as it was in his case—there was not 
very much in it. If compounding and superheat- 
ing were to be carried out on a railway like the 
Lancashire and Yorkshire, or any other railway 
where coal was so cheap, there would have to be a 
reduction in the first cost of the engines, whether 
they were compounds or whether they were ya 
heaters. It would be necessary to look forward to 
getting cheaper methods of lubrication for super- 
heater engines, more reliable pyrometers, and in 
addition some arrangement would have to be devised 
in order to avoid royalty, which, of course, tended to 
imcrease first cost of engines. There was no doubt 
that the engines had done more work in less time, 
and this was a feature which was much more valuable 
to the railway company than the mere saving of a 
few tons of coal. 

The President, in moving a hearty vote of thanks 
to the author, said that he had good reasons for 
knowing that Mr. Hughes had taken an immense 
amount of trouble over his paper, and the figures 
and facts which he had given could not be prepared 
without close investigation. The difficulties of try- 
ing the particular experiments upon the Lancashire 
and Yorkshire Railway were perhaps greater than 
they would have been upon one of the lines with 
long ru:s from north to south. When it was con- 
sidered that the line was about 600 miles in length, 
and required about 1500 locomotives to work it, 
and that it had 800 signal-boxes, some idea might 

formed of the way in which the roads were 
thronges, and of the inevitable delays which took 
place in dealing with the traffic. he vote was 
passed by acclamation. 

© ciscussion was opened by Mr. Geo. J. 
Churchward. He considered it very creditable to 
the author that he had given the meeting the advan- 


tage of those figures, which he had obtained after 
so much careful work. The subject of the relative 
advantages of compound and simple engines was 
one which the speaker had much discussed in his 
youthful days. He had not come to any definite 
conclusion then, and, until the presentation of 
Mr. Hughes’s paper, it did not appear that any 
definite conclusion had been arrived at. Scientists 
would say there must be some reason for the 
difference of opinion which appeared to exist on 
the relative advantages of the two systems of 
rey perhaps a reason might be found in the 
fact that in making their comparisons people had 
not compared like with like. en the late Mr. 
Webb made his experiments as between simple and 
compound engines, he used a pressure of 200 lb. 
to the square inch in the case of the compound, and 
180 lb. per square inch in that of the simple engine, 
with the result that the compound beat the simple. 
Mr. Hughes, however, had made the conditions, as 
between the two, much more equal ; nevertheless, 
the speaker ventured to suggest that he had not 
given the simple engine the opportunity of showing 
itself to full advantage, as he might have done if he 
had designed it specially for the experiments. It 
would be interesting to see whether the simple 
engine could not be so designed as to haul the 
specified trains in the specified times as econo- 
mically as the compound engine. It appeared to 
the speaker that a simple engine, working at 30 
to 40 per cent. cut-off, would have no chance 
against a good compound, whether it were hauling 
s trains or fast passenger trains. 

The author had rightly observed that economy 
in locomotive work was not entirely a matter of coal 
consumption ; it was not, but the element of coal 
became daily and yearly more important as the 
price went up. Mr. Hughes was, of course, well 
placed in regard to coal; he had his coal at a 
cheaper rate than some other companies could pro- 
cure it at, and was probably able to obtain it from 
pits on his line. On the Great Western they 

id some 3s. per ton more for their coal, and 
that fact alone would be likely to influence the 
question of superheating or compounding, and it 
would considerably affect the figures which Mr. 
Hughes had given at the end of his paper. There 
appeared to be small prospect of the Great Western 
Railway Company getting cheaper coal ; it would, 
in fact, become dearer. 

He considered the author quite right in saying 
that faster piston speeds gave an advantage in 
reduction of condensation or its effects. He would, 
however, suggest that, in designing an engine for 
competitive trials, it would be quite easy to put up 
the piston speed in the simple engine. On the 
Great Western Railway that had m done, a 
30-in. stroke being used on a 55-in. wheel, and that 
arrangement would give much higher piston speeds 
than the author os contemplated for his engines. 
The speaker entirely agreed with the author's 
statement of the ill-effects of having to shut 
up the exhaust so early; he would go further 
and say that it was as damaging, or nearly so, 
to the simple as to the compound engine. He 
considered that every effort should be made to defer 
the closure of the exhaust as long as practicable. 
On the Great Western Railway they succeeded 
in getting it to nearly 72 per cent. with 25 per cent. 
cut-off, a considerably later point than the author 
probably had in mind. Then the clearances—which 
were very considerable for the amount of capenene 
which could be got with the simple engine—although 
not much in practice, were yet greater than they 
should be with careful and special design. It was 
practicable to get 5} per cent. clearance—at any rate 
in a simple cylinder—which would give a material ad- 
vantage over a cylinder having a clearance of 7.4 per 
cent., as given inthe paper. The speaker also had 
found advantage in the better balance of the four-cy- 
linder engine, but at the moment he did not see why 
the torque should be improved, because if the 
cranks on one side were placed at 180 deg., and 
90 deg. from the other side, it would seem that 
the torque should be the same in each case. 

The question of superheating was one of greater 
interest to him than that of compounding, and he 
agreed with the general results in percentages of 
saving at which the author had arrived. Forsound 
reasons the author had not taken the saving in water, 
but he would find that the saving in water under the 
same conditions would amount to something like 
25 per cent., or even more. Again, the amount of 
evaporation requisite with a given fire-box and 





tubes was not so great with the superheater, 





because a certain portion of the heating was applied 
> the ee it was eva soba: therefore 
the actual work passing through the worst of 
the plates of the fire-box was not so great iad 
in the ae engine ; in other words, a certain 
amount of the work was removed to the superheater. 
Mr. Churchward considered that the port areas 
stated by the author would not be such as to give 
the simple engine the best possible chance against 
the compound; they appeared rather s for 
modern practice. The s er fully endorsed the 
author’s remarks on the importance of lubrication ; 
with superheating the lubrication was the essential 
thing to be considered, and the speaker’s experi- 
ence with a considerable amount of superheating 
showed that lubrication must be attended to ; 
unless the lubrication were sufficient and con- 
tinuous there would be trouble with high super- 
heating. Indeed, the continuity of lubrication 
was as important as any other factor. The 
tendency of men to drift with an engine having 
no lubrication applied to the pistons and valves 
was very destructive with superheated engines, 
and he had found it necessary to make special 
arrangements for lubrication by the application of 
an automatic valve, actuated by the regulator, 
whereby a small amount of steam, such as would 
pass _—— a }-in. pipe, was admitted to the 
engine while drifting under practically all condi- 
tions. This was so arranged that the man could 
not shut the jockey-valve of his regulator with- 
out first opening this steam-pipe. By this means 
lubrication was ensured under all conditions of 
work. The speaker did not think the author had, 
in adding up the commercial advantages and 
disadvantages, as between the systems, laid enough 
stress upon the greater power and efficiency for the 
hauling of trains. As the efficiency of the loco- 
motive was increased, more work could be done on 
both goods and passenger trains. 

Mr. D. E. Marsh, who spoke next, said that he 
did not think the author, in his remarks relatin 
to the economy accruing from superheat, had sai 
as much as he might have done. On the London, 
Brighton, and South Coast Railway they had had ten 
engines at work for two years downwards, fitted 
with Schmidt superheaters, and the point which 
had struck him most, and had led to the introduc- 
tion of superheating, was the economy .in the up- 
keep of the boilers. They had to deal on the 
Brighton line with the hard waters of the south 
coast, and it was in this connection that the 
advantage was felt. Some years ago he had fitted 
one engine of a particular class with what he would 
describe as a highly developed system of feed-water 
heater, and another engine of the same class with 
the Schmidt superheater. these engines had come 
under his observation within the last month, and, 
after running 75,000 miles in two years, he had 
found that in respect to economy in working there 
was nothing between them, but there was a decided 
economy in comparison with sister engines not 
fitted with either of the systems named. The 
economy in coal consumption was something like 
25 per cent., and, in view of the fact that on the 
south coast they paid about 18s. to 20s. per ton 
for their coal, that was an advantage. 

Another important point was brought out. In 
the case of the engine fitted with the feed-water 
heater system, working at a pressure of 180 lb. per 
square inch, the fire-box had to be thoroughly 
re-stayed ; whereas the other engine, fitted with the 
superheater, which had been working under similar 
conditions, with a similar tonnage ‘behind it, and 
at similar speeds, had come into the shop without 
needing the expenditure of a penny on its fire-box. 
Therefore, he thought that in the South of Eng- 
land, where the waters were hard, there was a fick 
for the extension of superheating. He had fitted 
ten engines, as stated, with superheaters, and these 
had been running from one to two years, and he 
was now fitting ten more. Five of the superheaters 
were fitted to engines which did intermittent work, 
but the economy did not justify the expenditure. 
In cases where the engine was frequently stopping 
and starting, the same economy with the super- 
heater was not attained as in cases where the engine 
was running on for an hour without stopping. 

He agreed with Mr. Churchward in regarding it 
as essential to compare like with like, and had the 
author made such a comparison by fitting his super- 
heater engines with valves which would have cut 
off at 17 per cent., and worked his boilers at a 
lower pressure than 180 1b., he would probably 
have found a great deal more advantage from the 
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superheating. The author had insisted upon the 
importance of lubrication. With mechanically- 
fitted lubricators, on the speaker’s line, they had 
found that the extra expense of lubrication was 
very little. There was a slightly greater use of 
lubricants in the superheated engine than in the 
non-superheated engine, but it was almost a negli- 
gible quantity. ‘The author had stated that the 
first cost of superheating was something over 3001., 
but the speaker did not consider it should run into 
so much; he had succeeded in doing what was 
required at about half that expense. Actually 
there was saving on the one hand and expenditure 
on the other.’ In conclusion, the speaker would 
repeat that where the coal was costly and the water 
was hard, as on the Brighton line, there was a 
future for superheating. 

Mr. Oliver Winder was the next speaker. He 
would like, he said, to put forward a plea for high 
superheating. Superheating having been before 
the public for so many years, it was curious that so 
much should be heard about superheating for loco- 
motives alone. He thought one fact was now clear 
—namely, that it was beginning to be realised 
that. superheating—which at one time was looked 
upon as necessary or advantageous only to carry 
dry steam to the point of cut-off in order to avoid 
condensation up to that point — was valuable 
throughout the whole stroke in the cylinder ; and 
even if the steam departed at exhaust with a certain 
amount of superheat in it, there was plenty of 
margin without fear of the waste that the author 
had referred to in his paper. 

Referring to the tests of simple and compound 
engines, which the author had set out in Table V. 
of the paper, it appeared that the compound, which 
had obviously been built to do more work, had in 
the first experiment unfortunately been workin, 
with a draw-bar pull (expressed in heseequeeth 
of 10 per cent. less than the simple engine ; this 
somewhat vitiated the comparison. The simple 
engine showed 701 indicated horse-power (presum- 
ae from indicator diagrams) with a draw- pull 
of 567 horse-power ; roughly speaking, 130 horse- 
power were swallowed up in the engine and dynamo- 
meter car. In the case of the compound, the 
indicated horse-power was 546 and the draw-bar 
pull 506, leaving only 40 horse-power to be taken 
up by the engine and dynamometer car. The 
speaker would ask the author if these figures were 
correct. Mr. Hughes had stated that the saving 
in connection with passenger engines, as calculated 
from the drivers’ and guards’ returns, approximated 
to 20 per cent., but in the case of the omer engines, 
which had been running for a considerably longer 
period, which rendered the figures, therefore, more 
reliable, the saving came out at about 12 per cent. 
The speaker could not see why the saving for 
goods-engine work should be lower. In the ex- 

eriments with the first two engines, Mr. Hughes 
had not compared like with like, as in the case of 
the goods engines he had retained the Joy motion. 
That motion was a good one under certain condi- 
tions, but in order to arrive at the inside admission 
necessary for the piston valves of the Schmidt, or 
any other, system of high superheat, Mr. Hughes 
had to insert a rocker shaft. Therefore the two 
first engines, on which a good deal of the saving 
had been based, suffered because they had not the 
same direct valve motion as the express engines 
showing the higher saving. Had the goods engines 
also been fitted with the Walschaert motion, he 
believed that the saving would have been practically 
the same as in the case of the nger engines. 

The author had observed that at a speeds 
below or above 600 ft. per minute there was very 
little difference between compound and simple 
working, and the speaker was aware that there was 
a point, in the neighbourhood of 600 ft. to 700 ft. 
per minute, where the piston speed was supposed 
to be so great as to overcome any effect of inter- 
change of temperature between the cylinder walls 
and the steam. It was rather curious that in the 
passenger engines, which had piston speeds of, 
roughly, 1000 ft. per minute, the greatest saving 
—20 per cent.—had been obtained by super- 
heat; if that saving could be effected with 
superheat, it was obvious that, whatever the piston 
speed, whether 1000 ft. or 1100 ft., there was 
plenty of room for economy, even with high-speed 
engines. The speaker would emphasise the im- 
portance of not viewing the question poy from 
the locomotive standpoint. Mr. Hughes had set 


against savings the extra first cost and possible 
increased maintenance, showing very little margin ; 





but when it was remembered that the first of the 
goods engines fitted with superheaters ran with 
10 per cent. heavier loads and with smaller heating 
surface, there was, the speaker considered, an 
immense advantage, from the traftic point of view, 
in fitting superheaters. 

Mr. H. A. Stenning referred to the statement 
made by Mr. Marsh to the effect that, given a lower 
boiler pressure, with larger cylinder diameter, 
economy with superheat was possible. The speaker 
agreed that this factor was of great importance, but 
even more so was the decrease in the maintenance 
cost. He also believed that if Mr. Hughes had em- 
ployed the Walschaert gear for his goods engines the 
economy would have equailed that obtained with the 
passenger engines ; Continental results confirmed 
that view. It was very essential to get proper dis- 
tributing gear with early cut-off, and it was possible 
that the lower economy of the goods engine was less 
due to stoppages than to gear. The thanks of loco- 
motive engineers were due to Mr. Hughes for his 
experiments with the slide-valve on his passenger 
superheater engines. Abroad — perhaps because 
they had no prejudice with regard to piston-valves, 
or because they had not surmounted the diffi- 
culty of getting a good lubricant—the slide- 
valve in conjunction with superheat had invari- 
ably led to unsuccessful results. All sorts of 
balanced valves and guide-rods had been tried, 
but, so far as the speaker knew, with none of 
the 5000 superheater engines abroad were there 
any such good results as Mr. Hughes had ob- 
tained. In England, where 90 per cent. of the 
engines were fitted with slide-valves, the point 
was important; moreover, in this country there 
was a prejudice against the piston-valve for loco- 
motives. 

If the superheater and the slide-valve could be 
fitted together with successful results, a large 
portion — perhaps 50 per cent. —of the initial 
extra cost of fitting superheaters, to which Mr. 
Hughes had referred, would disappear. Mr. Marsh’s 
figures were very good, and from them it would 
be seen that the economy per engine in favour of 
superheat was very high ; instead of 10 per cent. 
on 350/., the depreciation would be 10 per cent. on 
175l., showing 17.51. in favour of superheat. The 
speaker had had considerable experience with all 
classes of superheaters, and it appeared to him that 
a reasonable solution of the problem which had 
long been discussed was now reached. At last, in 
this country, we were following in the footsteps of 
all the countries in the world, not excluding the 
United States. It was to be remembered, however, 
that if superheating, as scientifically developed, 
were to be adopted, it would be necessary to adapt 
the engines to meet the scientific principles in- 
volved ; it was not merely a question of putting a 
superheater into an engine, but of designing the 
engine to meet the peculiar conditions of the high 
ar gg of superheated steam. 

r. Francis Wintour stated that the Great 
Northern Railway Company had only fitted about 
seven engines with superheaters. In the first 
place they had fitted two engines: one was an 
eight-coupled mineral engine, and the other was 
one of the first of Mr. Ivatt’s ‘‘ Atlantics.” The 
results were so satisfactory that five other engines 
were fitted—eight-wheel coupled mineral engines. 
The economy in fuel consumption with the first 
engine fitted was quite 25 per cent., and the results 
confirmed the figures submitted by Mr. Marsh. 
Lubrication was somewhat more costly, but not 
sufficiently so to counteract the fuel economy. Inan 
‘* Atlantic” passenger engine of the ‘‘990” class the 
fuel consumption had been reduced by about 15 per 
cent. The boiler pressure had been lowered from 
175 lb. to 160 lb. in each case. The mineral engines 
were chiefly engaged in traftic between Peterborough 
and London. They hauled from 850 to 1000 tons 
behind the tender, and they worked a through load 
of coal from Brighouse to Ferme Park, just out- 
side London. Everything, therefore, was in their 
favour, and the economy in fuel was, of course, 
much more evident than on a line like the Lanca- 
shire and Yorkshire, with so many stoppages and 
shunts ; with the loads referred to there was prac- 
tically no shunting. With regard to the five other 
engines of the eight-wheeled coupled type, these 
had cylinders of 21 in., with 26-in. stroke. They 
had been at work for six months, and were doing 
remarkably well. They were saving 30 lb. of coal 

r mile, with a 1000-ton load behind the tender. 

he company were now fitting ten ‘‘Atlantics” of the 
large 5-ft. 6-in. boiler type with Schmidt super- 





heaters, and the results being very promising, super. 
heating would probably be extended. The speaker 
supported Mr. Churchward as to the necessity of 
regulating the lubrication. On one occasion the 
lubrication had failed in one of the Great Northern 
Railway engines, with very disastrous results to the 
cylinders and pistons ; reliable lubrication and good 
cylinder-oil were requisites of the first importance, 
Without these more might be lost in five minutes 
than could be saved in two years. 

Mr. Druitt Halpin, who was heard with difficulty 
referred, firstly, to the question of clearance raised 
by Mr. Churchward, and would ask, in relation to 


the 5} per cent. mentioned, what was the actual . 


clearance left between piston and cover. With 
regard to the paper, he did not think the author 
had credited his engines with doing as much 
work as they really did; for this he considered 
the method of indicating was responsible. The 
locomotive was an awkward thing to indicate, and 
the difficulty was increased with four cylinders, 
two of them inside. The author had stated that 
indicating was effected with long pipes and a three- 
way cock, and in these circumstances the speaker 
did not think it was possible to get near the true 
results. He had himself got into difficulties by 
attempting to indicate in that way ; the pressures 
were much reduced or much forced. Then there was 
the serious drop of pressure in the steam-pipe of 
the engine, to which the author had referred. The 
regulator being fully open during the trials there 
were—at the engine, at any rate—the minimum of 
friction and the minimum of drop. The steam was 
carried through reasonably large pipes, but there 
were intricacies in the valves and ports, with the 
resulting drops in pressure inthe Aintree- Accrington 
and Goole-Smithy Bridge runs. If such large drops 
in pressure followed the use of big pipes, the same 
or a greater drop must be looked for when long 

ipes and an intricate three-way cock were used, 

he speaker then proceeded to give particulars of 
similar difficulties with regard to a compound engine 
he had designed some twenty-five years ago, from 
which it appeared that, owing to the use of long 
pipes and a three-way cock, the indication was im- 
perfect. By removing the pipes and the three- 
way cock, however, and by putting the indicators 
on the ends of the cylinders, the indication was 
improved. It was for the foregoing reasons that 
he thought Mr. Hughes had not credited his 
engines with their full work. Taking another 
point of view, from the indicated horse-power 
and the draw-bar pull, as given in the paper, 
the two efficiencies of 81 per cent. and 92} per 
cent. were derived. By the use of modifica- 
tions in the connections the efticiencies should be 
reduced to 58 per cent. and 67 per cent., possibly 
nearer the actual work of the engines. The speaker 
expressed a want of confidence in the method of 
measuring water consumption, as it appeared from 
Table V. in the paper, objecting to the measure- 
ment of the water by the aid of the diagram, owing 
to the difficulty of getting uniform results; while 
the inferential meter, no matter how carefully it 
might be calibrated, was, in the speaker's view, 
unreliable. 

Mr. P. J. Cowan referred to Mr. Hughes's 
figures for the calculated economies on the com- 
mercial basis, as given in Table X. of the paper. 
The commercial basis of economy, he said, was not 
truly calculated until, in the expression given in the 
paper for the value of an engine as a haulage 
machine, there was included some factor for the 
extra first cost, and for the interest and deprecia- 
tion for the respective engines. Another point he 
would comment on was the question of the degree 
of superheating. As time was short, he could not, 
he said, go fully into this matter. There were, 
however, several authorities for the contention 
that very material economy was obtainable at 
comparatively low degrees of superheat, and 
there were plenty of classical experiments sup- 

rting that theory. Messrs. Callendar and 
Ricoleon in their researches (published in 1897) 
showed—and the view was now definitely accepted 
by many authorities—that there was usually a con- 
siderable amount of valve leakage, and that valve 
leakage really accounted for a great proportion of 
the ‘‘ missing quantity,” which, as was well known, 
was fairly considerable in locomotives even when 
running at their best, or, as Dr. Goss, of America, 
termed it, their ‘‘critical” speed. Messrs. Cal- 
lendar and Nicolson’s theory was based on the 
supposition that this valve leakage ~ occurred 
in the form of condensed steam passing direct 
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through to the exhaust. In “‘ express ” work, 
with high piston speeds and small temperature 
range in the cylinders, cylinder condensation was 
lessened, and anything that would improve the 
steam-chest conditions, and keep the steam from 
turning into water in the steam-chest and on the 
valve and port faces, would therefore tend to 
economy, since, as was well known, a mass of 
water would pass through a given aperture from 
twenty to fifty times more readily than would an 
equal mass of steam. He suggested that a com- 
paratively moderate degree of superheat would, 
under ‘‘express” conditions of working, to which 
he wished now to confine himself, thus tend to 
economy by reducing these losses, if it would do 
no more. 

He believed that on one of the lines in the country 
a superheater, known as the Baldwin superheater, 
was being introduced, or, at least, being given a 
trial. He had had no actual experience with the 
Baldwin superheater, but if members would recall 
what had been said in that hall some weeks pre- 
viously on the subject of heat transmission, they 
would readily recognise that that heater was a very 
inefficient one, for in it there was every possibility 
of a large number of the gas molecules passing 
actually through the heater without doing any use- 
ful work at all. To make the heat transfer really 
efficient in a superheater, it was necessary to do 
two things. In the first place it was necessary to 
confine the activity of the gas molecules to contact 
with useful surface ; and, in the second, it was need- 
ful to make the passage bear some relation to the 
effect it was desired to obtain from the gases. The 
most convenient way of arriving at the desired 
objective was to split up the waste or smoke-box 
gases into a large number of small streams, and 
deal with them separately, making them pass 
through comparatively small tubes. This had been 
successfully done in a smoke-box superheater on 
the Egyptian State Railways by Mr. F. H. 
Trevithick, and, without going into details, he 
would say that Mr. Trevithick obtained with his 
system a degree of superheat which was about 
twice as great as the figure on which Mr. Vaughan 
and Mr. Cole, in America, and Herr Garbe, in 
Europe—all advocates of the high degree super- 
heating systems —based their destructive reasoning 
with regard to so-called ‘‘ waste gas ” superheaters. 
As applied Mr. Trevithick’s system was, properly 
speaking, a combination system. 

At this point the time for adjournment had 
arrived, and the President asked Mr. Cowan to 
defer the remainder of his remarks till the next 
meeting, when the discussion will be continued. 
The proceedings then terminated by the President 
announcing that the anniversary dinner will take 
place on Thursday, April 14 next, forms having 
already been issued. The next meeting will be 
held on Friday, April 15. 








THE INTERNATIONAL AERO AND 
MOTOR-BOAT EXHIBITION. 
(Concluded from page 343.) 

Messrs. Norris anp Henry, 87, Queen Victoria- 
street, London, E.C., showed a 40-horse-power 
three-cylinder marine motor, constructed to burn 
paraffin, having cylinders 6} in. by 74 in. In this 
engine the cylinders are cast separately with valves 
at opposite sides, and the vaporiser is heated by a 
lamp, and not by the exhaust, as is more usual. 
Each cylinder has a separate vaporiser and lamp, 
and the oil supply to each can be regulated sepa- 
rately by a valve, or can be cut off from all of them 
at once Ly valves attached to one lever. A feature 
of this engine is the use of a certain amount of 
water in the cylinder, this allowing of a higher 
Compression being used than is possible without it. 
Ignition is by low-tension magneto, and governing 

1s effected: by varying the lift of the inlet-valves. 


A 16— 20-horse-power petrol-engine, with four 
cylinders 4 in. _by 4$ in., was also shown. This 
engine has the inlets placed over the exhausts and 

ven Ly means of rocking-levers. High-tension 


magneto-ivnition is used in this case, the makers 
preferring it when using petrol, on account of its 
simplicity, while they prefer the low-tension for 
Paraffin, on account of the freedom from trouble 
with dirt plugs. Lubrication is by drips to all the 
f — ‘rom oil pumped up from an oil-cump. A 
pe of this engine is that the exhaust- ipe is 
the ér-jacketed, and that the water flows eaoueh 

© Jacket of the exhaust-pipe before going through 


the cylinder jackets. It is claimed that by this 
means the exhaust gases are more thoroughly cooled, 
while it is an advantage to have the circulating 
water for the cylinders not too cold. The engine 
is of substantial construction, and has good inspec- 
tion-doors to the crank-case. 

The Aster Engineering Company, Limited, 
Wembley, Middlesex, showed some good examples 
of marine motors, the largest of which is a four- 
cylinder engine with cylinders 160 by 180 milli- 
metres (6} in. by 7} in.), having the cylinders cast 
in pairs, with the valves on opposite sides. A very 
substantial-looking arrangement of low-tension 
magneto-ignition is provided, and lubrication is by 
a drip-lubricator, having separate leads to the various 
bearings. Very large doors are provided for access 
to the crank-case, and water circulation is by a 
reciprocating pump. This engine is stated to 
develop 80 brake horse-power, and to be able to 
burn parafiin. 

A smaller engine of 40 brake horse-power, with 
cylinders 130 by 140 millimetres, having the same 
general features, was also shown. 

An interesting exhibit on the stand of the 
Wolseley Tool and Motor-Car Company, Limited, 
Adderley Park, Birmingham, was the 180-brake- 
horse-power engine fitted to the Ursula, racing- 
launch, which beat all comers at the Monaco meeting. 
This engine has eight cylinders, 6} in. in diameter 
by 7 in. stroke, cast in pairs, with all the valves at 
the same side. The back of the water-jacket in 
these cylinders is cast open, and is covered with 
sheet-copper. The valve-caps are water-jacketed. 
The water circulation is by a gear-driven pump. 
The lubrication is forced, and it is noteworthy that 
there are two oil-circulating pumps for this, each 
group of four cylinders being provided with its 
own pump and circulating system. The leads to 
the various bearings are provided with small try- 
cocks, so that it can be seen that each bearing is 
getting oil. The crank-case is of aluminium, with 
large inspection-doors, and the bottom half is made 
removable. The carburettor is of the float-feed 
type, and is hand-regulated, while there is a special 
— by which the size of the jet can be 
varied by means of a conical needle. 

This engine is well worth attention as an ex- 
ample of a successful type of racing-launch engine. 
It is not as lightly designed as many, but its prac- 
tical success » amd that many of the lighter ones 
cannot in practice maintain their power. There seems 
no doubt, in fact, that up to the — the most 
successful racing marine motors have been those 
which are not excessively light-built, and which 
do not depart very far from the ordinary types of 
construction, and that the best method of getting 
a light engine is to run it hard, though of course 
weight must be studied as far as possible without 
sacrificing rigidity. As winning races is almost 
entirely a question of weight and power, this is well 
worth the attention of makers of aero motors. A 
launch, 25 ft. long, was also shown fitted with a very 
neat four-cylinder engine of 12 brake horse-power. 
The cylinders in this are all cast en bloc, with the 
valves on the same side, and the exhaust-pipe is 
cast in, being thereby water-cooled. Forced lubri- 
cation and high-tension magneto ignition are used. 

An 18-horse-power four-cylinder, and a 45-horse- 
power six-cylinder engine were also shown, the 
former having cylinders 4 in. by 44 in., and the 
latter cylinders 42 in. by 5 in. 

A carburettor for either paraffin or petrol is 
also shown. By turning over a valve, the engine 
can be run on either fuel as desired, and can there- 
fore be started on petrol and then run on paraftin, 
when the vaporiser is hot enough, or by heating the 
coil with a lamp may be started on paraffin. 

Messrs. Hesse and Savory, Twickenham-road, 
Teddington, showed examples of their patent re- 
versing gear, and had a full-sized working model 
driving a propeller in a tank of water. e illus- 
trated this in our issue of March 26, 1909, page 427, 
and therefore need not give a detailed description. 
The essential pointsare that the bevel gear which is 
used to give the go-astern motion does not revolve 
either when the propeller is stationary with the 
engine running, or when the boat is going ahead, and 
that reversing is effected by two cone-clutches, which 
are held in gear in either the ahead or astern posi- 
tion by the thrust of the propeller. The gear has 
not been altered materially since last year, but it 
is now thoroughly cased in, to prevent water and 
oil being thrown about. It is stated that gears of 
this type aggregating over 4000 horse-power are in 





use, 








Messrs. J. I. Thornycroft and Co., Limited, 
Caxton House, Westminster, 8.W., and Basing- 
stoke and Southampton, showed a number of marine 
motors, of which the most interesting was a new 
pattern with four cylinders, 6 in. in diameter by 8 in. 
stroke, and capable of developing continuously 47 
brake horse-power on paraffin. This engine is gene- 
rally similar to that fitted to the tractor which won 
the War Office Competition in March of last year, 
except that in the tractor engine the stroke was 
reduced to 7 in., in order to ensure easy starting. 
In the later tractors made for the War Office the 
stroke has, however, been made 8 in., as in the 
engine shown. This engine, which we illustrate in 
Figs. 13 to 16, on page 370, has the cylinders cast in 
pairs, with the valves all on one side, and is of sub- 
stantial construction, the crank-chamber being of 
cast iron, and fitted with large doors. These are so 
arranged that the big ends can be adjusted, and, 
if necessary, the connecting-rods and pistons com- 
pletely withdrawn through them. 

The number of gear-wheels in this engine is 
reduced to a minimum for the sake of simplicity, 
the cam-shaft being driven direct without an 
intermediate pinion, and the magneto-shaft driven 
from it. Water circulation is by a gear pump placed 
low down, and forced lubrication by a pump placed 
on the same spindle. The end bearings havo a 
special arrangement by which the crank-shaft can 
be lifted from its bed without removing the top 
half of the crank-case, so that the bearings can be 
dismantled and adjusted. The carburettor is 
arranged to use either paraffin or petrol, two float 
chambers communicating by means of a valve with 
a single jet. Several examples of this type of engine 
are in use in the Scotch fishing-boats, where they 
are giving very satisfactory results. Various other 
engines, including a single-cylinder 44 in. by 6 in., 
a two and four-cylinder, of the same diameter and 
stroke, and a four-cylinder, 4 in. by 44in., were also 
shown. 

The reversing-gear is of the epicyclic type, in 
which the gear is at rest when the ahead motion 
is in use, and is shown in Figs. 17 to 19. In this 
A is the shaft connected to the engine, carrying 
at its after end a pinion B. This pinion gears 
into a pinion C, carried on a loose casing D, which 
gears into an internal gear E fixed to the sleeve F, 
carrying the coupling for the propeller-shaft G. 
This sleeve has a suitable thrust-bearing for the 
propeller-thrust. The forward part of the casing D 
forms the external half of the cone-clutch H, and 
has on the outside of it a band-brake K. 

The gear is shown in the go-a-head position in 
which the cone-clutch H locks the casing D to the 
ga A. This causes the whole of the gears 
to be locked, and the power is transmitted through 
them to the sleeve F. On the reversing wheel 
being turned the sleeve L is brought forward, 
causing the clutch H to be Summeet te the levers 
M. The gear then revolves idly and no power is 
transmitted. On the wheel being turned for this 
the band-brake K is tightened on the casing D bya 
right and left-hand screw actuated by the loves N. 
This fixes the casing D carrying the pinion C, and 
the wheel E is driven in the reverse direction. 

The Parsons Motor Company, Limited, Town 
Quay, Southampton, showed examples of their 
parafiin engine, the largest exhibited being of 
60 brake horse-power, having four cylinders ri in 
by 9in. This type of engine is generally of the 
same construction as previously, but is now pro- 
vided with a separate exhaust - heated vaporiser. 
The Parsons engine has always been constructed 
with a combined exhaust and inlet-valve, so arranged 
that the exhaust passes through the centre of the 
inlet-valve. The latter is therefore heated enough 
to vaporise suitable grades of paraffin. It has, 
however, been found that some of the cheaper 
grades of paraftin do not get heated enough by this 
arrangement, and therefore an external vaporiser 
has been added which is heated by the exhaust 
gases in the usual way. 

The crank-case is divided into separate compart- 
ments, one for each crank, and each compartment 
is provided with its own oil-fecd, thus ensuring 
that the oil shall not run all to one end of the 
crank-case. This arrangement was incorrectly 
described in our account of the petrol-electric 
set of this firm, published on e 308 of our 
issue of March 11, under the title of ‘ Petrol- 
Electric Generators.” Large inspection-doors are 
provided to the crank-case for access to the big 
ends, &c. The whole engine is very substantially 
constructed, has separate cylinders and a bearing 
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between each pair of cranks, and appears thoroughly 
capable of standing really hard work. 

A reversing-gear, which is a very good example 
of the type in which the reversing is by dog- 
clutches, and a friction-clutch is used to transmit the 
power to it, was shown on this stand, and is illus- 
trated in Fig. 20, page 371. The arrangement is a 
clutch for the go-ahead drive and a counter-shaft for 
the go-astern, the counter-shaft being driven in the 
same direction as the engine, by a chain, and driving 
the propeller-shaft by gear to get the reverse. The 
peculiarity is that none of the gears are in motion 
when going ahead. 

A is the engine-shaft which carries a slidin rt 
B with two dog-clutches formed on it. On sliding 
this aft, it engages with the part C, and drives 
ahead. On sliding it forward, it engages with D, 
and drives the counter-shaft through the chain- 
wheels EE. Simultaneously with B, the gear- 
wheel F moves in the opposite direction, coming into 
gear with C, and drivesastern. The shaft A is driven 
by a friction-clutch, which must be disengaged 
before reversing. A ball thrust is provided at the 
after end of the casing to take the propeller-thrust. 

A marine motor shown by the British Buffalo 
Motor Company, Strand-on-the-Green, Chiswick, 
is of interest, as the bed-plate of the engine is 
arranged to take the reversing-gear, in place of the 
engine and gear having to be erected on an angle- 








iron framing, as is usual. As all marine motors 
must have a reversing-gear, it seems very much | 
better practice to cast the bed-plate long enough 
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: Messrs. Handley Page, Limited, 72, Victoria-street, 
to take it, and have the necessary bearings all| Westminster, London, S.W., made from the design 
machined at one setting, rather than to build the| of Mr. G. de Havilland. This engine is illustrated in 
engine and reversing-gear quite separate, and con-| Fig. 23, page 373. The cylinders in this case are of 
nect them simply by an angle-iron frame. cast iron, with the valves vertically at the end, the 

We illustrate an engine of this make in Figs. 2land | barrel, therefore, being so arranged that it can be 
22, page 372. The cylinders are in pairs, with all the | machined all over. A copper tube forms the water- 
valves on one side. The main bearings are all car-| jacket. The valves are of very large diameter, and 
ried on the bottom half of the crank-case, and steel! the inlet is placed above the exhaust, this disposi- 
columns are carried up from the bearing seats to the | tion allowing of very large valves being used with- 
seatings of the cylinders to take the tension caused} out the engine being made of excessive length. 
by the pressure. Very large doors in the crank-case| All the valves are driven by a cam-shaft placed 
are provided, the crank-chamber being carried up to | above the crank-case. Rocking-levers are used to 
the water-jackets, and the lower part of the cylin- transmit the motion, and in order to drive the 
ders projecting into the crank-case. This provides a exhaust-valve tappet rods are taken diagonally 
very good access to the crank-case, the engine being | through the crank-case. 
probably the best in the Show in this respect. End} Both the main bearings and big ends have ball- 
doors are provided, so that the crank-shaft can be | bearings of large diameter, and the two cylinders 
entirely removed from the crank-case without opposite to each other work on to the same crank. 
taking down the top half or the cylinders. The oil e crank-shaft, therefore, has two cranks opposite, 
and water pumps are both of the plunger type, | one for each pair of cylinders, and this leaves an 
driven from one cross-head. The lubrication con- | unbalanced rocking moment, which is, however, 
sists of a pump sucking oil from a sump and deliver- | stated to be so small as not to be objectivuable. 
ing it to valves, which squirt it at the big ends as| The cylinders are held to the crank-case |) long 
they come round, the valves having a tell-tale to! bolts ing right from end to end of the cylinders, 
show they are working. and the crank-case is, therefore, entirely i: com- 

The engine illustrated has cylinders 5% in. by| pression. The cylinders are 44 in. in diameter by 
7 in., and develops 50 horse-power. It is titted to| 43 in. stroke, and the engine develops 45 brake 
use paraffin, but petrol can be used if desired. The | horse-power, the weight, including fly-wheel, being 
consumption of fuel is stated to be 4 pint per/ 200 Ib., or 4.4 lb. per horse-power. 
brake horse-power per hour on test. 

An interesting example of the four-cylinder 
opposed type of engine was shown at the stand of 











AEROPLANES. 
Four aeroplanes having several points of interest 
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y Messrs. Humber, Limited, Coventry. | diameter at the front end, tapering to about half 
ee were monoplanes and one a biplane. | this at the tail. This forms a very simple frame | cylinders, but the inlets are on one side and 
lanes, one is very interesting, as it | and obviously has a very small air resistance, while | the exhausts on the other. By this means very 
ew machines in the Show with a dis-| it is very likely that it will in practice be lighter | large valves can be got in without the engine yas 
frame. In this case the backbone | than a trussed girder of the same actual strength. | made of excessive length. The valves are work 


made of a single tube of wood about a foot in | It also has the great advantage that it is strong in| by rocking-levers of different lengths from vertical 


wings. 


155 lb., and deve 














every direction, including torsion, while the trussed 
girder is only strong in certain directions. The 
front part of this tube is formed of steel about 
4 in. thick, and this constitutes a support for the 
engine. The latter is mounted at the usual place, 
in the front of the machine, and has a direct- 
driven propeller. A running chassis of steel tube 
RevVERSING-GEAR FOR Marine Motor; Messrs. Joun I. THornycrorr is fitted in front, carrying wheels on leaf-springs. 

anv Co., Limirep, Sovrnampton. Control is by a wheel turned to warp the wings, 
and pushed backwards and forwards to elevate and 
depress, while steering is done by the feet. 

The biplane has the peculiarity that there is no 
elevating plane in front, the whole of the control 
being in the tail, asin the monoplanes. In fact, with 
the exception that the biplane has the two superposed 
planes, the construction of the other two mono- 

lanes and the biplane is very similar. The tails of 

oth of these have a fixed part as well as the movable 
elevating part, and all the surfaces are flat. The 
backbones in all these machines are of the trussed- 
girder type, but the struts in this case are of flat- 
tened steel tube instead of wood, as is more usual, 
and the diagonal ties are of flexible wire ro 
of single wires, usually used. The control is different 
from that of the machine described, as it is effected 
by one wheel. This is turned to steer, moved for- 
ward to elevate, and from side to side to warp the 


in place 


The engine fitted to one of the monoplanes 
is a three-cylinder air - cooled motor, 
cylinders 108 millimetres in diameter by 135 milli- 
metres stroke (4} in. by 5} in.). This engine has 
the cylinders placed radially with automatic inlet 
valves, and is, in fact, a large motor bicycle engine, 
the fly-wheels being inside the crank-case. It weighs 

To 30 brake horse-power, the 
weight being, therefore, 5.2 lb. per horse-power. 
The other aeroplanes are fitted with a vertical 

O four-cylinder engine of 50 horse-power, which we 

~----~--------- O illustrate in Figs. 24 and 26, 
oO water-cooled, with four vertica 
millimetres diameter by 120 millimetres stroke 
(42 in. by 4$in.). The cylinders are of cast-iron, 
with all the valves in the heads, and have water 
jackets of electro-deposited copper. 
are not arranged all on the centre line of the 


e 374. This is 
cylinders 110 


The valves 























































having 


————— ee 





EE a ECE NT AD fi ke AE i Rt 


‘aati 


ENGINEERING. 





(Marcu 28, 1910. 





—— 





tappet-rods, a feature being that the tappet-rods 
are concentric, the inlet being outside the exhaust. 
Flat springs with several leaves are fitted to the 
exhaust-valves, and the latter are connected to 
very large exhaust-pipes. The crank-shaft has a 
ball-bearing between each pair of cranks, the crank- 
pins being plain bearings. The crank-case has large 
inspection-doors, and a high-tension magneto and 
a centrifugal circulating-pump are provided, driven 
off the same spindle. Lubrication is by forced 
feed. The pistons are machined out of steel bar, 
and are very light. The weight is 190 lbs., or 
3.8 lbs. per horse-power. 

In taking a general survey of the exhibits of 
aeroplanes, &c., at Olympia it is very evident that 
for the time, at all events, the machines have settled 
down to a few distinct types, and that constructors 
are, at present, simply developing these, and are 
not trying to create new ones. In fact, it might 
almost be said that many of the machines shown 
are direct copies of those made by the earlier 


In some cases the tail surfaces are curved like | 
the main planes, and in others are simply flat 
surfaces of stretched fabric. The latter looks 
cheaper and lighter, and, as the tail surface, as a | 
rule, is not expected to carry much weight in pro- 
| portion to its surface, is probably quite satisfactory. 
|The curves of the main wings and their propor- 
tions vary most enormously in different machines, 
without apparently making any very great difference 
in their powers of flight. 

‘In most cases the structure of the framework 
appears to be excellent, the various parts being either 
| built up to make a trussed girder, or being hollow 
spars or tubes of H section. In some cases the | 
structure of the wings seems to be unnecessarily | 
elaborate in order to get a theoretically right) 
result, and it is possible that a simpler structure | 
would really be lighter. It is well worth while in 
this connection to study the design of the wings of 
\the “‘ Demoiselle.” These are very much simpler | 
‘than those of most of the monoplanes, while they ' 











for the vertical stress. As the wings move thr: ugh 
the air at high speed, it is evident that the horizental 
stress must be that required to overcome the air 
resistance ; that is to say, that the longitudinal 
stress must be nearly equal to the thrust of the pro- 
peller when going horizontally, and may be very 1uch 
greater if the speed is increased by coming down, 
The greater part of the vertical load is, on the 
other hand, taken by the stays underneath. Yet 
in most of them the main spar is of wood, much 
deeper than it is wide ; one example, for instance, 
being about 3 in. deep and } in. wide, of H section, 
Taking the help of the stays into consideration, the 
vertical strength of this spar appears to be at least 
thirty times its horizontal strength, whereas the 
horizontal thrust required for a given lift is about 
a sixth of the weight lifted. The proportions may, 
of course, be those which prove best in practice, 
but in view of the great differences in some cases 
there seems need of further experience. It would 
be very easy to give greater horizontal strength by 





makers. This will, however, probably lead to 
much more rapid progress than if designers started 
to develop original ideas of their own. It is very 
often the case that those who start with what is 
conventional, and never do anything really original 
unless they find it is necessary, progress faster and 
get in the end more original results than those who 
try to be original for the sake of originality. 

In the biplanes there are two distinct types—the 
Farman, with a long tail behind and an elevator in 
front, and the Wright, in which the tail is absent 
and the elevator is larger and further in front. 
The latter type may be modified by the addition of 
a short tail, as in the machines made by Messrs. 
Short Brothers. In the monoplanes the arrange- 
ment of the surfaces varies very little, but there 
is a good deal more variation in the mechanical 
arrangements. Perhaps the greatest difference in 
the arrangement of the surfaces of the monoplanes 
is that some of them have a part of the tail surface 
fixed, while others have not. In the ‘‘ Demoiselle” 
type the tail consists of two flat surfaces, one ver- 
tical and one horizontal, the whole being mounted 
on a universal joint, so that it can swivel in any 
direction. In the Blériot and ‘‘Antoinette” types, on 
the other hand, the tail consists of two parts, the 
greater part of which is fixed, and only the smaller 
moved to elevate. It would seem primd facie that 
the ‘*‘ Demoiselle” was right in theory, as the tail 
in this case is all at one angle, while in the other 
the fixed and movable parts will generally be at 
different angles. It is, however, very poe that 
the type with part of the tail fixed will be the safer 
in case of a controlling wire breaking, which is a 
contingency always possible. It seems usual to make 
the tail carry a certain amount of weight, though 
less per square foot than the main planes; and in 
this case the breaking of a controlling-wire, when 
there is no fixed part, would mean that the machine 
would elevate in front till it lost way and fell. 
With a large enough part of the tail fixed, it 
would apparently be possible to arrange the ma- 
chine so that even with a broken controlling-wire 
it would still fly, and could be safely brought to 
ground, 
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Fies, 21 anp 22. Four-Cytinper Marine Moror; 
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seem to be very light for their strength. In place 
of the main spars being deep H section, as usual, 
they are nearly square and solid, while instead 
of the battens being a scientific girder section, 
they are also very simple. They are consequently 
much cheaper constructions to make. It is note- 
worthy that these wings do not have any stays 
above them to help them to carry their own 
weight, while the majority of the more scientific 
constructions are provided with them, the presump- 
tion from this being that the ‘‘ Demoiselle ’ wings 
are really quite as strong in proportion to their 
weight. 

A point which strikes one in looking at the wings 
is that the provision for taking the longitudinal 
stress is sometimes very small in proportion to that 





running a light diagonal tie across the wing, as is 
done in the ‘‘ Demoiselle.” 

In some cases very scientific construction is quite 
spoilt by bad details. For instance, there is a wing 
shown in which the main spar is a very carefully 
made H section, cut out of a solid piece of wood, 
with the web drilled to lighten it. his would bea 
most excellent design if it were not for the fact that 
in building the wing the top and bottom flanges 
have been cut more than half through to take the 
battens. 

The running chassis on the ground seems still 
capable of a great deal of improvement. A combi- 
nation of skids and wheels, as introduced by Farman, 
is a very favourite plan, and seems excellent. The 
Blériot system of wheels with a very long vertical 
motion, controlled by rubber springs, appears also 
very good. Rubber springs are largely used in place 
of steel, though there are many instances of the 
latter, both in the form of coil and leaf-springs. 
The rubber seems the best, as, though not so 
durable, it takes up more work in proportion to its 
weight. It was stated by Messrs. Blériot’s repre- 
sentative that he had tried coil-springs, and aban- 
doned them for the rubber. With very few excep- 
tions the propellers are of wood, and this seems in 
every way preferable to metal, especially when the 
propeller is direct-coupled, as in this case it forms 
a fly-wheel, and the root is therefore subject to an 
alternating stress. A solid piece of wood appears to 
be better able to stand this than any metal structure 
of the same weight. »- 

There still seems room for improvement in mini 
mising the air resistance of the various accessories. 
It may in the future be possible, for instance, to 
arrange for the running chassis to fold up out_of 
the wind when flying. It certainly seems possible 
to reduce the wind resistance of many of the radia- 
tors in use. In the ‘‘ Demoiselle” they form part of 
the surface of the wings, and there seems 00 
reason why they should not always do so. There 
are several instances in the Show of their being so 
made. 

In the matter of engines the tendency seems 
very distinctly to be to stick to the more ordinary 
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forms. The annexed table gives the leading par- 
ticulars of a good many of the principal makes 
exhibited, and from it a fair idea can be formed of 
the merits of the different types. On the whole, the 
vertical four-cylinder engine scems the favourite, 
and has the merit of being very accessible, and 
having plenty of room for good bearings, while its 
construction is now well understood. Two and 
four-cylinder horizontal opposed engines are also 
numerous, and these are probably the most promis- 
ing types of special designs there are. The four- 
cylinder diagonal is not much in evidence, and seems 
distinctly inferior to the opposed type, as it is not 
practicable to get an even turning moment and, at 
the same time, perfect balance, as can be done in 
the opposed. The eight-cylinder diagonal engine 
has several representatives, but a comparison of the 
weights per horse-power, and also per cubic inch of 


cylinder capacity, will show that it is very little! 





Fig. 23. 
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lighter than the four-cylinder vertical type, and no 
lighter than the opposed type, while the greater 
complication is an objection. It is well known that, 
other things being equal, the fewer cylinders there 
are the more certain the engine is of doing its full 
horse-power. With many cylinders there is always a 
considerable chance of one of them running badly or 
not at all. Engines of the radial type are rare, 
with the exception of the three-cylinder Anzani 
engines, which are mounted on the Blériot mono- 
planes, and some others. 

It seems probable that much more rapid progress 
will be made by sticking to engines of fairly simple 
and well-tried designs, for the time being at all 
events, than by going in for anything very special. 
The complaint of many would-be aviators has been 
that the motor was so uncertain that it could not be 
trusted to run when everything else was favourable 
for a flight, and that a lot of time was, in con- 
sequence, wasted. It therefore seems that the 
large majority will be better suited with a motor 
which can be relied on to do its power whenever 
wanted than by one a little bit lighter, which 
cannot be trusted. 

An examination of the table annexed will show 
some interesting points in the general proportions 
adopted. For instance, in the ordinary four-stroke 
engines the one which gets the power out of the 
smallest cylinders is the Buchet, which develops a 
horse-power for each 4.9 cubic inches of cylinder 
capacity. This engine is, however, not by any 
means the lightest for its power, but, on the con- 
trary, somewhat heavy. This is probably largely 
hecause the parts have to be made so heavy to stand 


the hard running necessary to get the power out of 
the small cylinders. The table cannot, of course, be 
taken as absolutely accurate, for in some cases the 


engines will, no doubt, give more power than they 
are rated at, while in others it is possible that they 
cannot inaintain what they promise. The manner 
of taking the weights also varies somewhat, some 
makers including accessories which others do not. 

e discrepancies from these causes will, however, 
not be likely to be so great as to prevent a com- 
parison being made between the different types. 

An interesting feature of the Show is the revival 
of the two-stroke engine. Two examples are shown 
in which there are two cylinders opposite to each 
other on the same crank-chamber, Pet on opposed 
cranks. This engine works in the same manner as 
4 single-cylinder engine, both cylinders firing at the 
Same time. It has the merit of being extremely 









cheap and simple, and of putting no pressure what- 
ever on the main bearings. These and their seatings 
can be made very light, and the bearings are not 
so likely to wear and make the crank-case leak as in 
the ordinary vertical type. The N.E.C. we described 
last week, and as it is claimed to be the lightest 
engine in the table per horse-power, its perform- 
ance will be very interesting to watch. 

Great attention is being paid to the weight of 
the pistons, which isa matter of the very greatest 
importance if good power is to be got at high 
speeds. In some cases 4-in. pistons are made as 
light as 2 lb., though this appears to be excep- 
tional. Several engines are fitted with ball-bearings, 
the advantages of which seem rather doubtful, but 
which have the advantage of simplifying the lubri- 
cation problem. A point of doubtful advantage 
also is the practice of making holes in the cylinder 
walls for the piston to overrun, so as to get a more 
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Engines of the Vertical Four-Cylinder Type. 
Buchet . {85} 90 (34) 110 (42) | 170) 281) 4.9 ; 6.6 1.35) 1.2 
Clement 
Bayard ..40100(4) 120(4}) 230) 242 58 6 105 L2 
Green .. 40/105 (41) 120 (49) | 254) 1586.4 4 0.62 1.14 
Humber .. 50110 (43) 120(43) 277) 190 5.5 3.8 0.69 1.09 
Star .. .. 40,(101)4 (127)5 252) 165 6.3 | 4.1 0.66 1.25 
Trier & Martin 40|(100)4 (130) 54 | 258) 200, 6.4/4 0.78) 1.28 
Wolseley . 30( 95)3} (140)54  242| 180 81.6 (0.74 1.46 
Engines of the Two-Cylinder Opposed Type. 
Alvaston .. 80/132 (54) |127(5) | 212; 112 7.1) 3.7 0.53 0.96 
Chalmers’ .. 25 128(5) 130(5)) 206) 132 8&2 5.3 0.64 1.01 
Clement | 
Bayard .. 80 180 (54) 120(49) 194 113 6.4/3.8 0.58 0.92 
Darracq _.. 25180 (54) 120(49) 194! 121, 7.8| 4.8 |0.62 0.92 
Engines of the Four-Cylinder Opposed Type. 
Chalmers .. 45.128(5) 180(5}) | 412 262 9.1 5.9'0.64 1.01 
Darracg .. 60/130 (51) 120(49) 388 242 7.8 5.1 0.62 0.92 
Haviland .. 45)(114) 44 (320) 43 «238, 200 5.3/ 4.4 10.84 1.05 
Thames _—..'35/(100) 4 (114) 44-225 150 6.4 4.3 0.67; 1.12 
Engines of the Eight-Cylinder Diagonal Type. 
E.N.V. —.. 40 85 (32) | 90 (84) | 250 155 G2 3.9 0.62) 1.06 
J.A.P. ../85, 85 (88) | 95 (Bf) | £63 200 7.5 5.7 0.76) 1.12 
J.A.P. .. 40, 85 (3%) |110 (4%) | 305, 200 76:5 0.66 1.3 
Wolseley .. 60 (95) 33 (140) 54 | 484 340,81 5.7 0.7 | 1.46 
Engines of the Three-Cylinder Radial Type. 
Anzani .. 25/105 (54) (120 (49) | 203) 143 8&1) 5.7|0.7 ) 1.14 
Humber _.. 30/108 (44) |185 (54) | 226 155; 7.5 | 5.2 |0.69! 1.25 


Engines of the Two-Cycle Opposed Two-Cylinder Type. 
Dorey .. ++ (25 110 (48) )120 (49) | 141) 112 5.6) 4.5)0.8 | 1.09 
Roe .. ../20(100) 4. (127) 5 126; 8063/4 (0.68 1.35 

Engine of the Two-Cycle Six-Cylinder Vertical Type. 
N.E.C, --|60; (83) 815,|\(108) 44-194, 220 3.2 | 3.71.18, 1.29 

The cylinder dimensions are given in both inches and milli- 
metres in allcases. The unbracketed figures are those given by the 
makers, and the bracketed ones the equivalents. 


free exhaust. By this means there is no doubt 
that the valves can be made smaller, but it seems 
as if it would be preferable to make the valves 
large enough and to do without the holes in the 








cylinder, as they entail the piston being long 


enough not to uncover them at the top of the stroke 
in order to avoid waste of oil, and this increases 
the weight. The noise made by the very sudden 
exhaust is also tremendous. 

It is noticeable that the large majority of makers 
use a stroke considerably in excess of the cylinder 
diameter, and are evidently of opinion that the 
power increases practically in proportion to the 
stroke for all lengths of stroke usually used. 

Altogether the Show gives one the impression 
that we have now got to a basis when the large 
majority of both the aeroplanes and engines are 
being constructed on well-thought-out ideas, and 
that there is prospect of rapid development in the 
future. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 355.) 

In our issue of Friday last, the 18th inst., we 
gave an account of the first day’s proceedings at 
the recent meeting of the above Institution, and 
we now continue our report. On the members 
assembling on Thursday, the 17th inst., for the 
special general meeting, the chair was taken by 
the President, Earl Cawdor. 


Royat CHARTER OF INCORPORATION. 


The business of the special general meeting was 
the consideration of the proposed incorporation of 
the Institution under a Royal Charter. 

Mr. F. J. Trewent, who proposed the resolution, 
said that, as all were aware, it was now fifty years 
since the Institution was founded. Though he was 
not present at the first meeting of the Institution, 
he was present, as a student, in 1867, which was 
only seven years after the Institution was founded. 
There were still a few among the members who had 
assisted in the foundation, and there was one of these 
who had done yeoman service for the Institution 
and the science of naval architecture, and for the 
British Navy—he referred to Sir Nathaniel Barnaby. 
In the year 1864 the Institution was the means of 
founding the Royal School of Naval Architecture 
at South Kensington, and two years later the 
speaker had had the honour of joining that school. 
It might well be asked, If it had not been for the 
work done by the Institution in those earlier years, 
where would the art of the naval architect have 
been in Great Britain to-day? At the time of 
which he was speaking there were practically no 
scientific books on naval architecture in this country. 
France was far ahead of us, and they had to resort 
to French literature for the scientific aspect of 
naval architecture. To-day, however, this had all 
been remedied. The papers read before the Insti- 
tution showed what it had done for the science of 
naval architecture and the advancement of the ship- 
building art in this country, and even throughout 
the world. The standing of the Institution was 
such that it had been called upon to nominate 
representatives on Parliamentary and Departmental 
Committees, such as, among others, the Load-Line 
Committee of 1883, the Mercantile Cruiser Com- 
mittee of 1892, and the Merchant Shipping Advisory 
Committee of 1908. It was also permanently 
represented on many of the important bodies. 
There were two ways of becoming a corporate body 
—one by turning themselves into a limited lia- 
bility wee oes and the other by petitioning His 
Gracious Majesty fora Royal Charter. He believed 
that no one would wish the Institution turned into 
a limited liability company. There was therefore 
only one alternative—i.e., to petition His Majest 
for a Royal Charter. He -had therefore se | 
pleasure in moving the following resolution :— 
‘* That this: meeting of members, associate members, 
and associates of the Institution of Naval Architects, 
being desirous of ensuring the permanence of 
this Institution as a corporate body, requests the 
Council to take the necessary steps for obtaining 
incorporation thereof under Royal Charter.” 

Admiral Sir Nathaniel Bowden Smith, in second- 
ing the resolution, said that the advantages of incor- 

ration must be patent to alf. The Institution 

ad, as it were, been fifty years in commission, and 
now proposed to re-commission the ship upon a 
more permanent basis. As an associate member 
he had felt much flattered at the invitation to 
second the resolution, and he did so with the 
greatest pleasure, for he felt sure, if the resolution 
were carried—as it certainly would be—it would 
add a dignity to the Institution. 





The President then put the resolution to the 
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meeting, and it was carried. At 11.30 a.m. the 
ordinary meeting was resumed. 


Screw-PROPELLERS AND PROPULSION. 


Four papers were on the programme for reading 
at the morning meeting, and the President an- 
nounced that it had been decided to take the first 
three together, as they dealt with cognate matters. 
The papers in question were as follow :—‘‘ Experi- 
mental Investigations on Wake and Thrust De- 
duction Values,” by Mr. W. J. Luke, Member of 
Council; ‘*‘Some Considerations regarding the 
Phenomena of Propulsion,” by Professor J. B. 
Henderson ; and ‘*‘Model Screw-Propeller Results : 
A Comparison,” by Mr. T. B. Abell. These papers 
were read in the order above given, and the first 
two are reproduced in this week’s issue of Ener- 
NEERING. The reproduction of the third paper, 
entitled ‘‘ Model Screw-Propeller Results : A Com- 
parison,” by Mr. T. B. Abell, we must postpone 
till a later date. The paper was concerned with a 
comparison of the important experiments on pro- 
pellers in ‘‘open water” by Mr. D. W. Taylor, the 
results of which were published in 1904 and 1906, 
and those of Mr. R. E. Froude, published in 1908. 
After dealing with the difference in the conditions, 
Mr. Abell discussed the thrust comparison, the 
efliciency, the effect of root thickness, and effect of 
type of blade. He also from these comparisons 
deduced a new method of calculating screw dimen- 
sions, It was shown that the results obtained by 
the two workers showed remarkably close agree- 
ment, 

Professor Henderson supplemented his paper by 
giving particulars of an experiment he had carried 
out to test his theory. In a small tank in his 
laboratory he had fitted up a 4-in. propeller, 
driven by a motor at the side. In front of the 
screw he had inserted a Pitet tube, with the tip 
pointing away from the propeller. He brought up 
the level of the water, as shown in the tube, so as 
to get a surface observation by forming a partial 
vacuum in the upper portion. On the propeller 
being made to revolve, the water was drawn in, and 
approaching stream-lines imparted a total head 
to this water surface in the tube, and measured the 
total head in the advancing stream. If the advan- 
cing stream had any energy imparted to it by 
the propeller, the head would rise when the 
propeller was started. Although he had carried 
out one set of experiments after another, he had 
found no change of head, which showed that there 
was no head imparted to the advancing water by 
the propeller. ‘Io test the argument that there 
was no appreciable velocity, he had made a tube 
divided in the middle with two holes. Near the 
end of one tube he had made a hole in the direc- 
tion of, but on the side away from, the propeller. 
At the end of the other tube he made a hole at right 
angles to the first. The former was intended to 
measure the total head, and the latter the pressure 
head. This arrangement was connected up with 
the two limbs of a manometer, one tube being con- 
nected to one limb, and one to the other. On start- 
ing the propeller there was obtained a difference of 
head of something like 12 in., as shown in the 
manometer, and there was a very considerable 
velocity head, but no change of total head. This 
confirmed the result given in conclusion No. 3 in 
his paper. 

It was announced that Mr. Froude, though un- 
able to be present, weuld send a contribution to the 
discussion in writing. 

The Secretary then read a letter received from 
Naval Constructor D. W. Taylor, of the United 
States Navy. This letter we subjoin :— 

‘‘Mr. Luke’s paper gives us much needed light upon 
questions of great practical importance to those who have 
to design hulls and propellers, The designer-of a pro- 
peller needs to know the wake factor and thrust deduction 
to be expected. The designer of the hull n to know 
how the stern shape and appenda; such as ing,” are 
going to affect the wake-factor and thrust-deduction., 

_ “The r shows that prsctically all the information 
in this fold hitherto generally available we owe to Mr. 
Froude, the pioneer investigator in this direction, as in 
so many others of resistance and propulsion. But this in- 
formation was restricted to the values of the wake and 
thrust-deduction factor for a number of isolated models, 
values which vary widely, and apparently erratically, 
from one to another. The author unfertook to determine 
and precast the factors of variation in the case of a 
single model of common type, and his results are not only 
of much value in themselves for those who have to deal 
with vessels of this type, but will be very helpful to future 
investigators of other types as indicating the factors of 
major importance. Considering the results for the naked 
model, it seems that the main factor of variation is the 
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distance of the screw from the hull in the twin-screw 
trials. And it is a factor of surprisingly great influence. | 
“Fig. 8, however, showing the effects upon wake of | 
angles of bossing for twin-screw vessels and the direction | 
of screw rotation, gives facts which appear most remark- | 
able. We see that with horizontal bossing a change in 
the direction of screw rotation, and in nothing else, 
involves an increase of hull efficiency from 0.94 to 1.105, 
a gain of 17} per cent. figured on the efficiency with in- | 
turning screws. Of course, this is for the model, and we | 
believe the wake action is somewhat less for a full-sized 
ship than for its model, but there is at least one fairly 
authenticated case of a full-sized ship where the results 
were fully as remarkable as those indicated in Fig. 8. 
This was the Niagara II., a steam-yacht built in the 


United States some years ago, which was nearly 250 ft. 
long, and of 2000 tons <n ag She had a Lundborg 
stern, involving wide horizontal shaft bossing, and her 
dead-wood aft was not cut up. ; 
‘*She had two six-hour trials under similar conditions, 
except that her screws were interchanged from side to 
side, so that they were inward turning on the first trial, 
and outward turning on the second. Unfortunately, the 
horse-power was not accurately determined, but it was 
closely estimated at 2100 with the inward-turning screws, 
and 1905 with the outward-turning screws. There sees 
no doubt that the power was certainly the greater with 
the inward-turning screws. é ’ 
‘“* Nevertheless with the inward-turning screws, ‘© 
average speed was but 12.8 knots, with an apparent =.!p 
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of 26.4 per cent.; while with the outward-turning screws 
the average speed was 14.12 knots, with an apparent slip 
of but 13.3 per cent. 

“Of course, these remarkable results have a cause, and 
there seems to be a very simple and adequate explanation. 

« \ wide horizontal web causes some discontinuity in the 
waterflow. Above it the water closes into the ship with 
a much stronger horizontal or transverse motion than it 
would otherwise have, while below it the water has much 
less vertical motion than it would otherwise have, so that, 
broadly speaking, the propeller-blades when in their 
lower position are working in water flowing practically 
parallel to the shaft, while in their upper position they 
are working in water whose relative motion makes an 
appreciable horizontal angle with the shaft. Now this 
angle of obliquity, if I may call it so, does not need to 
be great seriously to modify the ba 4 angle. The sli 
angle is small at most. Thus for pitch ratio of 1.25 an 
slip of 20 per cent. the slip angle is but 4 — 

“Then if the water has but 3 deg. angle of obliquity, it 
will reduce the slip angle of a blade moving with it by 
3 deg., and increase the slip angle of a blade moving 
against it by 3 deg. Now the blades in the upper 
positions of an inward-turning screw are moving with 
the water that is closing in above a horizontal web, and for 
an outward-turning screw are moving against it; so that the 
effect of the obliquity of 3 deg. is equivalent to a virtual 
positive wake for the —- blade positions of out-turn- 
ing screws, and a virtual negative wake for in-turning 
screws. If the whole screw column has this oblique 
motion, there would be little net results. There would 
be virtual increase of wake over half the column, and 
equivalent decrease over the other half. But in this case, 
as already pointed out, there is little change over the 
lower half. The oblique motion being nearly confined to 
the upper half, produces radically different results accord- 
ing as the screws are in-turning or out-turning. 

“When we consider the case of vertical bossing, the con- 
ditions change radically. Broadly speaking, inside of 
the boss there is exaggerated upward motion, while out- 
side of it there is comparatively little obliquity. Now 
the blades of the in-turning screw in their inner position 
move against the ascending water, and those of the out- 
ward-turning screws move with it. Hence, when there 
isa vertical boss the inward-turning screw has the in- 
crease of virtual wake, and the outward-turning screw the 
decrease, resulting in the marked gain for the in-turning 
screws when the bossing is vertical, as shown in Fig. 8. 

“In Fig. 1 the author has brought up to date a figure 


given by me nearly twenty years ago, when, in attempt- 
ing to formulate some rule for wake, I plotted such results 
as I could obtain upon block coefficients and drew a mean 


line through them. In the light of the latter data now 
brought together in Fig. 1, it is evident that a new mean 
line would be somewhat lower. If we denote by the wake 
fraction w the ratio between the speed of wake and the 
speed of the ship V—not V,—the expression for hull 
. aform which has the advantage 
-—w 

of making w and ¢ directly comparable. Converting the 
twin-screw wake values of Fig. 1 to fractions of speed of 
ship, and using w to denote these fractions, the resulting 
accurate mean line, calculated by least-square methods 
from Fig. 4. would be 


w= - 





efficiency becomes ; 


0.2 + 0.535 6. 


Similarly from Fig. 2 we would have for a mean line for 
the thrust deduction coefficient ¢ 


t= — 0.198 + 0.557 b. 
These expressions are nearly identical, confirming Froude’s 
dictum of many years ago, that for twin-screw vessels, on 


the average, wake factor and thrust deduction neutralise 
each other, and hull efficiency is unity. In the light of 
Figs. 1 and 2 it would seem reasonable to adopt for twin- 
screw vessels, in the absence of special experiments, a 
single approximate formula for wake fractions and thrust 
deductions—namely :— 
w= — 0.2+ 0.556 = ¢. 

This, of course, would apply only to vessels with pro- 
pellers in average locations and tan Moe the shafts sup- 
ported by struts, or by shaft-bossing, that does not 
materially modify the natural water-flow.” 


Sir John Thornyeroft was the first speaker in the 
discussion. He said that although he did not quite 
agree with Professor Henderson’s remarks about 
the effect of wake on thrust, his attitude might be 
open to conviction. The Professor had said that 
the wake was not rotated by the screw to any con- 
siderable extent. The speaker then drew a sketch 
on the blackboard similar to Fig. 3 in the paper 
under discussion, and observed that this represented 
the blades of a serew rotated in water—not a perfect 
fluid. if it turned clockwise, as Professor Hender- 
son had suggested, the water would, by its inertia, 


resist turning in the spaces between the blades, 
but the mass in each com rtment would be turning 
round the axis, and thus iioe a rotation as a whole, 
reducing the pressure in the centre of the column. 


th 1s consequently caused an increased flow through 
a Screw’s disc, which must mean work done on 

© stream feeding the propeller before arriving 
at the screw, but derived directly from the action 


. the screw and increasing its thrust. Professor 
end 


ible ( 
it an 


erson appeared to think there was no percept- 
T material rotation caused in the water before 
ived at the screw, due to the action of the 








screw. The water, however, tended to follow the 
retiring surface of the screw at all parts in tube- 
streams perpendicular to the surface at each part. 
The result of this must be a spiral motion of 
the whole stream acted upon by the propeller. 
He had spent some time in designing a propeller in 
which it was endeavoured to make the acceleration 
of the propelling stream entirely within the instru- 
ment, and an account of the results obtained might 
be found in vol. xxiv., page 42, of the Transactions 
of the Institution of Naval Architects. This instru- 
ment consisted of a screw of rapidly-increasing 
pitch, and having a boss also increasing in diameter 
from the face where the water entered the screw’s 
disc to the back. Behind this tapering boss there 
was extended a tapering body carrying guide- 
blades which supported a short cylinder, which also 
surrounded the screw. In this combination the 
water entered the instrument, having a section 
equal to the entire disc of the screw, but the taper- 
box and increasing diameter of the central body 
reduced the section at the back end of the casing, 
so that any desired contraction could be given to 
the propelling stream as it passed through the pro- 
peller. The result of this arrangement was that 
about twice the thrust could be obtained with a 
given diameter and equal efficiency. With regard 
to the loss of pressure in front of the screw not 
influencing the propulsion, the speaker was not 
clear how far this was true. Of course, it might be 
assumed that the loss of pressure on the surface 
between the screw and the coming water might be 
anything down to the pressure of the atmosphere, 
plus the head of water due to the immersion of the 
screw, and the water would be accelerated towards 
the screw’s surface. Of course, cavitation would 
begin before this point was reached. 

Regarding the effect of the type of blade section 
referred to in Mr. Abell’s paper, it had not been 
stated, however, if all the blades were of the same 
thickness. The section of a bird’s wing was very 
probably a very good section for that of a screw- 
propeller, and it consisted of a hollow or increasing 
pitch followed by aslightly convex surface near the 
after edge. 

Mr.S. W. Barnaby said that Mr. Luke, in diagrams 
of velocity of wake for different ships (Fig. 1 of the 
paper), had shown that many conus had almost no 
wake value at all. In their faster destroyers his 
firm were certainly getting a negative wake ; the 
results from the screws, at all events, pointed to 
that. It was difficult from some points of view to 
see how a negative wake could be arrived at, 
because it meant that the water at that position 
was actually receding from the ship. He had 
always thought that this matter was dependent 
upon the position of the stern in relation to the 
wave motion accompanying the ship. Were the 
stern fully in the trough of the wave, and the screw 
working continuously in the trough of the wave, 
the orbital motion of the water in that position 
would be sternward. That would always tend to 
reduce the frictional wake, and sometimes even to 
overpower it, and would create a negative value. He 
believed as much as 3 per cent. negative wake was 
obtained in destroyers of about 33 knots. He 
was unable to see why, as the author stated, 
variation in pitch had little or no effect on either 
of the hull efticiency elements. Variation of 
pitch, he thought, must increase the thrust deduc- 
tion. They were told that this did happen, but 
that wake varied in such a way that hull efficiency 
remained equal to unity. Perhaps Mr. Luke would 
explain that point a little more fully. He thought 
that Mr. Taylor’s contribution re-opened the ques- 
tion of inward-turning and outward-turning screws. 
Latterly it had been concluded that inward-turning 
screws were necessarily less efficient than outward- 
turning screws. Results published by M. Normand 
with regard to the trials of the torpedo-boat 
destroyers Hallebarde and Epee seemed to point 
most conclusively to the fact that outward-turn- 
ing were better than inward - turning screws ; 
but in that case there was no shaft-bossing. 
Apparently shaft - bossing modified the whole 
thing. With regard to bectener Henderson's 
paper, he would ask whether, in the experi- 
ments, the whole system was moved through the 
water. To this Professor Henderson replied in 
the negative, whereupon Mr. Barnaby continued 
that it was necessary to be extremely careful 
in making deductions from experiments on pro- 
pellers which were not moving through the water, 
as the results were sometimes very much modified 
if the whole thing was moved through water. If, as 








Professor Henderson considered, the acceleration 
forward of the propeller did not take any useful 
value in thrust, why, whena little air was admitted 
in front of the propeller to produce cavitation, did 
the thrust fall off? He wished, in conclusion, to 
refer to one practical point. Mr. Froude had 

inted out that, due to the roundness of the 

lade, the effective pitch of the screw was a little 
more than the face value of the pitch, and he had 
given the average figure as 2 per cent. That was 
true for reciprocating engines, but was not, within 
the speaker's experience, true for the turbine- 
engines and screws, and the speaker believed the 
reason to be that we were dealing with such high 


thrust. With turbine-driven screws incipient cavi- 
tation was always present ; and, according to his 
experience, the propellers always rota about 


3 per cent. faster than they should do from Mr. 
Froude’s figures. That brought up the question of 
the maximum thrust which propellers should take. 
No doubt the turbine-driven propeller could utilise 
a higher thrust per square inch than the pro- 
peller driven by reciprocating engines, because of 
the much more uniform turning moment of the 
turbine-driven screw; its rotation was perfectly 
uniform, therefore cavitation did not commence 
so soon as it did with the reciprocating engine. 
In the case of a four-cycle motor-driven screw, 
owing to the intermittent character of the impulse, 
there could not be such a thrust as could be got 
with a reciprocating engine or from turbine-driven 
screws, 

Mr. Archibald Denny followed. With regard 
to the question of the screws turning outwards or 
inwards, Mr. Taylor had given one example. He 
would give another. His firm had built a vessel 
300 ft. long. Her block coefficient was finer than 
Mr. Luke’s, which was about 0.55, and her speed was 
hetween 18 and 19 knots ; the bossing was inclined 
at 30 deg. In the case of Mr. Luke’s diagram 
(Fig. 8 of the paper) the maximum point was 
45 deg. The vessel was specified to have inward- 
turning screws, but his firm, as the builders, had 
objected. The owner, however—a scientist—was 
very positive as to the advantages of the arrange- 
ment specified, and had insisted that it should 
be carried out. His firm, nevertheless, took the 
liberty of so arranging the engines that they could 
be driven either way with equal ease. After they 
had tried turning inwards they tried outward 
turning, and reversed the propellers. Turning 
inward, they found the torque was 84 per cent., 
but turning outwards it was 124 per cent.; that 
was an interesting result. 

Referring to Mr. Barnaby’s remarks about the 
wake of torpedo vessels, he, Mr. Denny, had found 
in the case of the torpedo-boats he had recently 
constructed that the wake was about 4 or 5 per 
cent. positive, not negative. A question was here 
asked as to the speed to which these figures referréd, 
and Mr. Denny replied that it was 33 knots. The 
a had tried, at very considerable expense, 
the effect of varying the shape of blade. One parti- 
cular shape had given good results in the tank and 
in the ship. Another shape had been tried which, 
in the tank, gave still better results, but disap- 
pointed expectations when applied to the ship. He 
was therefore careful in coming to conclusions in 
this matter of shape. Mr. Taylor had at first enter- 
tained very positive views on the question of 
shape, but had, the speaker believed, latterly 
considerably modified his attitude on this question. 
With regard to a point in Professor Henderson’s 
paper on the similarity of results with nfodels and 
in ships, Mr. Denny said that while it was possible 
for any particular type of vessel and any particular 
screw, to predict from tank to ship, it was neces- 
sary always to take the same particular types when 
predicting for any other vessel. Mr. Abell had 
suggested that the difference between Mr. Froude’s 
results and those of Mr. Taylor were probably due 
to cavitation taking place. Cavitation did not occur 
in the tank, and in dealing with model screws, 
when it was believed, from calculation, that the 
point of cavitation was near, the law of com- 
parison between the tank and the ship would not 
apply, and the matter had to be dealt with diffe- 
rently. On the question of virtual pitch, Mr. Abell 
had thought this was probably due to the rounded 
back, but with that the speaker did not agree. 
With a blade of wedge-shaped section, the real 
pitch would be along the lines bisecting the angle, 
and that showed it to have nothing to do with the 
rounded back. Mr. Abell had stated: ‘‘The 
experiments made at Haslar showed that for 
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the blade widths there tried the increase was about 
10 per cent. This increase has now long been 
known to be the effect of the rounded back of the 
blade.” The speaker considered that this state- 
ment was not sufliciently precise, and would be 
glad if the author would say when it was first 

nown ; he did not think it could have been known 
before experimental tanks were instituted, and he 
did not believe the fact could be established other- 
wise than by trial in an experimental tank. 

The discussion was continued by Professor J. J. 
Welch. It was, he said, interesting to note that 
the results obtained by Mr. Luke contirmed gene- 
rally Mr. Froude’s conclusions, set out by the 
author, as to ratio of screws and wide clearances 
from hull, and as to the negligible effect of 
direction of rotation on hull efficiency. In the 
speaker’s view the most striking results were em- 
bodied in Figs. 7 and 8 of the paper. The in- 
crease of hull efficiency, with decreased diameter of 
screw, was most markedly shown in Fig. 7, and 
suggested that it might be possible to obtain better 
results from small single screws driven by internal- 
combustion engines than from larger propellers 
associated with reciprocating engines, notwithstand- 
ing the higher rate of revolution in the former case. 
He believed that the diagram might explain some of 
the results given in Mr. Linton Hope’s paper, where 
high performances were recorded for the Fyfie, with 
single screws driven by internal-combustion engines. 
Fig. 8 showed surprising variations in hull efficiency, 
with differences in the angle of bossing. He would 
ask the author whether this was a real wake effect, 
or whether it was not rather due to the stream-line 
effect consequent on modification of the angle of 
bossing. Turning to Fig. 6 of the paper, it would 
be seen that the hull efficiency was greater the 
more closely the centres of the screws were brought 
together. He assumed that the mean position 
shown dealt with normal clearances. He felt that 
Mr. Luke would agree that it would not be possible 
to take the fullest advantage of cleseness of screws 
to hull, particularly with fast running, on account 
of possible local hull vibration. He would be glad 
of Mr. Luke’s opinion as to what constituted a 
safe minimum of hull clearance, expressed either 
in terms of absolute measurement or as a ratio of 
the diameter of the screw. He would inquire if 
Mr. Luke had extended his investigations to cases 
where one screw was placed behind the other, as 
in the contrary turning screws of a torpedo. 

Mr. P. A. Hillhouse said that the importance of 
the subjects dealt with by Mr. Luke was illus- 
trated by the fact that the Massachusetts Institute 
of Technology were making a series of experiments 
in the same direction with a 40-ft. mi fe launch, 
this launch being a model of their steamer, and they 
intended to compare the results with the measured- 
mile trial of the actual ship. This might throw 
light upon the difference between actual and model 
experiments. Referring to the formule given by 
Professor McDermott, the speaker had found that 
certain figures which the Professor had published 
in relation to wake could be formulated thus :— 
W=the wake factor, eyual to 30 times the pris- 
matic coefficient minus } of ratio of length to 


breadth, minus 5.5, or 30 p — } 5 — 5.5. 


This formula was really empirical, but the 
speaker had been in the habit of using it with 
satisfactory results. He considered it would be an 
advantage if Mr. Luke would state actual clear- 
ances between tip of propeller-blade and hull sur- 
face. Mr. Luke’s paper led to the re-study of 
Froude’s papers of 1883 and 1886. In the latter 
paper Froude said that ‘hull efticiency was prac- 
tically equal to unity in most cases.”’ This view 
was a convenient one, but Mr. Luke’s paper showed 
that in some ordinary cases a variation of 10 per 
cent. was obtained, and in passing from the extreme 
position of flat bossing to vertical bossing the 
variation amounted to 2€ per cent. With regard 
to Mr. Abell’s paper, it was comforting to learn 
that Mr. Taylor and Mr. Froude were in such close 
agreement. 

Mr. C. H. Wingfield was the next speaker. He 
would suggest that one way of considering the 
question of bossing was to think of it as being analo- 

ous to the case of guide-blades sometimes put in 
ront of a centrifugal pump. This idea Mr. Wing- 
field illustrated by means of a sketch on the black- 
board showing the pump guide-blades directing the 
flow against the impeller blades. If such guides 
were used, the result obtained were improved. In 





a ship, if the bossing were in such a position 
as to act rightly and guide the water in the right 
direction, there would be advantage, while dis- 
advantage would follow from bossing so placed 
as to act wrongly, and that, he thought, was why 
outward turning was sometimes better, and some- 
times inward turning He was reminded in con- 
nection with the rotation of the water of an experi- 
ment he had seen at the Royal Institution some years 
ago. The lecturer was referring to water-spouts, and 
the phenomena of the upper atmosphere. He used 
air instead of water. in the top of a glass case in 
which he made his ‘‘ water-spout” he had a disc with 
vertical radial blades on its upper side, this disc re- 
volving on a vertical axis. When this propeller was 
spinning it would throw air out in a more or less cir- 
cumferential direction. Air balloons were put in 
the case to show what the air was doing, and it was 
shown that the water-spout phenomenon could be 
reproduced in that way. 

It had been said that the rounded back of screw- 
blades was discovered to be an advantage. The fact 
was, however, that with the rounded back the effec- 
tive pitch of the blade was really the mean of the 
surface pitches. Mr. Walker had clearly shown, 
in a paper on ‘‘Screw-Propeller Fans,” read before 
the Institution of Mechanical Engineers, that all 
the effect obtained with water could be got with air, 
and that the effect of rounding the back was ail 
explicable by taking the effective pitch of the blade 
as the mean between the two surfaces. He would 
ask Professor Henderson to explain somewhat more 
fully what he really did in the case of his experi- 
ments described in his added remarks given after 
reading his paper? It appeared that there were 
two tubes, one of which measured pressure, and the 
other velocity in the ordinary way. No increase of 
pressure was observed, but, of course, there was 
increase of velocity. Because there was no increase 
of pressure, Professor Henderson had concluded 
there was thus no thrust due to velocity of water ; 
the speaker could not understand the reason for this 
conclusion. Ifa big jet of water were produced by 
a squirt, the pressure in the water would not be in- 
creased after it left the jet; but a thrust would be 
produced, which, the speaker would think, would 
work backwards. Having a velocity, there should 
be thrust. 

Mr. Wingfield believed that no one had touched 
upon the reason of the increased hull efficiency 
with smaller propellers. By way of suggestion, he 
would suppose a vessel with a very full stern and 
a big propeller ; the propeller would have a tremen- 
dous skin-thrusting action. The stream would 
contract to a degree depending on the size of the 
propeller. If a smaller propeller were used, the 
stream would go much further in. There would 
then be less water playing about behind. If two 
propellers were set wide apart, the water would be 
turned about in the interval in a much more hetero- 
geneous manner than if the propellers were brought 
close together and a definite system were main- 
tained. 

Sir William White referred to the comments 
made on the practical agreement between Mr. 
Taylor’s and Mr. Froude’s work. He would, in 
this connection, point out that in the case of Mr. 
Taylor’s experiments the screws were 16 in. in 
diameter as against 9} in. or thereabouts. Mr. 
Taylor’s work was perfectly independent, and was 
undertaken without any idea of controverting Mr. 
Froude’s result. It was gratifying, therefore, to 
find, from Mr. Abell’s analyses of the two sets of 
experiments, that two such investigators produced 
results which were in accord. Sir William had had 
an opportunity of seeing Mr. Taylor’s tank and the 
arrangement which he had schemed, with the 
beautiful phenomenon of cavitation and the illu- 
minated screw. He had also seen a great deal of 
power delivered to the screw and the negative 
thrust being recorded, which, whiie not aimed at 
in practice, was, nevertheless, very interesting. 
In fact, he believed that some of the information 
Mr. Abell desired with regard to zero thrust might 
be forthcoming from the experiments, although the 
latter were undertaken for another purpose. 

Turning to Professor Henderson’s paper, Sir 
William said that working navalarchitectsand marine 
engineers were indebted to the author for approach- 
ing his problem by a new way. The author had 
himself admitted, however, that the analogue 
should not be pushed too far, and the criticism 
of the paper had shown the points of breakdown of 
the analogue. For their analyses by mathematical 
and scientific methods, the Institution was greatly 





indebted to Professor Henderson, and to men like 
Professor Greenhill and Professor Cotterill for sey- 
vice in helping matters forward by showing the 
independent views of those who were approaching 
the subject from a purely scientific side. Speaking 
on the matter of experimental work, he said that 
from full knowledge of what was done he could say 
that the launch, which was built to one-sixteenth of 
the size of the Cunarders, and was electrically- 
driven, and in which every detail from the 
practical side was considered, paid for itself 
over and over again. Everthing that had taken 
place at the meeting served to emphasise the 
value of Mr. Yarrow’s gift of the tank at Bushy, 
He would like to say that, in addition to freely 
placing their experimental tank work before the 
Institution, Messrs. John Brown and Co. had been 
one of the earliest and most liberal supporters of 
the proposal for the establishment of the experi- 
mental research tank at Bushy. In conclusion, the 
speaker said that if the shipowners of this country 
realised that a saving of only 5 per cent. in the 
economy of fuel by improvement of propellers 
would be certain to bring a return which would 
pay for a tank and its maintenance over and 
over again, he felt sure that they would heartily 
support the tank installation. So far, there had 
been few helpers to the maintenance fund, but 
he hoped that help would be forthcoming, not 
merely from the larger and more responsible ship- 
building firms, but also the ship-owning firms of 
the country. 

The meeting then adjourned for luncheon. 

On reassembling after the interval, Sir William 
White took the chair. The discussion on the 

pers of Mr. Luke, Professor Henderson, and 

r. Abell was resumed, the first speaker being 
Professor Féttinger, of Danzig. This speaker first 
referred to a model propeller made by him in 1902 
in connection with work on the cruiser. Bogatyr, 
constructed to the designs of Herr Schlick. In 
connection with this work a 36-ft. launch had been 
built, in order to study the question of vibration 
caused by the propellers, and the twisting moment 
exerted by them on the hull. It had been ex- 
pected and hoped that the twisting moment 
would be a constant quantity, as the propeller was 
electrically driven, but it was found to vary, and 
when plotted showed a wavy line. It was found 
that the variations disappeared when the propellers 
were placed well behind the ship. This was, of 
course, a scientific development rather than one 
of practical value, but it suggested that this 
might afford a means of making use of the wake 
energy, without obtaining a larger amount of 
thrust deduction. He found that it was when the 
propeller was placed about two diameters away 
from the ship that these variations disappeared. He 
would add, that the propeller was one of 16 in. 
diameter, and therefore about the size of that used 
in Mr. Taylor’s experiments. He thought that 
although scientific methods were treated rather 
slightingly here perhaps, a great deal might be 
learnt by the scientific treatment of practical re- 
sults. He had studied this subject closely, and his 
theories were in agreement with Professor Hender- 
son’s. He wished to direct attention to the fact 
that a screw did not absorb any energy in a perfect 
fluid. There was no need of any power, to move a 
body, in a perfect fluid, nor could any thrust be 
gained in such a fluid. Professor Henderson 
wanted to get a flow of water in his experiments. 
But with a perfect fluid there would be no axial 
flow. After all, the propeller was only a special 
form of body, and in a perfect fluid it would behave 
like any other body. It would not be possible to 
get any power under such conditions in any 
direction, neither in the direction of thrust or 
radially. If some form of piston were introduced, 
in order to impart motion to the fluid, the difficulty 
with regard to what was happening on the other side 
of the piston arose. The use of a piston introduced 
discontinuity. He would say that in his opinion 
if ‘‘ continuity ” were obtainable in a turbine, using 
a perfect fluid, no power would result. Actually in 
the turbine there was discontinuity, there being 4 
difference of pressure on the two sides of the blades. 
With the perfect fluid the stream-line motion would 
be perfect, and would give no component in the 
direction of revolution. Again, in the perfect 
fluid there was no waste of energy. The action 
of the propellers was caused simply by discon- 
tinuity, which commenced at the leading edge. 
With regard to the reference to Professor Flamm s 
experiments, he thought it was a pity that no refer- 
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ence had been made to those of Professor Ahlborn, 
of Hamburg, which were much more complete than 


the series actually mentioned. In experiments of 


his own he had studied the subject of stream-lines | 


by means of an apparatus consisting of a tube with 
the propeller fixed at the end. Air was blown 
down the tube and the effect measured. He had 
also found that in one set of experiments a pro- 

Jler began to draw air continuously at 120 revo- 
lutions per minute. In some of his experiments he 
had put fine particles of sawdust in the water, and 
had watched the stream-line action by these means. 
Professor Ahlborn had obtained many results on 
propellers, some of them with the screw moving 
through the water as well as with stationary screws. 


He had, moreover, checked his work by means of | 


the cinematograph. The base of the whole theory 


of propellers was action in a perfect fluid, and from | 


this a practical theory could be worked out. He 
thought there were already plenty of facts, and 
they only needed putting in order, and the laws 
could be deduced. 

Professor W. 8. Abell, who was the next speaker, 
said that Mr. Luke had stated that the velocity of 
the wake was a percentage of the velocity of the 
propeller. Wake appealed to him rather as a 
phenomenon brought about by the movement of the 
ship, and he thought it would be better expressed 
therefore as a fraction of the velocity of the ship. 


With regard to the question of outward-turning | 


and inward-turning propellers, all his experience 
went to prove that the greater hull efticiency was 
obtained with outward-turning propellers. With 


regard to bossing, he thought that if this were ad- | 
|read off. He wished to record the advantage of | to the need ofa conference onterms. They had, for 


justed, the hull efficiency was prejudicially affected. 
Bossing might affect the direction of the water for | 
the propeller, and might seriously affect the supply. | 
He would ask the question, Why not abolish boss- 
ing and revert to supports, as adopted in the Navy / 
With regard to the influence of bossing on hull re- 
sistance, he wished to know whether the resistance 
of the model was exaggerated, or whether it was | 
found to be the same as the ship’s. He had known 
it stated that the two did not compare satisfactorily. | 
lie thought it interesting that Professor Hender- 
son had arrived from purely theoretical grounds at | 
practically the same screw formula that Froude had | 
established working on practical and theoretical | 
lines combined. 

Mr. G. 8S. Baker followed and asked if Mr. Luke | 
would give the prismatics of the model used, as the 
hull efticiency was more sensitive to the prismatics | 
of the after body than the block. He thought | 
the introduction of a web in front of a screw 
should cause a reduction in the wake of the ship. 
The cause of this was in the variation of stream- 
line flow caused by the webbing, and was not purely 
frictional. With regard to Professor Abell’s re- 
mark about the comparison between models and 
large ships, there was always a large frictional 
correction to be made, and it must be remembered 
that the elements of wake and thrust deduction had 
an indirect influence on the screws, but how much 
could only be worked out for individual screws. 
He considered that Mr. Abell, in his paper, might 
have laid greater stress on the difference of 
thickness of Froude’s and Taylor's experimental 
blades. He thought that if Froude’s blades had 
been thinner, Taylor’s figures would have shown 
that the two curves in Fig. 6, in which disc area 
ratio was plotted against ‘‘a” value for pitch ratio, 
would have been brought into agreement. In con- 
sidering the question of the variation of thrust 
with the speed, Mr. Abell had sought for the cause 
in eddying at the back of the blades. He thought 
it should be looked for rather in the influence of 
the boss, or the distortion of the blades. He might 
state that Taylor and Froude had both tried skew- 
backed blades, but the effect of this alteration was 
negligible. 

Professor Henderson had given a formula in his 
paper 


1-Se 
7= ° 
1_ 8 
2 
If S, had to be made as large as possible, this 


meant the acceleration of the water in front of the 
propeller until the stage was reached of the perfect 
fluid, the water entering and leaving with equal 
Velocity. 

Mr. John Smith, who was the next speaker, 
stated that Mr. Abell had shown that though 


Taylor's and Froude’s screws differed in thickness 
and diameter of 


boss, yet there was a wonderful 





agreement in results. If the naval architect had a | Placing the propellers well out astern could natu- 


free hand in the choice of screws, he could, he rally not be done in large sh 


thought, advantageously select one with a pitch 
ratio above 1. 


|of 1.3 were taken, with, say, a disc area of 0.3 and 
|slip 20 per cent. As a matter of fact, the naval 
‘architect was restricted by the engines. He had 
| often considered what the effect would be if the 
screw were made to revolve in a tapering tunnel, 
with the screw placed just at the constricted part, 
|so that an artificial wake would be produced. It 
‘seemed to open up possibilities, but unless the 
|stream-lines were known it would easily be pos- 
sible to make such a passage as would give worse, 
rather than better, results. 

Mr. 8. V. Goodall asked whether Mr. Luke had 
measured the efticiency of the screw behind the 
model and in free water in order to get what 
Froude called the relative rotative efficiency. 
Froude had pointed out that the effect of bossing 
on this was appreciable. In Mr. Abell’s paper the 
statement was made that the effective pitch should 
not be taken as 2 per cent. greater than the 
nominal ship pitch, but of some different value. 
Was there any reason for attributing this to a dif- 
ference in effective pitch rather than to wake. He 
considered that Mr. Abell applied a most exacting 
test to Messrs. Froude’s and Taylor’s experiments, 
as they were not carried out under similar condi- 
tions. With regard to Mr. Abell’s new method of 


The usual figure chosen was 0.8 to | 
|0.9, and a marked improvement followed if a ratio 


| Fig. 1 was diagrammatic. 
the fact that he could not produce the circulation 


ips owing to the need 
: r. J. Smith had in 
mind, of working a propeller in a constricted pas- 


of support. The scheme 


/sage, had been the subject of the paper, he thought, 
read by a Japanese gentleman recently before the 


North-East Coast Institution. He had not given 
the subject much thought up to that time. 
Professor Henderson, in reply, said he thought 
much of the criticism arose from misunderstand- 
ing. The problem could either be treated as local, 
and included the pressure on both sides of the 
blades, or considered as regards imparting motion 
to the surrounding fluid. You could not, how- 
ever, jump from one to the other. He considered 
that there must be rotation of wake, or there 
would have been no torque, but it could not 
have been rotation of wake as a whole. Mr. 
Barnaby had spoken of what happened when air 


2 
entered. The total head given by ? + . was con- 
w 2 


stant throughout the circulation in the true vortex ; 
but if air was blown in, the vortex system was im- 

ired, and the matter could not then be treated 
in the same way. He wished to explain that his 
He was quite aware of 


in a perfect fluid. With regard to Mr. Smith’s 
suggestion, he might be allowed to point out that 
the real difficulty would be in maintaining con- 
tinuity abaft the screw. If this could be done by 


| first. 


calculating screw dimensions he gathered that the | retarding contraction, and eddies could be avoided, 
curves for —.“ were to be plotted and the values |there might be something in the idea. He would 
P |like to take the opportunity of drawing attention 


the use of a special form of slide-rule introduced | instance, ‘‘true slip,” ‘‘actual slip,” and ‘‘ effective 
for these calculations by Mr. Gordon. | slip,” and then there was the term ‘‘ normal slip,” 
The available time for discussion having elapsed, | which was the same as “true slip,” and ‘analysis 
Sir William White called upon Mr. Luke to reply | slip,” which was the same as “‘ effective slip.” With 
With regard to Professor Henderson’s paper | regard to pitch, if a coloured liquid were projected 
Mr. Luke said he was very glad to find that the old | from the end of an L-shaped tube fixed axially in a 
expression 1—S was giving way to MacEntee’s | propeller shaft revolving in a column of water, the 
formula |spiral slrown by the coloured liquid would give a 
1-8 | pitch, which, subtracted from the pitch of the pro- 

1-8 | peller, would give the effective pitch. 
2 Mr. Abell, in his reply, said that he had not advo- 
7 : : cated the double convex section of blades from an 
He claimed a httle credit for having been one of the | idea of getting an increased efficiency, but because 
first to bring this forward. ’ | it was a section for which the tiue pitch was actually 
He thought there was a great deal in Mr. Abell’s|nown. Mr. A. Denny had said it was impos- 
new method of calculating screw dimensions ; it was | sible to get cavitation in tank experiments... He 
a great simplification of method. He was glad to | thought opinions on that point would differ accord- 
find Froude’s and Taylor's experiments agreed so | ing to the definition of cavitation, which was really 
closely. The method of conducting his own experi-| the point at which the continuity of the water 
ments was too much to describe off hand. He | broke down, whereas it was taken in practice as a 
put forward the suggestion that since Froude’s oint at which the thrust rapidly fell off with an 
paper of 1883 was out of print, the Institution | increase of revolutions. The effect of the back of 
might well undertake to have it reprinted. The | the blade on modifying the actual pitch had been 
Institution’s funds would be well spent if this|;pnown for years, and had been pointed out in 
were done. This suggestion met with the evident | Messrs. Thornycroft and Barnaby’s paper before 
approval of members present. He agreed with | the Institution of Civil Engineers. r. Baker had 
r. Barnaby that negative wake was sometimes | spoken of distortion, but at the ‘‘no thrust” con- 

found. He had found it in torpedo-boat de- | dition there could not be distortion. 
stroyers, the value being about 5 per cent. Usually | Sir William White, in asking members to pass 
it was less than that, but sometimes it was as | votes of thanks to the three authors for their 
high as that amount. Mr. Barnaby had referred | pers, said that practically the literature concern- 
to variation of re and seemed sur rised that |ing the propeller was in the Institution’s Trans- 
with variation 0 pitch there was very little varia- | actions. Although. Rankine, the elder Froude, 
tion in thrust deduction. He, too, had been sur-| Cotteril, Greenhill, and others had given their 
prised at this result, and could not explain it. Wit opinions in that room, he thought that that day's 
regard to Professor Welch’s remark on high hul proceedings would compare favourably with those on 
efficiency shown with single screws, it had to be | former occasions. He requested Professor Féttinger 
remembered that in order to get a given thrust, as to fayour the Institution with an abstract of Pro- 
the diameter of the screw diminished, the slip was fessor Ahlborn’s work, to which Professor Féttinger 


greater, and therefore it was not all gain with the replied that he would convey the request to Pro- 
small screw. The wide differences showed by boss- fessor Ahlborn himself. 


ing was due to stream-line action, and the bossing 

should be patterned from the model to the ship, 

though the effect of friction gives an exaggeration in 

the model. He would add to his paper particulars 

of the hull used in the experiments. Professor 

Welch had asked whether they had tried contrary | 
tuning propellers on the same shaft. They had 

thought of experimenting on those lines, and had 

even gone so far as getting the necessary apparatus, | 
and he hoped at some future date to submit the 

results to the Institution. He wished to say that 

Messrs. John Brown and Co. desired to do all they 

could to help forward any explanation possible with 

regard to their science. 

Jith regard to the remark made by Professor | 
Fottinger as to the propeller being clear of the 
vessel, he thought that in torpedo-boat destroyers in 
which the stern was very much cut away, the pro- 
pellers were virtually working in a clear position. 


< 











WEIGHING Surp’s CARGOES, 


The next paper, owing to the lateness of the 
hour, was not read. The author, Mr. Murray, 
gave a demonstration on the subject, which was 
**A New Method of Weighing Cargoes on Board 
Ship.” The demonstration was quite informal, 
Mr. Murray explaining the method adopted by 
means of two models, one of which represented a 
ship afloat, while the other represented a cross 
section of the hull to show the essential parts of 
the apparatus. The paper we shall reproduce in 
full ina future issue, so that we need not enter into 
any detail description now. One or two questions 
were asked with regard to the system of leverage, 
to which Mr. Murray gave explanations. he 
Chairman then adjourned the meeting until the 
evening. 


(To be continued.) 
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MECHANICAL GEARING FOR MARINE TURBINES. 
(For Description, see opposite Page.) 
GENERAL ARRANGEMENT OF TURBINE & GEARING FOR 22 FT CRUNCH. 
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Fig. 4. DETAIL OF TURBINE FOR 22FT LAUNCH 
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", Tue Mopet Enoivger” Laporatory AND Scxoo1 | to give practical instruction in turning, fitting, pattern- provided, and courses of instruction have been arranzed to 
or Mronanics.—This institution has been founded by | making, and other branches of engineering work. A | meet the requirements of amateurs and others who wish 
the proprietors of the popular weekly publication, the | workshop equipped with lathes, shaping-machine, drill- | to obtain instruction or practice in the use of tools. Full 

odel Engineer, in order to examine and test small | ing-machine, forge, and various electrical apparatus, and ticulars can be obtained from ** The Model Engineer 
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MECHANICAL GEARING FOR MARINE 
TURBINES. 
The Application of the Marine Steam-Turbine and 
Mechanical Gearing to Merchant Ships.* 


By the Hon. C. A. Parsons, C.B., F.R.S., D.Sc., 
Vice-President. 


THE steam-turbine has notas yet been applied to vessels 
of slow normal speed on account of the high initial cost and 
inferior economy in steam ; further, no promising scheme 
has as yet been evolved having for its object the modifi- 
cation of the turbine or propeller, so as to reduce the 
efficient speed of revolution of the former, and increase 
that of the latter for vessels of 12 knots sea speed and 
under; and the only approach of meeting these conditions 
(if we except gearing propositions) has been in the com- 
bination system, where the turbine —_ a secondary 
part in the ee by utilising the lower portion of 
the expansion of the steam between the low-pressure 


cylinder of the oe and the condenser. | 


This system was fully explained in the paper by Mr. 
Walker and myself at the meeting of this Institution in 
March, 1908.+ ; : 

The complete and most satisfactory solution for slow- 
speed vessels would appear to be by means of gearing, 
provided the losses in transmission, first cost, and cost of 
maintenance are not too great. Many forms of gearing— 
mechanical, electrical, and hydraulic—have been proposed 
or applied on a small scale. _ } 

I ted the first application of helical spur gearing to 

















| ratio of the gear 14 tol. The turbine was of the Parsons 
| type, with a reversing turbine on the same shaft incorpo- 

rated in the same casing (Fig. 4). The gear was single 
| helical, as shown in Figs. 5 to 7. The turbine took part 


| Fig 8 
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to be in perfect order, and did not require any repair. 
Helical and double helical r of fine pitch, suited to 
high speeds of rotation, wan, T baliove, first introduced by 
Dr. De Laval, of Stockholm, and has been extensivel 

used in connection with his turbine for many years with 
entire success, and at a moderate cost of maintenance. I 
have had several experimental sets constructed. One of 
these was a double helical gear of the De Laval type, 
made in 1897, gearing from 9600 revolutions of the tur- 
bine to 4800 of the dynamo, transmitting 300 horse- 

»wer. The efficiency was estimated by the method of 

eat loss to be above recent. This r was cut in 
an ordinary universal willing-machine without any special 
precaution as to accuracy, and I was much impressed (in 
spite of the obvious i ularity of the teeth) by finding 
how well it ran, except that it made a considerable noise. 

Gears that have been recently cut by the Power Plant 
Company and by special machinery run with very little 
noise. A recent experimental set of gearing cut by 
Messrs. D. Brown, of Huddersfield, for a speed reduction 
from 2000 to 400 revolutions, transmitting 300 horse- 
power according to a Heenan-Froude water-brake dynamo- 
meter, gave a total loss in the gear-case, including friction 
of gear and bearings, of 14 per cent. 

In the summer of last year the directors of the Turbinia 
Works Company decided to test turbines mechanically 
geared to the screw-shaft of an existing typical slow- 
speed vessel, and a cargo vessel named the Vespasian 
was purchased for this pur . The Vespasian was built 
in 1887 by Messrs. Short Brothers, of Sunderland. Her 





ARRANGEMENT OF RECIPROCATIN 


dimensions are:—Length, on load water-line, 275 ft. ; 
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drive a propeller was made by the Parsons Marine Steam- 


urbine Company, Limited, in 1897. The turbine was of 
10 horse-power, geared to two wheels, each wheel driving 
& propeller-shaft, asshown in Figs. 1 to 3, page 378. The 
revo.utions of the propellers were 1400 per minute, and the | 

* Paper read before the Institution of Naval Archi- | 
tects, March 18, 1910. 


| See ENGINKERING, vol. lxxxv., pages 502, 511, and 584. | 




















(5977 


of the thrust of the propeller, the remaining thrust being 
taken on the thrust-bearing in the gear-casing. The air, 
circulating, and oil-pumps were driven by worm gearing 
off one of the screw-shafts, as shown in Figs. 1 to3. The 
launch was 22 ft. over all, and attained a speed of 9 miles 
anhour. This launch was built to the order of Mr. F. B. 
Atkinson, for his yacht Charmian. The launch was sent 
to the Turbinia Works in 1904, and the turbine was | 
generally overhauled and cleaned. The gear was found 





breadth, moulded, 38 ft. 9 in.; depth, moulded, 21 ft. 2 in., 
mean loaded draught, 19 ft. 8 in. ; and displacement; 


tons, 

The vessel had se = mr Ang ordinary ey ion 
surface-condensing engine by Mr. G. Clark, of Sunder- 
land, with cylinders in., 35 in., and 59 in. in diameter, 


| by a 42-in. stroke. The air, circulating, feed, and bilge- 


umps were driven from the intermediate-pressure cross- 
Lead. with the usual arrangement of levers and links. The 
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condenser was cast. with the back columns of the main 
engine, and had a cooling surface of 1770 square feet. 
The boilers—two in number—are 13 ft. in diameter by 
10 ft. 6in. long, witha total heating surface of 3430 ae 
feet, and grate area of 98 square feet, working un er 

pressure of 1501b. with natural draught. The propeller is 
of cast iron, and has four blades, having a diameter of 14 ft., 


under service conditions, that the vessel should be run 
at her loaded condition. Arrangements were conse- 
quently made with a firm of shipbrokers to take a cargo 
of coal from the Tyne to Malta, and on June 26, last 
year, the Vespasian left the Tyne, in a loaded condi- 
tion, with a special recording staff on board, and on 
this voyage careful measurements of coal and water 


basis of revolutions. The difference between these two 
curves represents the consumption of steam of steerin:. 
engine, the exhaust of which wasled to a separate measur- 
ing tank. 
ig. 22 shows the water per indicated horse-power als» 

plotted to a basis of revolutions ; and 

Figs. 24, on the next page, shows the propulsive coetii- 
cient plotted to a basis of speed. 


consumption were made. 

The data and results of a 
progressive trial carried out 
on the Whitley Bay mile are 
given in Table I. (below) 
from which, together with 
the data taken on the voyage 
referred to, the curves in 
Figs. 19 to 22 and 24 have 
been plotted. 

Fig. 19 (full lines) shows 


a pitch of 16.35, and an expanded area of 70 square feet. 

With a view to obtaining comparative data between 
the turbine installation ian the reciprocating engine, it 
was decided to run trials with the vessel with her recip- 
rocating engine previous to its removal, and the instal- 
ling of the turbines and gearing. 

Fig. 18, on the previous page, shows a profile of the 
vessel, and Figs. 10 to 13 a general arrangement of the 
reciprocating engine and boilers. 

Before proceeding on the voyage upon which data 
regarding the performance of the reciprocating engine 





Horse Power 


(6396) 


Revolutions pr Miuite (Propeller) 


Water Lbs. Per Horse Power. 
Water Lbs. Per Horse Power 


75 : , 
Revolutions Per Minute (Propeller). Revolutions Per Mirarte (Propeller). 
TAB(E J,—S.8. ‘*‘ VESPASIAN.” PROGRESSIVE TRIAL ON HARTLEY MILE, WITH RECIPROCATING ENGINES. 


Draught taken at Whitley Bay, Draught, forward, 19 ft. Lin.; draught, aft, 20 ft. 3 in.; draught, mean, 19 ft. 8in. Dimensions, moulded, 275 ft. by 38.75 ft. by 21.16 ft. Displacement, 
4350 tons ; coetticient, 0.754. Propeller, solid cast iron, four blades; diameter, 14 ft.; pitch, 16.35 ft.; expanded area, 10,100 square inches. Measured mile at Hartley. High- 
pressure cylinder—diameter, 22} in.; mean cut-off, 71 per cent.; intermediate cylinder—diameter, 35 in.; meaa cut-off, 63 per cent.; low-pressure cylinder—diameter, 59 in.; mean 


cut-off, 64 per cent.; stroke, 42 in. 


(sey) 


Revolutions Per Mumute (Propeller). 





8. N 8. N. Ss N Ss N. 
1. Mean. Mean 
10.778 9.068 9.923 9.537 
67.4 68.27 67.83) 64.63 
142.5 130 2 137.5 
120.5 115 | 110 
40 42 36 
1.5/| 2.75 -1 — .875 
25.75 | 25.5 . 26 | 26.1 
27.25 | 26.87 , 27.06] 27. 27.37 | 27.52 


43.56 
23.93 


Mean. 
3, 9.075 
61.7 
124 
101 


31.25 
_9 


Direction of ru 
Mean 
9.809) 8.824 
62 (62.1 
128 | 128 
10l | 102 
3l 30.5 | 
-1.5 |-1.5 
26.25 | 26.25 
27.5 27.75 


8.759 
64.36 

132 

107 
35.5 


10.315 


io. 
11.009 9.300 


70.1 
149 
127.5 
45 
3.62 
25.2 
26.5 


70 
152 
128.5 


Npeed om ox wi 
Revolutions per minute 
Poiler pressure in pounds 
H.-P. receiver pressure 
1,-P. receiver pressure 
L.-P. receiver pressure 
L.-P. exhaust pre:ture 
Vacuum - 
Barometer .. vf 
Mean H.-P, pressure 
Mean I.P. pressure 
Mean L.-P. pressure 
1.H.-P., HP. er 

by LP. 
1.H.-P., LP. 
1.H.P., total 
Temp. circ. inlet 
Temp. cire, dire 
Temp. hotwell 





26.8 26.8 

28.25 28.25 | 28.25 
37.72 
17.35 


27 
28,31 


| 80.55 
13.82 
4.01 
125 
141.2 
117.5 
383.7 


39.3 | 40.5 
20.25 | 19.7 
6.32| 6.5 
197.5 | 203.5 
252.5 | 247 
227 =| 233.5 | 22 
678 684 


44.12 | 43 
7223.2 | 24.67 
842, 88 86 
241 (237.5 239. 
316 |340.5 
W2B.5 344 
993 4385.5 |922 


101 
12 


47.95 
24.65 
9.51 


38.15 
17.45 


37.3 
17.25 
5.61 
176 | 
204 
189.5 
569.5 


34.85) 34.55 
14.8 | 14.6 | 14.70 
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152.5 (156.5 

164.5 164 | 
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On the completion of the voyage, the vessel returned 
to the Turbinia Works, where her reciprocating enyine 
was taken out, engine-seats remodelled, and prepars- 
tion made for the reception of the turbines and gearing 

Figs. 14 to 17, on the preceding page, show the gene 
arrangement of the turbine machinery and gearing. 


the results of the progressive trial to a basis of speed of | 

vessel. The effective horse power shown on this diagram 

is calculated from the resistance as obtained froma model 

experiment of the vessel to a scale of % in. to the foot. 

‘ig. 20 (full lines) shows the results as obtained on 

the voyage, plotted to a basis of revolutions. For the 2 , J 

sake of comparison, the indicated horse-power taken! The only alteration made to the vessel was in the ty} ‘i 
on the progressive trial is also shown, together with the | of propelling engines ; the boilers, propeller, shafting, a” 

: A | . . ating 

speed corresponding to revolutions taken on the measured | thrust-blocks remained the same as for the reciprocatin) 
engine. Bax. 

The propelling machinery consists of two turbines 11 

‘‘series °—viz., one high-pressure and one low-pressure, 


were taken, the propelling machinery was completely 
dismantled and oveliauiett The high- ~ounee gates 
valve-chamber was re-bored and new valve-rings fitted ; 
slide-valves were re-planed and faced up ; bearings were 
renewed, and other repairs carried out i rever necessary 
to bring the machinery into an efficient condition and 
first-class working order. To obtain reliable measure- 
ments of water consumption, two tanks were fitted, each 
of 400 gallons capacity, with suitable change-cdcks and 
connections for the air-pump to discharge through these 
measuring-tanks. 

It was necessary, for the purpose of obtaining data 


al 


mile. 
Fig. 21 (full lines) shows the water consumption per 
hour for main engines only and for all purposes to a 
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the high-pressure turbine being placed on the starboard 
side of the vessel and the low-pressure on the port side. 
At the after end of each of the turbines a driving pinion 
is connected with a flexible coupling between the pinion 
shaft and the turbine, the pinion on each side of the 
vessel being geared into a wheel, which is coupled to the 
propeller shaft. 

A reversing turbine is incorporated in the exhaust 
casing of the low-pressure turbine. The air, circulating, 
feed, and bilge-pumps are of the usual design for tramp 
steamers, and are driven by means of a crank and con- 
necting-rod coupled to the forward end of the gear-wheel 
shaft. The turbine and pinion-shaft bearings are under 
forced lubrication, as in ordinary turbine practice. The 
teeth of the pinions and of the gear-wheel are lubricated 
by means of a “‘spray” pipe extending the full width of 
the face of the wheel. Independent oil-pumps are fitted 
for supplying oil to the bearings and gear-wheel. With 
a view to the possibility of experimenting with different 
lubricants for the gear-wheel, the oiling system for the 
bearings is separate from that of the gear-wheel. _ 

The high-pressure turbine is 3 ft. maximum diameter 
by 13 ft. over-all length, and the low-pressure 3 ft. 10 in. 
in diameter by 12 ft. 6in. length. The turbines are 
similar in design to a land turbine, being balanced for 
steam thrust only, the propeller thrust being taken up by 
the ordinary thrust-block of the horse-shoe type, whic 
is fitted aft of the gear-wheel. A new condenser, together 
with a vacuum augmentor, is fitted with the turbine in- 
stallation. The cooling surface of the condenser is 1165 
square feet. : 

The gear-wheel is of cast iron, with two forged steel 
rims shrunk on. The diameter of the wheel is 8 ft. 34 in. 
pitch circle, having 398 teeth—double helical—with a cir- 
cular pitch of 0.7854 in. The total width of the face of the 
wheel is 24 in.; the inclination of teeth 20 deg. to the axis. 

The pinion shafts are of chrome nickel steel, 5 in. in 
diameter pitch circle, with twenty teeth 0.7854 circular 
pitch. The ratio of gear is 19.9 to 1. 

On the completion of the erection, on board, of the 
turbine-gearing installation at the end of February of this 
year, the vessel was loaded to the same draught and dis- 
jlacement as that under which the trials referred to in 

able I. were run. As already mentioned, the pro- 
peller has not been touched or altered in any way. In 
the short interval since the completion of her alterations, 
the vessel has been out to sea on four occasions. 





(reas) 


Speed in Knots. 


The following table gives the data and results of a run 
made off the Tyne on the 11th of this month. 


Taste Il.—Trials with Turbines and Gearing. 





Speeds in knots .. = 8.4 9.56; 10.5 10.66 
Revolutions per minute 56.5 6 | «71.3 73.3 
Boiler pressure .. .. Ib 145 144 | 140 = 145 
Initial pressure, high-pressure | 

turbine .. , - mam! @& &6 110 121 
Initial pressure, low-pressure | 

turbine .. rs - Ida) 162 12.5 7.1 5.5 
Vacuum in.) 288 23.8 28.7 28.5 
Barometer Pe «| oe oh Bn we - 
Shaft horse-power a .. 456 740 980 1095 
Water consumption per hour, 

‘main engines .. -» Ib. 9070 = 12,000 14,480 15,670 
Water consumption per hour, 

all purposes .. Ib 9670 12,620 15,120 16,370 
Water consumption per shaft 

horse-power per hour, main 

o° Ib, 19.8 16.2 14.8 14.3 


engines 


The water consumptions per hour at the several rates 


of revolutions have been plotted in Fig. 21, shown in full 
lines for the reciprocating engines, and in dotted lines 
for the turbine-geared engines. It will be noted that 
under normal full-speed steaming conditions an increase 


of about 1 knot is obtained with the same coal consump- 
tion. Fig. 23 shows the water consumption per shaft 
horse-power for the geared turbines. 

It will be noted that the observed mean speeds on the 
measured mile given in Table II. correspond to the speeds 
obtained with the reciprocating engines at the same revo- 
lutions in Table 1., thus eliminating any necessity for 
allowances, the weather conditions in the two cases being 
very simular. It may be mentioned that the turbines 
and vearing have given no trouble, and have worked 
satisfactorily with very little noise or vibration through- 
out the trials. Further, there is no appreciable wear 
on the teeth or bearings. It is pro to put the 
vessel into commission and run extended trials. 





NOISE OF GEAR-WHEELS. 
To THE Epitor oF ENGINEERING. 


, Sik,—I am much obliged to Mr. W. E. Sykes for his 
cog the above subject, in the March 18 issue of your 


- paper, in response to my inquiries in your pre- 
_ mous, and I have no doubt but that the information 
8iven will be much appreciated by others besides myself. 


the subject previously, I must confess to a want of con- 


sideration of the questions at issue. There is one point, 
however, which I am as yet alittle in doubt about—viz., 
the limit of peripheral speed in relation to different 
pitches. Mr. Sykes states that “‘it is perfectly obvious 
that the pitch has no direct bearing on the limit of speed,” 
but this is just the reverse of what I would have thought, 
and that was the reason for my addressing my previous 
letter to you, thinking thereby I could get the matter 
cleared away. 

_ Of course it must be borne in mind that it is not the 
limit from a strength point of view but the minimising of 
noise while working at high speeds. 

My supposition that the pitch had a direct bearing on 
the limit of speed is confirmed by the remarks in a pam- 
po by one of the foremost of gear-wheel makers which 

as come into my possession since writing to you on the 
subject. These makers, after giving the high speeds at 
which their gears—which, by the way, are double helical 
—can run noiselessly, state that where very high velocities 
cannot be got over they always make their gears of very 
fine pitch and broad faces. The same remark I should 
think would hold good for plain gears, and there is in 
fact a seeming suggestion of something of this kind in 
Mr. Sykes’s letter where he recommends the face of gear- 
wheels to be four times the pitch, and the minimum 
number of teeth in pinion as thirty. In most of the 
text and pocket-books I have handled, this minimum 
was given as 14 to 16, so that, if this is increased by 100 

r cent., it stands to reason that a much finer pitch can 

= especially if the face is equal to four times 
the pitch. 

My reason for thinking that there was a difference 
between the speed limits for different pitches was that 
in plain gears there is no continuity of engagement, but 
very often ‘‘ backlash,” which I would have thought would 
make all the difference between two wheels of like peri- 
— velocity, but of, say, 6-in. and 2-in. pitch respec- 
tively. 

Trusting that we may have further consideration of the 
foregoing, 

I remain yours faithfully, 


March 19, 1910. JUNIOR. 








‘* THE FORCE OF THE WIND.” 
To THE Epiror OF ENGINEERING. 

Sir,—With reference to Dr. Stanton’s letter in your 
issue of January 21, may I point out that recently, 
(Aeronautics, January), I wrote :— ‘ 

“The Forth Bridge and other anemometer readings 
show that the maximum unit pressure on large surfaces 1s 
considerably less than that on small surfaces, although in 
a steady current of uniform structure the unit pressure is 
greater on large surfaces.” 

In some measure these two effects neutralise ; but, until 
numerous observations of gust pressure have been made 
and collated, definite statements cannot easily be made. 

Yours a 
ERBERT C 


The College, Tang Shan, March 4, 1910. 


HATLEY. 





*“CAISSON DISEASE.” 
To THE EDITOR OF ENGINEERING. 

S1r,—Professor Leonard Hill, in his last letter, makes 
the assumption that I believe the last word has been said 
on the subject of caisson disease. This is by no means 
the case, since there are many points which remain in 
obscurity, and which, as yet, physiologists have been 
unable to solve for us. Nor do F cab any small value 
to the work of Professor Hill himself, but, on the con- 
trary, have on more than one occasion referred to its 
value. I put his work on a very high plane, and may, 
perhaps, say this much about it now:—That in my 
opinion the work of Professor Hill is the more praise- 
worthy from the not improbable fact that it has been 
a by having to be carried out without that 
financial help which in other countries facilitate the work 
of scientific research. 

But Professor Hill’s letter, and so much of this letter 
that precedes this point, has no bearing on the point 
raised in my last letter. 

Professor Hill asked your readers to suspend judgment 
on ‘‘stage decompression” on the ground that s 
were necessary to stage decompression, but that he had 
found these unnecessary. I then wrote and pointed out 
that stages were not necessary to ‘‘ stage decompression,” 
and that, therefore, Professor Hill had made out no case for 
the non-adoption of ‘‘ stage decompression.” But I should 
certainly not do otherwise than urge the adoption of modi- 
fications of ‘‘ stage decompression” to any extent that 
science may prove necessary, and to this end would urge 
the fullest consideration of anything that Professor Hill 
may bring forward. 

I have, of course, no authority to speak on behalf of 
Dr. Haldane or of Dr. Boycott, although Professor 
Hill seems to fear some of your readers may think so ; and 
as they are probably neither of them regular readers of 
ENGINEERING, any more than I am of the Lancet or the 
British Medical Journal, I should think it is extremel 
improbable that they are even aware that this correspond- 
ence is taking place. 

Pe ape nage Ae oe Bye correctly interpreted 
their views, and possibly the following rom & 
saper on ‘‘ The Prevention of Compressed-Air Tilness,” by 

r. Haldane, Dr. Boycott, and Lieut. G. C. C. Damant, 
R.N., in Vol. viii., No. 3, June, 1908, Journal of Hugiene, 
may prove illuminating :— 

** 1t may be conveniently referred to as the method of 
‘stage decompression,’ and is so described in the sequel, 


pression being done in stages, but in its being rapid till 
the absolute pressure is halved, and slow afterwards.” 
(Page 357.) 

**In tunnel work, or any other kind of work where 
plenty of space is available, there would be great advan- 
tage in providing a large air-lock, or section of tunnel, in 
which the ee was constantly maintained at a little 
less than half the absolute pressure in the working section. 
The men could then pass rapidly (in two or three minutes) 
from the working section into this intermediate lock or 
section, weep ther could take their meals, wash, and 
change their clothes. After a sufficient delay (dependent 
on the working pressure) they could then pass out rapidly.” 


(Page 375.) 
Yours er 
G. W. M. Boycorrt. 


19, Old Queen-street, Westminster, 8. W., 
March 18, 1910. 








** WATER-SOFTENING.” 
To THE EprTor OF ENGINEERING. 

Sir,—Replying to ‘“‘An Unconverted Believer in 
Rational Methods,” appearing in your issue of the 18th 
inst., I may say I am acquainted with most of the methods 
of water-softening, both from a chemical and engineering 
point of view, and am well acquainted with the costliness 
and trouble necessary to ie most of these enormous 
plants in efficient working condition. 

I do not accept the dictum that softening is understood 
to mean removal of matter prior to entering the boiler. 
Softening may be quite perfect by so treating the scale- 
forming constituents by making them incapable of con- 
creting and causing them to remain partly in solution 
and so passing out in the occasional blow-off; this the 
**Luminator ” does, and at the same time removes old 
scale. If your correspondent will refer to my letter he 
willsee I qualified the statement as to chemical change in 
the ‘“‘ Luminator” water by saying ‘‘T had at the moment 
no means delicate enough to test the change, which is 
principally of a physical nature.” Since writing the 
above I have been making experiments with a ‘‘ Lumi- 
nator,” kindly supplied by Messrs. Andrews, Croucher, 
and Co., Limited, and have found such a wide field for 
investigation that I fear from the few notes I can give I 
shall only do the apparatus an injustice, so would prefer 
only replying to your correspondent for the present. I 
understand that Professor Donnan is investigating this 
wonderful instrument, and will shortly oy a paper 
before one of the societies, after which I shall be pleased, 
with the Editor’s permission, to give the fullest details. 

As regards magnesium chloride, I find that water con- 
taining this salt, after treatment with ‘‘ Luminator,” 
shows an alkaline reaction; the same is the case with 
sodium chloride ; even with sea-water there is an alkaline 
reaction. 

Replying to paragraph 7, I will say definitely there 
was no scale in the boilers during their treatment with 
‘**Luminator ” water, and that the boilers all more or less 
had previously corroded, but ceased with ‘‘ Luminator ” 
water, the solids, being held partly in solution, pass out in 
blowing-off. 

I am afraid I cannot claim much acquaintance with 
ancient processes, being quite a modern individual ard 
well informed as regards the vagy Ning troublesome 
water-softening plants now in use. hy L advocate the 
** Luminator ” 1s that it appeals to me as the acme of per- 
fection for the general steam-user, being efficient, simple, 
requiring no attention, taking up little or no room, and 
certainly inexpensive. I do not know anything about 
‘boiler water cure-alls,” referred to by your correspon- 
dent, and I venture to suggest he would not place the 
** Luminator” in this category if he had seen, as I have, 
the conditions of various boilers after several months’ run 
on ‘‘ Luminator” water. The mere fact that several of 
our great railwaysare now installing ‘‘ Luminators” after 
many months’ trial should be a sufficient answer to your 
correspondent’s sarcasm. 

Yours truly, 
An O_p Apvocatre or TANNATE 
or Sopa. 
March 21, 1910. 








RUDDERS. 

To THE Epitor or ENGINEERING. 
Sir,—With reference to Mr. Fred Edwards's recent 
letter in ENGINEERING (see e 242 ante) re Dale’s 
patent rudder, I may say that I have had a long experi- 
ence with Dale’s patent rudder, and can confirm the 
advantages claimed by Mr. Edwards. A further advan- 
tage, and to my mind a most important one, is that. the 
rudder can be lined up and bushed, if necessary, without 
being unshipped, and, in case of the top gudgeons, without 
the ship being docked. 

I cannot agree altogether with Mr. Edwards respecting 
the lubricating of the pintles, as this, to my mind, is not 
racticable. I agree it would be very effective if it could 

done, but Mr. Edwards does not say how he pro s 
to carry it out. Personally I have not yet doaulle fabri. 
cant that will not solidity in salt water. An oil-pipe 
down the rudder would not be desirable, as it would not 
stand the vibration, and the force of the heavy seas would 
soon 7 it away. 

The only other method I can think of would be spring 
lubricators, and this method is entirely out of the question, 
as the spring would extend at once and force all the lubri- 
cant out of the chamber, thus leaving an empty chamber 
until, in the case of the gudgeons under water, the ship 
was docked. 


Yours weeny 
A. E. Muir, M.LN.A, 
1, Chatsworth-street, Sunderland, March 21, 1910, 








Not having had any need to give much attention to 





though its essential peculiarity does not lie in the decom- 
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102-IN. SURFACING AND SCREW-CUTTING LATHE. 
CONSTRUCTED BY MESSRS. THOMAS SHANKS AND O©O., ENGINEERS, JOHNSTONE, N.B. 


o 5 10 15 Feet 


= ee ee 


WE illustrate above, and on Plate XXIV., an un- 
usually large lathe, which has been built by Messrs. 
Thomas Shanks and Co., of Union Iron Works, John- 
stone, N.B., to the order of Messrs. John Brown and 
Co., of Sheftield and Clydebank. A few years ago 
Messrs. Brown entrusted this same firm with an order 
for a lathe in which all the large-diameter turbine 
work for the Carmania and Lusitania was machined ; 
but the present tool marks a further advance in point 
of size, and the following particulars should be of 
interest. 

The lathe has a face-plate 15 ft. in diameter, fitted 
with jaws capable of gripping work 15 ft. in diameter, 
for surfacing, while the eight of the centres is 102 in. 
Owing to the size of the face-plate, which was deter- 
mined by the conditions which the lathe had to fulfil, 
it would not have been possible to lower the centres 
without causing the face-plate to interfere with the 
slide-bed, so that it was decided to cast the fast head 
in one piece. This fast head is consequently a very 
massive casting, with a base nearly 12 ft. wide. It is 
titted with a hard forged-steel spindle, 20 in. in dia- 
meter at the front journal, running in gun-metal bear- 
ings, and having thrust-rings to take the end pres- 
sure on the work. The face-plate is a heavy casting, 
ribbed at the back, with a circular projection Tories its 
circumference turned, and on to this a machine-cut 
cast-steel spur-ring is shrunk and bolted. There are 
four forged-steel jaws sliding in planed recesses, and 
actuated by screws fitted with ball-thrust washers. For 
work of small diameter the jaws are fitted with remov- 
able cast-steel gripe, which can be seen in the plan 
shown in Fig. 2. The jaws can be taken off without 
removing the s*rews, so that the whole of the face of the 
plate is available for surfacing, and is furnished with 
planed T-grooves and slots for bolting irregular work. 

The face-plate is driven from the spur-ring by a 
hardened steel pinior, actuated through the change- 
gearing, from a 70-brake-horse-power variable-s 
motor, made by Messrs. Laurence, Scott, and Co., Ltd., 
Norwich. The change - gearing is of a simple type, 
arranged so that no wheels are in mesh except wn 
transmitting power, while all-ehanges are obtained by 
operating two lever handles whié ject from the 
front of the gear. One hundred different speeds are 
obtained on the face-plate, with a fine gradation, 
ranging from 0.3 to 20 revolutions per minute. 

e slide-bed is 14 ft. 6 in. wide, and is of Messrs. 
Shanks’s double-bed type, nade in two castings. The 
bed carries two steel leading screws which are driven 
from the end of the main spindle by independent 
reversible change-wheel systems. Each screw is inde- 


pendent of the other for direction and amount of feed,’ 


and has two differential changes of speed without dis- 
turbing the change-wheels. ere are three saddles 
on the bed—two on the front and one at the back. 
The front saddles have self-acting surfacing-rests, 
compound swivel-slides self-acting at any angle, and 
self-acting in-cutting tool-rests ; the Macs 4 dle has 
a self-acting surfacing-rest, and a fixed compound self- 
acting rest = mags, Ae gt to resist the upward lift 
of back-cutting. h saddle is fitted with a long 


gun-metal disengaging nut, and has sliding and screw- 
cutting motions 


rom the leading screw. All the 





surfacing, sliding, and boring feeds are reversible, and 
have vibe ranges. The saddles may be moved inde- 
ndently of each other by a hand-rack movement, or 
y power, in either direction ; the power-drive being 
applied through the rack. The saddles are also arranged 
so that, by the addition of a special attachment tapers 
of any length can be cut by a combined movement 
obtained from the surfacing and leading screws. 

The sliding headstock is of somewhat unusual design, 
which was determined by the exigencies of shop space. 
It is arranged so that it can be turned end for end, and 
in one position projects considerably over the end of 
the bed. This headstock is shown in this latter 

sition in Fig. 1, and in the reverse position in Fig. 2. 

t is clamped down by long steel grips, which preserve 
the lips of the bed fom injury, owing to the heavy 
stresses set up. It is arranged to be moved by power 
in either direction, while the final adjustment of the 
back centre is made from a disengaging worm, worm- 
wheel, and hand-ratchet. The various power move- 
ments of the sliding headstock and saddles are derived 
from a 20-horse-power constant-speed motor, by 
Messrs. Laurence, Scott, and Co., which is placed at 
the back of the bed behind the sliding headstock, and 
may be seen in Fig. 2. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a list of engineering projects, for several 
of which tenders are asked. Further data concerning 
these can be obtained from the Commercial Intelligence 
Branch, Board of Trade, 73, Basinghall-street, E.C. 

Spain; Permission has been granted to the following 
persons to erect dams, and to make use of water from 
rivers mentioned, for the generation of electric power :— 
Mr. Dietrich Cunce, to make use of water from the Garona 
River to a maximum extent of 8000 litres per second ; 
Mr. Alfredo Moreno Osorio, Madrid, to make use of water 
from the River Gaudalimar to a maximum extent of 
5000 litres per second; Mr. José Garcio Morén, Sevilla, 
to make use of water from the River Murtiga to a 
maximum extent of 1009 litres per second.—Tenders 
are invited for the construction and working of a rail- 
way from Estella to Vitoria and Los Martires by way 
of Murrieta, Vitoria, and Mondragén. Tenders should 
be enclosed in sealed envelopes and addressed to the 
Direccién General de Obras Putiblicas, Ministerio de 
Fomento, Madrid, where they will be opened on May 13. 
To qualify any tender a — of 173,183 pesetas (about 
6200/.) will be required, to be increased by the successful 
tenderer to 865,915 pesetas (about 31,000/.). Local repre- 
sentation is necessary. 

Italy ; With regard to dyke construction in the harbour 
of Chioggia, the Gazzetta Ufficiale notifies that, no award 
a m made, tenders are again invited, and will be 
opened on April 7, simultaneously at the Direzione 

nerale delle Opere Marittime, Ministero dei Lavori 
Publici, Rome, and at the Prefettura di Venezia, 
Venice. The upset price is placed at 6,057,000 lire 
(242,280/.), and to qualify any tender a deposit of 
50,000 lire (20007.) will be required, to be increased by 
the successful tenderer to 10 per cent. of the accepted 
contract price. Although it is probable that the above 
—— will be — —— sac mr sents sap 
the ing-out of the work may involve the purchase o 
he es by out of Italy. 

Turkey : His Majesty’s Consul-General at Constanti- 
nople (Mr. H. C. A. Eyres) reports that the Turkish 








Ministry of Public Works have issued an invitation for 
tenders for the construction or reconstruction of over 
8500 kilometres (about 5280 miles) of road in all parts of 
the Empire. The work is divided into ten sections, for 
which offers are to be made separately. The Ministry, 
however, reserve the right to award the contract for any 
number of sections to the person offering the best terms 
for that number. Tenders marked " Adjudication de la 
Construction et du Parachévement d’un Réseau de Routes 
dans l’Empire Ottoman,” and addressed to the Ministére 
Impérial Ottoman des Travaux. Publics, Constantinople, 
will be received there up to April 28. They must be 
accompanied by financial guarantees and evidence of 
technical ability to perform the work, and a deposit must 
be made at a bank for each section for which a tender is 
made. Local representation is essential in the case of 
Turkish Government contracts. 

Brazil: The Diario Official publishes a decree autho- 
rising the opening of a credit of 300,000 milreis (about 
19,0002.) at the Brazilian Ministry of Communications and 
Public Works for the purpose of proceeding with the 
extension of the euteel etioer of Brazil in the direc- 
tion of the Valley of Paraopeba.—It also publishes a 
decree, issued by the Brazilian Director-General of Com- 
munications and Public Works, approving the plans and 
the estimate of 3,921,820 milreis (about 245,000/.) for the 
extension of the Rio Grande do Norte Central Railway, 
a distance of 52 miles.—The contract with the Santa 
Caterina Railway Company for a concession, involving & 
subsidy of 15,000 milreis (about 940/.) per kilometre, for 
the construction of a railway from the port of Itajahy 
up to a point south of the source of the River Itajahy de 
Oeste, is approved.—A credit of 200,000 milreis (12,500/.) 
is opened at the Ministry of Communications and Public 
Works for the purpose of proceeding with the dredging 
of the rivers flowing into the Bay of Guanabara. 

Sweden: H.M. Consul at Gothenburg states that tenders 
are invited for dredging work at Trollhiittan. About 
320,000 cubic metres of soft clay have to be dredged. 
The work may be begun in May next, and must be 
finished before the autumn of 1912. Tenders, marked 
“ Anbud a muddringsentreprenad,” will be received up 
till noon on April 8, by Ofveringenioren for Trollhatte 
Kanals Ombyggnad, Trollhiittan, Sweden. 








Tuer GEoLocists’ AssociaTiIon.—The Geologists’ Asso- 
ciation have issued their programme for their forthcoming 
excursions. These commence with the Easter excursion 
to North Devon, from the 24th to the 30th inst. Further 
excursions throughout the kingdom are planned for April 
and following months. Particulars can be obtained from 
Mr. Alfred C. Young, F.O.S., secretary, 17, Vicars Hill, 
Lewisham, 8. E. 





Tae Ovureut or NickeL 1n Canapa IN 1909.—During 
the year 1909 the nickel industry was particularly active, 
the output being larger than during any previous year. 
The Sudbury district continues to be the chief source © 
the metal, although important quantities of the meta! are 
contained in the cobalt and silver ores of Coleman town- 
ship. The Mond Nickel Company at Victoria mines, 
mo | the Canadian Cogs Company, at Copper Cliff, are 
in active operation. The ore is first roasted and ¢ hen 
smelted to a Bessemer matte containing from 77 to*- per 
cent. of the combined metals—copper_ and nicke!—the 
matte being shipped to the United States and -—_ 
Britain for refining. In 1909 the total production 
matte was 25,845 net tons, containing in the aggregate 
15,746,699 lb. of copper and 26,282,901 lb. of nickel. 
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PROBLEMS IN MARINE 
CONSTRUCTION. 


THE current problems of most interest to those 


engaged in the branches of science associated with | 


marine construction are usually brought into high 
relief at the annual meeting of the Institution of 


| Naval Architects, and in the present year this has 
| been particularly the case. This is as it should be, 
because the Institution, which is to celebrate its 


jubilee some three months hence, is the nerve 
centre of the profession in this country—if not, 
indeed, in the world. The action of the Council 
in recent years, in ensuring a high standard of 
attainment on the part of the new members 
elected, is therefore to be commended. We are 
glad also that it has been decided to apply for 
a Royal Charter of Incorporation, because this 
will not only confer direct advantages on the Insti- 
tution in the matter of its finance and property, 
but will add a well-merited dignity. This distinc- 
tion is the more justifiable in view of the direct 
service rendered to the nation not only by the In- 
stitution collectively, but by the component mem- 
bers. Mr. Trewent was perfectly accurate when, in 
moving the resolution in favour of the application 
for a Royal Charter, he stated that at the time 
the Institution was first organised naval architec- 
ture in Britain was not on a scientific basis, and 
that we had to look to France for inspiration and 
example. The literature of our neighbours and the 
marvellous success of their ships were in some 
measure a reproach. But so soon as Scott Russell, 
Sir Edward Reed, Sir Nathaniel Barnaby, and 
other originators of the Institution perfected their 
organisation, there was crea an aspiration to 
excel in scientific shipbuilding, with a medium for 
interchange of views, which at once placed the in- 
dustry on a more sound foundation. The result 
has been that the British Navy has since led the 
way, so far at least as design and construction of 
warships is concerned, whereas in the merchant 
marine we have established a position of superiority 
in the efficiency of high-speed merchant steamers 
and in the economy of cargo-carrying ships, as well 
as in that great extent of shipping which is more 
or less consequent upon our insular position and 
upon the extent of our colonial possessions. 

The meetings this year have shown that in 
the grasp of scientific problems the Institution 
maintains its high standard. This is reflected in 
the complete report we publish in this issue of 
the discussion on the propeller problem. The 
discussion is almost entirely consequent upon ex- 
perimental research upon Froude’s lines, and in 
this respect there is rejoicing that the jubilee 
meeting should be signalised by the formal opening 
of the National Experimental Tank at Bushy, where 
experimental research will be carried on continu- 
ously without interference by the commercial ele- 
ment, and without being subject to the claims of 
education. We have already given expression to 
the national sentiment with reference to the munifi- 
cence of Mr. Yarrow’s action in providing funds 
for the construction of this most important acces- 
sory to the National Physical Laboratory, and his 
practical interest in the whole question. We are 
glad that there will be no lack of funds for the 
maintenance of the property, and for the prosecu- 
tion of research. The eae | Body of the 
National Physical Laboratory is sufficiently repre- 
sentative to ensure that the maximum utility shall 
be derived from the tank, and the Executive Com- 
mittee of the tank have acted wisely in accepting 
Sir Philip Watts’s guidance in the appointment of a 
superintendent. We have no doubt that good will 
result, in view of Mr. G. S. Baker’s personal attain- 
ments and his work at the Admiralty. The composi- 
tion, too, of the Executive Committee, which was 
referred to in Dr. Glazebrook’s paper, published in 
last week’s issue, is of the first importance, because 


3% / the work of experimental research calls for very 


special qualifications, not only on the part of the 
officer principally res 
y. Broad knowledge and 


wide sympathies are essentials. There must be the 


true spirit of imagination, and yet of more import- 
| ance is the characteristic of concentration. 
, one hand, it is important that every element that and consequently a considerable amount of time 





| preconceived ideas or to current practice. 
|should, on the other hand, be the faculty to mea- 


| due 


| the lines of invest 





msible, but also on that of | 


On the | 


may conduce to success must be regarded in pro- 
portion to its potentialities. Proposals must be 
considered, even although they may be contrary to 
There 


sure the influence of variants, and to assess their 
roportion in arriving at conclusions. Thus 
imagination must play a large part in determining 
tion, but in detail work there 
must undoubtedly be rigid exclusion of everything 
excepting absolutely proved results. There is 
however, sufficient example for the student of 
character in the history of engineering alone, and 
without attempting to exhaust the list, reference 
may be made to James Watt, Robert Napier, John 
Elder, and to Robert Froude, whose work, it will 
be found, combined that recognition of possibilities 
which belongs to imagination, and that strict regard 
for accuracy of detail which is so essential in 
scientific deduction. 

We have not made reference to the quality of 
patience as a requisite in overcoming the mono- 
tonous influence of repetition work, which may 
always be classed more or less as drudgery. In the 
paper by Mr. Luke this quality, as well as the 
others above mentioned, must be inferred, because 
we have here the results of some 2000 experiments 
made with one model, set out with brevity and 
lucid explanation, and followed by deductions of 
considerable influence from the point of view of 
practical design. Here we may interject the re- 
mark that Mr. Luke's firm—Messrs. John Brown and 
Co., Limited—deserve credit for their public-spirited 
action in putting these results at the disposal of 
the profession, because they have been evolved at 
their own tank, as the result of an expenditure of 
much time and money ; this credit is the greater 
when we recall that they have handsomely sub- 
scribed to the maintenance of the National Ex- 
perimental Tank. Mr. Luke, in his paper, followed 
the lines of Mr. Froude, the pioneer in such in- 
vestigations ; but whereas the results formerly 
given to the Institution showed how the general 
shape affects the wake factor and thrust deduction 
in the case of many different models, Mr. Luke has 
taken one model representative of the average type 
of twin-screw steamer, so that he has been able to 
eliminate every variant excepting those which affect 
the particular issue. The deductions made relate 
most directly to the problems of eer in its posi- 
tion relative tothe skin of the ship, the direction of 
rotation, size, &c. As this is one of the elements 
in ship propulsion regarding which there is less 
definite information than on any other, we commend 
the contributions made, not only by Mr. Luke, but 
by Professor Henderson, of the Royal Naval Col- 
lege at Greenwich, and Mr. T. B. Abell, also of the 
Royal Corps of Naval Constructors. A long and 
suggestive discussion followed the reading of these 
three papers. 

Mr. Luke seems to have given food for reflec- 
tion as to whether the inward or outward-turning 
screw is the more efficient. Mr. D. W. Taylor, of the 
United States Navy Experimental Tank, who has 
also done valuable experimental research work on 
propellers, also combats the general idea that the 
inward-turning screw is preferable. Equally sig- 
nificant are Mr, Archibald Denny’s observations 
on this question, as he also combines a knowledge 
of the results of tank work with those given by 
trials of the completed ship. Mr. Denny gave 
results of trials with the ship on the measured 
mile, where the only variant was the direction of 
rotation of the screws, when the outward-turning 
screws gave superior efliciency. Very significant 
also was the recognition of the possibility of tank 
experiments differing in their results from those 
attained in the actual ship on the measured mile, 
with respect at all events to propellers. The 
possessors of tanks are, however, always careful 
thoroughly to test their ships and to compare the 
data with those evolved by the model experiments. 

This, of course, must not be accepted in any way 
in disparagement of the value of experimental tank 
work in its relation to practical shipbuilding. As 
a rule, in tanks owned by private firms, the current 
work is so extensive that general experimental 
research cannot be undertaken, and, as a conse- 
quence, the National Experimental Tank will be of 
greatservice. By ‘‘ general experimental research ” 
we mean problems in principles rather than in de- 
tails. In such cases it is of the utmost importance 
that each series of experiments should have but 
one essential variant, as in Mr. Luke's researches, 
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must be absorbed in one set. In a previous 
article on the general work of the tank,* we 
showed that the work of experimenting, on ship 
models at any rate, followed Newton's ‘ principle 
of similitude,” re-discovered by Froude and called 
‘*the law of comparison.” The broad principles 
are therefore simple, but have to be used with 
care. The practical application of the principles, 
as in many other forms of work in physical labora- 
tories, makes it necessary to adopt many me- 
chanical devices to ensure accurate records ; as a 
consequence, a large volume of the work of collating 
results, and reducing them to comparative stan- 
dards, is tedious. This raises the question as to 
whether experimental tanks are necessary acquisi- 
tions in educational institutions, or whether the 
National Tank cannot in itself satisfy all require- 
ments in this direction. The number of experi- 
mental officers required for the direction of tanks 
in any country must be small, because such an appa- 
ratus is an expensive accessory even to a large 
shipbuilding works. Is it worth involving large 
expenditure to have such tanks at educational 
establishments in order to educate a large number 
of students along specialised lines which must ter- 
minate, in the great majority of cases, with the 
college course? Those who have the characteristics 
of the experimenter—the enthusiasm for work and 
the desire to prosecute it—might very well join 
Dr. Glazebrook’s staff in order to gain at Bushy 
an intimate knowledge of the higher experimental 
work of the tank. Such specially trained men are 
only necessary for the direction of affairs; the 
collation of results may be done by those who have 
not had a special college training. This, however, 
is too large a question, and belongs to the wide 
subject of the equipment of technical institutions. 

The Institution of Naval Architects has, how- 
ever, judiciously combined the scientific with the 
practical, and while the discussion on experimental 
research, particularly propeller design, occupied a 
prominent place in the recent session, there were 
many other topies dealt with of direct practical 
value. The subject of the —— of battleships, 
raised by Admiral Bacon, is too large to be dealt 
with in a general article, and, moreover, it cannot 
be said that any addition was made during the 
discussion to the general sum of knowledge of the 
geen on which the Admiralty have proceeded 
in evolving their designs, as laid down in general 
and clear terms by the author of the paper. The 
Admiralty and naval shipbuilders were well repre- 
sented at the meeting, but it would seem that 
secrecy sealed their lips. The turbine question 
naturally found its way even into this discussion, 
and Professor Biles put the matter of the speed of 
battleships with his usual perspicuity. He very 
properly claimed that machinery was entitled to a 
certain proportion of the total weight, and Mr. 
Parsons, by reason of the higher etticiency of his 
system, had enabled the Dreadnoughts to be of at 
least 2 knots greater speed than vessels with ordi- 
nary reciprocating engines, without involving any 
addition to weight. 

The turbine, however, came into greater promin- 
ence by reason of the . which advocated some 
form of gear between the high-speed turbine and 
the propeller in order that both should run at the 
speeds which are found most efticient under given 
conditions. So far as warship work is concerned, 
the propeller coefticient of about 0.6, now realised 
in most cases, does not seem to justify any mis- 
giving as to the collective efticiency of the machi- 
nery between the boiler and the propeller. In 
the case of low-speed vessels, however, there 
should be room for the re gage 2 of speed- 
reducing gear. The electrical engineers were 
strong in their claim for the electrical gear even 
for warships ; but it seems doubtful, with a trans- 
mission loss of from 10 to 15 per cent., if the 
adaptability of the system justifies its preferment. 
There is the difficulty of easily varying the speed ; 
but Mr. Archibald Denny brushed this aside by 
contending that, by having many generating units, 
it would be possible to ensure more variation by 
stopping one or more of the generators in order to 
suit the particular change of ship speed desired. 
With low speed, however, the motors would be less 
efficient, and there would always be the difficulty 
of sea-spraying, if not also of the high saline 
density of the moistened air at sea, affecting 
injuriously the insulation. Mechanical gear, on 
the other hand, offers great attractions; it is 
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proved that the loss need not be more than 14 per 
cent., a result which has been attained alike by 
Mr. Parsons’s and the Westinghouse system. 
The continuance of the prejudice against gearing is, 
in its way, characteristic of the trend of thought of 
engineers generally ; but it is forgotten that there 
has been great development in the quality of metals 
—a point not mentioned during the discussion— 
while there is greater precision in manufacture. 
De Laval has for twenty years had very successful 
results, notwithstanding the great reduction in 
speed which he adopts. 

The paper read by Mr. Parsons, and published 
in another part of this issue, is of enormous signi- 
ficance, as in the 10-knot steamer Vespasian he has, 
under exactly the same conditions, excepting only 
the use of turbines and gear instead of triple- 
expansion engines, increased the speed by one 


mile per hour owing to the higher efficiency of the 
turbine, and has reduced the water consumption, 
and rn, the coal consumption, by nearly 


20 ‘esd cent. he weight of the reciprocating 
machinery was 100 tons, as compared with 75 tons 
for the new installation. We have thus a very 
considerable addition to the amount of cargo which 
may be carried, a saving in coal and oil, in engine- 
room staff, and in upkeep. In respect to this 
latter item there is the important advantage that 
the working steam pressure, being very much lower 
than with modern economical engines, the first cost 
and upkeep of boilers and steam connections will 
be considerably less. When the Vespasian goes 
into service, the results of her voyage, when com- 
pared with the last voyage made with the renovated 
triple-expansion engines, will be watched with 
very considerable interest, as the system offers the 
advantage of the turbine system, and may indeed 
serve for moderate-speed passenger vessels, where 
the turbine alone may not be desirable in view of 
the speed developed. 

The extreme simplicity of the system was com- 
mended. Mr. Parsons, in replying to the discus- 
sion, referred to the cradle-balanced frame for the 

inion in the Westinghouse gear as unnecessary, 

ecause the pinion would adjust itself automati- 
cally, distributing half the tangential push between 
the right and left-hand teeth on each side. Neither 
De Laval nor he uses such a balancing arrangement, 
and were it required he prefers giving wheels and 
pinions slight rotary elasticity on the shaft. 

The papers read on the application of petrol- 
motors to lifeboats and fishing and commercial 
vessels were also interesting. Mr. Barnett, in 
the design of his motor lifeboats, has displayed 
very great ingenuity, and his paper is most sug- 
gestive. Mr. Linton Hope reviewed the situation 
generally in regard to fishing and commercial 
vessels, showing that for sailing boats the internal- 
combustion engine could be installed for about 
one-half the cost of steam power, and the 
result was not only a considerable reduction 
in the crew, but, what was even more im- 
portant, arrival in port in advance of the steam 
trawler, and on the topof the market. The 
earnings of each member of the crew of a 
motor-boat were said to be nearly 50 per cent. more 
than in the steam-drifter. As regards the utility 
of the internal-combustion motor for commercial 
vessels, there is slow but steady development in 
this country, although the results on Continental 
internal waters seem to justify a greater rate of 
progress. Mr, Linton Hope suggests that the 
adaptation of the internal-combustion motor to 
existing wooden vessels may increase the number 
of voyages per annum to 30 per cent., which is a 
high estimate; but we look rather to the building 
of a new type of craft more suited to propulsion by 
this type of motor. Good results will accrue if care 
be taken in making the power adequate for the ser- 
vice. These and other similar practical suggestions 
were laid before the Institution, and in most 
instances gave rise to discussions, so that the pro- 
ceedings were certainly well up to the average of 
those of preceding years. 








THE NEW ELECTRIC LIGHTING ACT. 

Tue Ist of April, 1910, marks the commence- 
ment of a new era in the law relating to the supply 
of electricity. The first Act dealing with this im- 
_— subject was d in 1882. Much water 
as flowed under London Bridge since that time. 
From a healthy infancy, electricity, as a means of 
distributing light and power, has attained a vigorous 
manhood, and it is manifest that the statutes and 





orders which were all sufficient in former years, nv 
longer fulfil our modern requirements. Of course, 
there were the Acts of 1888—which postponed the 
evil day of compulsory purchase—and 1899, which 
established a common form of provisional order for 
all the undertakings which have sprung into bein 
since that year. But these measures wholly failed 
to provide for a number of important matters 
now dealt with in the Act which we are about to 
review. 

wet us first state, in a few words, the principal 
changes which it brings about. It provides for 
orders for the compulsory purchase of sites for 
generating-stations ; for supply in bulk; for supply 
by ordinary undertakers to railways, tramways, and 
canals partly outside the area of supply ; for supply 
generally outside the area ; for the joint exercise 
of lighting powers ; for the revision of maximum 
prices ; for the supply of premises having a separate 
supply ; and last, but not least, the new Act now, 
for the first time, confers upon local authorities 
and companies who are supplying electricity in 
accordance with the terms of a provisional order 
a virtual monopoly of such supply within their area. 
There are certain minor provisions which will be 
dealt with each in its proper place as we make 
a survey of the Act. 

First, as regards land for generating-stations. 
Hitherto local authorities and companies supplying 
electricity have been unable to procure land for 
generating-stations otherwise than by private agrec- 
ment. If they were hampered by this in selecting a 
site, they were compelled togo to Parliament for com- 
— powers. By Section 1 of the new Act the 

oard of Trade may, by provisional order, enable 
any ‘‘undertakers” to obtain land for a generating- 
station whether within or without the area of sup- 
aly. In such cases, of course, the provisions of the 

ands Clauses Acts will apply to the sale, and 
adequate compensation will therefore be paid to 
anyone whose land is expropriated. We can imagine 
many combinations of circumstances in which it 
would be advantageous to make use of this power. 
Sites may be dear and unsuitable within the area, 
while a short way outside it there might be a 
suitable site, bordering on a canal or other water- 
way, which would ensure a cheap supply of coal. 
The same section also provides that where com- 
pulsory acquisition of a site is contemplated, notice 
must be given to all owners, lessees, and occupiers 
of land in the neighbourhood of the proposed site, 
so that they may, if so advised, come in and 
object. 

Difficulties have in some cases arisen in the 
past owing to nuisances caused to persons who 
have property close to generating-stations. The 
Legislature has now decided to give certain rights 
to people who may be thus injured. Accordingly, 
by Section 2 of the Act, the land upon which a 
generating-station is to be erected must (except 
with the consent of the Board of Trade) be specified 
in a provisional order. The Board cannot, however, 
give their consent unless notice is given to the 
local authority, and the owners, lessees, &c., of 
neighbouring land within 300 yards, in order that 
they may prefer objections to the proposed erec- 
tion, if so minded. This provision ought to save 
undertakers from much harassing litigation in con- 
nection with nuisances. Where land has heretofore 
been acquired by agreement for the purposes of a 
generating-station, neighbouring owners had no 
say in the matter. In future they can make them- 
selves heard, and the fact that it was proposed to 
build a station on a site which was within 100 yards 
of, say, a rest-cure hospital, would go a long way 
towards inducing the Board of Trade to withhold 
its consent. ; 

In order to admit of generating-stations being 
built outside the supply area, provision has to 
be made for the laying of mains outside that area. 
Accordingly (by Section 3), the Board of Trade may 
authorise the breaking-up of any roads, railways. 
or tramways outside the area, subject to the consent 
of the highway authority or other body concerned, 
but such consent may not be unreasonably with- 
held. 

Next, as to supply in bulk. Hitherto such supply 
(i.e., supply to an ordinary undertaker or to any 
local authority for the purpose of lighting streets. 
bridges, and other public places) has only been 
allowed under certain private Acts of Parliament. 
Now, by Section 4 of the new Act, the Board of 
Trade may permit such supply by provisional order, 
unless they think the matter is so important that 
it ought to be dealt with by a private Bill. Any 
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local authority or company may obtain these 
powers, and may in pursuance thereof supply elec- 
tricity to railways and tramways. Where, how- 
ever, the supply in bulk would extend into the 
area of a local authority other than that by whom 
the supply is given, the consent of that authority 
must be obtained to the breaking-up of roads and 
streets. The Board may also permit one set of 
undertakers to supply electricity in bulk to any 
other undertakers. 

It has long been a grievance with undertakers 
and consumers that, under existing conditions, 
supply outside the area has been strictly pro- 
hibited. For instance, suppose premises were on 
a boundary-line, it was, strictly speaking, illegal 
for one undertaker to supply energy for the lighting 
of the whole premises. This was actually decided 
in the case of a railway company where a gas 
company (which is subject to a similar restriction) 
was prevented from supplying gas at the terminus 
for illumination down the line. 

The new Act provides (by Section 5) that a 
supply may be given at any point within an area 
for the purposes of haulage or traction on any 
railway, tramway, or canal which extends into 
other areas. The Board, however, cannot give 
their consent until persons affected have had notice 
and an opportunity of stating their objections. 
Again (by Section 6), if the occupier of any 
premises desires to obtain a supply from an adjoin- 
ing area, the Board may allow the supply to be 
given, subject to the consent of the undertakers 
whose rights are thus infringed. The consent of 
those undertakers, however, must not be unreason- 
ably withheld ; and if it is so withheld, the powers 
may be conferred without it. 

In connection with this clause, it may be men- 
tioned that in the case of certain undertakers, who 
have in the past obtained Parliamentary powers to 
supply electricity, power has been specially con- 
ferred to supply outside the area, subject to the 
consent of the undertakers affected, that consent 
not to be unreasonably withheld. These powers 
have not often been exercised ; but an instance of 
their exercise occurred only the other day. The 
Cleveland and Durham Power Company have power 
to supply outside their area. The Hartlepool 
Tramway Company wanted power, which the Power 
Company could supply at 7d. a unit. The West 
Hartlepool Corporation, who offered to sell at 
1}d. a unit, refused to allow the Cleveland Power 
Company to come into their district. The Board 
of Trade regarded this refusal as unreasonable, 
and allowed the Power Company to grant, and the 
Tramway Company to take, a supply on the terms 
mentioned. 

It is manifest that in certain cases the joint 
exercise of the powers conferred upon them by 
provisional orders might enable local authorities 
to effect considerable economies. The Legislature 
has now realised this, for by Section 8 of the 
new Act the Board of Trade may authorise two or 
more of such local authorities to form a joint 
board for the joint exercise of all or any of their 
powers under the Electric Lighting Acts. Under 
this Section it would be possible for all the local 
authorities in London who have power to supply 
electricity to appoint a joint board for carrying out 
their duty in this respect. The fact, however, that 
much of the supply is furnished by companies 
would tend to prevent the formation of one large 
board for the whole Metropolis. 

Under the existing law the maximum price which 
undertakers can charge for electricity may be re- 
viewed every seven years. In future, however 
(by Section 10 of the new Act), this period is 
diminished to five years. Further, the power of 
revision or variation may be exercised on the repre- 
sentation of such number of consumers, not less 
than twenty, as the Board of Trade consider sufti- 
cient, having regard to the population of the area 
of supply. 

Under existing law undertakers may assign or 
transfer the powers given them by a provisional 
order, with the consent of the Board of Trade. In 
future they can make no such transfer, even with 
the cousent of the Board of Trade, unless power to 
make the transfer is conferred on them by the 
ne order under which they work (Sec- 

lon 14). 

_ It has long been a grievance with supply authori- 
ties that some consumers who have a private installa- 
lion use the mains as a ‘‘stand-by.” Under the 
existing law, undertakers have no power to charge 
Special rates to such consumers. In future, how- 


ever (by Section 15 of the new Act), a person occu- 
pying premises having a separate supply cannot 
demand a supply from the undertakers unless 
he agrees to pay them such minimum annual sum 
as will give them a reasonable return on the capital 
expenditure, and will cover other standing charges 
incurred by them in order to meet the possible 
maximum demand for those premises. In case 
of dispute, the amount has to be settled by arbi- 
tration. 

The fact that money borrowed for electric light- 
ing has hitherto been regarded as part of the ‘‘ total 
debt” of a local authority has to some extent 
hampered these bodies in their desire to under- 
take the lighting of their districts. In future (by 
Section 21 of the new Act) this restriction is to be 
removed. 

In order, probably, to prevent any recurrence 
of the difficulties similar to those which beset the 
Royal Observatory at Greenwich when a generating- 
station was erected in its immediate neighbourhood, 
the new Act makes provision for the protection of 
Royal palaces, parks, gardens, and museums, &c. 
The Commissioner of Works is authorised to ap- 
point an officer to inspect any generating-station 
in order to see that proper precautions are being 
taken for the consumption of smoke, and to see 
that no nuisance is being created. He may then 
order the undertakers to carry out such works as 
are necessary in the circumstances. 

Perhaps, on the whole, the most startling in- 
novation contained in the new Act is that which 
virtually prevents the private supply of electricity. 
Hitherto the undertakers working in a district 
under provisional order have enjoyed no monopoly. 
Any person who had a generating set might supply 
his neighbours on any terms he chose. Of course, 
the difficulty of getting his mains over or under the 
streets in a crowded district would prevent him 
extending his operations far afield, but there was 
no statutory restriction. In future, however, it 
will be unlawful for any person to commence to 
supply electricity in any district where there are 
undertakers authorised to grant a 4 There 
are two exceptions to the general rule. In the 
first place, it does not prevent a person or a 
company affording a supply to anyone if the 
business of the person or company supplying 
current is not primarily that of the supply of elec- 
trical energy to consumers. In the second place, 
it does not affect any company, who, at the passing 
of the Act, are empowered by their memorandum 
of association to generate electrical energy, from 
supplying a railway company for purposes inci- 
dental to that company’s undertaking other than 
the conveyance of public traftic. No penalty is 
expressly imposed for the breach of this section ; 
but it is presumed that if undertakers found that 
their rights were being infringed, they could move 
for an injunction to restrain the supply of elec- 
tricity to one who might be their consumer. 








THE NATIONAL PHYSICAL 
LABORATORY. 

THE annual meeting of the General Board of the 
National Physical Laboratory was held last Friday 
afternoon at Bushy House, Teddington, when Sir 
Archibald Geikis, ex-officio chairman in his capacity 
as President of the Royal Society, received the 
numerous visitors, together with Lord Rayleigh, 
who remains chairman of the Executive Committee. 
Members of the Institution of Naval Architects 
were particularly attracted by the opportunity of 
seeing the experimental tank which Dr. Glaze- 
brook, Director of the National Physical Labora- 
tory, had described on the Wednesday previous. 
His paper was published in our issue of last week. 

The grounds of the Laboratory, which a few 
years ago retained some of their rural character, are 
becoming all covered with glass-roofed brick build- 
ings. The new tank building takes up a great deal 
of the space which was still available on the western 
front. On the cast side the engineering buildings are 
spreading, and the crowded state of their work- 
shops testifies to the necessity of these exten- 
sions. The metrology and the electrotechnical 
departments are the most comfortably established 
at present, and are models in their fields. The 
chemical laboratory is likewise a pattern in its 
kind. But the metallurgical work has still to be 
carried on in the small and low rooms of Bushy 
House, in which the physical and thermometrical 
departments also continue experiments which fully 


scheme of the Executive Committee for the exten- 
sion of the Laboratory provides for the accommoda- 
tion required at an estimated cost of 30,0001. The 
money is not all to be spent at once, and the 
scheme considers the wants of the Laboratory as a 
whole. A slight change in-the general administra- 
tion is contemplated. When the Laboratory was 
founded, it was arranged that certain services 
which the Kew Observatory had performed for the 
Meteorological Office should be continued at Kew, 
the Meteorological Office contributing towards the 
expense. Meanwhile the Laboratory has devel- 
oped chiefly in the direction of the application of 
science to engineering, electrotechnics, and naval 
architecture ; and the departments of meteorology 
and terrestrial magnetism are now to be separated 
from the research and test work of the Laboratory, 
and to be brought in direct connection with the 
Meteorological Office. It is not intended, however, 
to sever the connection between Kew and Bushy 
Park. 

The income of the past year, we see from the 
ofticial reports for the year 1909, has increased from 
21,8711. in 1908 to 24,270l., and the fees for work 
done have also risen from 13,0891. to 14,2401. The 
donations and subscriptions have fallen off by 5001., 
however. The table of instruments and apparatus 
tested again shows a very satisfactory growth in 
practically all departments, particularly in electro- 
technics and photometry, metrology, and optics. 
The engineering, and also the metallurgical, depart- 
ment have had to take up aeronautical work under 
the superintendence of an advisory committee, of 
which Lord Rayleigh and Dr. Glazebrook are presi- 
dent and chairman, while an aeronautical division 
has been organised in the Engineering Department, 
and has been placed, under the superintendent, Dr. 
Stanton, in charge of Mr. Bairstow. The Labora- 
tory staff has undergone some alterations ; but they 
are essentially additions, and it is very satisfactory 
that the leading members, to whose conscientious 
and able work the success of the Laboratory must 
be ascribed, remain faithful to their arduous 
duties. 

We begin our account of the work of the Labora- 
tory in 1909 with the Engineering Department, 
where there have been carried out some researches 
which can scarcely be discussed by the engineering 
societies at early dates. 

Engineering Department (Superintendent, T. E, 
Stanton, D.Sc., M. Inst. C.E.; seen C. Jakeman, 
L. Bairstow, J. R. Pannell, R. G. C. Batson, A. 
Bailey, B.Sc., H. Booth, B.A., J. H. Hyde, and F. 
C. Bramwell, B.Sc.). Wind Pressure, Flow of Air 
and Water.—The effect of wind pressure on struc- 
tures (Dr. Stanton) has further been investigated 
with the aid of two instruments, one connected 
to a single Dines tube, 50 ft. from the ground, and 
the other to two similar tubes connected in parallel, 
40 ft. apart at the same level. These instruments 
are read two or three times a day, and they show 
quite distinctly that the wind in a gale very rarely 
reaches its maximum intensity at the same instant 
at two points 40 ft. apart. The pressure differences 
measured indicate average velocity differences of 
about 11 per cent. These experiments are now con- 
tinued on the two new 60-ft. towers, constructed 
for the aeronautical work, which are stronger than 
the old tower, the site of which was required for 
the tank building. 

The researches on the resistance of small plates 
and models in a uniform current of water (Dr. 
Stanton) were last April communicated to the Insti- 
tution of Naval Architects. The expected advan- 
tages of the method—a moving current instead of a 
moving carriage—have fully been realised. The 
normal pressures on inclined plates exhibit the 
same characteristics which the same form of plate 
displays in air currents, and the results are in 
agreement with those made by previous experi- 
menters with plates of large dimensions, When 
two plates were inclined at 6 deg. to the current, 
and mounted the one in front of the other, so as to 
screen one another, the pressure on the aft plate 
was still found reduced when the two plates were 
nine lengths apart. The marked effect of fineness of 
stern on propeller resistance was very clearly brought 
out ; three models, of the same form of bow and 
middle, with stern cones of angles of 6 deg., 10 deg., 
and 20 deg., gave resistances as 1: 1.15 : 1.95, or 
per unit volume as 1 : 1.9 : 4.8. 

The heat transmission and friction of air currents 
in pipes (Dr. Stanton and Mr. Pannell) is still being 
investigated with the aid of a vertical 2-in. pipe, 
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air, heated up to 90 deg. Cent. maximum, is sent 
through this pipe by three centrifugal pumps, which 
discharge the one into the suction of the next. In 
spite of the eddy currents the temperature is not uni- 
form across a section. The mercury thermometers 
first employed have been replaced by ‘‘ Eureka ” 
thermo-couples ; but it is very difficult to determine 
the temperature of gas currents accurately, as we 
had occasion to point out again recently when de- 
scribing Nusselt’s experiments on heat transmission 
in pipes.* Dr. Stanton has found the determination 
of the velocity in the region of so-called viscous flow 
close to the walls, a layer about 1 millimetre in 
thickness, not less difficult. A flattened Pitot tube, 
of 0.1 millimetre orifice, gave smaller pressures 
than a circular tube of 1 millimetrediameter. The 
smallest tube, with thinnest walis, which Dr. 
Stantonfinds reliable, has a width of 0.2 millimetre; 
it is a flat tube made of surgical steel. The velocity 
determinations can hence not be made nearer than 
0.2 millimetre from the walls. Otherwise the curves 
of radial distribution of temperature and of axial 
velocity have been determined with fair some 
and it results that both curves are approximately 
tangential to lines drawn from the walls at the 
slopes calculated from the known friction and 
heat transmission at the surface, which quan- 
tities were independently measured. e co- 
efticients of heat transmission and of viscosity seem 
gradually to diminish as the walls are approached, 
and the conclusion is, therefore, that in the eddy- 
ing flow of a gas through a pipe there is no dis- 
continuity in the flow near the boundary between 
the regions of linear flow and of eddying flow ; the 
two motions appear gradually to shade off into one 
another. 

Strength of Materials; Alternating and Direct 
Stress; Long Wires; Welded Joints.—Dr. Stanton 
has continued his experiments on alternating stress 
at high frequency with his machine for ring-shaped 
specimens. The number of reversals has been 
2200 per minute, and the results are very satis- 
factory for hard steels (above 3 per cent. of carbon). 
In the case of softer steel and iron, the material 
abraded by the rollers from the outer surface 
of the ring tends to become embedded in the 
ring again, and to produce indentations which 
weaken the ring. As a check upon the method, 
Dr. Stanton therefore constructed a Wohler ma- 
chine, in which the specimen is fixed in a shaft 
driven at 2200 revolutions per minute, the dimen- 
sions of the specimen being such that the speed is 
well above the first period of the whirl of the speci- 
men. ‘The specimen is also provided with a central 
bore, so that the stress is distributed over a ring 
only +; in. in thickness. The limiting stress is then 
reached much more rapidly than in a solid rod—a 
test taking half a day instead of four days. The 
agreement between the two tests is very satisfactory, 
especially considering the complicated theory of the 
ring method. In opposition to Dr. Smith, of Bel- 
fast, and others, Dr. ete adheres to his opinion 
that the range of stress is not altered by the speed, 
and that neither iron nor high-carbon steel are 
worse at high speeds than at low speeds. The ex- 
periments on low-rate alternations are going on. 

Mr. Leonard Bairstow’s research on ‘‘ The Elastic 
Limit of a Material under Alternating Stress,” pub- 
lished in vol. cex., Series A, of the Philosophical 
Transactions of the Royal Society, is a very remark- 
able contribution to our knowledge of fatigue pheno- 
mena, and constitutes the first experimental proof 
of Bauschinger’s theory, that a change in the elastic 
limit follows an extension of the specimen, and 
that for any arbitrarily chosen value of the lower 
limit of elasticity a definite value of the upper limit 
can always be found. Mr. Bairstow observed that 
fatigue is able to produce slow yielding whenever 
the compressive and tensile stresses are unequal, 
although the maximum stress applied may be con- 
siderably below the yielc stress. That would sug- 
gest that yielding might possibly occur without 
fatigue, i.e., when the range of stress imposed was 
unable to produce fracture, however often the cycle 
were repeated. But all his attempts made to pro- 
duce yielding under these circumstances failed, and 
even when started by fatigue, the yielding gradually 
ceased when the range was reduced to a safe value, 
the maximum stress remaining unaltered. For the 
designer it would hence appear sufficient to know 
that the range of stress which he may adopt must 
be less than the safe range calculated from experi- 
ments on the material, and that the first application 
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of the maximum stress does not produce appreci- 
able extension. 

The research on tensile strength and elasticity of 
long wires at varying temperatures has been con- 
ducted by Mr. R. G. C. Batson, with the aid of 
funds supplied by the Post Office, the India Office, 
and the National Telephone Company, in a gal- 
vanised trough, lagged inside, placed in a wooden 
trough, and maintained at uniform temperatures 
up to 80 deg. Cent., as we mentioned last year.* 
The copper and bronze wires, ranging in diameters 
from 0.194 in. to 0.049 in., 50 ft. in length, are 
stretched horizontally by a load of 1500 lb. maxi- 
mum, and, with the aid of a slider, stress-strain dia- 

ams are taken at intervals of 10ft. Trouble has 
San experienced, as was expected, at low tempera- 
tures, the action of the extensometers being inter- 
fered with by the freezing mixtures. Of the three 
methods used for calibration—viz., by a spiral spring 
attached to the specimen, by extensometer readings 
on a short length of steel held in the machine, and 
by a weighted lever suspended over the trough, the 
last mentioned has given the most consistent results. 
The effect of the wire length on the breaking load 
has been found to be small; the strength was half 
a per cent. lower on the full length of 50 ft. than 
on a 10-in, length, and that would be explained by 
a want of homogeneity in long wires. The tensile 
strength decreased and the elongation increased 
as the temperature was raised from — 12 deg. 
Cent. to 60 deg. Cent.; the tensile strength co- 
efficient was 0.1 per cent. per deg. Cent., and the 
elongation } per cent. Small kinks, although 
straightened out before the test, reduced the break- 
ing load considerably. 

At the suggestion of Sir J. Wolfe Barry, Mr. 
Bairstow and Mr. Pannell have investigated the 
strength and efliciency of welded joints. The 
ninety specimens were supplied by seven firms, 
and made from material if in. in diameter ; fifty- 
six of the bars were welded by men of special 
experience, by hand or electrically ; the others 
were tested unwelded. Some specimens were chain- 
links, and the lengths of the welds ranged from 1 in. 
to 10 in. The long weld joints gave the best 
results ; even these were only moderately good, 
however. The material at a welded joint is evi- 
dently very often in a dangerously brittle state. 
The weakness is best brought out by elongation 
and impact figures; the elastic limit and yield- 
— are not suitable for differentiating good from 

d joints. The behaviour under alternating stress 
is being investigated at present. 

Steam Research (Messrs. C. Jakeman and A. 
Bailey).—Owing to test-work and to trouble with 
the glass superheaters the determination of the 
specific heat of superheated steam has not advanced 
much. Glass superheaters would obviously offer 
advantages for the investigator, and Mr. Jakeman 
therefore fitted water-gauge tubes into steel stuffing- 
boxes. The tubes were specially annealed, and would 
work with wet steam of 350 lb. per square inch, 
but would not stand dry steam ; some lasted ten or 
twelve days, but they gave way finally, generally 
fracturing in the stufting-boxes. A brass tube, 4 ft. 
in length, 1 in. in diameter, has now been fixed in 
the stuffing-boxes. The tube encloses a heater 
body, made = of 24 discs of uralite, provided with 
segments to allow the steam to pass through, and 
with twenty small holes each through which a No. 18 
gauge nickel wire is threaded, which carries the 

eating current. The segments throw the steam 
from side to side of the tube, so that the heating 
should be uniform. Platinum thermometers are 
used. In another line of experiments the total 
heat of steam is measured in a calorimeter. 

We mayalso mention a novelty of Mr. Jakeman’s— 
a very simple transthission dynamometer for measur- 
ing up to 1 horsé-power at 1000 revolutions. The 
dynamometer consists of a hollow shaft mounted 
in two bearings, driven by a pulley, and carry- 
ing a face-plate at one end. On the plate are 
fixed two radial axles on opposite ends, of the same 
diameter, and on these run two rollers with arms 
at each end. The arms on the rollers are at 
an angle of 90 deg., and each is provided with a 
hardened steel centre carefully placed at the same 
distance from the axis of theroller. In the working 
position the outer roller arm stands at right angles 
to the face-plate, and drives an arm fixed to the 
machine under test. The inner arm of the roller 
bears on a plate attached to a thrust-rod passing 
through the hollow shaft ; the end of the rod presses 
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against a bell-crank lever, which is kept in position 
either by a spring-balance or by dead-weight. In 
this way the pressure exerted by the dynamometer 
on the Livieg arm of the machine can be measured, 
and the power transmitted then calculated from tlie 
known speed. The radius of the arm is 3 in., and 
this requires a pressure of 20 lb. to transmit one 
horse-power at 1000 revolutions. 

Aeronauti-s.—The researches, undertaken with 
the approval of the Advisory Committee for 
Aeronautics, by Dr. Stanton, Messrs. L. Bairstow, 
H. Booth, B.Sc., F. H. Bramwell, B.Sc., J. H. 
Hyde, and H. J. Rowell, with Mr. F. J. Selby, M.A., 
acting as secretary, attracted much attention. The 
experimental wind channel for experiments on 
models in a uniform current of air is a horizontal 
channel, built in wood and glass, 4 ft. by 4 ft., 20 ft. 
long, supported in a similar channel of 8 ft. by 8 ft. 
Air is drawn through the inner channel by a 6 ft. 
Sirocco fan (belt driven, from a 15 horse-power 
dynamo at 150 revolutions), so that the experi- 
ments are made in a suction current, the return 
current passing through the outer channel. The 
model is attached to one end of a lever, which pro- 
jects into the inner channel from an encased por- 
tion of the outer channel, part of the instruments 
being altogether outside the channel. The lever is 
supported by a cross-head attached to a bracket, 
and the lever may be moved about the vertical axis 
and about the horizontal axis. The outer end of 
the lever, which rotates ina ball bearing, is utilised 
asa weigh-beam for vertical forces (lift of the model) 
and an auxiliary weigh-beam riding on it by a 
wheel suspension measures the horizontal force 
(drift). Two observers are required. The model 
can also be rotated about its horizontal axis for 
altering its inclination without stopping the current, 
and for this purpose the shaft, or weigh-beam, 
passes in gimbals right through the cross-head. 

The lever is also provided with an oil dashpot to 
damp out oscillations. The velocity of the air 
currents is estimated by means of a combined Pitot 
tube and static pressure tube, as in Dr. Stanton’s 
previous experiments on air resistances in vertical 
currents. The pressure fluctuations in this hori- 
zontal wind channel have given him more trouble 
than with the vertical currents. At first, fluctua- 
tions of a period of 10 seconds were noticed and 
ascribed to the constriction and sudden enlarge- 
ment of the return channel at the outlet of the 
fan-chamber. The outlet was then made gradually 
enlarging, and guide-blades and wire gauze have 
been fixed to minimise the fluctuations in the inner 
channel ; a honeycomb arrangement will probably 
be adopted. 

Experiments on the action of the wind on large- 
scale models are made on the already-mentioned 
two wind towers of steel, each 60 ft. high, erected 
110 yards apart. The upper 40 ft. of the towers 
are 8 ft. by 8 ft. in section ; below the towers en 
large to 12 ft. by12 ft. Platforms have been pro- 
vided at levels 10 ft. apart, and a rotating platform, 
20 ft. long and 3 ft. wide, has been mounted at the 
top. Lead pipes are taken down the towers to the 
observation hut, half way between them. 

The whirling table of Mr. Bairstow, for experi- 
menting on model aa has been erected in 
a new corrugated iron building, 80 ft. square, giving 
a clear space 12 ft. high forthe table. The table is 
supported on a vertical shaft mounted in ball-bear- 
ings in the centre of the room. The whole table 
weighs 120) lb.; its one arm has a length of 330 ft., 
the other, which is provided with a counter-weight 
of 600 Ib., a length of 10 ft.; the arms are made of 
steel tubing tapering from 14 in. in steps down to 
1 in., and there are struts at intervals of 6 ft. and 
steel-wire ties over to the centre post. The shaft 
is driven through a worm r by a variable-speed 
14-brake-horse-power electric motor; the speed 
has so far been 16 miles per hour, but it 1s 
intended to go much higher, from 25 ft. up to 100 ft. 
per second. About half way down the long «rm is 
mounted the small electric motor which drives the 
horizontal propeller shaft right at the end of the 
arm through a rubber cord. The propeller shaft 
rests in ball-bearings tangentially to the circle 
which the arm describes. The propellers have 
diameters up to 30 in., and their blade angles can 
be changed. 

The pulley for the driving cord is at the far 
end of the shaft, and is connected on the side 
away from the propeller with a casting, to which 4 
— spring is fixed, the convolutions being all in 
the vertical plane. Further out is a light drum, om 
which a pencil makes a mark ; as the torque 1D- 
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creases the spiral spring is tightened, and when the 
change-over } anata to be mentioned takes place, 
the pencil draws a straight line across the rim 
of the drum, indicating the torque ; at the same 
moment the speed is read off by the observers, 
who are stationed in a corner of the room where all 
the switches and instruments are placed. The 
thrust of the propeller is taken up by another 
helical spring, coiled about a horizontal axis below 
the bed-plate of the shaft ; at the moment when the 
thrust overcomes this spring, an electric contact 
is made, and a small red signal lamp (which is 
fixed near the vertical shaft in the centre of 
the room, and watched through a telescope) goes 
out; in the next moment, when the thrust still 
increases, a green lamp next to the red flashes up. 
The speed is then read off, as just said, at the 
change-over. .The speed-indicator is really a volt- 
meter ; a very small dynamo turns with the shaft, 
and the observer determines the speed from the 
volts on his galvanometer, which he watches. 

For the tests of the efficiency and endurance of 
petrol motors—tests which are being made in con- 
nection with the 1000/. prize offered by Mr. Patrick 
Alexander—adjustable cross-rails have been pro- 
vided, and a 10-horse-power dynamo has been fitted 
into a cradle, which is suspended on knife-edges 
for the measurement of the torsional effort by 
means of a lever and balance-weights. On the 
coupling side, between motor and dynamo, a ring 
has been put round the shaft, which rests on two 
rockers, serving as knife-edges. The dynamo energy 
is dissipated in resistance mats. 

Fabrics for balloons and per 8 a rubber, 
&c.—are tested for strength and elasticity in diffe- 
rent ways. Rubber hose is filled with air under 
pressure. Pieces of cloth are clamped by two pairs 
of jaws; the upper pair is suspended from a hook, 
the lower weighted with a box, into which sand 
flows gradually. This rather slow method ensures 
a very uniform loading ; Messrs. Avery are building 
a more rapid machine for shot-loading. 

Sliding Friction in Valves; Leather; Calori- 
meters.—Of other special researches we may mention 
the determination of the sliding friction between 
metal valve faces and their seats uader the action 
of superheated steam. The valves being circular, 
Mr. Jakeman determined the amount of torsion 
necessary to start the rotation and to maintain it 
under the full pressure of 180 lb. per square inch 
at 500 deg. Fahr. It resulted that the friction 
rose rapidly after the motion had started and then 
remained steady, and that the material of the seat 
was of more importance for the friction than the 
material of the valve. 

In testing leather at low temperatures, the 
specimens were either cooled to —70 deg. Fahr. 
and allowed to get warm again before the test, or 
tested at —19 deg. Fahr. The first treatment 
increased the tensile strength considerably, especi- 
ally when the specimens had been frozen wet ; the 
second test gave only half the original strength. 

In standardising quantities of coal for calori- 
meter tests by the aid of the Rosenhain calori- 
meter it was noticed that sugar carbon, supposed 
to be pure carbon, only contained 85 per cent. of 
carbon, and lost a good deal of gas when exhausted 
in the red-hot state ; the carbon percentage was 
hy this treatment raised to 97. 


(To be continued.) 








ELECTRIC WAVES AND THE ELECTRO. 
MAGNETIC THEORY OF LIGHT. 

IN opening, on Saturday afternoon last, the con- 
cluding lecture of his course at the Royal Insti- 
tution on the above subject, Sir J. J. Thomson 
said that on the previous occasion he had shown 
that it followed from the principles of electricity and 
magnetism that an electric disturbance travelled 


1 
J where » denoted the 
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MH 
nagnetic ———- and « the specific inductive 
pacity of the medium. The disturbance in ques- 
tion consisted of lines of electric force travelling at 
right angles to their own direction, and of lines of 
magnetic force perpendicular both to the electric 
iorce and to the direction of its motion. This 
velocity, when calculated from the data available 
‘or alr, proved to be the same as that of light in 
‘he same medium. Hence arose the suggestion 
that light itself was an electric disturbance. He 
had, he continued, already discussed the effect of 
the dielectric, and shown that in many cases the 


with a velocity equal to 


speed of light in a medium was not proportional 
to the square root of the specific inductive capacity. 
There were many reasons, such as “‘ anomalous ” 
dispersion, which would account for the discrepancy 
in question. 

All knew, he proceeded, that metals were opaque 
to light, and he was afraid that a really transparent 
metal was contrary to the order of Nature, and 
that it would, to the end of time, be necessary 
to put up with apparatus of glass in their labo- 
ratories, in spite of its many defects. Though, 
as stated, all metals were opaque, precise measure- 
ment showed that they were really more trans- 
parent than they ought to be. Taking a piece 
of gold leaf, prepared by Faraday himself, the 
lecturer showed that it transmitted quite an ap- 
preciable amount of light, which was of a green 
colour. Given the specific resistance of the metal 
as usually measured, it was, he proceeded, possible 
to calculate how much light should pass through 
gold leaf of a given thickness; but experiment 
showed that the quantity which actually passed 
was more than was consistent with the view that 
resistance of the metal in these thin films was the 
same for rapidly-changing as for steady currents. 

Experiments by Rubens and Hagen on the 
transparency of metallic films to light of diffe- 
rent wave-lengths had, Sir Joseph proceeded, 
thrown a great deal of light on the mechanism 
of conduction. Some of the most notable results had 
been obtained with light drawn from the infra-red 
portion of the spectrum. It was found that until 
the wave-length of light was reduced to 2.5 x 
10— centimetres the transparency was in exact 
accord with that calculated from the resistance of 
the gold. It was only when the wave-length fell 
below this critical value that the leaf became more 
transparent than it ought to be. The discrepancy 
increased with decreasing wave-length, and for the 
visible portion of the spectrum generally much more 
light got through than ought to. This observation, 
as he had already said, threw much light on the me- 
chanism by which the current was carried through 
the leaf. If the carriers were electrified particles 
acted on by electric force, then moving under the 
latter, they would acquire energy, and when they 
finally struck a molecule this energy would be given 
up and converted into heat, the metal getting hot. 
ih however, the alternations of the E aerars force 
were so frequent that its direction changed during 
the time taken by the carrier to pass from one col- 
lision to the next, this carrier would acquire little 
energy, and consequently give up little on finally 
colliding with a molecule. Hence, if the distance 
between two collisions was relatively large, there 
was considerable transparency, and from the mea- 
surement of this transparency the distance traversed 
by the particle carrying the charge between succes- 
sive collisions could be calculated. 

There was, he proceeded, another case in which 
electric conductivity did not destroy transparency, 
as, for example, in very dilute sulphuric acid. In 
this case it was found, however, that when very long 
waves were used, they were absorbed in quite the 
right porportion ; but in the case of visible light the 
conductivity disappeared, and the liquid became 
transparent. Here, again, valuable information 
could be obtained by finding the critical wave- 
length at which the discrepancy arose. 

In addition to transparent conductors, there were, 
he said, opaqueinsulators. A greatdeal of this opacity 
could be pe by the fact that most of such insu- 
lators werenot uniform in composition. The effect of 
this want of uniformity the lecturer illustrated by 
repeating an experiment of Christiansen, in which 
powdered glass was immersed in a mixture of bisul- 

hide of carbon and benzol, having the same re- 
ractive index. When thus immersed, the mass of 
powdered glass was quite transparent, whilst on 
draining off the fluid it immediately became opaque. 
Here the opacity, Sir Joseph said, was due to re- 
peated reflections from the faces of successive frag- 
ments of glass. These reflections did not arise if the 
glass were immersed in a medium having the same 
refractive index. The opacity of many dielectrics 
arose in the same way, and was well accounted for 
by the electromagnetic theory of light which had 
special advantages in the discussion of reflection 
and refraction, the conditions at the surface pro- 
ducing the phenomena in question being in this 
theory perfectly definite. 

He would next, he said, proceed to some electrical 
effects having analogies in optical phenomena. One 
of the most notable of Faraday’s discoveries at the 








Royal Institution was the rotation of the plane 








of polarisation when polarised light was 
through a magnetic field, The Hall effect in elec- 
trical conduction was due to a precisely similar 
cause. Professor Hall, working in Rowland’s 
laboratory at Baltimore, had found that when a 
conductor conveying a current was placed in a 
magnetic field, the lines of flow of the current were 
displaced, the field introducing, in fact, an addi- 
tional electromotive force, tending to produce a 
flow at right angles both to the original stream-lines, 
and to the magnetic field. The phenomenon, the lec- 
turer continued, was particularly easy to observe in 
the case of a gaseous conductor, in which the current 
was self-luminous, and the displacement caused by 
the field was thus directly visible. Accepting the 
Hall effect, what, the lecturer continued, should be 
the result when pane light passed through a 
magnetic field ? ith polarised light the lines of 
electric force which constituted the wave were all 
parallel to each other. If such lines traversed a 
magnetic field, they would be turned round, and this 
was equivalent toa rotation of the plane of polarisa- 
tion. The effect, Professor Thomson continued, was 
particularly well shown when the polarised light 
traversed a medium which strongly absorbed it. To 
show this, he the light from an oe 
through one nicol to polarise it, and throug 
another which quenched it. A sodium flame was 
arranged between the two nicols, each resting on 
one pole of an electro-magnet. On oe the 
magnet, the plane of polarisation of the sodium rays 
was so changed that the crater of the are could be 
seen through the nicols, showing up in brilliant 
yellow light, the remainder of the rays of the 
spectrum being still unable to the second nicol. 

Some other effects of light had, Sir Joseph pro- 
ceeded, caused physicists to consider the possibility 
of the wave-front Soler rather different from that it 
was usually considered to be. When ultra-violet 
light was incident on a metal, it caused it to give out 
negative electricity; and were the metal originally 
negatively prema f this charge was rapidly dissi- 
pated, whilst, on the other hand, a positive charge 
was retained. Some points connected with this 
phenomenon were very singular, and, as stated, 
had caused physicists to contemplate a modification 
in the previously accepted view of the structure of 
a light-wave. It was possible to measure the 
velocity of the negative particles given off by a 
metal under ultra-violet light, and this was found 
to be quite independent of the intensity of the 
light. if the metal were close to the source, the 
number of particles liberated was more than if 
the two were widely separated, but the velocity of 
the particles was in beth dane identical. This fact 
was very peculiar, since if the particles owed their 
speed to the electric force accompanying the light- 
wave, it would be natural to expect higher speeds 
with the more intense lighting. On the old emission 
theory, on the other hand, the result observed was 
exactly in accordance with what one would antici- 
pate. Anything done bya single ‘* light pre 4 
could be done just as well after a travel of 1000 
miles as at the origin. Hence if the negative particles 
were shot off from the metal by the impact of the 
light particle assumed in the emission theory, it was 
to be expected that the speed of the negative par- 
ticles thrown out would not depend on the distance 
of the metal from the source. 

It was possible to determine the number of these 
negative particles sent out in any stated time, and 
this number proved to be a very small fraction of 
the total number of molecules on the surface on 
which the ultra-violet light was incident. If a 
light-wave were perfectly uniform, having, so to 
speak, no holes in it, each molecule on the surface 
struck by the light would experience the same 
electric forces. By allowing the light to fall on the 
surface for a few seconds there would be ample time 
for effects to average vut; but observation showed 
that apparently only a small fraction of the mole- 
cules exposed to the light gave off negative icles. 
This fact would also fit in -well with Newton's 
emission theory, for then only a few of the mole- 
cules on the surface would be struck by the par- 
ticles of light. Many had accordingly been led to 
conceive that the front of a light-wave was not con- 
tinuous, and that, could it be actually observed, it 
would not appear as a uniformly illuminated sur- 
face, but rather as a series of light specks on a dark 
ground. Considering electric phenomena only, there 
was indeed a great deal to be said for supposing that 


light consisted of little bundles of electric and 
magnetic force, the wave-front having; as it were, a 
molecular structure, 


There was no necessity for 
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such a theory when optical phenomena alone were 
considered ; but taking the electric properties into 
consideration, physicists were almost driven to see 
whether such a view as that suggested was not also 
in accord with ordinary optical etfects. 

The only difficulty arose in connection with the 
phenomena of interference. To produce these it was 
necessary that the phases of the supposed bundles 
of electric and magnetic force should not be arbi- 
trary, and this might appear an objection to the 
view that the front of a light-wave was not 
uniform, Within somewhat intense light, such a3 
was generally used in interference experiment, 
it might be possible that enough of the many 
bundles then emitted might be sufficiently in phase 
to admit of interference, and it had, there- 
fore, appeared to the speaker of interest to test 
whether interference effects could be obtained 
with light of very feeble intensity. The experi- 
ments had been carried out in the Cavendish 
Laboratory by Mr. Taylor, who, using light so 
feeble that it required six weeks to obtain a 
good photograph of the interference fringes, 
found that these were just as definite as with 
ordinary light. The speaker was, however, not 
at all convinced that it was possible to obtain 
from a luminous body bundles of electric and 
magnetic force very different in phase. The 
vibrating particles giving rise to the emission 
would act on each other by resonance, and as 
the bundles of force travelled through luminous 
gases they would excite secondary disturbances 
also in phase with themselves, so that he thought 
there was probably a definite phase relationship 
between all the assumed ‘‘ molecular” constituents 
of the wave-front. 

A theory had been developed y Plancke which 
made the energy in each bundle of lines of force 
proportional to the frequency, so that the energy 
was more in ultra-violet light than in red or yellow. 
Professor Thomson could not himself, however, 
reconcile this view with the existence of inter- 
ference effects with very feeble light. Calculating 
on Plancke’s theory, it would appear that in 
Mr. Taylor’s experiment there was only one 
bundle of lines in each litre of space. He could 
hardly imagine, therefore, that units so widely 
separated as these could give rise to interference. 
On the other hand, it was a fact that the energy 
which came off when metals were exposed to ultra- 
violet light did depend on the frequency of this 
light, the speed of the particles emitted being 
higher the shorter. the wave-length of the incident 
light, so that these experiments agreed with 
Plancke’s view that the energy of the light was 
proportional to its frequency. 

Another development of these experiments was 
the comparison of the velocity of the particles 
emitted when a metal was struck by Réntgen rays 
with that when the agent was ultra-violet light. 
With the former the speed developed was hundreds 
of times as great as when ultra-violet light was used. 
If the rule held that the energy was proportional to 
the frequency, the frequency of the Rontgen rays 
could be thus calculated, and the latter would thus 
appear to have a wave-length equal to 10-8 centi- 
metres, or about the conventional size of an atom. 

We might thus, he concluded, look forward to 
getting a considerable extension of our present 
views as to the nature of light by the study of 
the electrical properties connected therewith. As 
already stated, these had already given rise to 
a serious questioning of the formerly-accepted view 
as to the structure of the wave-front. Further ex- 
periments were necessary, but in its main features 
the electro-magnetic theory must be considered as 
most firmly established, and constituted a great 
triumph for British science, which, whatever modi- 
fications it might receive in the future, would 
always remain a memorial to Clerk Maxwell, one 
of the greatest and best-beloved of English men 
of science. 








ENGINEERS IN THE NAVY. 

Lorp Cuar_es Beresrorp has taken up, with his 
characteristically valiant spirit, the case of the engi- 
neers inthe Navy. No one hasa greater experience 
of the work done and of the necessities of the case 
from the national point of view. Moreover, his 
advocacy is certain to have the greater influence, 
since he belongs to that department of the Service 
which has hitherto been regarded as most pro- 
nouncedly opposed to the granting of the claims of 
the engineering section. Lord Charles did not 





exaggerate the importance of the service or ‘‘the 
resources and independence of action ” of the engi- 
neering ofticers when he said, in the debate in the 
House of Commons on the 17th inst., that he had had 
under his command ‘‘ men who have done actions 
which deserve not one but ten Victoria Crosses, and 
not infrequently in doing them they have lost their 
lives.” He made it clear that all in the Service 
realised that the duties of the engineer call for 
great energy, knowledge, and readiness of resource, 
and, in objecting to the new scheme of entry and 
education, he pointed out that it was impossible to 
make a man expert in everything. ‘‘It takes him 
a lifetime to become expert in any one thing.” If 
this truism were thoroughly realised, the scrious 
objection in principle to the new scheme would be 
recognised in a moment. Lord Charles referred 
to the Committee which had been appointed by 
the Admiralty to investigate the question of the 
engineer officers, and said that it was only fair, not 
only to those ofticers, but to all officers, that some- 
thing should be done to put an end to the present 
state of uncertainty. r. McKenna, however, 
stated that the Committee had not reported. We 
hope that the Committee will be urged to make 
their report, and that an opportunity will be given 
for complete discussion, if immediate action to effect 
the necessary changes be not at once taken by the 
Admiralty. 

Lord Charles Beresford was also right in his 
observations regarding the relative position of the 
engine-room artificer and mechanician. He made 
it clear that he had no objection to the mechanician 
as a man, and was willing to admit that there was 
room for him in the ship ; but he pointed out that 
the engine-room artificer, who understood construc- 
tion, was able at once to put any little detail right 
which, if not attended to, might cause the engines 
and the ship to go out of action, in consequence 
of defects that would then take a long time to 
correct. This is the crux of the whole question. 
Time and again we have pointed out that unless 
a man has practically grown up with engine con- 
struction it is not possible for him to anticipate 
trouble. The difference between the engineer 
ofticer who entered the Navy under the old régime, 
and the future engineer officer, trained solely in 
‘‘ observational” duty, is that the need for repairs 
can be foreseen by the former and be carried out 
in service, thereby obviating complete collapse, 
involving lengthy operations in the dockyard. 
The same distinction is applicable to the arti- 
ficer and the mechanician. Lord Charles brought 
forward a homely example when he pointed 
out that in the case of his barge the leading 
stoker might drive it faster than the engine-room 
artificer, but the latter would see little details, and 
be able to put everything right without the barge 
being laid up at all; whereas with the mechanician 
or the leading stoker the little detail would be 
neglected, and the barge would ultimately require 
to be laid up for three or four days. The same 
applies to the fighting ships of the Fleet, and such 
a preventible laying aside of any ship in times of 
stress would be a serious matter, involving perhaps 
vital issues. Lord Charles alluded to an important 
letter in the possession of the Admiralty, written 
by a talented engineer, as to what the Japanese 
did in their engine-rooms, and the way they kept 
their machinery efficient throughout the war. In- 
deed, the maintenance. of ships in action was, we 
believe, a matter often entirely of engine-room 
supervision. Certainly, too much importance cannot 
be attached to the practical training of the engi- 
neers of our warships and to the complete recogni- 
tion of their great value to the naval service. 








PERsONAL.—Mr. Percy Longmuir, B. Met., consulting 
metallurgist, of Shettield, has recently joined the perma- 
nent staff of Messrs. 8S. Fox and Co., Limited, in the 
capacity of chief metallurgist and superintendent of 
research laboratories.—Messrs. Nasmyth, Wilson, and 
Co., Limited, Patricroft, have opened, conjointly with a 
well-known firm of railway-carriage and wagon lolli, 
a London office at 38 and 39, Parliament-street, S. W.; 
the joint +. EET will be conducted by Mr. Robert 
Dougal, A.M. Inst. C.E.—Mr. R. M. Leonard, having 
resigned the honorary secretaryship of the Cold Storage 
and Ice Association, a position which he has held since 
he founded the Association in 1899, has been elected a 
vice-president,—The Underfeed Stoker Company have 
appointed Mr. A. A. Tasker, 110, Queen-street, Cardiff, 
as their sole representative for South Wales, in place of 
Messrs. Haslam and Schontheil, who have relinquished 
the sole agency. Messrs. Haslam and Schontheil are not 
giving up all connection with the company, and inquiries 
or the company’s specialities will receive attention. 


INDUSTRIAL NOTES. 


Tuk prolonged negotiations which took place on 
Saturday last between the South Wales coalowners 
and the representatives of the miners a no satis- 
factory result, and the dispute appears to be as far off 
settlement as ever. As no arrangements were made 
for a further meeting of the Conciliation Board, a 
strike appears to be inevitable, as the notices which 
the men have given expire on the 3lstinst. It is 
possible that a strike may be averted if the pressure 
of public opinion is strong enough to induce the 

arties to make another effort for a settlement 

efore the end of the month, but there does not 
seem to be much hope, particularly as the meeting 
on Saturday broke up without the parties having 
drawn any nearer to each other, so far as the 
chief point of difference was concerned. Should 
matters reach the worst, and a_ strike occur, 
nearly 200,000 miners will be affected, besides a very 
large number cf railway, dock, and other workers, 
whose employment depends on the continued shipment 
of coal at Cardiff and other ports in Wales. The 
total figures may reach nearly 1,000,000 workers. The 
position taken up by each party last Saturday was held 
with great determination, neither side choosing to yield 
on vital points, although many proposals and counter- 
proposals were made. Regarding the minimum-wage 
question the proposals made by the workmen were 
that wages be paid during the period of the new 
agreement at 50 per cent. above the standard of 1879, 
the 50 per cent. to be both minimum and maximum, 
and to be payable irrespective of any variations 
in the average selling price of coal. The owners, 
however, would not accept this, and no further 
suggestions were made on this point, and the ne- 
gotiations were finally broken off. At the con- 
clusion of the meeting, although no arrangements 
were made fora further meeting of the Conciliation 
Board, the owners’ chairman intimated that the owners 
were willing to meet the men’s representatives again 
if the latter had any further proposals to bring 
forward. It seems unlikely, however, that the 
miners’ representatives will make any concessions. 

The causes of the dispute now are :—(1) Proposed 
alteration of minimum wage scale ; (2) men’s demand 
for a guaranteed pay for bad working places; (3) men’s 
request for payment for small coal ; and (4) the em- 
ployers’ proposal of double shifts. 

There was a meeting of the South Wales Miners’ 
Federation at Cardiff last Monday, when it was 
decided to call a conference of the delegates of the 
South Wales Miners’ lodges at the Cory Hall, to ask 
the Miners’ Federation of Great Britain to convene a 
conference as early as possible. 

A stoppage is threatened in the South Wales anthira- 
cite coal-field, for at a meeting of the Anthracite Miners’ 
Association at Swansea, on Saturday, a deputation of 
the Enginemen and Stokers’ Union attended, and stated 
that they had decided, at whatever cost, to hand in 
notices on April 1 to secure higher wages and better 
conditions. Support has been refused the men by the 
Anthracite Association, which does not approve of the 
movement. Should this strike occur, about 13,000 
colliers will be thrown out of work. 


The coal trouble in Northumberland still drags 
on. A meeting was held in the Co-Operative Hall, 
Cramlington, on Saturday, and there was a full 
attendance of delegates. The meeting was a long one, 
and no satisfactory determination was arrived at. It 
appears that there was no wavering among the strikers 
in their opposition to the three-shift system per day. 
A conference of the strikers’ delegates took place in 
London on Tuesday last, in order to meet Mr. Askwith, 
of the Labour and Statistical Department of the Board 
of Trade. The chief points in dispute were with 
regard to the working of three shifts instead of two. 
A small committee was elected to confer further with 
the Board of Trade in the course of a few days, and 
the meeting was adjourned. 


An important precedent has been set up by the 
Northumberland Miners’ Association deciding, through 
its executive committee, to withdraw the appeal entered 
in the County Court in a test case respecting the Ash- 
ington putters’ wages. The pit was laid idle by the lads 
without notice, and the colliery company was awarded 
damages and costs, which were withheld from the 
putters’ fortnightly pay. The case came up before Lord 
Greenwell, who decided that the company had acted 
quite legally. An appeal was notified, but on the 
advice of their solicitor the executive committee 
decided to go no further with the matter. 


The latest report from Philadelphia, at the time of 
going to Press, states that the tramway employees have 
rejected the company’s overtures and have decided 
to continue the strike until all their demands are 
granted. 


The yotes of the Cleveland Miners and Quarrymen’s 
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Association members on the question of the hours of 
face deputies, about which a sharp division of opinion 
exists, were counted by the executive of the association 
on Saturday, but the result was not announced. It was 
intimated that the figures would be first disclosed at 
the next counci] meeting at Middlesbrough on Easter 
Monday. One of the questions on which the members 
were asked to vote was whether they were in favour 
of handing in their notices to cease work at the end 
of March, as a protest against deputies working more 
than eight hours a day. 





It is stated that some anxiety exists among the men 
engaged in the herring-fishing industry, which repre- 
sents a capital of about 5,000,000/., apart from the 
allied industries, such as box and barrel manufacture, 
net manufacture, &c., because it is feared that Ger- 
many, when her own catching powers are great enough, 
intends placing a prohibitive duty on herrings im- 
ported from British ports. If this should take place 
it will prove a very serious matter for the industry in 
this country, for the fishermen are already handicapped 
by tariffs set up by other countries, the duties varying 
from 3s, to over 1/. per barrel of 3} ewt., and herrings 
are now dumped into Hull at this season of the year 
by Norway, thereby making it difficult for Scotch and 
Kast Coast merchants tocompete. This is particular] 
trying, as, in addition, Norway levies aduty of as muc 
as 4/. 4s. per barrel on cured herrings from Great Britain, 
which works out at about 2d. per pound. According 
to a correspondent of the Standard, Germany is rapidly 
building a fleet of steam drifters, and there seems no 
doubt that as soon as she is able to supply her own 


wants the door against this country will be closed so| pF 


far as the herring industry is concerned. At present 
Germany is glad to have English herrings, but this, it 
is feared, will soon be changed. 

In addition to this, next to Germany, Russia is the 
largest customer for herring, and more than three- 
quarters of the fish caught off the Kast Coast during 
the past season were imported by these countries. 
When Germany feels herself in a position to do it, she 
will probably try and capture part of the Russian trade 
from the British boats, and this day is thought to be 
not far distant. 





The Registrar of Friendly Societies has recently 
issued some interesting figures relating to one phase 
of associated thrift represented by Industrial and 
Provident (Co-Operative) Societies. Co-operation in 
the aggregate represents a membership of 2,679,805, 
the total assets being 58,315,484/. The addition 
during 1908 was nearly 2,000,000/. The expenditure 
for salaries, wages, and establishment charges in 
respect of productive departments of the societies 
amounted to 3,459,910/., and of the distributive 
departments to 5,632,084/., a total of over 9,000,000 
sterling. The societies are divided between wholly 
productive, wholly distributive, and both productive 
and distributive. It will be seen, therefore, that the’ 
societies are, to a very considerable extent, employers 
of labour. In nineteen hundred and eighteen societies 
the balance on the trade of the year represented a pro- 
fit of 10,852,664/., and in 211 societies a loss of 27,184. 
The sum of 88,230/. out of the profits was applied to 
elucational purposes. The recent development in 
small holdings and allotment societies is noteworthy ; 
only 19 of such societies were engaged in providing 
small holdings and allocments for their members at 
the close of 1907. At the end of 1908, however, the 
number had increased to 124, of which 80 had adopted 
the special rules enabling land to be acquired through 
local authorities. 





As a result of the recent anti-sweating crusade, a 
Birmingham deputation attended at the Board of 
Trade on Thursday, the 17th inst., with the object of 
having the brass-working industry scheduled under the 
Trades Boards Act. The deputation comprised repre- 
sentatives both of the employers and of the men, and 
was received by Mr. Askwith. The proceedings were 
private, but it was understood that the employers had 
invited the workmen to co-operate with the Employers’ 
Association in asking the Board of Trade to schedule 


the brass trade under the Trades Boards Act. In the 
case for the men it was explained why the men had 
accepted the invitation of the employers to co-operate. 
Before the request could be complied with, Mr. 


Askwith stated that further inquiries would have to 
be made, but that full regard would be paid to the 
arguments that had been brought forward. 





The young women, girls, and boys engaged in the 


Bradford Worsted-Spinning Mills have been giving 
trouble. In one of the mills about half the workpeople 
struck work on Monday morning last, and sent in a 


demand for 1s, a week increase in wages. As the result 
of an interview between the masters and a deputation 
from the men, an advance of 6d. per week was granted, 
and the employees agreed to return to work. A similar 
advance has been given in other cases. The spinners 








of Bradford are very busy, and any stoppage would 
have been a very serious matter. 





A Times Toronto telegram says that with the 
——- of spring a labour famine has appeared in the 
Western Provinces, and it is estimated by the Immi- 
gration Department that 10,000 experienced agricul- 
turists are wanted. Wages will average from 35 dols. 
to 40 dols. a month. From week to week hundreds of 
Canadians are leaving for the West. 








Tur Institution oF Civi. Enaingers : STUDENTS’ 
MEETINGS.--At the students’ meeting, held at the Insti- 
tution on Friday, March 18, at8p.m., Mr. M. A. Alexander, 
M. Inst. C.E., in thechair, Mr. N. Maas, Stud. Inst. C.E., 
read a paper on ‘*The Construction of Warships.” The 
author, after dealing briefly with the stresses to which a 
vessel is subjected, proceeded to describe in detail the 
construction of a warship. An interesting discussion fol- 
lowed, in which Messrs. J. E. Burkhardt, G. Lees, —. 
Ward, W. P. Warlow, J. F. Peebles, N. Smith, G. Lacey, 
and M. H. Schwab took part. By the kindness of the chair- 
man, some interesting models of warships, machinery, 
and of a mould-loft floor, from the Thames Iron Works, 
were exhibited and explained. 





ANNUAL DINNER OF THE INSTITUTION OF CiviL ENGI- 
NEERS.—On Friday, the 18th inst., the Institution of 
Civil Engineers held their annual dinner in the hall of 
Lincoln’s Inn. Among the guests were Mr. Haldane, 
Secretary for War, Mr. McKenna, First Lord of the 
Admiralty, Lord Justice Fletcher Moulton, and Lieut.- 
Colonel the Hon. Newton Moore, Premier of Western 
Australia. In proposing the toast of ‘*The Imperial 

‘orces,” the Bn meg r. James OC. Inglis, referred to 
the young civil engineers who had been nominated by him 
for commissions in the Royal Engineers, and who were 
serving a year at Chatham before joining the Reserve of 
Officers. He said he had lately seen them, and found that 
they had benefited by their military training. In replyin 
to the toast, Mr. Haldane said that we had now a Specia 


Reserve of officers—doctors, cavalrymen, artillerymen, | 


infantrymen, and engineers. The young engineer, as 
they had just heard, was encouraged to enter himself for 
that Special Reserve; he might be nominated by that 
Institution, or by the professors of engineering in the 
Universities. The system had only been in existence a 
few months, but already forty-two had taken commis- 
sions, and, judging from the number of applications, they 
would have a very large staff indeed of these trained re- 
serve officers—young men with the highest scientific 
training of their time. The matter did not end there. 
The War Office were at work on certain new forms of 
reserve in connection with the Army. There would 

a technical reserve, consisting of men trained in railway 
work and in telegraph work, motor-cyclists, the many 
varieties of technical skill, which became of great im- 
portance in time of war. The toast of ‘‘The Empire” 
was responded to by the Hon. Newton Moore, and that 
of ‘‘The Institution” by the President. There was a 
full attendance. 





INSTITUTE OF MARINE ENGINEERS.—The twenty-first 
annual Meeting of the Institute of Marine Engineers was 
held on the 18th inst in the Institute premises, 58, Rom- 
ford-road, Stratford, E., when Mr. James Denny pre- 
sided. The occasion was marked by a very interesting 


ceremony, performed by the chairman before proceeding | 


with the programme of the meeting, in the unveiling of 
a large oil-painting of Mr. James Adamson, honorary 
secretary, presented to the Institute in commemoration 
of his work in connection with the foundation of the 
Institute, and as honorary secretary during the twenty- 
one years of its existence. The annual report showed that 
the membership had increased from 1037 to 1175. The 
Stephen awards had been gained by Mr. Jas. S. Gander, 
Associate Member, and Mr. W. W. Adamson, Associate, 
for their papers on ‘“‘The Turbine” and ‘‘ Feed-heating” 
respectively, and the Ritchie award for the Graduates by 
Mr. W. Smith for a paper on “‘ The Functions of the Air 
and Circulating-Pumps.” The second Lloyd’s ister 
Scholarship was won by Mr. Frank Duncanson, Graduate, 
of Sunderland. The committee appointed to consider the 
subject of having City premises reported in favour of the 
transfer of the Soniieaiees from Stratford to London, 
and recommended that a special fund be opened for the 
purpose of acquiring City premises. The revenue account 
showed a profit of 106/. 16s. 9d., chiefly accounted for by 
the increased amount of subscriptions received. The 
amount of entrance fees was carried direct to capital 
account, and, including that sum, there was a net increase 
on the year’s working of 548/. 17s. 8d. The total amount 
of available assets standing to the credit of the Institute 
was 3120/. 1s. 10d., of which amount 1512/. 10s. 6d. was 
invested in securities. A vote of thanks was passed to 
Mr. James Donor for officiating as president during the 
vacancy caused by the lamented death of Mr. James 
Dixon. The following were elected office-bearers and 
members of council for the session 1910-1911 :—President, 
Sir David Gill, K.C.M.G.; hon. treasurer, Mr. A. H. 
Mather; hon. secretary, Mr. James Adamson ; hon. 
minutes secretary, Mr. J. G. Hawthorn; hon, finan- 
cial secretary, Mr. E. W. Ross. Members of council :— 
Messrs. J. T. Milton, H. Ruck-Keene, John Clark, 
John Preston, and A. E. Battle. These are in addition 
to the following non-retiring members of council :— 
Messrs. George Adams, K. C. Bales, P. T. Campbell, 
D. Hulme, John Lang, R.N.R., John McLaren, J. H. 
Silley, and W. I. Taylor. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 16. 

Wits the near opening ot the building season in- 
quiries have begun to flow in for those lines of supplies 
largely used in general construction. The business is 
made up largely of what are regarded as small orders. 
The buyers include implement manufacturers, engi- 
neering plants of all kinds, foundries and casting- 
shops, and manufacturers of all manner of equipment 
which go to make up the fitting out of buildings, public 
and private, and shops of all kinds. The demand is for 
machinery and tools for shops and for hardware manu- 
facturing plants. The demand is now on, and the 
orders show that there is in progress a sort of re- 
habilitation of equipment going on. For the past 
year or two there has been more or less indifference 
upon the part of a great many manufacturers, large 
and small, owing in part to the long depression of the 
past. The evidence of ——* requirements are 
now so satisfactory that the managers of industrial 
plants are restoring machinery and increasing ey 
to a degree which reflects very favourably on the in- 
dustries identified with the making of tools, ma- 
chines, engines, boilers, and shop equipment of all 
kinds. 

Very much of this work is special work—that is, the 
equipment wanted is of special design, and calls for 
specific work in the shops, plants, and foundries 
where it is made. A pleasing feature of the present 
expansion is the building of the shops in remote 
localities, in the west and south-west, along the lines 
of new railroads, where the more immediate necessi- 
ties of users of machinery can be supplied. 

Another very encouraging feature is the opening up 
of vast areas of agricultural lands in British Columbia 
and in the provinces in the more remote north- 
|west. By means of the utilisation of numerous 
streams of water communication will soon be 
opened by which, in certain periods of the year, the 
Arctie Circle can be reached. This enterprise will 
favour the occupation of hunters and trappers, and 
will afford opportunities to sportsmen who are seeking 
new fields. The railroads continue to buy liberally of 
|supplies and equipment. Inquiries are now in the 
|market for 35,000 cars. Among the railroads pro- 
| posing to order heavily are the Chicago, Milwaukee, 
and St. Paul, and its branch leading across the con- 
|tinent to Puget Sound. This company is ordering 
50 locomotives, 400 passenger cars, and 1000 freight- 
cars. The locomotive order will be distributed be- 
tween the American Locomotive Company and the 
Baldwin Locomotive Works. The Rock Island Com- 
| pany has recently ordered 2000 freight-cars, and will 


in the market in a few weeks for 2000 more. 








Contracts.—The contract for the supply of the whole 
|of the twenty-four electrically-driven compressors, for 
| the construction of the main sewer from Battersea to 
Deptford, has been awarded by Messrs. Griffiths and Co., 
the main contractors, to Messrs. Reavell and Co., Limited, 
| Ipswich.—Mr. Richd. D. Batchelor, 73, Queen Victoria- 
| street, E.C., and Artois Works, Chatham, who carried 
|out the sinking of a well for the Savoy Hotel, Strand, 
} and has recently completed the water-supply scheme for 
the Right Hon. ood Vanden Hall Barn Estate, Hill- 
top, Bucks, has in hand the following :—Well and boring, 
engine and pumps, at Thurnham, for Miss Fletcher, 
Dewsbury, Yorks; the British Xylonite Company’s 
Manningtree well; the 1000-ft. deep boring at Chailey 
Union for the Lewes Guardians ; a fourth contract, being 
completed, for the Frimley and Farnborough Water 
Company, at Greywell, Hants ; and an important water- 
jaa contract for the Luton Water Company, Beds, 
where a Jarge well has been sunk, and a 6-ft. 6-in. dia- 
meter boring, lined with cylinders, is being put down. 


Tuk Copper Market.—In their report, dated the 16th 
inst., Messrs. James Lewis and Son state that standard 
copper advanced from 59/. 12s. 6d. for cash, on the Ist 
inst., to 60/. 12s. 6d., on the 3rd, the demand being 
stimulated by the moderate increase in stocks in England 
and France, due to the diversion of American shipments 
to Germany and Holland—where their effect was not 
apparent—and to improved conditions in the United 
States, where consumers took advantage of a reduction in 
the prices demanded by sellers to purchase some 10,000 
or 15,000 tons of copper for delivery as far forward as 
June, at an average price of about 13} cents for electro- 
lytic. The advance in standard to 60/. 12s. 6d.induced 
realisation <gee. and values fell away to 59/, 13s. 9d. 
on the 10th. e American producers’ returns, published 
on the 11th, pre so disappointing that the market 
opened at a decline of 15s. per ton, as low a price as 

. 17s. 6d. being accepted. On the 14th there was a 
recovery to 59/. 5s. cash and 601, 3s. 9d. for three months’ 
prompt, followed by a fall next day to 58J. 17s, 6d. cash, 
closing values to-day being 58/. 16s. 3d. cash and 591. 17s. 6d. 
three months’ prompt, after 58/7. 12s. 6d. and 59/. 12s. 6d. 
had been accepted. Following the advance in standard 
during the early days of the fortnight, a good business 
was done in refined and manufactured copper, the Govern- 
ment placing <4 contracts, but the demand has 
since subsided. The inquiry for sulphate of copper is very 
limited, and shipments for the past two months are less 
than for the corresponding period of 1909 and 1908 by 
2000 tons and 11,000 tons respectively. 
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NOTES FROM THE NORTH. 
Gtascow Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet, and the dealings consisted of 
1000 tons of Cleveland warrants at 51s. . cash, and 
52s. 4d. three months. There were sellers over at these 
prices and at 5ls. 4 ~ one month. In the afternoon the 
market was quiet, but firm, and one lot of Cleveland 
warrants was done at 51s. 104d. one month. Closing 
quotations were stronger at 51s. 7d. cash, 51s. 11d. one 
month, and 52s. 6d. three months sellers. Hematite was 
offered at 68s. 3d. one month sellers. On Friday morn- 
ing the market was active, and Cleveland warrants 
advanced in price owing to a good demand. The 
turnover amounted to 10,000 tons at from 51s. 74d. 
to 51s. 94d. cash, at 51s. 114d. thirteen days, 52s. four- 
teen days, from 52s. to 52s. 2d. one month, and at 
52s. 44d. May 4, and 52s. 74d. three months. Closin 
sellers quoted 51s. 11d. cash, 52s. 24d. one month, an 
52s. 9d. three months. One lot of hematite changed 
hands at 67s. 9d. cash. The market continued strong in 
the afternoon, and 3500 tons of Cleveland warrants were 
dealt in at 51s. 10}d. and 51s. 11d. cash, 52s. 14d. and 
52s. 2d. twenty-four days, 52s. 3d. one month, and 
f2s. 44d. May 2. At the close there were sellers at 
5ls. 1ld. cash, 52s. 3d. one month, and 52s. 9d. three 
months. On Monday morning the tone was again 
strong, and a good business of 10,000 tons of Cleve- 
land warrants was put through at 51s. 11d., 52s., 
and 51s. 114d. cash, 52s. 3d. and 52s, 24d. twenty-one 
days, 528. 5d. May 4, and at 52s. 104d. and 52s. 11d. 
three months. The session closed with sellers at 52s. 
cash, 52s. 34d. one month, and 52s. 114d. three months. 
In the afternoon the market was steady, and two lots 
of Cleveland warrants changed hands at 51s. 11d. cash 
and 52s. 104d. three months. Closing quotations were 
51s. 114d. cash, 52s. 34d. one month, and 52s. 11d. three 
months sellers. On Tuesday morning the market price of 
Cleveland warrants showed a decline, and the Sealin 
amounted to 8000 tons at from 51s. 104d. to 51s. 9d. cash, 
at 52s. twenty days, 52s. 04d. one month, 52s. 2d. April 
25, and from 52s. 10d. to 52s. 8d. three months. Sellers’ 
closing prices were 51s. 9d. cash, 52s. 1d. one month, and 
52s. 8d. three months. Hematite, 1000 tons, changed hands 
at 68s. 9d. one month, with closing sellers at 68s. 6d. cash. 
The afternoon tone was steady, and 5000 tons of Cleveland 
warrants were done at 51s. 8d., 51s. 9d., and 51s. 84d. 
cash, and 51s. 114d. and 52s. . one month, and the 
market closed with sellers quoting 51s. 9d. cash, 52s. 1d. 
one month, and 52s. 8d. three months. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
63s. 6d.; Calder, Gartsherrie and Langloan, 64s.; Summer- 
lee, 66s.; and Coltness, 85s. (all ship at Glasgow) ; 
Glengarnock (at Ardrossan), 65s. 6d ; Shotts (at Leith), 
64s.; and Carron (at Grangemouth), 66s. 


Shipbuilding.—The shipbuilding industry on the Clyde 
has been steadily improving for some time back, and not 
only has there been quite a respectable number of new 
contracts placed recently, but the final settlement of 
several important orders is impending. The Greenock 
and Grangemouth Dockyard Company, Greenock, have 
received an order from Messrs. J. and J. Denholm, 
Greenock, to build a steamer of about 2200 tons carryin 
capacity on a draught of 17 ft. This vessel, which wi 
be started immediately, will be 250 ft. in length, and will 
be supplied with machinery by Messrs. Dunsmuir and 
Jackson, Glasgow. 





Princk Rupert.—Prince Rupert is growing rapidly, 
buildings being in course of construction throughout the 
city. A system of sewerage has been planned which 
will involve an outlay of upwards of 100,000 dols., to 
which the Grand Trunk Pacific Railway will contribute 
25,000 dols. 


Catcium CHLORIDE AS A Dust - PREvENTIVE.—The 
Roads Improvement Association has published the results 
of a further investigation of calcium chloride as a dust- 
layer. In a previous report the conclusion reached was 
that the material was very effective, but the judges 
pointed out that further information was needed as to 
whether or not the adoption of the process was likely to 
be equally satisfactory m winter. The new inquiry has 
been specially devoted to this point, and the judges sum 
up their observations as follows :—‘‘ Having now had an 
opportunity of inspecting various sections of roads which 


have been regularly treated with calcium chloride during | M 


the past summer, and also of considering the reports of 
various surveyors in different parts of the country, re- 
ferred to previously, who have used calcium chloride, 
we are of opinion that the treatment has the ill effects 
of causing, during the winter months, an abnormal quan- 
tity of sticky mud, a decided tendency to licking up, and 
a disintegrating action upon the mi am surface. Not- 
withstanding this, we are of opinion that the process is 
probably not more injurious to macadamised roads than 
the excessive watering now demanded by the public 
effectively to lay the dust.” Attached to the report is 
an appendix giving the experiences and opinions of a 
number of surveyors in different parts of the country 
upon this subject. The original test of the dust-laying 
capabilities of calcium chloride was conducted in June- 
September, 1909. A comprehensive report was then 
issued dealing with the costs and methods of applyin 
the material to the road, the results obtained, nature an 
—— of calcium chloride, analysis of the road sur- 
ace, &c. Copies of both the above reports can be 
obtained from the hon. secretary of the Roads Improve- 
ment Association, Caxton House, Westminster, London, 
S.W., price, net, 7d, each, post free, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLesBroucH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron market is in a 
satisfactory state. There is more doing in Cleveland pig, 
but the most marked improvement is in hematite iron. 
Production of Cleveland continues rather in excess of the 
requirements, as is shown by the steady increase to the 
warrant stores. The additions, however, are not on a 
heavy scale, the average per working day this month 
being just over 400 tons, and the total stock now stands 
at 420,000. A general opinion prevails that ere long not 
only will the whole of the output be absorbed, but that 
the stocks will have to be considerably drawn upon 
to meet uirements. Merchants are selling No. 3 

-m.b. Cleveland pig at 51s. 9d. for early f.o.b. delivery, 

ut makers, as a rule, name 52s., and are not disposed to 
do forward business much under 52s. 6d. The other 
qualities of Cleveland iron are steady. No. 1 is 54s.; 
No. 4 foundry and No. 4 forge, each 50s. 9d.; and 
mottled and white, each 50s. 3d.—all for early delivery. 
Recent heavy buying of hematite pig for local use has 
brought other consumers into the market. With buyers 
anxious to operate, producers have advanced quotations, 
as have also their competitors in other districts, and the 
position is thus a very strong one. Values are expected 
to become still dearer. Sheffield consumers have this 
week visited the Cleveland market, and, it is believed, 
nt orders, though to what extent has not transpired. 

os. 1, 2, and 3 East Coast hematite pig have been put 
up 1s. for early delivery, the price now being 66s. Busi- 
ness has been recorded for delivery to the end of the year 
at 67s. 6d., but it would be difficult to place further orders 
at that figure. The foreign ore market is characterised 
by much strength. The mine-owners abroad have ex- 
cellent contracts made, and they are not pressing sales. 
Values are based on 20s. 6d. ex-ship Tees for early de- 
livery of Rubio of 50 per cent. quality, and for delivery 
up to the end of the year 21s. 6d. is named. 


Manufactured Iron and Steel.—In the manufactured 
iron trade several branches are still only moderately em- 
ployed, and prospects are none too bright, but the 


ane There is considerable activity in nearly all 
ranches of the steel industry, and some firms are so busy 
that they are anxious to make the holidays as short as 
possible. Values tend upward, though not quotably 
raised, and the outlook is encouraging. Principal quota- 
tions for finished iron and steel stand :—Common iron 
bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s. ; 
packing iron or steel, 5/. 5s.; iron ship-plates, 6U. 5s. ; 
iron ship-angles, 7/.; iron ship-rivets, 7/. 3s. 9d. to 
71. 5s. ; steel bars, 6/. 5s.; steel ship-plates, 6/. 10s. ; steel 
ship-angles, 5/. 17s. 6d.; steel strip, 6/. 7s. 6d.; steel 
hoops, 6/. 10s. ; steel joists, 6/. 2s. 6d. to 6/. 5s. ; cast-iron 
railway chairs, 3/. 10s. ; light iron rails, 61. 7s. 6d. ; heavy 
steel rails, 5/. 7s. 6d. ; steel railway sleepers, 6/. 10s. ; 
and iron or steel galvanised corrugated sheets, 24 gauge, 
in bundles, 12/. ; sheets less 4 per cent. f.o.b., railway 
material net cash at works, and all other descriptions less 
24 per cent. discount. 


Shipments of Tron and Stcel.—Shipments for March con- 
tinue satisfactory. To date the clearances of pig iron 
average 3511 tons per working-day, the total loadings 
reaching 66,723 tons. To the same date last month the 
total quantity of pig iron despatched amounted to 52,031 
tons, or a daily average of 2738 tons, and for the corre- 
sponding part of March, last year, the pig iron clearances 
reached 55,074 tons, or an average of 2898 tons per work- 
ing-day. Official returns give shipments of manufactured 
iron to date this month at 5185 tons, and those of steel at 
19,349 tons. 








Caico - PrintiInG MEcHANISM.—A_ very interestin 
paper under this title was read on Saturday, the 12t 
inst., before the Manchester Association of Engineers by 
Mr. James Robinson, Manchester. The paper is most 
complete, and carefully illustrated ; it describes the 
numerous features of calico printing with an abundance 
of detail, and forms an encyclopedical treatment of the 
subject. 


THE ASSOCIATION OF ENGINEERS-IN-CHARGE. — The 
annual dinner of the Association of Engineers-in-Charge 
will take place in the King’s Hall, Holborn Restaurant, 
London, W.C., at 6 p.m., on Saturday, April 9. The 
chair will be taken by the President, Mr. Henry Adams, 
. Inst. C.E., M.I. Mech. E., and the Right Hon. the 
Lord Mayor and Sheriffs of the Corporation of London 
will be the guests of the evening. Tickets can be 
obtained by addressing the hon. secretary at St. Bride’s 
Institute, E.C., to whom an early application by members 
and friends should be made. 


Map OF METROPOLITAN PARLIAMENTARY ENGINEERING 
ScuEmes.—We have received from Mr. Edward Stanford, 
Long Acre, W.C., a copy of the map which he issues 
annually showing the scope of the various engineering 
schemes of which particulars have been lodged by their 
promoters with the London County Council on Nov- 
ember 30 last. In view of the fact that the tramways 
have now through bookings far beyond the borough 

undaries, it has been necessary in the new map to 
include a large area well beyond the statutory limits of 
the County of London, and the map now extends from 
Purley on the south up to the Alexandra Palace on the 
north, the eastern and western limits being Abbey Wood 
and Kingston respectively. As usual with Mr. Stans- 
ford’s publications, the map is beautifully engraved, 
showing all details essential to a full comprehension of 





the scope of the schemes brought forward, 


improvement in shipbuilding has stiffened the price of | p@ 


NOTES FROM THE SOUTH-WEST. 


Cardif.—Labour difficulties have exerted an adverse 
effect upon local trade. It is still hoped, however, that 
moderate counsels will prevail, and coal quotations have 
remained nominally unchanged. The best large steam 
coal has made 16s. 9d. to 17s. get ton, while ordinary 
aa ar have ranged between 15s. 6d. and 16s. per ton. 

e best ordinary smalls have realised 8s. 9d. to 9s. 3d. 
per ton. Good ordinary household coal has been quoted 
at 15s. 6d. to 16s. 6d. per ton; No. 3 Rhondda large has 
brought 17s. 6d. to 18s. per ton ; smalls have made 10s. 6d. 
to lls. per ton. No. 2 Rhondda large has been priced at 
13s. 6d. to 13s. 9d. per ton, smalls making 7s. 6d. to 7s. 9d. 
per ton. Foundry coke has brought 19s. to 20s. per ton, 
and furnace ditto 17s. to 17s. 6d. per ton. As regards 
iron ore, Rubio has been quoted at 19s. 9d. to 20s. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 

Welsh Coal Contracts.—Contracts for 15,000 tons of 
South Welsh coal have been let to Welsh firms by the 
Administration of the Swedish State Railway. In 
former years orders have usually been received for from 
20,000 to 30,000 tons. Welsh firms are stated to have 
failed to obtain contracts this year from the Italian Navi- 

tion Company, the Austrian Lloyds, and the French 

yeneral Transatlantic Company. 








CANADIAN ASBESTOS.—The actual shipments of asbestos 
in 1909 were somewhat less than in 1908 ; the stocks on hand 
at the end of the year, however, are reported considerably 
larger than on December 31, 1908. he total shipments 
of crude mill stock during the former year were 63,349 
tons as compared with 66,548 tons in 1908, the decrease 
being 4.8 per cent. The stocks on hand at December 31, 
1999, were about 20,920 tons, as compared with stocks on 
hand December 31, 1908, of 8669 tons. 


Our Ratts Asroap.—The exports of rails from the 
United Kingdom have shown pe thus far this half- 
year, having fallen in February to 31,057 tons, as com- 
red with 44,591 tons in February, 1909, and 33,934 tons 
in February, 1908. The Argentine Republic took 6031 
tons, as compared with 15,102 tonsand 3518 tons. Ship- 
ments to British India increased in February to 13,788 
tons, as compared with 10,474 tons; but those to Aus- 
tralasia declined to 3131 tons, as compared with 15,591 
tons. There was rather more doing with Canada in 
February, the shipments in that direction having been 
487 tons, as compared with 2 tons. In the two months 
ending February 28, rails were exported to the aggregate 
extent of 69,451 tons, as compared with 80,931 tons and 
61,317 tons. In these totals, the deliveries to Argentina 
figured for 14,158 tons, 27,257 tons, and 11,491 tons 
respectively. The colonial demand has been as follows 
in the first two months of the last three years :— 
Colonial Group. 1910. 1909. 
Tons. Tons. 
3,781 675 


1908. 
Tons. 
645 
17,119 
12,703 


135 


British South Africa 

British India 25,757 25,016 

Australasia. . 6,741 16,271 

Canada.. .. od ; 1,747 2 .. 
The value of the rails exported to February 28 this 
year was 392,557/., as compared with 473,555/. in the first 
two months of 1909, and 388,430/. in the first two months 
of 1908. 


Tun Steet Be.rs.—In a paper entitled ‘‘ The Trans- 
mission of Power by Belts,” read by Mr. Reginald Krall, 
A.M.I.C.E., before the Junior Institution of Engineers 
on the 14th inst., the author described various kinds of 
belt-drives. The most interesting part of Mr. Krall’s paper 
related to the use, in Germany and Belgium, of thin steel 
belts for driving purposes. These belts are from 0.2 to0.9 
millimetre in thickness, and from 22 to 200 millimetres 
in width. Thus for a 200-horse-power drive one belt, 
150 millimetres wide by 0.6 millimetre thick, is used, 
while for a 450-horse-power drive two belts, each 150 milli- 
metres wide by 0.7 millimetre thick, are employed, the 
belts being placed side by side on the pulley. The trouble 
met with in the use of these belts appears to have been 
the difficulty of obtaining a perfectly homogeneous steel. 
This, however, is being remedied, and the steel used is 
specially manufactured, and is of a very high temper. The 
joint was at first also a difficulty. Originally the belt 
was soldered in place on the pulleys, but it has been 
found better to do the necessary soldering at the factory 
by trained men, a kind of locking joint being fixed on the 
ends of the belt, leaving only a few screws to be put in 
by the user when the belt is placed in position. The 
solder used has a low mang got (not exceeding 200 deg. 
Cent.), so as not to run off the temper of the belt. 
Many methods of making the joint by means of braz- 
ing appear to have been tried, but without much suc- 
cess. The exact length of the belt is determined by 


a special apparatus, consisting of a light steel tape, 
a 2 posed round the pulleys and subjected to 


a predetermined tension. This tape is then cut to - 
exact length, and is used as a measure for the steel belt. 
These steel bands are said to run well on bare pulleys, 
but after a time the surface of the pulley is found to 
become polished, and it is therefore better to place 
on it a cork covering, glued to canvas, which 1s, = 
turn, cemented to the pulley. In a properly-designe 
drive of this kind there is said to be practically no 
slip. A table showing the results of some tests po 
included in the paper, but these results we have = 
space to give here. Very high speeds, up to 10,000 
per minute, can be adopted with these steel belts, 
the belts do not appear to wear. It is also claimed tha 





very short drives may be used. 
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1500-BRAKE-HORSE-POWER HIGH-SPEED 
STEAM-ENGINES. 


Tue Buenos Aires and Pacific Railway Company, 
who are carrying out a large extension to their elec- 
trical equipment, have recently erected, at’ Bahia 
Blanca, Argentina, a power-house designed for an 
ultimate output of about 20,000 kilowatts. The first 
plant to be installed consists of three 1250-kilovolt- 
ampere Browett-Westinghouse steam alternators, and 
two 60-kilowatt exciter sets, together with the neces- 
sary steam-raising plant, auxiliaries, &c. The station 
will supply power for lighting, tramways, workshops, 
and wharves. The main engines, which are illustrated 
on Plates XXV. and XXVI., were constructed by 
Messrs. Browett, Lindley, and Co., Limited, of Patri- 
croft, Manchester, to the specification of Mr. John F. C. 
Snell, M. Inst. C.E., the consulting electrical engineer 
to the company. 

The pom. of operation rendered economy of 
steam consumption in the — of great importance, 
and a penalty of 1250/. per } lb. of steam per kilowatt- 
hour above the guaranteed consumption was made a 
condition of the contract. A corresponding bonus of 
1250/. per } lb. below the guaran figures was also 
arranged for. The penalty and bonus clauses in the 
specification referred to the consumptions at full load 


TURNING EFFORT 
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Fig 1. 
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cylinders are mounted on distance-piece castings, in 


which the exhaust branches are formed. @ cross- 
head and valve-rod guides are bolted to the underside 
of these castings, while large doors are — at the 
sides, giving access to the packing-glan A metallic 
scraper-gland is fitted to all me at the top of the 
frame, to prevent oil from the crank-chamber being 
drawn upwards, and at the same time to prevent 
leakage from the cylinder glands getting into the 
crank-chamber. 

The arrangement of the bed-plate and frame will be 
clearly seen from Figs. 1 and 2. The latter is made 
| in two parts for convenience of shipment, and is fur- 
nished with hinged doors, giving access to the working 
parts. The crank-shaft is made from a solid forging 
of Siemens-Martin acid mild steel, and is 13 in. in 
diameter in the body, and 14 in. in the fly-wheel end 
bearing. Balance-weights are fitted to all cranks. 
The fiy-wheel, which weighs 13 tons, is bolted to a 
large coupling for, solid with the shaft, the same 
bolts being used for attachment to the alternator- 
coupling. The connecting-rods, which are made of 
Siemens-Martin acid mild steel, are of the marine 
type, with double brasses at the crosshead end. ‘The 
crosshead pins are formed with the crosshead, and 
are case-hardened oan es. 

Governing is effected by the control of the throttle- 
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and three-quarters load. It is probable that this 
penalty or bonus, amounting to 5000/. per 1 Ib. of 
steam, is the largest sum ever made a condition of con- 
tract for engines of thistype. It will be seen from the 
results of the tests given heater that Messrs. Browett, 
Lindley obtained consumptiens very close on the 
specified figures at full and three-quarter loads ; the 
specification allowed a margin of 5 per cent., in excess 
of the guarantees, for stiffeners, and the figures 
obtained were well within that margin. 

The general construction of the engines is clearly 
shown in the sectional views, Figs. 1 and 2 on our two- 
page plate, and in Fig. 3, Plate XX 
three-crank triple-expansion forced-lubrication type, 
and are capable of developing 1500 brake horse-power 


continuously when running at 188 revolutions per 
minute, and supplied with steam at 170 lb. per square 
inch at the stop-valve, superheated 56 deg. Cent., and 


exhausting to a vacuum of 254 in. Each engine is also 
capable of developing 1875 brake horse-power for two 
hours, and of giving a normal full load of 1500 brake 
horse-power when exhausting to atmosphere. The 
engines are arranged to work under these different con- 
ditions without the necessity for any alteration of a 
permanent kind to the governor or wa Ag The steam 
consumptions guaranteed, in pounds of water per kilo- 
watt-hour, measured at the alternator terminals, and 
at unity power factor, when working under the i- 
fied conditions as regards steam pressure, superheat, 
and vacuum, were as follow :— 





— 
One anda . Three-Quar- 
(Quarter Load, | Full Load. | ter Lond. Half Load. | ye 
1b, | 1 | Ib. | Ib. Ib. 
17.68 17.58 18.14 19.15 22.99 








The engine cylinders are 214 in., 34 in., and 54 in. | 


i diameter respectively, and every care has been 
‘ken with a view to reduding'the clearance space to 


minimum. Piston-valves fitted with Buckley’s patent 


ings are used throughout. All pistons and covers are | 


polished where in contact with steam. The cylinders 


are lagged with asbestos mattresses. The pistons of | 


‘he high-pressure and intermediate-pressure cylinders 
are of cast-iron, but the low-pressure piston is made of 
wrought steel. The piston and valve rods, which are 
»{ in. and 3 in. in diameter respectively, are made of 
crucible cast-steel, and are all fitted with United 
States metallic packing. It is worthy of note that 
\here is not a soft packing gland in the engine. The 


VI. They are of the | 


CYCLICAL VARIATION= gh 


valve in the usual way, and also by means of the firm’s 
tent automatic expansion gear, which is fitted to the 
| high-pressure cylinder. The centrifugal governor is 
fixed on the end of the crank-shaft, and is directly con- 
| nected to the throttle-valve through a bell-crank lever. 
| In addition, the governor is connected to the automatic 
expansion gear through a second arm of the bell-crank 
lever, as shown in Fig. 1. The expansion gear varies 
the cut-off in the high-pressure cylinder from 40 to 85 
| per cent. of the stroke, according to the load on the 
engine. The alteration in cut-off is effected by slightly 
rotating the high-pressure valve, which has angular 
rts, and works across corresponding angular ports 
|in the liners. By means of this rotation, the lead of 
the valve and the cut-off are varied. The engine speed 
can be varied 5 y cent., up or down, while the engine 
is running, and a speeder r is fitted which is 
operated My an electric motor fixed above the governor 
casing. ‘The motor can be started, stopped, and 
reversed by means of a two-way switch on the switch- 
board, and a knock-out gear is fitted to prevent over- 
winding in either direction. 

Forced lubrication is supplied to all working parts, 
including the governor, by two valveless oil-pumps 
worked from the intermediate eccentric. These pumps 
are fitted in a trough below the bed-plate, which 
extends some distance beyond the back of the engine, 
and is fitted with hinged doors arranged to lift upwards 
and giving access to the oil-strainers, through which 
all the oil is drawn before being delivered to the work- 
ing parts. o strainers are fitted, one for each 
pump, and as each pump is of sufficient capacity to 
lubricate the engine, pe a of the strainers may be 
removed for cleaning without affecting the running. 
A valve is fitted which automatically shuts off the oil 
from the pump when a strainer is removed, and so 
prevents grit-being drawn into the mains if the engine 
is running when the strainer is taken out. 

During the construction of the a all forgings 
and castings were examined by Mr. W. Pollard Digby, 
A.M.I. Mech. E., the inspecting engineer, appointed 





by the consulting engineer. Test-pieces were forged 
or cast on each separate part, and after being removed 
| were tested at the Sheffield Testing Works. The 
| steam-consumption tests were also carried out by Mr. 
| Pollard Digby, together with his staff of assistants, 
in the presence of Mr. S. S. Moore Ede, A.M. Inst. 
|C.E., who represented the consulting engineers. The 
|only part taken by Messrs. Browett, Lindley in the 
| trials was the aching of the boilers. The tests con- 
sisted of a 94 hours’ run in all, divided as follows :— 


if hours at quarter load. 
1} half load 


8 ,, three-quarter load. 
3 » full load. 
4 » 25 per cent. overload. 


Steam was generated in two “Climax” boilers, and 
caova through an independently-fired Schmidt super: 

eater before entering the engine. The exhaust steam 
was taken toa surface condenser, and the condensed 
steam measured continuously by two tanks placed 
on standard weighing - machines. Every care was 
taken to avoid inaccuracy. The weighing-machines 
were tested by the Government inspector in the pre- 
sence of the inspecting engineer, and all electrical 
instruments were calibrated before and after the test. 
The vacuum was measured by means of a mercury 
column, and the thermometer used to measure the 
steam temperature was sent to the National Physical 
Laboratory to be calibrated immediately after the 
test. From the results of the tests given in the 
accompanying table it will be seen that the specified 
conditions were well maintained throughout, except 
for vacuum, which was somewhat low at heavy loads, 
owing to the high temperature of the cooling water. 
The result obtained—viz., 17.62 lb. of steam per kilo- 
watt-hour at full load—is excellent, and is equivalent 
to a consumption of 15.85 lb., assuming 200 degrees of 
superheat. This latter result would compare very 
favourably with good modern turbine plants. 


Results of Official Steam-Conswmption Tests. 
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| 10 1005 22.2 | 474.5] 18.53) 17.65 |J | 
| | \ 





Governor Trials. 


| 
Actual Percentage | Guaranteed Percentage 


Nature of Variation. ariation. 
Change of |. —— . 
Load. | 
Momentary. Permanent. | Momentary.| Permanent. 

Halfloadtonil + 3.8 + 0.78 | 10 5 
Niltohalfload| - 3.8 - 0.78 | 10 5 
Three - quarter 

load to nil.. + 1.45 + 0.67 | 10 5 
Nil to three } 

quarter load) - 1.33 - 0.67 10 5 
Fullloadtonil) + 7.95 2.938 | 10 5 
Nil to full load - 3.90 - 2.66 | 10 5 
One & a quar-| 

ter load to nil} + 10.05 +47 | 10 5 

Nil to one & a | 

quarter load - 5.7 — 4,45 10 | 5 


Further data in reference to the trials is given in Figs. 
4 to 14, on Plate XXVLI., and on this page. Figs. 4, 5, 
and 6 show a set of indicator di 8 taken at full 
load, while Figs. 7 to 14 give a turning-effort di 
and curves of cross-head forces, which should be of 
interest. In Figs. 9 to 14 the chain-dotted curves 
represent the inertia, while the full lines parallel to 
these curves represent the same thing with the addition 
or subtraction of the constant dead-weight. 








New Zeatanp Hypravitic Powrer.—An agreement 
recently arrived at between the New Zealand Govern- 
ment and the Waihi Gold-Mining Company, Limited, 
with regard to the company’s cokes water-power 
scheme for electrical generative purposes has been ratified 
by the New Zealand Cabinet. The ent gives the 
company power to take water to the extent of 10,000 horse- 
power for a term of forty-two years, without the option of 
renewal. The price to be paid for the water is 3s. per 
horse-power per annum. Itis provided that the Govern- 
ment may take over the instaliotion at any time during 
the term of the licence at a valuation, and also that any 
local body within access of the scheme shall have the right 
to be supplied with power by the company. The sum 
to be paid by the company is 1500/. annum. The 
power will be utilised in connection with the company’s 
mines and works at Waihi and Wai-Rino, and the new 
plant will replace gas-plant power and steam power at 
present used in the batteries. The scheme will reduce 
costs of mining and treatment considerably below those 
at present ‘ery - which are about 17s. per ton. It is 
estimated that the installation will cost about 150,000/., 
or twice the estimated cost of a scheme put for- 
ward by the company, but rejected, four years since, 
when it was ~ om | to take only 4000 horse-power, 





The distance from Horoboro rapids to Waihi is 51 miles, 
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EXPERIMENTAL INVESTIGATIONS ON 
WAKE AND THRUST DEDUCTION 
VALUES.,* 

By W. J. Luxe, Member of Council. 


THE object of the present communication is to lay 
before the Institution the results of a systematic series 
of experiments on wake and thrust deduction which 
have been carried out recently at the experimental tank 
of Messrs. John Brown and Co.’s establishment at Clyde- 
bank. ‘These experiments have been made with twin and 
single screws, and in all cases where twin screws were run 
the experiments were made in both directions of rotation. 

If any justification is needed for introducing the sub- 
ject of this paper, it may be found in the constant ais 
for information thereupon. For example, Mr. H. 
Wheatley Ridsdale at the spring meeting last year of this 
Institution, said that ‘‘ perhaps the most unelucidated 
point at this moment in the present state of thé art of 
naval architecture and marine propulsion is the question 
of revolutions, slip, thrust, thrust deduction, wake, and 
propulsive horse-power ;” and Mr. B. Cole is 
reported to have said at the meeting of the Institution of 
Civil Engineers in February of last year that ‘‘ informa- 
tion on the subject of the value of the wake speed would 
be simply priceless.” 5 

Mr. R. i Froude, in the Transactions of the Insti- 
tution of Naval Architects for 1883 and 1886, gave to 
naval architects and engineers generally their first en- 
lightenment on these questions. The first-mentioned 
paper particularly has reference to the subjects dealt with 
in this communication, which in their combination make 
up the “‘ hull efficiency” of a vessel when under propul- 
sion. In it the method of arriving at the wake and 
thrust deduction values by experiments on ship models 
with model ——— is completely explained, and draw- 
ings are given of the mechanisms used ; both method and 
mechanism employed for the present experiments are iden- 
tical (for all practical purposes) with those formerly used. 
The 1886 paper gives wake values of several single and 
twin-screw vessels which have been presented in various 
forms by different writers. 

Besides the papers mentioned the only other experi- 
mental information publi —as far as the present 
writer has discovered—is limited to the following cases:— 

(a) The results of the — on a model 28} ft. 
long, made by Mr. George Calvert, and presented to this 
Institution in 1893. 

(6) Mr. Froude’s 1898 paper, in the Transactions of this 
Institution, on outward versus inward turning screws, in 
which wake and thrust deduction values are given for a 
number of vessels ; which information is the most impor- 
tant and valuable on this subject that has as yet been 
given to naval architects. 

(c) In the Rivista Marittima for August and September 
of 1903 records are given of experiments by Signor 
Pecoraro on the subject of inward versus outward turning 
screws. These experiments were made with models of 
six vessels, of which five were warship models, and to this 
extent cover the same ground as the paper previously 
referred to. 

In addition to these may be mentioned a few results 
from attempts to analyse the results of steam trials, such 
as the case of the Yorktown in Taylor's ‘‘ Resistance and 
Propulsion,” and similar cases in the Transactions of the 
American Society of Naval Architects and Marine Engi- 
neers. Mention might also be made of Mr. Caird’s paper 
read before the Institution of Engineers and Shipbuilders 
in Scotland, in which a method of determining wake by 
trial analysis is given. It must be borne in mind that 
these “ analysis” results give the wake of full-size ships, 
which may be somewhat different from those obtained a 
model experiment. 

ree ws gt have been made by use of Mr. Froude’s first 

ublished figures (1886) to construct formule for wake ; 
put, so far as is known, the later figures published have not 
been subjected to this process; for example, Professor 
McDermott, in his contribution to the 1896 Transactions 
of the American Society of Naval Architects, has con- 
structed the following formule :— 


w for single screws = 0.16 (2 Li - 0.6) 
m 


w for twin screws = 0.13 (2 Li - 1.1) 
m 


p being prismatic coefficient, m the mid-area coefficient, 
and L the length of the ship in feet. 

Mr. Taylor has presented Mr. Froude’s results dia- 
grammatically as noticed below. These points are men- 
tioned here simply to enable any investigator easily to 
track some of the previous work in this field. 

_ It is advisable to define particularly what information 
is sought to be obtained. This may be done as follows :— 
It may be imagined that a travelling carriage can be made 
to run over a body of water and at a speed that can be 
diagrammatically represented by A B. 
F 7 + 4 
A D B Cc 

Imagine next that this carriage carries a screw-propeller 
made to revolve at such revolutions that if, working 
without slip, its speed of advance would be AC. Then 





BC is the slip, and Be the slip as ordinarily expressed 


as a fraction of the propeller speed, or as a percentage b 
being increased a hundredfold. The conditions Sader 
which such a propeller is working are described by the 
word ‘* open,” and are not the same as those in which a 
propeller works when propelling a ship. 





ba $< read before the Institution of Naval Archi- 
tects, March 17, 1910. 





The ship in its onward path is followed by a belt of | circumstances the work ‘‘ behind” shows an excess over 
water of complex motion, and if (vver the propeller disc) | 4}3+ obtained in the “open” in the ratio 4B 
it can be assumed that its average forward velocity is AD 
DB, the propeller is carried along at the former excess over unity being the “wake gain.” | 
over the ground, and, being revolved as before, would | [If this were the whole tale, it is immediately apparent 
behave in some respects as would an “open” propeller that much advan would accrue by placing the pro- 
advancing with a speed A D and with a slip DC. | peller in such a position as would allow it to work where 

The wake velocity, as before stated, is D B. ' the — yy pcg have = maximum a ; * 
en . , - woul int to the use of a single screw as offering the 

eines as in Froude’s original pean ible advantage. There is, however, another 
nomenclature. ! point to tS coustdeed —eoanaly. the ‘‘ thrust deduction.” 


Fig.1. WAKE AND THRUST DEDUCTION INVESTIGATION 


WAKE VALUES OBTAINED FROM PREVIOUS INVESTIGATIONS BY FROUDE ano PECORARO 
ALL FOR TWIN SCREW VESSELS 


the 


: B 
The wake fraction AB’ 


@ (PECORARO) PUBLISHED 1903 


@ (Frouve) PUBLISHED 1886 © (FROUDE) PUBLISHED 1698 


BLOCK COEFFICIENTS 


THRUST DEDUCTION VALUES OBTAINED FROM PREVIOUS INVESTIGATIONS BY FROUDE ano PECORARO 
Fig.2. “. ALL FOR TWIN SCREW VESSELS 


(®) (Froupe) PUBLISHED 1696. @ (PECORARO) PUBLISHED 1903 


THRUST DEDUCTION 


BLOCK COEFFICIENTS 


It must be remembered that the influence of the screw 
rvades a column of water of substantial dimensions 
in the fore-and-aft directions, and this influence extends 
’ far enough forward to cause a marked diminution of pret 
ro sure on the after part of the ship, thereby causing & \ irtual 


increase in resistance. The thrust exerted by he oa 
The thrust is appropriate to the speed of advance A D when propelling the ship is therefore greater than 
and a slip D C. 


tow-rope resistance at that s by an amount sufficient 
The thrust, however, is being overcome at _a velocit 


to balance this diminution of pressure. If the amount ¢ 
AB, and the apparent work is thrust x A B, instead of, diminution be ex ressed as a fraction of the total thrust, 
as with an ‘‘open” screw, thrust x AD, and under such 


The apparent slip is B C, and the apparent slip ratio 
BC 
AC 

The real slip is D ©, and the real slip ratio 


an equation may be written thus: T (1-¢)=R. That® 
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total thrust diminished by the amount of thrust deduc- 
tion is equal to the tow-rope resistance of the ship. It 
then follows that 
R.V=T.V, (1 + w) (1—2#). 

The product (1 + w) (1 — ¢) is what has been called the 
n hull efficiency ;’ R and V are respectively the tow-rope 
resistance and the s at which such resistance occurs ; 
and T and V, are the total thrust and the speed of the 
progress of the propeller through the water contiguous 
to if. 

R V measures effective horse-power ; 

T V, measures thrust horse-power. 


Whence it follows that 


Effective horse-power = thrust horse-power x hull 
efficiency. 


The experiments here reported are directed to the deter- 


Fig.3. VARYING SPEEDS 
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Fig.4. VARYING DIAMETERS. 
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mination of the fractions w and ¢ under various circum- | 
stances, : | 

Since the experiments by Froude form the touchstone | 
by which the present results are to be judged, the con- | 
clusions arrived at by him in 1883 may very properly be 
quoted here. They were as follow :— 

1, The variation of the elements of hull efficiency with | 
variation in speed is generally slight, and so far regular in | 
ts character that in most cases experiments on a model 
«bout the speed corresponding to the intended working | 
speed of the ship will be sufficient for practical purposes, | 

2. Variation of number of blades or pitch ratio of screw | 
‘loes not practically affect the values of the hull-efficiency | 
t lements. 

3, On the other hand, variation of diameter, or its 
position in reference to the hull, does affect these values, 
and in a manner which we have not, thus far, been able 
satisfactorily to reduce to rule. 

Referring to Fig. 1, page 392, this shows all the experi- 
mental information for twin-screw vessels known to the 
writer to have been previously published on the subject 
of wake values. On this diagram have been plotted 
particulars for H.M.SS. Majestic and Formidable, kindly 
supplied for the purpose of this paper by Sir Philip 








INWARD TURNING BHOWN OOTTED. 


4 
MODEL WITH 224° BOSSING. 4 





SPEGO- LENGTH RATIO 


INWARD TURNING SHOWN DOTTED 


MODEL WITH 224° BOSSING 








Watts, and the standard result for the vessel on which 
the a experiments have been made. Fig. 2 shows 
similar information as regards thrust deduction. In all 
these cases—except where otherwise stated—the results 
are for twin-screws turning outwards. 

As regards the present experiments, they have been 
made on one model only, and therefore can by no means 
pretend to cover the subject in its entirety. At the same 
time the aim has been to make them as complete as is 
reasonably possible in this particular case. 

The type of model chosen has heen arrived at in this 
way :—Leaving out of account special vessels, such as, on 
the one hand, torpedo craft, and, on the other, vessels of 
the Great Lake ore-carrier type, we may say that prac- 
tically all vessels vary in fulness from a block coefficient 
of 0.5 to one of 0.8, giving 0.65 as a midway value, which 
value was adopted in the model under consideration. 

A similar line of reasoning led to the adoption of a ratio 
of length to breadth of about 6.8, to which proportion 
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(with a ratio of draught to breadth of 0.3) the model 
was finally cut. The dimensions were :— 


Length 204 in. 
Breadth... ne ode ‘i 30 ,, 
Draught (even keel) se “ oi. 
Displacement (in fresh water) ... 1296 Ib. 


In_ general the models at Clydebank are made to a 
standard length of 160 in., which standardisation con- 
duces to quickness of making and facility in handling. 
But, as mentioned by the present writer in the discussion 
on Dr. Glazebrook’s paper at this Institution last year, 
in one special case, for the sake of comparison, a model 
240 in. long was made and tested against one of 160 in. 
length with very satisfactory results. This showed that 
within the limits then experimented with, the results were 
not liable to falsification from any undue interference 
from the restricted section of the tank, and gave confi- 
dence in making the present model of the size stated. 

The standard speed-length ratio—t.e., speed in knots 
+ ,/Iength in feet—has been taken as 0.8. The standard 
propeller was one of 6 in. diameter, having three blades, 
with a pitch ratio of 1.2 and a disc area ratio of 0.375. 


INWARD TURNING SHOWN OOTTED. 





INWARD TURMING SHOWN DOTTED 
POSITION FORE & AFT VARIED 





This was adopted as giving (in relation to the size of the 
model) fair averages of conditions obtaining at the present 
time. The blades were elliptical in outline, and had no 
throw back. The boss was 1 in. long, and of J in. maxi- 
mum diameter. The standard position of the centres of 
the twin propellers adopted was :— 

(a) A spread of 5 in. from centre line. 

(b) A fore-and-aft position of 14 in. forward of A.P. 

(c) A vertical position above of 4 in., giving an 
immersion to tips of 2 in. for the standard propeller. 

The scheme, then, which commended itself was ulti- 
mately arranged thus :—To in with, the conclusion of 
the 1883 paper su ted experimenting to find the varia- 
tion in wake and thrust deduction values with :— 

(a) Variation in speed. 

(+) Variation in diameter. 

(c) Variation in pitch ratio. 

(a) The standard speed-length ration of 0.8 having been 
fixed, the speed variations were made on each side of this 
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| otenderd and the speed-length ratios became 0.6, 0.7, 0.8, 
| 0.9, and 1. 

(b) Similarly, the variations in diameters were made on 
each side of the standard propeller (6 in. in diameter), and 
a range of from 4 in. to 8 in. with intervals of 1 in. in dia- 
meter was adopted. 

(c) The standard pitch ratio of 1.2 formed the mid-pitch 
ratio of the set, the series of pitch ratios being 0.8, 1, 1.2, 
1.4, and 1.6. 

These variations seem to cover sufficient ranges of 
speeds, diameters, and pitches to ensure guidance for 
modifications that may be considered desirable in estima- 
tion of wake-and-thrust deduction through alteration in 
any of these directions. 

he whole of the foregoing experiments were made not 
only with a naked model—+.e., without anything to repre- 
sent bossing out, shaft brackets, or shaft tubes—but also 
with the model fitted with bossings set at an angle of 
224 deg. to the horizontal, which approximately repre- 
sents common practice. 
, — first experiments of the series were then arranged as 
ollows :— 

With naked model, and with model with 224 deg. 
| bossings. 
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1. Variation in speed with constant diameter and con- 
stant — ratio. The results are given on Fig. 3 
(page 993). 

2. Variation in diameter and constant speed, and con- 
stant pitch ratio. (See Fig. 4.) 

3. Variation in pitch ratio with constant speed and 
constant diameter. (See Fig. 5.) 

It will be seen that the mid case in each set is the same, 
and furnishes what may be called the standard values. 
‘The experiments for this case were made independently 
for each set, and the accuracy of the experimenting was 
thereby subject to constant check. 

Besides the variations aforementioned, it was desired 
also to observe the effect on the hull-efficiency elements, 
due to a change in the clearance of propellers from the 
hull, whether brought about by change of propeller posi- 
tion longitudinally or transversely. 

4. Variation in fore-and-aft position. It was found 
that with the standard propeller a movement forward of 
3 in. allowed the same lanes from the tip of the blade 
to the shell as a transverse movement of 1 in. allowed in 
the standard fore-and-aft position. Accordingly, the 
positions fore and aft arranged themselves thus :—3 in. 
oe of standard position, standard position, and 3 in. 
aft of it. 

5. Variation in transverse position. The foregoing 
paragraph explains how the inner position was deter- 
mined, the outer one followed in the same way, the 
inner position then was 1 in. in from standard position, 
or 8-in. centres, the standard position was at 10-in. 
centres, and the outer one 1 in. out from standard, or 
12-in. centres. These experiments were made with the 
naked model only, and with the standard propeller of 
6 in. diameter, 1.2 ag ratio at the standard speed-length 
ratio of 0.8. (See Fig. 6.) 

The question whether number of blades or difference 
in area has any effect on wake and thrust deduction 
suggested the running of a few experiments in that 
connection, 

6. For effect of number of blades, two pairs of three- 
bladed propellers were run against two pairs of four- 
bladed propellers. 

7. For effect of area of propellers, four-bladed propellers 
of 0.375 disc area ratio were compared with four-bladed of 
0.500 disc area ratio. 

These comparisons were made with the naked model, 
and also with the 224 deg. bossings. 

8. A set of single-screw experiments were made with 
Fig 75 diameters at fixed pitch ratio and speed. (See 

ig. 7. 
5 Finally, it was desired to ascertain the effect of boss- 
ing on the hull-efficiency value. It had been made evident 
by previous experiments that angle of bossing had a pro- 
nounced influence on the wake effect, and that much 
higher hull-efficiency values could be obtained with certain 
angles of bossings than with others. But it was also 

ually certain that the angle of bossing had a great 
effect on the resistance of the model. These experiments 
then were designed for enlightment on this matter. Five 
bossings were experimented with, set to angles of 0 deg., 
224 deg., 45 deg., 674 deg., and 90 deg. from the hori- 
zontal, and the standard propeller tried with these at the 
standard speed. 

Since it was desired to find effect of.angle, and not 
shape of bossings, these append were made uniform] 
? in. in thickness, rounded at the outer edge, and well 
tapered off abaft. The results are shown in Fig. 8. 

fan examination of these results be made, it will be 
found, in the case of the naked model, that with 

1. Variation in speed a decrease in weight fraction is 
evident with an increase in s' , and this has been 
borne out in a number of previous cases ; but when the 
wide range of speed is considered, it becomes apparent 
that these variations are of little moment, especially in 
view of the steady value of the thrust deduction fraction, 
and our results fall into line with Mr. Froude’s conclu- 
sion that ‘‘experiments made at about the speed corre- 
sponding to the intended working speed will be sufficient 
for practical purposes.” 

2. Variation in diameter. It seems probable that such 
changes as appear are quite as much due to alterations in 
clearance as to alteration in diameter, and in this aspect 
are noticed in cases 4 and 5. 

3. Variation in pitch seems to have little or no effect on 
either of the hull-efficiency elements ; a slightly increasing 
wake is associated with a slightly increasing thrust deduc- 
tion when pitch is inewenaed \ the resulting hull-efficiency 
value remaining practically constant. 

It will be seen from the diagrams that the results of the 
experiments with the 224 deg. bossings are fairly similar 
as regards character of variation with those obtained for 
the naked model. 

4 and 5. The experiments with propellers with different 
clearances from the hull, whether brought about by being 
varied in spread or in fore and aft position, show that 
wide clearances give diminished wake gain, but as an 
offset produce less thrust deduction than those obtained 
when the propellers are brought close to the hull. 

When really wide clearances are obtained, there is little 
to choose between inward and outward turning; as the 
clearance is diminished, the advantage seems on the whole 
to be with outward turning when no bossing is adopted, 
and in this conclusion our results confirm those of Signor 
Pecoraro. The advantage of outward turning over inward 
turning is still more marked when bossing of moderate 
slope is adopted. 

6. The comparative results of the wake and thrust 
deductions obtained with the three and four-bladed pro- 
pellers — out results in harmony with Mr. Froude’s 
second conclusion previousl qacted—via.. that there is 
no difference of moment in this variation. 


7. An increase from 0.375 disc area ratio to 0.500 disc 
area ratio made no evident change in the wake and thrust 





deduction values, suggesting that moderate variation in 
area had also little effect on the hull-efficiency elements. 

8. The single-screw results indicate that with diminish- 
ing diameter an increasing wake becomes associated with 
a decreasing thrust deduction, and a substantial variation 
in hull efficiency is evident over the range of diameters 
experimented upon. 

. Passing on to the experiments with the model fitted 
with varying angles of bossings, reference might first be 
made to the relative resistances of the model at standard 
speed, the resistance of the naked model being taken as 
—- It will be seen from Fig. 8 that the resistances of 
the horizontal and vertical bossings are greatly in excess 
of those recorded for the intermediate angles, and that 
an angle of about 45 deg. from the horizontal offers the 
minimum resistance when the model is towed without 
the propellers. The considerable increase in resistance 
brought about by bossing of small slope has been noticed 
before, in the 1901 Transactions of the Schiffbau Tech- 
nische Gesellschaft, in a paper by Herr Schutte on certain 
= se gaan with a ti of the Kaiser Wilhelm der 


rosse. 

With the horizontal bossings and propellers turning 
outwards a large wake results, which decreases steadily 
with increase of slope. With the propellers inward turn- 
ing, just the opposite effect is apparent. The thrust- 
deduction values are almost alike = the various angles, 
and ofa value very similar to that obtained for the naked 
model. The hull-efficiency values consequently show 
considerable variation. It is apparent from these experi- 
ments—for this case, at least—that an outward-turning 
screw should have bossings of less angle than the slope 
associated with least resistance, and, if an inward-turnin, 
screw be used, a steep angle of bossing should be ohepiek 
in order to avoid a low hull-efficiency value. 

A closer inspection leads to the conclusion that although 
it may be possible to arrange ings so as to give a 
substantially greater hull-efficiency value than is obtained 
without them, yet such bossings increase the hull resist- 
ance by at least an equal, if not a greater, amount, so no 
net propulsive gain results. 

It may be remarked that this work has involved the 
making of at least 2000 experiments, and it is believed 
that the results are of a tolerably complete nature in the 
case of this particular model. If subsequent investi- 
gators find any suggestive points opened up, and if the 
general body of members tind anything of use in the 
paper, the writer will be amply rewarded for the labour 
entailed in its preparation, and, in conclusion, takes this 
opportunity of recording his thanks to his coll es at 
Clydebank for their assiduous co-operation and help. 








SOME CONSIDERATIONS REGARDING THE 
PHENOMENA OF PROPULSION.* 
By Professor J. B. Henperson, D.Sc., Associate. 

WHEN a body is propelled through a medium, as in the 
case of a ship through water, or an aeroplane or airshi 
through the air, the thrust or propelling force is obtain 
by projecting a stream of the medium sternwards; and 
the thrust is equal to the increase in the flux of mo- 
mentum in this stream as it passes through the propeller. 
Let us first consider the case of jet propulsion. Suppose 
we havea pipe A B (Fig. 1, page 395) immersed in a perfect 
fluid, and that A B contains in its length a centrifugal pum 
or other impeller, which is di mmatically ropreasated 
by the screw C. If the screw C is actuated, a circulation 
is established through the pipe, and the fluid returns 
from B to A in stream-lines outside the tube. The lines 
of flow would correspond exactly with the lines of force 
between the two poles of a bar-magnet having the dimen- 
sions of A B, if magnetised axially, so that the poles are 
all at the ends. It is, of course, impossible to magnetise 
such a magnet linearly. 

If we assume no losses in the pipe and pump, the cir- 
culation once established will require no power to 
maintain it, since there is no loss of energy in the stream- 
line motion of a perfect fluid, and the impeller may then 
be dispensed with. The flux of momentum entering at 
A is equal to the flux leaving at B, and there is, there- 
fore, no thrust on the mechanism. 

If the orifice at B be contracted, the flux of momentum 
leaving the tube will exceed the flux entering, but there 
will still be no thrust on the mechanism as a whole, 
because the fluid will still flow in stream-lines, and the 
increase in the flux of momentum will be balanced by 
the difference of pressure on the outside and inside of 
the contracted end B. 

If the whole tube be now moved axially at a uniform 
speed through the medium in the direction B A, there 
will still be no thrust, because the fluid motion will still 
be in stream-lines, the new stream-lines corresponding to 
a combination of the old lines with a uniform parallel 
flow having the given speed. The fluid which has left 
the tube at B will no longer all return to enter at A, but 


will mostly spread out behind B in a fan-sha wake, 


the map of the stream-lines corresponding to the map of 
the nee field when a bar-magnet, or bar of soft 
iron A B, is placed in a uniform magnetic field whose 
direction is also A B. Since a bar- et in a uniform 
field is subjected to no resultant force in the direction of 
its length, neither will the tube A B be subjected to any 
resultant thrust. 
_ In order to produce a thrust on the tube as a whole, it 
is necessary to introduce a discontinuity in the kinematic 
chain which links the fluid in the tube with that sur- 
rounding the tube. Such discontinuity evidently cannot 
be introduced at the inlet end, and must therefore occur 
at or near the outlet. It may be produced by raising the 
* Paper read before the Institution of Naval Architects, 
March 17, 1910. 








outlet above the surface of the propelling medium, or j 
may be introduced by the medium itself not having t!,. 
properties of a perfect fluid. Both methods are adopted 
in different classes of propellers. Let us now consider 
the former method. 

Let C (Fig. 2) represent a centrifugal pump raised 
above the surface of the fluid, the inlet A being immersed 
in the fluid, and the outlet B being above the surface level. 
The outlet is now disconnected from the rest of the fluid, 
and, by making the diameter at B less than the inlet 
diameter at A, we can impart energy to the fluid while it 
passes through the pump, and obtain a thrust on the 
pump as a whole. e phenomena which would occur in 
the y of the fluid between the region where the jet 
strikes the surface and the inlet A are difficult to imagine 
in the case of a perfect fluid; but in an actual fluid we 
know that there will be a region of violent eddy motion 
where the jet strikes the surface, and that from this 
region to the inlet A there will be a general drift in 
rough stream-line form, somewhat similar to the stream- 
line form occurring in a perfect fluid between a source 
andasink. Asa proof of this last statement we have to 
consider that a perfect fluid differs from an actual fluid 
only in having no viscosity and in being incompressible. 
Energy, therefore, cannot be consumed in eddies in a 

rfect fluid, and, in fact, it is impossible to form eddies 
in it. All fluids are compressible, and when a disturb- 
ance takes place at one point it is propagated through 
the fluid with the velocity of sound. But in practice the 
velocity of sound is very great compared with any veloci- 
ties occurring in the propulsion problem (except in the 
case of projectiles) ; and at points distant from the imme- 
diate centre of disturbance the rate of shear is negligible 
and the viscosity plays little part. Hence at points 
distant from the immediate centre of disturbance, the 
motions in a perfect and in a practical fluid must be 
approximately alike. 

f the pump moves forward in the direction of the 
thrust, the fluid motion up to the inlet A will be in stream- 
lines, just as in a perfect fluid when B is submerged. In 
the region where the jet strikes the surface there will be 
violent eddy motion, but from this region the fluid will 
spread out in a wake, corresponding roughly to the 
stream-line wake when B is submerged in a ae Bh fluid. 
This wake would be visible on account of the air-bubbles 
in it which are entrapped in the jet. 


o 


IpEAL JET-PROPELLER. 

In considering the efficiency of any propeller it is de- 
sirable to have a standard of maximum efficiency with 
which to compare it. We have seen that a jet-propeller 
in a perfect fluid, with submerged inlet and outlet, would 
have no losses, and therefore 100 per cent. efficiency, but 
that it would give no thrust. In order to get thrust 
energy must be imparted to the jet, a portion of which 
must be lost, being finally converted into heat in the wake ; 
hence, if we are to have thrust, we cannot have unit effi- 
ciency. But since energy cannot be converted into heat 
b motion in a perfect fluid, we cannot consider our 
ideal propeller as simply one working in a perfect fluid, 
but discharging the jet above the surface of the fluid. 
There must be introduced, where the jet strikes the 
surface, some means of consuming the kinetic energy left 
in the jet and dissipating it in heat in the fluid. Our 
ideal jet-propeller and fiuid have therefore all the attri- 
butes of perfection until we reach the region where the 
jet strikes the surface, and there we have the properties 
of an actual fluid. 


Let 

V = the speed of advance of the propeller, 

Vo = the speed of the jet at the outlet, relative to 
the propeller, 

v4 = the speed of the fluid at the inlet, relative to 
the propeller, 

F = the mass flux through the propeller, 

then 
the thrust = F (vo — 1% ) 


the useful power = F (wv, ~MVVe 
the total power = the flux of kinetic energy into 
the jet = 4 F (x? — vi 2). 
Hence the efficiency is given by 
= (vo - & )V si 2V 
1=4(v2—- v2) wo +e 
But, instead of dealing with velocities, we are accus- 


tomed in propulsion to deal with slip. Calling ~ - V 
the nominal slip, the nominal slip ratio is 
v.— V 
sn = - ’ 


vo 
and calling vo — vi the actual slip, the actual slip ratio 
is 
Vo — Vi 


8a = 
Vo 
The nominal slip is the one we are accustomed to use ; 1t 
would be the actual slip if the fluid ahead of the propeller 
were not accelerated so as to flow to meet the propeller. 
We deduce V = w (1 — 8.) and % = v% (1 — 8a), 
whence 
9= 1 — Sn 
1 8a 


2 


A similar expression has been ae ga by Assistant 
Naval Constructor William MacEntee, of the U nited 
States Navy, for the efficiency of an ideal —— ; but 
his expression has sp in both numerator and denominator, 
and therefore neglects the acceleration of the fluid ahe 
of the propeller. Since sa is less than sn the above ex- 

ion gives an efficiency less than Mr. MacEntee’s, but, 
of course, the thrust is also less. 


Ina jet-propeller the sectional areas of outlet and inlet 
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are definitely known ; hence, denoting ‘these|by"ao and 
ai , we have do Yo = ai ti . Whence we obtain 7 and 


ta OM = (2 -* ) 
Vo a 
9x 2(1 — sn)ai 
Go + % 


We have neglected in the above the difference of levels 
of the inlet and outlet, and also, in the useful thrust, we 
have neglected the difference in the pressures on the inlet 
area at A, and on the corresponding area on the outside 
of the inlet bend at D, due to the different stream-line 
conditions prevailing at these two points; but since the 
dimensions and form of the propeller are arbitrary, we 
can, theoretically at least, make the inlet and outlet on 
the same level at the two ends of a straight tube (as in 
Fig. 1) and have the pressures equal at the two ends. 


Screw-PROPuLSION. 


Suppose now that the tube in a submerged jet-propeller 
is made quite short, then, so long as there is continuity, 
the stream-line distribution round it will be that due to 
the source and sink combination formed by the inlet and 
outlet. When these come very close together, the combi- 
nation is called in hydrodynamics a plate doublet, and the 
stream-line distribution due to a plate doublet is a free 
vortex. A free vortex cannot be genera in a per- 
fect fluid, but it is comparatively easy to generate one in 
viscous fluids—a smoke ring in air being a good example. 
The stream-lines in a free vortex can be most easily studied 
experimentally in the electromagnetic analogue—a mag- 
netic shell, which is readily produced by a single turn of 
wire, or a ring coil carrying an electric current. The 
magnetic field round the coil is easily explored by iron 
filings, and the calculated form of the lines is given in 
Lord Kelvin’s papers on ‘Vortex Motion” (R. S. Edin., 
1869, also collected papers, vol. iii., 452), and in 
Maxwell’s “‘ Electricity and Magnetism ” (vol. ii., Plates, 
Fig. 18). ; 

If a screw-propeller actually generated a free vortex in 
the fluid in which it works, it would exert no thrust, and 
the propeller and vortex would advance together through 
the fluid. The thrust obtained from a screw must be due 
to a discontinuity in the stream-line motion, and this 
discontinuity is probably entirely confined to the wake. 
We have experimental evidence (as we shall see later) 
that it is present in the wake, the wake contracting 
behind the screw, and then, at a short distance from the 
screw, expending its energy in mixing with the surround- 
ing fluid in a region of violent eddy motion. So far as 
distant points of the fluid are concerned, this disconti- 
nuity simply corresponds to a small separation of the 
source an sink ; hence the stream-line motion at distant 
points will differ very slightly from that obtained by 
combining a free vortex with a parallel flow, or a magnetic 
shell with a uniform field. The writer has employed this 
method for illustrating the flow up to propellers by using 
a zinc cylinder 1 ft..in diameter, wound with wire over a 
length of 4 ft., for the purpose of generating a uniform 
field inside the cylinder. In this uniform magnetic field 
the little ring coils to represent the propellers are placed, 
and the field round the propellers is mapped out by iron 
filings sprinkled on a board. If the current in either the 
helix or the ring coils is varied, the effect of different 
slips may be studied. A still closer approximation to 
the stream-lines near the propeller might be obtained 
by winding small cylinders to represent the propellers 
instead of ring coils, thus allowing for the distance 
between the source and sink caused by the discontinuity 
in the wake. 

If the stream-lines up to twin screws working near the 
surface are wanted, it is necessary to place four ring-coils 
in the tube, two to represent the screws and two to repre- 
sent their images in the surface of the water. By this 
means the surface is made a stream surface. 

This analogy between hydrodynamic and electro-mag- 
netic problems is a very useful one. For instance, we 
know that the magnetic field due to a short magnet, at 
points distant three or four times the length of the 
magnet, is independent of the shape of the poles or of the 
distribution of magnetism on them ; hence from analogy 
we deduce that the stream-lines due to a screw-propeller 
must be independent of the number or shape of the 
blades, at all points which are distant three or four times 
the distance between source and sink. We shall see later 
that this distance is at least equal to two or three dia- 
eters of the screw. The electro-magnetic equivalent of 
a one-bladed screw would be the revolution of a small 

ectrically-charged sphere round an axis at a distance 
jual to the radius of the screw. These analogies, how- 
ver, must not be driven too far. 

From the different stream-line conditions prevailing 
vund a screw and round a rectilinearly moving plate, we 

mclude that it is impossible to deduce any information 

garding the behaviour of screws from the rectilinear 
1 tion of plates through water. 

There can be no large amount of rotation in the fluid 

ead of the propeller ; for, if we consider the rotational 

mponent motion which would be produced on any 
rticle by the motion of one blade when in two dia- 
rtrically opposite positions, we see that these rotations 
vuld be of opposite signs, while in all positions of the 
lade the impulses received by the particle from the 
1 ide tend to accelerate it towards thescrew. We realise, 
course, that a flux of momentum must be imparted to 

he whole fluid equal to the torque, but the magnitude 
nd distribution of this rotation is by no means simple. 
“uppose we take a bowl of water and divide it into com- 
partments by radial partitions (Fig. 3), and then rotate 
he bowl about the vertical axis—say, in the clockwise 
irection—the water in each compartment flows round 
‘he compartment in the counter-clockwise direction, and 


only“after}the lapse"of considerable time’can we”get the 
water to rotate with the bowl. Hence, even if the fluid 
on which a screw operates were confined to that which 
passes through the screw disc, the distribution of the 
rotation in the wake would be by no means simple. But 
the fluid affected is not so restricted unless the screw is 


en ‘ 
In’ the two-dimensional problem of the rotation of an 
elliptic cylinder in a perfect fluid, the distribution of the 
angular momentum in the fluid can be calculated. In 
the region intersected by a prolongation of the minor axis 
of the ellipse, the angular momentum is in the same direc- 
tion ‘as that of the solid cylinder ; but in the region inter- 
sected by a prolongation of the major axis it is in the 
opposite direction, and there is a definite surface se t- 
ing the two regions of opposite onget momenta. If the 
angular momentum be in throughout the whole 
fluid and also throughout the co-axial circular cylinder 
whose diameter is equal to the major axis, the two inte- 
are equal, showing that in this case we’ may con- 
sider the angular momentum as entirely confined within 
the “‘ disc area.” 


Again, if we consider a circular cylindrical surface 


coaxial with a screw-propeller, and surrounding it in a 
region of continuons motion, we see that any angular 
momentum imparted to the fluid outside the cylinder 


Fig J. 
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must be transmitted across the cylindrical surface by 
viscosity, and could therefore have no great itude. 
Since the region of continuous motion comes quite close 
up to the screw, there is every probability that the 
angular momentum imparted to a fluid by a screw is con- 
fined to the region of fluid in the immediate neighbour- 
hood of the screw. In the absence of any theoretical 
or experimental knowledge ef the distribution of this 
angular momentum, we cannot allow for it in the expres- 
sion for the efficiency of an ideal screw. _ 

The phenomena in the wake are best illustrated by the 
experiments of Naval Constructor D. W. Taylor, of the 
United States Navy, on the distribution of pressure near 
the screw, and also by the ae pom a photographs of a 
model advancing through a small tank, recently published 
by Geheimer Regierungs Rath Professor Oswald Flamm. 
Appended to the paper is one of the illustrations in 
Professor Flamm’s publication, which is re uced here 
by his kind permission.* The tank has glass sides, and 
the plate shows instantaneous stereoscopic pho phs 
of the screw taken through the glass side while illumi- 
nated by the beam from a large arc-light projector. The 
screw is rotating at a high speed, and air is being sucked 
down from the surface. leaving the blade near the 
tip the air shows clearly the spiral path traced by the 
blade through the wake. It will be noticed that the 
wake, as outlined by the spiral, maintains approximately 
a cylindrical form for a distance of two or three diameters 








* [Similar photographs illustrating Professor Flamm’s 
investigations were published in ENGINEERING, page 810, 
vol. lxxxvii., so that the plate above referred to has not 








been reproduced here,—Ed, E.] 


behind the screw, and that 
motion is in strong evidence. 
preted as follows :— 

The flow up to the screw disc has been continuous and 
approximately in stream-line form, but on passing through 
the disc the portion immediately acted on by the screw 
is accelerated relatively to the surrounding fluid. It 
becomes discontinuous with the surrounding fluid, and is 
a apes sternwards as a jet, the surface of discontinuity 

ing a seat of eddies. After the jet has progressed by 
a distance of two or three diameters from the screw disc, 
these eddies begin to enter the body of the jet, and the 
whole jet is soon linked up again with the surrounding 
fluid in a region of violent eddy motion. 

If this explanation is correct, there ought to be a con- 
traction in the jet in the immediate neighbourhood of the 
screw. We have no means of accurately testing this 
ee in the photographs ; but, if we assume that the air 
eaves at or near the tip of the blade, we find that the 
diameter of the air spiral is in every case less than the 
diameter of the screw, being about one-ninth smaller in 
the second photograph. The diameter of the air spirals 
also apparently contracts along the jet; and, if this 
represents a real contraction of the jet, the pitch of the 
spiral should increase correspondingly, the percentage 
increase of pitch being twice the percentage decrease of 
diameter. Careful measurements of the spirals fail to 
show any marked increase of pitch, but the photographs 
are badly adapted to such measurements, since they show 
a perspective view of the phenomena, and air is a notori- 
ously bad indicator of the motion of water, since the 
difference of densities accelerates the air to the points of 
minimum pressure. Hence any acceleration in the wake 
would cause the air spiral to move forward through the 
wake, and any rotation of the wake would cause the dia- 
meter of the spiral to decrease. 

Before we can consider the action of a screw as that ofa 
type of simple jet-propeller, we must study the pressure 
distribution round the screw. Professor Flamm’s photo- 
graphs show that there is a depression of the surface 
over the screw, but no change of surface level on passing 
the screw disc, hence there is no sudden change of pres- 
sure on ing the disc, at least above the screw. Mr. 
D. W. Taylor has carried out some experiments on this 
point in connection with the influence of the screw on the 
pressures on the ship’s stern plating, or what is called the 
thrust deduction factor: (‘‘ Model Basin Gleanings,” 
Proceedings of the American Society of Naval Architects, 
November, 1906.) 

In these experiments a vertical board was placed in the 
experimental tank parallel to the axis of the screw, as 
shown in Fig. 4. A row of holes was made in the board 
about the level of the screw-shaft, and similar rows at 
higher and lower levels. Each hole was connected to a 
separate manometer, and the various levels of the mano- 
meters were recorded by shutting a stopcock on each as 
the board advanced through the water with the screw. 
The results obtained show a minimum pressure about 
6 in. in front of the screw, and a maximum about 6 in. 
behind it, the screw diameter being 15 in. When the 
board was only 2 in. from the tip of the screw-blades, the 
difference between maximum and minimum was about 
5 in. of water with 30 per cent. nominal slip, but when 
the board was 12 in. from the blade-tips, the difference 
died away to less than 4 in. It is evident that placing a 
board near the screw must materially affect the free 
flow up to the screw, and also the distribution of rotation 
round the screw. Hence from our point of view the 
results are not so instructive as they might have been if 
a light wire trellis had been used instead of a board to 
support the pressure tubes. But, of course, our object 
and Mr. Taylor’s are different. 

Tn a source and sink combination we expect to get a 
rise of pressure in passing by the side of the sink, or a fall 
in ing the source, and Mr. Taylor’s experiments 
verify that the screw disc plays the part of a sink. The 
source is, of course, the region of eddies where the jet 
becomes linked up with the surrounding medium. Neither 
in Professor Flamm’s photographs nor in Mr. Taylor's 
results is there any contradiction of the hypothesis that 
a screw-propeller is a type of simple jet-propeller; in 
fact, all the evidence supports the hypothesis. 

_ We have seen that the ideal efficiency of a jet-propeller 
is 


beyond this point eddy 
This wake may be inter- 


ais 1-8n 
n i-e/2’ 


in which sa and &» are defined from the velocity of the 
jet, the nominal slip being the velocity of the jet rela- 
latively to the whole body of the fluid, while the actual 
slip is the change of velocity in passing through the pro- 
peller. Let us now discuss these velocities for.an ideal 
screw-propeller. 

We may consider the ideal screw-propeller as one which 
acts equally on every particle of fluid passing through it, 
in such a manner that the whole column of fluid leaves 
the disc without rotation, with the velocity which a 
solid nut would have if driven sternwards without 
rotation by the driving face of the screw. Actual 
screws differ from the ideal in that the blades do not 
act equally on all particles in the jet, hence the mean 
velocity of the jet is less than the solid nut velocity, thus 
reducing the thrust below the ideal. Actual screws also 
impart a certain amount of rotation to the wake, but we 
could not allow for this in the expression for the efficiency 
of an ideal screw, even if we desired todo so. In fact, 
that is one of the reasons for the failure of some of the 
formule which have been suggested for the ideal screw, 
in that they allow for a certain distribution of rotation 
which does not exist. The discussion of other formule 
would, however, require a paper to itself. The double 
co-axial screws in oes constitute a propeller 








which gives no rotation to the wake, and, if the rotation 
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produced by asingle screw were great, this combination 
ought to be much more efficient than a single screw. 
Let R be the revolution frequency of an ideal screw and 
P the pitch, then ‘ 
to = RP and a = La = 


(RP - ui) 

ar. 
The thrust obtained from the ideal screw is given by 
T=F(RP-1 )=par; (RP — 1 )=paR?P?2 8a(1—-2#a) 


a 79 8a( 1 — 8a) 
= © ppsyste(1— se) 
a* (1-a? 


a being the area of the screw disc and p the density of the 
fiuid. Hence for an ideal screw of given pitch 7; and 
8 are known as functions of the thrust and revolution 
frequency. 

It is unfortunate that we have no experimental in- 
formation upon the connection between the thrust and 
the velocity vi, such as could be obtained by inserting a 
Pitot tube immediately in front of the screw in tank 
experiments. The manometer readings would give di- 
rectly the value of vi, which would enable us to deter- 
mine éq as a function of 8», 

The expression for the thrust of an actual screw given 
by Mr. R. EF. Froude from the results of his tank experi- 
ments is 

T - D? v2 x BP? + 21 x 1.028 (1 ve 0.08 8) 
Pp (1 - SP 


which bears a strong resemblance to our ideal screw for- 
mula, The S in Mr. Froude’s formula is practically 


our 8, The factors B, ” + 21 and (1 — 0.08 8) are purely 


empirical, and the only difference between the form of 
the theoretical portion of Mr. Froude’s formula and the 
ideal one is the omission in the former of the factor 
1 — 8a; but, in order to make his formula suit the ex- 

rimental results, Mr. Froude had to introduce the factor 

— 0.08 8, and this fact tends to support the theoretical 
form of our formula. Again, taking one of Mr. Froude’s 
experimental results, a screw 0.8 ft. in diameter, of pitch 
ratio 1.2, disc area ratio 0.45, with four elliptic blades, 
when running with 30 per cent. slip at 300 ft. per minute, 
exerts a thrust of 8 lb. weight. Substituting this thrust 
in our formula and calculating sa, we find it is 20 per cent., 
which is quite a possible value. A further comparison of 
the two formule would serve no useful purpose until we 
have some experimental evidence of the connection be- 
tween ga and s»; but so far as we can at present see, 
there is nothing in Mr. Froude’s results which contradicts 
our formula ; in fact, the evidence is rather favourable 
than otherwise. 

In Professor Flamm’s photographs, if we neglect the 
unknown drift of the air spirals through the wake, we can 
deduce from them the speed of the wake and compare it 
with that from an ideal screw. Taking the second photo- 
graph on the plate, we find by measurement that the 
pitch of the air spiral is equal to its diameter, 


while 


8a = 


= = x diameter of the screw = x x 10 em. = 8.95 cm. 


The frequency of revolution is 2500 per minute, whence 
we obtain the speed of the wake as 3.73 metres per 
second. But the actual pitch of the screw is 10.25 centi- 
metres, whence the speed of the wake from the ideal 
screw having the same pitch and frequency is 4.27 metres 
per second. 

If we assume for the purposes of a numerical example 
that the air leaves the tips of the blades, then 


% = (zy x 3.73 = 2.99 metres per second. 


The speed of the screw was 2.4 metres per second. 
Whence 


8a = 0.375. 


(3.73 — 2.4) _ 
3.73 
while 

— (3.73 — 2.99) _ 


3.78 
Therefore the efficiency of an ideal screw which gives the 
same thrust in the same conditions is 
= (L = 0.375) _ 
(1 — 0,199) 
The mass flux through the screw = pat; = 23.5 kilo- 
grammes per second, whence the thrust 


_ 23.5 (873 - 
os 


All we know about the actual thrast is that the little car- 
riage carrying the screw raised the weight of 4 kilo- 
grammes through one-third the travel of the screw by 
means of a pulley-block, hence the thrust was at least 
1.33 kilogrammes weight. 
Again, if we assume that the screw was an ideal one, 
moving with the same speed, and that the water ap- 
ed it with the same 8) —2.99 metres per second 
—but left it with the speed R P = 4.27 metres per second, 
then the thrust 
_ 23.5 (427 — 299) 
981 
and the efficiency is 66.1 per cent. 
We have seen, however, that the air spirals are very 


bad indicators of the motion of the wake, consequently 
we can attach no great weight to these figures ; but similar 


0.199. 


71.4 per cent. 


299) — 1.77 kilogrammes weight. 


= 3.01 kilogrammes weight, 





experiments with a coloured liquid as indicator would 
provide valuable information. 


Law or CoMPARISONS. 


If the stream-tube system due to a source and sink com- 
bination in a perfect fluid is to have its dimensions magni- 
fied n times, the velocity and pressure heads at homo- 
logous points in the twosystems must be in the ratio n : 1; 
that is, the velocities are in the ratio ,/n: 1, and the 
pressures are in the ration: 1. The areas of the source 
and sink are in the ratio n?: 1, hence the mass fluxes are 
in the ratio n?*: 1, and the momentum fluxes in the 
ratio n* : 1. 

Two similar screw-propellers whose diameters are in 
the ratio of n: 1 will produce similar stream-tube systems 
around them, if moving forward at speeds in the ratio 
s/n: 1 while rotating with peripheral speeds in the ratio 
s/n :1; ¢.¢., with revolution frequencies in the ratio 
1: Jn, provided that the distance between the equiva- 
lent source and sink increases in the ratioofn:1. The 
thrusts will then bein the ration* : 1. Now the equivalent 
source, on our hypothesis, is the region where the screw 
jet expends its energy in mixing with the surrounding 
fluid, and is therefore of a very indefinite nature. The 
sink, on the other hand, is the advancing face of the 
screw disc, and is perfectly definite. But if the distance 
between source and sink is only roughly proportional to 
the diameter of the screw at corresponding speeds, then 
similar results may be expected from similar screws, since 
it is the stream-tubes up to the screw which affect its 
working, and the flow in the wake is only important in 
so far as it affects the flow up to the screw. But unless the 
source and sink are very close together the flow up to the 
sink is very slightly affected by a small increase in the 
distance between them, or by an alteration in the shape 
of the source. 

Since the authorities in charge of experimental tanks 
tell us that the law of comparison is found experimentally 
to apply to screws with sufficient accuracy for practical 
pur we deduce the fact that the deviation from 
similarity in the position and form of the source due to 
variation of linear dimensions is not of sufficient im- 
portance to affect materially the flow up to the screw. 

If we knew the connection between the actual and 
nominal slips which a Pitot tube inserted near the screw 
would give us, then, by combining this information with 
the extensive experimental results which we have on 
thrust and efficiency as functions of the nominal slip, we 
could test our hypothesis, and we would par obtain 
still further insight into the phenomena of propulsion. 


CONCLUSIONS. 


We may summarise the chief ee of the analysis of 
the phenomena of propulsion as follows :— 

1. & ey ne forms the centre of a system of stream- 
tubes, the configuration of which moves forward with the 
propeller. In a perfect fluid the system consumes no 
energy, but in a viscous fluid the energy required for its 
maintenance is ry by the propeller. 

2. In a perfect fluid—and also in a viscous fluid, apart 
from the small thrust uired to maintain the stream- 
line system—thrust would be impossible of attainment 
without a discontinuity in the stream-tube system. Ina 
jet-propeller this discontinuity occurs at the outlet, and 
in a screw-propeller most probably in the wake beginning 
at the screw disc. 

3. The acceleration of the fluid ahead of the propeller 
does not contribute to the thrust, but is brought about by 
a circulation of energy from the wake, as in a moving 
source and sink combination ; hence all the energy in the 
wake as it leaves the propeller is not lost. The thrust 
produced by a screw-propeller is due to an acceleration of 
the whole or part of the fluid as it paren through the 
screw disc, the accelerated portion being discontinuous 
with the apg | fluid, thus forming a jet. 

4. In the case of a screw-propeller there must be a 
flux of rotational momentum into the surrounding fluid 
equal to the torque. This rotational momentum is 
most probably confined to the immediate wake behind 
the screw, and the screw is continuously imparting rota- 
tional velocity to new fluid, this rotational energy con- 
stituting one of the losses in the propeller. Since this 
rotational system, unlike the stream-tube system in the 
fore and aft direction, cannot move forward with the 
= unchanged, the rotational motion is not cumu- 
ative. 

5. All the experimental evidence examined tends to 
confirm the working hypotheses formed from purely 
theoretical considerations, but further experiments are 
wanted on the distribution of velocity, both ahead and 
astern of screw-propellers, to determine the connection 
between nominal and actual slip. 

In conclusion, I desire to express my cordial thanks to 
my friend and colleague Professor Wm. Burnside, 
F.R.S., for his valuable advice and criticism ; also to 
Geheimer Regierungs Rath Professor Oswald Flamm for 
his kind permission to reproduce his photographs. 








COMPOUNDING AND SUPERHEATING IN 
HORWICH LOCOMOTIVES.* 

By Grorck HucHes (Member, Chief Mechanical Engi- 
neer, Lancashire and Yorkshire Railway, Horwich. 
(Continued from page 359.) 

General Conclusions.—The results show the compound 
to be a more economical and efficient machine than the 
simple engine. The compound developed a compara- 
tively greater draw-bar pull for the same indicated horse- 





* Paper read before the Institution of Mechanical 
Engineers, March 17, 1910. 





power. This is attributed to the use of four cranks, 
resulting in a more uniform torque, and consequent 
adhesion between wheel and rail. 

The tonnage hauled was slightly in favour of the 
simple, but this lighter load was distributed over more 
— than in the case of the compound. 

n comparing the tests, there is an economy of 23 per 
cent. on the Aintree to Accrington trials, and 22.5 per 
cent. on the Goole to Smithy Bridge tests, in favour of 
the compound, based on the steam consumption per 
indicated horse-power, as given by the diagrams. This 
economy is even greater when the total ‘steam consump- 
tion per hour is compared, the saving being 39.7 per 
cent. on the former and 33.3 per cent. on the latter tests, 
In fuel consumption, the saving by the compound, per 
indicated horse-power per hour, is 16 per cent. on the 
Aintree- Accrington tests, and 8.3 per cent. on the Goole- 
Smithy Bridge tests ; but as the horse-powers developed 
by the compound are less than for the simple engine, the 
total fuel savings are 36 per cent. and 23.7 per cent. 
respectively. 

t will be noted, by referring to Table V. (page 358 
antec), how the attempt to run at approximately the same 
8 and in the same time has been accomplished. It 
should be clearly understood that neither engine was 
forced ; the simple ran to its normal workings, and no 
effort was made to run any gee with the compound, 
except on the test marked “ B,” when a faster run was 
achieved. This test is interesting from the fact that the 
compound hauled the same load on the same coal con- 
sumption as the simple on one occasion, but in 13 per 
cent. less time. 

The release pete shown in Figs. 21 and 27 (page 359 
ante), and Table V., have been plotted by scaling the 
height of the indicator diagrams at the known point of 
release. It will be skepeal tat the terminal pressure is 
very much higher in the case of the simple engine than 
the compound, the average on the Aintree-Accrington 
tests being for the simple 55.1 Ib., and 28.4 Ib. for the 
compound ; and on the Goole-Smithy Bridge tests 56.2 Ib. 
for the simple and for the compound 27.3 1b. The lower 
terminal pressure, in the case of the compound, is much 
in its favour, as it reduces the lifting action on the fire 
when the engine is pulling hard up a bank, thereby 
obtaining more complete combustion and minimising the 
emission of sparks. 

Stcam Cut - off.—(Figs. 18 and 24, Table V.) It 
might be expected that the cut-off in the high-pres- 
sure cylinder of the compound would be mach eee 
than with the simple engine, but both types were 
operated very much alike as regards the position of the 
reversing lever (54 per cent. for the simple and 51.9 
per cent. for the compound) on the Aintree-Accrington 
tests. On the Goole-Smithy Bridge trials the cut-offs 
were 46.9 per cent. and 52.5 per cent. respectively, with 
a full open regulator. Under these conditions the com- 
pound ought to show economy. Assuming 50 per cent. 
as the average steam cut-off, the cubical contents of the 
cylinders to be filled, neglecting clearance, is as follows :~ 


Simple engine 314 x 4 x 13=16,328 cubic in. 
Compound engine... 188x4x13= 9,776 ,, ,, 


a difference of over 40 per cent. in favour of the com- 
pound. Figs. 42 and 43, page 397, show a comparison 
of the crank efforts of the simple and compound engines. 

Before detailing the results obtained during two years’ 
working, it will interesting to consider the division 
of work which actually occurred in the high and low- 
pressure cylinders of the compounds at various speeds 
and cut-offs, when indicated in service. 

Fig. 44, 397, shows the actual horse-powers deve- 
uot in the respective cylinders at the different speeds 
and cut-offs. Whe Gaveee have been constructed from 
the mean results of a large number of indicator diagrams. 

The first thing to notice is the inequality of work at 
all speeds, although from a theoretical aspect it was 
expected that the distribution of power would be about 
equal. The low-pressure cylinders, in all cases, deve- 
loged a greater horse-power than the high-pressure, the 
difference becoming greater at the higher speeds. A 
curious anomaly occurs with regard to the power from 
the high-pressure cylinders at about 20 miles per hour; 
bagel this speed the power decreases, whereas it should 
increase as it does in the low pressure. This falling away 
of the work done by the high-pressure cylinder as the 
= increases is more rapid when the cut-off is later. 

he same peculiarity, however, begins to show itself 
in the low-pressure cylinder when the cut-off reaches 
about 65 per cent., and takes place at nearly the same 
speed as its occurrence in the high pressure. _ 

Dealing first with the high-pressure cylinders, the 
falling away is probably partly due to excessive com- 
pression, brought about 4 the closing of the exhaust at 
a higher pressure than in a simple engine. The effect of 
this is to decrease the area of the indicator diagram by 
forming a loop of negative work, thus reducing net-work, 
This is one reason why compounds at certain points of 
cut-off do more work in the low-pressure cylinders than 
in the high. It also furnishes a reason why a compound 
locomotive is less economical in light than in heavy work. 
The usual contrivances for nullifying undue compression 
are larger clearances, negative lap on the valve, and the 
ae ap of spring-loaded release-valves fitted on the 
ends of the pl men which are set to release at a fixe 
pressure, generally the working pressure. Negative 
valve-lap, however, is only useful at high speeds, and 1s 
very detrimental at low s , for during slow runuing 
it allows exhaust of one side of the piston to pass over to 
the other side, and increase the back pressure. Spring- 
loaded release-valves have also certain disadvantages, 85 
they only release into the atmosphere a small percen tage 
of the unduly compressed steam. They also lack flex!- 
bility, for when the engine is working with a throttled 
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regulator, compression is pushed up beyond the steam- H — release-valves were fitted on the front and back 


chest pressure. Asa result of experience, and in order | ends o} 


the cylinder. 


to overcome these disadvantages, the author has designed | With the auxiliary release excessive compression did 


and just put into service a special form of piston-valve. | not exist, and, further, the horse-powers on that particular | 


This valve is illustrated by Figs. 45 to 48, page 398. side of the engine were considerably higher than the side | determined motion, will give the correct relative posi- 


[t will be observed that the packing-rings are provided | which had not the automatic valves fitted. The employ- 
with a number of holes or passages controlled by valves | ment of this special form of valve has enabled the driver 
which open or close communication between the cylinders | a ay his engine at an earlier cut-off than was possible 


and the receiver. 


One side of these when closed is sub- | wit 


out the release. 


ject to the pressure in the cylinder, and the other side to} Referring again to cut-offs and Diagram 49, it would 
the pressure in the receiver. As there is a ratio of pres- | appear that the later cut-offs, with their corresponding 
sure between the high-pressure steam and the receiver, | later compressions, would cause the dip of the curve to 
these auxiliary valves work on the differential principle, | be less rapid than with the earlier cut-offs; but the re- 
the area ee to the receiver being larger than the| verse happens, which points to other causes. It is a 
area exp to the cylinder. | well-known fact that with later cut-offs in a simple engine 

The construction of these valves is such that the pres-| there is more difficulty in getting rid of the exhaust, 





control of the driver, must be skilfully handled, or it is 
useless. There is room for invention in this direction. 
Some positive mechanical contrivance is needed, which, 
not being under the driver's control, and having a pre- 


tions for each valve. 


Resutts or Twenty-Four Montus’ WorKING OF 

Exteven Compounp aNnpD E veven Simpie ENGINes. 

From the foregoing statements it is quite evident 
that the author was justified in extending this principle, 
and therefore ten new compounds were built in April, 
May, and June, 1907, and ten new simple engines for com- 
parison, in July, August, and September of the same 


year. y 
It has already been stated that a locomotive must be 


cure in the receiver holds them on their seats against! which leads to high back-pressure. No doubt someaction | prepared to negotiate any work on the railway within 
CRANK EFFORT DIAGRAM FOR SIMPLE AND COMPOUND LOCOMOTIVES. 
42. 
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TABLE VII.—Comparison or Coat Consumgep PER Ton-Mine, By Eteven Simpce AND ELEveN Compounn, 
AND SUPERHEATER AND Non-SureRHEATER ENGINES, ALSO PERCENTAGE OF TRAIN-MILES TO ToTaL ENGINE- 


MILEs. 


Monta. 


12 months ending : 


November, 1908. . 
December, 1908 . 
January, 1909 
February, 1909 .. 
March, 1909 
April, 1909 

May, 1909 

June, 1909 

July, 1909 
August, 1909 , 
September, 1009 
October, 1909... 
November, 1909 

















DECREASE OF COAL PER | PerceNTAGE OF ASSISTING 
Coat CoNsUMED PER ToN-MILE, FOR :— SHUNTING AND BALLASTING Fay pil a 
Ton-MILE. —_—_—___—___-———| Mines 10 Tora. Enatne- eee > wos etal 
Compound. \Superheater. MILES, anes 
gig | eslegise| ag gis | gigs | 
é 4 — Pe #283 | fs | 33 | S S. x | 4 e | ro 
1b ea tebe eb et baie bldld 
8 El/SS\aS 2£5)28/245 > 22) B é ES e - 5 = 
a8 |\w=|a=| ae EA a5 ra a 8i\2*|s*|la sd (24/4 
| Ib. Ib. | Ib. Ib. Ib. | Ib. 
0.190 0.187 ke 0.003 | 1.58 25.61 24 48 5.92 | 6.34 
0.219 | 0.195 | 0.024 | 10.95 | .. .- | 8146 | 26.78) .. .. | 7.55 8.59 
0.241 | 0.193 0.048 | 19.91; .. i 34.95 | 25.68 an a 8.89 7.73 
0.263 0.204 | 0.064 | 23.88; .. | .. | 4L11/3041. .. .. | 667 | 7.99 
0.281 0.201 0.080 | 28.47| .. .. | 4888 /27.8L, .. -. | 875 | 9.08 
0.271 | 0.188 0.083 | 30.62 be a 42.71 | 25.48 - _ 8.68 6.23 
0.233 0.188' .. .. 0.045 /19.81) .. .. | 37.57 / 26.06| .. .. | 7.04) 825 
0.249 0.178; .. . |Q0071/28.51) .. .. | 3602 2257, .. .. {10.72 | 9,26 
0.228 | 0.172 | 0.184*| 0.186*| 0.056 | 24.56 | 0.026* 12.21*| 35.44 23.20 37.6"  37.9*| 9.34 7.57 | 6.9* | 7.3* 
0.206 0.167 |0.179 (0.139 | 0.089 | 18.93 }0.015 | 7.54 | 33.22 | 23.45 | 37.5 | 37.9 | 9.68 862 | 6.9 7.1 
0.197 0.176 |0.212 |0.172 | 0.021 | 10.66 |0.033 | 6.33 33.22 24.20 34 32 6.64 6.84 85 | 64 
0.184 0.176 | 0.202 0.199 | 0.008 | 4.35 | 0.014 | 7.25 | 26.11 | 23.96, 31 | 30.2 6.72 | 6.46 | 5.5 | 6.1 
0.206 ' 0 169 '0.215 0.193 © 0.037 | 17.96 (0.043 | 20 | 26.71 22.13 ' 31.3! 28.3 6.84' 4.88 ' 6.3 5.8 


Average results, making deduction of 3 cwt. (or 14 cwt.) per hour, in coal, for detentions. 


| 0.205 | 0.185 | 0.205 | 0.177 | 0.U20 | 9.75 | 0.028 | 18.65 | 29.52 | 24.74 | 83.2 | 32.4 | 6.81| 6.92| 6.72 | 6.44 


Average results, making deduction of 3 cwt. (or 14 cwt.) per hour for detentions, but eliminating 
other than selected work. 


axes | 0.182 ‘ps ge eae | 0.006 | 3.20 | 0.026 | 12.93 | 24.68 | 24.05 | 32.8 | 32.2 | 6.39 | 6.60 | 6.69 | 6.37 


Items marked thus (*) are from May 14 to July 31, 1909, inclusive. 


the pressure in the cylinder, providing the latter does not | analogous to this is occurring in the high-pressure cylin- 
rise beyond the working pressure. Should, however, an | der, in addition to excessive compression, although a port 
«xcess of pressure arise in the cylinder, then it displaces | ratio of 1 to 10 has been ado in these engines, which 
— valves, and discharges the said steam into the | is larger than for simples, where the usual ratio is 1 to 
receiver. An interesting experiment has recently been |11 or 12. With to the fall in power in the low- 
rried out for the purpose of comparing the results from | pressure cylinder at the later cut-offs, it seems to the 
valve fitted with these auxiliary valves, as against one | author that the port ratio which has been adopted— 
ith fitted. Figs. 49 to 54 (page 399) are a number of | viz., 1 to 12.6—is rather low, and undoubtedly a much 
comparative indicator diagrams taken under the two condi- ox pry ratio could have been adopted, with advan 


‘ons, and it will be at once apparent that there is a strik- 


it not been decided to use standard valves. At the 


ing difference in these diagrams. same time, it must not be overlooked that large ports in 


These indicator 
and all at the sam 


diagrams were taken simultaneously, | the low-pressure cylinder add to clearance. Referring 
e speed, namely, twenty-five miles per | again to the unequal distribution of work, this can be 


hour, or 155.6 revolutions per minute. It will be observed i j y 
ew ry - equalised by separate adjustment of the valve-gears as 
that without the auxiliary release there is undue com-| used on the Continent, but this entails an independent 





pression, which increases'as the engine is notched up, | gear for each cylinder, which appliance, being under the 








Fig.44. 
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reasonable limits. This fact induced the author to inves- 
tigate every detail connected with the working of these 
engines, in order to deduce reliable conclusions. He 
therefore determined to obtain ton-miles, detentions, 
time element, coal consumption, stores, and the cost of 
maintenance. Tables A, B, C, and D can be seen in 
manuscript at the Institution. Table A is compiled from 
the drivers’ returns and guards’ road notes, and is of 
extreme interest. Taking the whole of the coal used, the 
results show an economy of 9.4 per cent. per ton-mile, 
and 8.9 per cent. per train-mile, in favour of the com- 
pounds, for coal only, exclusive of oil, and time occu- 
pied in running. The total train-mil of the eleven 
simple eight-wheeled goods engines, during the two 
years ending November, 1909, reached about 300,000, 
and the eleven compounds about the same figure. The 
total engine-mileage of the eleven —_ engines was 
472,000, and the eleven compounds 442, ; the ave 

tonnage behind the draw-bar in each case was , 
The percentage of train to engine-miles was 63.6 for 
the simples and 68.3 for the compounds, the actual ton- 
miles being 139, 698, 233, and 141, 111, 193 respectively. 
An epitome of the coal consumption per ton-mile is 
given on Table VII. (annexed). During detention it is 
necessary to keep the fire in perfect order, ready for start- 
ing at a moment’s notice. It was therefore decided to 
deduct 3 ewt. of coal per hour for such periods, as this 
element has such an important bearing on the consump- 
tion, and 5 cwt. is the actual average required each hour 
this class of engine is under steam. On this basis, the 
economy works out at 9.75 per cent. per ton-mile in favour 
of the compounds (see Table VII.). It was noticed that 
during several months the economy of the compound un- 
reasonably increased, and at the same time the simple 
engine increased in shunting-miles. This increase in 
shunting-miles disturbs the comparison, because arrange- 
ments had not been made to give ton-mile credits for 
shunting. This increase in shunting-miles of the simple 
engines was due to their running down more rapidly, and 
consequently becoming unfit for main-line service sooner 
than the compounds. A strict comparison is made by 
eliminating other than selected work of both types of 
engine during this disturbing period, when it will be 
seen that the coal consumed per ton-mile was 3.2 per cent. 
less for the compounds (see Table VII.). If the com- 
parison is carried further, by converting the whole of the 
work done into ton-miles the general result is shown in 
Table B (in MS.) For this purpose, it is assumed that 


(610.m) 
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300 tons per mile hauled is a reasonable figure for the 
class of shunting undertaken by these engines, and it will 
be seen that the general result is 4.44 per cent. in favour 
of the compounds. When, however, the weight of the 
engine is included, this figure is inc to 4.76 per 
cent., but if the coal consumed during the periods of 
detention is not deducted, the last two figures me 
respectively 4.44 per cent. and 4.86 per cent. A further 
analysis of the coal consumption is given on Table VIII., 
showing comparisons for hauling loads under given limits, 
and it will be noted that the average amount consumed 
per ton-mile gradually decreases as the load increases. 








COMPOUNDING IN HORWICH LOCOMOTIVES. 


: HIGH PRESSURE VALVE 
Fig. 4. WITH AUTOMATIC COMPRESSION RELEASE VALVE. 
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Average Coal Consumed per Ton-Mile 
Based on Total Coal for all Purposes. 


Particulars of Average | 
Train-Loads, 


Eleven Simple | Eleven Compound 
Engines. | Engines. 


| Ib. 
400 tons and under | 0.210 
401 to 425 tons .. ost . 
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these engines which should not be overlooked—namely, AN 5 
‘‘time-element.” It is important, because this factor Bas in\ LAS WZ 
can place the coal consumption on either side of the NIM —~‘ipyyyypypypn nm” ttt 
balance-sheet. The value of an engine as a hauling 16108. 
machine may be said to vary 
Inversely as the coal and oil per ton-mile, and 
Inversely as the minutes ad ma: - Seton “s 
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TABLE IX.—Suowine PerrorMaNnces oF SIMPLE AND CompounD, Non-SuPERHEATER, 
AND SuPERHEATER Goops-ENGINE. 


- Value = -inutes per mile x coal and oil per ton-mile* TS Bs 

When including oil, it is expedient to convert the same 
into a coal value. In the case of the compounds, it was 
found that the money value of 100 pints of oil was equal 
to the cost of 1 ton of coal. With reference to the super- 
heaters, the equivalent was 60 pints per ton, due to 
increased cost of that used for lubricating pistons and 
valves. The cost for carriage of coal has been deleted in 
each case 


Particulars, including Employment of the 
Equation (annex Eleven 

Simple 
Engines. 


7.88 
0.14783 


Eleven Non- | Super- 
Compound - ~~ heater 
Engines. ngine. Engine. 
Total time per engine-mile .. ‘ 
Total coal and oil per total ton-mi 
Decrease in favour of. . ae : 
Total time per traction-mile ae oa 
Total coal and oil per traction ton-mile .. 
Decrease in favour of. . om we és 
Total time per train-mile 
Total coal and oil per train 
Decrease in favour of . 


Total time per engine-mile .. ee we s +. min, 
Coal and oil per total ton-mile less coal for detentions Ib. 
Decrease in favour of .. ee = per cent. 
Time per traction-mile os es : - -. min, 
Coal and oil per traction ton-mile, less coal for detentions Ib. 
Decrease in favour of .. te re ee per cent. 
Time per train-mile 
Coal and oil per train 
Decrease in favour of .. pi ee ‘. 
Running train time per train-mile se és -. min, 
Coal and oil per train ton-mile, less coal for detentions Ib. 
crease in favour of .. o 4 6 per cent. 





. min, 
on Ib. 
per cent. 
min. 

me Ib. 
per cent. 
min. 

os Ib. 
per cent. 


84 =| (8.09 


7.45 | 
| 0.14188 | 0.12507 


So 
~ 
oo 
= 
iJ 
= 


Total time and total le 
coal and oil ex- ‘ 
pressed per mile 

J and r ton-mile 

A summary of all the results of working. for both | for each individual 
simple and compound engines, is given in Table IX. | section of working 
(annexed), together with the corresponding figures for \ 
non-superheater and superheater engines, which will be 
described later. 

In order to enable the different items to be more 
readily compared, the quantities have been given descrip- 
tive compound names, having the following definitions :— 

1. Total Time.—Time engines are under steam for all 
purposes, including 40 minutes per day for shed duties. 

2. Traction Time.—Time engines are used for haulage. 

3. Train Time.—Time engines are on train work, in- 
cluding detentions. 

4. Running Time.—Time running from point to point 
when hauling paying loads, or 

Total time, excluding shunting, assisting, ballasting, 
light engine, detention time, and shed duties. 

5, Engine-Miles.—Miles run by engines for all purposes. 

6. Traction-Miles.—Engine-miles lesslight engine miles. 

7. Train-Miles.—Miles run when hauling paying loads. 

8. Total Engine Ton-Milcs.—Paying loads hauled in 
ton-miles, plus weight of engine multiplied by total miles 
run by engine plus assisting, shunting, and ballasting loads 
at 300 tons per mile for s:mples and compounds, and 200 
tons per mile for s' cones and non-superheaters. 

9. Traction Ton-Miles.—Tons hauled behind draw-bar, 
including assisting, shunting, and ee, 

10. Train Ton-Miles.—Paying load hauled multiplied 
by train-miles. 


ll. Total Time per Engine-Mile.— 


~ 
@ 


8.63 

0.15721 
13.5 
13.2 

0.20249 
16.3 


8.09 
0.11257 
14.6 
6.04 
0.14161 
16.0 
6.6 
0.18249 
| 16.6 
| 398 
0.18249 
| 19.3 


8.45 
0.18377 


— 
~I 
3 
ix 


Be 


12.37 
0.24022 


FESS ees 
a 
Fs 


ton-mile 


i 


go 
= 


7.88 
0.13043 


— 
one Ono 


5.91 
0.16257 


Time and coal and 
oil for the indi- 
vidual sections of d 
working expressed 
per mile and per 
ton-mile. 
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TABLE X. 


(above) in regard to the economy of the compound over 
the simple engine, and of the superheater over the non- 
superheater. 
his epitome clearly shows how results in locomotive 
working are influenced by the range of operations in- 


volved. 
(To be continued.) 


Com- Super- 
pounding. heating. 
Per Cent. Per Cent. 

10.8 13.3 


13.5 








THE PHYSICAL SOCIETY OF LONDON. 
At the meeting of the Physical Society of London, held 
on February 25, Professor H. L. Callendar, F.R.S., Presi- 
dent, in the chair, a paper on “‘ Telephone Circuits” was 
read by Professor J. Perry. The author published a 
al in the Proceedings of the Society in 1893, showing 
ow voltage v and current c are attenuated along a tele- 
phone or submarine telegraph-line, a line with resistance 


24.9 


jOn basis of total time per engine- 
On basis of total time per traction- 
fOn basis of total time per train- 
16.3 
f On basis of total time 


mile and total coal and oil per 
\ engine-ton-mile 7 
{ mile, and total coal and oil curt 9.8 
traction-ton-mile J 
+ mile, and total coal and oil per 
\ train-ton-mile J 
r engine- 
mile and reduced only and -- 11.3 14.6 
Total time \ oil per engine ton-mile 
Engine-miles { 
Total time 


Traction-miles’ 


tion-mile and reduced coal only 132 16 


and oil per traction ton-mile 


On basis of traction time per trac-) 
On basis of train time per train- 


12. Total Time per Traction-Mile.— \ 


16.8 


Total time 
Train-miles’ 
Running time 
Train-miles * 
Shunting and ballasting is taken at 6 miles per hour. 
Light engine and assisting is taken at 10 miles per hour. 
‘Total time, 


13. Total Time per Train-Mile.—- 


14. Running Time per Train-Mile.— 


| | 546 MTS 
Traction. Light engine. Shed duties. Detentions. 
| 


| a eer 
Train. Shunting. Assisting. Ballasting, 
1 
i 


6. { mile and reduced coal only and 
oil per train ton-mile 
{": basis of ranning time per train- 
7. 16.3 


mile and reduced coal only and 19.3 


\ 
oil per train ton-mile J 
The same prefixes are also used in connection with 
mileages and ton-mil 
The author considers that at least three more years’ 
working must be obtained from the compound before true 
coal consumption and maintenance can be ascertained. 
It is stated in some quarters that the additional cost of 
maintenance, due to increased complication, more than 
neutralises the advan gained in fuel saving. The 
eleven compounds which have been in service on this 
railway since June, 1907, have been no heavier on repairs 
than the simple engines, and results seem to point to the 
maintenance cost being lower. 





| es 
Running time. Detensions, 


The following summary is extracted from Table IX. 





r, capacity k, inductance /, and leakage s per unit length ; 
currents are of the form singt. Whenlq/r is consider- 
able the mathematical expressions becomesimple. It was 
inted out that the introduction of / is of great benefit. 
he author now points out that k may be made negative 
by the use of inductance leaks to earth, and / may be 
made negative by the use of condensers in series with the 
line. To introduce / as Mr. Pupin has done, by inductance 
coils at equidistant places on the line, or to introduce the 
other properties mentioned by placing other contrivances 
at equal distances, is a mathematical problem of ¢at 
complexity. Contrivances placed close together have the 
same effect as the continuous distribution of proper''«s, 
but there is considerable expense ; the problem is to Sud 
how far apart the contrivances may be P so that the 
effect produced shall still be beneficial. Mr. Pupiv as 
iven a rule for the spacing of his coils, but practica! men 
Siapute its accuracy ; nobody has given a rule for other 
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COMPOUNDING IN HORWICH LOCOMOTIVES. 
(For Description, see Page 396.) 


INDICATOR DIAGRAMS SHOWING RESULT OF PISTON VALVES OF HIGH PRESSURE 
CYLINDERS, FITTED WITH AND WITHOUT AUTOMATIC RELIEF VALVES. 


LEFT HAND PISTON VALVE WITHOUT RELIEF VALVES. 











RIGHT HAND PISTON VALVE WITH RELIEF VALVES. 
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contrivances ; the object of the author is to give an easy 
method of calculation which is practically correct, and 
which can be used when the contrivance is any network 
or other combination of resistances, inductances, and 
capacities—some being leaks to earth—-and it may include 
transformers, motors, and generators. 

Suppose there are contrivances at the equidistant places 
A, B, &c., m miles apart in a cable which has the above- 
mentioned properties 7, k,l, ands. There is a contriv- 
ance whose terminals are A and Ag, another whose ter- 
minals are B and By; between Ay and B there is m miles 
of cable. Let the currents in the line at A, Ao, and B be 
¢,@, and C. Let the voltages at these points be x, vp, 
and V. The assumption on which the whole method is 
based is that V/C = v/e =p. This is practically true 
everywhere ina long line, except near the ends. Now 
whatever be the nature of the contrivance, we can calcu- 
late ») and ¢) from v and ec. It is also known that 
r+lqt 


V = vw cosh mn + Cy sinh m n, 


. Vp sinh m n, 


, , n 
C = ¢) cosh mn + 
r+ilqt 


when 
n= J/(r +lqit)(s + kq?). 

Putting V/C or p equal to v/c we have a quadratic to 
calculate p, and therefore V and C, and the problem is 
solved. Taking c = sin gt and calling it 1, then v = p. 
W hatever the contrivance may be, we find that V = a + 
Bpand C = a + bp, where a, 8, a, and 6 are given in 
value ; they are usually unreal quantities of the form 


M + Ni, where iis ./— 1. Solving for p and finding C 

we have two answers which are reciprocals of each other. 

4 3a + 8) be called P, and this is very easily evaluated, 
C=P+ /P-TI. 

Examples of the use of the method are given, some 

Sowing that the detached contrivances produce much 


© sane, and others very different effects from what 
might have been expected from a study of the cable with 


continuous properties. It was shown that a line may 
have contrivances somewhat far apart, which will tune it 
to a musical note merely, so that it acts almost like 
an ohmic resistance, but which will not transmit well the 
currents of other frequencies, and that for the commercial 
transmission of speech there must be a compromise. The 
author impressed on the audience the fact that his method 
of calculation could be taught to quite non-mathematical 
eople. 

' Major O’Meara thanked Professor Perry for his very 
interesting and useful paper, and wished to assure him, 
on behalf of a very large body of telephone engineers, 
that they much appreciated the assistance which he and 
other mathematicians had rendered by their mathematical 
statement of the engineer’s case. The equations given 
were of the same value to engineers as the compass was 
to the mariner. The only question they were in doubt 
about was whether all the forces that come into play had 
been equated. They consequently made a preliminary 
investigation of the manner in which the equations had 





been built up, and this convinced them that certainly the 
most important of the forces had been introduced into 
the equation. Some of them were responsible for the 
expenditure of large sums of public money, and the fact 
| that they had something reliable to guide them in making 

their recommendations had removed aconsiderable amount 
of anxiety. Asa matter of fact, at the Post Office they 
| had for some time past actually applied the formule, and 
| had obtained a considerable amount cf success in doing 
|so, so far as the introduction of loading coils was con- 
cerned. For instance, a short while back the question of 
a new cable between England and France was under con- 
sideration. It had been stated in forei technical 
journals that the formule for ‘‘ loaded” cables did not 
apply to the case of conductors covered with gutta-percha, 
owing to the very large electrostatic capacity introduced 
and the suliarities of the insulation. though he 
(Major O’Meara) had faith in these formulz, still he felt 
that a practical experiment would remove all doubt, and 
in consequence he arranged an experiment with some old 
No. 7 gutta-percha wire—1.¢., — wire weighing 40 |b. 
per mile covered with 50 Ib. of gutta-percha per mile, 











which had a resistance per loop mile of 44 ohms—and 
an electrostatic capacity wire to wire of 0.13 microfarad 
per mile. 

The gutta-percha wire was immersed in a tank, and ex- 
periments were conducted on lengths varying from 15 to 
105 miles. They did not design special coils, but made 
use of some already in stock. These coils had an induct- 
ance of 83 millihenries, and a resistance of 13.4 ohms at 
750 periods per second. Admittedly the coils were not 
the best for loading this particular type of cable. 

Having decided to place these coils at 14-mile intervals 
—that is, to insert 55 millihenries per mile, they calcu- 
lated the attenuation constant which would result. It 
worked out at 0.0427 per mile. When the coils were in- 
serted, and the experiment completed, the observed 
attenuation constant was found to be 0.0419 per mile. 
From this it was evident that the calculated and observed 
results practically agreed. 

The information thus obtained enabled them to deal 
with the question of the new submarine telephone cable, 
and they decided that the attenuation constant for this 
cable should be 0.0147 per mile, to be obtained by the in- 
sertion of coils at one nautical mile apart. The coils have 
a resistance of slightly less than 6 ohms, and possess an 
inductance of 0.100 henry at 750 periods per second. 

The cable has been manufactured and tested; the 
actual observed attenuation constant is 0.0140 per mile, so 
that this again proved the value of the formule. 

The new telephone cable consists of 160 lb. copper wire 
and 300 lb. gutta-percha. It has a conductor resistance 
per loop mile of 12.5 ohms (excluding the coils), and a 
wire to wire capacity of 0.12 microfarad per mile. In an 
unloaded state, the attenuation constant of this cable is 
0.045 per mile. 

Major O’Meara mentioned that the question of leakance 
was certainly of very great importance. It was owing 
to the very large part that leakance played that their first 
experiments were not successful. In America they had 
commenced to load aerial wires, and so a part does 
this leakance play that in that country telephone engineers 
had been obliged to abandon the use of glass insulators, and 
substitute the highest e of porcelain insulators to 
meet the difficulties which had been met with owing to 
an insufficient allowance for the pst this factor played. 
He feared that in no case could leakance be neglected, 
whether aerial or underground conductors were used. 

Mr. A. W. Martin said that most telephone engineers 
in this country and America conside that a circuit 


should be capable of transmitting currents of frequencies 
ween from 100 to 2000 periods per second in order that 
good, clear speech might result. For attenuation calcula- 


tions, some take 750 and others 800 periods per second as 
a mean value. Where / g and k g are great compared 
with r and s respectively, 


h= a(r + *) 


and writing s = 0, 


k 
l ’ 


b= 5/7 


The question is not whether s = 0, but whether the ratio 
of s to k may be regarded as zero, since both are small 


quantities. In practice : is found to be far from negli- 


ible when inductance is placed in the circuit. When in- 
ductance L with resistance R is placed in leak, and assum- 
ing R small relatively to Lg, the impedance takes the 
place of ordinary insulation resistance and is practically 
equal to Lg. The transmission efficiency of the whole 
circuit for low telephonic frequencies would be low, and 
there would be an appreciable C?R loss in the leak coils. 
When /q is not great compared with r, but where the 
insulation resistance is much above a megohm per mile, s 
may be neglected without causing calculated and observed 
results todiffer materially. ‘The expression then becomes 


NVAaqk(J/r+@b+ql) =g9(+) orh(-). 
If » be high compared with q /, no great error is made by 
writing ; 
g=h=AJqkr, 


but as / in cable loops is never less than 0.001, it cannot 
be neglected except, say, when r exceeds 50 ohms. The 
difference between the values of g and h becomes great 
as r becomes small. A circuit tuned to a particular fre 
quency would be useless for telephone working, but 
might prove of value telegraphically. The ordinary 
paper and wax insulated, thin ead-foil plate condenser 
offers resistance to the transmission of high-frequency 
currents, and the insertion of such condensers in a tele- 
phone loop would be accompanied by a C?R loss. Ex- 
ooleapatel results show that improvements of 370 per 
cent. by coil loading (Pupin method) may be obtained in 
telephone loops. The 18 ohm per mile cable mentioned 
in the paper had a measured attenuation constant of 
0.045 per mile before loading. After the insertion of 
certain coils at 3.2-mile intervals, each coil having an 
inductance of 0.133 henry and offering an effective re- 
sistance of 5.4 ohms at 750 periods per second, the ob- 
served attenuation constant per mile was 0.012, which 
result is fairly in agreement with the value of 0.013 
obtained by calculation at 750 periods per second from 


aa , sl r te 
h=3(r + t)vE where ¢ = 80. 


When the coils were placed at 2.1-mile intervals, calcula- 
tion and observation gave the attenuation constant as 
0.012 per mile. Coils with cores of properly-chosen 
magnetic material give a higher inductance for a given 
effective resistance than air-core coils, and are therefore 
the better type. Experience shows that the quality of 
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speech transmitted becomes bad when the number of | 
coils per wave-length at 2000 periods per second is less 
than 7. 

Measurements taken on various lengths of cable, the | 
copper conductors in which were continuously and closely 
wound over with fine iron wire, showed that this ‘‘con- 
tinuous” form of loading produces an improvement of 
only 60 per cent. upon the untreated condition in cases | 
where the copper is of 2 square millimetres area and up- | 
wards. With smaller conductors it may possibly reach | 
100 per cent. 

r. B. 8. Cohen said that the impressions obtained | 
after reading this r were that Professor Perry had 
assumed that a telephone circuit tuned to the average | 
telephonic frequency would, as a result of this tuning, 
transmit speech-waves more efficiently. He thought, 
however, that those who had studied this subject would 
agree that this was a misconception. He (Mr. Cohen) | 
had previously pointed out that an average speech-wave 
consisted of a fundamental varying between 100 periods 
and 300 periods, the highest harmonic being about 1500 
periods, and the average periods of the whole wave 800 
yeriods. He had also given the Fourier series obtained 
xy analysing a number of speech-waves, and this series 
showed that there area large number of odd and even har- 
monics of approximately equal importance ranging from 
the second to the eleventh harmonic. 

This would in itself explain why it was not only useless, 
but absolutely harmful to tune to any particular fre- 

uency. Turning to the 18-ohm cable line referred to by 
trehace Perry, he gave some results worked out by Mr. 
G. M. Shepherd. When this cable is in the normal con- 
dition, the attenuation for a wave with a value q (angular 
velocity) of 1000 is 2.2 per cent., for a value of 5000 it is 
3.1 per cent., and for 9000 6.4 per cent. This covered 
the whole commercial speech range, so that the variation 
over this range for attenuation is about 300 per cent. 
Using Professor Perry’s formula and taking his contriv- 
ances, adding 0.593 henry per mile, and a capacity of 0.44 
microfarad in series, it will be found that the variation of 
attenuation between g = 1000 and gq = 5000 is 500 per | 
cent. That is to say, up to the average frequency alone 
the variation in attenuation is 200 per cent. more than 
over the whole range of speech frequency with the normal 
cable. But going a step further for an angular velocity 
of 5550, the attenuation constant is 0, and the current at 
the end of the line using the formula given is 0. 
This means that the inductance and capacity bridge act as 
a shunt of infinitely low resistance. Any further increase 
in the frequency results in a negative attenuation, imply- 
ing that an entire change in the nature of the transmission 
takes place. It would be of much interest if Professor 
Perry would explain exactly what is the physical inter- 
pretation of this curious effect. Whatever the explana- 
tion, however, there is little doubt that the effect of 
this combination of bridges L and K would be satis- 
factory, as far as the commercial transmission is con- 
oxael in spite of the fact that at 800 periods the 
attenuation is only 33 per cent., or an improvement for | 
that particular frequency alone of about 15 times over | 
the normal ino, Crating these results with those 
which would be obtained by the application of the 
ordinary Pupin series loading coils of 0.13 henry, each 
spaced at 1-mile intervals in the same line, the attenua- 
tion at any frequency over the range of telephonic speech 
is 1.1 per cent.; that is to say, the volume improve- 
ment is 5, and the line acts as a distortionless one instead 
of amplifying the natural distortion of the unloaded line. 
He mentioned that this was not only a calculated result, 





but one which was amply confirmed by every-day practice, 
and which included the result of the effective resistance of | 
the inductance. Since his — at the St. Louis Con- | 
gress, Professor Kennelly had written a considerable | 
number of papers on the subject of telephonic transmis- 
sion, and his Soranie and methods were now adopted by 
many telephone engineers, and were rapidly becoming 
standardised. | 

Dr. Russell thanked Professor Perry for his instruc- | 
tive paper. He much appreciated the methods shown of 
getting simple approximate formule for some very diffi- 
cult problems. It was interesting to compare the author’s 
solution in the case when the leakance was zero with | 
Héaviside’s solution for a distortionless circuit. The only | 
difference in the formule was that the attenuation was 
twice as tin the latter case. The Physical Society 
was deeply indebted to Major O’Meara and the other 
speakers for the very interesting data they had given about 
Pupinised telephone lines. From the theoretical point 
of view it was exceedingly satisfactory to find that the 
‘loading coils” fulfilled their functions so efficiently, and 
that their performance could be predicted so accurately. 

Dr. J. A. Fleming forwarded the following communi- 
cation :—The subject of Professor Perry’s paper has an 
interest for me at the present moment, as I happen to be | 
giving a course of post-graduate lectures at Univer- 
sity College on the pro tion of currents in telephone 
and telegraph cables. The method of representing the 
quantities concerned by complex quantities and_ their 
hyperbolic functions is, of course, very familiar to all who 
have paid any attention to the subject, and this method, 
aided by Mr. Blakesley’s Tabies of operate Func- 
tions, enables arithmetic calculations to be easily made. | 
Whilst it is quite true that the wave form of the currents 
transmitted in telephony is very far from being simple 
harmonic, yet experiment shows that when using sine- | 
curve currents having a frequency of about 800, or an 
angular velocity of 5000, the results enable us to predict 
the effects with actual s h fairly well. The quantity 
it is important to predetermine is the current at the 
receiving end of a line of known length / and known con- 
stants, resistance, inductance, and capacity (R, L, C) per 
mile, when a receiver of known impedance =’ = R’ + j p L’ 
is placed at the end. 


The important quantities are: the attenuation constant 


_A/Cp Soke a 
0 = NP LYRE + pL? - Lp) 


the wave-length 


N= 24/8 = 20] / oP 


and the initial sending end iw edance 

24 =R+jpL/a+jBp. 
If z aaa P =a + j§) is called the propagative length, 
and i 


[VR* + p* L? + Lp}, 


2'/z9 = tanh 7, 
then it is quite easy to show that the ratio of the currents 
at the receiving and sending ends is given by 
T,/I, = cosh 7 sech (P/ +- ¥). 
Also that 


I, = A coth (PZ + y), 
zo 


where V, is the sending voltage. These formule are 
ommpest and easily applied in numerical calculations. 

The problem with which Professor Perry is dealing is, 
however, that of the loaded cable. He does not make 
any reference to the important paper of G. A. Campbell 
(see Philosophical Magazine, March, 1903), or to that of 
ane (see Electrician, December 16, 1904), in which this 

roblem is discussed. Campbell has given the following 
ormula for the average or effective propagation constant 
P’ = a’ + jf’ fora line consisting of impedance coils of 
impedance z’ spaced out at intervals d on a line of propa- 
gation constant P and line impedance 2») :— 

cosh P’ d = cosh Pd + Fa sinh Pd; 
0 


but it is not certain that this formula can be trusted to 


give the true attenuation constant a’ of the loaded line | 
when dis much greater than about one-eighth of the wave- | 


length on the loaded line, and when it is less than \/8 
then the attenuation constant can more easily be calcu- 
lated by considering the added inductance and resistance 
smoothly distributed. Professor Perry does not discuss 


| the question of the loss of amplitude due to reflection | 


from the interpolated impedances when these are spaced 


| out to large fractions of a wave-length, nor the nee 
a 


of tapering off the loading at the ends of the loaded cable 
to reduce the effects of these reflection losses at the 
ends. Asan illustration of the general accuracy of the 
formula for the current ratios I may give the following 
figures, obtained for me by the kindness of Mr. Gill, engi- 
neer-in-chief of the National Telephone Company, in 
their Research Laboratory, by measurements made by 
Mr. Cohen. A standard line R = 88 ohms, C=0.054 micro- 
farad, L = 0.001 henry, all per loop mile, had a receiving 
instrument of impedance 660,66° 54’ vector ohms placed 
at a distance of 15 miles. The ratio of the sending to the 
received current by the above formula was found by cal- 


| culation to be 5.36, and by measurement with Mr. Cohen’s 


barretter to be 5.3, thus showing a very good agreement. 
The frequency in this case is 1000 periods. By the use 
of artificial loaded lines it is easy to show experimentally 
the enormous decrease in attenuation caused by properly 
loading the line. Whilst we owe to Heaviside the first 
insistance on the value of the added inductance, it is to 
Pupin we are more particularly indebted for proving that 
when impedance is spa out at distances not greater 
than about 4/8, we have all the effects of smoothly distri- 
buted inductance, but obtained more easily, and with less 


a ge ; 
Mr. G. M. Shepherd, in a letter to the Secretary, 
observed that the system of introducing inductive leaks 
referred to in Professor Perry’s paper, was presumably 
identical with what is termed Thompson’s Compensated 
line. It could be shown that such a line was equivalent 
(proper spacing of loads assumed) to an ideal uniform line 
whose constants are 


Li=L- 2 


2 (q?L) L + Ry R) 
@Us (gq? Le? + Ky?) ’ 
R =R- 2 (bR-LR) 
Cs (q? L,? so R,?) 
where L, C, R are the ordinary wire constants, and 
Lo, Ro the inductance and resistance of the inductive leaks, 


| s being the spacing. It could also be shown that the rule 


governing the spacing was virtually the same as that for- 
mulated by Pupin for series coils. Looking at the matter 
from this point of view, it is seen that the effect of loading 
on the Thompson system is to reduce line resistance and 


| inductance, or the inverse to the Pupin line. The two 


arenes, however, appear to be essentially different, in 
that the Thompson line is really tuned or compensated, 
while the Pupin line is not. Hence the former is more or 
less subject to frequency, but the latter practically inde- 
om of it. A few cases worked out from the above 
ormula for 18 w, 0.055 microfarad cable, with a 0.972 
henry leak per mile, and several frequencies not far apart, 
give the following figures :— 


h. 
0.0189 
0.0284 
0.0487 


Periods. 
1055 
1115 
1430 


q: 
6500 
7000 
9000 


This shows a wide departure from a distortionless line. 
Again, introducing series capacity brings in a negative 
inductance which is likewise a function of frequency, so 
that a composite contrivance of the type indicated by 
Professor Perry was likely to be a very fickle aid to tele- 
phony, a conclusion fully borne out by practical tests. 

he insertion of series inductance originally advocated 
by Heaviside, and developed by Pupin, seemed to be the 


only natural solution for the telephone problem, ard 
recent experience confirmed this view. 

Professor Perry communicated the following reply : 
**I am glad to think that my paper has led to Major 

| O’Meara’s remarks. The results of the Post Office « 

| periments have been freely put before us by Mr. Martir: : 
they are of enormous value to people like myself, w!:; 
desire to make calculations. Such experiments are quite 
impossible for the ordinary student; they cost a great 
deal of money and. the service of many assistants. ie 
very glad’to think that these results willbe published in 
full by the guava I regret that Mr. Cohen did not 
speak at much greater length, for he has for a long time 
been experimenting on behalf of the National Telephone 
Company, and the results of his experiments would be of 
great value to students. 

“T am afraid, however, that my paper has been a little 
misunderstood by these and other critics. They seemed 
to think that I was advocating the use of a contrivancy: 
consisting of condensers in the line and an inductance 
leak, whereas I mentioned this contrivance merely to 
illustrate my paper. What I have endeavoured to do is 
to show how calculations may be made by non-mathe- 
matical people to find the effect of using any contrivance 
whatsoever. The above abstract does not, I am sorry 
to say, indicate my praise of the work done by Pro. 
fessor Kennelly, who by his many papers and his valu- 
able tables of cosh and sinh functions has cleared up 
many difficulties. It is enough here to say that, except 
the few lines devoted to Mr. Campbell’s paper, the whole 
of Dr. Fleming’s communication will be found to have 
been published by Professor Kennelly many years ago.” 

Papers by Professor C. H. Lees, F.R.S., “On the 

| Laws regarding the Direction of Thermo-Electric Currents 
enunciated by M. Thomas,” and Mr. H. R. Nettleton, ona 

|** New Method of Determining Thermal Conductivity,” 

were taken as read. ; 








GerMaN Nava Expenpirure.—The naval expendi- 
| ture of Germany hasrather more than doubled during the 
| last ten years. The estimates for each year of the decade 
were as follow :— 


Year. Total. Year. Total. 

£ 
12,401,115 
13,628,247 
16,603,444 


£ 
9,629,670 
10,234,068 
10,887, 182 

1904.. 11,059,908 1909. . 19,594,566 

1905. 11,424,845 1910..  .. 21,453,157 
The outlay on new construction has also doubled during 
the ten years, but it is still not much more than one-third 
of the whole expenditure. In 1901 new shipbuilding was 
represented by an outlay of 3,670,234/. ; the estimate for 
the current year is 7,557,023/. 


1901.. 
1902.. 
1903 . 


1906.. 
1907.. 
1908... 


Laxton’s BvuiLpers’ Price-Boox.—The ninety-third 
annual edition of this useful book, which has recently 
been issued, does not contain any very marked additions 
or alterations compared with the edition published a year 
ago. It was not, of course, to be expected that it would 
do so, seeing that the building trade is in very much the 
same condition as it was when we last called attention to 
this price-book. ‘The stagnation that has existed in the 

| trade for some years still continues, although from certain 
| signs in the labour market some improvement may be 
| anticipated os the present year. The prices of 
| various materials have declined, a fact which has been 
carefully noted in the present edition. There have been 
added to the book the London County Council (General 
Powers) Act, 1909, and the Cinematograph Act, 1909, 
together with the regulations under that Act. The 
former of these Acts relates to the amendment of the 
London Building Act in respect of iron buildings and 
steel skeleton construction. th these Acts came into 
force at_once. The book is printed and published by 
Kelly’s Directories, Limited, 182 to 184, High Holborn, 
W.C., and is sold by Messrs. Simpkin, Marshall, Hamil- 
ton, Kent, and Co., Limited, Stationers’ Hall-court. 
[Price 4s. ] 

Hypro-Etectric Power at ScHAFFHAUSEN.— During 
the last two or three years the hydro-electric power- 
station on the left bank of the Rhine at Schaffhausen, in 
Switzerland, known as the Wasserkraftwerk B, has been 
altered and enlarged without any interruption of supply. 
The available head varies between 3.7 and 4.8 metres 
(about 12 ft. and 16 ft.) and only about 40 cubic metres 
(1400 cubic feet) of water were utilised per second in four 
turbines, each of 300 horse-power, because a good deal of 
the water was lost owing to various causes. In accord- 
ance with the suggestion of Professor Praivsil, of Zurich, 
five Francis y te turbines, built by Th. Belland Co., of 
Kriens, with vertical shafts, each of 550 horse-power, at 
1.6 metres of water-head and 75 revolutions per minute, 
have now been erected, according to particulars given in the 
Schweizeresche Bauzeitung. When the water-level is low, 
and a head of nearly 5 metres is available, the “oo mad wheel 
alone iskept running; the 550-horse power will be developed 
with a water flow of 12.1 cubic metres of water per second. 
The lower wheel is meanwhile kept closed, and runs in the 
suction shaft in air, not in water. When the water-level 
is high, and the available head not more than 3.7 metres, 
the lower wheel alone is employed. It can develop 520 horse- 
— using 14.2 cubic metres of water per second. 

he upper wheel has a height of 550 millimetres, the 
lower of 650 millimetres (22 im. and 254 in.). Another 
weir is to be erected in the Rhine; the available head 
will then be 5.5 metres (18 ft.), and the upper wheel «lone 
will, with a rate of flow of 8.1 cubic metres per se md, 
yield 450 horse-power at 75 revolutions. The 40 cubic 
metres of water per second would, with the new plant 
develop 2250 horse-power. 
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THE BRUSSELS INTERNATIONAL 
EXHIBITION, 


Tue Brussels International Exhibition, which is 
to be opened on the 23rd inst., covers an area of over 
290 acres, divided almost equally between land under 
the jurisdiction of the town of Brussels and that be- 
longing to the adjoining suburb¢f Ixelles. The main 
entrance and a part of the Exhibition grounds are 
in the Bois de la Cambre, and no better site for a 
world’s fair could have been obtained in any capital 
of Europe. When the site had been decided upon, 
arrangements had to -be carried out with a large 
number of landowners, many of whom were glad to 
facilitate matters for the organising committee. 
Others, however, did not see their way to lease 





grounds, separated one from the other by the| 
Avenues du Solbosch and du Pesage, has been made 
practically level, and stairways, inclined planes, 
and bridges have been provided at three points 
(see plan, Fig. 1), to cross over from the Brussels 
to the Ixelles side. A number of trees had also to | 
be cut down to afford space on the south and south- | 
west border which gives into the Bois de la Cambre. 
The staking-out of the grounds was completed in 
December, 1907, the earthworks were then taken | 
in hand, and the contractors for the different | 
buildings and pavilions were able to commence 
sinking their foundations in the summer of 1908. 

In the meantime, the architect had completed 
the plans for the buildings, the construction of which 
rested with the Exhibition Company. It had been 





with the Industrial Section of France. The main 
entrance consists of a central, richly coffered arch, 
with lateral screens of grouped columns of the 
Corinthian order. A range of similar columns 
extends round the whole of the main hall, and 
forms a magnificent colonnade on each side, 460 ft. 
in length and 26 ft. in height. 

The nd staircase, which occupies the whole 
width of the colonnade at the end opposite the prin- 
cipal entrance, consists of two flights, each 16 ft. in . 
width, uniting in one broad flight at the head of the 
staircase. It is heavily moulded with carved 
balusters, and has been designed in classical style, 
in keeping with the colonnade. At the head of the 
staircase the hall is traversed by a screen of grouped 
columns of a similar order to that of the colonnade. 
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their property, hence it is that the grounds have 
the irregular appearance shown in the plan, Fig. 1. 

The site was agreed upon in a general way at 
the commencement of 1907. It consisted mainly 
of vacant land, fields, and market gardens, located 
on both sides of the Avenue du Solbosch and the 
Avenue du Pesage, and had to be leased and 
levelled after arrangement with the different owners. 
This work was entrusted by the organising com- 
mittee to Mr. Acker, a Belgian architect. The 
task, as well may be imagined, was no light one. 
Both the above-mentioned avenues had to remain 
free to ordinary traffic during the period of con- 
struction, and they must also do so during the time 
the Exhibition remains open, as many private build- 
ings and properties have access to them at various 
points. Adequate means had also to be provided to 
facilitate easy access to all the various sections of 
the Exhibition grounds, notwithstanding differences 


of level, and the manner in which the site had 
m be cut about owing to the private property en- 
Closures. By means of the extensive earthworks 


which had to be undertaken, each half of the 























decided that the buildings forming the Belgian sec- 
tion should be erected on the Brussels side of the 
Exhibition grounds, with their frontage giving on 
gardens laid in the Bois de la Cambre, the Ixelles 
side being set apart for the Belgian and foreign 
heavy machinery and engineering exhibits. The 
plan, Fig. 1, shows the general distribution of the 
principal buildings and pavilions. As will be 
noticed, communication is established from the 
main entrance, giving on the grand terrace and the 
Bois de la Cambre to the Machinery Hall, through 
the British Industrial Section. All visitors, there- 
fore, on wending their way through the Exhibition 
from the main entrance will naturally pass through 
the British Industrial Section, a most felicitous 
arrangement. They will not fail to be greatly im- 
pressed with the importance of this section, the build- 
ings of which consist of a large main hall opening 
from the Belgian Section and having several lateral 
galleries. At the end of the main hall, opposite the 
entrance, is a two-flight grand staircase, which 
conducts the visitor to an additional hall situated 











on the bridge uniting the British Industrial Section 























The lateral galleries are decorated in a delicate shade 
of green surmounted by an encircled and heavily- 
moulded cornice in keeping with the main scheme 
of decoration. The whole of the work has been 
most satisfactorily designed for the Exhibition 
Branch of the Board of Trade by Messrs. White, 
Allom and Co., and been carried out by Messrs. 
Humphreys, Limited, Knightsbridge, 8. W. 

The buildings erected by the Belgian organising 
committee are given below, together with the area 
they cover :— 


Sq. Ft. 
Industrial halls, Brussels side 600,000 
Industrial halls, Ixelles side ... 550,000 
Machinery halls ... he: 285,000 
Hall covering rolling-stoc’ 104,000 


Including the buildings erected by the Brussels 
Exhibition Company, and the pavilions built by 
Belgian and foreign exhibitors and companies, the 
total covered area for industrial exhibits amounts to 
approximately 2,400,000 square feet, or, say, about 
55 acres. The whole of the building-work carried out 
under the control of the organising committee was 
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ut up fortender. Messrs. Bertaux and the Baume 

arpent Company, acting jointly, secured the order 
for the buildings located on the Ixelles side, while 
the order for the buildings covering the industrial 
exhibits on the Brussels side was awarded to Messrs. 
Finet and Fichefet ; the Ateliers Métallurgiques con- 
structed the locomotive and rolling-stock building. 
The halls and buildings are very similar in their 
details to those of the Liége Exhibition of 1905, and 
call for no special comment. The roofs are supported 
on latticed columns ; also, as at Liége, on columns 
formed of two II beams placed vertically side by 
side, and held together by two strips clamped 
on hot, which embrace the outside flanges, square 
cast-iron plates being placed inside the beams in a 
line with the outside clamps, to act as distance- 
pieces. The columns thus formed rest on cast-iron 


Passages. 
Steam( 


the latter is shown in the general plan, Fig. 1; and 
its design is illustrated in the section and plan, 
Figs. 2 and 3. Most of the engines supplying cur- | 
rent will be of powers ranging from 600 to 800 kilo- 
watts, driving foram of various types. Several of | 
the sets will work in conjunction with transformers 
for supplying to the system continuous current at 
440 volts between outers. The engines, which | 
will be shown working, for the current supply | 
are reciprocating engines, of Belgian construction, 
apart from a Brown-Boveri turbine set, which is | 
also to supply current. They will take steam from | 
ten De Naeyer boilers, each with a heating surface 
of 250 square metres (2690 square feet), fitted with 
stokers supplied by the Underfeed Stoker Company, 





Limited, and working in conjunction with ast 
economisers. Four of the boilers are to supply 


round pipes){Pipes ABCD CE for Saturated Steam. 


Steam(overhead pipes). | Pipes FGHIJK for Superheated Steam. 
Aqueduct. : 
Fig.3. 
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base-plates on a concrete foundation. By the adop- 
tion of this form of construction the I bars remain 
practically uninjured, and can serve for other pur- 
poses at the close of the Exhibition. 

The whole of the industrial and machinery build- 
ings were placed at the disposal of the private and 
collective exhibitors for commencing their prepara- 
tory Exhibition work at the close of last year. 
The iron and steel-work required for the construc- 
tion of these buildings reached a total of 7600 
tons. 

The facade, which forms the main entrance to the 
Exhibition buildings from the Bois de la Cambre, 
is of simple though most effective design. Its 
length is 870 ft., and its area 70,000 square feet. 
It opens into the main Belgian Section, and thence 
into the British Industrial Section, as already men- 
tioned. 

The Brussels quarter of the Exhibition will be 
supplied with current for power and lighting by 
a sub-station receiving three-phase current at 5000 
volts 50 periods, which it will transform to con- 
tinuous current for distribution on the threc-wire 
system at a pressure of 220 volts between outers. 
At the close of the Exhibition the sub-station will 
remain to supply current to the quarter of the 
town in which it is situated. 

The Ixelles side is to be supplied by engine and 
dynamo sets, which form t of the exhibits dis- 
slayet in the Machinery Hall. The position of 








(JWaterReturn om 





superheated steam. Besides the current thus gene- 
rated in the Machinery Hall, a 400-kilowatt trans- 
former sub-station, in close proximity, will be 
supplied by a main from the Brussels central sta- 
tion, with a three-phase 5000-volt current, which it 
will convert to continuous current at 220 volts. The 
current distribution throughout is by underground 
armoured cables. 

The Machinery Hall, as will be seen from Figs. 
2 and 3, consists of six bays, of 20 and 25 metres 
(65 ft. 7 in. and 82 ft.) span. Access is had to it 
through the bay on a higher level, as shown, which 

ives access to both the Machinery Hall and the 

ndustrial Section. The span No. 6, at the oppo- 
site end, Figs. 2 and 3, covers the boilers under 
steam. The five other spans, containing the steam- 
engines and dynamos, are served by 20 and 25-ton 
electric overhead travelling-cranes of Belgian con- 
struction. 

The ey for boiler-feed is supplied by 
the Compagnie Intercommunale des Eaux ; water 
for condensing purposes is pumped up from the 
aqueduct shown in Figs. 4 and 5, annexed. The 
condensed water and rain-water flow into the sewer- 
age system, a portion of it going to fill a deep 
sump which has been sunk on the course of the 
outflow, whence it is pumped up at the rate of 
500 cubic metres (17,600 cubic feet) per hour to 
a water-cooler. It is then allowed to flow back into 
the supply-conduit, where it mixes with the fresh- 





water supply. The pump used for this purpose is 
driven by an electric motor. 

Apart from the engines above referred to, which 
will be shown in running order and supplying 
current, the Machinery Hall is to contain a large 
number of steam-engines of different types, running 
without loads, and exhibited by British, Dutch, 
French, Italian, American, Swiss, and Austrian 
firms. There are to be also several Diesel motors 
and gas-engines, the latter supplied with gas from 

roducers erected on the spot, or with town gas, 

he plan, Fig. 3, gives the space allotted to the 
various countries, and shows, together with Figs, 
4 to 7, the location of the water and steam-pipes. 

The building for railway rolling-stock is close to 
the Machinery Hall ; this is to contain about twenty- 
five locomotives and a large variety of wagons and 
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carriages of Belgian construction. Portions of this 
building have also been allotted to France, Italy, 
Spain, and this country. 

Among the separate pavilions, the one to cover 
the German Section, designed and built by German 
engineers, is the largest ; it is also the most nearly 
completed and equipped. The German Section will 
be self-contained and thoroughly independent of 
the Machinery Hall above described ; it will cover 
a generating station which will supply the current 
required throughout the section for power and 
lighting. German locomotives and rolling-stock 
will also be exhibited separately in a building 
adjoining the main German pavilion. The latter 
is to be divided into sub-sections, containing the 
engines under steam, engineering and agricultural 
machinery exhibits, large engines, and a great variety 
of industrial products. Sd 

A number of other nations have pavilions distri- 
buted throughout the grounds, but the exhibits 
which will present most interest from our special 
point of view are those which will be contained in 
the several buildings we have briefly reviewed 
above. The Exhibition, as a whole, promises to | 
a great success. We are glad to be able to notice 
that the British participation is to be a very effec- 
tive one, thanks in a large measure, as we recorded 
in one of our former issues,* to the assistance 
afforded to British exhibitors by the new Exhibi- 
tions Department of the Board of Trade. 








FOUNDRY PLANT AND MACHINERY. 
No. VI. 
By JoserpH Horner. 
CuproLa FURNACES. 

Tue term “cupola” is derived from the hooded 
form of the top of the furnace, which hood is often 
dispensed with. The drawings of standard cupolas, 
by various firms, which illustrate this article, repre- 


* See ENGINEERING, vol. Ixxxviii., page 153. 
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sent existing practice, the principles of which may 
be studied in connection with them. 

The foundation is formed of a cast-iron base- 
plate, resting on a mass of brickwork or masonry. 
In cases where a drop-bottom is fitted the cupola 
js stood on columns, ‘The interior of the cupola is 
either quite llel, or some portions are tapered. 
The whole of the interior is lined with firebrick set 
in wet fire-clay, the bricks, ‘‘lumps,” or ‘‘ blocks” 
being usually made to the curve of the cupola, and 
the stratum of clay being thin, or from } in. to 
fin. thick. A single layer of bricks suffices when 
the cupola is of small diameter. But in large 


of the combustible gases. Ireland’s cupolas ap- 
—t very closely to the blast-furnace type, 
aving boshes sloping to a bottom crucible, and 
below this an enlarged portion for the accumula- 
tion of the melted iron. They were built taller 
than the previous forms, and had two rows of 
tuyeres, one above the other, though in some later 
cupolas a single row only was used; 24 ecwt. of 
pe ss per ton of iron melted has been stated to be 
nee usual consumption with a cupola of this type 
working the whole day. 

| Low cupolas are more wasteful of fuel than taller 
|ones, because a larger proportion of the combus- 
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Fig. 45. 
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Fics. 42 to 44. Sections or Common Cupo.a, wirnout Air-Bett. Fies, 45 anp 46. Deraits 
or TUYERE Pipes. 


cupolas there are two courses of bricks as far up as | tible gases burns at the top in the former than in 
the charging-door. The precaution is taken to daub ‘the latter, thus doing no useful work ; whereas these 
the bricks before each day’s work with a stratum | gases should properly be consumed not only within 
of fireclay or of ganister or sand. the furnace, but rather low down in it, well below 

In melting iron the object sought is to utilise| the charging-door. The more completely the gases 
the heat generated by the combustion of the coke| are consumed the less flame will be visible at the 
to melt the metal as hot and liquid as possible, and | charging-door. Flame belching in quantity from 
with the minimum of waste. The endeavour to this door means gases burning to waste instead of 
secure the production of CO, and the combustion | being utilised in their proper function of melting 
of as much as possible to CO,, determines the cupola|the iron. But there is no advantage gained in 
design and arrangements. Contributory to this increasing the height beyond a reasonable limit, or 
are height, diameter, the tuyeres and the blast, | beyond that which is sufficient to ensure complete 
besides methods of charging, proportions of mate-| combustion of the gases, though extension often 
rials used, and other details. From the point of has to be made from considerations of safety to 
view of efficiency, therefore, we consider first the | surrounding buildings, or to avoid a nuisance. If 
cupola sections and proportions. |a height has to be increased for these reasons, the 

The height of a cupola, the relations of the various | extension may be of smaller diameter with a 
zones, and method of charging and melting are vital | tapered connection to the top of the standard 
matters. There was a time when most British) cupola. Various forms of spark-arresters are fitted 
cupolas were built low, some very low. The intro-| for the same reasons. The efficient height of a 
duction of Ireland’s cupolas changed that. By) cupola does not extend higher than the charging- 
their greatly increased height, better melting capa-| door ; that is, all the melting is done and most of 
city and economy of fuel was secured, because they the CO is consumed below that level. The upper 
were more favourable to the complete consumption | part of the shaft has no influence on the melting ; it 








only carries away the waste heat and some unburnt 
gas and sparks. But there should be scarcely any 
flame visible, either at the charging-door or above 
it, in a well-designed cupola which is being worked 
pa. If there is, it is an indication that the 
working should be modified. Just inside the door 
the bricks should be nearly black, or at a very 
dull red heat. The height left between the top of 
the melting zone and the charging-door is properly 
intended only to allow sufficient room for the heated 
products of combustion to warm the coke in its 
descent. With insufficient height the coke begins 
to burn before it has arrived at the zone, where 
alone its heat can be effective, and is therefore 
wasted to that extent. Even with a tall cupola an 
excess of coke in the upper layers is wasteful. 

The horizontal layers or sections into which a 
cupola is divided in the vertical direction are: the 
hearth or crucible, the tuyere zone, the melting 
zone, and the shaft or chimney. We will consider 
these in turn in connection with Fig. 42 and other 
illustrations. 

The hearth is occupied by the ‘‘ bed-charge” of 
coke. Into it, and among the coke, the melted 
metal falls in drops or tiny rivulets, as can be seen 
through the tuyere ‘‘sight-holes,” or ‘‘ peep- 
holes,” and there it collects until a sufficient 
quantity has accumulated for tapping. The slag 
which collects is also tapped out at brief intervals 
through the hole which is provided for that pur- 
pose alone. The hearth fulfils the function of a 
mixing area, for without it, or with only a shallow 
hearth, the different grades of pig and scrap 
charged in would not have time or room to inter- 
mingle thoroughly. But a oe hearth naturally 
requires a larger quantity of coke than a shallow 
one, yet depth is necessary for good working unless 
a receiver is used, and also in order to prevent or 
lessen risk of the metal suddenly overflowing 
through the tuyeres into the pipes or the belt. If 
a receiver is fitted, the hearth may be shallow, 
because the receiver takes the metal as fast as it 
melts, and in the receiver it becomes mixed 
properly before tapping. As a set-off, the brick- 
work of the receiver appropriates some heat in 
addition to that of the cupola; but that is much 
outweighed by its utilities. 

The tuyeres are arranged above the hearth and 
at the base of the zone where melting proceeds. 
There are three ways of directing the blast into a 
cupola shell : one through tuyere pipes directly into 
the cupola (Figs. 42 and 44); another through 
tuyere pipes into an “ air-belt” or ‘‘ wind-chest,” 
a zone surrounding the lower part of the cupola, as 
in the other examples shown by Figs. 47 to 58, 
pages 404 and 405, and thence through holes sur- 
rounding the shell ; a third through tuyeres which 

yass within the cupola and discharge at the centre. 

hese are typical methods, which are varied consider- 
ably in details. The first arrangement is quite suit- 
able for small cupolas, but the annular chest with the 
zone of tuyeres seems preferable for the larger sizes, 
because the blast should be thus more equally dis- 
tributed, and this plan is generally adopted. The 
third system has only a very limited application. 

A more important question is that of the em- 
ployment of one or more rows of tuyeres. The 
object in having an upper row or rows is to supply 
blast from these to ensure the more perfect forma- 
tion and combustion of the CO, which is produced 
by contact of the coke with the CO, generated, in 
the first place, lower down. Thus the combustion 
of the carbon (coke) in the immediate vicinity of 
the lower tuyeres generates a volume of CO,, which, 
passing up into the higher regions of the cupola, and 
taking up another atom of carbon, forms 2 CO. If 
any of the CO thus formed does not then meet with 
sufficient oxygen to produce complete combustion to 
CO,, it passes away, representing the loss of so many 
heat units — theoretically the difference between 
14,647 and 4415 British thermal units per pound 
—and burns to waste at the charging-door and 
at the top of the furnace, where it meets the atmo- 
spheric air. The upper zones of tuyeres, however, 
furnish the additional quantity of air necessary to 
effect the complete combustion in the furnace of the 
CO produced, and this quantity must not be in 
excess of that actually required for that purpose, else 
the mischief would only be carried a little 1 higher 
up; since, instead of the CO being simply con- 
sumed, an increased volume of CO, would be gene- 
rated. Hence the wisdom of making the upper 
rows of tuyeres of smaller area than those in the 
lower row. As the combustion of the CO by the 
added oxygen produces the heat necessary for 
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melting, this suggests that an advantage might on 
sibly result in trebling the rows of tuyeres. But 
experience has shown that the theory may be pushed 
too far. 
to three, for a third row not infrequently cuts up 
the lining severely without showing any corre- 
sponding advantage in economy of fuel consump- 
tion. When two or three rows are used the cupo 
should be higher than would be necessary if but 
one row were present. The advantage gained by 
multiple rows of tuyeres is more rapid melting, but 
not necessarily hotter iron than with a single row. 
The best arrangement appears to be that of a double 
row, with provision for closing the upper row if 
desirable. The upper row should, as stated, be of 
smaller dimensions than the lower. 

At one period, especially in the case of cupolas of 
small diameter, what were termed shifting tuyeres 
were employed—that is, the cupola-shell was 
pierced with three or four rows of tuyere-holes, 
placed one above the other, and the tuyere-pipes, 
after a certain quantity of metal had been run 
down by blowing in at the lower holes, were 
shifted to the next row above, the lower ones being 
stopped with clay. The pipes were made tele- 
scopic, a turned belt on the lower end of each bend 
fitting a bored sleeve in the stand-pipe. This 
ae appears to have disappeared from practice, 
ike the ancient square cupolas built up with flanged 
plates and rectangular brickwork. The two rows 
of tuyeres, which in modern cupolas are led from 
the wind-chest into the furnace, are made with a 
different object—namely, as already stated, that of 
utilising, as fully as the conditions of practice will 
allow, the heat contained in the combustible gases 
generated by the burning of the solid fuel. 

In Fig. 42 the tuyere-pipes come directly from 
the blast-main, and communicate at once with the 
furnace. Asa rule, the smallest cupolas, or those 
under 2 ft., have one tuyere only ; those of from 
about 2 ft. 6 in. to 4 ft., two tuyeres ; those of larger 
sizes, three or four. These ‘‘ common” tuyeres 
are placed in single or in double rows, and in certain 
cases three rows have been used, just as when a 
wind-chest is fitted. Details of two pipes of 
slightly different patterns are shown in Figs. 45 
and 46. The vertical portion of each pipe in Figs. 
42 and 45 is bolted down to a branch from the 
main. Each pipe terminates at the top in a socket 
made to receive a spigot cast against the flange of 
the bend. The bend will therefore swivel freely in 
the upright pipe, though kept at one height by 
means of the flanges. This swivelling is necessary 
in order to be able to turn the bends aside for 
cleaning slag or other obstructions from the tuyeres. 
A socket formed of a piece of sheet-iron is screwed 
to the cupola-shell at each tuyere-hole, and into 
this fits a movable collar, sliding over the nozzle 
of the bend, the joints being daubed with clay when 
the pipes are coupled up for blowing. By drawing 
back the movable nozzle and slewing the bend to 
one side the tuyere-hole is exposed. 

During the time the blast is on it is necessary 
that the furnaceman shall be able to observe the 
operations going on in the furnace, and also to 
‘‘bar”’ or clear away accumulations of slag and 
cinder from the vicinity of the tuyeres. This is 
effected through the ‘‘ sight-holes” or ‘* peep-holes.” 
A small branch piece is cast on the elbow of the 
tuyere-bend, and a sliding door is hinged thereto, 
into which a thick circular plate of glass or mica, 
coloured or plain, is fitted. Through the trans- 
parent medium the furnaceman can watch the pro- 
gress of the melting and the state of the tuyere- 
holes, and by sliding the hinged door aside the 
hole is left clear for barring away obstructions in 
the tuyeres. The construction in Fig. 46 is some- 
what different to that in Fig. 45, but the provisions 
are the same—the swivelling-bend, the drawback- 
nozzle, and the throttle-valve and peep-hole. 

In the wind-chest a more even distribution of the 
blast is effected than by means of tuyeres alone. 
If the amount of blast which is sent through two 
tuyeres of the ordinary type is distributed round a 
wind-chest, and sent thence through numerous 
smaller openings ‘into the cupola, a more equable 
distribution of the blast throughout the fuel is 
ensured, diminishing the risks of partial chilling 
or choking up, and also reducing the local cutting 
action of the blast, with the consequent economy 
of the life of the lining. But though the practice 
of putting air-belts round foundry cupolas in prefer- 
ence to bringing the blast directly in from the pipes 
is one which is very generally adopted, it is open to 
question whether there is so great an advantage to 


In practice two rows are often preferred | 


| be derived from the arrangement as some suppose. 
| One may often see cupolas side by side, one with an 
| air-belt, its fellow without ; and sometimes air-belts 
have been discarded after trial, though the belief is 
common that air-belted cupolas permit of the more 
= diffusion of the Plast through the fuel. 

hether they are really more economical than 
others may often depend on the furnace-man more 
than on the mode of bringing in the blast. The 
air-belt should produce greater regularity in melt- 
ing, but if the tuyeres are allowed to become 
choked up, the evil will be greater than with the 
ordinary blast-pipes. The tuyeres being small, 
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require frequent barring to keep them open, and 
| this is the secret of good working, which if neg- 
jlected will result in choking up. It has been 
objected to the use of two or more rows of tuyeres 
| that they burn out the cupola lining, and that this 
outweighs the advantages derived from the more 
| rapid melting of iron. 
| Cupolas contracted in the zone of tuyeres were 
| embodied in the Ireland, the Woodward, the Voison, 
and many other systems, and the form has been 
adopted to a considerable extent in later designs, 
such as shown in Figs. 47 and 50. The object is, of 
course, to ensure that the blast shall penetrate to 
| the centre without being of too cutting a character. 
The zone of tuyeres is extended into a practi- 
cally continuous tuyere in the Watt design, used for 
several years now in America. The wind-chest is 
lined next the cupola with a series of cast-iron 
blocks, pierced with numerous holes, through which 
the air passes. The blocks are built into the lining, 
and are kept cool by the passage of the air. The 
numerous small jets of air give an equably dis- 





tributed blast, which prevents risk of the metal 





Fig. 49. 





and slag chilling, as it is liable to do in the spaces 
between the ordinary tuyeres under bad conditions 
of melting. 

The height of tuyeres above the bottom of a 
cupola is often governed more by considerations 
of economy than by regard for the best possible 
conditions of melting. The bed charge of coke 
must be built nearly a couple of feet above the 
cupola bottem if no receiver be used. Therefore 
the higher the tuyeres the more coke is wanted for 
the bed charge. But for economical working this 
charge must not bear too high a proportion to the 
total quantity of coke used in melting a given quan- 














‘*Raprp” Cupota, with Receiver ; THwatres Bros., Limirep, BrRaDForD. 


tity of iron. On the other hand, low tuyeres and a 
lesser amount of coke means less reserve of heat 
for melting, less room for metal and slag, and less 
height for tuyeres. A depth of about 10 in. or 
12 in. is usual from the underside of the lowest 
tuyeres to the sand bed on the bottom of the cupola. 
The bed charge of coke should reach from about 
12 in. to 15 in. above the top of the tuyeres, less, 
or more, of course, in small and large cupolas. 
Centre-blast tuyeres are of two types—side centre 
and bottom centre—the terms indicating the loca- 
tion of the bringing of the tuyeres into the cupola. 
The centre tuyere cupola was the invention of three 
independent persons, each working without any 
knowledge of what had been done by the others. It 
was first invented, and actually patented, by a Mr. 
Hibler in 1867. About 1892-3 a Mr. Widdowson 
and Mr. T. D. West* were, without knowing any- 
thing of this patent or of each other's designs, work- 
ing out the same thing. The cupola is without 
doubt economical, but it is hardly likely to come 





* See ENGINEERING, vol. lxii., page 156. 
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limits, and is easily recognised when the cupola | 
lining is examined, by the greater destruction 
which takes place there. Above the melting zone 
the height to the charging-door is simply a space 
for the warming up of the coke and iron. Above | 
the door the shaft or stack is prolonged to carry | 
away the waste heat. 

The rapid removal of the metal, slag, and coke 
from the bottom of a cupola on the completion of 
the day’s cast is effected in two ways. It is done 
through an opening—the ‘‘breast-hole ’—at one 
side, close to the bottom of the hearth, Fig. 43, 
or by dropping the bottom bodily, as shown in 
Figs. 47and 50. The first is the older method, and 
yet remains the more popular in England. The 
second is nearly universal in American cupolas. 
Each has some advantage over the other, but the 
balance lies with the drop-bottom. 

With a solid bottom, Fig. 42, the interior simply 
requires re-lining every morning with a layer of 
fresh sand to receive the bed-charge, but a drop- 
bottom has to be lined more carefully. To remove 
the débris after the day’s cast the drop-bottom is 
preferable, because the contents fall down bodily | 
when the doors are dropped by the levers. To | 
remove the contents from a side-door, as in Fig. 43, 
a raking-bar is required, and this is hot and trying 
work, which also occupies ten or fifteen minutes. 
Moreover, if the iron in the cupola is in excess of 
the day’s requirements—and it generally has to be 
for safety—this has to be all melted and run out, | 
while with a drop-bottom it can be discharged un- 
melted, or partially so. Finally, the work of daily 
repair to the lining is simplified by a drop-bottom, 
because a man can get inside from below better 
than through the charging-door, using a ladder to 
get down. 

The slag which forms in the cupola drops down 
through the fuel and metal, gathering non-metallic | 
impurities from both in its descent, and at length | 
floats on top of the molten iron lying at the) 


| prevent leakage. 


scopic, and the lap-joints of the plates face down-|cupola. In many cases a conical pipe is fitted, 
wards, to prevent rain from getting in. The joints|through which the sparks drop. When two of 
of the air-belt to the cupola shaft are caulked, to | these cupolas are located adjacent, one hood or one 
spark-arresting chamber can be built of brick to 

The internal diameter is reduced at the tuyere-| enclose the heads of both. The chimney is better 
belt in order that the blast shall take full effect | placed centrally, with a pipe to receive the falling 


|instead of being partially dissipated by dispersion | sparks and cinder below the chimney. 


over a largearea. There are three zones of tuyeres.| The Krigar cupola, made by Krigar and Ikssen, 
The upper zone in Fig. 50 can be used indepen- of Hanover, shown in Figs. 61 and 62, page 408, is of 
dently of the others when desired by means of | unique design. The air-belt surrounds the lower 
shut-off valves. Each tuyere peep-hole has its | part of the shaft, and surmounts the hearth. The 
mica disc for sighting. Below the tuyere area in | blast passes downwards through the two wide open- 
Fig. 50 provision is made by an enlarged section | ings a, a in a diagonal direction, down on the mass 
for the melted metal to collect, forming a wide and! of coke in the hearth. The blast in its passage 
deep reservoir in the bed-charge. In Fig. 47 the| through the belt becomes warmed and keeps the 
metal runs out into a separate brick-lined reservoir | shell cool. The hearth is shallow, a receiver being 
in communication with the cupola. fitted, so that a very small bed-charge is required. 

The blast is taken in through one side of the|Two sliding-valves ), b are used to close the 
wind-chest through a breeches-pipe, with two bends | tuyeres and to regulate the blast supply. If slag 
entering the belt. Each bend is fitted with a shut- | should block a tuyere, the closing of the opening by 
off valve. The belt is divided into two parts by | the valve for a few minutes will clear it. Two 


TABLE SHOWING THE PRINCIPAL DIMENSIONS OF THE THWAITES ‘‘ RAPID” CUPOLAS, WITH RECEIVERS AND 
Drop-Borroms. 





Numper or Cupowa. 








— 
= 


oOnwos 


MNSSOAPHOASPLASS 
| 

= | 

ros | 


Coe 
ono s 
eouwacs 

RS 


DBD FAOASWBBCWNSAS 


_ \° 
NOSCNH SF OBDOQSQGQ 


= 
> OCONROUAI wr 


me ATS me bo bo 


Ses com ES 
_ 


> 
~ 
_ 


| a 
a SCAaAaQre awe 


To melt per hour, | 
tons | 


| 


4 
6 
3 
8 
9 
6 
2 
3 
9 
0 
9 
7 
1 


1 
1 
3 
2 
6 
3 
0 
j 





eS 
~~» OVO eR toe =) 


-_ 
to 
7) 
en 
| 
a 


nw 











bottom. As the latter accumulates the slag rises, | means of plates, so that half the number of tuyeres | 
and must be drawn out through the small hole! are supplied with air from one of the compart- 
provided for the purpose, Fig. 43, before it reaches | ments, the supply of which is controlled by the | 
the level of the tuyeres. The amount of slagging | stop-valve belonging to it. The advantage is that. 
to be done varies with the nature of the iron and | if one set of tuyeres becomes bunged up with slag, | 
of the fuel. Burnt inferior iron, iron runners and | they can be cleared by shutting off the valve of | 
risers, dirty scrap, and inferior coke, require much | their compartment for a few moments, and the 
slagging. Sometimes it is necessary to keep the | blast from the other half of the belt will blow the 
slagging-hole open during the whole, or ce the | hot air towards the side of the belt from which | 
whole, time of melting. | the blast is shut off, and melt the slag. This avoids! 
The interior sections of cupolas vary. Small) having to open the sight-holes to break up the slag | 
sizes are parallel throughout. But it is more | with a bar. 
economical in the large ones to vary the section.| The receiver is a better arrangement than the 
The hearth, or portion which contains the bed- | common practice of letting the metal into the ladle 
charge below the melting zone, is often smaller in | by instalments, inasmuch as the heat is retained 
diameter than the shaft, in order to require less coke | and oxidation prevented. The metal runs into the 
(Fig 47); but is also sometimes larger (Fig. 50). | receiver under the blast pressure, and is kept in 
That portion of the shaft which extends up as far as | agitation, which conduces to its proper mixing, 
the charging-door is often of larger diameter than the | and no heat is lost as in an open ladle, since provi- 
hearth, but usually less than the portion above the | sion is made by a ganister-lined pipe, Fig. 47 carry- 
charging-door. It is the section of the most in- | ing the hot-air blast back again into the cupola, the 
tense heat, and is that in which the action of the| pipe being inserted into the roof of the receiver, 
blast at the centre would be less effective if the | and passing thence to the cupola ata point imme- 


diameter were too large. In the upper section | 
the even distribution of the blast through coke and 
iron to thoroughly heat them up is best secured by 
enlargement of the area, he cupola-shell is | 
usually made parallel, and the differences in| 
diameter are made in the lining, using single and 
double rows of bricks, or else single bricks or 
blocks of different lengths. 

The further consideration of these and allied 
subjects will be renewed in the succeeding article, 
in connection with some other drawings of cupolas 
and with the method of operation, results, melting | 
ratio, &c. In the meantime some of the principal 
features which characterise the cupolas now illus- | 
trated may conclude the present article. 

The ‘‘Rapid” cupola, by Messrs. Thwaites 
Brothers, Limited, is one of the most efticient now 
made, combining as it does good height, an air-belt 
and receiver, with a hot-air pipe connecting the latter | 
with the cupola. Its construction is shown by | 
Figs. 47 to 52, pages 404 and 405. Figs. 47 to 49 
illustrate a cupola with a receiver, and Figs. 50 to 52 
one without the receiver. 

The shell, of riveted boiler-plates, has internal 
rings (not indicated), to support the brickwork at 
ditferent sections, It stands on a cast-iron base- | 
plate supported on columns mounted on a founda- 
tion-plate, and is fitted with a bottom which is 
dropped on the withdrawal of a bolt. An air- 
belt is fitted to the shell, with sight-holes opposite 
the tuyeres. The construction of the shell is tele- 


_along horizontally to a chimney on one side of the 


diately above the air-belt. 

The receiver holds about the quantity of metal 
which would be run down in half-an-hour. Besides 
the advantage of holding a reserve of hot metal, | 
the receiver is a source of economy in fuel, because, 
since the metal runs away as soon as melted, the 
deep bed-charge of the ordinary cupolas is much 
reduced. The saving in the bed-charge amounts 
to from 5 ewt. to 6 cwt. of coke in cupolas of 
medium size. The annexed table in connection 
with Fig. 47 gives the leading dimensions of the 
‘* Rapid ” cupolas. 

Figs. 53 to 56 show a cupola supplied by the 
London Emery Works Company. It is parallel 
throughout, and has one zone of tuyeres in an 
air-belt. From the plan shown in Fig. 55 it will 
be seen that the tuyeres are directed slightly 
diagonally in order to impart a rotary motion to 
the blast. Tne cupola has a drop-bottom and a pro- 
tective casing a little way below the charging-door. 

A cupola of the Baden Engineering Works of 
Durlach is shown in Figs. 57 and 58. It has a re- 
ceiver, drop-bottom, and two rows of tuyeres in a 
belt. The upper part of the shaft terminatesin an iron 
chimney. Another cupola (Figs. 59 and 60, page 408) 
by this firm is surrounded with a masonry chamber 
which serves as a spark-arrester. The top of the 
cupola enters just into the floor of the chamber, and 
the charging-door isin the wall. As the gases escape 
from the cupola they fill the chamber and pass 





doorways are fitted to the hearth, through which 
re-lining is effected. Charging is done from the top. 
Alternative forms of tops are shown in Figs. 63 
and 64. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 377.) 

INTERNAL-CoMBUSTION ENGINES IN SMALL VESSELS. 

At the commencement of the evening meeting, on 
Thursday, the 17th ult., the Chairman, Sir William 
H. White, announced that two papers—‘‘ Motor 
Lifeboats of the Royal National Lifeboat Insti- 
tution,” by Mr. J. R. Barnett, and ‘‘ The Applica- 
tion of the Internal-Combustion Engine to Fishing 
and Commercial Vessels,” by Mr. Linton Hope 
—would be taken together. These gentlemen 
accomingly read their papers, which we reprint in 
the present ‘ssue. Mr. Barnett’s paper explained 
the pecuuar conditions which have to be complied 
with when installing any form of motive power in a 
lifeboat, these conditions being the result of the 
structural features rendered necessary by the special 
work for which the boats are built. He stated that 
screw propellers working in tunnels had, on the 
whole, given the most satisfactory results, and that 
this form of propulsion had been adopted for 
recent boats, and for those now building. In 
reference to the engines, he stated that the prac- 
tice was to house these is a small water-tight 
compartment, with the operating levers, «c., 
brought to the outside through glands. When 
commenting on a number of lantern slides which 
accompanied the paper, he stated that in the boats 
first built there had been a tendency to restrict the 
size of these engine compartments unduly, but 
that in later boats they were made considerably 
larger which greatly facilitated adjustment or repair. 
Mr. Hope’s paper dealt with the progress which 
had taken place of late years in the adoption of in- 
cenenl-cocsadiion engines forfishing-boats and small 
commercial vessels, such as canal barges. He pointed 
out that very much more progress had been made 
on the Continent than in Great Britain, in this 
matter. The paper was accompanied by a table 
giving particulars of 120 installations of such eng)nes 
in various types of boats. ; 

Mr. J. E. Thornycroft, opening the discussion, 
stated that Mr. Anstey read a paper on this sub- 
ject before the Institution last year, which he 
thought was unduly pessimistic, the present papers 
appeared to embody a somewhat more hopeful view. 
He considered that the application of internal- 
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combustion engines to lifeboats was likely to bring 
out clearly any difficulties which really stood in the 
way of using such engines for marine-work. In this 
connection he thought it might be more satisfactory, 
in the non-self-righting type of lifeboat, if an 
engine-house large enough for a man to get inside 
were built, instead of a small compartment with 
little or no room around the engine. With regard 
to the equipment of commercial boats, he suggested 
that much of the trouble with the earlier installa- 
tions had been due to ignorance on the part of the 
enginemen and owners, particularly in reference to 
such matters as ignition-gears. Speaking of future 
development, he did not think that engines approxi- 
mating to the Diese] type would be adopted for this 
work. . Personally, he would prefer an ordinary 
high-speed engine with reduction-gear. In the 
matter of fuel, spirit was unsuitable for ordinary 
work, but there were many engines which worked 
satisfactorily with fairly heavy oils. He thought 
that great developments in the size of units would 
take place. He had seen engines of both 500 and 
800 horse-power on trial. There was at present 
a boat building in England which would have 500 
shaft horse-power at 340 revolutions. Some few 
years ago Messrs. Sulzer had introduced a reversible 
Diesel type of engine, and had a number running 
satisfactorily. The matter had not been advertised 
very much, but a 1000-horse-power four-cylinder 
engine of this type would be shown at the Brussels 
Exhibition this year. 

Mr. F. M. Timpson considered the whole matter 
one of much interest and importance. It was a 
subject on which it was difficult to get data, and 
special thanks were due to Mr. Hope for putting 
his information so fully before the Institution. He 
would point out, however, that the rated power of 
internal-combustion engines was little guide to their 
actual capabilities. He had known a case in which 
the substitution of an engine in a boat by one of lower 
rated power had increased the speed of the vessel 
from 8 to 8} knots. He thought paraffin the most 
satisfactory fuel, and, as far as questions of operation 
went, had known an ordinary bargeman turned into 
a satisfactory driver of a paraffin-engine with a fort- 
night’s coaching. He considered that some of the 
troubles with marine motors were due to the 
ordinary engine builder failing to realise the special 
conditions of operations on board boats, and the 
fact that land experience was not a satisfactory 
guide for marine work. Referring to the question 
of fuel again, Mr. Timpson pointed out that crude 
oil was not so easily obtained as paraftin, while 
petrol was dangerous. Difficulties of starting with 
paraftin had now been overcome, and engines could 
be made that would start on impulse alone, after 
standing twenty minutes. He thought two-cycle 
engines most suitable for marine work. 

Commander M., Cumming, who, as mentioned in 
Mr. Hope’s paper, was sent . the Scottish Fisheries 
Board, in 1905, on a tour of inspection on the 
Continent to report on what was being done in 
other countries in connection with motor-propelled 
fishing-boats, stated that three or four years ago there 
were on the Scandinavian coast and in Germany and 
Denmark as many as 500 fishing-boats with internal- 
combustion engines. Owners of these boats, whom 
he had met, stated that they gave no trouble, but this 
experience had not been borne out in Scotland. 
The Scotch fisherman were prejudiced against the 
boats, and appeared to have great difficulty in 
getting familiar with the engines and running them 
satisfactorily. He thought some of the prejudice 
was due to injudicious promises in the early days, 
when the fishermen were told that converted boats 
wou'd have speeds of 8 to 10 knots. Such speeds 
were impossible of realisation, and disappointment 
and dissatisfaction had resulted, which had retarded 
progress in the introduction of motors. 

Mr. F. Strickland, who next spoke, stated that 
Some years ago he had fitted auxiliary engines into 
& number of sailing yachts of heavy build, almost 
like tishing-boats ; and that, instead of fitting a new 
stern-post and extending the keel, as in the various 
examples described in Mr. Hope’s paper, he had 
placed the propeller on the back side of the rudder, 
and taken the shaft right through the rudder. A 
universal coupling was placed on the shaft at the 
point where the moving portion, inside the rudder, 
joined on to the fixed portion running through the 
deadwood. It was necessary to bore a 3}-in. hole 
through 16 ft. of wood, copper, and concrete to 
ane the passage for the shaft. This was done by 
meh oo a fitter and a labourer about a fort- 

ght. © arrangement proved quite satisfactory, 





but it was necessary to employ large pins in the 
universal joint, and to bush the holes with white 
metal. 

Commander Rowley, speaking at the request of 
the chairman, stated that his knowledge of marine 
motoring was confined to experience gained while 
taking some motor lifeboats to the Orkneys. He 
thought the addition of engines to such boats would 
largely increase their usefulness in their sphere of 
life-saving. In the matter of Scotch fishing-boats, 
he thought much of the trouble experienced with 
- tg had been due simply to prejudice against 
them. 

Mr. J. R. Barnett then replied to the discussion. 
In connection with the point, raised by Mr. Thorny- 
croft, as to the desirability of larger engine com- 
——— in lifeboats of the non-self-righting type, 

e pointed out that up to the present these engines 
have been fitted as auxiliaries only, and that it has 
been necessary to keep down the space occupied as 
much as possible, in order not to interfere with 
the rowing and sailing capabilities of the boats. 
No doubt, in the future, boats with larger engine 
rooms would be seen. Referring to the question 
of fuel, he thought that petrol was unsuitable for 
use on commercial vessels, even for starting. He 
had no doubt but that in the future paraffin would 
come to be the most generally-used fuel. In 
reference to the status of this country in the appli- 
cation of marine motors, he would say that as far 
as motor lifeboats were concerned, it occupied a 
leading position. 

Mr. Linton Hope said he thought no reply would 
be necessary from him, as any points which had 
been raised had been dealt with by other speakers. 
Sir William White, in closing the discussion on the 
papers, thought that Mr. Barnett had no need to 
apologise for the fact that his paper dealt with 
small vessels. . It was of exceptional interest. He 
thought also that special thanks were due to Mr. 
Linton Hope for the great generosity with which he 
had placed his data at the disposal of the Institution. 


Exectric Motors ror MARINE PROPULSION. 


The Chairman then called upon Mr. W. P. 
Durtnall, who read, in abstract, his paper on ‘‘ The 
Substitution of the Electric Motor for Marine Pro- 
pulsion.” The paper described various types of 
electric drive which have been proposed, and dealt in 
some detail with Mr. Durtnall’s own ‘‘ Paragon ” 
system. In this system squirrel-cage motors were 
used, different propeller speeds being obtained by 
supplying the motors with current at different 
periodicities. The different periodicities were ob- 
tained by using a generator with two windings, or by 
using a transformer generator in series with a 
machine of ordinary construction, and arranging 
the switch-gear so that the propeller motors could 
be supplied direct from the colle generator, or 
via the transformer generator. In this latter case, 
the rotating field produced in the transformer 
generator could be arranged either in the direction 
of rotation of the rotor, or opposite to it. The 
result was that three periodicities and three pro- 
peller speeds could be obtained. The two gene- 
rators could be mounted on the same shaft, or 
could be driven by independent turbines or internal- 
combustion éngines. Other combinations were 
also described. The paper was illustrated hy a 
number of lantern-slides. 

The Hon. C. A. Parsons was the first speaker 
in the discussion. He thought that the whole 
question was a very wide one, and that it was 
desirable to consider the various aspects of it 
independently. In regard to fast liners, he did 
not think that much was to be gained by the 
fitting of any form of gearing. Vice-Admiral 
Oram had recently pointed out that in some classes 
of naval ships there had been no falling off in 
propeller efficiency owing to the higher shaft 
speeds introduced by the fitting of turbines. 
Personally, he thought that efficiencies within 24 
to 5 per cent. of the best obtainable could be got 
from direct turbine-connected propellers in high- 
speed ships. Similarly, in the turbines of such 
ies it would not be possible to gain more than 
about 3 per cent. in efficiency by fitting smaller 
machines and running them faster. In the case of 
naval ships requiring to steam for long periods at 
either of two speeds, some form of gearing would, 
however, no doubt be useful. Messrs. Brown, Boveri, 
and Co. proposed a system some years ago in which 
the electrical drive was to be used for the cruising 
speed only. (This system was described in Mr. 
Durtnall’s paper.) He thought much the most hope- 





ful field for any form of gearing was in connection 
with slow-speed cargo vessels. Such vessels formed 
three-quarters of the tonnage of the world. In the 
competition between mechanical and electrical gear- 
ing the deciding factors would be efficiency and 
weight. He had been connected with electrical work 
for twenty-five years, and did not think that anyone 
could claim more than 85 per cent., or at most 87 
per cent., combined efficiency for any form of 
electrical gearing. [Mr. Durtnall here interposed 
to say that he could get 91 per cent.] Mr. Parsons 
thought this was not likely to be got, but admitted 
that with the ‘‘ Paragon” system there was a 
slight reduction in iron losses, as compared with 
other systems, owing to the following field in the 
transformer generator. Referring to a point in 
the paper, he criticised Mr. Durtnall’s statement 
that there was a critical speed in turbines which 
gave the best efficiency. Asa matter of fact, the 
efficiency curve was very flat at the top end, and 
by oF eg to work on this part of the curve a 
considerable speed variation with high efficiency 
could be obtained with a simple mechanical 
gearing He thought that many electrical schemes 
had been put forward on the strength of the 
low consumptions which had been obtained with 
turbines in electric power-stations on land. 
These results had, however, been obtained with 
superheated steam. With saturated steam there 
was no difference between the results of land and 
sea practice. Superheating with turbines had not 
been tried at sea. There might be difticulties 
owing to slight priming and the presence of salt. 
He thought there would be difticulties in working 
with large electrical installations at sea. About 
10 wd cent. of the energy supplied was dissipated 
as heat, and this must be got rid of. There would 
—— be trouble with insulation, owing to spray 

ing drawn down the ventilators. Further, a 
short-circuit on a 5000-horse-power plant might 
possibly kill everyone in the engine-room. The best 
field for large electrical installations at sea was pro- 
bably in connection with dredgers and other special 
ships, where the generated power could be used for 
two distinct purposes. He thought generally that 
electrical engineers were too sanguine in connection 
with this matter. 

Mr. H. H. B. Deane thought that Mr. Parsons took 
an unduly gloomy view of the possibilities of using 
electricity in marine work. In connection with the 
propeller question, he understood that the Lusi- 
tania’s propellers had an efliciency of 48 per cent., 
while some of the North German Lloyd boats had 
— with efliciencies up to 60 per cent. If 

r. Parsons’s statement was correct—that the dif- 
ference in efliciencies could be brought down to 
5 per cent.—the margin for gain by gearing was 
certainly reduced. He thought that Mr. Parsons’s 
figure of 3 per cent. gain in turbine efficiency by tho 
adoption of a quicker running machine instead of the 
present direct-coupled ones, was lower than the 
figure usually given, which was more in the order 
of 6 percent. In the matter of superheated steam, 
he saw no reason why the problem should not be 
faced, and believed that engineers would be capable 
of overcoming all difficulties. He thought that 
electrical gearing had advantages over other systems, 
in the possibility of being able to control the motors 
from the bridge, and in connection with the revers- 
ing difficulty. The fitting of reversing turbines 
probably affected the steam consumption, and even 
if it did not, there would be a saving in weight by 
leaving them out. It was possible that the elec- 
trical plant might come out the lightest owing to 
the absence of such reversing turbines. 

Dr. Fottinger, speaking at the request of the 
Chairman, stated that in 1903 he had begun to 
work on this problem, and had first believed that 
electrical gearing would be the best. He had done 
some work with the Vulcan Company in connection 
with the A.E.G. and Messrs. Brown, Boveri, and 
Co., but the weight always came out too large with 
electrical schemes, while difficulties were feared in 
connection with high voltage, and it was thought 
that operating troubles would develop with large 
powers. He had abandoned the electrical idea, 
and had om an hydraulic gearing. 

Mr. A. C. Holzapfel stated that he was much 
interested in gas-engines, and had for four years 
been working in connection with their use on board 
ships. He quickly decided that direct driving was 
likely to be unsatisfactory, and had not found a 
suitable reversing gear. Mr. Durtnall’s electrical 
scheme seemed to be ahead of others of its class. 
He understood that the motors would be unaffected 
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been increased from 68 to 73. The efficiency of 
steam consumption had been increased 20 per cent. 
There was an increased output of 20 per cent. 
There was a saving in weight of 25 per cent. These 
results were most important, and should be empha- 
sised very clearly. The system, undoubtedly, 
had a great future. There was one detail he would 
like to refer to in conclusion. Mr. Parsons used 
cast-iron wheels, with the teeth cut on a continuous 
rim. Would it not be well to consider the use of 
steel wheels, with teeth put on in sections—at any 
rate for larger powers in the future / 

Professor J. A. Ewing said that Sir William 
White had suggested that he should speak, as he 
had been the first person converted, by Mr. Parsons, 
to a belief in the application of turbines to marine 
penis. In the early days of the Turbinia, 
»efore her existence was generally known, he spent 
a most interesting week testing her. The trials 
convinced him that she represented the beginning 
of a revolution in marine work. Even in those 
days the question of gearing had been discussed, 
but there was a large world to conquer in the field 
of high-speed vessels, and slow-speed a ng had 
to be left alone fora while. The time had now come 
when this slow-speed field, which represented two- 
thirds of the steam shipping of the worid, could be 
attacked. Referring to Professor Biles’s remarks 
on electrical gears, he admitted that they had some 
advantages, but it appeared to him that much was 
to be said for the severe simplicity of mechanical 
gearing. This character of severe simplicity was 
very noteworthy in Mr. Parsons’s gear. The West- 
inghouse arrangement introduced some complexi- 
ties, which Mr. Parsons had avoided. -The device was 
a straightforward application of the De Laval gear. 
It had the same efticiency as the Westinghouse gear, 
and was simpler. Mr. Parsons was to be congratu- 
lated on his very complete demonstration of the 
value of the arrangement. There were no uncertain 
elements. We had the same ship, with the same 
propeller, and it was found that at 70 revolutions 
we had a gain of from 15 to 16 per cent. when steam 
for all purposes was sepuiiaieel, and of from 18 to 
19 per cent. when the propelling engines alone were 
considered. This represented a saving of, say, one 
boiler in six. He considered the paper was an 
epoch-making one. 

Mr. Summers Hunter thought that what first 
struck one in connection with the matter was the re- 
version to gear transmission on shipboard. Sixty or 
seventy years ago a paddle-wheel steamer, with 
side-lever engines, was being built on the Tyne, 
and before her completion it was decided to change 
over to a screw instead of installing the paddles. 
The engines were, accordingly, turned round 
through 90 deg., and gearing was fitted. The boat 
steamed from the Tyne to the South Coast, and ran 
satisfactorily for many years. The engines were 
built by a Mr. Wait. The problems in connection 
with marine propulsion resolved themselves into 
the attainment of efficiency and economy for both 
smooth water and ocean sailing, and for boats 
either light or loaded. The question of the arrange- 
ments for a steamer, so that the best results could 
be obtained both when heavily loaded and when 
making long voyages in ballast, was still a very 
difticult problem. He thought that much of the 
prejudice against gearing was due to trouble in 
the early days. He looked to modern arrange- 
ments, such as Mr. Parsons’s, with much confidence. 
The gears could be well constructed, and there 
was no question now of the ship’s carpenter having 
to be constantly employed on dentists’ work, as 
with the old wooden gears. The results of Mr. 
Parsons’s experiment showed that we must come to 
the conclusion that we could save weight, and 
probably cost, and could obtain increased efficiency 
and economy. There would also be fewer working 
pirts. In many cases boiler pressures could be 
reduced. Excellent results could be obtained 
with quadruple - expansion engines with good 
auxiliaries, but owners were rather apt to look upon 
such engines with suspicion owing to the high 
boiler pressures required. This had probably hin- 
dered their development. With Mr. Parsons’s 
arrangement we should be able to obtain better 
efficiencies than at present, and at the same time 
be able to use moderate boiler pressures. In 
reference to difficulties encountered with gearing 
in early days, he thought these could partly be 
attributed to the steam-hammer-like action of 
the old single steam-engine. This action caused 
the gearing t» get slack, and once this occurred 
matters very quickly got worse. No trouble 





from this cause need be anticipated with tur- 
bines. 

Mr. Speakman remarked that all the speakers 
had congratulated Mr. Parsons on his achievement 
in rendering the turbine available for slow-speed 
ships; but why should not the same system be 
applied in high-speed ships? He went on to say 
that of the total yearly output of marine engines, 
some 700,000 horse-power is for vessels of the 
Vespasian type ; and if Mr. Parsons’s achievement 
can be repeated again and again, and if the dura- 
bility of the gear can be established, then the 
builders of practically the whole of this output will 
be compelled to adopt the system. With regard 
to the durability of mechanical gears, he suggested 
that the conditions met with in a London motor- 
omnibus were about as bad as could be conceived, 
and yet the gears did their work, which was, after 
all, the main point. He had paid some attention 
to Dr. Fottinger’s hydraulic gear, and, assuming an 
efficiency of 80 to 85 per cent., had worked out the 
results which might be expected from fitting it to 
some of the ships built by his firm ; if instead of this 
85 per cent. efficiency, he had taken the 98 per 
cent. of Mr. Parsons, the results would have been 
astonishing. He noticed that Mr. Parsons’s gear 
ratio was 20 tol ; in many cases with such a ratio 
we would be above the best speed for the turbine, 
and would probably, in some installations, have to 
come down to ratios of 10 to 1, or 8 tol. The 
reversing possibilities of the hydraulic gear gave 
it an advantage over the mechanical gear, and 
might lead to its adoption in preference to the 
latter. 

Sir William H. White thought that Mr. Speak- 
man overlooked some principles of progress in 
suggesting that the gearing should be applied to 
high-speed vessels. It was always best to begin 
on a small scale. Besides, tramp steamers were, 
after all, the backbone of the marine trade of 
the country. An enormous amount of quiet and 
good work, which was as a rule overlooked, 
was done in connection with their design and 
running. The Vespasian had good reciprocating 
engines, but Mr. Parsons had obtained an economy 
of 20 per cent. over them. There might be 
better reciprocating engines in existence than 
those which were in the Vespasian, but that was 
not the point. The question was the Vespasian 
herself. Mr. Parsons had treated the matter 
fairly, and had put the reciprocating engines in 

rfect order Swat making his tests. The data 

e obtained had never before been got for a vessel 
of this class. The combination of scientific method 
and practical experience had produced a result of 
the utmost value. As far as the question of fast 
boats went, it was impossible to suppose that Mr. 
Parsons had not considered them. Thirty-five years 
ago he had discussed this matter of marine gearing 
with the late Mr. Alexander Kirk, who designed a 
cruiser with quick-running engines, of the torpedo- 
boat type, geared down to the propeller. Mr. Kirk 
would have been quite prepared to construct this 
boat. He mentioned this matter to show how long 
the idea had been in the air. In the case of the Ves- 
pasian we had a direct comparison with recipro- 
cating engines, and a scale of experiments not 
previously approached. In this connection, how- 
ever, the Westinghouse workshop test must not be 
overlooked. The similarity of the results in the 
two cases was a very promising feature. 

Mr. Archibald Denny was the next speaker. He 
thought that some gear had been wanted for :nany 
years, but apparently no one had been bold enough 
before to builda simple and straightforward mecha- 
nical drive. There had been too much talk about 
flexible shafts and swivelling bearings. The result 
of this experiment was that we had got the ratio of 
indicated horse-power to shaft horse-power some- 
where in the order of 90 to 92 per cent. One point 
he would mention in connection with Diagram 8 
in the paper was that the consumption curves for 
the ro wm and the reciprocating engine would 
apparently cross each other at about 50 revolutions, 
which would correspond to about 7} knots. This 
was interesting. Mr. Denny went on to say that he 
had not had the pleasure of hearing Mr. Durtnall’s 
paper the night before, but in reference to electrical 
gears generally, it was impossible to compete with 
the 983 per cent. efficiency of Mr. Parsons’s plant. 
He thought it was not possible for the efficiency of 
an electrical gearing to be higher than 92 per 
cent., while it would probably be less. He did 
not know the details of Mr. Durtnall’s scheme, 
but in Mr. Mavor’s proposal it was intended to 





subdivide the generating units in such a way that 
some of them could be shut down when the boat 
was steaming at low speeds. This would enable 
the turbines to be run always at or near maximum 
efficiency. He thought this was much the strongest 
argument in favour of electrical systems, and 
advised electrical engineers to concentrate on the 
point as much as possible. 

Mr. A. E. Seaton stated that in 1825 the Butterley 
Company, of Yorkshire, built at Hull a steamer 
in which high-speed engines were geared down to 
drive two paddle.wheels. The working was all that 
could be desired. One difference between most of 
the old boats and the present proposal was, in the 
old days one was gearing up—i.e., the spur-wheel 
drove the pinion ; while in the boat he had men- 
tioned and in Mr. Parsons’s gear one was gearing 
down—i.e., the pinion drove the spur-wheel. He 
thought the latter drive much the must satisfac- 
tory, and ascribed some of Mr. Parsons’s success to 
the fact that he was using it. Asa matter of fact, 
however, the old gears, with beech or hornbeam 
teeth, were satisfactory enough, and ran° fairly 
well. He certainly would not nowadays, however, 
have recommended spur-gearing in the main drive 
of a ship, but Mr. Parsons had shown that a satis- 
factory job could be made. He saw an example of 
the Lecoche magnetic gear, the other day, which 
had impressed him. In this system the spur-wheel 
and pinion were in magnetic mesh only, and ran 
with a small clearance between them, and not 
actually touching. An efficiency of 98 per cent. 
was claimed, but, in his opinion, the apparatus at 
hand was insufticient to obtain an accurate measure- 
ment of the efficiency. Messrs. Richardsons, West- 
garth, and Co. were building a 280-horse-power 
gear on this system. 

Mr. J. H. Gibson said he had been waiting for 
some remarks such as fell from the last speaker. 
He knew that marine engineers were prejudiced 
against gearing ; but, as a matter of fact, few of 
them knew anything about it. There was a great 
difference between gearing up and gearing down. 
In the early days a large-diameter spur-wheel drove 
a small pinion, and there were still difficulties with 
such drives. With the pinion driving the spur- 
wheel, however, and using machine-cut teeth, there 
would be no difficulties. He remembered that in 
his student days he was much impressed by being 
told that wheel-tecth, although they might be in- 
correctly formed, tended to wear to correct shape. 
Such worn teeth would, however, have excessive 
backlash. The whole question of this transmis- 
sion gear resolved itself into one of getting good 
and correctly-cut gears. He was not much im- 
pressed with the advantages of electric and other 
proposals in connection with this matter. 

Mr. W. P. Durtiall admitted that Mr. Parsons’s 
system was very efticient. He was struck by the 
fact that Mr. Parsons had made his gear in order 
to be able to utilise a slow-speed propeller ; but 
naval architects told him that slow-speed propellers 
were not necessarily more efticient , high-speed 
propellers. He would like Mr. Parsons to give him 
some information in connection with this point. 
He saw no reason why superheating should not be 
used with marine turbines. Referring to electrical 
schemes, he thought that Professor Biles was right 
in saying that such schemes were the most attrac- 
tive. They could not compete, as far as efticiency 
went, with Mr. Parsons’s gear, but greater fuel 
economy at low speed could be obtained. The 
question was not merely one of naval ships requiring 
to steam for long periods either at cruising or full 
speeds; it affected merchant vessels as well, as 
these might have to reduce their speed over con- 
siderable periods, owing, for instance, to fogs. He 
would like some information from Mr. Parsons on 
the question of superheating at sea. 

The Hon. C. A. Parsons, in replying to the «lis- 
cussion, said that no claim was made that the results 
of the experiment with the Vespasian were the best 
that could be obtained. What had been done was 
simply to take an old ship, and, after adequate 
trials, to refit her, so that comparative results 
between the old and new installations could be 
obtained. With reference to comparisons between 
land and marine turbines, the best result on land 
for, say, a 10,000-horse-power installation using 
steam at 150 1b. and 140 deg. of superheat, would 
be equivalent to a consumption of about 10 lb. of 
steam per shaft horse-power. With a 5000-horse- 
power installation it might work out at about 
10} Ib. This compared with 14.3 Ib., which was 
obtained at sea. - The best turbine results were 
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comparable with the best quadruple-expansion 
engine results. The consumptions obtained with 
the Vespasian agreed exactly with the consump- 
tions that would be got from a similar instal- 
lation on land. In reference to Professor Biles’s 
remarks about gears for large powers, some experi- 
mental steel gears had been tried, and it was quite 
possible that in the future cast-steel wheels with 
the teeth put on in sections would be used. If this 
were done there would probably be some saving in 
weight. In reference to the Westinghouse gearing, 
he thought the floating frame unnecessary. In his 
gear the pinion-shaft could always move sideways a 
little to allow the teeth to come to a proper 
bearing, while it was practically impossible that the 
teeth should not form part of a true helix, owing to 
the hobbling method on which they were cut. The 
floating frame appeared to him to be a complication 
which might possibly be a source of danger, owing 
to a forced vibration being set up. In reference to 
the question of superheat at sea, turbines would, of 
course, be best able to take advantage of it if 
it were introduced, but the matter had not yet 
been investigated ; it was possible that special 
difficulties would crop up in practice. He thought 
that the gearing used on the Vespasian would be 
found amply strong ; she had already been out in a 
heavy sea, and no trouble had been experienced. 
The gear would probably stand anything that the 
shaft would stand. In reference to the value of a 
high-speed turbine with gearing, he would point 
out that the efficiency curve of a high-speed turbine 
was very flat at the top, so that by choosing a 
suitable speed and using gearing it was possible to 
obtain a good speed regulation without sacrificing 
economy. Speaking of electrical schemes, he stated 
that he had been connected with electrical work 
for twenty-five years, and was not able to persuade 
himself that difficulties would not be encountered 
with large installations on board ship. Damp air 
and the presence of salt would lead to trouble, 
while the result of a short circuit in an engine- 
room containing a large electrical plant would be 
most serious. In reference to Fig. 11 in the paper, 
he would point out that the steam consumption of 
the auxiliaries was greater in the trials with the 
turbine installation than in those with the original 
reciprocating engines. This greater consumption 
was not an inherent feature of the turbine plant, 
and would disappear in the future. It was due to 
the oil-pumps being new and not working very well. 
In conclusion, Mr. Parsons said that, had there 
been time, he would have liked Mr. Walker, Mr. 
Stoney, and others who had been associated with 
him in this work to speak on the paper. 


Tue MeasureMENtT OF SHart Horse-Power. 

The next paper to be taken was one by Professor 
B. Hopkinson, entitled ‘‘ Notes on the Measure- 
ment of Shaft Horse- Power.” This was sum- 
marised by the author. We reprint this paper on 
another page of the present issue, so that it will suf- 
fice to explain that it dealt with the effect of thrust 
upon the torsiometer readings, and the variation in 
torque during a revolution, the Hopkinson-Thring 
torsiometer, which was described in the paper, 
making possible a sufficient number of readings 
per revolution for information on this point to be 
obtained. 

The only speaker on this paper was, owing to 
the shortness of the time available, Mr. A. Denny. 
Mr. Denny said that when he had first invented 
the torsiometer he felt as all inventors did—that 
nobody had done anything in that way before, and 
also subsequently, like all other inventors, he found 
that what he had done was really nothing new. He 
believed that Professor Gervais Smith, of Oxford, 
had read a paper on this very subject as long 
ago as 1880, before the Royal Society. With 
regard to the figure given for the modulus of 
rigidity in Professor Hopkinson’s paper, Mr. 
Denny said that for a number of solid shafts 
they had got an average figure of 11,784,000 Ib. 
per square inch, and for several hollow shafts 
a figure of 12,128,000 lb. per square inch. The 
latter figure was within 1 per cent. of the 
author’s figure, although he admitted that the 
number of shafts tried was comparatively small, 
and it was a difficult matter with hollow shafts to 
get sufficiently accurate measurements of the 
internal diameter to make the figures thoroughly 
reliable. He agreed, therefore, with the author’s 


Suggestion of putting the torsiometer on the 
shaft in the position it was to occupy in the ship, 
and testing it there. 


His experience as regards 


end measurements agreed with those recorded by 
Professor Hopkinson. He thought that torsio- 
meters gave far more accurate results than steam- 
indicators, especially in the case of high-speed 
engines. As regarded the variation in torque 
during a revolution, matter had been published on 
the point in the Engineer in 1908 and 1909. He 
thought that with a long shaft the variation tended 
to damp out. With turbines there was no appre- 
ciable variation; there might be a tremulous 
motion, but there was, he thought, no apparent 
period of vibration. 

The President, after proposing a vote of thanks 
to Professor Hopkinson, announced that Mr. C. E, 
Stromeyer’s paper on ‘‘The Brittleness of Mild 
Steel Due to Nitrogen” would be takeu as read 
owing to the lateness of the hour and the necessity 
of freeing members, in order that the arrange- 
ments for the visit to the National Experimental 
Tank at Bushy might not be interfered with. Mr. 
Stromeyer’s paper dwelt on the importance of 
limiting the amount of nitrogen in mild stecl, his 
conclusion from investigation on the brittleness 
due to the presence of nitrogen being that the 
percentage of phosphorus plus five times the per- 
centage of nitrogen should not be allowed to exceed 
0.080 per cent. 

The meeting then terminated with the usual vote 
of thanks to the Royal Society of Arts for the use 
of their hall, this being proposed by the President, 
Earl Cawdor. Mr. A. Denny then proposed a 
vote of thanks to the Institution’s President for 
having so ably conducted their morning meetings. 
This was passed with acclamation, and Karl Cawdor 
replied in a few suitable words. The meeting then 
terminated. As already recorded, in the afternoon 
a visit was paid by members to the National Experi- 
mental Tank at Bushy. 








EIGHT-COUPLED LOCOMOTIVES ; NATAL 
sOVERNMENT RAILWAYS. 

Ar the end of 1998 an order was placed by the Natal 
Government Railways with the North British Locomo- 
tive Company for five large 4-8-2 locomotives, to the 
designs of Mr. A. Hendrie, Locomotive Superintendent. 
These engines, which are known as Class ‘‘ D” on the 
railways, have now been in service some little time, 
having, after erection at Durban, been put through 
preliminary trials with satisfactory results. 

We have been supplied by Mr. H. G. Humby, 29, 
Victoria-street, S.W., Consulting Engineer to the 
Natal Railways, with particulars of these engines, 
and drawings, &c., which we reproduce herewith. On 
Plate XXVII., Fig. 1 gives a sectional elevation of 
the engine, and Fig. 2 half plans, while Fig. 3 gives a 
half cross-section through the cylinders and smoke- 
box, and Fig. 4 a half end view of the cab. A general 
view of the locomotive is given in the photograph 
reproduced in Fig. 5, page 409. From these illustra- 
tions it will be seen that this type of — is particu- 
larly heavy for the 3-ft. 6-in. gauge, although it has 
been actually mg in weight by certain Mallet 
compounds and other locomotives recently introduced 
on South African roads, including the Natal system. 

In general type the engine illustrated will be seen 
to be an eight-coupled locomotive with leading four- 
wheeled bogie and trailing two-wheeled truck, while 
it has a large boiler, with Belpaire fire-box. A deep 
fire-box has been provided, and for this to be possible 
it has been necessary to make arrangements on lines 
now not uncommon, of terminating the main frames 
just ahead of the fire-box in a steel transverse casting, 
to which the outside trailing frames are eitasbel. 
This arrangement is clearly shown in Fig. 2, from 
which it will be seen that the distance apart of the 
main frames is 2 ft. 10? in., but at the fire-box the 
space between the frames is no less than6ft. The 
cylinders are placed outside the frames, and are 21 in. 
in diameter, with 24 in. stroke. They are bolted to 
the frames, while a saddle-casting, containing the 
passages to the blast-pipe, extends between the frames 
(see Fig. 3). The steam connections to the cylinders 
are walle by means of short elbow-pipes, with ground 
joints. The valves are of gun-metal and are balanced. 
The pistons are fitted with tail-rods. 


position shown in Fig. 1. 
the other a cataract cylinder, 5 in. indiameter. This 
gear is worked by hand-lever and rod connection fro 
the cab. 


second 
of coupled wheels have flangeless tyres. 
wheels are 2 ft. 6 in. in diameter on tread, and the 
bogie-wheels 2 ft. 4} in. 
spring and lever control - gear. he two-wheeled | 








truck is also fitted with spring control. 








The valve-gear | 
adopted is the Walschaert type. Steam reversing: | details, but in type. That is to be expected, because the 
gear is fitted on the left side of the engine, in the | varying nature of the coast, and the particular require- 
In this gear there are two | ments and prejudices of the men who form their crews, 
cylinders, one asteam-cylinder, 54 in. in diameter, and | 


The coupled wheels are 3 ft. 9} in. in diameter, the | 
ir being the main drivers. The leading pair | 
The trailing | 
The bogie is fitted with | — 


tects, 


The boiler barrel has an internal diameter for the 
first ring of 5 ft. 74 in., while the length inside the 
barrel is 18 ft. ]14in. The barrel-plates are 1} in. 
thick. The smoke-box tube-plate ish in. thick. It is 
set back in the barrel, while the fire-box is sloped 
forward, thus giving a tube length of 18 ft. 6 in. 
between plates. The fire-box shell has a length of 
7ft. 8in., and a width of 5 ft. 104 in. The depth of 
the box at the front, below the boiler centre line, is 
5 ft. Sin. The thickness of the wrapper and back 

lates is gin., and of the throat-plate }}in. The 
fire-box is of copper. The fire-box tube-plate is 1 in. 
thick over the tube area; the other fire-box plates 
are ,';in. in thickness. The tubes, 237 in number, 
are steel, solid drawn, 2} in. in diameter. The grate 
is of the rocking-finger type. The working pressure 
is 200 lb. per square inch. Two Ramsbottom safety- 
valves are provided, the four valves being 34 in. in 
diameter. Two Gresham and Craven's No. 9 self- 
acting injectors are provided, and a 40-millimetre 
combination ejector for the vacuum brake. The engine 
is braked by a 10-in. steam cylinder, and the tender 
by a 21-in. vacuum cylinder and hand-brake. A Pyle 
National electric head-] ght is mounted on the smoke- 


box front. The chief particulars of this locomotive 
are as follows :— 
Locomotive : 
Cylinders... a oe 21 in. by 24 in. 
Diameter of coupled wheels 3 ft. 94 in. 
be trailing iP -_ -— 
bogie He 


P 
‘ ” i . . 2 
Size of bogie-wheel journals 54 in. by 9 in, 


Size of coupled-wheel journals 8 in. by 9 in. 
» trailing ,, io 54 in. by 11 in. 
Heating surface—tubes_... 2582 sq. ft. 
oi »  —fire-box ... 13% ,, 
Total 2718 sq. ft. 
Grate area oa = a 
Working pressure ... hi ... 200 Ib. per sq. in, 
Height of boiler centre from rail... 7 ft. 4 in. 
Wheel-base— driving ns nO us 
a —total engine... Bs. Da 
Weight in Working Order : 
; Tons. Cwt. Qr. 
On bogie = = ‘i il 13 2 
os moo | coupled wheels 14 s 0 
», maindrivers... = a an , = 
», intermediate coupled wheels... 14 s 1 
»» trailin en a 0 1 
», two-wheel truck a es 9 10 1 
Total 80 2 1 
Tender : 
Wheels, diameter 2 ft. 6 in. 
Fuel capacity 240 cubic feet 
Water capacity 3500 gallons 
' Tons Cwt. Qr. 
Weight in working order .. 40 ll 0 
Engine and Tender: 
Tota! wheel-base 55 ft. 62 in. 
; : Tons Cwt. Qr. 
Total weight in working order 12 13 1 


These engines are to be employed on the upper sec- 
tions of the system, between Ladysmith ond) Charles. 
town, in working the heavy coal and fast perishable 
goods traffic. They have | ome tested on the lower 
sections on the heavy gradients of 1 in 30 with curves 
of 300 ft. radius, and, we are informed, have quite 
come up to expectations, easily handling loads of 225 
tons behind the tender. 








MOTOR LIFEBOATS, 


Motor Lifeboats of the Royal National Lifcboat 
Institutton.* 
By J. R. Barxerr, Member. 

General Description.—The fleet of lifeboats under the 
control of the Royal National Lifeboat Institution is a 
very considerable one. There are, at the present moment, 
281 lifeboats in service, varying in length from 30 ft. to 
56 ft. These are very small vessels, but the work they 
perform is important and extremely hazardous, so they 
deserve some attention. As it is only on bad weather 
that. they go on service, their strength must be ample, 
and, at the same time, weight has to be kept down, in 
some cases to a minimum. With few exceptions these 
lifeboats are built of wvod, the planking being of diagonal 
double-skin mahogany, and the framing of oak and elm. 

The lifeboats placed at the stations to be found all 
round the British Isles vary, not only in dimensions and 


tend to make wide differences. 
The first point aimed at in every boat is to make her 


m | unsinkable, even should she be ‘stove in.” Besides the 
air-cases above deck, every available space below deck is 
fitted with portable watertight air-cases. Should d 
occur, the consequent flooding of the hold is, therefore, 
— and the buoyancy of the boat not seriously 
affected. 


There is, however, another respect in which nearly every 


* Paper read before the Institation of Naval Archi- 
rch 17, 1910. 
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boat of the National Lifeboat Institution is alike, differin: 
thereby from what is usually called a lifeboat. If swam 
by a sea breaking over her (a very common occurrence), 
she immediately relieves herself of the water. This is one 
of the essential qualifications of the lifeboat, and it is 
accomplished in a very simple way. To begin with, in 
designing the boat everything possible is done to reduce 
to a minimum the volume of water that can be taken on 

ard. Every available space above deck is therefore 
fitted with air-cases. The deck itself, which, of course, is 
watertight, is some inches above the water-line, as she 
floats in normal service conditions. Large tubes, or, in 
some cases, built trunks, are fitted from the deck right 
down through the bottom of the boat. Any water, there- 
fore, that comes on board finds its way out through these 
tubes, the buoyancy of the boat causing her to rise and 
relieve herself of the water in this way. At the deck the 
tubes are usually fitted with a simple type of valve, which 
allows the water to escape, but prevents it from surging 
up into the boat. 

The majority of lifeboats are kept in houses, and are 


MIDSHIP SECTION. 
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these lifeboats. Steam-power has been tried with consider- 
able success, but it is only where large and very power- 
ful boats are required that steam can be satisfactoril 
used. There are at the present moment four suc 
steam lifeboats on the coast. They vary from 50 ft. to 
56 ft. in length, and are built of galvanised steel. Like 
the other boats, they ‘‘relieve” themselves of water. 
They are also as nearly as possible unsinkable, being 
divided by longitudinal and athwartship steel bulkheads 
into a large number of watertight compartments. The 
water-tube boiler is worked under Savcal deena on the 
closed stokehold plan, in a watertight compartment. The 
a sag are also in a watertight compartment, and de- 
velop 150 to 200 indicated horse-power, giving a speed of 
9 knots or thereabouts. Both ‘‘ jet” and ‘‘screw” pro- 
pellers have been tried, the screw in a tunnel provin 
most satisfactory, apart from economy. Economy, thoug 
important, is a secondary matter. Every ship is a com- 
promise, and in the case of a lifeboat safety and reliability 
are the chief considerations. 

But as soon as the internal-combustion engine became 


Fig. 


40:0« 10°6 MOTOR LIFEBOAT. 
SELF~RIGHTING TYPE. 





It has been laid down as essential that the 
should be thoroughly ye wegece both at the sides and 
beneath ; that it should be sufficiently far forward to 
prevent it coming constantly out of the water; and that 
it should be accessible from the inside of the boat by a 
watertight trunk-hatch from the deck, so that it can be 
cleared of any obstructions, such as ropes or seaweed, 
while afloat. These conditions made it necessary to place 
the propeller in a tunnel, and far enough forward to have 
the trunk-hatch clear of the end-box. 

But a further stipulation was made. The deadwood 
aft, which would naturally be cut away by the tunnel, 
was to be retained, because in these short light-draught 
boats a good forefoot and heel are necessary to prevent 
them from being wild in steering. This isa particularly 
important point, as lifeboats have to work in such broken 
seas. This condition has been fulfilled by carrying the 
wood keel aft to the stern post, and building a continuous 
deadwood right up the centre of the tunnel. As these 
boats are all built of wood, this is a difficult matter, but 
it has been accomplished by a particularly skilful bit of 


propeller 





Fig.4. SECTION THROUGH TUNNEL AT PROPELLER. 
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launched from special carriages, which ge them | practicable for marine work, its adoption for lifeboats 
‘ . 


to the most favourable spot for launching. 


launched from the house down a yaa | into the sea, and | 


many of the large ones are kept afloat in harbours. The 
greater number row ten to twelve oars, double-banked. 
Types of Boats.—For the present 


necessary to divide the lifeboats broadly into two 


namely :—(1) Self-righting, and (2) Non-self-righting.- -[t | lifeboats, retaining all the 

is unnecessary here to discuss the reasons in favour ef one | unsinkableness, relieving, self-righting. The difticulties | sha : 

| to be overcome in order that these qualities might remain | sarily so very thick, in some cases about one-third the 

unimpaired were much greater than might be imagined. | diameter of the propeller. 

y I t But, after some years of such experiments, sufficient | amidshi 

owing to the high watertight end boxes, which are their | success has been attained to warrant a further advance | end - the tunnel more difficult to construct, w 
| to the true form. 


They both serve useful purposes. 
boats, if upset, will ‘right ” them- 
le in the upside-down position, chiefly 


type or the other. 
"he ne 
selves, being unstab! 


hers are | was considered. 
possible to apply power for the propulsion of the ordinary | x 

* Institution. Pralesiuary and cautious | here be mentioned that a wheel for steering has become 
| the popular plan in these boats, displacing the tiller. 


The petrol engine seemed to make it 


lifeboats of t 


experiments were, therefore, commenced by testing en- 
urpose it is only | gines, of various powers, in existing lifeboats of different | 
types; | sizes and types. These boats were converted into motor- | peller to work in. ed ; 
ualities already described— | this aperture to take the wood-ends, and it is tapered in 


most distinctive features. This type comprises rowing-| being made. A few specially designed motor-lifeboats 


boats and also sailing-boats with a moderate spread of 
canvas, generally two lug-sails and a jib, and one or two 
drop-keels. 


The non-self-righting boats are naturally broader than 


have, therefore, been built for service, and it is to these 
that attention is now briefly directed. 

From the experience gained up to this point certain 
impressions were confirmed, and certain conditions to be 








boat-building, and the result has been very satisfactory. 


The ae «| is all that could be desired, and the propeller 
y. 


It may 


is thoroughly protected and kept well immersed. 


An aperture is formed in the deadwood for the pro- 
A bronze frame is fitted right round 
to reduce resistance, the deadwood being neces- 
As the keel is very br 


i rd and aft, this makes the fore- 
weal ahee ilknan tee hile keeping 


_In these motor-lifeboats, as the engine is, at the present 


oars are retained. 
same 


f the 


time, only auxiliary, the sails an 
These have to be conveniently stowed, and at the 
time they must not interfere with the working 0 


the self-righting boats. They have heavier keels, good | complied with were formulated. First of all the types! motor. ‘The two masts are, therefore, stepped in their 


initial stability, and a long range of stability. 
a few cases, these are purely sailing-boats, though they are 
also provided with ours. The usual rig is that with two 


lug-sails and a jib, and they are fitted with two drop-keels. | and launched from, carriages. The risks of 
Power-Boats.—When one considers the enormous diffi- | th 
c uties experienced in getting off toa vessel in distress— the carriage boats. 


auxiliary. It is considered unwise at present te 


motors into the smaller lifeboats that are trans 


difficulties that often seem insuperable—it is natural that | or launched from slipways, are at present considered 
an endeavour should be made to apply motor-power to | suitable for motor-power. 


Except in| remained unaltered, and the engine is so far merely | tabernacles, and when sail is not set they are loweré 

yut | into crutches, which keep them clear of the engine-casing- 
rted Y> | 
mage to | 
propeller and machinery are too great in the case of | 
Only boats kept afloat in harbours, | 


The oars, as usual, are stowed along each side of the —_ 
here an engine is installed, only the forward drop-kes 

is retained, a* it would be too complicated to fit one aft 

of the engine. : wel 
The installing of an engine in a boat of this description 


| is not an easy matter, because the difficulties to be ©o0- 
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tended with are exceptional. It is placed in a watertight 
compartment, which is metal-lined inside, and it is pro- 
tected by a watertight cover or casing, standing above 
deck, with hin; flaps on top. Of course, it may be 

uite impossible to open this cover while on service, so 
Devengine must be started, controlled, and run for an in- 
definite period, without being seen. The fuel and lubri- 
cating supply carried is sufficient for twelve hours’ running. 
Air is admitted to the carburettor by indirect communi- 
cation with the atmosphere, as spray or water would be 
apt to find a way into the compartment by any direct 
ventilator. The air is, therefore, drawn from the hold of 





SS 


Fig.7. MIDSHIP SECTION. 


ably, when tested during continuous running in very dirty 
weather. 

In “‘self-righting” boats there is a further difficulty to 
be overcome. Should the boat be upset, it is necessary to 
stop the engine instantly, because the crew may be thrown 


into the water, and, on righting, the boat might run off, 
leaving them behind. An automatic cut-out switch is, 
therefore, fitted to the ignition apparatus, so that when 
the boat gets over to a certain angle the engine stops. 
Before she is sent to her station this is thoroughly tested 
by upsetting the boat, and the engine is immediately 





started again, to see that everything is right. 
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the boat, through a large watertight bend fitted inside 


the enzine compartment for that pu Air enters the 

ny through the valves fitted at the top of each end. 

hol bulkhead, from which pipes are carried down to the 
old. This arrangement serves a double purpose. Besides | 


supplying air to the engine, it ventilates the hold, a very | 
‘mportant and otherwise difficult matter. As the hold is 
completely filled with air-cases, there are only the small | 
air spaces between these cases through which to draw the 
ar. The arrangement has, however, answered admir- 








In the case of boats kept ashore and launched from 
siipways, there is another matter requiring attention 
irrespective of type. When going on service the crew 
are all on board in their eee before the boat is launched 
down the slip. It is also necessary to start the engine 
before launching, as it would be extremely difficult, if 
not impossible in some cases, to do so immediately she 
had gone into the water. There must, therefore, be 
sufficient circulating water on board the boat herself to 





allow the engine to run for a few minutes while on the 





slip, This is accomplished by having a small water tank 
for the purpose in the hold of the t, and when she 
goes into the water the circulating system is automati- 
cally, or otherwise, turned on to draw from the sea. Or 
the water may be cooled by a condenser arrangement. 
The engine itself is subject to a number of Timitations. 
It must be kept low, so that the casing over it will in no 
way interfere with the wes of the sails and other 
gear. Weight also is of particular consideration, because 
the draught of these boats, and consequently their dis- 
placement, is limited. Most lifeboats carry water ballast 
in water-tight compartments below deck, but in the 
















Fig.8. SECTION THROUGH TUNNEL AT PROPELLER. 





motor-boats this water ballast has to be ag ay with, 
the engine and gear taking its place. In boats which 
have heavy keels, without any water ballast, the keel has 
to be reduced on account of the machinery, so that she 
may carry her weights. Four-cylinder engines of the 
four-cycle type, running as slow as possible—from 600 to 
800 revolutions per minute—and developing as much as 


40 brake horse-power, have already been tried in the larger 
boats. As the engine is only auxiliary, this is a con- 
siderable power, and gives a speed of about 7 knots, 
which is sufficient. These lifeboats having to stand 
very severe stresses, the engine seating is made par- 
ticularly strong. Stout bearers are run fore and aft 
more than half the length of the boat, and are securely 
tied together. The vibration at full speed is wonderfully 
slight, probably owing to the position of the propeller, as 
well as to the form and construction of the boat. The 
tunnel and deadwood also seem to have little or no effect 
on the efficiency of the propeller. Governors are necessary 
on the engines to prevent racing, and in actual service 
they have acted in a satisfactory manner. 

The starting gear is p at the fore-end of the 
engine, the spindle for the handle, or lever, coming 
through the casing in a water-tight gland. The reversing 
gear is controlled by a horizontal wheel placed on deck, 
just aft of the casing, and the engine throttle, ignition, 
and other gear are all brought up inside the wheel 
standard, and actuated by water-tight handles. Every- 
thing is placed so as to be under the convenient control of 
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the man in charge of the reversing-wheel. Solid pro- 
—_ and reversing-blade propellers have both been 
tried. 

Two fuel-tanks are placed under the deck forward, and 
the engine is supplied by the pressure-feed system, a 
small auxiliary tank placed inside the casing preserving 
a steady flow of petrol to the carburettor. The fabrication 
of the engine is a most important matter. It is, there- 
fore, advisable to have a forced supply to all the main 

rings, as the engines require to run continuously with- 
out attention, and are enclosed in such a small s . Sail 
may also be set while the engine is running, and the boat 
consequently has a considerable inclination, which makes 
this system of lubrication necessary. The engine has also 
to run while the boat is on the slipway at a large inclina- 
tion fore and aft. A bilge-pump is fitted on the engine, 
to draw from the engine compartment and the hold. 

There are at present seven motor-lifeboats on the coast, 
three of which are tunnel-boats, the others being sail- 
boats converted. These three boats were specially designed 
- built, and a few particulars regarding them are given 

selow. 

After extensive river trials, they were put through 
a series of sea trials at Harwich. Then they were sent to 
their respective stations under their own power. In each 
case this voyage turned out to be the most severe test 
possible, for not only were the distances at, but the 
weather was almost too much for the endurance of the 
crew, gales and high seas being experienced. They, how- 
ever, behaved wa and any defects that appeared were 
such as could be rectified. The result of these voyages is 
a growing confidence in the ability of the motor-lifeboat to 
perform the service expected of her. 


| Stronsay Island | Stromness | Fishguard 
(Orkney Isles). |(Orkney Isles). (South Wales). 
..| Non-self-righting | Self-righting | 
(Watson) 

43 ft. 





Type Self-righting 


Length over all| 42 ft. 40 ft. 
Length on water | 
line... an 
Breadth .. nel 
Draught on trial| 
(mean) ; 
Displacement on 


38 ft. 2in. 
10 ft. Gin. 


40 ft. 6 in. 
11 ft. 6 in. 


| 

41 ft. 
12 ft. 6 in. 
| 


3 ft. 4} in. 2 ft. 104 in. 2 ft. 104 in. 


trial .. ° 
B.H.-P. .. 
Revolutions per 

minute . 
Diameter of pro- 

peller .. ; 
Speed. 

Iron keel vm 
Length of voyage 


16} tons 13} tons 12} tons 
40 30 24 


| 600 800 650 
18 in. 

6} knots 
2} tons 


583 miles 


18 in. | 
6} knots 
| 


21lin, 

7 knots 
3} tons } 
808 miles 
| 


2) tons 
768 miles 


There are five other tunnel motor-lifeboats building at 
present, and some of them will very shortly be put on 
service. These embody certain modifications and improve- 
ments on the first tunnel-boats, and are expected to prove 
an advance over the others. 

Figs. 1 and 2, page 412, show the latest design of a self- 
righting motor-lifeboat of the following dimensions :— 


40 ft. 
38 ft. 4 in. 
10 ft. 6 in. 
5 ft. 
3 ft. 2 in. 
13} tons 
2 tons 
22 in. 


Length over all - 
Length on water-line... = 
Breadth, exclusive of belting 
Depth és ed = i se 
Draught, mean, in service condition ... 
Displacement in service condition 
Iron keel ... ot eile 
Diameter of propeller ... 
Brake horse-power ‘na .. 40 
Fig. 3 is the midship section of this boat, showing her 
construction, and the installation of the engine in the 
watertight compartment. Fig. 4 is a section through the 
tunnel in way of the ——. It shows the trunk batch 
by which the propeller can be got at when the boat is 
afloat. 
Figs. 5 and 6, page 413, show a non-self-righting motor 
lifeboat of the largest size :— 


Length over all ... ; 
Length on waterline _... a 
Breadth, exclusive of belting.. 

Depth ; ms ses ; 
Draught, mean, in service condition... 
Displacement, in service condition 
Iron keel ... — ft 

Diameter of propeller ... 

Brake horse power 

Fig. 7 is the midship section of this boat. Fig. 8 is a 
section through the tunnel in way of the propeller. Fig. 9 
— a typical curve of stability for a non-self-righting 

rat. 

As to future developments it is difficult to speak, but 
it is evident that motor lifeboats will become popular on 
the coast. Already they are being asked for in a number 
of places. It is likely that in a short time the engine will 
become the main power, ins' of being merely auxiliary, 
but sails must be retained in case of accident. Higher 
power will then be demanded, so that more speed may be 
obtained. On some parts of the coast strong tides and 
currents will make this necessary. The dimensions of 
the lifeboats are, therefore, sure to increase considerably ; 
but they will then be able to operate over a more exten- 
sive coast area, so the number of boats need not be so 
great as would otherwise be required. 

With increase of size, the possibility of using steel will 


43 ft. 

41 ft. 

12 ft. 6 in. 
5 ft. 24 in. 
3 ft. 3 in. 

16 tons 
2} tons 

24 in. 

40. 





no doubt also come to be considered. At present the | Qu 


wood boat can be built much lighter, and proves in every 
way satisfactory. 
araffin, though an unsuitable fuel at present, may in | 
the future be used, if the carburisation and other difficul- 
ties can be overcome. 


Meantime, petrol is the most | 


suitable fuel for the motor lifeboat, and by careful pre- 
cautions danger is reduced to a minimum. 


[In addition to the illustrations in the paper, we give 
further photographic views on page 416. Fig. 10 repre- 
sents the motor-boat stationed at Stronsay Island, 
Orkney Isles, and is of the non-self-righting type. Fig. 11 
shows the boat at Walton, and Figs. 12 and 13 the boat 
at Stromness, of the self-righting type. Fig. 14 shows 
the stern of a boat and the tunnel, and is similar to Fig. 8.] 








NOTES FROM THE NORTH. 
Giascow Wednesday. 

Glasgow Pig-Iron Market.—A quiet tone ruled in the 
pig-iron market last Wednesday week, and a small business 
of 2500 tons of Cleveland warrants was done at 51s. 94d. 
cash, 51s. 104d. nine days, 52s. 8d. and 52s. 9d. three 
months. Closing sellers quoted 51s. 94d. cash, 52s. 14d. 
one month, and 52s. $d. three months. The afternoon 
session was again quiet, when only one lot of Cleveland 
warrants changed hands at 52s. 9d. three months. The 
close was firmer with sellers at 51s. 10d. cash, 52s. 2d. one 
month, and 52s. 94d. three months. On Thursday morning 
the market was somewhat irregular, but fairly active. 
Cleveland warrants were dealt in at from 51s. 94d. to 51s. 9d. 
to 51s. 10d. cash, at 52s. 2d. and 52s. 14d. one month, and from 
52s. 10d. to 52s. 84d. three months. ‘he turnover was 10,000 
tons and sellers’ closing quotations were 51s. 94d. cash, 
52s. 14d. one month, and 52s. 94d. three months. — 
of hematite quoted 68s. 74d. cash, and there were sellers 
at 69s. one month. Inthe afternoon the dealings only 
amounted to 2500 tons of Cleveland warrants at 51s. 94d. 
ag days, and from 52s. 84d. to 52s. 9d. three months. 
The closing prices were 51s. 10d. cash, 52s. 14d. one 
month, in 52s, 9d. three months sellers. The market 
was closed on Good Friday and Easter Monday, the latter 
being observed as Glasgow Spring Holiday. When busi- 
ness wasresumed on Tuesday morning a steady tone pre- 
vailed, and 7500 tons of Cleveland warrants changed hands 
at 51s. 94d. cash and seven days, and 52s. 9d. three months. 
The session closed with seliers quoting 51s. 94d. cash, 
52s. 14d. one month, and 52s. 9d. three months. In the 
afternoon the market was quite idle, and no dealings of 
any kind were recorded. The closing quotations were 
easier at 51s. 9d. cash, 52s. 1d. one month, and 52s. 8d. 
three months sellers. When the market opened to-day 
(Wednesday) Cleveland warrants were quiet, and the 
business consisted of 1000 tons at 51s. 74d. cash. Sellers’ 
prices at the close were easier at 51s. 8d. cash, 52s. one 
month, and 52s. 74d. three months. In the afternoon the 
market was the turn firmer, and a smal] business of 2500 
tons of Cleveland warrants changed hands at 51s. 8d. 
cash and 52s. one month. The session closed with sellers 
quoting 51s. 84d. cash, 52s. 04d. one month, and 52s. 84d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 63s. 6d. ; Calder, Gart- 
sherrie, and Langloan, 64s.; Summerlee, 66s. ; and Colt- 
ness, 85s. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 65s. 6d. ; Shotts (at Leith), 64s.; and Carron 
(at Grangemouth), 66s. 6d. 


Sulphate of Ammonia.—Thesulphate of ammonia market 
is rather quiet, but a good tone still — Thecurrent 

uotation is round 12/. 10s. per ton for prompt delivery, 
Glenee or Leith. Last week the shipments from Leith 
Harbour amounted to 2342 tons. 


Scotch Steel Trade.— Business in the Scotch steel trade 
has improved considerably during the past week or two, 
and makers report that specifications are more plentiful, 
and that rolling-mills are all fully employed. he local 
demand is much better, and buyers in the South are also 
sending in a goodly number of orders. The increased cost 
of production—notably the high price of hematite—has 
forced producers to advance their selling prices for the 
various kinds of steel material. A meeting was held re- 
cently, when it was agreed by the associated makers to 
raise quotations by at least 5s. per ton, making the current 
prices now as follow:—Ship-plates, 6/. 12s. 6d. per ton; 
angles, 6/. 5s. per ton; boiler-plates, 7/. 7s. 6d. per ton ; 
marine boiler-plates, 7/. 12s. 6d. per ton ; tees, 7/. 5s. per 
ton; and channels, 6/. 10s. per ton—all less 5 percent.—Clyde 
delivery or equal. Although these are the minimum 
quotations, it is doubtful if any quantity of material 
could secured at the figures given, little for even 
prompt delivery, and practically none for forward. In 
the latter connection, makers are wanting another 5s. 
per ton to book ahead, and are firm at that. The export 
trade is in a fairly healthy condition, and several good 
lines have lately n fixed up, one lot of 2000 tons— 
plates and angles—has been settled for Australia. Makers 
of light plates and sheets are still busily employed, and no 
falling-off in the demand been reported, satisfactory 
inquiries for fresh lots continuing to arrive with some 
regularity. In structural sections there has been a con- 
siderable increase in the demand, and that too from 
varioussources. A large quantity of this class of material 
is wanted by buyers in China and Japan, and although 
the largest inquiries have perhaps come from that quarter 
this week, our different colonies, notably Canada, are 
also in the market for large supplies. All export prices 
are very firm. 


Scotch Pig-Iron Trade.—A fairly steady business con- 
tinues to be done in the ordinary qualities of Scotch pig 
iron, and makers are all fully employed. But it is in 
hematite that most interest seems to centre at present, 
the price having been advancing steadily for some time. 
ite recently Scotch hematite could be bought at 71s. 
per ton, but practically none can now be secured at 72s. or 
72s. 6d. per ton, as at these figures makers are said not to 
be sellers. So far as can be ascertained at the moment, 
the price for June delivery is about 73s., and for July 
74s. per ton, but in all cases the price is a matter of 





special bargaining. Some consumers have been endea- 
vouring to cover their requirements to the end of the 
year, but producers are rather unwilling to name a price. 


Mulleable-Iron Trade.—The position of things in the 
malleable-iron trade of the West of Scotland must he 
written down as somewhat better this week, although 
there is still t room for improvement. The recent 
condition of the trade has been a miserable kind of 
hand-to-mouth existence, and a are not wanting that 
better times are not far away. Many of the works have 
been able to increase the number of shifts this week, as 
—— are more plentiful. Prices are rather firmer 
than of late. 


Wages in the Iron Trade Advanced.—Mr. John M. 
MacLeod, C.A., Glasgow, has made the following intima- 
tion to Messrs. James C. Bishop and James Gavin, joint 
secretaries of the Scottish Manufactured-Iron Trade (on. 
ciliation and Arbitration :—‘‘In terms of the 
remit I have examined the employers’ books for January 
and February, 1910, and I certify the average realised net 
price at works brought out was 5/. 183. 1.68d. per ton.” 
This means a.1 increase of 24 per cent. in the wages of the 
workmen. 








Pic 1n GerMANY.--The production of pig in Germany 
in February was 1,091,351 tons, as compared with 949,667 
tons in February, 1909. The production for the first two 
months of this year was 2,268,925 tons, as compared with 
1,971,388 tons. ‘The output for February may be classified 
as follows :—Casting pig, 206,199 tons; Bessemer pig, 
39,113 tons; Thomas pig, 697,906 tons; puddling pig, 
54,641 tons ; and spiegel and steel pig, 93,492 tons. 


DoncasTER.—A new undertaking has been formed 
under the title of the Askern Coal and Iron Company, 
Limited, for the further development of the Doncaster 
coalfield. Negotiations between the promoters of the 
new company and certain landowners have been pro- 
ceeding for several months, and all necessary points have 
now been arranged. The new company starts with a 
capital of £400,000, It acquires mineral rights at Askern, 
including the Campsall and Campsmount estates, com- 
prising between 7,000 and 8,000 acres. The exact site of 
the colliery proposed to be developed has not yet been 
settled, but a bore-hole will be commenced in a few days. 


THE INCORPORATED MunIcIPAL ELEcTRICAL ASsocia- 
T1I0ON.—The fifteenth annual Convention of the Incor- 
enews Municipal Electrical Association will be held in 

] w from June 14th to 17th next. The Convention 
opened by the Lord Provost of Glasgow at 10.30 
a.m. on the 14th, and after the ceremony the president, 
Mr. W. W. Lackie, will deliver his address. The read- 
ing and discussion of technical papers will then be taken 
up, while in the afternoon visits will be paid to various 
pe va stations in the city. On the second day a visit 
will be paid to Edinburgh, where the Association will be 
received by the Lord Provost, and will afterwards pro- 
ceed to the consideration of technical papers. A visit 
will be paid to the electricity works in the afternoon. On 
the third day technical papers will be read and visits 
ane to various works, while on the 17th the annual 
pusiness meeting will be held. A special programme for 
lady visitors has been arranged in connection with the 
Convention. 


will 


THE LATE Mr. WILLIAM PELHAM BULLIVANT, J.P.— 
We regret to announce the death of Mr. William Pelham 
Bullivant, a director of the firm of Bullivant and Co., 
Limited, of Mark-lane and Millwall, the well-known 
wire-rope makers and engineers. The deceased gentle- 
man peacefully away at his residence, New Mills 
Court, Stroud, Gloucestershire, on Saturday, the 26th 
ult., at the age of fifty-two. In engineering circles Mr. 
Bullivant was well known. In conjunction with Mr. 
W. T. H. Carrington he was instrumental in applying 
to the San Paulo Railway in Brazil a system of wire-rope 
haulage over five sections of the steepest parts of the line, 
thereby overcoming the main difficulties attached to a 
heavy and increasing traffic. So efficient has this system 
proved that it has added greatly to the economical work- 
ing of the line; indeed, had it not been applied, the 

atest difficulties in working would have been met with. 
Mir. Bullivant was chairman of the Justices of the Peace 
for the Tower Hamlets Division of the County of London, 
and twice unsuccessfully contested Poplar in the Con- 
servative interests. He was also a member of the first 
London County Council. 


Tue Verity-BaRLow Patext Lirt.—Oar readers may 
remember that on page 383 of our eighty-seventh volume 
we described and illustrated the Barlow patent lift, a 
simple and ingenious contrivance for working a cage 
between two floors of a building. We are now i- 
formed by Messrs. Verity, Limited, Hardman-street, 
Deansgate, Manchester, that they have taken over the 
sole manufacture of this lift, which will in future be 
known as the Verity-Barlow patent lift, and we have 
also received from the makers a descriptive pamphlet 
which contains details and prices of the apparatus suit- 
able for a variety of pur In addition, we have 
received an interesting little cardboard model which 
has been made to show in a simple manner the action of 
tke lift. The advantages claimed for she Veet Barlow 
lift are: that the motor runs in one direction only ; there 
can be no overwindiug, and the worst that can happen 
is that the cage will continue to travel up and down in 
case the automatic cut-out should fail; and the motor 
starts at a light load, so that a single-phase alternate- 
current motor may be used. _ It is only a two-floor lift, but 
there is, however, a large field for a lift of this description 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The French Tariff.—The ratification of the new tariff 
by the French Chamber has dealt a heavy blow to 
Sheffield trade, and is the source of keen disappoint- 
ment to Sheffield manufacturers. In spite of the 
strenuous efforts made by the British Chambers of Com- 
merce, the severity of the originally-proposed duties 
has been very little mitigated, and where concessions 
have been made they are of little or no real value. 
The making of high-speed steel is the industry which 
is most affected; in fact, it is hardly too much to say 
that exports to France of these steels will cease. The 
most prominent manufacturers in the city, including the 
present and a past president of the Chamber of Commerce, 
have expressed the utmost concern at the immediate 
effect on the trade of the city. The original duty upon 
all crucible steel of inferior value, to 50 francs per 100 kilo- 
grammes, was 6 francs per 100 kilogrammes, and on steel 
of higher value 15 francs per 100 kilogrammes. This 
latter included high-speed qualities, upon which the new 
duty will be 50 francs per 10) kilogrammes. The increase 
on high-speed twist-drillsis still more serious. An original 
duty of 22 francs per 100 kilogrammes has been multiplied 
15 times. This means prohibition of import of an article 
which France herself does not at present produce. On most 
of the joiners’ and engineers’ too's the duties have been 
doubled or quadrupled, and in some special instances 
increased sevenfold. The 22 francs duty on files has been 
raised to 39 and 40 francs. An instance of practically 
valueless concassions is the 17 per cent. reduction in 
the duty on ordinary steel. Almost all the steel of 


this quality used by France is made there. Anotker is 61 


the ne od the duty ” Reyee ae of high- 
8 steel by the raising of the percen of tungsten 
pp alloys allowed A their Eman» iy The diffi- 
culty caused by the necessity of chemical analysis at the 
ports of entry neutralises any benefit conferred by this 
concession. ‘Che trebling of the duty on electro-plate 
practically kills a large and growing trade between 
Sheffield and the French Metropolis. 


South Yorkshire Coal Trade.—The position in the 
steam-coal market shows very little change. Values are 
on the up-grade, and sellers are firm in their demands. 
There is some reluctance to take on long-date orders at 
collieries, largely due to the situation in South Wales, 
where the occurrence of a strike would result in a big call 
upon companies in this locality. At the same time busi- 
ness is good, and the demand for steam coal of all kinds 
is large. Railway companies are piling up heavy stocks, 
and there is plenty of buying on the part of the trawler 
and steamship companies. Increases have been quoted 
on some big contracts recently entered into. Best South 
Yorkshire hards are selling at pits at 9s. to 93. 6d. per ton; 
best Derbyshire, 8s. 6d. to 9s. per ton ; seconds, 83. 3d. to 
8s. 6d. per ton; and cheap cobbles, 7s. 6d. to7s. 9d. per ton. 
A quantity of gas-fuel and slacks has been sent out. There 
was a pretty active ordering for house-coal cn the eve of 
the holidays, with an increased demand from London. 
Many merchants had to buy at the last moment, havin 
lowered their stocks in expectation of the reduction. Wor' 
recommences this morning at local collieries. As yet there 
is little variation in prices. Best house is quoted at 10s. 
to 10s. Gd. (at pits); seconds, 6s. 3d. to Gs. 9d.; and cheap, 
53. 6d. to 7s. per ton. F 


Iron and Stecl.—With renewed activity in the iron 
market makers generally are able to obtain the increas- 
ingly high prices. There are but few exceptions to an 
all-round firmness. East Coast hematites have advanced 
from 72s. to 73s. net, and West Coast are higher than 
ever, but the local trade in these latter is restricted to a 
few special qualities. Forge iron has been selling better, 
most of the supply being Derbyshire, where quotations 
for both forge and foundry are gradually rising. Lincoln- 
shire prices are firm, but there is still little business 
doing. Iron and steel scrap retains its strong position, 
and for wrought-iron scrap as much as 60s. is at present 
paid, bringing the price much closer than usual to that of 
new material. High quotations are maintained for old rails 
and tyres. Thoinpeevement in bar iron has been further 
manifested, though it is a slow recovery. The heavy 
steel trades are in a much more satisfactory position. 
Most of the big firms have good orders in hand, some of 
them being exceptionally fortunate. The large quantit 
of armament work given out is bound to benefit Sheffield, 
though not so obviously and directly as a similar increase 
in general trade. Apart from the armour-plate orders, 
however, there is other Government work in hand, and 
Mg lighter trades are beginning to feel an improvement. 
. were are better prospectsin the shipbuilding and engineer- 
ing industries, and tools of every kind are being required 
- Increasingly large quantities. The foreign demand for 
igh ~pced steel has assumed very large proportions. 








Ixpian Coat por AusTRALIA.—A first consignment of 
coal for New South Wales railways, ecdevel by the 


Government of New South Wales from Calcutta, has 
arrived, and other shipments are expected shortly. Con- 
signments of culenall coal are also coming to hand in 
some of the other Australian States. Bendigo (Victoria) 


has received, for instance, some supplies of Indian coal. 





AUTOMOBILES.—France is the largest 
| ° exporter of auto- 
mobilen, with the United States second. The shipments 
—_ France in 1908 represented a value of 4,913,800/. ; 

m the United States in 1909, a value of 1,733,4791.; 


from the United Kingdom in 1909, i 

: , a value of 1,522,053/.; | relati 
from Italy in 1908, a value of 1,106,600/.; and from Ger- | to in the Journal, t« 
The United States trade in other parts of the world. 


many in 1908, a value of 606,2002, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIpDLesBrouGcH, Wednesday. 
The Cleveland Iron Trade.—The market was re-opened 
to-day after the holidays, but few traders put in an 
epeepeense, and little business was transacted. Values 
of Cleveland iron were rather easy, but sellers were not 
inclined to press iron on the market, as they have confi- 
dence in the future. No. 3 g.m.b. Cleveland pig was 
51s. 9d. f.o.b., whilst No. 1 was 54s., and No. 4 foundry 
and No. 4 forge each 51s. Producers of . East Coast 
hematite pig took a very firm stand. They would not 
name below 67s. for Nos. 1, 2, and 3, and merchants also 
quoted that figure. It was understood that the latter 
held very little East Coast hematite. Foreign ore was 
very strong. Rubio, of 50 per cent. quality, was 20s. 6d. 
ex-ship Tees for early delivery. Coke was in 
request for local consumption, and average blast-furnace 

qualities ranged from 18s. to 183, 3d. delivered here. 


Manufactured Iron and Steel.—The finished iron and 
steel works have been closed, as usual, for Easter, but 
some steel-producers are so busy that they have cut the 
holidays shorter than usual. There is a rumour current 
that a well-known firm of steel ship-plate producers have 

ad a difference with the Association, and have threatened 
to leave the organisation unless the trouble they complain 
of is rectified. Quotations for finished iron and steel 
are unaltered, common iron bars being 7/.; best bars, 
7l. 7s. 6d. ; best best bars, 7/. 15s.; packing iron or steel, 
5l. 5s.; iron ship-plates, 6/. 5s.; iron ship-angles, 7/. ; 
steel bars, 6/. 5s.; steel ship-plates, 6/. 103. ; steel ship- 
angles, 5. 17s. 6d. ; steel strip, 6/. 7s. 6d.; steel hoops, 
. 10s. ; steel joists, 6/, 2s. Gd. ; cast-iron railway chairs, 
32. 10s. ; light iron rails, 6/. 7s. 6d.; heavy steel rails, 
5l. 7s. 6d. ; steel railway sleepers, 6/. 10s. ; and iron or 
steel galvanised corrugated sheets, 24 gauze, in bundles, 
12/. ; sheets less 4 per cent. f.o.b., railway material net 
- at works, and all other descriptions less 24 per cent. 

iscount. 


Tron- Workers’ Wagcs Reduced.—The accountants to the 
Board of Arbitration for the Manufactured Iron and 
Steel Trade of the North of England have just certified 
the average net selling price of iron rails, plates, bars, 
and angles for the two months ending February 28 last 
at 61. 7s. 4.13d. per ton, as compared with. 6l. 8s. 0.04d. 
per ton for the previous two months, and in accordance 
with sliding-scale arrangements there is a reduction of 
3d. per ton in puddling wages, and 24 per cent. on all 
other forge and mill wages, to take effect from March 28. 





THE LATE Proressor H. BAvERMAN.—Professor Bauer- 
man, who died on December 5 last, has left 500/. to the 
Memorial Fund of the Iron and Steel Institute. The 
residue of his property, about 14,000/., he has left, sub- 
ject to a life interest, to be applied by trustees to the 
encouragement of the study of mineralogic science at the 
Royal School of Mines, and to the forming of grants for 
enabling students ony out special investigations, or 
to travel for continuing their cuales. 





MonicipaL BrickMAkiInG.—The municipal authorities 
of Budapest, in consequence of the difficulty experienced 
in getting, from the local brickmakers’ combination, the 
quantity of bricks necessary for their great housing 
scheme, have decided to put down a large brickmaking 

lant, aud thereby supply their own wants in this respect. 

he building operations commenced in this city last 
autumn, by the State as well as by the municipality, 
will this year be carried on with increased vigour. 





THR JAPANESE Navy.—The proposed ordinary naval 
expenditure of Japan for 1910 is placed at 4,055,180/., 
showing an increase of 381,570/. upon the expenditure 
for 1909. An ce ee | expenditure for 1910 of 
3,857,225/., is proposed ; is shows an increase of 
37,426/. on the amount for 1909. The aggregate naval 
expenditure of Ja for 1910 will accordingly be 
7,912,405/., or 418,9951. more than in 1909. An outlay of 
57,8391. is proposed for a naval yard at Chinkaiwan. The 
new construction expenditure for 1910 is to be 1,111,7162. 





THe TimBers OF Fintanp.—The thirty-seventh annual 
special edition of the Timber Tradcs’ Journal and Saw- 
Mill Advertiser, which has just been issued, is a very 
interesting one, containing, as it does, particulars of the 
timber trade of Finland, and an account of that (to 
most Englishmen) little-known land. Although the 
whole of Scandinavia is known as a region of forests, 
it is from Finland that by far the test variety 
of timber comes. The area of Finland, including the 
lakes, is 373,600 square kilometres, and it has a population 
of 3,000,000, Oni 15 per cent. of the inhabitants live in 
towns, of which there are only forty in the country, the 
number of villages being about 10,000. The inhabitants 
are nearly all Finns and Swedes, only about one-fifth of 
one per cent. being Russians. The wealth of the forest 
lands isenormous. Not more than 8} per cent. of the area 
of the country is agricultural and meadow land, the re- 
mainder being wholly lake and forest. The total area of 
the Government forests is some 13,429,968 acres or 37 per 
cent. of the total forest land, and the annual output of 
logs in the last five years has been 86,000,000. The Scotch 
fir is by far the most extensively diffused tree, and the 
most productive. In 1906, the value of the sawn timber 
exported was 5,750,000/. In addition to the timber in- 
dustry of-the country, many other matters of interest 
to the natural wealth of this wild land are referred 
ther with statistics of the timber 
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NOTES FROM THE SOUTH.WEST. 


Cardiff.—The steam-coal trade has been affected by the 
Easter holidays and labour difficulties. The labour 
trouble was very threatening until Saturday night, when 
terms, which, it is hoped, will secure five years’ peace for 
the South Welsh coal trade, were offered by the collier 

owners. The best large steam coal has made 16s. od. 
to 17s. per ton, while secondary qualities have ranged 
between 15s. 6d. and 16s. 9d. per ton, The best ordinary 
smalls have been quoted at 8s. 9d. to 9s, 3d. per ton, cargo 
smalls making 7s. 9d. to 8s. Yd. per ton. The best ordi- 
nary household coal has been quoted at 15s. 6d. to 16s. 6d. 
per ton; No. 3 Rhondda large has made 17s. 6d. to 18s. ; 
and smalls, 10s, 6d. to 11s. per ton. No. 2 Rhondda large 
has brought 13s. 6d. to 13s. 9d., smalls making 7s. 6d. to 
7s. 9d. per ton. Foundry coke has realised 19s. to 20s., 


good | and furnace ditto 17s. to 17s. 6d. per ton. As 


iron ore, Rubio has made 19s, 9d. to 20s. per ton, upon 
a basis of 50 per cent. of iron, and including 
freight, insurance, &c., to Cardiff or Newport. 
Swansea.—At a meeting of the Swansca Harbour 
Executive on Thursday arrangements were made with 
the Welsh Fuel Company, Limited, of which Mr. Birkin- 
shaw is chairman, for a site at the north side of the 
King’s Dock for fuel works, capable of turning out 600 
tons per ny > _ The committee decided to advertise for a 
rh 


new swing bridge to connect the area for future dock ex- 
tension with the dock itself. The cost will be from 60000. 
to 80007. 


The Swansea Valley.—The tin-plate trade has continued 
active, and Monday only was recogni as a holiday. 
The output of steel bars has been well maintained, and 
collieries have been ery working full time, there 
being no stoppage on Good Friday. 


Llanelly.—At a meeting of the Llanelly Harbour Trust, 
on Monday, a letter wasread from Mr. Behenna, who was 
recently appointed a member of the trust, apologising for 
his absence, and stating that he had secured 10,000 tons of 
traffic for the North Dock. He also hoped to secure 
further French business shortly, but this would be dc- 
pendent upon the deepening of the channel, and the con- 
tinuance of facilities for the despatch of boats. The 
superintendent reported that during the last five months 
the imports had increased by 12,000 totis, and the exports 
by 21,000 tons. During March the imports had decreased 
while the exports were about the same. The increase in 
the imports was due to the enlargement of the works of 
the district. 


Dowlais.—The Goat Mill was well employed until the 
holidays, and had-a good-output of steel rails, sleepers, 
tin-bars. &c. The Big Mill has not been fully employed; 
the work turned out of late has comprised colliery rails 
weighing 12 1b. per yard. The blast-furnaces have had 
about an ordinary output. The collieries have been fully 
employed. 








Caretown Warer-Supp_y.—The revenue of the Cape- 
town waterworks last year was 56,779/., as compared with 
57,8807. in 1908. In consequence of the decline in the 
revenue, the profit realised in 1909 was 6367/., as com- 
pared with 8920/. It appears that consumers who took 
considerable quantities of water through the dribble 
system have now installed meters in many cases, and this 
has affected the revenue. 


Tue Pustic Scuoots’ Yrar-Boox, 1910.—This year- 
book is published at 33. 6d. net by the Year-Book Press, 
c/o Messrs. Swan, Sonnenschein, and Co., Limited, 
and is edited by Mr. H. F. W. Deane, M.A., F.S.A., 
and Mr. W. A. Evans, M.A. It gives detailed informa- 
tion on the public schools throughout the country. It 
also contains particulars in rd to examinations for 
entering the Navy, Army, Civil Service, &c., and thus 
constitutes, in a degree, a solution of the problem which 
es enunciated by the query ‘“‘ What shall we do with our 

ys?” 


RADIOTELEGRAPHY BETWEEN GERMANY AND CAMEROON. 
—Experiments were carried out in the last months of 
the past year by the Telefunken-Gesellschaft, with the 
object of ascertaining whether a reliable service could be 
maintained betweeu Germany and a country at great dis- 
tance, like Cameroon, 5500 kilometres (3100 miles) as the 
crow flies, which is subject to very severe atmospheric 
ae The station at a my Berlin, Nn 3 
we descri two years ago, was for this purpose en. ° 
so that the paree could be supplied with 30 kilowatts 
instead of 15 kilowatts. Two steamers of the Woermann 
Line were fitted with aerials suspended between two 
masts of 35 metres ~~ capable of transmitting 4 kilo- 
watts. At Duala, in Cameroon, the aevial of 500 metres 
length was suspended between masts of 24 metres in 
height. When the ships sailed for West Africa, mutual 
communication was maintained with Nauen up to a 
distance of about 2000 kilometres (1300 miles) measured 
across the Continent of Europe. auen was still under- 
stood as far as Cape Blanco, 4600 kilometres (2900 miles). 
The steamers then came within the reach of the Duala 
station. In spite of the severe atmospheric discharges, 
which were sometimes dangerous to the operator, the 
new whistling signals remained audible, and the two 
steamers communicated with one another right across the 

lateau of Western Africa—from the Canary Islands to 

ape Palmas, a distance of 2000 miles. The experiments 
seem to prove that if a station were erected in Cameroon 
as powerful as the Nauen station, a radiotelegraphic 
service as fast'as the cable service could be maintained, 
though it might have to be restricted to certain hours of 
the = The Duala station is not in a suitable position, 
forests being too near. 
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MOTOR LIFEBOATS. 


(For Description, see Page 411.) 
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THE “ BritisH JouRNAL OF PHoroerapnuy.”—A special 
number of the British Journal of Photography has just 
been issued for the benefit of colonial photographers, 
articles of interest to those abroad being included and 
recent novelties described, whilst the advertisement 
pages show endless requisites for professional and 
amateur use. 


Kuyt Prer.—The scheme for extending Rhyl Pier to 
deep water, to enable steamers to call at all tides, is a 
large one, involving a capital expenditure of some 65,0007., | 
and includes encasing the present iron pier in ferro- | 
concrete, widening the same and extending it seawards | 
by means of a ferro-concrete jetty some 600 yards. The 
landing place at the head of the jetty will be constructed | 
in Tasmanian blue gum, and will have a depth of water 
at low spring tides of not less than 12 ft. It is intended | 
to enlarge the present pier-head very considerably, and a | 
sheltered open-air enclosure will erected thereon, 
which will be capable of seating 1000 people. Messrs. | 
Maxwell and Tuke, 25, Brazennose-street, Manchester, | 
architects and engineers, have been instructed by the pro- | 
moters to obtain estimates for the whole of the work ; 
they intend to let it out on contracts immediately upon 
receipt of the Provisional Order, 





Fig. 14.. Srern or Boat, SHowrne Tunnegt. 








INCANDESCENT LAMPS WITH DRAWN TUNGSTEN FILA- 
MENTS.-- The British Thomson - Houston Company, 
Limited, of Rugby, will shortly place on the market a 
form of incandescent. lamp with a drawn tungsten fila- 
ment. Up to the present such filaments have been made 
by mixing the tungsten with a carbonaceous binder, 
which is eliminated from the filament after it has been 
formed, or by using a ductile alloy, which holds the 
tungsten together while it is drawn or pressed to the > 
mentary form, the ductile alloy being removed by — 
sequent treatment. There is a third process, in which 
the plastic colloid of tungsten is used as a basis for form- 
ing filaments. These processes have had much success, 
but it has long been realised that a process which would 
allow of the drawing of the tungsten into wire would 
result in filaments hicks much ater mechanical 
strength than is obtained by a methods. Phe 
General Electric Company of America have been exper!- 
menting for several years with a view tothe Govelopmens 
of such a process, and have now developed a meth 
which will so condition tungsten as to allow of its being 
drawn into wire. It is stated that filaments which are 
as strong as steel wire of the same section may be pro- 
duced. Details of the process of manufacture are not at 
present available, 
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NOTICES OF MEETINGS. 


Tue GroLoeists’ Association. — Friday, April 1, at University 
College, Gower-street, W.C., at 8 p.m. following lecture 
will be delivered :—‘‘ An Account of the District to be Visited at 
Whitsuntide (the Isle of Purbeck and Bournemouth), by Mr. H. 
W. Monckton, F.L.S., F.G.8., and Mr. F. Hovenden, F.L.S., 
F.G.8. (The lecture will be illustrated with lantern views.) 

Tue Society or CHEMICAL INDUSTRY : LonpoN Section.—Monday, 
April 4, at the Chemical Society’s Rooms, Burlington House, 

ecadilly, at 8 p.m. The following will be read and dis- 
cussed :—*‘ The India-Rubber Industry,” by Dr. P. Schidrowitz. 

Tue Instirvure or MARINE ENGIngERS.—Monday, April 4, at 
8p.m. Lecture by Mr. E. Tate on “‘ The Stability of Ships.” 


Society or ENGINEERS (INCORPORATED).—Mo , April 4, in 
Room 18, Caxton Hall, Westminster, at 7.30 p.m. e r to 
be read is entitled ‘‘Moulmein Water Works,” by Mr. Percy G. 
Scott, A.M. Inst. O.E. 

Tue InstrreTion oF Crvi. ENGINEERS. — , April 5, at 
8 p.m. Papers to be read :—‘‘ The New Clyde Bridge of the Cale- 
donian Railway at Glasgow,” by Mr. Donald Alexander Matheson, 
M. Inst. C.E. ‘* The Queen Alexandra Bridge over the River Wear, 
Sunderland,” by Mr. Francis Charles Buscarlet, Assoc. M. Inst. 
C.E. and Mr. Adam Hunter, M. Inst. C.E. Students’ meeting, 


Friday, April 8, at 8p.m. Paper to be read :—‘‘ The Reconstruc- 
tion and Extension of pees Ferry Pier,” by Mr. G. H. 
Hodgson and Mr. H. M. Gell, Studs. Inst. C.E. 

Tue RoyaL Society or Arts.—Wednesday, April 6, at 8 p.m. 
“‘ Miniatures,” by Mr. Cyril Davenport, F.S.A. 

Tue Roya Sanrrary Instrrurs.— Wednesday, April 6, at 5 p.m., 
at 90, Buckingham Palace-road, when a paper will be read on 
“Sanitary Aspects of Floods, and Measures to be Taken to Pre- 
vent Epidemics arising therefrom.” To be opened by Dr. A. J. 
Martin, Inspecteur Général des Services d’Hygiéne de la Ville de 
Paris. The chair will be taken at 5 p.m. by Mr. A. Wynter 
Blyth, Barrister-at-Law, M.R.C.8., F.LC., F.C.8., Vice-President. 
On Friday, April 8, a Provincial Sessional Meeting will be held in 
the Western Law Courts, Guildhail, Plymouth, at 7.30 p.m., when 
a discussion willtake place on ‘‘ The Removal of Town Filth ” to 
be opened by Mr. J. Paton, Borough Engineer and Surveyor, Ply- 
mouth, and “ The Relative Value of Disinfectants in the Control 
of Di .” to be opened by Mr. O. Hall, D.P.H., M.O.H., 
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Devonport. The chair will be taken at 7.30 p.m. by Colonel 
J. Lane Notter, R.A.M.C., M.A., M.D., Deputy-Chairman of the 
Council of the Institute. 

Tue InstrruTion OF ELECTRICAL ENGINEERS.—Thursday, April 7, 
at the Institution of Civil Engineers, at 8 p.m. ‘‘ The 
of Electric Braking on the Glasgow Corporation Tramways,” by 
Mr. A. Gerrard, Associate Member. 

Tue Roya InstrrvTion or Great Brirais.—Friday, April 8, at 
9 o'clock. Professor Percival Lowell, A.B., LL.D., on ‘‘ The Lowell 
Observatory: Photographs of the Planets.” Afternoon lectures 
next week at 3 o'clock. Tuesday, April 5, Mr. Arthur Harden, 
D.8e., Ph.D., F.R.S., on “‘ The Modern Development of the Pro- 
blem of Alcoholic Fer tation” (Lecture I.). Thursday, April 7, 
Mr. Tom G. Longstaff, M.A., M.D., F.R.G.S., M.R.1, on “‘ The 
Himalayan Region” (Lecture I.). Saturday, April 9, Mr. W. W. 
Starmer, F.R.A.M., on “Bells, Carillons, and Chimes” (with 
Musical Illustrations) (Lecture I.). 

Tue Prysicat Society or Lonpon.—Friday, April 8, at 8 p.m., 
at the Imperial College of Science, Imperial Institute » 
South Kensington. ‘An Experimental Demonstration of the 
Loading of Artificial Telephone Cables,” wy Mr. B. 8. Cohen. 
“Further Tests of Brittle Materials,” by Mr. W. A. Scoble. B.Sc. 


Reapine - Casrs.—Reading-cases which will hold twenty-six 
numbers of ‘‘ ENGINEERING” may be had of the Publisher or of any 
newsagent. Price 6s. each. 
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THE INSTITUTION OF CIVIL 
ENGINEERS. 


Any recrudescence of what is known in some 
quarters as the “‘reform agitation” at the annual 
meeting of the Institution of Civil Engineers, to be 
held on the 26th inst., would be a subject of regret 
from every point of view. The Institution holds a 
unique position amongst the world’s engineering 
societies, not only because of its age, but miore 
because of the influence which it has so long exerted 
for the advancement of the profession which it repre- 
sents. Moreover, amongst its illustrious members, 
past and present, are included the great majority 
of the men who have made engineering history— 
men by whom great works have been carried out— 
not alone in this country or the Colonies, but in 
foreign lands—with results which have benefited 
all civilised nations. If, therefore, we desire to 
secure sympathetic official consideration for the con- 
tentions of those who may be in some degree dis- 
contented with the present organisation, it will be 
understood that our predominant reason is to have 
a termination put at once to any tendency within 
the Institution to that difference of opinion which 
is ever a source of weakness. Such plea may be put 
forward, too, without necessarily agreeing with all, 


25 | or, indeed, any, of the points of contention. We do 


not propose to enter here into an examination of 
the details. It would be easy to dismiss many of 
the complaints as baseless, and it is possible that 
an important number of them are founded on mis- 
understanding ; but ‘‘ youth will be served,” and 
to counsel some 


such modification of the organisation as will broaden 
the basis of the Institution, and remove any pos- 
sibility of such misunderstanding as may underlie 








the apparent discontent which exists amongst an 
oe proportion of its corporate members. 

t is, of course, eminently desirable that such 
modification should be inaugurated by the Council, 
and that it should be of a conservative nature. 
The Institution is as firmly rooted almost as the 
constituent elements of the British Constitution, 
and any radical remedy might be more serious 
than the evil. There are, however, one or two 
directions in which a change would be most accept- 
able. These are concerned chiefly with the modern 
demand for broader basis of electoral franchise. The 
engineer himself can find many parallels for increas- 
ing stability by widening foundations,and in Nature 
we have the analogy of the strength of the oak de- 
pending upon the extent of subsoil from which 
nourishment is derived by the roots. We feel sure 
that the Institution would profit immediately and 
directly were it possible to intensify the somewhat 
— interest of the groups of engineers distri- 

uted in provincial centres, in the Colonies, and in 
foreign capitals, There is no doubt that the associa- 
tions of students in provincial cities have proved a 
distinct success, but we are not of those who con- 
sider that similar associations of members should 
be formed for the discussion of papers. This might 
tend to dissipate energy, rl would necessarily 
lessen the value of discussions upon papers read at 
the London meetings, and of contributions sent by 
members unable to be present. : 

There are, however, other methods whereby 
interest may be quickened. Many members hold 
that there is no longer any reason why it should 
still be the practice of the Institution to confine 
the presidency to Metropolitan engineers. Tlere 
is no rule to this effect, but it is nevertheless the 
practice. In the whole list of past - presidents 
there does not appear the name of an engineer 
who is not a Metropolitan, if we except the late 
Lord Armstrong, and even he was identified with 
a London as well as a north-country address. 
It is no disparagement to the distinguished men 
who have passed the President’s chair to say 
that in the provinces there are engineers equally 
worthy of this cherished honour ; and we feel sure 
that the members in the provinces would feel a 
keener interest in the Institution if occasionally the 
president were chosen from among their number. 

The argument adduced against the choice of a 
president residing elsewhere than in London is that 
the duties are so onerous that only a resident in town 
could overtake them. But this is not found to 
apply in the case of the Institution of Mechanical 

ngineers, where we find that in the list of past- 
presidents thirteen belonged to the Metropolis and 
sixteen to the provinces. Nor have we heard that 
any inconvenience, either to the president or to the 
Institution, resulted from this widened area of 
selection. It has, of course, to be borne in mind 
that during the first thirty years of its existence 
the Institution of Mechanical Engineers had its 
headquarters at Birmingham, but of the eighteen 
presidents who have held office since the removal of 
the Institution to London in 1877, only eight have 
been residents in the Metropolis, so that the change 
has not influenced the policy of the Institution. 

It is provided in the he evo of the Institution of 
Civil Engineers that ‘‘the President shall take the 
chair at all meetings of the Institution, the Council, 
and the Committees at which he is present, and shall 
regulate and keep order in the proceedings.” In 
the Institution of Sechaniast Engineers, on the other 
hand, the president, if present, occupies the chair at 
all meetings of the Institution and of the Council, 
but he is not chairman of all committees unless speci- 
fically elected, and the same arrangement exists in 
some other important societies. e can under- 
stand that under existing arrangements the Presi- 
dent of the Institution of Civil Engineers has very 
arduous duties. During the session, 1908-9 there 
were 133 meetings of the Council and various com- 
mittees dealing with the details of the Institution 
work. To preside at all these meetings, and—what 
is of still more importance—to have studied the 
details and the significance of the business hefore 
each meeting in order to guide the committee and 
regulate the business as it is so eminently desirable 
that a chairman should, involved a task which, 
because of its greatness, ought not to be imposed 
on any business man holding an honorary post. 
Indeed, we question if any engineer, occupying 
an important position professionally, can afford the 
time to master all of the multifarious details of the 
Institution work. 

The success of the Institution and the develop- 
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ment of a spirit of contentment amongst the mem- 
bers Padiets very largely upon the detail work which 
from time to time comes before committees. The 
efficiency of their proceedings is therefore vital to 
the prosperity of the Institution. In the Institution 
of Mechanical Engineers different members of the 
Council are elected chairmen of the various research 
and other committees, and it need scarcely be said 
that the aptitude of each for the special work to be 
dealt with is an element in the selection. Thus the 
responsibility is distributed, and that of the per- 
manent officials considerably lightened. We need 
scarcely enter upon the relative efticiency of the 
two systems. It is equally obvious that the division 
of honours quickens interest in the administrative 
work of the Institution, while the educational 
value to those selected as chairmen of committees 
is appreciable, especially in the case of those who 
ultimately become president. 

The composition of the Council also affords a 
means of broadening the basis of the organisation 
of the Institution. It is true that in recent years 
a very considerable improvement has been effected 
in connection with the election of the Council 
of the Institution of Civil Engineers. There 
is first the fact that each list includes the names 
of not less than seven corporate members who 
have not served on the Council during the cur-. 
rent or the preceding year, and that the number 
of names on the list of candidates shall be at least 
two in excess of the number of the Council to be 
elected ; while equally commendable is the provi- 
sion that four past-presidents shall be added by the 
choice of the Council. The fact that the Council, 
in making their selection, have chosen members 
who represent such provincial centres as Glasgow, 
Edinburgh, Newcastle, Liverpool, Birmingham, 
Sheffield, South Wales, Ircland, the Colonies, and 
the Dependency of India, is also worthy of com- 
mendation. We have thus on the Council—counting 
the President and Vice-Presidents as well as the 
ordinary Members of Council—twenty-one resident 
in London or its immediate neighbourhood, and 
fourteen non-resident, which is a fair proportion ; 
but in the case of the Institution of Mechanical 
Engineers the figures for the co-temporaneous 

eriod are even more favourable to country mem- 

ers, there being twenty-four non-residents to 
twelve residents in London or its immediate 
neighbourhood. 

But it is contended that, although the amended 
by-law provides for an adequate leavening each 
year of new members of Council, there is lacking 
complete freedom of selection by the members of 
the Institution. The list of candidates is prepared 
by the Council, and the only method of obtainin 
the election of anyone not nominated by the Counell 
is for corporate members to ‘‘erase any name or 
names from the ballot-list,” and to ‘‘ substitute the 
name or names of any persons eligible for each 
respective office.” Unless, however, there is a 
widespread combined effort to elect a nominee not 
included in the Council list, by a great number 
deleting an identical name and inserting also an 
identical name, the right of freedom of election 
conceded to the members can never be successfully 
utilised. It would therefore be preferable if 
members had the privilege of nominating candi- 
dates for election to the Council, such nominees 
to be included in the ballot-sheet with the nomina- 
tions of the Council. This system works admirably 
in other institutions. It is suggested that such 
nominations from without the Council should have 
a proposer, a seconder, and several assenters, and 
that thus attested, the nominee should be placed 
on the list without his consent being required. This 
suggestion is made because there are some most 
eligible men who might not care to agree to nomina- 
tion from without the Council. Were independent 
nominations accepted, it would be possible for the 
representatives of provincial centres to put forward 
in this way their representatives on the Council, and 
thus fuller interest would pe taken in the elec- 
tion. This of itself would be a benefit to the 
Institution, and would result in a widening in- 
fluence. The choice would be more directly vested 
in the members, while at the same time there would 
be no possibility of any one district monopolising 
influence. The same principle should apply to the 
selection of vice-presidents, but preferably with the 
restriction that no member should be eligible for 
nomination as vice-president unless he had already 
served on the Council. Another commendable pro- 
posal is that instead of the whole Council retiring 
annually, a third of the members should retire in 





rotation each successive year, and that a propor- | 


tion of such. third should not be eligible for re- 
election owing to length of service. Such a rule 
obtains in some institutions, and ensures continuity 
of experience, with a free circulation of new 
members. 

One more point bearing on the selection of 
Council, which has engaged attention, is the ques- 
tion of the representation of associate members, 
associates, and students. At the present time all 
the members of Council are full members, and it is 
urged that good might accrue if the other sections 
in the Society were directly represented on the 
Council. The question is arguable as regards the 
inclusion of representatives of the associate mem- 
bers, but associates and students are not corporate 
members of the Institution, and are, therefore, not 
eligible for a position on the Council. In the case 
of the Institution of Naval Architects, associates, 
however, prove valuable members of Counci’. 

The modifications we have enumerated do not 
immediately compass the so-called reform move- 
ment, but a first effect of the proposals suggested 
would be to gradually increase the number of mem- 
bers participating in the election of the Council. 
At the present time not more than 15 per cent. to 
18 per cent. return ballot-papers. his number 
ought to be very considerably increased. The 
wider basis of responsibility for committee work 
would add to its interest, and, perhaps, increase its 
efficiency, and might also indirectly bring about 
such changes in small details as would satisfy many 
of those who consider that improvements can be 
effected. Those responsible for the present ad- 
ministration of the Institution have maintained the 
high traditions of the past, and we are satisfied 
that if they turn their attention to the important 
questions affecting the organisation of their body, 
regarding which there is at present a somewhat 
widespread dissatisfaction, there would be an end 
to complaints, which, whether justifiable or other- 
wise, are not conducive to the maintenance of that 
high and influential status which has belonged to 
the Institution for the past ninety years. 





A BLOT ON THE WORKMEN’S 
COMPENSATION ACT. . 

Ir was a witty statesman, we believe, who once 
remarked that ‘‘Our judges are a subtle race of 
men.” It will be admitted that very often, when 
they apply their analytic minds to the problem of 
interpreting the meaning of Acts of Parliament, 
loosely considered and as loosely worded by the 
plain men of the House of Commons, the public 
are startled at the unforeseen consequences of legis- 
lation which is meant for the applause of the gallery, 
but which, when tested by the solvent of critical 
analysis by great legal minds, is found to have an 
effect very different from that which the enthusiastic 
politicians intended. 

It goes without saying that the Workmen’s Com- 
= Act appeared to be a conspicuously 
humane and beneficent piece of legislation. The 

ood it meant to do, and, indeed, the good it has 

one in the past three years, taken on the whole, 
is enormous. At the end of the first three years, 
however, some of the far-reaching consequences of 
the Act of 1906, which lawyers apprehended, have 
now become alarmingly obvious. For this revela- 
tion of unforeseen consequences the nation has to 
thank ‘‘the subtle race of men” who preside in 
the highest legal tribunals, and demonstrate, by their 
pitiless logic, that when the Legislature made every 
employer of labour practically an insurer of the 
worker against accident, the effect in many cases, 
though meant to be permanently good, is pointing to 
a permanent hardship to the great bulk of workers. 
The effect aimed at, though humane and generous, 
was not always just. It was unjust to employers, 
and, as human nature calls on legislation to be just 
before it is generous, the insurance companies who 
effected the insurance policies have long since 
begun to protect themselves, for accident insurance 
is, of course, a business proposition. The tactics 
of the insurance companies have frequently been 
referred to by medical and legal writers in 
ENGINEERING, and it has been clearly pointed out 
that the operation of the Workmen’s Compensa- 
tion Act is rapidly making for a scheme of national 
insurance. 

The House of Lords, on March 13, in a Work- 
men’s Compensation appeal case, came to a momen- 
tous decision which, we venture to think, must 
have the effect of warning the Legislature that an 





amendment of the Act of 1906 is imperatively and 
urgently necessary. The case we refer to is Clover, 
Clayton, and Co. v. Hughes—an appeal of a 
firm of employers against an award of the County 
Court Judge of Liverpool and confirmed by the 
Court of Appeal. The facts of the case, which 
have already been stated in ENGINEERING, are 
brief and simple. A workman, to whose widow 
the award was made, was employed as a riveter, 
and in the course of his work was tightening a 
nut with a spanner. The strain of this ordinary 
operation threatened no ‘‘ accident” to an ordinary 
man, but was fatal to this poor fellow, who in- 
stantly fell down and died.. Here, undoubtedly, 
seemed a case of death in the course of the 
man’s employment, and, as in all the preceding 
cases of a kindred nature, the employers were held 
liable. 

In the Court of Appeal the doctrine has been 
laid down that it was ‘* proper to consider whether 
the accident had not accelerated a disease already 
existing in the man’s body, or, to use a phrase 
employed in one of these cases, whether the acci- 
dent had not given life to a disease existing in the 
man’s body. The test was not whether the man’s 
condition was a natural result of the accident, 
but whether it was the result of the accident in the 
sense that it was occasioned by the debilitated con- 
dition of the man immediately after the accident.” 
This was the subtle reasoning of the Master of the 
Rolls in Ystradowen Colliery Company v. Griffiths, 
1909 (2 K.B. 533), which was duly reported in 
ENGINFERING.* 

This doctrine is reconciled by subtle logic, with 
the more distinct definition of ‘‘ accident, ” in the 
words of Lord Macnaghten in Fenton v. Thorley 
and Co., Limited, 1903 (A.C. 443). Lord Mac- 
naghten said: ‘‘ Accident is used in the ordinary 
and popular sense of the word as denoting an un- 
looked for mishap or an untoward event which is 
not expected or designed.” 

The debilitated condition of the workman, which 
was the immediate cause of his death, was obviously 
created in this case by the strain of using the 
spanner at his work; although it did not create 
his diseased condition, it did cause the debilitated 
condition which followed the exertion, and there- 
fore the immediate cause of death was an accident. 
The employers’ case was that the deceased work- 
man had suffered from a very large aneurism of 
the aorta, which was so advanced that it might have 
burst when the man was asleep, and that the severe 
strain of tightening the nut, which was a usual and 
normal action, was not an accident as contemplated 
by the Act. On the other hand, the House of 
Lords, by a majority of three to two, have now 
upheld the Court of Appeal, and dismissed the 
appeal of the employers. The Lord Chancellor 
and Lords Macnaghten and Collins decided that 
the employers were liable, and Lords Atkinson and 
Shaw held the contrary opinion. 

We venture to think the opinion of the minority 
in the House of Lords is in agreement with the 
intention of the plain men using the word “acci- 
dent ” in the every-day meaning of the word when 
they passed the Workmen’s Compensation Act, and 
we believe, too, it agrees with the prevailing 
opinion of medical men, who find it hard to see an 
‘‘accident” in the natural and inevitable course of 
a disease. Where a diseased condition is the 
primary cause of a workman’s death, medical men 
consider the case from the scientific point of view, 
and to them nothing produced primarily by internal 
disease has any connection with the common-sense 
understanding of an external cause accidentally 
arising out of and in the course of a man’s em- 

loyment. If this case of Workmen’s Compensation 
iad come before a jury of workmen, with evidence 
showing that the deceased workman’s condition 
before he began his day’s work was such that he 
might have died suddenly without undergoing apy 
exertion, and that, as was admitted by the doctors, 
he might have died in his sleep, it may safely be 
assumed that the decision would have been that the 
man’s death was not due to an accident. The 
series of similar cases in the Courts have, with few 
exceptions, shown, as Lord Dunedin remarked in 
the Court of Session in the course of his judgment 
in Coe v. Fife Coal Company, that the Judges appear 
to be driven by the course of decisions, each one of 
which gradually goes a little further than the one 
that preceded it, until at last they reach a point 
which was probably not contemplated when the 


* See vol. lxxxvii., page 816. 
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first decision was arrived at. However that may 
be, the medical point of view differs from the 
judicial. 

’ In the course of a long judgment the Lord 
Chancellor, in this latest case before the House of 
Lords, seemed to make it clear that the medical 
view of the cause of death cannot ibly be 
reconciled with the . interpretation of the 
meaning of accident. The Lord Chancellor said : 
“The Judge was entitled to regard the rupture as 
an accident. Certainly it was an ‘ untoward event.’ 
It was not designed. It was unexpected in what 
seems to me the relevant sense—namely, that a 
sensible man who knew the nature of the work 
would not have expected it. I cannot agree that 
you are to ask whether a doctor acquainted with 
the man’s condition would have expected it.” 

Now this reference to the doctor’s understanding 
of the cause of death points to the necessity of a 
medical examination of workmen before entering 
employment that might involve, for each of them, a 
fatal strain. ‘‘ No doubt,” as the Lord Chancellor 
said, ‘‘an ordinary accident is associated with some- 
thing external—the bursting of a boiler or the explo- 
sionofamine. But it may merely be from the man’s 
own miscalculation, such as tripping or falling. .. . 
I think it may also be something going wrong 
with the human frame itself, such as the straining 
of a muscle or the breaking of a blood vessel. If 
that occurred when the man was lifting a weight, 
it would be properly described as an accident... . 
If the degree of exertion beyond what is usual 
had to be considered, there must be some standard 
of exertion varying in every trade. .... If the 
state of the man’s health had to be considered, 
there must be some standard of health varying 
with different ages. An accident arises out of the 
employment when the required exertion producing 
the accident is too great for the man undertaking 
the work, whatever the degree of exertion or the 
condition of health.” 

Now it will be understood that when the County 
Court Judge as arbitrator found that the strain 
caused the rupture, and that but for it the man 
would not have died when he did, the Act of 1906 
confers a legal right to come to such conclusion 
on the evidence. The House of Lords is bound 
by the finding as to the facts, and the legal 
problem for the High Courts, and now finally 
decided by the House of Lords, was, What is an 
accident involving the employer in liability for 
compensation? ‘he subtle arguments and the 
decisions of the minority of the great judges in 
the House of Lords count for nothing, since the 
decision of the majority is now the law that will 
rule future cases. This being so, it may fairly be 
urged that this judgment, which is built upon a 
basis of logic and reason, is in effect a challenge and 
a warning to employers and insurance companies 
to take care that a medical examination must be 
a sine qua non of an apparently able-bodied work- 
man being admitted to any employment. The 
Members of Parliament, and the public we dare- 
say, while approving of the general purpose of the 
Workmen’s Compensation Act, 1906, supposed 
that it meant to compensate workmen or their 
dependants in cases of accidents, such as at common 
law and under the Employers’ Liability Act in- 
volved employers in damages. The Act of 1906 was 
calculated to do away with painful legal disputes 
between master and servant and the disagreeable 
charges of negligence. Under this beneficent Act 
the accident and the contract of service were all 
that had to be proved, and it is safe to say that, in 
setting up arbitration to settle compensation for 
the injury arising out of accident in the course of 
the employment, it was intended that the Act 
should cover such accidents as those which had, 
prior to 1906, been the subject of legal actions, 
with the addition of the element of pure accident, 
The subtle judges have now proved that the blot 
on the Act is that it means so much more than the 
workman, before its passing, would have claimed 
or expected. This new interpretation, tested by 
the highest legal tribunal, as Lord Shaw so well 
= in his judgment, ‘‘ introduces a new peril into 
++ Rta of many workers, who, notwithstandin 

ebility and chronic disease, are most anxious an 

willing to devote their remaining powers to earn- 
ing an independent livelihood.” . . . ** Employ- 
ment, said Lord Shaw, “‘ may become for such 
persons, often the most needy and deserving of 
the population, more difficult to obtain.” It is not 


to he doubted that from the majority of the House 
€ now got a sound construction of 


of Lords we hay 








this Act of 1906. It is not for the judges to con- 
sider the consequences of the sound construction ; 
it is rather for the Legislature, and especially for 
the workmen’s Parliamentary representatives, to 
push forward an amendment of the Act. 

As the law stands, employers are liable for acci- 
dent as popularly understood, and also for deaths 
of workmen in some cases where the popular 
opinion may be that there was no accident for 
which the employer should be held liable. Em- 

loyers with the most benevolent intentions are 

und to stand behind the insurance companies, 
and insurance companies, as business men under- 
writing well-understood risks, must of necessity 
know the measure of their risk by instructing their 
officials to examine every worker who is covered by 
the employer’s compensation policy. 

To be in employment now appears to involve in 
not a few cases life and accident insurance paid for 
by the employer. For this reason the House 
of Lords’ judgment in Clover, Clayton, and Co. r. 
Hughes will create uneasiness among employers, 
but the outlook is far more serious for the workers 
themselves, for they will pay the penalty in a 
diminished chance of employment. The only 
solution of the grave difficulty is a repeal of this 
Workmen’s Compensation Act in favour of some 
National Scheme of Insurance which will cover 
every case. The insurance companies, who are on 
the qui vive, may be expected to make their medical 
examination more searching and widespread, and 
a whole army of apparently able-bodied workers 
may be accepted at a war risk, thus imposing an 
impossible y sell for insurance on the employers, 
or, what is worse, putting many workers on the 
list of unemployable. 








THE RECOIL FROM LIGHT. 

Tue demonstration of the recoil from light, 
announced on Thursday, March 17, at the Royal 
Society, in the Bakerian Lecture, marks a new and 
important stage in the verification of the radiation 
ee of light. The lecture was delivered by 

rofessor J. H. Poynting, D.Sc., F.R.S., who 
gave an account of experiments made by himself 
and Dr. Guy Barlow on ‘‘The Pressure of Light 
against the Source ; the Recoil from Light.” 

We have repeatedly referred to the pressure of 
light in our columns. That light should tend to 
push back a surface on which it fell was conceiv- 
able on the corpuscular theory of light, and Kepler 
had already, in 1618, tried to explain on these lines 
why the tails of comets always turned away from the 
sun; he supposed that the matter of the tails was 
repelled by the sun. Newton, however, would not 
accept that view. Euler thought, in 1746, that 
waves of light should likewise exert a pressure. But 
all attempts to verify this pressure failed. Yet the 
belief in it was general, and high water in the 
Maas River was supposed to be lower in day-time 
than at night-time, owing to this pressure the 
sun’s rays. When Maxwell, in 1873, and Bartole, in 
1876, calculated the magnitude of the pressure, the 
experiments were renewed. Finally, about 1900 
and 1901, Lebedew,* in Moscow, and E. F. Nichols 
and G. H. Hull,f in Hanover, New Hampshire, 
succeeded in demonstrating and measuring this 
pressure. Already before this demonstration 
Arrhenius had popularised the radiation pressure 
of light by pointing out that this pressure would 
send tine dust particles from the sun into space, 
and play an important part in cosmogony; and 
Poynting, * in 1905, showed that it depended upon 
the size of the particles whether they would be dis- 
persed or crowded together. 

All experiments on the radiation pressure, Pro- 
fessor Poynting stated in his lecture, had hitherto 
been made on the pressure exerted by light or radia- 
tion ona receiving surface. His experiments showed 
the pressure against the source from which the 
radiation started, and, from analogy with a gun, 
this effect might be termed the recoil from light. It 
did not appear practicable to show this effect by 
using a source in which heat was developed intrin- 
sically. But if radiation fell on an absorbing body, 
it heated that body ; the heat so developed issued 
again as radiation, and it was possible to detect the 
effect of this issuing radiation. The nature of the 
action to be looked for could be understood by 
considering an ideal case, in which a beam of 
light with energy P per cubic centimetre was 


* See ENGINEERING, vol. Ixxii., page 874. 
+ Ibid., vol. Ixxviii., page 364. 
t Ibid., vol. Ixxix., page 645, 





allowed to fall, in a perfect vacuum, normally in 
turn on each of four discs, the front and back sur- 
faces of these discs being respectively: 1, BIB ; 
2, BIS; 3, SIS; 4, SiB, in which B_ repre- 
sented’ a fully- absorbing or ‘‘ black” surface, 
and S a fully-reflecting or non-radiating sur- 
face. The radiation falling on an absorbing face 
(discs 1 or 2, the light being supposed to travel 
from left to right), would heat these discs until 
a steady state was reached, in which emission 
equalised absorption. The discs were supposed to 
be so thin that the faces were at the same tem- 
perature. If one did not take into account the 
pressure due to issuing radiation, or considered 
only the initial effects before heating took place, the 
pressure on discs 1 and 2 would be P in each case 
(being due to the incident beam alone), and 2 P for 
discs 3 and 4 (due to the sum of the incident and 
reflected beams). But when a steady state was 
reached, discs 1 and 2 were giving out as much 
energy as they received. Disc 1 gave out equal 
amounts on both sides, producing equal and opposite 
pressures. All the radiation from disc 2 was given 
out at the front side, and it was equal in energy to 
that of the incident beam. If this emitted radiation 
were distributed according to the cosine law, the 
——_ resulting from it would be 3 P, and there- 
ore the total pressure on disc 2 was § P. In the 
cases of discs 3 and 4 there was no absorption, and 
the pressure was 2P. The pressures of the four 
discs should hence be :—Dise 1 = P; disc2 = §P; 
disc 3 = 2 P; and disc 4 = 2 P. 

These results were modified, firstly, because B 
was not fully absorbing, but possessed a small re- 
flecting power, and S possessed a small absorbing 
and radiating power ; and, secondly, because the 
temperatures of the front and back of a disc were 
not perfectly equal. The vacuum was never per- 
fect, and there would hence be a radiometer effect 
due to residual gas, which, owing to the tempera- 
ture difference, would not be the same on the two 
sides. Convection and conduction currents could 
be neglected. Considering these modifying factors, 
Professor Poynting calculated the probable values 
of P for the cases that B had a reflecting power of 
5 or of 10 per cent. (instead of having none), and 
S a reflecting power of 95 or 90 per cent. (instead of 
100) ; the resulting values did not differ much from 
the theoretical values. The radiometer effects 
would be greatest for the BB disc 1, and as it 
was difficult to allow for this effect, the experi- 
menters made their vacua as perfect as possible. 

In the final experiments each disc consisted of a 
pair of circular cover glasses, 1.2 centimetres in 
diameter, 0.1 millimetre thick. The blackness was 

roduced by squeezing a layer of molten asphalt 
rata the two discs of a pair ; it proved difficult 
to make the discs of uniform thickness and free from 
bubbles of gas, but the ne compound 
discs appeared perfectly black, and were the blackest 
they halter able to produce. The reflecting surface 
was made by depositing silver on the outside of 
a disc by the aid of cathode volatilisation. Thus the 
absorbing surface was between two discs of glass, 
and the reflecting surface in the front or the back 
of the asphalt layer. The four compound discs 
were mounted in the four corners of a stout plate 
of mica, 2 centimetres square, being fixed in holes 
of this plate by means of celluloid varnish. A 
platinised glass mirror, produced by cutting a 
mirror plate in halves and mounting the two 
halves back to back, was suspended from the mica 

late. The plate itself was suspended by a quartz 

bre, silvered and coppered at both ends to facili- 
tate soldering, within a glass flask, 16 centimetres 
in diameter; the flask was sealed off and most 
carefully exhausted through a side tube, by 
means of a Gaede pump and of a charcoal tube, 
dipped in liquid air. The flask was first heated 
during this operation, and was repeatedly washed 
with oxygen, dried by means of phosphorus pent- 
oxide ; mercury vapours from the pump were kept 
off by interposing a U-tube immersed in liquid air 
in the tube system. The evacuation required four 
days. The source of light was an Ediswan ‘‘ focus 
lamp” fed by accumulators; with a current of 
60 volts and 5.37 amperes the light was quite steady 
for hours. The light was by a photographic lens 
and an achromatic lens focussed on one of the discs, 
the image being, with the aid of an iris diaphragm, 
made a little smaller than the disc, leaving a 
margin 0.5 millimetre in width. The flask was 
mounted on an iron table and turned through 
180 deg., in order to repeat the ‘“‘ direct” experi- 
ment (the light falling from left to right, as men- 
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tioned) in the ‘‘reverse ” direction (light coming 
from the right). 

Some trouble, Professor Poynting explained, was 
experienced by a peculiar periodic swing of the 
whole system. There were also initial effects, 
presently to be referred to, when the beam fell on 
the disc. Two series of experiments were per- 
formed. In the first series the beam was kept on 
until the deflection was nearly constant ; that took 
over 30 minutes; attention was chiefly given to the 
BB and BS discs, the initial effects being stronger 
in the SS and SB discs. In the second series, 
made a month later, the beam was kept on for an 
hour, and an hour was again allowed to elapse 
before taking the zero, after cutting off the light ; 
the zero changes proved slight. The values of the 
direct and reverse observations always differed a 
little from one another, particularly with the BB 
discs, probably because some radiometer effect: was 
still at play; that would be explained by an un- 
equal thickness of the two cover glasses. Most of 
the observations were taken with the charcoal tube 
at the temperature of liquid air. When the char- 
coal tube was not cooled, and the vacuum less per- 
fect, therefore, the deflections were unsteady, and 
the zero proved erratic. That merely indicated the 
effect of gas action. In such cases the want of 
symmetry of the two discs in the BB pair became 
exaggerated, and there was a ‘‘suction” on the 
‘* direct” side and a ‘‘ pressure” on the ‘‘reverse ;” 
there was also ‘‘ suction ’’ on the BS disc, and all 
these actions would tend to mark the recoil pressure 
sought for. The mean values found for the pres- 
sures on the four discs were in scale divisions :— 


BB. BS Ss. SB. 
16.1 22.3 28.7 28 
These values, it will be seen, are not quite in the 
ratiol :§:2:2. But Professor Poynting calcu- 
lated that, assuming the back surface of the glass 
(over the asphalt) to reflect 4 per cent. of the inci- 
dent light, and the asphalt itself to reflect 1 per 
cent., and the silver surface to reflect 95 per cent. 
(actual experiments yielded 96 per cent.), the 
agreement would be more satisfactory. The actual 
radiation energy in the beam was determined in 
the manner which Nichols and Hull had applied, 
and which the lecturer himself had used in similar 
experiments. The energy was measured by allow- 
ing the beam to fall on a blackened disc of pure 
silver (2 centimetres in diameter, 0.28 centimetre 
thick), and by observing the initial rate of rise in 
temperature by means of a thermo-couple (con- 
stantan-silver) and « Rubens galvanometer. The 
energy was calculated to be 33.10—® or 33 x 10-* erg 

r centimetre length. Calculating the moment of 
inertia of the suspended system, Professor Poyn- 
ting found that the beam should have produced a 
deflection of 13.6 divisions, when falling on a disc 
fully absorbing on both sides. Assuming the B B 
dise to reflect 5 per cent. of the rays, the deflection 
should be 14.3 divisions, and the mean observed 
value was 16.1 divisions. The interfering radio- 
meter effect was therefore small. 

The initial effects above alluded to were small in 
the case of the B B disc. The B S disc sometimes 
gave indications of a pressure for the first few 
seconds, but that was always followed by a strong 
suction, which, after attaining a maximum in about 
five minutes, would rapidly subside, to give way to 
a pressure which ulanity increased to its final 
value. In the case of che S 8S, which showed want 
of symmetry, and the S B discs the duration of the 
initial effects might be so much drawn out that an 
appreciably steady state was not attained in much 
less than an hour. Professor Poynting ascribed 
these effects to occluded gas, driven off by the heat 
of the beam from the silver films, the expulsion of 
the gas causing a back pressure on the film. Two 
observations supported this explanation; with a 
stronger beam the steady state was reached sooner ; 
and when, after establishing the steady state on 
the B S disc, the light was cut off for a minute 
or two, and then put on again, the initial suction 
observed was much smaller than originally. The 
actual pressure of the gas could, unfortunately, not 
be calculated. 

As regards the temperature rise in the discs, 
calculations based on the fourth-power law of 
radiation yielded a temperature of 55 deg. Cent. 
for the B B disc, and of 90 deg. Cent. for the BS 
disc. Professor Poynting finally mentioned some 
early experiments of his, made with discs of 
platinum foil, } millimetre in thickness, the black 
surface being formed by depositing platinum black. 





The results obtained with these discs were always 
greater than those calculated, by 50 and even 100 
per cent., and much depended evidently on the 
state of the vacuum and on the radiometer effect. 
The flocculent black surface was, moreover, a bad 
thermal conductor, and the polished platinum a 
bad reflector. 

These experiments should dispel doubts as to 
the reality of the radiation pressure. It must at 
the same time be admitted that the influences of 
variations in the gas pressure are exceedingly 
complex, and that the high vacua often claimed 
are altogether questioned by some scientists. Sir 
James Dewar found that his charcoal tubes would 
not absorb helium. It may be for this reason that 
Professor Poynting and Dr. Barlow flushed their 
flask repeatedly with chemically-generated oxygen. 
Fully recognising the great difficulties due to 
residual gases, they did not attempt to perfect 
their apparatus, and contented themselves with 
a satisfactory, though not complete, agreement 
between theory and experiment. 





THE METROPOLITAN WATER 
SUPPLY. 

Tue fact that the constitution of the Metropolitan 
Water Board is non-political, whilst it makes for 
the efficiency and economy of its services, un- 
doubtedly renders its proceedings of less interest 
to the public at large. It is even possible for the 
Board to carry on large and important experiments, 
under the advice of their technical officers, without 
the occasion being seized by writers in party journals 
to make capital for their side, quite irrespective of 
the merits of the case, which naturally can only be 
understood by experts who have all the facts before 
them. This absence of interference by uninformed 
outsiders is practically impossible where politics are 
brought into business, and the engineers to muni- 
cipal undertakings in general are accordingly very 
chary in proposing any departure from existing pre- 
cedents, and the manufacturing progress of the 
country suffers accordingly. Again, had the Metro- 
politan Water Board a party basis, it would prove 
practically impossible to investigate possible new 
sources of supply without having the proposals dis- 
cussed in detail in the public Press, a procedure 
which on occasion gives rise to forestalment, and in 
other ways causes an enhancement of the final cost. 
As matters stand, though it is well known that the 
technical advisers of the Water Board have on 
hand searching inquiries as to the most efficient 
methods of providing for the future supply of the 
Metropolis, no hint of the results of these appears 
in the report just issued, and publication will 
probably be delayed until the time is ripe for 
action. 

The population supplied during the year to which 
the report refers, which ended on March 31, 1909, 
was 7,018,773—an increase of 221,581 in three 
years. The population to be served in 1916 was a 
few years back estimated at 8,031,000, so that 
apparently the rate of increase has in the past 
three years only been about two-thirds of what 
was anticipated. Of course, the growth of popula- 
tion is not an absolutely steady phenomenon, and 
the three years in question may correspond to a 
temporary check only ; but there are many reasons 
for expecting that the population in the Metro- 
politan area will grow much more slowly during the 
half century before us that it did during the 
preceding fifty years. Industrial undertakings of 
the largest class are steadily migrating to regions 
where costs of production are lower, so that we 
think it would be a very sanguine statistician who 
would risk much on the forecast made three or four 
years ago, that in 1960 the population to be served 
by the Water Board will number 16} millions. 

Though, as stated, there are reasons for believing 
that the growth of population may well be much less 
rapid than statisticians have calculated, the rate of 
supply per head per diem continues to increase, being 
now just under 32 gallons. The Eastern district 
is that taking the lowest supply per head-—viz., 
27.53 gallons, but is also that showing the largest in- 
crease, the figure in question being 1.02 gallons 
more than for the same area in 1907-8. No expla- 
nation of this increase of consumption here is given 
in the report. There was indeed some reason for 
anticipating a diminution, since magistrates are 
much more ready to visit by adequate penalties 
wilful waste of water when the authority supply- 
ing it is a public body than they are when it 
is a private company. The district taking the 





largest amount of water per head is the Western, 
where the supply during the year { averaged 
36.33 gallons. Both this district and the Eastern 
have constant supplies throughout, and the fact 
that the Western district took one-third more 
water per head is the more remarkable, in that 
in this district the population supplied per ser- 
vice is the highest in London. It is, however 
true that the number of taps, each of which aff rds 
an opportunity for loss by leakage, is not in direct 
proportion to the number of services. 

e total supply in the year under review 
amounted to 81,824 million gallons, the ave rage 
daily supply being 224.2 million gallons, of which 
132.3 millions were taken from the Thames. This 
figure does not, however, represent the total 
draught on the river, since the supplies taken by 
the South-West Suburban and West Surrey com- 
panies bring the total up to 134.7 million gallons 
per day, equal to 12.04 per cent. of the total 
natural flow of the river. This flow was much 
less in 1908-9 than in the preceding year, in which 
the quantity abstracted was only 8.65 per cent. of 
the natural flow. The heaviest draught ever made 
on the river was in July, 1905, when the daily 
average taken was 163.6 gallons, amounting to 42.3 
oe cent. of the natural flow during the month. 

is percentage was, however, exceeded in Septem- 
ber, 1906, though the total taken averaged only 
140.6 gallons per day, which was, however, equal 
to 56.6 per cent. of the then natural flow. This 
natural flow varies within extraordinarily wide limits, 
the maximum average flow for any month since 1896 
being in February, 1904, when it was 6615 million 
gallons. The lowest figure recorded was in Sept- 
ember, 1898, when it averaged but 214 million gallons 
per day, and a certain section of the daily Press 
seized the opportunity of urging a general waste of 
water, with a view to depreciate the value of the 
undertakings of the water companies, and to gain 
support for the grandiose scheme for a supply from 
Wales, then favoured by the dominant party in 
the London County Council. 

Of this Welsh scheme little now is heard. At 
the earliest such a supply cannot be required be- 
fore 1960, and then only if the Metropolitan area 
contains more than double its present number of 
inhabitants. The Thames can supply, at a moderate 
cost, as much as 450 million gallons per diem, pro- 
vided sufficient storage capacity is afforded. There 
is now no question as to the wholesomeness of 
Thames water when this is suitably treated before 
being turned into the mains. As concerns this treat- 
ment, more and more reliance will probably be placed 
in future on the mere storage of the water. Origi- 
nally the Staines reservoirs were intended to act as 
compensation reservoirs, but experience has shown 
such an extraordinary improvement in the quality of 
the water by the mere fact of its storage that it is not 
inconceivable that the engineer to the Board may 
find it possible to substitute to a large extent rapid 
filtration through mechanical filters, which occupy 
but small space and are readily cleaned, for slow 
filtration through the open sand-beds which have 
served London in such good stead for so many 
years past. Some very interesting data as to the 
effects of storage are given by Dr. Houston in the 
report now under review. When raw Thames 
water showed 2558 microbes per cubic centimetre, 
water from the Staines reservoirs showed but 166. 
For the Lea the results were even more remark- 
able. Before storage there were 8794 microbes per 
cubic centimetre, and after, but 75. Some very 
interesting experiments were also made by inocu- 
lating raw Thames, Lea, and New River waters with 
typhoid bacilli and with the cholera vibrio. On ex- 
amination one week later 99 per cent. had disap- 
peared. Even the relatively hardy B. coli was 
found to disappear in ten days from 10 cubic 
centimetres of raw river water, so that there 1s 
much reason for believing that the less resistant 
pathogenic varieties will be practically extirpated 
after a few days’ storage. Storage, moreover, has 
the additional advantage of lengthening the life of 
the filters. 

The financial results of the year’s working do not 
appear to be very satisfactory. The total capital 
involved is 48,872,003/., and the interest charges 
1,470,3591., whilst the surplus left was but 935l., 
which appears to be but a very small margin of 
safety. Not long ago one of the principal members 
of the Board boasted that hours had been reduced 
and wages raised without any detriment to the 
ratepayers. Strictly considered, this assertion was 
obviously inaccurate, as increased charges must 
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MOTOR SLEIGH-TRACTOR FOR CAPTAIN SCOTTS ANTARCTIC EXPEDITION. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 
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ultimately be borne by that long-suffering body, if 
not directly by an increase of rates, at least in- 


directly by a reduction in the surplus available for 
amortisation. The financial results attained show 





¥. Fig. 3, 
The report contains some slight reference to the can only be congratulated on the efficiency of its 
uniform scale of charges which came into operation legal staff, and the moderation of its claims. 








in February last year. Arrangements have been 
made for rebates in the case of premises used for | 


that the advantages of the concessions made to the | business purposes and rated at above 300l. per | NOTE 8. 
employees were hardly justifiable from a business | annum, but no allusion is made to the fact that| Moror-SteicH For Capratn Scorr’s ANTARCTIC 
standpoint, and are an augury of what might well| under the new scale the charges have in many | EXPEDITION, — 
be expected to occur as the result of a nationalisa- | cases been so excessive as to compel proprietors of; Sim Ernest SHACKLETON utilised in his recent 
tion of the railways. Here, indeed, matters might | office buildings to sink their own wells. From the | very successful expedition in the Antarctic regions 





well be worse, as a strong effort is certain to be|selection given of important legal decisions in| a specially-designed motor-car, and Captain Scott, 
made to retain the direct control in the hands of | which the Board was concerned it would appear | 

the politician, rather than place it in the keeping of that every action at law has been decided in favour 
independent commissioners. 


in the equipment which he has devised for his 
forthcoming visit of exploration in the same region, 
includes a motor-sleigh tractor, which has recently 





of the authority. If this, indeed, be so, the latter 
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been completed by the Wolseley Tool and Motor- 
Car Company, Limited, at their works at Adderley 
Park, Birmingham. This sleigh-tractor, which we 
illustrate on page 421, has undergone trials on the 
Norwegian ice-fields, with most satisfactory re- 
sults. Fig. 1 shows this sleigh-tractor placed 
temporarily for transit on a small bogie, while 
Figs. 2 and 3 are respectively a front and end view 
of the motor. Instead of the usual car-wheels on 
the power-driven rear axle there are fitted sprocket 
or chain wheels driving an endless chain carrying 
pattens and spuds, which grip into the snow and 
ice and ensure forward motion by the travel of the 
chain. The chain has also a bearing on a runner, 
and, passing between this runner and the ground, 
supports the whole tractor, while propelling it 
as the sprocket-wheels driving the chain are re- 
volved by the motor. The frame is of woodwork, 
and underneath is fitted a large shield, extend- 
ing from end to end, to enclose the mechanism 
and to present a smooth surface to the snow. 
Above there is a driver's seat located behind the 
engine, with the usual levers for operating the 
motor. The engine is enclosed in a bonnet, on the 
top of which is the petrol-tank. There are no 
brakes, as with ordinary motor-driven vehicles, 
because the big reduction ratio of the worm-drive 
renders it quite unreversible. Nor is there any 
steering-gear, though ropes will be attached to the 
front of the frame for guiding the tractor when 
necessary. This, of course, is rendered possible 
by the slow speed at which the tractor will move 
over the ice—from 2 to 34 miles per hour. It will 
be difficult to turn sharp corners, but these are not 
at all likely to be met with in the Arctic regions. 
The sprocket-wheels are driven very much in the 
same way as the wheels of a motor-car, excepting 
that in several instances modifications have had 
to be introduced to meet special conditions and 
low temperature. The motor has four vertical 
cylinders designed to develop 12 brake horse-power. 
The cylinders are cast in pairs and are air-cooled. 
The feature of the lubrication, which is effected by 
a geared pump, is that a special oil has been ar- 
ranged for in order to obviate any congealing at low 
temperatures. The carburettor is exhaust-jacketed, 
and is fitted with a heating-pan, in which petrol or 
spirit is the medium for raising the temperature of 
the carburettor before starting the motor. The 
strength of the mixture within the carburettor is also 
adjustable. ‘The driving of the gear-box is through 
the usual leather cone clutch and universal joints, but 
the gear-box has only two speeds forward without 
any reverse. At the normal rate of revolution of the 
motor the speeds will give an advance of the tractor 
sledge of from 2 to 3$ miles per hour. The 
driving from the gear-box to the worm-gear axle 
is by the -usual Cardan shaft, and the worm- 
axle, as will be understood from the road speeds, 
has a very big reduction. The worm is on top, 
and is fitted with exceptionally large thrust bear- 
ings. No differential is fitted to the live axle, 
but a clutch is provided in order that the worm- 
wheel may be disconnected from the axle for 
‘‘coasting.”’ The axle is of the usual Wolseley type, 
and the wheels run on extensions of the axle-tubing, 
the internal shaft alone taking the driving strains. 
The front axle is formed by a tube, on which the 
fore-wheels rotate. Both axles are mounted rigidly 
on the frame, and carry the sprocket wheels 
already referred to, Those who have seen the 
sleigh on the Norwegian ice-fields were struck by 
the illusion that the chain, where it touched 
the ground, appeared to stand still while the 
sleigh glided over it. The chain from the top of 
the forward wheel to the top of the after wheel 
was travelling forward at twice the speed of 
the sleigh, which accounted for the illusion. It 
may be added that every care has been bestowed 
upon the design and manufacture of this novel 
acquisition for arctic exploration, and the large 
experience of the Wolseley Company, not only in 
the design of details, but in the knowledge of 
suitable metals combining lightness and strength, 
has been utilised to effective purpose. 


DestROYERS OF THIS YEAR’s Navy Programme. 

It is most satisfactory to learn that the Admi- 
ralty are losing no time in making preparations 
for the building of the destroyers authorised under 
the Navy Programme of 1910-11. Invitations have 
been sent out to various firms to submit tenders 
for the construction of some of the twenty-three 
vessels provided for in the programme, three of 
which are intended for the Colonies. We believe 





thata number of the vessels will be ordered as soon 
as possible, and that the building of the remainder 
will be arranged for at an early date. These 
vessels have been designed by Sir Philip Watts, 
K.C.B., Director of Naval Construction, as were 
the twenty ordered about a year ago. The new 
system has the advantage that it ensures complete 
homogeneity, so that the manceuvres of a fleet can 
be executed with greater precision than where the 
vessels are of different sizes and forms, and have 
different steering properties. This year’s new vessels 
will be practically the same as the twenty ordered 
a year ago. These were of 780 tons displacement 
on a light draught, the length being limited to 
240 ft., and the beam to about 25 ft. With one 
exception, all of the twenty vessels are being fitted 
with Parsons turbines, working three shafts, each 
with a separate propeller. When the turbines are 
developing 13,500 horse-power, a speed of 27 knots 
is expected. Special cruising turbines are fitted to 
ensure economy at low speed. The boilers are of 
the ‘‘ Express ” type, and are designed to burn oil 
fuel only. It is probable that the same arrangement 
of machinery will be adopted in the vessels of this 
year’s programme. 








SUBMARINE TELEGRAPH ENTERPRISE. 

Tuer Anglo-American Telegraph Company is enabled 
to give the holders of its ordinary stock 3/. 12s, 6d. 
per cent. per annum for 1909, the preferred ordinary 
stock receiving the full 6/. per cent. per annum to 
which it is entitled, and the deferred coming in rather 
unexpectedly, perhaps, for 1/. 5s. per cent. per annum. 
The receipts from all sources for the second half of 
last year, including 24,414/. brought forward from the 
previous six months, were 240,993/., or 12,393/. more 
than the corresponding income in the correspondin 
half of 1908. The working expenses for the secon 
half of 1909 were 80,349/., or 1312/. more than in the 
corresponding period of 1908. The past half-year 
having been a fairly favourable one, the directors, 
before entering into any question of dividends, allo- 
cated 10,000/. to the renewal fund. Even, however, 
with this help, the renewal fund was not quite 
maintained during the yp se under review; it 
amounted at the close of June, 1909, to 954,854/., 
and at the close of December, 1909, it had sunk to 
938,392/., although it had also been credited with 16,509/. 
received for interest and dividends on renewal-fund 
investments. The decline of 16,462/. in the fund, 
which was the outcome of the half-year’s management, 
was explained by an expenditure of 4363/. for general 
repairs on cable account, and 38,605/. for special 
repairs to the 1874 cable. The company has also 
formed a pension fund for the benefit of its employees. 
This fund increased from 35,943/. at the close of June, 
1909, to 39,581/. at the close of December, 1909. This 
result was duc to the reception of 539/. for interest on 
investments, and a transfer of 3400/. from revenue, 
the difference of 300/. being explained by the payment 
of pensions to that amount. The fund has not yet 
come into complete working, but there is little doubt 
that it will prove a decided advantage to the com- 
pany’s staff. The — of the company’s repairing- 
steamer Minia in the second half of last year were 
11,982/., and 2310/. was paid for the charter of 
another vessel used for repairing cables. On the 
other hand, 6104/. was derived from the charter 
of the Minia during the half-year. lt may appear 
rather curious that the company is one day lien 
a repairing steamer, and on another day leasing the 
Minia to other parties for similar purposes ; but it 
must be remembered that the necessity for cable 
repairs arises suddenly, and that the pressure which 
has to be met is mueh greater at some periods than at 
others. Upon the whole, the Anglo-American Compan 
appears to be a well and carefully administered under- 
taking. 

The Direct United States Cable Company, Limited, 
is a smaller affair, but it is managed with at least 
equal care. The company’s reserve fund was debited 
during the past half-year with 4514/. for the cost of 
cable maintenance, and 1500/. for the cost of certain 
land acquired for station buildings. On the other 
hand, the reserve fund was credited with 9446/. for 
interest and dividends received on reserve-fund invest- 
ments, 500/. for profit realised on the sale of securities, 
and 7500/. for an allocation made from revenue 
account. The effect of all this was that the fund was 
increased from 510,267/. at the close of June, 1909, to 
521,698/. at the close of December, 1909. The revenue 
for the past half-year was 60,338/., or 4003/. more than 
the corresponding receipts in the second half of 1908. 
The working expenses, exclusive of cable mainten- 
ance—which, as we have just shown, is provided for 
out of the reserves—amounted to 25,290/., leaving 
35,0487. available for interest and dividend. This 
latter amount was increased to 38,644/. by the addi- 
tion of the reliquat _—— forward from the revious 
six months. From the balance of 38,644/. a dividend 





at the rate of 4 per cent. per annum was declared 
upon the company’s share capital, 6860/. being carried 
forward to the credit of the current half-year. The 
Direct United States Cable Company came into exist. 
ence after the Anglo-American Company had attained 
a certain importance ; it may be said, indeed, that the 
Anglo-American Company created the direct United 
States cable ; but the latter has never been more than 
a moderately prosperous concern. At one time it 
regarded the Anglo-American as a rival, but the two 
undertakings have latterly been worked with some 
approach to a rational friendliness. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 23. 
Tue characteristic feature of the present demand is 
the urgency for immediate, or as early as possible, 
deliveries. The incoming of favourable weather 
throughout the interior is having a marked effect upon 
inquiries, especially for the lighter kinds of mill pro- 
ducts, such as all kinds of wire and wire products, 
nails, tin-plate, merchant bar and light sheet-iron, 
The distributors of agricultural implements are excep- 
tionally well stocked up in view of a heavy demand for 
farming purposes. In the newer agricultural section 
farmers are ordering freely for immediate delivery. The 
manufacturers of wire products are being crowded with 
orders for supplies for numerous interior points and on 
the Pacific coast. The manufacturers of tin-plate are 
watching with some degree of interest, if not anxiety, 
the movement looking to the substitution of packages 
to hold canned goods of many varieties, which are being 
made out of paper and fibre instead of tin-plate. This 
substitution has not proceeded to any great extent as 
yet. The American Can Company, the largest consumer 
of tin-plate in the world, has Jately bought out several 
patents and the om erected for the manufacture of 
such paper and fibre packages. This company is now 
erecting in Chicago a large plant for the manufacture 
of cans made out of this material, which will reduce 
the demand for tin-plate to the extent of that com- 
ny’s requirements. The arrivals of tin-plate and 
lack plates at New York for the past week were 
54,710 boxes. The tin-plate industry is in a vigorous 
condition, and productive capacity is sold far enough 
ahead to maintain prices at the established level. 
Evidence of steady improvement in business is 
shown in an increase in bank clearings last week of 
22 b pe’ cent. over the corresponding week of last year, 
and of 28.6 over 1906 throughout the country. The 
corresponding increases in New York City were con- 
siderably larger. The vitality of business is further 
indicated by the increased volume of traffic of railroads 
and their larger earnings. The steel industry also 
shows that there is an increasing demand for all mill 
and furnace products. This greater activity is due 
in a measure to the fact that the railroad companies 
are able to pay spot cash with funds obtained from 
new bond and note issues. The financial situation 
has cleared up nicely, and capital is readily obtained 
for all legitimate enterprises. In some quarters rail- 
road companies are experiencing some little friction 
in the making of loans and the disposition of bonds for 
improvement. At the same time it must be kept in 
mind, in order to understand the American situation, 
that there is deeply-seated discontent over the tariff, 
the outcome of which cannot be told until the next 
congressional election. 








GasrE.—The Canadian Government has decided to 
expend about 300,000/. on the development of Gaspe Har- 
bour as a port to be used in conjunction with the Atlantic, 
Quebec, and Western Railway, and with a regular line of 
steamers proposed to be established from Liverpcol. 


PrrsonaL.—The Royal Sanitary Institute have ap- 
pointed Professor Henry Adams, of the firm of Henry 
Adams and Son, and Dr. Louis C. Parkes, as their repre- 


'Y | sentatives upon a joint committee which is being formed 


by the Institution of Heating and Ventilating Engineers 
to consider the question of legislation in connection with 
the ventilation of public buildings.—Following on the 
recent death of Mr. John C. Dobbie, formerly chairman 
of Dobbie McInnes, Limited, Mr. Walter P. Clyde, 
director of the Engineering department, and Mr. W. W. 
Gebbie, director of the Nautical department, have been 
appointed joint managing directors of the company.— 
Messrs. Jacobs Brothers and Richmond, Limited, have 
removed to Spencer House (first floor), South-place, E.C. 


Roya InstiTuTIoN.—On Tuesday next (April 5), at 
3 o'clock, Dr. A. Harden begins a course of three lec- 
tures at the Royal Institution on ‘“‘ The Modern Develop- 
ment of the Problem of Alcoholic Fermentation; 00 
Thursday, April 7, Dr. T. G. Longstaff_gives the first of 
three lectures on ‘The Himalayan Region ;” and on 
Saturday, April 9, Mr. W. W. Starmer commences & 
course of three lectures on ‘‘ Bells, Carillons, and Chimes 
(with musical illustrations). The Friday evening dis- 
course on April 8 will be delivered by Professor Percival 
Lowell, on ‘‘ Lowell Observatory Photogra ~ of the 
Planets ;” on April 15 by Professor William J. Pope, on 
““The Chemical Significance of Crystal Structure ; | an‘ 
on April 22 by Mr. T. Thorne Baker, on "The Tele- 
graphy of Photographs, Wireless and by Wire, 
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THE SYDNEY AND NORTH SYDNEY 
BRIDGE. 
To THE EprTor oF ENGINEERING. 

Sir,—My attention has just been drawn to an article 
on the above in your journal of November 19 last, and to 
a criticism of the same by Mr. Deane. With the senti- 
ments expressed in the former my committee are gene- 
rally in accord ; but, with regard to Mr. Deane’s views, 
J would point out that he is evidently very poorly 
acquainted with the facts of the case on which he writes, 
and I send you under separate cover two pamphlets pre- 
pared under the direction of my gue, which put the 
whole question of tunnels rersus bridge on a different 
footing altogether. . 

Admitting that the gentlemen composing the Royal 
Commission, which recommended tunnels in lieu of the 
bridge, were all experts in their respective spheres, their 
report is shown to be illogical, misheading, and practic- 
ally valueless, for the following among other important 
reasons :— 

1. No steps were taken to ascertain accurately the 
traffic to be provided for by counting ferry passengers. 

2. The estimated cost of the bridge was unduly inflated 
in many ways, and the construction of long lengths of city 
and suburban lines was added to its estimate. 

3. The cost of the tunnels was minimised, and nothin 
was allowed in the estimates of same for lighting, venti- 
lation, and upkeep. 

4. The report does not make it clear that the railway 
route by tunnel as recommended is 1} miles longer to the 
city centre—Wynyard-square—than that by the bridge, 
and nothing is said as to the extralossef time, wear and 
tear of road and stock, or working expenses of these extra 
lengths of line, with the extra steep grades they involve. 

5. The report does not make it clear that while the 
roadway traftic from the north side, where there is 202 ft. 
elevation at Miller-street corner down to Wynyard- 
square in the city at 50 ft. elevation, would be a gradual 
incline by the bridge route, the tunnel would involve a 
further descent of another 120 ft. on a grade of 1 in 17, 
and a re-ascent of the same on the Sydney side. This is 
clearly shown by illustrations in pamphlet No. 2, issued 
by the League. 

6. The proposed provision of a tunnel with 16-ft. road- 
way and 4-ft. 6-in. footpaths for the connection of 40,000 
acres of North Sydney with such a city as Sydney, like 
many other features of the report, would not be taken 
seriously had it not emanated from: influential experts, 
but it is on a par with many other features of the report 
we strenuously object to, and we give our reasons for so 
doing in print. 

_ Tcannot ask for space in your valuable journal to go 
into all these questions, which will shortly come before 
the Parliamentary Committee of Public Works here ; it 
is hoped the recommendations of the Royal Commission 
will then be reversed, and that such Committee’s recom- 
mendations to build the bridge will be duly recorded later 
on in your pages; I would, however, particularly draw 
your attention to the comparative estimates on page 12. 
Tam, &c., 
Hvueu Durr, Hon. Sec., 
Sydney and North Shore Bridge League. 
283, George-street, Sydney, S.W., Feb. 8, 1910. 





“THE LOCAL GOVERNMENT BOARD AND 
REINFORCED CONCRETE.” 
To THE EpiTor oF ENGINEERING. 

Sir,—With reference to the letter which appeared 
under this heading in your issue of the 25th ult., the 
writer of the letter makes certain statements, which I 
think it is to the advantage of all those concerned in the 
question of reinforced concrete to correct. 

_ For instance, he says that it is not yet quite ten years 
since the use of reinforced concrete was advocated. This 
may have been the case in England, owing, amongst 
other things, to the inelastic and unp' ive nature of 
our Building Acts, but he must not on that other 
countries were using this material many years before it 
was introduced into England, so that he may be right as 
far as our country is concerned, but he is certainly wrong 
in his statement as far as other countries are concerned. 

Taking this as the basis of his argument, he goes on to 
say that there is therefore no proof of the lasting qualities 
of reinforced concrete ex to weather. is clearly 
shows that “ Y Z” is not acquainted with the important 
works which have been carried out in reinforced concrete ; 
for instance, in France, where, eighteen years ago, Mr. 
Coignet, a Paris engineer, constructed in his own method a 
large sewer several miles in length, the walls of which are 


only 3 in. in thickness, and which is not only in excellent 
condition at present, but in all probability much stronger 
a when first put in use, owing to the fact that con- 
crete ac 


juires further strength with . which is quite 
the reverse with other building sueteciiie. ’ 

The engineer in charge of this sewer has repeatedly 
broken through the concrete to examine the steel-work, 
and it has always been found in perfect condition. 

Z” also mentions, as an argument against reinforced 
concrete, that the steel and the concrete are very different 
materials as regards expansion and contraction, and that 
the bars being tightly embedded in the concrete might 
orate the latter to crack for variations of temperature 
etween 32 deg. Fahr. and 120 deg. Fahr. As a 
matter of fact, the properties of expansion and contrac- 
tion of steel and concrete for normal temperatures 
are practically the same. It is only when the tempera- 
ture increases very considerably, and is allowed to reach 
- steel, that there may be of cracks. It is for 
~ 1s reason that it is —z that the steel rods should 

protected by a sufficiently thick layer of concrete, 
use this material is a very-poor-conductor of heat. 


Reinforced concrete, however, in this respect offers a 
very great advantage over steel construction, even when 
the latter is cased in concrete, because in a conflagration 
the small steel bars are not as likely to have a destructive 
effect upon the construction as the large sectional area of 
a steel girder. 

Concerning the question of the rusting of the steel bars 
in the concrete, it is a well-known fact that concrete acts 
as a preservative from rust, and it has been proved by a 
large number of experiments in all countries that if the 
steel bars, covered with rust, are embedded in concrete, 
the process of oxidisation is chemically stopped. 

Furthermore, the formation of rust on steel requires 
two conditions—dampness and air. If the bars are pro- 
perly embedded in the concrete, the air cannot reach 
them, and the rusting cannot take place, so that the 
assumption that the bars may go on rusting in the con- 
crete is a thing which is materially impossible for the two 
reasons above mentioned. 

Yours faithfully, 
For Epmonp Coienet, LiMirep, 
G. C. Workman, Managing Director. 
20, Victoria-street, London, 8S.W.. March 9, 1910. 


To THe Eprror or ENGINEERING. 

Sir,—In reply to the letter of Mr. Twelvetrees, per- 
haps my ing only a partial knowledge of chemistry 
and physics led me into what he calls my complete igno- 
rance of reinforced concrete, and as he promises to give 
me chapter and verse for all his facts, I should esteem it 
a favour if he will kindly tell me in what way he obtained 
the knowledge that the expansion and contraction of 
iron or steel is exactly the same as concrete. Is it really 
a fact that the co-efficient of expansion of iron and con- 
crete is the same’? He says also that ‘‘ Even if steel be 
slightly rusted when first put into concrete, the progress 
of corrosion is immediately stopped by the formation of an 
insoluble compound combining the original film of rust with 
calcium from the cement, leaving and keeping the surface 
of the material permanently intact.” Will he kindly say 
what is the composition of the po nga ty © formed 
between the oxide of iron and calcium. Also, how does 
he know that all corrosion immediately stops ; can he see 
what is taking place inside a thick layer of concrete, and 
what evidence is there of the statement that reinforced 
concrete has been in use over 50 years? Was iron or 
steel used in the manufacture of reinforced concrete 
50 years ago, and what was the composition of concrete 
used then and at present ? 





Yours truly, 
- 


de 








** WATER-SOFTENING.” 
To THE EpiToR OF ENGINEERING. 

Sir,—-We have no desire to en in the controversy 
now going on in your columns, but we shall be glad if 
you will kindly allow us to correct the repeated misstate- 
ments of your correspondent, ‘‘ An Old Advocate of Tan- 
nate of ” with to water-softening plants, 
which, as makers of the water-softener commanding the 
largest sale in this country, we cannot, in justice to our- 
selves, allow to pass unchallenged. : 

Your correspondent, without the slightest justification, 
sti tises water-softeners as ‘‘clumsy” and “‘ costly,” 
and wishes to put in their place an apparatus which he 
says occupies ‘little or no” space, and which appears to 
us also to be capable of little or no effect upon the water. 

The ground space occupied by a Lassen and Hiort 
softener, dealing with 5000 gallons of water per hour, is 
38 square feet. When it is remembered that this machine 
automatically and continuously precipitates and filters off 
the whole of the scale-forming and corrosive impurities in 
any water, delivering nothing but clear, soft feed to the 
boilers, we think your readers will agree that the once 
occupied is not excessive in bmg to the work done. 
As regards the attention required, the Lassen and Hijort 
plant demands twenty minutes daily for the replenishing 
of the reagent tank, the rest of the process being entirely 
automatic. 

The cost of softening water by this plant is, in the great 
majority of cases, under 1d. per 1000 gallons. 

Your correspondent describes himself as a ‘‘ modern 
individual” who ‘cannot claim acquaintance with 
ancient processes,” yet he si himself ‘*‘ An Old Advo- 
cate of ‘Fannate of Soda.” It is hardly necessary for us 
to point out that tannate of soda is one of the most 
ancient of the so-called recipes for scale-prevention, 
having been tried and found useless long before water- 
softening plants came into general vogue. 

We have more confidence in the sanity of members of 
the engineering profession than to imagine that your 
correspondent will succeed by means such as he has 
adopted in discrediting water-softening plants in favour 
of an apparatus which, so far from offering anything 
tangible in the shape of precipitation and filtration of 
impurities, appears to depend almost entirely upon faith 
for the recognition of any result at all. 

Yours faithfully, 
LASSEN AND Hort. 

52, Queen Victoria-street, K.C., March 29, 1910. 





To THe Epitor oF ENGINEERING. 

S1r,—The letter from ‘‘ An Old Advocate of Tannate of 
Soda,” appearing in your last issue, speaks for itself so 
clearly that criticism 1s needless. . 

Your correspondent at last unbosoms himself of the 
secret of ‘‘ Luminator.”- ‘‘This wonderful instrument,” 
in the decorative phraseology of the boiler fluid circular, 
acts “by so treating the scale-forming constituents by 
making them incapable of concreting and causing. them 
to remain y in solution, and so passing out in the 








occasional blow-off.” It. also occupies “‘little or no” 


space. If the latter statement is true, surely the engi- 
neering millennium is at hand. 

If i een had any acquaintance at all with 
the chemistry of water-softening, he would be aware that 
water containing magnesium chloride in solution ordi- 
narily gives an alkaline reaction, as also does sea-water, 
and that the “ Luminator” has no more effect on these 
waters in this respect than a p‘ece of wood. 

Regarding his reference to “our t railways ” using 
the “* Luminator,” I shall be glad if he will kindly give— 

(a) The name of the railway or railways. 

(6) The amount of water treated. 

(ec) What the water is used for. 

Yours truly, 
AN UNcONVERTED BELIEVER IN RationaAL METHODS. 
March 29, 1910. 





BALL BEARINGS AND THEIR 

LUBRICATION, 

To THE EprTor OF ENGINEERING. 

Sir,—Part of Colonel Crompton’s reference to this 
matter in connection with Mr. T. B. Brown’s paper is 
well worth noting. 

His point that the sole value of the “lubricant” in the 
ball bearings is a preventive against corrosion, and not 
as a preventive of metallic contact between the Is 
and ball race, was emphasised several years ago by that 
famous British firm, Messrs. The Hoffmann Manufac- 
turing Company, Limited, of Chelmsford, for I have b 
me one of their old lists, in which they state —* Ball 
bearings require very little lubrication, but it isextremely 
important to keep all the hardened and ground steel 
surfaces in contact with grease, as they quickly rust if 
this is not done. We therefore recommend that the 
housings of all bearings which are isolated be titted with 
a Stauffer Lubricator, so that grease can be occasionally 
forced into them. This ensures the ball race being kept 
freé from rust, and tho grease also acts as a barrier at the 
sides of the housing to prevent dirt and moisture getting 
in.” Plainly showing that they were cognisant of the 
true position at that time. 

It will be clear to anyone who bears in mind that the 
bearing surface of a true sphere is infinitely small, and 
who also has a knowledge of the physical properties of 
lubricants, that no lubricant can prevent the contact of 
such bearing surface. The load per unit of area of contact 
is, in theory, infinitely great, and the question of the 
elasticity of the ball and of the race is not sufficient in 
this case to justify departure from the above statement in 
practice. 

Colonel Crompton states that in his opinion the corro- 
sion is due to the presence of water in the form of minute 
globules. This, however, I cannot conceive to be possible, 
at least except fora very short time, unless water were 
on purpose, or inadvertently, from time to time, added to 
the lubricant, because, so far as my knowledge goes, no 
lubricant will in the natural course of things continue to 
contain water in such form. It must be borne in mind 
that all oils and greases, like most other fcrms of matter, 
have the property of taking up water in a true solution— 
that is to say, not in separate globule form—until they 
reach a certain point of saturation, and that any water 
that is in excess of that point of saturation would in due 
course evaporate to the atmosphere, and in the case of the 
ball-bearing, owing to the —~ changes of the surfaces of 
grease exposed, such loss of mechanically present water 
would be very rapid. My point is that even were water 
eee churned up with the lubricant and put into a 

ll-bearing, all that water would evaporate until only the 
water of saturation was left, and no water in a globular 
form would remain. 

Then as to the tendency which oils and greases have to 
take up and retain such water of saturation. I may say 
that I have in the past made exhaustive experiments, and 
have found, without exception, that fatty oils—i.e., vege- 
table and animal oils—always absorb a greater percentage 
than do mineral oils, and, again, the mineral oils vary 
amongst themselves in this respect. For instance, an oil 
from Texas will absorb 3 or 4 per cent. more than a Rus- 
sian product having about the same viscosity. Then again 
as to fatty oils, the greater the amount of free fatty acid 

resent the greater is the capacity for absorbing water. 
at is to say, Colonel Crompton’s lard-oil, with 2 per 
cent. of fatty acid, will take up certainly far more water 
than the ordinary mineral oil, and also more than it would 
if it contained only 0.2 per cent. fatty acid. 

Another objection to the use of fatty oils is that on ex- 
posure to atmospheric conditions the generation of acid 
continues, and, quite apart from the affinity which this 
acid has for water, it gradually exercises a minute etching 
effect on the metal, and any roughness of surface resulting 
from such etching allows wear to take place, owing to the 
crushing of the tiny projections thus formed. 

On a ball-bearing I have come across three distinct 
classes of corrosion :— 

1. The ordinary brown rust, due to atmospheric influ- 
ences, and in some cases due to the acciderital or careless 
admission of water (not dissolved as water of saturation 
in the lubricant). 

2. The etching effect due to the inferiority of the lubri- 
cant, such as the presence of free acids. 

3. The peculiar black marking which starts on the race 
at some slight distance from the actual point of contact of 
the ball, and spreads gradually outwards, ming more 
intense at its periphery. It is also distinctly noticeable 
under the microscope that this discolouration occurs in a 
ripple-like form, such as one finds when ink has been 
evaporated. In the case of ink, this “ripple” formation 
‘is caused by the uneven rate of evaporation, but such can- 
not be the case in the ball- ing. 

One would like to be able to say that this class of 





marking was due to some electrolytic action, but there are 
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not at present sufficient grounds to put that forward as 
a theory, although from some experiments I have made 
it is apparently the case that where a perfectly pure 
hydro-carbon lubricant, incapable of being an electrolytic 
medium, has been employed, there is no sign of such 
discolouration, but in cases where alkaline salts and fatty 
acids have been present the trouble is found. 

In view of the interest that m shown in this 
question, I asked Messrs. Hoffmann to supply me with 
a considerable number of their bearings for test purposes, 
and they have kindly supplied all my requirements, and 
I hope I may be prs os 9 5m obtaining results which will 
justify me in making some definite statement as to the 
cause of this phenomenon. 

Yours faithfully, 
A. Ducxuam. 


Phoenix Wharf, West Ferry-road, Millwall, E., 
March 21, 1910. 








RUDDERS. 
To THE Epitor oF ENGINEERING. 

Srr,—I have read Mr. Muir’s letter in your issue of the 
25th inst., and am glad he has drawn attention to the fact 
that I omitted to mention that Dale’s rudder could be 
lined up or bushed without being lifted. I did so pur- 

ly, as I wanted to see if there was anyone sufficiently 
interested in the matter to draw attention toit. I also 
did not point out that when a steamer gets near the 
‘ound the old-fashioned lower gudgeon, in which the 
eel-pintle works, forms a receptacle, in which dirt and 
sand are practically certain to collect and remain. 

Sand under such conditions acts similarly to a grind- 
stone, with the exception that it cuts both bushes at the 
same time, or, in other words, is double-acting, whereas 
the sand would not be at all likely to go into any of the 
gudgeons of the Dale rudder, and certainly would not 
remain there long. 

Tam glad Mr. Muir agrees that it would be very effec- 
tive if the pintles could be properly lubricated ; there is 
no doubt such is the case ; but I note he says my sugges- 
tion is not practical. This, however, does not disturb me ; 
T am so accustomed to being told my ideas are not prac- 
tical. 1 can remember being told my air-pump was not 
practical, and would never be of any use. 

What strikes me as being the most important point of 
all is the abolition of the gun-metal sleeves; so long as 
they are fitted it is impossible, without removing them or 
the pintles, or both, to tell if the pintles are sound. 

How many surveyors who have steamers during 
the last, say, five years could, if put on their oath, swear 
that they knew the pintles of any one of those steamers 
were actually in a seaworthy condition? I refer, of 
course, to the pintles which were not stripped. 

I am, Sir, yours rom 
Frep. Epwarps. 
62, Bishopsgate-street Within, London, E.C., 
March 29, 1910. 








STRESS-LINES AND STREAM-LINES. 
To THE Epiror oF ENGINEERING. 

Srtr,—In an article under the above heading in your 
issue of March 11, the writer refers to my paper on 
this subject at the British Association meeting of 1906 in 
such a way as to lead anyone not acquainted with the 
paper itself to conclude that I had advocated the use of 
the stream-line apparatus for quite general conditions 
of loading of a metal sheet. 

The paper appeared in full in ENGINEERING, of Septem- 
ber 28, 1906, and is therefore available for anyone suffi- 
ciently interested in the subject to look it up, but perhaps 
you will allow me space to summarise here what I think 
were the main points, and to reply to some of the com- 
ments of your contributor. 

In the first place it was pointed out that when a plane 
lamina symmetrical in shape about a longitudinal middle 
line is in a state of stress due to loads uniformly distri- 
buted over its ends, the Ly npeeny and transverse 
stress-lines (the envelo of the axes of the ellipses of 
stress referred to by the writer of your article) arrange 
themselves into two sets, having many of the character- 
istics of stream-lines and equipotential lines respectively— 
viz., that the longitudinal set must be symmetrical about 
the middle line, that no two curves of this set can inter- 
sect, and no curve intersect the boundary, and that these 
curves widen out and contract as the boundary ‘widens 
and contracts, and also that they intersect the transverse 
set everywhere at right angles. These characteristics had 
previously been pointed out by Professor Kriloff in the 
discussion on a paper yp f-2 Briihn at the Institution of 
Naval Architects in (I think) 1900, 

In the second place I endeavoured to show that the 
condition, which must hold, in order that these stress- 
lines should actually coincide with the stream-lines and 
equipotential lines, is that the strain at all points in the 
lamina must be “‘irrotational,’ the steps being (1) that 
the ay mp stress-lines have the same shapes as the 
actual lines along which the particles are displaced when 
the side boundaries are prevented from yielding normally 
to themselves and the original load applied ; (2) that these 
displacement lines with the sides he! a coincide with the 
stream-lines, since the same differential equations and 
the same boundary conditions hold for both, the equations 


being 
dv du ‘ 
da-a&™ 0 for no molecular rotation, 


du dv a 
dz tay = 0 for continuity 


(where u and vare the displacements of a particle parallel 
and perpendicular to the axis of x in the case of strain, 


and the corresponding fluid velocities in the case of flow), 
and the at tm condition being that there is no move- 
ment perpendicular to the boundary in either case—a 
point your contributor has ap mtly missed ; and (3) 
that consequently the longitudinal stress-lines coincide 
in direction with the stream-lines, and the transverse 
stress-lines with the equipotential lines. d 

I was careful to point out that even when this condition 
of irrotationa! strain was fulfilled, the stream-lines and 
equipotential lines gave only the directions of the principal 
stresses, and not their magnitudes, going at some length 
into a method of approximating to the magnitudes when 
the directions were known. Thus the effect of the paper 
was to show that the stream-line method. was not widely 
applicable, but was applicable to a limited range of special 
cases, and that in - ag it may be of great value. 
I think that with one possible exception (that of the shi 
with the barbettes en echelon), the examples to whic 
I applied the stream-lines in my paper come fairly within 
the above limits. 

Referring to the objections raised by your contributor, 
he says that in the second portion of my paper I refer 
to uw and v as. the strains in the sheet, whereas in the 
first portion I had defined them as the displacements of 
a particle during the elastic yielding. There is only one 
paragraph in which I use the word strains in this way, 
and there it is clear that I mean total strains (that is to 
say, displacements), and not strain per wnit length, as he 
supposes. None of the subsequent deductions in my 
paper are affected if the word ‘‘displacements” be sub- 
stituted for “strains” in that paragraph. Your con- 
tributor’s succeeding objections based on this one are 
therefore not applicable. 

Then with regard to Figs. 3 and 9, page 303, it is easy 
to see that the necessary condition as to irrotational 
strain does not hold, and that therefore this is not a 
case to which the stream-line apparatus can be applied. 
If the strain is to be irrotational everywhere, it must 
be so dt the section where the loads are applied. If u 
and v are as before the displacements of a point P on 
this section along and perpendicular to the length, the 
condition is 
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dv _ du =O, o dv _ du 
dx dy dx dy 


dv _ 0, and .*. du = @, 

dx dy 

or u is the same for all points on the section, which is only 
true if the load is uniform. 

The only irrotational strain possible in a long straight 
bar is a state of uniform strain, just as the only irrotational 
flow possible in a long straight channel is a uniform flow. 

The case of Figs. 3 and 9 is really one of uniform load- 


~ lb. per square inch, with a bending moment of 


(3. a lb. x inches superposed. The stream-lines apply 


to the uniform load acting alone, but not to the bending 
moment, since the straining action on any section due to 
a bending moment at the sectional is rotational. 

For a straight bar uniformly loaded no stream-line 
apparatus is required; but if the bar is of a widening or 
contracting outline, the stream-lines may be useful, as in 
the case of a ship’s deck. Your contributor does well to 
call attention to the limitations of the method, and even 
in those cases where it may be considered applicable, 
in order to get the directions of the stresses, it is b 
no means a simple matter to derive the magnitudes wit 
any degree of accuracy. 


but 


ing of 3 


Yours truly, 


J. SMITH. 
132, Coleraine-road, Blackheath, S.E., 
March 22, 1910. 


[We certainly never intended to imply that Mr. Smith 
desired to pom the stream-line method. of investigatin 
stresses to any cases but those of irrotational strain, a 
we are sorry if our article has conveyed that impression. 
Others have done so, but not Mr. Smith. We do not, 
however, believe that the method gives correct results 
even in the case where the conditions postulated by Mr. 
Smith are satisfied. His view that the direction of the 
displacement is then the same as the direction of one of 
the principal stresses seems to be based on general reason- 
ing, which, from sad personal experience, we are convinced 


is often as misleading as it is seductive. It is true for a |. 


uniform bar under a uniform pull, but not generally. 
The conditions assumed by Mr. Smith are that 

dv_ du _ 0 

dx dy ”’ 


and that 
du dv_ 0 


+>—=0, 
dx dy 
The total displacement of any point P, which has com- 
nent displacements u and v, 1s, of course, along the 
irection given by the relation 
tan ¢ = —, 


where ¢ is the angle, the direction of the displacement o~ 
flow) makes with the axis of x, whilst u and v are the 
component displacements. — 

On the other hand, the direction of the principal strain 





at the same Fs is given (see Ibbetson’s ‘‘ Elastic 
Solids,” page 60) by the relation 


28 


e-f 

where 2s denotes the transverse shear, and ¢ and f the 
strains along x and y respectively, whilst y is the angle 
the line of principal strain makes with the axis of x. 


Now 2s = 2% 4 du , and since the strain is irrota- 


dz dy 

dv _ du_o 

dx dy 
dv 
da” 


tional we have 


Whence 
23=2 


Further 
dv 


du 
e= —andf = ‘ 
sad dy 


d 


Hence if %% + a” _ 0 we get 
dz dy 
du 
-f=2 
e-f dz’ 


de 
tan2y= 42, 

du 

da 


_If the stream-lines are directed along the lines of prin- 
~~ strain, we should have ¢ = y. 
o take a simple case, assume u = sin y sinh 2, then if 


© 4 SY. 6 and 


v = cos y cosh x the two equations 
sd q dx dy 


du _dv 


- _ = 0 will both be satisfied. Further, if the boun- 
dy dz 


dary is taken as y = +7,we have also v= 0 at this boun- 


dary. These are the conditions assumed by Mr. Smith. 
We then get 
tang="= cos y cosh x = cot y coth z, 
; uw sinysinh«z 
whilst 
av 
dz cosy sinhz  tanhz 
ea2¥= du =‘sinycoshz~ tany’ 
dz 
Applying the usual formula, we further get 
tan 2 = 2 tan = 2 cot y coth x 
l-tan?¢@ 1-—cot* y coth’z 
which is not the same as tan 2 y¥, as it should be did 
the direction of the stream-lines give the direction of 
the principal strain.—Ep. E.] 








FREE EXHAUST FROM THE CYLINDERS 
OF INTERNAL-COMBUSTION MOTORS. 
To THE EpIToR OF ENGINEERING. 

Str,—In your article on ‘‘ The International Aero and 
Motor-Boat Exhibition” you state ‘‘ A point of doubtful 
advantage also is the practice of making holes in the 
cylinder walls for the piston to overrun, so as to get a 
more free exhaust.” This statement may be perfectly 
true with regard to water-cooled motors, but with air- 
cooled motors the preliminary exhaust is of great value. 
I was the first, I believe, to introduce these auxiliary 
ports in four-stroke engines, taking the idea from a two- 
stroke engine designed: by Mr. Dugald Clerk. _ : 

Eleven years I made an eight-cylinder diagonal air- 
cooled engine ; ‘the auxiliary ports in the cylinder-walls 
were made to open or close at will. 

With the ports closed, the exhaust-valves became red 
hot with less than five minutes’ running ; with the ports 
open, the engine could be run for any length of time 
without undue heating. 

Yours faithfully, 
Horatio PHILLIPS. 

West Barnham, Sussex, March 30, 1910. 








AMERICAN PerroteuM.—The production of petroleum 
in the United States last year was 178,000,000 barrels in 
round figures, as compared with 179,572,479 barrels in 
1908. e production of 1909 was made up as follows :— 
Appalachian field, 27,000,000 barrels: Lima and Indiana 
field, 8,300,000 barrels ; Illinois field, 28,200,000 barrels ; 
Mid-Continent field, 43,300,000 barrels ; Gulf field, 
13,200,000 barrels ; and California and Rocky Mountain 
field, 58,000,000 barrels. 


S.S. -“ Raproeme.”—This vessel, built to the order 
‘of the Société Pétroles-Transports Marseilles, by | the 
Société Anonyme des Chantier et Ateliers de Sait 
Nazaire, at their Rouen yard, was successfully launched 
on the 26th inst. She was designed and superintended 
by Messrs. Flannery, Baggallay, and Johnson, Limited, 
of London, Liverpool, and Rotterdam, and is of the fol- 
lowing dimensions:—Length between perpendiculars, 
350 ft. Lin. ; breadth extreme, 45 ft. 2 in. ; designed to 
carry 5000 tons dead-weight, and fitted with extra coffer- 
dams and complete pumping arrangements for carrying 
three classes of oil at the same time, each of which can pe 
taken in and discharged entirely ym! by means 0 
different pumps and pipe-lines. e engines were con- 
structed by the French Company at their Saint Nazaire 
Engine Works; they are supplied with steam by two 
single-ended boilers under Howden’s forced-draught 

tem. The vessel is built to the highest class of Bureau 





eritas and Board of Trade requirements. 
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INDUSTRIAL NOTES. 


News comes from Montreal that there is much 
indignation in labour circles at the announcement 
made last Friday that the Dominion Coal and Iron 
Company have arranged to import 1000 men from 
England, to replace the union miners on strike at their 
works in Nova Seotia. Many men have already been 
imported from different parts of the Dominion, and 
some time ago it was thought that the troubles were 
atanend. ‘The employers’ refusal to recognise unions 
is said to be at the bottom of the trouble, not so much 
on account of the Canadian unions, but because the 
men were affiliated with the United Mine-Workers of 
the United States, and received their orders from the 
American executive. Much sympathy for the men is 
said to have been lost by this interference of the 
American labour leaders. About three weeks ago a 
Bill was introduced by the Nova Scotia Legislature 
with a view of making the recognition of labour unions 
compulsory, and efforts will be made to it into 
law with the object of stopping further labour impor- 
tation. 





There was at the end of last week a more hopeful 
feeling with regard to the trouble in the South Wales 
coal trade. The Conciliation Board met again on 
Saturday at Cardiff, Mr. W. J. Heppell presiding over 
the owners’ representatives, and Mr. W. Brace, M.P., 
over the delegates appointed by the workmen. On 
the previous Thursday the representatives of the 
masters and the men had been received at the Board 
of Trade by Mr. Sydney Buxton. At the meeting on 
Saturday revised proposals were submitted by the 
owners, and it was decided to place them before the 
Miners’ Federation of Great Britain in London on 
Tuesday, and have them balloted upon —e 
by the South Wales Miners, if approved of by the 
Miners’ Federation. ‘The following are the proposals 
made :— 

1. That the minimum wage rate shall be 30 per cent. 
when the price of large coal is 12s, 5d. per ton or below 
that amount. When large coal is 14s. per ton f.o.b., 
the wage rate shall be 50 per cent., and this percent- 
age shall continue until the price reaches 14s. 9d., 
above which point the men may claim advances up to 
60 per cent., which shall be the maximum. In going 
up, 50 per cent. shall be equal to 14s. 9d. ; in going 
down, 50 per cent. shall be equal to 14s. 

2. The owners will not press for double shifts in the 
‘* face,” but shall be given an effective afternoon shift 
of such a number of workmen as are required by the 
owners for clearance purposes, repairing, double shifts 
in headings, and places that require to be pressed on 
for opening the collieries. Where six shifts for five 
are now paid for at night the owners shall pay six 
shifts for five in the afternoon; where six shifts are 
paid for five shifts worked at night, the owners shall 
only be required to pay six shifts for six in the after- 
noon, 

3. An overlapping shift shall be worked where re- 
quired by the owners. Such shift shall start not 
earlier than 6 a.m., and not later than 9 a.m.; and on 
Saturday this shift shall start and finish at the same 
time as the first shift. The two sides of the Board 
shall unite in procuring an amendment of the Eight 
Hours Act, making this early start on Saturday legal. 

4. The clause relating to abnormal places submitted 
by the owners to the workmen shall be inserted in the 
agreement, subject to an amendment in the wording 
defining the rights of the courts to settle the amount 
due in the event of the workmen suing the employers, 
such wording to be settled by the solicitors to the 
owners and workmen. 

5. ‘That where Sunday night shifts are worked they 
shall be eight-hour shifts, only one shift to be paid for. 

6. That the hours of labour of workmen employed 
below ground shall be such as are authorised ly the 
Coal Mines Regulations Act, 1908, except that such 
workmen shall not be compelled to work the extended 
hours mentioned in Section 3, Sub-Section 1, of the said 
Act ; that Clause 15 of the Conciliation Board agree- 
ment of December 11, 1905, as to customs shall be 
amended by substituting as the date December 31, 
1899, for December, 1879. 

‘. Conditional on the foregoing being accepted by 
the workmen, the owners agree to withdraw their 
claiss for damages for the refusal of the men to work 
the 60 hours under the Conciliation Board agreements 
- De a 11, 1905, and June 30, 1909. In the 
ven’ of the foregoing proposals not being accepted b 

the x: neral body of the workmen they > absolutely 
ag and must be regarded as not having been 
mace. 

At the meeting held on Tuesday at the Westminster 
Palace Hotel nothing definite was settled, and the 
Conference was adjourned. 

_Although it is yet quite doubtful what the final de- 
cision of the men will be, the position of affairs is 
thought to be decidedly improved. 


The chief railway engineer at Johannesburg, South 
lasting, 


Africa, states that, with the exception of 





white labour in the construction of railways is better 
and —- than native labour, the supervision of 
white labour is also cheaper. Some of the white 
labourers earn 10s. per day. 





Labour exchange managers in London have received 
the following instructions :—‘‘ An exchange manager 
must be absolutely impartial in the selection of men 
sent in reply to notifications of vacancies, and should 
make no distinction whatever between union and non- 
union men. Asa matter of fact, a man, when regis- 
tering, is not asked whether he belongs to a trade 
union or not, and the only business of an exchange 
manager is to send the man industrially best qualified 
for the vacancy notified, and his qualifications alone 
should weigh with a manager. Should, however, an 
employer ask for a non-unionist, the exchange notify- 
ing the vacancy to an applicant may tell him that it 


similar plan is to be followed, the instructions add, 
when a trade unionist is asked for. 


The s thetic strike among the tramway men in 
Philadelphia was abandoned officially early this week, 
which probably means that the end of the tramway 
strike is at hand. It is not thought that either side 
has gained much credit or profit. 





On the 14th inst. the French Senate dealt with a 
number of new duties affecting British interests. In 
only one instance, however, was any concession made. 
This was a revision of the tariff on shoes with high 
fronts, which brought this class of goods into the same 
category as boots, thus making them pay a duty of 
2 francs instead of the former rate of 75 centimes. Under 
the concessions granted by the Senate this article will 
now pay only | franc 25 centimes instead of what was 


originally proposed. 





It is rumoured that a severe conflict between a 
large private trading combine and co-operators is 
highly probable. Mr. Robert Lee, a leading north- 
country co-operator, when speaking a few days ago at 
Bedlington (Northumberland), said that the struggle 
was near, and he advised co-operators in England and 
Scotland, as well as in Ireland, to be prepared. 








FOREIGN ENGINEERING PROJECTS. 

Ws give below a list of colonial and foreign engineering 

rojects, for several of which tenders are asked. Further 

ata concerning these can be obtained from the Commer- 
cial Intelligence Branch, Board of Trade, 73, Basinghall- 
street, E.C. 

New South Wales: The financial statement for 1909-10 
of the Colonial Treasurer of New South Wales states that 
at June 30 last the work of duplication remained to be 
done on the following portions of the main trunk lines 
from Sydney :—On the northern line, 51 miles between 
a and Maitland, estimated to cost 367,000/., and 
135 miles between Maitland and Werris Creek, estimated 
to cost 800,000/.; on the western line, 113 miles be- 
tween Bowenfels and Orange, estimated to cost 
650,000/.; on the southern line, 83 miles between Picton 
and Goulburn, estimated to cost 660,000. The following 
lines are under construction—viz. :—Lockhart to Clear 
Hills, 50 miles; Cowra to Canowindra, 24 miles; Narro- 
mine to Peak Hill, 35 miles ; Casino to Kyogle, 19 miles ; 
Gulgong to Dunedoo, 26 miles; North Coast-West 
Maitland to Dungog, 32 miles; Dungog to Gloucester, 
38 miles; Gloucester to Taree, 44 miles. The total 
estimated cost of completing these lines is 1,849,388. 
Further, two lines, one from Cooma to mbala, 64 
miles, and another from Taree to Grafton, 195 miles, 
have been authorised for construction, at an estimated 
cost of 2,086,628/. 

New Zealand: H.M. Trade Commissioner has also 
forwarded cone of the statement for 1909 made by the 
Minister of Public Works to the New Zealand Parlia- 
ment in December last, from which it appears that the 
construction of the following lines of railway is to be 

roceeded with during the present year :—Scoria Flat to 
Kaikohe, North Auckland, East Coast Main Trunk, 
Stratford Main Trunk, Blenheim to Waipara, Midland 
— to Inangahua, Reefton to Inangahua, Otira 

tation to tunnel, Arthur’s Pass Tunnel, and Broken 
River to ey sections), Westport to Inangahua, 
Greymouth to Point Elizabeth, and Cutlin’s to Waima- 
haka. Furthur provision was made for the expen- 
diture during the current year of 180,602/. on dupli- 
cation work on the following lines:— Auckland to 
Penrose, Wellington to Hutt, Addington to Rolles- 
ton, and Dunedin to Mosgiel. For ‘additions to open 
lines” it was pro to provide 350,000/,, of which 
250,000/. was destined for the provision of new rolling- 
stock and additional machinery for workshops. The 
principal! public duilding works to be undertaken during 
the current year are the new Government House and the 
new Legislative Council Chamber, new departmental 
buildings at various places, the provision of fire-alarms at 
Government buildings in the four chief centres, and 
beginning of work on the new Dominion Museum. For 
works on public buildings this year about 367,000. is 
provided. 





France: In the Board of Trade Journal of January 13, 
| relative to tenders for clearing away rocks in Nantes 
| Harbour, the Acting British Consul at Rouen now reports 
| that fresh tenders are invited for this work. The esti 


may not be worth his while to apply for the job.” Aj be 


mated cost is now placed at 1,130,000 francs (45,200/.), and 
a deposit of — francs (500/.) will be required to qualif 
any tender. Tenders, on stam paper, will be receiv 
by M. le Préfet de la Loire Inférieure, Nantes, up to 
2 p.m. on April 16, A certificate of competency will 
be required with each tender, to be viséd by M. Robert 
ingénieur en chef des ponts et chaussées, Rue Dugommier, 
No. 9, Nantes, at least ten days before the date of the 


adjudication. Foreign firms may make offers oy 
that they can prove their ability to execute the work. 
] representation appears to necessary. The con- 


ditions, specification, &c., in connection with this contract 
may be obtained on application to the Prefecture (public 
works division) at Nantes. 

Spain: The Gaceta de Madrid, of March 12, publishes 
a notice to the effect that an application having been 
made by the Compafiia del Ferrocarril del Torio for a 
concession for the construction of a secondary railway 
from Leén to Benevente via Villamaiian, a period of 
sixty days is allowed within which competing offers will 
received at the Direccién General de Obras Publicas, 
Ministerio de Fomento, Madrid. The above-men- 
tioned applicants have certain preferential rights in the 
competition. Local representation is necessary. The 
Gaceta, of March 17, publishes a notice, issued by the 
Directorate-General of Public Works, inviting tenders 
for the construction and working of a secondary 
railway from Haro to Escaray va Santo Domingo 
de la Calzada. Tenders, accompanied by a deposit of 
32,809 pesetas (about 1215/.), must be enclosed in sealed 
envelopes and sent to the Direccién General de Obras 
Publicas, Ministerio de Fomento, Madrid, at which 
address they will be opened on May 18. An application 
in respect of this concession has already been lodged by 
Don Gerardo Vazquez Calvo, who has certain preferen- 
tial rights in the competition. The Gaceta, containing 
further particulars, may be seen at 73, Basinghall-street, 
London, E.C. Local representatioti is nécessary. 

Sweden: H. M. Consul at Gothenburg (Mr. J. Duff) 
reports that tenders are invited for oe work at 
Trollhiittan. About 320,000 cubic metres of soft clay 
have to be yoy The work may be begun in May 
next, and must finished before the autumn of 1912. 
Tenders, marked ‘‘ Anbud a muddringsentreprenad,” will 
be received, up tonoon on April 8, by Ofveringeniéren 
for Trollhiitte Kanals Ombyggnad, Trollhiittan, Sweden. 
Specification and drawings may be obtained at the same 

dress on deposit of 15 kronor (16s. 8d.), which will be 
refunded om delivery of tender in accordance with the 
specification. A copy of the specification (in Swedish) 
and drawings may be seen at 73, Basinghall-street, 
London, E.C. 

Denmark; According to the Danish Licttationen, of 
March 17, the ‘ Aktieselskabet De danske Sukker- 
fabrikker,” Copenhagen, invites tenders for the construc- 
tion of a narrow-gauge railway, in accordance with speci- 
fications and drawings to be seen at the offices of the 
company, Slotsholmsgade, 22, a _ No date is 
given up to which tenders will be received. With 
reference to the notice on es 302 and 303 of 
the Board of Trade Journal, of August 12 last, re- 
lative to a scheme for connecting the islands of 
Masnedé and Falster, the Bulletin Commercial (Brussels), 
of March 19, states, on the authority of the Belgian 
om at Copenhagen, that the Danish Minister of 
Public Works has recently introduced into the Rigsdag a 
bill providing for the construction of a large bridge 
between the islands. The cost of the bridge is estimated 
at 6,967,650 kronen (about 387,000/.), the cost of the 
works necessary to ensure the free passage of vessels, at 
515,000 kronen (about 28,600/.), and of the railway line 
and a new station at Falster, at 270,000 kronen (about 
15,000/.), the total cost of the work is placed at 8,250,000 
kronen (about 458,300/.). 








Wo .trraM.—Wolfram has been discovered in large 
uantities in the Ben Lomond district, North - Kast 
‘asmania. 


Borpgaux Harsour Works.—The Bordeaux Chamber 
of Commerce informs us that tenders are invited for the 
fitting of powerful and quick-working unloading machines, 
combined with sets of hopper and aerial transporters, to 
two loading bridges at the Queryries quarter of Bor- 
deaux Harbour. The cost of these machines is esti- 
mated to reach 1,780,000 francs (71,200/.). All firms who 
desire to tender for the plant in question should apply 
before April 5, to the Ingénieur en Chef. Chambre de 
Commerce, Service de ]’Outillage du Port, 4 la Bourse, 
Bordeaux, and send at the same time references show- 
ing that they are capable of undertaking the work. 





TrapE ScHoLarsuips.—The London County Council’s 
Education Department has sent us handbills giving 
particulars of a number of trade scholarships to be 
awarded this year to boys between thirteen and sixteen 
years of age. The successful candidates at an examina- 
tion, which commences on May 25 next, will receive, in 
addition to a maintenance grant, free instruction for two 
or three years at the Council’s trade schools to enable 
them to take up either apprenticeships or employment 
in skilled trades, including, among others, engineering, 
as yas mee woe wood-work, and book produc- 
tion. In engineering thirty-five scholarships will be 
awarded, and these will be tenable for a _— of two 
years at the London County Council Paddi mn Tech- 
nical Institute and the London County Council School of 
Engineering and Navigation, Poplar, E. Full parti- 
culars as to the number of scholarships, the conditions to 
be complied with, and the subjects required for the 
examination, are given on the handbills, which can be 
obtained from the London County Council Education 





Offices, Victoria Embankment, W.C. 
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INTERNAL-COMBUSTION MARINE 
ENGINES. 


By Linton Hope, Associate. 


The Application of the Internal-Combustion Engine to 
Fishing and Commercial Vessels.* 
Amone the remarkable developments in marine engi- 
neering which have taken place during the last few years, 
rhaps the use of the internal-combustion engine in 
shing and commercial vessels has produced greater 





changes in regard to these craft than anything since the 
advent of steam.trawlers and drifters among the fishing 


Fig. 


began to listen to the reports which came across from the 
Scandinavian, Danish, and Dutch ports of the marvellous 
results of motor-power in the ordinary sailing-boats. 

As long ago as 1895, a Danish motor, using paraffin, 
was put into a fishing-boat, and before a single motor 
fishing-vessel existed over here, there were between 1000 
and 1500 at work on the other side. It was in 1901 that 
the first large drifter in this country was fitted with 
auxiliary motor power by Mr. Arthur F. Evans, of 
Ipswich. This vessel is appropriately named Pioneer, 
and her dimensions are approximately :—Length over all, 
67 ft. ; load water-line, 60 ft. ; beam, 17 ft. 3 in. ; draught, 
8 ft. extreme and 6 ft. 6 in. mean, with a displacement of 


HERRING DRIFTER “PIONEER: 
OWNED BY THE SCOTTISH FISHERIES BOARD. 
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fleets and the steam lighter among the coasters. It is not 
so very long that the sailing trawler held undisputed 

»ssession of the North Sea fisheries, in company with the 
Scotch, Cornish, and East Coast drift-net luggers which 
followed the herring round the coast. Then a few old 
paddle-tugs were adapted for tga much to the dis- 
gust of the owners of the sailing vessels, who prophesied 
all sorts of disasters. 

However, the steam-trawler came to stay, and has been 
followed by vessels of high power, with a speed of 104 to 
11 knots, and later by the steam-drifter with but slightly 
lower speed. Here, unfortunately, the worst fears of the 
owners of the sailing-boats were realised, and they have 
been driven off the face of the sea except at one or two 
ports, such as Brixham and agate, where the sailing- 
vessels still form the backbone of the local fleet. 

Not only have the steam-trawlers ousted the sailing 
craft, but by reason of their enormously greater power, 
and larger nets of vastly improved pattern (which could 
never have been fished by the old Uuats), they have fairly 
swept the bottom of the sea clean, and have made the 
fish so scarce that even they have to go elsewhere, and 
now fish from the White Sea to Cape Blanco, on the 
African coast, 

In 1904 the prospects of profitable fishing for the 
sailing vessels were looking so black that the owners 


* Paper read before the Institation of Naval Archi- 
tects, March 17, 1910, 
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about 64 tons. She is fitted with an American ‘‘ Globe” 
motor of 35 brake horse-pewer, running at only 220 revo- 
lutions, and her speed is 6.5 knots. In spite of the fact 
that the fuel is petrol, this boat has been a commercial 





success ; but the other fishermen would have nothing to 





ran to the new power for a long time, except in a few 
isola 

Unfortunately, among these few there were cases in 
which the owners had been persuaded to instal light high- 
speed motors which might do well enough in a car, but 
were quite unsuitable for rough work in heavy vessels, 
Others, again, were given experimental engines, whose 
inventors had, in some cases, little experience of the con. 
ditions under which they would have to work, and in 
others of designing a slow-running motor at all. 

Meanwhile the steam-drifter throve and multiplied all 
along the East t, from Lowestoft to Fraserburgh, 
and was rapidly serving the old luggers as the steam 
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trawlers had served the old-type sailing ketch. The 
state of things at last got so bad among the Fifeshire 
owners of the Zulu and Fifie type of drifters that the 
Scottish Fisheries Board decided to send a Commission to 
inquire into the working of the motor-boats abroad, and 
see if something of the sort might not save the situation 
for the outclassed boats over here. 5 

In 1905 Commander Mannsfield Cumming, R.N., was 
sent by the Board on a tour of inspection through 
Holland, Denmark, Norway, and Sweden, and on his 
advice a new Fifie drifter was purchased and fitted with 
a 25-brake-horse-power ‘‘Dan” motor imported from 
Copenhagen. The lines of this vessel (a typical boat of 
her class) are shown in Figs. 1, 2, and 3(above), and were 
taken off the vessel eon when I surveyed her for the 
Fisheries Board at the request of Commander Cumming. 

It will be seen that these boats are very fine-bodied, 
with a hollow section, great beam, and a large area of 
wetted surface as a natural consequence. So fine are 
they that the block coefficient is only 0.234, but as 4 
result of the small mid-section and flat buttocks, one of 
them has | 11 knots under sail alone for two hours 
in a hard, reaching wind. 

Perhaps it may be of interest to compare the three 
chief t of herring-drifter in use on the East Coast, 





and in Fig. 4 the various profiles and sections are super- 
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imposed. The ketch (A) (shown in full lines) is a typical 
Scotch boat of the modern type, and is similar to the 
steam drifters so plentiful on that coast. It will be seen 
that she is a handsome-looking vessel, with a small body, 
and far less wetted surface for her length than the Fitie 
(C) (shown in chain dotted lines). She has also a more 
compact section, although her block coefficient is only 
0.27. By the way, I must explain that in all cases I have 
taken the mean draught for the block coefficient to the 
underside of the keel, as it has been impossible to ascer- 
tain the draught to the rabbet except in a very few 
instances. 
"Tew ketches run from about 65 ft. up to 85 ft., and 
even 90 ft. over all, and some of the steamboats have 
as much as 175 indicated horse-power, and a speed of 
over 10 knots. The boats fitted with motors, however, 
are, as a rule, only about 70 ft. to 75 ft. over all, and 
84 knots is about the maximum speed, but as it is obtained 
with only 65 brake horse-power the result is not bad. 
The largest motor-ketch drifter is 82 ft. over all, about 
72 ft. load water-line, 18 ft. beam, and 9 ft. 6 in. draught, 
with 86 tons displacement. She has a motor of 80 brake 
horse-power, at 500 revolutions, which gives her a speed 
of 8.4 knots, while with about 65 brake horse-power, at 
450 revolutions, she does 7.5 knots. 

The third outline in fine dotted lines shows a Zulu 
drifter, which, like the Fifie, is a well-known type of East 
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Coast Scotch lugger. She has an enormous rake to her 
stern-post, and a considerable amount in her keel, so that 
for the same water-line and mid-section she has less 
wetted surface and turns much better than the Fifie. At 
full speed, I believe, they are much about the same in 
pace, power for length of water-line, but at low — 
the Zulu has a considerable advantage owing to reduced 
skin friction. A speed of 9 knots has been attained in 
several of these boats fitted with 60 to 80-brake-horse- 
power engines, according to their size. 

In the table of particulars of boats at the end of this 
paper I have given the principal dimensions of six Scotch 
and East Coast ketches, and one each from Sweden and 
Belgium ; there are also seven Zulus and eleven Fifies, 
with a Cornish and an Irish boat of smaller size. The 
smaller Scotch boats from the West Coast are not unlike 
the Zulus in their general shape, but they have a less 
pronounced rake to the stern-post. The other local small 
craft vary considerably in type, from an Irish hooker to 
a Falmouth quay punt; in aa tees are details of seventy- 
seven boats, and results of different powers in three cases. 
Fortunately, I have been able to inspect the lines of at 
least one boat of nearly ever: type, and as there is no 
very great variation among the individual boats of each 
sort, | have been able to give fairly closely the approxi- 
mate displacements in each case. 

The auxiliary steel drifter Pionnier IT., Fig. 8, the lines 
of which are shown in Figs. 5 to 7, 426, is a totally 
different style of vessel to any of the others, as she is a 
much more powerful sea-boat, intended for longer voyages. 


In her case the motor is merely auxiliary to the sails, and 
ys wy is only 54 knots under power alone. She was 
esigned | of the Belgians 


ed by my firm for H.M. the Kin 
(then Crown Prince), for the use of the School of Fishing at 
Ostend. She is the third vessel we have designed for this 
purpose, the first being the 85-ft. trawler Ibis III., which 
ra de signed and built in 1905, the other being a smaller 
_——. lhe head of the school, Captain Bultinck, of 
- Royal Belgian Navy, states that Ibis III., and 
Fionnier IT, are better sea-boats than the ordinary sail- 
ing-drifters and trawlers, and very handy. 

The sketches (Figs. 9 to 12) show how the sterns of 
existing fishing-boats have been altered for the instal- 
— of motor power, and it may be noted that the 
number of boats so altered last year is stated to be 
more than twice the total number of motor-drifters in 
nes in 1908. In the first sketch, a rudder-post is 
Pa f rom the head of the old stern-post to an extension 
of the after end of the keel, and the rudder is hung out- 
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side the stern as in the sailing luggers. A false stern-post 
is fitted from the junction of the new rudder-post and 
keel extension, and the stern-tube passes through it and 
the main stern-post, the triangular s at the top and 
bottom being filled up solid, and the whole well bolted 
and aaa together. 

The next figure (Fig. 10) shows a vertical rudder-post, 
also of wood, with the rudder-stem passing through the 
raking stern-post and fitted with a regular trunk ; in this 
instance there is the same false stern-post and keel exten- 
sion as in the pone vessel, but the propeller aperture 
is reduced with a larger amount of false deadwood. 

Fig. 11 shows another method in which the planking 
below the water-line has been shifted and beousite out to 
a new rabbet on the false stern-post. An iron rudder and 
rudder-post are fitted, which makes a much better job 
than the last, as the main stern-post is not weakened so 
much by the rudder-trunk. It is probably a trifle more 
expensive, but the propeller efficiency should be greater 
with the finer run and small rudder-post. The last 
arrangement (Fig. 12) requires little explanation, as it is 
for twin-screws, and no alteration of the stern is required. 
This vessel has a pair of 30-brake-horse-power engines, 
and her s is stated to be 7} to 8 knots. 

Before leaving the subject of motor fishing-boats, a few 
words on the financial side of the question may be of 
interest, and I have taken the following figures from an 
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article which appeared in the Shetland Times about a 
year ago, and from statements made by the skippers of 
several motor drifters. 


he experiment of altering a sailing-boat into a steamer | coas 


has been tried in several cases, but it necessitated cutting 
the boat in half and building about 17 ft. into the middle 
of her. It is stated that the cost of putting steam power 
into a sailing-boat works out at 1100/. to 1200/., whereas 
a motor, which can be installed for about 650/., will give 
quite as much speed and require no extra hands to run 
it, the earning powers of the converted steam and motor- 
boats being practically equal. It is also stated that the 
average amount earned by a hand on a steam-drifter is 
45l., against 671. on the motor-boat, owing to the smaller 
crew. 

The skipper of an Eyemouth lugger, who has had a 
50-brake-horse-power motor in his boat for several years, 
states that the results have been most satisfactory ; the 
fuel bill works out at ubout 2s. per hour at a speed o 
8 knots, and the presence of the motor enables him to get 
back to market with his fish when the other boats are 
becalmed, or when there is a head wind which prevents 
them from getting in with the first of the catch. This 
will sell at top prices, the later arrivals sometimes getting 
only one-fourth as much as the first boats received. His 








boat is fitted with a converted steam capstan, now worked 
by compressed air, the compressor being driven by the 
motor, and he states that it answers very well, There 
are, however, several forms of motor-driven capstans and 
winches fitted with various patterns of slipping clutches, 
many of which are giving excellent results, although the 
earlier examples were not all that could be desired. 
Another motor-boat, the balance-sheet of which has 
been published, is the 50-ft. Irish long-liner and drifter 
Ovoca, fitted with a 20-brake-horse-power motor by my 
firm for the Fisheries Department of the Board of Agri- 
culture for Ireland two years ago She has been very 
successful, showing a considerable advantage over the 
sailing boats, and the Department has built and engined 
several others for the benefit of the fishermen, who pay 
for them on easy terms. This action on the part of the 
Government has done much to develop the motor fishing- 
boat, although the Scotch Fisheries Board boat was not a 
marked success; certainly she paid rather better than the 
ordinary sailing luggers, but unfortunately her power was 
much too low, and her speed of just over 5 knots insuffi- 
cient to enable her to compete with the steam-drifters. 
Another disadvantage was the presence of the motor in 
the crew’s living quarters, and they objected to the smell 
of burnt lubricating oil mixed with stale herring, which, 
no doubt, is more powerful than pleasant ; but either the 
later motors are more carefully handled, or else the fisher 
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men have got used to the smell, as they no longer com- 
—_ of it, and are fitting motors in a large number of 
oats, 

Altogether, we may safely say that the rotor fishing- 
boats have proved successful, and will be still more so as 
the men get thoroughly accustomed to running the motors. 


ComMERcIAL Motor VESSELS. 

Turning from the fishing-boats, there is a rapidly widen- 
ing field of usefulness for motor power in small coasters, 
l een, canal barges, and, in fact, any small craft which 
do not require more than about 150 brake horse-power, 
although 1 have one example of a motor of as much as 
500 brake horse-power in an American lighter, and there 
are others of 200 and 300 brake horse-power. No doubt, 
as the manufacture of large commercial marine motors 
develops, we shall be able to get powers up to 500, or even 
1000 brake horse-power, without difficulty in a few years 
time, but at present 100 to 200 brake horse-power seems 
to be about the limit of power for really practical engines 
which can be thoroughly relied on. 

Abroad, the motor-barge has been in general use for 
many years, and some little time it was authorita- 
tively stated that there were about of these vessels 
on the canals of the Netherlands alone. On our canals 
the number is probably not more than 8 or 10 all told, 
with, perhaps, as many more on the large rivers or 


ting. 
The Sheffield keel Swiftsure was probably the first 
lighter to be fitted with a motor in this country, and she 
is still earning good money for her owners. She is 
60 ft. 6 in. over all and on water-line, 15 ft. 3 in. beam, 
and 6 ft. draught, with a displacement of about 120 tons 
when loaded with 84 tons of cargo; her power is 25 brake 
horse-power at 300 revolutions, and her 5 loaded is 
5 knots in deep water. Towing two other keels of the 
same dimensions, her speed is 2.2 knots. She has a re- 
markably full bow, even for a lighter, but her run is fairly 
fine, and no doubt this gives good propeller efficiency and 
accounts for her speed with such a low 

The particulars of four other canal 


yous. 
I parges, which are 
payin 


well, are given in the table on 


s 428 and 
f| 429 (Nos. 88, 89, 90, and 91), and the dene tug Sharp- 


ness is also given. She is 45 ft. over all, 7 ft. beam, and 
draws 3 ft.6in. Her speed, when alone on deep water, 
is 8 knots, with 28 brake horse-power, and towing twelve 
monkey-boats, with a total displacement of tons, 
including herself, her speed is 1.8 knots. 

In France and Germany chain-haulage is common on 
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DETAILS OF FISHING AND COMMERCIAL MOTOR VESSELS. 


Figures marked (*) have been — by the engineers, and are believed to be correct. Figures marked (+) have been verified by the author or by the designers 
of the vessels. Figures marked ({) are close approximations obtained from similar vessels. 


DETAILS OF HULL, &. DETAILS OF MACHINERY. 











DESCRIPTION. ENGINE. PROPELLER. 





ft. | | BL Co. | o¥ c l 
ome . P Revolu-| Dia- | No. of Ty 
(B.H.P.)| tions. |meter| Bids. ype. | 





| tons | in. | | 
| 57t | t 60t 30t | Solidt |0.2923 1.05 | 0.993 14.823 
sr” oo 5 78° g oT aa Seite é — — = 95; 3g 82} 
7 . 270% % | “= | Foldg. }|0.288}/0.80 953) 17.814 
73 250 | 65* 36* | Solid* |0.318}/0.89} | 1. 04) 17.47 
86 .§ | 80* pe 3} 0.2503 /0.94¢ | 0. 99} 19.45 
86 .300$ | 7. 65* oa ea |0.250%|0.763 0. 8st 19.453 
74.53 7 80* 25" | .. 4 10.337$|1.07{ | 1.11t) 17.64} 
46} | 7.16t 50t f ie ‘a 0.294 /1.08t 0.943} 12. 82} 
46} . 250 . 34* Hi in be - 0.294} |0.74¢ | 0.90) 12. 82} 
72% . . | 36* , i 0.2863|/0,50$ | 0. 85}! 17. 30}) 
79 f 5. 38* . | ove | ee fO:286${0.463 | 0.693! 18.405! 
72 . ! 60* ‘“ pe - 0.2754 |0.83% 1.08} 17.30}| 
70 235% 60* | * =a me 0.28610. 76¢ | 1.07% 16.97} 
97 2353 i! 80* - we os 0.279} |0.83t | 1.03$| 21.07; 
60* 5 * i 0.2953 (0.88% 1.04}/ 20.123 
20* oe ee 0. 3523/0. 42t 0.76 | 13.03} 
30* te es -- |0.8173] 10.55% 0.723) 14.82 
36* 3 - ee . 0-317 }} '0. 65t | 0.893) 14.82} 
30* sa x ‘is 0.308} |0.55} 0.77}| 14.444 
36* he = 4 57 0.80} 15.48} 
25t : ea +10. 296} |0.: 36t | 0.62$/ 16.97; 
36* b oe + ” 0.2841 0.63! 0. 93$| 16.653 
60* 5 oe “> id} |0.3% a 1.03}/ 14.44} 
| | - 1.04}/ 15.13} 
1.093] 14. 29! 
9 ” Be 10$| 13.91} 
png aa ape - cs ie 0.259 /0.62} | 0. 88}| 10.05} 
rish ketec 2a 6 e ae 28 Tr 7 2 a $/0.298$|0.711 | 0.89t) 9. 243 
Ostend ketch .. or xe ne . 4 ‘ . § ¢ | 0.3% d é - * 0. 2773 | 0.343 | 0. 741) 19.89} 
Lowestoft ketch by se ia R 6 3 | 0,32 .E 3: a 8t id} 0.288} /1.55f 0.803| 16 } t 
Ostend sailing trawler ee p 2 y 338 5 § é ee 2 3 10. 278} | |0.303 
French long-line schooner ae 
ketch 
Scotch local fishing- “boat =... af t i .f \ 
o (23 boats) ‘ 31, \ 8 3 . Tis “a me 
7 (4 boats)... 3 29.61 .2t . * wee Zs ‘. |0,270$|1.08% 
9 is AMR ee pe t ; 3. : 225} | 6.90" Fee ee a 0.3043 1.754 
” ” ” ee oe e 35* 32, \ 3. 7 . 23 . i oe eal ee 0.308 /1 
Weish local fishing-boat :.  ; ' : i 4 0.334 jo.ses 
Irish, ee .5$ 3. .316} : 2 ‘5 r.$ {0.299 a 
” ” *- .. 5. 6 t 2 A ea ie oe 0.278/1.293 
” ” we vot F 35} 5.£ ‘ f + 7 5 ae ad ai 0.314$|1.073 
” ee ee f - . q 2 *Y: ov “s 0.3381/0.52t 
” 9 i | : . y 3. t .300¢ | 7* f ; F solidt |0.2973/1.25t 
Cornish Sia ot 2 2 ' ¥. .§ 50 os 0.3453 /1.33} 
” oe ee 2 3. . 32 > be j 0.3453 /0.70t 
‘a aoe Le t $ 5. 220 . ' ei 0.361 
os ; vs ee § ; t . e | ie a 0.316 
- e = ..| 88 31, f . ‘ j 2 .50t | f ie ae ev.t [0.271 
Norfolk ws eo} 4 32, \ 6 3. f ¥ ly ee 2 0.298 
99 as ee . ‘ . - ge oe 0.224 
Hull 0. 276 
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” *” we cat t . 3. t 6004 DE 2 2 ma ‘a 3 , oo. 223 
» ” oo “ on ; i ‘ . 5.6 d Di és ee . 2703 0.16 0.594 | 45.02} 
” * ik, ia : $ ‘ 9} 6004 Af ms ie .237$10.1771| 0.573| 46.38} 
+ «| SF ‘ 2 6 : is .t |0.1762|0.218}| 0.63}|81.36; 
Trading ketch . ot ; é 272 . : x. idt . i 0.547 /41. 99! 
| United States survey brigantine \ b : 2. i . 4 : P= a I . 26 abn; lea. 6; 
Dutch coaster yacht ee - 7. A y ae , on ou . 2. .347¢ | 0.92}|23.62} 
Irish pilot vessel va = Re ie 5 f . . ; i : we yt 10.2 353 | 0.753/16.08} 
British pilot vessel... ‘ : \ : 4901 . 26 : - ‘ea ani oa 2751 10.423! | 0.81}/20.07} 
a ; i= ie ae ¢ .380 | 6.5 38 MRE pal ale ‘!  Jo.305¢/0.585 | 0.85%|16.161 
Lee a an f ¢ 5 .330t | 6.50" : ve am Deir :.  |08053/0.585¢ | 0.85¢/16.16} 
0.154} /0.248} | 0.47}/61.78} 
0.2213 0.1523 | 0.603)37.58} 
0.2241 10.1408 | 
0.249 |0.670% 2 
“ 2373 0.742% | 1% 10.69} 
2793 |0.2301 0.523 {24.703 
0.2583 10.554t | 0.92}/38.56t 
0.205 |0. 4061 | .. {24.703 
0.1901 |0.8831 | 0.56$/27.35} 
0.3381 |0. 830! 1.04$/|12.74} 
0. 1203/0. 101 | 0.35}/49.28} 
0.225 [0.1908 | 0.68} |33.291 
0. 300! |0. 485¢ | 0.711|20.07} 
(0.3003 /1.365¢ | 0.81/10. 
| Shetiteld k . .* ‘* ‘+ .* re ~ °° 0.2121 0.4971 | 0.713 /6 
Sheffield keel .. ‘ai “ in . . ¥ . | a Rev.{ |0.253/0.2003 | 0.64} |2 
pa » (towing two loaded | . 
keels) .. ‘a ‘ oh os . . x d X 2.2 2 a a - 0.2531 |0.067 | é 
REIS oy * 43°) “cosh sek ae ' 5 .600$ | 7* ae ** | soliag /0.3143/0.4383 | 0.91/19.62! 
NS aee eee ; t 7 . ] tf * [0;107$10.883$ | 0.623/12.67 
oe es ae ‘is .f , Y % ix. "" [| Tr | 2! Jofgooglo.23s¢ | 0:514/19.183 
. es “a 7: . : . cs “ --  |6.2003/0.2043 | 0.503 ae 
iia REIS my " 5 ‘ : . . A aw es is .. _ |0,1053|0.454} | 0.333) 7.84} 
Shallow-draught tunnel boat ; Solid} {0.1873/2. 100! | 0. .49! 
10,168$/3.44¢ | 1.083) 5.24} 
10.2293 |23 .073| 6.10; 
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DETAILS OF FISHING AND COMMERCIAL MOTOR VESSELS—(continued). 


Figures marked (*) have been supplied 


DETAILS OF HULL, &c. 


by the engineers, and are believed to be correct. et 
of the vessels. Figures marked (}) are close approximations obtained from similar vesse 
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DETAILS OF MACHINERY. | 
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| | } | V js 
No. DESCRIPTION. rie | ENGINE. PROPELLER. : r Si pa | O= (=) 
L.O.A. | @, w sed ee le ee | BL. Co. | ¢¥ . —— é 0 
| | Ga Wea) | ( ) "ex, * m. TS a P | Revolu- Dia- | No. of 
| } | | (B.H.P.)| tions, | meter) Bids. Type. | | 
| | tons | knots in. | 
112 | Mail and passenger boat | 77.5t | 70¢ 13t 2+ | 2 | 18.5¢ | 0.s60t | 10.65t | root =| soot | 26+ 3t | Solidt |0.196)5.42¢ |1.28: | 6.973 85! 
113 " ” ” = --| 40t 401 9t 3t | 16t 5t 0.300¢ | 10.45t 45¢t | 680t 27+ 3t ~ 0. 2253/9} 1.66} 2. 923) 74} 
114 es ” ” = --| 60* 56} | wm | és 4} 4 0.300} 8.70* 40* 350* bere » § 268} |1. 380} 1.16] | 9.42} 154} 
115 eid 1. - “= 60* 56t ee a 3 14.3} | 0.300} 7.80* 20* | 500* “| = - 0.179$)1.40$ [1.04] | 5.89) 140} 
116 | Despatch boat (in shoal water) 50t 46+ oo | 4.2t 3.5t 9.7+ | 0.235t 8.80t 65t 500t ae er ee 0. 1953/6.70$ |1.30$ | 4,55}) 48} 
117 | a »» (in deep water) 50t 46t ot | 4.2t 3.5 9.7¢ | 0.235¢ | 10.40 65t | 5004 mn ee 2 0. 195} 6.703 1.54} | 4. 553) 79} 
118 | ” ” : + * pod = s — 2.9t } 1lt 0.270¢ | 10.87t 6or | 575t 33t | 3t | Solidt 0. 163} 5.45} 1.72% 4. 93} 106} 
119 | oa ” 0 t 3+ = | «CO3t 0.306¢ | 14.15t 200t 700t 32t | St | ww 0. 1633 15.36 3/1.91$ | 5.52} 78} 
120 . s 75* 75* 12* | 35" | 9 16 | 0.300f | 16.50* | 120* 500" slo 0. 160/7.52t |1.86f | 6.35}| 287} 
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many of the rivers, such as the Seine and Rhine, and on 
the swifter portions of the latter river it is probably the 
only method of towing which will pay. The system con- 
sists of a strong chain cable laid along the bed of the river, 
and taken aboard the tug over a roller on the bow, thence 
round a sprocket or ps eg on the engine, and then 
over another roller at the stern, back to the bed of the 
river. No doubt the first cost is high, but there is no slip 
or propeller loss. ‘ ‘ x 

I believe I am correct in saying that the punt shown in 
Figs. 15 to 18, page 427, is the first motor chain-haulage tug 
ever constructed, and it is certainly the first to be used in 
the irrigation canals of a sugar plantation. My firm de- 
signed and supplied the first of these tugs in 1907, and she 
proved so successful that a second boat was built and sent 
out last year. The boat was designed in accordance with 
the suggestion of Mr. Claude T. Berthon (a well-known 
consulting engineer for sugar machinery, &c.). The owners 
state that the motor chain-haulage system has reduced the 
cost of haulage from 2.4d. per ton-mile, by the old method 
of bullock haulage, to oa on ton-mile by motor, or a 
saving of five-sixths of the cost. It must be stated, how- 
ever, that the climate was unhealthy for the bullocks and 
the mortality was considerable ; but even so the present 
cost is extremely low, and the saving of the cost of the 
labour of native drivers is very great. The wear and tear 
on the chain appears to be very light, and the cost of up- 
keep of the whole plant is small. One point in favour of 
chain haulage for irrigation canals is that the punts are 
nearly as wide and deep as the canal, so that it is possible 
by this means to run them in little more than a ditch. 

These tugs are 30 ft. over all, 7 ft. 6 in. beam, 1 ft. 
draught, and are fitted with a motor of 16 brake horse- 
power at 450 revolutions, geared down to a gipsy-wheel 
running at 57 revolutions, and the speed, towing eight 
punts with 10 tons of cane in each, or a total displace- 
ment of about 105 tons, is2.5 knots. This system might 
pay on some of our canals, or on the shallow and swifter 
running rivers where ordinary screw tugs cannot be used. 

For coasting work the motor seems to be finding a good 
deal of favour both as an auxiliary to sail, and also alone in 
similar vessels to the small steam lighters. Figs. 13 and 14 
(page 426) show the great saving in s effected by 
substituting motor power for steam in the Dutch lighter 
Nicholaas Witsen, the power in each case being the same. 
The space saved is equal to about one-sixth of the total 
hold capacity of the lighter, and the weight saved by dis- 
carding the boiler and coal-bunkers is about equal to one- 
sixth of the dead-weight capacity. As the price of the 
motor is no higher than that of the steam-engine, and as 
its repairs billis lower, owing to the absence of the boiler, 
any slight increase in the cost of fuel is far more than 
covered by the extra freight earned owing to the greater 
carrying capacity of the vessel, to say nothing of the 
saving in wages of the engineer, who is now one of the 
ordinary deck hands. 

When crude oil is used, the fuel bill is stated to be even 
lower than for steam, so it is clear that the motor should 
pay best, at any rate, in small vessels. For tugs again, 
which have much lay-by work, the saving of fuel is con- 
siderable, and a motor-tug is always ready in about 
15 minutes at most, instead of having to wait an hour or 
So to get up steam. 

Probably one of the most profitable applications of the 
marine motor is the installation of auxiliary power in the 
coasting schooners and ketches, which, like the sailing 
= vessels, are now finding it hard to compete against 

wm. 

As everyone connected with shi 


pping knows, there are 
plenty of these sound old wooden i 


vessels which could be 


fitted with motor-power at a comparatively small cost, 
and, if it will add even 30 per cent. to their number of 
trips a year, it should be a sound investment. At any 
rate, many Owners are now of this opinion, as the ap- 


pended list of vessels shows, and these are not all of the 
smallest class, as there is one of 735 tons loaded displace- 


longa another of 560, with several others of about 
« ons, 

Motor pilot vessels are another development which 
sate Enel y to prove successful. The first was built for 
= Cork Harbour Commissioners and engined by my 
— = 00d beginning of last year; since then three other 
x . 8 have been fitted with motors by a well-known firm 

1¢ north, and there is every probability of more in 


the near future, 
seat the largest motor vessels afloat is the American 
urvey brig : 
137 ft. on | 


antine Carnegie. She is 155 ft. 6 in. over all, 


| shaft. 





oad waterline, 33 ft. beam, and 12 ft. 6 in. 


draught, with a displacement of 568 tons. Her motor, 
which is a suction gas-engine, is specially made almost 
entirely of bronze to avoid any chance of magnetic in- 
fluence, and for the same reason she has practically no 
ironwork, bronze being used throughout. Her speed is 
6 knots with 150 brake horse-power. 

Motor passenger and mail boats are now | 

uite —— since Messrs. David McBrayne star 

their three boats Lochinvar, Scout, and Comet. The first 
of these boats is 145 ft. over all, 24 ft. beam, and 5 ft. 8 in. 
draught, with 300 brake horse-power, which gives her a 
onal of 12 knots. The other two have 200 brake horse- 

wer and 12 knots, and 130 brake horse-power and 10.8 

nots respectively, and I believe all of them are giving 
satisfaction. 

Another interesting mail boat is Manatee, just built at 
Cowes for service abroad, as she has made the voyage of 
4000 miles to her destination under her own power. She 
is 100 ft. over all, 16 ft. beam, and draws 4 ft. 6in. She 
has twin screws. and 152 brake horse-power, at 265 revo- 
lutions, which gives her a speed of 10.2 knots. A still 
faster vessel is Rattler, built for carrying gold on a rapid 
Eastern river. Her speed is 16.5 knots with 120 brake 
horse-power, length over all, 75 ft; beam, 12 ft.; and 
draught, 3 ft. 6 in. 

Two other notable motor vessels are tunnel stern flats, 
both built for West African work. In each case I have 
had full details from the designers, and I am informed 
that one of them, the Spider, has now done over 35,000 
miles. The other is owned by one of the great trading 
companies, but I hear that an unforeseen source of trouble 
has arisen in her case. It seems that the natives have 
a . —e can be sold 4 their py ey — 
want it for lighting purposes; the result is that the fue 
bill has reached alarming proportions. 


PowWER AND SPEED. 


One of the most serious difficulties which has arisen 
through the introduction of motor-power, especially 
among the fishermen, has been the absence of any data as 
to the — that might be expected from given powers in 
boats of various sizes and types. Thanks to the kindness 
of the principal firms connected with the marine-motor 
trade, oo been furnished with such an amount of data 
for this paper that I have been able to plot some curves 
of approximate brake horse-power and speed for fishing 
vessels of the principal types, and of many different sizes. 
From these curves I have made a small table of powers 
for various sizes and speeds, which I trust may be of use 
to those who supplied this information, but I must point 
out that it can only be taken as giving the average brake 
horse-power of vessels of each type and size, and that 
there are sure to be many individual cases in which the 
results will differ considerably from my figures. If, how- 
ever, this table proves of any assistance to those who 
have so kindly helped me with data, I shall feel amply 
rewarded for the time spent on it. 

In conclusion, I must apologise for the defects of this 
paper, and also ask to be excused for any errors which 
may be found, as I only received the last of the data 
concerning some of the vessels three days before the paper 
had to go to press. I also wish to thank most heartily 
the following firms and individuals for the information 
which they have sent me :—Messrs. William Beardmore 
and Co., The Bergius Company, J. W. Brooke and Co., 
A. F. Evans, The Griffin Engineering Company, Lindsay, 
Carverhill, and Co., The Mitcham Motor Company, the 
editor of the ‘‘Motor Boat,” Norris and Henty, The 
Parsons Motor Company, James Pollock, Sons, and Co., 
J. I. Thornycroft and Co., Ward and Cunningham, Wells 
and Kemp, and Mr. W. G. H. Wright. 





THE MEASUREMENT OF SHAFT HORSE- 
POWER. 
Notes on the Measurement of Shaft Horse-Power ; Relation 
Between Twist and Torque.* 
By Professor B. Hopkinson, D.Sc., Associate. 

THE measurement of shaft horse-power in a turbine- 
driven vessel is based on the reading of a torsionmeter 
which measures the angular twist of some portion of the 
The twist is proportional to the torque in foot- 
pounds transmitted by the shaft, and, in order to deter- 
mine this torque, it 1s necessary to know the constant 


* Paper read before the Institution of Naval Architects, 





ratio which it bears to the angular twist. This connect- 
ing factor is usually measured directly by mounting the 
shaft on bearings before it is placed in the vessel, 
applying a twisting couple by means of levers and weights 
and measuring the corresponding twist by means of the 
torsion-meter. This plan has obvious advan 8, and 
will ——- be adopted wherever it is possible. In 
some cases, however, it may be impossible, or at least 
very inconvenient, to carry out a test of this kind, and it 
will then be necessary to calculate the constant for the 
shaft from its dimensions and the modulus of rigidity of 
the material of which it is made. The author has made, 
or has seen the results of, a considerable number of 
static tests of shafting which go to show that, if the 
modulus of rigidity be assumed to be 12,000,600 Ibs. per 
square inch, the stiffness of the shaft so calcula is 
nearly always correct within about 4 per cent. The 
following figures, which have been furnished to the 
author by Messrs. Siemens Brothers, illustrate the varia- 
tions in rigidity which may occur :— 








r= : 

'g |Modulus of Rigidity x 10-6 | ‘¢ | Modulus of Rigidity x 10-6 
nD — Q — a 

8 By Torsion 8 By Torsion 
Zz By Pointers. meter. % | By Pointers. eter. 
1 12.10 12.40 | 9 12.10 11.88 

2 11.88 12.44 || 10 12.01 12.35 
3 12.07 1213 =} 11 |) 12.05 11.94 

4 11.90 12.65 12; 12 12.23 

5 12.23 12.38 ||/13| 1222 12.09 

6 11.88 12.07 || 14 11.94 12.08 

7 12.26 1224 «6=6|} 15 | = s_« 1.98 12.08 

8 12.09 11.96 | 16 | 11.91 | 12 08 


Of the sixteen shafts referred to, the first twelve were 
93 in. in diameter, and the last four 10? in. Each shaft was 
mounted in the builders’ yard and loaded by levers and 
weights. The twist was observed by means of long 
pointers fixed to the shaft at distances ranging in different 
cases from 7 ft. 6 in. to 14 in., and also by a Hopkinson- 
Thring torsionmeter which measures the twist over a 
length of about 3 ft. The modulus of rigidity was calcu- 
lated in the usual way from the twist and torque so 
measured, 

It will be seen that in all but one case out of the six- 
teen the modulus, by whichever method it be measured, 
is within 4 per cent. of 12,000,000. It may also be ob- 
served that the twist as measured by torsionmeter fre- 
quently differs considerably from that registered by the 
pointers under the same conditions of stress, the differ- 
ence reaching 6 per cent. in one case. 

The author has little doubt that the twist recorded by 
the torsionmeter under these conditions of static loading 
was correct within 1 per cent., and, although he was not 
present at these trials, he thinks it most probable that a 
similar degree of accuracy was ed with the pointers. 
If this be so, the results indicate that the twist per foot 
on the 3-ft. length covered by the torsionmeter may some- 
times differ by as much as 4 per cent. from the mean 
twist over several times that length, which is registered 
by the pointers. In other words, the variation of rigidity 
from point to point of the same shaft is of the same 
order of magnitude as the variation from one shaft to 
another. Hence the increase of accuracy obtained by 
calibrating the shaft before it goes into the vessel, ins’ 
of ing by calculation with an assumed modulus, 
will be largely illusory, unless the calibration be per- 
formed with the torsionmeter fixed at that point on the 
shaft where it is going to be used. 

The circumstances of calibration of the shaft differ 
from those obtaining in the vessel in that there is no 
end thrust. In the ship, when the shaft is working at 
full power, the end thrust may reach 1000 Ibs. per square 
inch. It is a question of some importance whether 
the presence of this thrust affects the relation between 
torque and twist. Such an effect might conceivably arise 
in either of two ways. There might be a direct effect of 
longitudinal stress upon the modulus of rigidity ; a shaft 
under compression might twist either more or less for a 
given increment of torque than when free. Such a change 
of modulus implies a deviation from Hooke’s Law, but it 
is not im ible that it exists, though it does not appear 
to have m observed except to a very minute amount. 
On the other hand, longitudinal thrust or tension may 
produce twist in the tin the absence of torque, and 
this twist due to the thrust will be added to the twist 
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produced by torque, the resultant twist being the sum of 
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these two elements. To put the matter in symbols: the 
twist, instead of being represented by a T, where T is the 
torque in foot-pounds, and a a constant dependent on the 
modehin of rigidity and the dimensions, must he repre- 
sented by a T +R, where R is the longitudinal stress. 
The kind of result which would be obtained in the cali- 
bration of a shaft such as this is shown in Fig. 5 
(annexed), in which O B represents the calibration _™ 
when the shaft is twisted in the ordinary way without 
end thrust, whilst CD represents a similar line when 4 
thrust is applied. The thrust is sup to be applied 
when there is no torque in the shaft Biving rise to a small 
twist O C, and the line C D, which is parallel to O B, 
shows the increment of twist consequent on the applica- 
tion of torque, the thrust being maintained constant. 
The dotted line O D would then give approximately the 
calibration of the shaft when an increasing torque is 
applied concurrently with a proportionately increasing 
thrust. The result, for the practical purpose of measuring 
shaft horse-power, is much the same as though the 
modulus had been increased, though physically it cannot 
be so regarded. 

The production of twist by means of a longitudinal pull 
or push, in the absence of any torque, implies a peculiar 
structure in the shaft, which may perhaps be best de- 
scribed as a helical arrangement of the fibres. A rope 
when pulled tends to untwist, and circumstances of manu- 
facture or treatment —_ sometimes —— an analogous 
structure in a metal or shaft. It seems improbable 
that the ordinary processes of manufacture of a propeller 
shaft could have any such result, but it cannot be regarded 
as impossible without more experimental evidence than 
we at present possess. Overstraining by the application 
of a torque exceeding the elastic limit would certainly 
produce a structure of the kind required ; and, though it 
is most unlikely that such overstraining would occur after 
the shaft is finished, there is at least a possibility that 
local treatment in forging may have asimilar effect. The 
question requires further experimental investigation on 
full-size shafts.” The ae would consist simply 
in applying a pure end-thrust or tension to a shaft and 
ascertaining whether or not any measurable twist is pro- 
duced thereby. 


VARIATION OF TORQUE IN A REVOLUTION. 


Most of the torsionmeters which have come into prac- 
tical use measure the twist which instantaneously exists 
in the shaft at one or more definite points in a revolu- 
tion. For example, the Denny-Johnson instrument mea- 
sures the twist at the moment when the small magnet 
carried on the wheel the coils connec to the 
telephone, and in the instrument designed by the author 
and Mr. Thring the measurement is made at the moment 
when the flash is on the screen. In the simplest form of 
such instruments the measurement is made at one point 
only, and it has then to be assumed for the purpose of 
calculating the horse-power that the instantaneous torque 
at this single point fairly represents the average during the 
revolution. Such an assumption, though obviously erro- 
neous where reciprocating engines are used, has much 
probability of truth when the motive power is a steam- 
turbine, because there is then no variation in turning 
moment due to the engine. Even here, however, it is 
possible that the varying resistance experienced by the 
propeller, due to the changing positions of its blades in 
relation to the surface of the water or the hull of the 
vessel, may cause appreciable changes of torque. The 
author has not seen any published results of observations 
bearing on the question whether such changes are of 

ractical importance, though probably such observations 
fone been made. He thinks it therefore desirable to 
place on record some results of this character, partly 
obtained by himself and partly by others, under condi- 
tions of which he has an intimate knowledge. It may be 
said at once that the general effect of these observations 
is to support the conclusion that a single point measure- 
ment of the torque in a turbine-driven propeller shaft 
sufficiently nearly represents the average over a revolu- 
tion, unless in quite exceptional circumstances. 

The general principle of the Hopkinson-Thring, torsion- 
meter, with which these observations were made, is prob- 
ably familiar to most of those who are interested in the 
measurement of shaft horse-power. A short description of 
the latest pattern of this instrument, as manufactured by 
Messrs. Siemens Brothers, may, however, be interesting. 

Figs. 1 and 2 (annexed) show in plan, part section, and 
end elevation, the size of meter used for shafts from 8 in. 
to 12 in. in diameter. Referring to Fig. 1, the sleeve is 
clamped on to the shaft in the plane A A and the collar 
in the plane B B. Two bearing-plates C C (Fig. 2) are 
carried on the inside of the sleeve and are kept 
in engagement with the corresponding plates on the 
collar by means of the spring D, which is fixed 
to the sleeve and pressed against the collar. The 
sleeve and collar are thus kept concentric, and the 
twist of the shaft between the planes A A and BB 
appears as relative motion of the opposed flanges of the 

eeve and collar as shown »y the arrows (Fig. 1). In 
order to render this relative motion visible a mirror is used, 
which is shown in detail in Fig. 3. A pair of mirrors facing 
opposite wae are carried in a metal frame which can turn 
on pivots about an axis E, whicli is fixed relative to the 
collar. This frame carries an arm F, which is connected 
by means of a flexible spring G to a block H fixed to the 
flange of the sleeve. When the shaft twists the relative 
motion of the sleeve and collar flange causes the mirror to 
turn about the axis E, as shown by the arrow. The spring 


* Mr. Hamilton Gibson has recorded some observa- 
tions on a large shaft which show an effect which may 
have been of this kind, though the observations are appa- 
rently also consistent with a change of modulus.—Trans- 
actions of the Institution of Naval Architects, March, 1907. 





strut G, while retaining its length practically invariable, 
and so making the motion of the ook of the arm the same 
as the relative motion of the sleeve and collar, is able to 
bend slightly, and so to take up the angular movement of 
the arm. A screw nut I serves to give slight movement 
to the block H relative to the flange, and thus to adjust 
the zero reading of the mirror to any desired point. By 
means of the same screw, the pitch of which is accurately 
known, it is possible to determine, after the instrument 
is fixed in place, the deflection on the scale corresponding 
to a given relative movement of the two flanges. The 
movement of the mirror is observed by means of a straight 


Fig. 1. ie 





SECTION ON LINE a.6 (Fig. 2) 


it is unnecessary to give particulars. Identification jg 
rendered easier by the fact that with the same direction 
of twist the two reflections move opposite ways, 

It is obvious that by putting on some more mirrors at 
different points round the circumference the number of 
observations in the course of a revolution may be jp. 
creased, and in the set of experiments made by the author 
with the special object of measuring the change of t: rque 
in a revolution due to propeller action, a second pair of 
mirrors was added, so as to secure four observations in a 
revolution. These measurements were made on a wing- 
shaft, which it was thought would be most likely to show 
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filament lamp J, an image of which is formed by the 
mirror on a ground-; liss screen K placed parallel to the 
axis of the shaft. It is obvious that the movement of 
this image across the scale will be proportional to the 
twist in the shaft, and, further, that for a single mirror 
this image will be thrown upon the screen at one point 
only in the revolution. In the standard fitting, as now 
supplied, however, there are, as already stated, two 
mirrors, placed back to back in the same frame, and there 
will therefore be two reflections—one from each mirror— 
corresponding to two points in a revolution which are 
nearly, but not quite, 180 deg. apart (see Fig. 2). 
These reflections, though occurring intermittently and at 
different times, will, if the speed of revolution exceeds a 
moderate amount, — as continuous lines on the 
screen. They are, however, easily identified by an 
arrangement of the screen with clear-glass slots, of which 





| changes of torque of the amount contemplated, because 


the propeller-blades come rather close to the hull of the 
vessel, and, it was supposed, might then experience a con- 
siderably augmented resistance. The disposition of mirrors 
is shown in Fig. 4, which gives the position of the pro- 
peller-blades at the instant when each of the four reflections 
passes the screen. It will be seen that the points of 
observation are fairly evenly distributed over the cycle of 
relative position of blade and hull, which, of course, 
occupies one-third of a revolution. Readings were taken 
at several different s s and powers, but no difference 
could be certainly detected between the four murrors. 
The actual figures for nearly full power and for about one- 
third of the full power were as follows :— 
Mirror. A A) B 
Full-power readings 89 90 689 
One-third of full power 42 43 «4 


B, Mean. 
90 SU) 
42 ic 
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The zeros were obtained by trailing. It will be seen 
that, assuming the mean of the four mirrors to be correct, 
the error in the torque obtained from any single one is 
not more than about 1 per cent. of the full-power torque. 

It is, of course, possible that the actual changes in 
resistance experienced by the propeller are considerably 
greater than these figures wl indicate, but that these 
changes are met by the flywheel action of the propeller. 
The relation between the actual change in the instanta- 
neous couple exerted by the water on the propeller and 
the corresponding change recorded by the torsionmeter 
will depend upon the relation between the period of 
variation of the couple, which with a three-blade propeller 
will be one-third of that of the revolution of the shaft, 
and the natural period of torsional oscillations in the 
shaft, being given (in theory) by the formula— 

n2 
mW-1 
where n is the ratio of these two periods. In the case of 
the vessel in which these experiments were made, the 
author had not complete data for calculating the natural 
period, but it was probably about ,; second. At full 
speed the period of change of couple would be » second. 

Tom the fact that these unedb are not very greatly 
different, and that, so far as the author was able to ob- 
serve, there was no marked change in torque at a — 
of about 200 revolutions per minute (at which n would be 
equal to 1, and resonance would occur), the author is 
inclined to conclude that there was really very little 
difference in the actual resistance experienced by the pro- 
peller at different points, and that the absence of indica- 
tions of such difference in the torsionmeter readings was 
not merely due to the fly-wheel effect of the poupeliee. It 
is, of course, possible that with a four-blade propeller the 
changes might be more marked. 

1e general conclusions that the torque does not vary 
porceptibl y in a revolution in ordinary cases is supported 
by anumber of observations. It has already been said 
that the standard form of the Hopkinson-Thring torsion- 
meter always gives at least two readings in a revolution. 
Observations have now been taken with this instrument on 
a considerable number of shafts in different vessels, and, 
so far as the author is aware, no case has yet been 
recorded in which the readings of either mirror at full 
power differ by more than 2 per cent. from the mean of 
the two, and the difference rarely exceeds 1 per cent. In 
these trials the instruments have been fixed on at random 
without any definite relation to the position of the pro- 

‘ller-Llades, and the number of observations which has 

n made is such that in all probability any cause of 
variation of torque which is of at all frequent occurrence 
would before now have been detected. There is, of 
course, still the possibility of occasional disturbance in 


consequence of resonance, but the cause of this would 
probably be promptly recognised, because it would occur 
only at one particular speed. 








Tue Greek Navy.—The cruiser Georgios Averof has 
been launched at Leghorn for the Greek navy. She is 
& vessel of the same typeas the Italian cruiser Piss, She 
18 470 ft. long by 70 ft. beam, and she will carry 28 guns 
and three submarine lance torpedo tubes. Her engines 
are to work up to 20,000 horse-power, and she is to steam 
at the rate of 24 knots per hour. 





COMPOUNDING AND SUPERHEATING IN 
HORWICH LOCOMOTIVES. * 


By Grorcr Hucues (Member), Chief Mechanical Engi- 
neer, Lancashire and Yorkshire Railway, Horwich. 
(Concluded from page 398.) 

SUPERHEATING. 

Having now reviewed compounding, from both a 
theoretical and practical standpoint, it will be interesting 
to consider the question of superheating. 

Although no new principle—its value having been 
known almost from the time of the inception of the steam- 
engine—a stage has now been reached when it deserves 
serious consideration as one of the methods for reducing 
cylinder losses. Viewed from this aspect, it is naturally 
brought into comparison with compounding, and the ques- 
tion arises, ‘‘ which of the two principles is the more ad- 
vantageous”’? Both systems attain their object by per- 
mitting a greater number of expansions. In the case of 
the superheated engine this has to be accomplished in 
one cylinder, and to maintain the power of the engine 
and utilise the superheat a larger diameter of cylinder 
with an earlier cut-off is employed. There are two main 
systems—namely, ‘‘high superheat” and ‘‘low super- 
heat,” the former being more than 200 deg. Fahr., and 
the latter less than 100 deg. Fahr. above saturation point. 

The author will confine his remarks to high superheat. 
Under actual working conditions, the goods engines, both 
simple and compound, previously mentioned, have an 
average cut-off of about 50 per cent. Authorities state 
that ‘‘the maximum tractive effort at slow speeds is 
obtained with 45 per cent. cut-off, and the greatest normal 
output with 30 per cent. cut-off,” when superheat is used. 
It is reasonable, therefore, to assume an average cut-off 
of 35 per cent. under superheating conditions. 

The cylinder clearances of the four types of engines 


are— 
Per Cent. 
Simple ... ise a ion, 
Compound high-pressure 12.36 
Compound low-pressure 9.76 
Superheater (assumed) 12 


N.B.—12 per cent. clearance is the usual practice on 
the Continent; the Lancashire and Yorkshire 
passenger superheater engines have 9.88 per cent. 
clearance, but the goods have only 6.34 per cent. 


Allowing for condensation losses, assumed at 15 per cent. 
in the compound, the theoretical number of expansions is 
reduced from 3.63 to 3.09, and assuming no such losses in 
the superheater engine, the number of expansions is :— 


Per Cent. 
Simple... ve 1.87 
Compound .. 3.09 
Superheater . 2.38 


Superheater, allowing for enhanced volume 2.97 
N.B.—The enhanced volume is based upon the fact 
that about 25 per cent. less weight of steam at 
200 deg. Fahr. superheat is necessary, and the 
above figures show that the compound is slightly 
superior to the superheater, when regarded from 
the point of view of expansion range. 


* Paper read before the Institution of Mechanical 
Engineers, March 17, 1910. 














The object of high superheat is to maintain the steam 
in a dry condition throughout the stroke. There are two 
condensation losses—namely, that due to steam meeting 
cylinder-walls, &c., during admission, and that due to 
conversion of heat into work during ex ion. The 
expansion poe lengthens as the cut-off decreases, and, 
co uently, if the superheat is correct for the earlier 
cut-offs with their long periods of expansion, it is too 
great for the later cut-offs, and the exhaust steam may 
carry with it a considerable quantity of heat, thereby 
reducing efficiency. It would appear that there is less 
flexibility with a superheater engine, as no doubt a great 
loss of heat occurs when the engine is being forced. It 
will be inferred from previous remarks that there is con- 
siderable difficulty in designing a 7 engine which 
will deal in a satisfactory manner with the ba pee quan- 
tities of steam admitted to the high-pressure cylinders, 
No such difficulty exists with a superheater engine. 





TasLe XI. 
| 
| Non- 
| Superheater, | Superheater. 
Diameter of cylinders. . in. 18 20 
Stroke of piston - ¥ ~ 26 26 
Length of ports. . = os oo | 12 19 
Width of steam ports.. .. — ,,/ 1 1 
» _ exhaust ports ae, Voda 3 3 
Area of steam port passages. .sq. in.| 21 21 
» Steam ports .. ee 19.7 23.9 
» . exhaust ports.. se 43.9 | 67.5 
Lap of valve ; de co = 1 ly 
Lead of valve .. sc ee is -" ie 
Travel of valve .. se - ae 5 al 
Tubes, | 
Ordinary fire-tubes, 1} in. O.D. 207 106 
Special fire-tubes, 4} in. O.D. a“ 18 


Superheater tubes, 1} in. O.D, 


54 
Length between tube-plates. . 10 ft. 9% in. 


10 ft. 93 in. 
1022.5 





Heating surface, outside tube sq. ft. 762.5 
io = »  fire-box ,, 107.6 108.1 
oe “ » total “0 1130.1 870.6 
Superheater surface, inside s “ 191.1 
Grate area oe on ee a 18.75 18.75 
Working pressure Ib. per sq. in. 180 180 
Tons Cwt. Qr.| Tons Cwt. Qr. 
Weight of engine empty, leading ... 12 11 0/| 15 2 3 
“i m , @riving ..| 14 2 0; l4 zz 
- me » trailing ..| 12 5 0 ee 
Totals se 38 18 O 40 1 O 
Weight of engine, full, leading 133 146 2) 6 Mw O 
an pat » driving 15 0 OO} 16 9 2 
- 1 » trailing » @3i st. 
Totals 42 3 O| 4 5 O 





After duly considering the available facts, the author com- 
menced his practical investigations by applying Schmidt’s 
system to an existing design of remap bos ym coupled goods 
engine, Fig. 2 (page 357 ante). The application demanded 
alterations, such as boiler tube-plate details, ae cy- 
linders, smoke-box omenaraent, Se. ; Fig. 5 (page 357 ante), 
and Figs. 13 to 15 (Plate XXIII. ante), show the altered 
design. The opening in the tor was reduced in 
area from 19.6 equare inches to 13.28 square inches; the 
steam-pipe having an area of 19.6 square inches and the 
superheater tubes 19.56 square inches. The valves were of 


the piston type with inside steam admission. The piston- 
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rods were provided with air-cooled metallic packing. The 
employment of automatic anti-vacuum valves and a by-pass 
valve gave freedom when coasting. Relief valves were 
also used on the cylinders and steam-chest, to obviate en | 
danger from accumulation of water. Lubrication, whic 
is important, is performed by a six-feed mechanical lubri- 
cator (Ritter). A Steinle-Hartung pyrometer is fixed in 
the cab to indicate the temperature in the header, and a 
pressure-gauge shows the steam-chest pressure. Further 

articulars of these engines are given in Table XI. 
page 431). 

At the end of ten months’ working, investigation 
showed that the superheater could haul 10 per cent. more 
load than the non-superheater engines of the same class, 
and, coi uently, their rating has been enhanced by this 
amount. further six months elapsed, and the results 
were so promising that the author resolved to build twenty 
more superheater goods engines, similar in all respects to 
those in service, and also apply superheaters to some pas 
senger engines. He also, in order to obtain reliable infor- 
mation, decided to investigate every detail in connection 
with the working of these engines, on similar lines to 
those carried out on thecompounds. The details of these 
investigations are embodied in Tables VII. and IX. 
(pages 397 and 398), also in Tables C and D (in MS). 

Table C, deduced from the drivers’ returns and guards’ 
road notes, shows for the non-superheater and super- 
heater engines a train-mileage of 53,000 and 69,000 respec- 
tively ; a ton-mileage of about 19 millions and 25 millions ; 
a total coal consumption of about 44 millions and 5 million 
pounds, which represent an economy 1n total coal per 
train-mile of 12.6 and per ton-mile of 12.4 per cent. in 
favour of the superheater. The average tonnage per train- 
mile, exclusive of engine, was 364 tons. The non-super- 
heater engines ran 60 per cent. train to engine miles, and 
the superheaters 61 ag cent. An epitome of the coal 
consumed per ton-mile is given in Table VII. (page 397). 
Eliminating other than selected work of both types of 
engines, the economy in coal is 12.93 per cent. per 
ton-mile for the superheater (see Table VII.). When 
under steam the actual coal consumption for this class 
of engine is 3 cwt. per hour. It was, therefore, decided 
to deduct 14 cwt. per hour for the time the engines 
were standing. Table D (in MS.) gives the results, 
after this deduction, when it will be seen there is an 
economy of 13.65 per cent. in favour of the super- 
heater. On this same table, a further comparison is 
made by converting the whole of the work into ton- 


Tasie XII. 


| 
| 
} 


D 
D 


rheater 
Slide-Valve 
| (Fig. 3). 


ton Valve 
(Fig. 6). 
heater 


with 
| Slide-Valve. 


Superheater 
with Pis 

Non-super- 
with 


| Su 
| 
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miles, assuming 200 tons per mile hauled for the class of 


shunting done by these engines. The economy now 
becomes 12.7 per cent. when the weight of engine is not 
included (Table D). When, however, the weight of 
engine is added, the economy decreases to 12 per cent. ; 
but if the coal consumed during the detention period is 
not deducted, the figures becone 11 and 11.7 per cent. 
respectively. Table IX. (page 398) gives the results when 
the engines are considered unier the ‘‘time element,” 
and coal and oil consumed, as in the case of the com- 
pound. It will be observed, in perusing these figures, 
that the compounds saved more time on the than 
the other three classes. On the running train time per 
train-mile basis, this gain amounted to 8.6 minutes in 
every hundred minutes, as against 5 minutes for the 
superheaters—a relative time economy of 3.6 per cent. 
In regard to the question of coal economy, the superheater 
engine shows an advantage over the compound, if time 
element, together with coal and oil, are included after 
deductions are made for detentions, light engine, shunt- 
ng, &c.; but when these detentions are included, the 
compound is more economical than the superheater. 





These results point to the fact that the frequent stoppages 
of trainsare prejudicial to superheating. When a stop- 
page takes place for about four minutes, the tempera- 
ture of the superheater elements drops to about that 
of saturated steam, and it is owing to the superheat- 
ing system having to be re-heated after each stoppage 
that the economy is reduced. The same remark a mg 
also to lines which are made up of heavy undula- 
tions, where probably half the distance is run with a 
closed regulator. It seems reasonable to expect that the 
greatest economy will be attained on runs of long dis- 
tances, over fairly level roads, where the regulator is kept 
open for the greater portion of the journey. 

Passenger Superheaters.—Five engines of the eight- 
wheeled Saale qaemagee class, Fig. 6 (page 357 ante), have 
also been fitted with superheaters (Schmidt’s system). 
Four of these engines have 20-in. cylinders, inside steam 
admission piston-valves, operated by the Walschaert 
motion. The fifth engine has only 19-in. cylinders with 
unbalanced valves D type, and the standard Joy motion. 

Table XII., annexed, gives the leading particulars of 
these two types of engines, and also of the non-superheater 
passenger engines. 

A special feature of the superheater engine with slide- 
valves is the method of lubricating the valves, pistons, 
and packings (Figs. 55 to 60, page 431). 

Inbrication.—For lubricating the valves the cylinder 
ee faces are provided with a number of small holes, fed 

y oil from a single pipe connected to a mechanical lubri- 
cator (Figs. 59 and 60). To further ensure oil being pro- 
perly distributed, the faces of the valves themselves have 
also several small holes. The piston-rods and valve- 
spindles have forced lubrication supplied to the steam 
side of the packing, also the cylinder barrel receives oil 
from the same lubricator. At first cast-iron valves were 
used, but, proving unsuitable, bronze valves were sub- 
stituted. No undue heating has been experienced with 
either valves, pistons, valve or piston-rods, even with 
non-stop runs of 70 minutes, proving that air-cooled de- 
vices for metallic packing, as used in Germany and else- 
where, are not necessary when the method of Linteaiion 
is an efficient one. Both balanced and unbalanced valves 
have been tried on the Continent with doubtful success, 
paar due to some defect in the system of lubricating, 

ut the method tried by the author proves that even un- 
balanced valves can be operated successfully under highly 
superheated steam, providing the lubricant is properly 
administered. 

These engines have now been in operation several 
months, and the coal saved, computed from figures ob- 
tained from the drivers’ and guards’ returns, is 21.4 = 
cent. per train-mile, and 21.9 per cent. per ton-mile. The 
author does not produce details as to how these figures 
are obtained, but it may be taken that the same method 
was observed as with the goods engines. It will be 
gathered that the superheating of nger engines 
shows greater economy than the heal ond this may be 
attributed to the fact that shunting, light engine, ballast- 
ing, and detentions, are small factors in the working of 
passenger engines, as nearly 90 per cent. of the engine- 
miles are train-miles. 

The slide-valve engine is not so economical as the 
piston-valve engines, the saving being 18.5 per cent. per 
train-mile, and 15.3 per cent. per ton-mile, but in oil con- 
sumption it is 7 per cent. lower. The reason for the 
greater consumption of coal is that the piston-valve 
engines have 20-in. diameter cylinders compared with 
19 in. for the slide-valve engine. The valve motion of 
the latter engine is arran to give 10 per cent. later 
cut-off than the former when operating in the usual 
running ition of the reversing lever. This later cut- 
off is probably detrimental to coal economy, as, owing to 
the shorter expansion range, some of the superheat is fost 
without doing useful work. 

Owing to the increased tractive effort of these 
senger superheater engines, they were put in the same link 
as the ten-wheel ‘‘ Atlantic” type, which are 14 tons 
heavier, and consequently the work performed is all the 
more to the credit of the superheater engines, although 
it is not contended that they can negotiate the maximum 
performances of the ‘‘ Atlantic” engines. 

The author has not obtained the water consumption in 
any case, but it naturally follows the fuel economy. The 
extra first cost of construction, and the question of main- 
tenance can be brought out during the discussion. 








Our Coa. ApRroap.—The shipments of coal from the 
United Kingdom in the first two months of this year 
showed little change as compared with the corresponding 
period of 1909, although they have been by no means up 
to the level reached in the corresponding period of 1908. 
The aggregate shipments to February 28 this year were 
8,353,703 tons, as compared with 8,688,934 tons in the 
first two months of 1909, and 9,360,445 tons in the first 
two months of 1908. These totals were increased by 
the addition of coke and patent fuel to 8,759,829 tons, 
9,089,927 tons, and 9,811,505 tons respectively. 


TraDE-Mark Norrs.—A booklet bearing this title 
has been issued by Mr. Reginald W. Barker, F.S.P.A., 
of Vulcan House, 56, Ludgate-hill, E.C. After pointing 
out the necessity for registering trade-marks, both at 
home and abroad, and briefly outlining the procedure 
for grant of registration, the booklet points out the value 
of a. trade-mark to manufacturers and others. It 
also includes a complete list of foreign countries in which 
trade-marks can be registered, together with a table 
showing the period covered, and stating the special con- 
ditions to be complied with in some of these countries. 
The booklet also states the charges for registration of 
trade-marks and desi and also for obtaining copyright 
for literary and artistic property in this country. 





CATALOGUES. 


New and Second-Hand Machinery.—A catalogue of new 
and second-hand machine-tools in stock has been issued 
by the Machine-Tool Company, Limited, Northern 
Works, London-road, Nottingham. The catalogue ives 
particulars and prices of all kinds of machine-tools for 
metal and wood-working, as well as engines, pumps 
cranes, winches, fans and blowers, and foundry plant.’ 


Roller Bearings.—A sheet has been received from the 
Empire Roller Bearings Company, Limited, 15, Victoria. 
street, Westminster, 8S.W., giving prices and dimensions 
of a series of roller bearings for trucks, mine-tubs, skips 
and wagons generally, and of another series for railway 
trolleys, inspection-cars, trucks, &c., which have to be 
dismounted quickly from their axles. These bearings 
greatly reduce the power required for haulage, and also 
effect a considerable saving in lubricants. 

Stauffer’s Lubricant, Grindstone Dressers, and Sct. 
Collars. —Messrs. Trier Brothers, Caxton House, West- 
minster, S.W., have issued a catalogue of their products, 
which include Stauffer’s lubricant, and “Tell-Tale” and 
other lubricators for using this substance. Trier’s patent 
grindstone dressers are also illustrated and described, as 
well as a tool for truing emery and carborundum wheels, 
Particulars are also given of the “ Split-Grip” set-collar 
for shafting, &c. The advantages claimed for this collar 
are that it has no projecting parts, and, being made in 
halves, is very easily placed in position on, or removed 
from, the shaft. Prices of all the articles are stated. 


Steam and Hydraulic Turbines and other Machinery,— 
We have received from Messrs. Escher Wyss and Co., 
whose London address is Army and Navy Mansions, 109, 
Victoria-street, Westminster, S.W., a number of cata- 
logues illustrating their productions, which consist of 
Zoelly steam - turbines, tangential water-wheels and 
Francis hydraulic turbines, turbo-pumps, paper-making 
machinery, and refrigerating and ice-making plant. Most 
of the catalognes are printed in English, French, and 
German, and they contain reference lists of users of each 
class of machinery, and illustrations of a number of in- 
stallations. One of the pamphlets contains a full descrip- 
tion of the hydro-electric power plant at Heimbach, Ger- 
many, the hydraulic machinery for which was supplied 
by Messrs. Escher Wyss and Co. 


Telephones, Signalling Apparatus, d:c.—From the Adnil 
Electric Company, Limited, Adnil Building, Artillery- 
lane, E.C., we have received a catalogue giving prices of 
telephone and signalling apparatus. The telephones in- 
clude magneto and battery wall and desk sets ; railway 
telephones ; loud-speaking telephones with hooter calls, 
for use in situations where bell signals cannot be heard ; 
gas and water-tight telephones ; intercommunication in- 
struments ; iauaione switchboards; and various acces- 
sories. The catalogue also deals with electric hooters and 
bells of all kinds, signalling instruments for use in connec- 
tion with mine winding operations, &c.; distant indicating 
thermometers ; water-gauges, and other apparatus for 
similar purposes. A number of “ Alpha” self-winding 
electric clocks are also illustrated. These clocks can be 
used as time-pieces or in connection with any of the signal- 
ling devices. 

Elevating, Conveying, and Coal-Washing Machinery.— 
A booklet containing an article on the evolution and de- 
velopment of transport appliances has been issued by the 
Gilbert Little Company, Cimited, Horton Works, Brad- 
ford. Spiral and gravity bucket conveyors are dealt with 
and installations for handling coal, ashes, and other mate- 
rials are illustrated. Belt conveyors and elevators for 
sacks, barrels, &c., are also illustrated, and prices and 
particulars are given of pulleys, shafting, plummer-blocks, 
and other accessories for power transmission. The booklet 
also describes and illustrates an aerial wire ropeway re- 
cently erected at the Silverwood Colliery of the Dalton 
Main Colliery Company, Limited. The ropeway is con- 
structed on the single-rope system and supplies some 
50 tons of coal per hour to a battery of coke-ovens. A 
separate circular devoted to coal-screening and washing 
plants, and illustrating and describing a revolving multiple 
elevator drum for draining and drying washed coal, has 
also come to hand. 


“ Arrow” Water-Meters and Pump-Checking Apparatus. 
—The Worthington Pump Company, Limited, 155, Queen 
Victoria-street, E.C., have sent usa catalogue giving par- 
ticulars of the ‘‘ Arrow” water-meter. In this meter a 
wheel with helical vanes is mounted on a hollow cylinder, 
so that its axis is coincident with that of the pipe in which 
the flow is to be measured ; the hollow cylinder forms a 
float, and so practically eliminates friction. The flow of the 
water causes the wheel to rotate and to actuate the inte- 

ting mechanism through a train of gears. The meter 
is suitable for all pressures and for all kinds of water, and 
the loss of head is very slight. Sizes ranging from 2 in. 
to 48 in. bore are made, aslightly modified pattern being 
supplied for measuring hot water. The catalogue also 
describes Lindley’s apparatus for checking and recording 
the discharge of centrifugal pumps. For this purpose two 
independent pointers are caused to rotate, about the same 
axis, over a dial. One of the pointers is operated by an 
“« Arrow” meter in the delivery-pipe of the pump, and the 
other is actuated by clockwork mechanism, and can be 
adjusted so that its speed of rotation corresponds to the 
desired rate of discharge. Thus the two pointers rotate 
together when the pump is discharging at its normal rate; 
but if this is not the case, one or other of the pointers 
advances, so that a glance at the instrument shows at 
once whether the pump is giving the proper output. 
Electrical devices to enable the indications of both the 
water-meters and the pump-checking apparatus to ‘vc 
read at a distance are also illustrated and described in t! 
catalogue. 
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SELEOTED ABSTRACTS OF RECENT PUBLISHED SPEOCIFI- 
OATIONS UNDER THE ACT OF 1907. 
he number of views given in the Specification Drawings is stated 

n cahens where none is mentioned, the Specification is not 
illustrated, 

Where inventions are communicated frem abroad, the Names, é&c., 
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Bra neh, 25, Southampton Buildings, Chancery-lane, W.C., at 
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Specification is, in each case, given after the abstract, unless the 
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the advertisement = ance of a Complete Specification, 
give notice at the atent O, of | i to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 
iter. 


129. G.C. Fricker and W. M. Mordey, Westmins 
Alternate-Current Meters. [7 Figs.) January 2, 1909.— 
This invention relates to alternate-current meters of the induc- 
tion-motor type. The apparatus is contained in a cast-iron case 
forming an integral part of the shunt stator magnetic circuit. 
b, b are two projections cast with the case, and arranged to form 
the upper shunt ng = faces. c¢ is the rotor disc mounted to 
revolve immediately below the polar projections b. A central 
core d, having a radial saw-cut to reduce internal eddy currents, 
is excited by the shunt coil f. Above the coil f a cap g is fitted 
to the core d and projects radially outwards on each side to form 
corresponding oer faces immediately beneath the rotor disc c 
and opposing polar faces b. A small horse-shoe magnet h is 
excited by the series current. This magnet is mounted on one 
end of a strip of brass, the other end of which is fixed to the 
framework k of the meter above the rotor disc. Above the series 
magnet h is fixed a horizontal screen m of sheet iron, two parts 
of which are slightly recessed upwards to form polar faces n 
opposing the poles o of a fixed permanent magnet p which is 
carried at the upper side of this iron screen. A narrow air-gap 
is left between the permanent magnet poles o and the polar faces n 
on the horizontal iron screen m, within which a second disc q, fixed 
on the same spindle as the disc c, can freely revolve. The lines 












































of induction from the permanent magnet p, after passing through 
the brake dise g, enter the recessed polar faces n in the iron 
screen m, and are closed through the body of the latter. 
The brass strip is connected to the screen m and the latter 
is provided with lugs screwed to the framework k&. Adjustment 
of speed of the dise ¢ can be obtained by springing the brass strip 
nearer to or farther from the disc by means of set-screws bearing 
against the screen m., The framework k has a projection which 
enters a recess in the cap g and core d, and is secured to the cap 
by screws. A narrow strip s of stout sheet-iron is fixed to the 
framework k of the meter at a point a little below the level of the 
lower shunt pole-pieces g, and on one side of the same midway 
between the two polar extremities 6. When tightened up in a 
horizontal position, this strip s produces no torque on the disc c ; 
butif it be set obliquely with one or other end pointing upwards 
near the underside of the disc, and in close proximity to the 
shunt pole-piece g on that side of the centre, the induced 
netic force in the strip will cause local eddies in the disc ¢, whic 
will, by interaction with the adjacent shunt-stator flux, give a 
torque in one or other direction to the disc. This strip 8, or “ start- 
ing strip,” is accordingly set so as to give a torque in the right direc- 
tion, due to the shunt-current alone, such as is nearly sufficient 
vo overcome initial friction, whereby great sensitiveness in starting 
is obtained. (Accepted December 31, 1909.) 


8581 G. Marconi and Marconi’s Wireless Tele- 
Wireless Tele- 


graph Company, Limi Lon 

graphy. (2 Figs.| April 8, 1909.—The applicant’s specification, 

No. 17,605, of 1908, describes a transmitter for wireless telegraphy, 
ich @ generator is connected through inductances or 7 


in wh 
tances to a condenser, each of the plates of which is connected 














[a 
(858!) 
to one of a pair of 
parallel, planes, and 
the primary of the 


discs rotated in parallel, or substantially 
— with studs on their adjacent faces, 
pret se igger or transformer being inserted in the 
‘nnection of one of the plates to its disc. In lance with 


S| timited, 


plates of the condenser, which are also connected through induc- 
tances or resistances to the generator. On the shafts of the two 
discs are two ome pinions ¢ gearing with an intermediate pinion 
in such a way t two studs g, one upon , cross simul- 
taneously the line joining the centres of the discs as shown. The 
discs may be rotated by a single motor driving the pinion /, but 
it is preferable to employ two similar one driving each 
disc, as, in this case, the gearing will only have to transmit half 
the difference between the powers of the two motors at any 
instant. It will be readily understood that each time that the gap 
between the discs is almost bridged by the simultaneous passage 
across the line joining their centres of two studs, a discharge 
takes place. It is obvious that it is not necessary that the two 
discs should be exactly in one plane—they may be slightly inclined 
to one another. (Accepted January 12, i910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
8913. L. Clayton, and Clayton, Son, and Co., 
Leeds. Gas-Holders. (7 Figs.) April 15, 1909. | 
—The object of the present invention is to construct gas-holders | 
in such a manner at that part where the ordinary iron ladder is | 
situated as to make room for the foot, and thus obviate danger | 
to persons ascending and descending. ne patae | to this inven- | 
tion, and with reference toa spirally-guided gas-holder, a recess 2 is 
formed in each of the various lifts of the gas-holder of a depth and 
width to suit that of the ladder, which recess may consist of a 
vertical opening left in the plates, and filled in behind by a 


and make electrical connection with the contact-studs over which 
they pass. In the construction shown by Fig. 2, the strip 1 is 
supported at each end by a link 14, which engages with a shackle 
15 connected to the strip, and with an annular recese ina pin 
16 eccentrically mounted on a disc 17 attached concentrically to 
the lower end of a rod 18 ble of being rotated. It will be seen 
that by slightly rotating rod 18, tension will be applied to 
the strip 1, and by this means the strip is so tensioned as to pass 
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clear over the road or permanent way, but so as to be able to dip 


or sag into contact with the magnet studs when the pick-up 
al magnet is energised. The ly “up magnet 20 (Fig. 3) is con- 
Si structed with its central pole 21 in the form of a trough lined with 





insulating material 22, and adapted to contain the strip 1 which, 
in this case, is formed of magnetic metal, preferably iron wire, 
tinned to prevent rusting ; 23 is a magnet coil which is insulated 
from the magnet by a shield 24 of insulating material. (Sealed 
March 10, 1910.) 


2933. B. D. Fox and the Railless Electric Traction 
Railless - Traction 


don. 
, 
8: (2 Figs.) February 6, 1909.—This invention relates 
to electric-traction systems in which railless vehicles are supplied 
with energy from two or more overhead conductors, one of 
which, generally the ~\— is at or about earth potential. 
The object of the present invention is to ensure that the earthed 
conductor shall always be connected to the frame of the vehicle, 
even if the polarity of the conductors is reve is is 
accomplished, according to this invention, through the action of 
electrically-controlled ap; tus which operates as an indicator, 
a circuit-breaker, or a circuit-reverser when the polarity of the 
trolley contacts changes. A re nts the motor equipment of a 
vehicle, the frame of which is indicated at B. The positive con- 
ductor C is ted to tacts of a reversing switch F, the 
negative conductor C! being joined to other contacts of the 
switch. The switch-blades F¥ are insulated from each other, and 
connected to the windings G! of an electro-magnet G. Pivoted 
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trough 3 of similar depth and width to that of the opening, which 
trough may be riveted to the side-sheets of the gas-holder, and 
may be formed either of angles, channels, zeds, or plates, or a 
combination of them. Opposite the recess thus provided is fixed 
a ladder 4, which latter may be secured to the side of the gas- 
holder by angle-ears or otherwise. At the part where the spiral 
guide 6 crosses the recess 2 the side-sheets of the gas-holder may be 
continued across the opening, in order that the guide may be 
riveted thereto, and so retain its support, in which plate holes 7 
will be provided for the foot, so as to form a continuation of the 
ladder. (Accepted January 12, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


3814. A. Denny and C. H. Johnson, Dumbarton. 

eter. {1 Fig.) February 16, 1909.—This invention 
relates to torsiometers. Two sleeves A, Bare attached at their 
outer ends to the shaft C, the torsion in which is to be measured, 
and at the adjacent ends of the sleeves A, B are discs A!, B!, 
upon which, and with their pole-faces closely adjacent, are electro- 
magnets A¥, B2. One end of the winding of the magnet A? is con- 
nected with an alternator A7, the opposite pole of which is 
earthed. The other end of the wi of the magnet A? is 
earthed to a stud on the disc B!. One end of the winding of the 
magnet B2 is connected with a voltmeter B!, the other terminal of 











































































































which is earthed. The other end of the winding of the magnet 
B2 is earthed to the stud on the disc B!, before mentioned. The 
alternator A7 is driven from the shaft C and supplies current to 
the electro- et A2. The current will give rise to a magnetic 
field which will induce acurrent in the winding of electro-magnet 
The current supplied by the alternator will with the 

of the shaft, and the induced current in the winding of the 
electro-magnet B? will tae upon the strength of this current 
and the air-gap between the electro-magnets A® and B2, is air- 
gap varies with the torque to which the shaft is subjected. By 
suitably calibrating the voltmeter B? the torque, or horse-power, | 
ean be read directly. (Accepted January 12, 1910.) 


RAILWAYS AND TRAMWAYS. | 
20,115. The 8. P. Pemantawes, Patents) Syndi- 
Limited, gad | M. Say: 8 









































| 
C) : GC) 
it Figs-| September 2, 1909. , 
—This invention relates to current-collectors for surface-contact | so that it can oscillate between the two cores of the electro- 
traction systems. According to this invention, the collector is | magnet G, is an armature G%, having a winding connected to a 
formed of one or more strips of metatlic woven fabric arranged at | battery H. The armature G? has an arm G5 which carries a con- 
right angles to the studs, so that the or edges of the 4 or | tact J that trols two tacts K, K!, forming part of a circuit, 
strips make contact with the studs. e strips 1 of wire fabric | including a hooter L and the battery H. The action of the electro- 
are clamped at each end between metal plates 2, which are in- | magnet G thus depends upon the Jy ay be the conductors C, C}, 
clined on their inner ends as shown at 4, and are attached to links | The winding of the armature is always connected to the 
5 capable of swinging on the bolts by which they are suspended | battery H, and thus its polarity is constant; but the windings G! 
from the bracket 6. Adapted to press and contact against the | being connected through the trolley contacts to the conductors 
inclined surfaces 4 is a metal block 8, provided at its ends with | C, C!, will, of course, nd for their polarity upon that of the 
| 








surfaces inclined to co with the inclined surfaces 4. | conductors. Thus any change in co of the conductors ©, C! 
Between the block 8 and the bracket 6 is a spring 10, which reacts | will cause the armature G* to be attracted by the te portion 
nst the bracket 6 and forces the block 8 in a downward | of the electro-magnet G, so that the armature will move over, 
direction ; this action tends to force the plates 2 apart and stretch and in doing so complete the circuit through the hooter L. e 
the strips 1 in a longitudinal direction. Each link 5 is provided | position shown illustrates the normal condition of the pues 
at its upper end with a slot to allow of the link, and the strips 1 On hearing the hooter the attendant would throw over switch 
attached thereto, moving in a veriical direction —_ theaction F, and thus change the of the windings G!, and bring 





this invention, @, @ are two similar discs mounted in the same 
p!ane on insulated bearings, and connected by brushes c with the 





— 
of the 10. With this ment, it will be seen thatthe back the armature G® to its original position, (Accepted January 
strips or collectors are pressed with a yielding force to contact 12, 1910.) 
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11,947. E. M. Munro and the Railless Electric 
London. Railless-Trac- 
’ 

tion Systems. (6 Figs.] May 20, 1909.—This invention relates to 
current-collectors for electric traction systems, and has vial 
reference to a construction of trolley-arm and head suitable for 
use with railless vehicles supplied with current from two or more 
overhead conductors. The trolley-base supports two arms B* 
pivoted to it, and the upper extremities of these arms are pivoted 
to a bridge-piece C, upon which the trolley-head is mounted. The 
distance between the centres of the pivots at each end of the arms 
B? is the same, and hence the arrangement forms a parallelogram, 
and the trolley-head tends to keep parallel to the base, what- 
ever may be the inclination of the arms. The upper extremities 
of the arms terminate in yokes which are pivoted to the bridge- 


piece C, Bolted to the bridge-piece C, but insulated from it, is a 
plate G, to which is secured a box-like casing H. Within this 
casing H is a flanged member forming the central portion of the 
rotatable head. The flanged member is held in the casing H be- 
tween two sets of ball-bearings. A plate K is bolted to the flanged 
member, and is formed with sockets K!, which receive the stems 
of carriers L, within which are mounted trolley-wheels M. The 
stems are hollow, and within each of them is a ing L4, shown 
compressed, but acting to raise each carrier Land its trolley-wheel 
M, and ensure good contact with the conductor. The stems are 
slotted, and a pin, which engages with the slot, prevents excessive 
motion in a vertical plane. The relative dimensions of the slot 
and the pin are such that it is possible for the stem to turn in the 
socket K} to a limited extent, thus allowing the trolley-wheels to 
accommodate themselves to the curvature of the conductors. 
(Accepted December 31, 1909.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


28,373. C. A. Parsons, Howengtio-om-Syne. Tur- 
bines. [8 Figs.| December 29, 1908.—This invention relates to 
partial-admission fluid-pressure turbines of the type in which the 
velocity of the working fluid is maintained chiefly or entirely by 
dropping pressure, small amounts at a time, in guide-blades only, 
a sector of such guides being arranged in front of each ring of 
rotating blades. A high-pressure turbine is divided into wheel 
elements a, b, c within closed chambersd, e, f.. Each wheel carries 
a plurality of rows of crescent-shaped blades g and h. Opposite 
to the steam inlet o to each chamber is a casting i, which carries 
the first sector of guides j in front of the first row of rotating 
blades g, a similar sector of guides m being carried in front of the 
second row of rotating blades h. These guide-sectors form the 
first steam-way. After the steam has been passed by these guide- 
sectors once through the two rotating rows of blades, it is 
delivered into a passage which directs it in a curved path radially 
outwards ; a passage / then directs the steam over the ends of the 
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running blades and radially inwards to a space at the front end 
of the wheel, From thisspace the steam passes in the same direc- 
tion as before, through two more sectors of guides j!, m!, alter- 
nating with the blades g and h, these sectors forming the second 
steamway, which discharges the steam through the oes ¢ 
freely into the chamber. To the partition-wall opposite to that 
which carries the casting i there is secured another substantially 
s milar casting r, which carries two sectors of guides 72, m2, alter- 
nating with the same rotating blades g and A, and forming a 
steamway, through which the working fluid from the chamber e 
passes in the same direction as before, into a space s; the steam 
is then directed radially outwards and over the ends of the blades 
by a passage similar to the passage / in the other casting to a 





space u, whence the steam passes through the sectors of guides 
Jj, m3, and the same rows of rotating blades g and A. The steam 
leaving this fourth passage-way is disc by the passage v in 
the partition-wall into the first steamway in the next chamber, 
where it is similarly dealt with. (Accepted December 31, 1909.) 


28,375. C. A. Parsons, Newcastle-on- e Tur- 
bines. [1 Fig.] December 29, 1908.—This invention consists in 
a partial-admission turbine of the type in which the velocity of 
the working fluid is maintained chiefly or entirely by dropping 
pressure, small amounts at atime, in guide-blades only, and in 
which no expansion takes place in nozzles preliminary to that 
occurring in the guide-blades, a sector of guide-blades being 
comnagelt in front of each ring of rotating blades, divided into a 
number of separate turbine elements, each having a rotor work- 
ing in a separate chamber, and each element having rotating 
blades c ree with segmental guide-blades a, which termi- 
nate in short end blockings 6, the drop in pressure per element 
being so small that the amount of expansion of the fluid in any 
chamber shall not exceed about four volumes. According to the 
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invention, each turbine element is provided with a sufficiently 
small number of rows of blades to reduce the loss arising from 
spilling of the steam at the ends of the segmental guides toa 
small quantity. Moreover, the pressure existing in any chamber 
is approximately a niean between that of the fluid entering and 
that of the fluid leaving the chamber. From the foregoing it will 
be understood that small drops of pressure take place only in the 
guide-blades, the rotating blades being of a form suitable for 
abstraction of velocity only. If the steam be passed only once 
through the rotating blades, a plurality of rows of rotating 
blades are employed; but if the steam is passed a plurality of 
times in the same direction through the same rotating blading, a 
single row of blades per wheel may be employed, always provid- 
ing, however, that the expansions and drop of pressure per wheel 
is slight, as above indicated. (Accepted December 30, 1909.) 


28,376. C. A. Parsons, Newcastle-on-Tyne. Tur- 
bines. [4 Figs.] December 29, 1908.—This invention relates 
to partial-admission fluid-pressure turbines of the type in which 
the velocity of the working fluid is maintained chiefly or entirely 
by dropping the pressure, small amounts at a time, in the guides, 
asector of such guides being arranged in front of each ring of 
rotating blades, Within chamber a a turbine wheel carrying one 
or more rings of working blades—say three rings c, d, e—is en- 
closed, the steam is led from the inlet f through a passage 7 to 
a sector of guide-blades h, so formed as to p uce a slight drop 
of pressure and to increase the velocity of the steam passing 
through them. This steam impinges upon the first ring of 
rotating blades c, which are of crescent shape, of symmetrical 
form. After leaving the blades c, the steam passes into another 
similar sector i, which in slightly decreases the pressure, and 
restores the velocity. “This steam again impinges on a row of 
crescent-shaped or symmetrical blades d, in which no pressure 
drop occurs, and then passes through another similar sector /, 
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which deals with the steam in the same way as before, delivering 
it at increased velocity to the third row of working blades e, 
which are of crescent or symmetrical form. The steam passing out 
of the last row of blades ¢ impinges inst a wedge buttress k on 
the opposite wall J of the chamber ; this buttress divides the steam 
into two streams and reverses the direction of axial flow, and 
also causes half of the steam to flow to the left of the main pas- 
sage-way, and halfto the right—i.e., in opposite circumferential 
directions. This reversed steam then passes through sectors 
m, n, 0, similar to those previously described, and through the 
same rows of blades ¢, d, e, which alternate with the sectors, and 
is discharged into a curved passage p, which once more reverses 
the axial direction of flow of the steam and directs it again 
through the same three rows of rotating blades and through 
alternating sectors in front of them. This reversal of axial flow 
may be repeated several times, and then the steam is delivered 
through the passage qg directly into the chamber a. It is essential, 
however, that the amount of expansion which the steam under- 

sin passing through and through the rings of blades shall be 
ut slight. (Accepted December 31, 1909.) 


TEXTILE MACHINERY. 


709. Limited, and E. Keigh- 
a, Me [4 Figs.] September 23, 1909.—This 


invention relates to self-shuttling looms of the type in which the 
placer lever is actuated to tonnaler the shuttle from the magazine 
to the shuttle-box by acam on the low shaft or other rotating 
shaft, under the control of the weft-fork mechanism, and com- 
prises improved and simplified means for effecting such transfer- 
ence. 0 is the low shaft, and ¢ the shuttle-box, which latter is 
rotatable and is formed with four longitudinal chatinels and with 
one or more circumferential grooves. The ine comprises 
fixed racks f and one or more projecting feet g, also a spindle ¢, on 
which are adjusted rails j, a finger or fingers k, the rails j and 
fingers k acting after the manner of a bell-crank lever. To the 





finger k (at one end or at each end of the spindle i) are connecte.' 
one or more springs m which tend to keep such finger in the posi 
tion shown in full lines. m indicates the placer lever pivoted to 
the loom-frame, the oy portion of which lever is provided wit 

across-bar adapted to gaged by one or more catch-levers 

pivoted on a stud p in such manner that on the depression of th: 
tail of the catch-lever o by the rod q the placer lever n is disen- 
gaged, the function of these catches o being to prevent vibratio; 
of the placer-lever and c quent displ t of the reserv: 
shuttle. The placer lever n is provided with flat springs r adapte:: 
to enter the grooves in the shuttle-box c, and with a 

upward extension s, on which are secured shelves t; and this 
lever n is jointed to a rod v adapted to be actuated by th: 
lever w pivoted to the loom frame at z in such manne: 
as to force the lever n and parts connected therewit) 
into the position shown in dotted lines, from which positio 
they are returned into the position shown in full lines by means 
of thespring y. On the lever w is a roller adapted to be engage« 
by a cam or vast 1 on the low shaft b, but the cam 1 is normall, 
clear of the roller. A rod 2 is connected at its rear end to an 
arm 3 on the shaft 4 controlled by the weft-fork mechanism, and 
at its front end the rod 2 is operatively connected to a bell-crank 











(21.708) 


lever, one arm of which engages a pin 8 on asliding boss of the 
cam 1. Upon the failure of the weft in the shuttle d, which is 
in the uppermost channel of the box c, the weft-fork mechanism, 
by means of any suitable device, causes the box ¢ to rotate to the 
extent of a quarter of a revolution, when the spent shuttle drops 
out of the channel into the receptacle 12, the reserve shuttle in 
the next channel is brought to an operative position, and the 
empty channel now facing the magazine is supplied with a full 
shuttle in the following manner :—Suitable connections controlled 
by the weft-fork mechanism depress the rod q against the resis- 
tance of the spring 13, and the shaft 4 brings the cam 1 into 
action ; the placer n, thus set in action, pushes back the rails j, 
allowing the lowest ofa number of shuttles in the magazine rest- 
ing upon the rails j to drop on to the carriers ¢, the springs 
being held back by the stops g as shown in dotted lines, so as to 
avoid obstructing such transference of the shuttle; the cam 1 
passes on, and the springs m, y, and 13 return the mechanism to 
its normal position, the springs r entering the grooves in the box 
c, and the shuttle being enclosed by or retained between the parts 
r, 8,andt. Curved springs prevent displacement of the shuttle 
now in the channel during the next quarter-turn of the box c. 
(Accepted December 31, 1909.) 

and J. C. 


5443. J. and P. Coats, Limited, Glasgow, 
Macal * ling-Machines. (2 Figs.) 


March 6, 1909. * This —_ relates to a guiding attachment for 
thread-spooling machines. The attachment comprises a rotatable 
guide, preferably in the form of a roller A, grooved circumferenti- 
ally, and journalled in the guide-holder B, and a throw-on device 


co-operating with the roller A, and consisting of an arcuate 
strip C presenting a groove to the thread in alignment with the 

cove on the roller, and held on arms fitted on the roller 
‘ournals. The strip © is preferably concentric with the roller A. 
The throw-on device, when the thread E has entered the groove 
in the roller A, may be moved out of position, as indicated by 
dotted lines in Fig. 1. (Accepted January 12, 1910.) 








Ruopes’s Directory oF PasseNceR STeaMERs.—Mr. 
Thomas Rhodes has long been known for the painstaking 
care with which he compiled his vade mecum for ocean 

ngers, and this annual publication, published for his 
rm by Messrs. George Philip and Son, Limited, 32, Fleet- 
street, E.C., at 28. 6d. net, will be accepted as thorough!) 
reliable and complete. In the present issue the num!er 
of entries has been almost doubled, and the leading pa: 
ticulars of considerably over 3500 passenger steamers, 
alphabetically arranged, are given. Mention-1s made as 
to whether the vessels have electric light, wireless te! 
graph installations, submarine signalling instruments, 
refrigerating plant, central-control bul eads, electric 
hoists, &c. In this connection it is worth noting that ai! 
of the 260 vessels now fitted with the Marconi syste! 
have batteries which are kept constantly charged fur 
emergency use in the event of the main electric supp'y 
failing. There is also a list of the principal fleets of th 
world, illustrations of notable ships, and portraits an 
biographical sketches of shipping celebrities. 
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EXPERIMENTS UPON THE FLOW OF 
WATER OVER TRIANGULAR NOTCHES. 
By JAMES Barr, B.Sc., Carnegie Research Scholar 
at the James Watt Engineering Laboratories, 
Glasgow University, 1907-9. 

INTRODUCTION. 





1. Objects and Results of Investigation.—The 
primary objects of the investigation were the veri- 








effect upon the discharge over the notch of the 
width and of the depth of the channel of approach, 
and also of the nature of the surface of the notch 
on the up-stream side, have also been made objects 
of research. The results are chiefly practical in 
their aspect, and verify Dr. Thomson’s anticipation 
that with the triangular notch the quantity flowing 
is in almost all cases very nearly proportional to 
the °/, power of the height of the still-water surface 
from the vertex of the notch. In their philosophic 
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Fic. 2. GENERAL ARRANGEMENT OF FLUME. 


fication of the formula Q = ¢ H°/,, proposed by | 
Mr. James Thomson, M.A., D.Sc. LD: F.RS., 
ae of Civil Engineering at Queen’s College, 
ast, and at Glasgow University, for the flow of 


water over a right-angled triangul 

gular or Y-shaped | 
a and. the experimental determination of the | 
alues of the coefficient C in that formula. The 
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aspect the results show that the prevention of the 


inward flow of the water at the sides of the notch, 
whether caused by the narrowness of the channel 
of approach, or by the roughness of the up-stream 
surface of the notch, produces an increase in the 
quantity flowing over the notch. 


2. Importance of Experimental Demonstration.— | 











Fie. 3. 


| ber, 1861; Appendix to Main 


In the reports of his experiments*. Dr. Thomson 
pointed out the suitability of the use of triangular 
instead of rectangular notches in circumstances 
where the quantities of water to be measured are 
very variable. He stated that if the rectangular 
notch be made wide enough to allow the water to 
pass through it in flood times, it must be so wide 
that for small flows the water flows so shallow 
over its crest that its indications cannot be relied 
upon. He showed that this objection would be 
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APPEARANCE OF THE FLow. 


removed by the employment of triangular notches, 
because, in them, when the quantity flowing is 


* The reports are published in the Civil Engineer and 
Architect's Jowrnal, as follow:—Interim Report, vol. 
xxi., November, 1858 ; Mairi Report, vol. xxiv., Decem- 

port, vol. xxvi., April, 
1863. 
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small, the flow is confined to a small space, admit- 
ting of accurate measurement. Dr. Thomson 
further advocated the use of triangular notches in 
cases in which it might not be convenient to form 
a deep pool of quiet water at the up-stream side of 
the weir-board, and stated that the bottom of the 
channel of approach might be formed as a level 
floor starting exactly from the vertex of the notch, 
and extending both up-stream and laterally, so far 
that the water entering on it at its margin may be 
practically considered as still water. 

Triangular notches are now in constant use as a 
means of gauging water, and it is therefore im- 
portant that the experimental data on which their 
application is based should be extensive and 
reliable. 

3. Sufficiency of Demonstration.—In the summers 
of 1860 and 1861 Professor Thomson devoted much 
time to the carrying out of extended and accurate 
experiments. His apparatus was, however, when 
compared with modern appliances, extremely crude. 
The following particulars are taken from his main 
report :—The experiments were made in an open 
field near Belfast. The water was obtained from a 
course leading to a water-wheel at a neighbouring 
mill, and arrangements were made to allow of a 
regulated supply, variable at pleasure, being drawn 
from the course to flow into a pond, in one side of 
which the weir-board with the experimental notch 
was inserted. The in-flowing stream was so screened 
from the part of the pond next to the notch as to 

revent any sensible agitation being propagated 
ben it to the notch, or to the place where the 
water-level was measured. A small outlet waste- 
sluice was fitted to the weir-board to control the 
water-level. A vertical slide-wand of wood, with the 
bottom end cut to the form of a hook, the point of 
which was a small level surface of about 4 in. 
square, was used for measuring the water-level. The 
water which issued from the notch was, by means 
of a horizontal tilting-trough, conveyed to either of 
two barrels, in which it was measured. Each barrel 
was fitted with an outlet valve in the bottom, and 
was in turn filled up to a point fixed near the top. 
Their joint capacity was about 230 gallons. 

Professor Thomson’s results are given in the sub- 
joined table, where H is the head or height as mea- 
sured vertically in inches from the vertex of the 
notch up to the still-water surface of the pond, Q 
is the corresponding flow of water in cubic feet = 
minute, as found by experiment, and c is the value 
of the coefficient calculated from the formula Q = 


This table gives the average results for the two 
series of experiments—one made in 1860 and the 
other in 1861. The mean of the six values of c is 
0.3064, but Professor Thomson, from a comparison 
of his experiments, prefers to adopt 0.305 as the 
coefficient, and gives his formula for the right- 
angled notch as 
Q = 0.305 H*/,. 

Professor Thomson inserted a floor on the up-stream 
side of the notch, and on a level with the vertex, as 
already described, but his experiments indicated no 
variation in the value of c for different depths of the 
water, but such as lay within the limits of the errors 
of observation. He does not seem to have made 
any experiments upon the effect of the width of the 
pide of approach, although he proposes that 
instead of a single large notch, two, three, or more 
right-angled notches might be formed side by side 
in the same weir-board, with their vertices on the 
same level. 

The —— epee Soe ee: with the aid 
of very delicate and specially-designed a tus. 
They were conducted aaa the su ision of Mr. 
Archibald Barr, D.Sc., M. Inst. C.E., Professor of 
Engineering at Glasgow University, and the range 
of investigation was considerable. 


Meruop oF INVESTIGATION. 


4. The method of investigation was solely prac- 
tical. H, the vertical height in inches of the still- 
water level from the vertex of the notch, and Q, the 
corresponding discharge over the notch in cubic 
feet per minute, were accurately measured ; c, the 


‘conditions of flow. 





coefficient of discharge in the formula Q = c H’/,, 
was then calculated, and the variations of ¢ ascer- 
tained for different values of H, and under different 


DESCRIPTION OF THE APPARATUS. 


5. The apparatus was designed by Dr. Barr for 
the Hydraulic Section (see Fig. 1, page 435) of the 
James Watt Engineering Laboratories. 

The Flume.—The general arrangement of the 
flume is shown in Fig.2. The total length is about 
22 ft.; the width at the notch is 4 ft., and the 
approximate depth is 2 ft. below the apex of the 
notch. Baffles consisting of double sheets of per- 
forated zinc, mounted on wooden frames, are fixed 
across the flume; the perforations are graded. in 
size, the finer perforated sheets being up-stream. 
The water, which is supplied from a storage-tank 
on the roof of the laboratories, enters by the 7-in. 
diameter vertical pipe at the head of the flume. 
The flow is controlled by a sluice-valve, and two 





TasBLe I.—ZeEro 


from below, as shown in Fig. 4, The gauge was 
adjusted till the pointer and its reflection appeared 
to meet. A lens, not shown in Fig. 4, was 
attached to the hook-gauge, in front of the ivory 
pointer, and with the aid of a cathetometer 
mounted opposite the vernier the water-level 
could be read to 0.901 in. 

The float-gauge consists of a closed cylindrica] 
drum, attached to a graduated tube, strung u pon a 
vertical bronze wire made straight by being strained 
slightly —— the elastic limit of the materia] 
Rotation about this wire is prevented by a forked 
projection fixed to the top of the gauge-scale, this 
projection moving on another vertical wire. The 
float is thus ‘* geometrically ” guided—that is, there 
is no redundancy in the guidance, which circum. 
stance greatly diminishes the possibility of jamming. 
When care was taken to tap the gauge before read- 
ing it, the water-level could be ascertained as accy- 
rately as with the hook-gauge. 

There were several reasons, however, why the 





on Hoox-Gavuce. 








Temp. 
in 
Flume. 


Date. Hour. 


a 
Density | Temp. at 
P f. Hook 


Gauge. — g- 


Density 
P, 


| 
‘ Hy | Observed | Correc 
P ) Jf | Zero, a. 





10/4/08 
10/4/08 


49.2 
52.0 


46.0 
50.0 


62.418+ 
09 


| 80 


62.411 + 
02 + 


11.444 + 
25 3 


11,442 
l- 








12 
12 


13 
22+ 


49.0 
49.0 


13/4/08 48.5 


13/4/08 


ot 2. 
35 4 





g@ |p 
7 
ao 


21 
20+ 
22 


47.5 
48.5 
49.0 


16 
13 


12 


44.5 
45.0 


14/4/08 
14/4/08 
14/4/08 


— 


18 
15 
35 


— 
ona 





47.6 
48.0 
48.7 


20+ 
224 
21+ 


15/4/08 


15 + 
14+ 


18 
28 
32 


~- oO Cann 





20 
22 47.9 


48.0 


J — 
Ra] sha] 


18 
26 
28 








~ 


18 
21 


an} a1 | Con 











PSx] ea] Po] » 


tt 


Hee mS! cote] mete 





SSS] 28°) O°] Se] Sr] BOR] BRO 





HSx| pre 


sco 














wowr conwoe 
+ + 














flume 


” 
density of water in hook-gauge chamber .. 


flume i ; 


ground-cocks, fitted to the flume for by-passing 
water from it to the waste channel, serve to Further 
control the level of the water. On the end of the 
pipe a sack was tied to minimise disturbance in the 
entering water. The steadiness of the pool thus 
obtained was remarkable. Fig. 2 shows the reflec- 
tion of objects on the surface of the water during 
an exposure of 24 minutes, and when the depth of 
water flowing over the crest of the notch was 4 in. ; 
Fig. 3 shows the appearance of the flow when H was 
3.5 in. and the exposure was 20 seconds. 
6. The Gauges.—The flume is fitted with two 
gauges—a hook-gauge and a float-gauge. Each is 
mounted in a separate gauge-chamber fitted with 
inspection-windows, as shown in Fig. 2. There 
are connected to the flume, at the corners where 
the water is stillest, pipes which terminate in short 
bends, with orifices pointing up-stream. By this 
means any kinetic energy by the water 
in virtue of its motion past the orifice is converted 
into static head in the gauge-chamber, so that the 
level of the water there is the still-water level of an 
infinite pool. The gauges are each fitted with a 
scale graduated to tenths of an inch, and moving 
past a fixed vernier. The hook-gauge has a sub- 
merged float to balance its mach 2 and an ivory 
inter, which is preferable to a metal one, since it 
is found that the surface film of the water does not 
cling to ivory as it does to most materials. The 
best results were obtained by looking at the gauge 
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hook - gauge was preferred to the float -gauge. 
There was a possibility of the zero level on the 
float-gauge altering from day to day, due to alter- 
ing condition of the surface of the water in con- 
tact with the float, or to the accidental presence 
upon the gauge of drops of water or any foreign 
substance. e depth of the float in the water 
might vary with varying temperatures of the water. 
Simultaneous readings of both gauges were always 
taken, but those of the float-gauge were only used 
to check momentary alterations in the water-level 
as indicated by the hook-gauge. 

7. Measuring-Tanks.—Under the floor of the 
laboratory are two measuring-tanks, built of con- 
crete. ey are each of cylindrical form, of ap- 
proximately 11 ft. in diameter and 10 ft. depth— 
1.e., of 1000 cubic feet capacity. Each is provided 
with a float-gauge, geometrically guided, with a 
scale graduated to tenths of an inch, which moves 

ta fixed vernier. The surfaces of the upright 
walls of the tanks were swept out by turning 4 
board about a central pivot, so that the cross-sec- 
tional area of each tank is very nearly constant 
throughout its depth. The tanks are emptied by 
a centrifugal pump, which returns the water to the 
tank on the roof. In the calibration of the tanks, 
and during the experiments, the suction pipes from 
the pump were opened to the atmosphere, which 
ensured that the water-level was always the same 
in the pipes as in the tank. 
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The discharge from the notch is caused to pass | varied from seven minutes for the largest to thirt 
into either tank, or into the waste channel, by | minutes for the smaller heads. The time of eac 
means of a chute, as shown in the figures. The!experiment was taken by means of a stop-watch. 
chute is supported on trunnions, and has a narrow | The temperatures of the water in the flume and in 
mouth, which is moved by hand across the partition | the hook-gauge chamber were taken at the yee 
between the channels. and at the end of each run, and were in all cases 
those at a depth of 12 in. from the surface. The 
Pretiminary Work. | results were tabulated and the temperature correc- 
.8, Calibration of Measuring-Tanks.—The tanks | tions made as shown in Table IT., which gives the 
were calibrated by observing the rise of the float observed readings and calculations for six of the ex- 
caused by the addition to the tank of a known | periments recorded in Fig. 20, to be given later. 


weight of water. Approximately 1000 lb. of water 


were weighed and added at a time, the accompany- | 
rise of the float being about 2in. The average | 


wecht of water for 0.1 in. rise of the float was 
calculated for each corresponding position of the 
scale. The temperature of the water in the tank 
was taken, and the corresponding volume of the 


tank obtained. In the experiments the measure- | series of experiments was made upon a right-angled 
ment of the water was confined to a portion of one! V-shaped notch of specially fine construction, made 


Tasie II.—TasuLaTION oF RESULTS. 


An idea of the work involved in the investigation 
may be gathered from the fact that the diagrams give 
the results of similar calculations for 525 individual 
experiments. 


EXPERIMENTS AND RESULTS. 
12. Fine Right-Angled Notch.—An exhaustive 
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of the tanks for which the calibration results indi- 
cated that the cross-section was very uniform. 

9. Verification of Flume-Gauge Scales.—The scales 
on the fluine-gauges were checked by means of a 
comparator, a measuring machine of very delicate 
and accurate construction, and were found to be 
practically correct. 

10. Determination of the Zero Level on the Gauges. 
—By the zero level is meant the level of the apex 
of the triangular notch, upon which experiments 
are being made. The method of doing this, which 
is due to Dr. Barr, gives most reliable and satisfac- 
tory results. A small and accurately-made pointer, 
fitted with an ivory point, was placed in the notch 
in the manner shown in Fig. 5, page 438. A dam, 
with a glass face, was mounted in front of the notch 
(see Fig. (), and the water-level adjusted to that 
of the pointer. This level was read on the gauges, 
and by deducting therefrom the length of the 
poiter ‘he zero level was obtained; Table te 
page 46, is an example of the reliability of this 
method used in connection with the hook-gauge. 

€ temperature correction was not made until 
after all the readings had been taken, and the cor- 
rected readings are seen to be consistent in almost 
every case to within 0.001 in. 


MANNER OF EXPERIMENTING. 


11. Throughout the experi i 
periments gauge readin 
Were taken at regular intervals dtm or three 





minutes, 


while the duration of each experiment 


by Messrs. Barr and Stroud, instrument-makers, 
Glasgow. It was cut from a sheet of brass 15 in. 
by 7 in. by ,4 in., and had a very fine edge, and was 
capable of taking flows up to 5in. head. It was 
fixed to the up-stream side of the large notch, which 
forms part of the laboratory apparatus, and the 
edge was touched with oil to enable the water 
at low heads to spring clear from the face of the 
notch. The results are shown in Fig. 7. The cen- 
tral line gives the mean value of the experiments ; 
the outer lines show the variation due to an error 
in the reading of the head of + and — 0.001 in. 





The form of this curve will be discussed later. — 

13. Large Right-Angled Notch.— Fig. 8 gives 
the results of experiments upon the large notch. 
The edge of the notch was about ;4; in. broad, and 
was in touched with oil; but it was found im- 
pot to prevent the water clinging to the face 
of the notch at values of the head below 2.5 in. 

14. Large Right-Angled Notch.—The large notch | 
was sent to the works of Messrs. Glenfield and 
Kennedy, Limited, hydraulic engineers, Kilmar- | 
nock, shine it was filed up, and the breadth of the 
edge reduced to about jj in., which is usual in| 
practice. The results of experiments upon this notch 


| right-angled notch of the same depth. Fig. 11, 


» Shows the results of experiments upon 
this notch. The curve is very similar to that for the 
fine right-angled notch, and the coefficients for the 
different heads are slightly greater than half those 
for that notch. 

(To be continued.) 





THE NATIONAL PHYSICAL 
LABORATORY. 
(Concluded from page 387.) 

Metallurgy and Metallurgical Chemistry (Super- 
intendent, Mr. W. Rosenhain, D.Sc., B.A.; Messrs. 
Guy Barr, B.A., B.Sc. ; J. C. W. Humfrey, B.A., 
M.Be. ; S. L. Archbutt, and G. A. M. Cunningham). 
Alloys Research (Messrs. Rosenhain and Archbutt, 
Mr. Lantsberry having left).—The Ninth Report 
of the Alloys Sanensek Committee, presen to 
the Institution of Mechanical Engineers in January 
last,* had dealt with alloys of copper, aluminium, 
and manganese, and the study of aluminium-zinc 
alloys has since been taken up, with interesting 
results. There had been observed three series of 
thermal changes not noticed by Shepherd, whose 
eutectic line appears to be too long, owing possibly 
to insufficiently slow cooling. Of practical import- 
ance is the observation that zinc (unlike manganese 
or copper), when alloyed with aluminium in moderate 
proportions, forms a series of homogeneous solid 
solutions, and does not give rise to hard and brittle 
second constituents. e range of useful alloys is 
thus large, extending to 20 per cent. and more of 
zinc, so that Zn-Al alloys in this respect resemble 
Zn-Cu alloys. The castings of Zn and Al can be 
melted in gas-furnaces ; the Zn makes the Al more 
fluid, and chilled castings of a tensile strength of 
18 lb. per square inch and an elongation of 5 per 
cent., density about 3, have been obtained. Ingots 
of 30 lb. charges have been rolled and drawn by 
the British Aluminium Company at Milton ; they 
roll well with 15 per cent. of Zn, and could be 
drawn cold. These alloys surpass Al-Cu alloys in 
strength. The zinc, prepared electrolytically, has 
been presented by Messrs. Brunner, Mond, and 
Co. ; the Broughton Copper Company and Messrs. 
Thermit have also aided the research. The study 
of magnesium alloys has been started ; “they must 
be melted in a reducing atmosphere, however. 

Eutectics : Temperature>Density Curves (Messrs. 
Rosenhain and Cunningham).—The phenomena of 
solidification suggested that the crystallisation of 
the two constituents of a binary eutectic might not 
be entirely simultaneous, or that there might be a 
separation of the two constituents in the liquid 
state just before solidification. Cooling curves 
were therefore taken with the Roberts-Austen 
thermo-electric recorder and the delicate potentio- 
meter of the Laboratory ; but no signs of a double- 
point in the freezing-arrests were noticed. Experi- 
ments were then made with a high-speed centrifuge, 
which was furnished with a pair of steel cups, 
wrapped on the outside with asbestos paper and 
then wound with nickel ; the nickel wire was electri- 
cally heated, slip-rings being fastened on the 
spindle for the connections. Alloys were melted 
in these cups, which ran at 2500 revolutions, the 
wholebeing placed within a casing to reduce the cool- 
ing fan effect. It was thought that the two liquid 
constituents would separate — the cooling, 
and this was so to a certain extent in lead-tin alloys ; 
but there was no separation in the eutectic itself. 
In alloys of lead-bismuth and tin-bismuth, however, 
the eutectic did appear to separate, and the micro- 
structure of the alloys crystallised under these con- 
ditions revealed some interesting features. It would 
appear that the solubilities of the lead and tin were 
modified by the centrifugal pressure. 

The investigation of temperature-density curves 
had suggested that the formation of cavities and 
blow-holes was difficult to avoid in the cooling speci- 
mens. For simple air-cooling, tall narrow cylinders 


are found to give the best results in this respect ; 


when the early solidification of the free surface is 
revented, other cylinders will likewise answer. 
he novel apparatus now used for determining the 
temperature-density curves is a kind of hydrostatic 
balance. Two glass cups, of thimble shape, are 


suspended from the short arms of a balance into a 


are given in Fig. 9. No oil was put on the edge, | hath of molten paraffin. The one cup contains 


and the water sprang clear at heads above 1.5 in. 
15. 54-Degree Notch.—Messrs. Glenfield and Ken- 
nedy, Limited, supplied a fine triangular notch 
(Fig. 10), capable of taking flows up to 5-in. head, | 
and the area of whose orifice was half that of a) 


the alloy whose volume change is to be «xsmined, 
a weight of about 100 grammes, the other a piece 
of copper. The two metals are at the same tem- 





* See ENGINEERING, page 125 ante. 
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EXPERIMENTS 


ON THE FLOW OF WATER OVER TRIANGULAR NOTCHES. 


(For Description, see Page 435 ) 
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Fie. 9. Experiments on Ricut-Anctep Norcu ; Epce or Notcu = , In. Broan. 


perature, and the relative expansions of the two 


are determined by watching the displacements of | 


the cups at different temperatures, which are 
measured by thermo-couples. The method seems 
to permit of considerable accuracy, and the volume 
changes at melting come out very clearly. 

Fracture of Steel; Strain at High Temperatures.— 
In the systematic study of fractures ‘of steel under 
a great variety of conditions, the results of which 
are to be embodied in an ‘‘atlas,’’ the fractures are 
examined, photographed undera stereoscopic bino- 
cular microscope at low magnification, and then 
embedded in electrolytic copper which is deposited 
on them to a thickness of several millimetres, 
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Satisfactory sections can then be obtained and be 
polished and etched. The fractures of steel 
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Fie. 10. Discnuarce From 54-DeukEe NovcH. 


resulting from the impact tests conducted in the 
Laboratory have already been examined. ’ 
The study of the effects of strain at high 
temperatures (Messrs. Rosenhain and Humfrey) 
is of high importance, considering that rolling, 
forging, and other mechanical operations are 
carried out at such temperatures. The prelimi- 
nary results, communicated to the Royal Society 
in November last, include the extension of the 
generalisation as to the deformation of tals by 
intra-crystalline slip to temperatures of 11() deg. 
Cent. (for nearly pure iron, at all events), and also 
a demonstration of the existence of three «listinct 
allotropic modifications of iron at temperatures 
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hich are identical with those indicated by the 
allotropic theory of Osmond-Roberts-Austen. The 
further experiments prove that 8 iron (existing at 
temperatures slightly above 850 deg. Cent.) is 
harder and stronger than a iron, and that y iron 
(existing at temperatures above 900 deg. Cent.) 
stands between the a and 8. Therefore the stress 
which breaks hot a iron does not deform slightly 
hotter 8 iron. The first experiments were made 
with very thin strips of iron, heated in a vacuum by 
the electric current and then put under strain by 
electrically releasing a powerful spring. The im- 
roved apparatus is a minute tensile testing- 
machine worked in an evacuated bell-jar. The 
apparatus comprises several concentric cylinders. 
The specimen 1s fixed vertically within a tubular 
electric furnace, which can be evacuated, between 
a bar and an annular iron float. The clearance 
between the floatand the annular chamber is small, 
so that a considerable stress can be applied by 
admitting a small quantity of mercury into the 
chamber. ‘The stress is measured on a pointer out- 
side by the difference of height between the bottom 
of the float and the mercury-level in the annular 
chamber. The load on the specimen can be raised 
to 80 lb. The pump is a rotary Cossor mercury- 
pump, driven by an electric motor. The apparatus 
stands on a table, and the current leads entering 
from below are really barometer tubes. ; 

Among novel a we should mention the 
chronograph (a clock with invar pendulum and mer- 
cury contact) for determining inverse-rate cooling 
curves, and the new arc lamp of Messrs. Leitz for the 
photo-micrographic apparatus. The illumination 
in this lamp radiates from the crater of a horizontal 
carbon, the other carbon being underneath, at right 
angles to the former. The quenching apparatus 
described last year has been improved and found 
very useful. Interesting test-work has been done 
on the inner tube of a large gun which cracked, on 
some broken rails from Nigeria, and on some cor- 
roded condenser-tubes of brass, in which a corrod- 
ing influence of lead was noticed. In the study of 
tin-plate transverse sections are usually prepared 
by electro-plating the specimen with copper ; iron, 
it is found, answers better than the soft copper for 
this purpose, and a thick coherent coating of iron 
can be obtained from an electrolyte at high boiling 
point—for instance, a mixture of iron chloride and 
calcium chloride kept above 110 deg. Cent. 

Metallurgical Chemistry (Messrs. J. Murdock, W. 
Gemmell, W. H. Withey, B.A., H. T. Reeve, L. L. 
Bircumshaw).—Work for the Indian Government 
and for the Laboratory has kept this department 
busy. Electric heating is more and more replacing 
gas heating, and one of the novelties to be seen 
was a hot plate, used instead of a sand-bath, 
which platinum windings keep at 250 deg. Cent. 
The Indian Oftice wanted information on the spon- 
taneous combustion of cotton-waste. Bales of 
cotton, dry or saturated with oil, were heated in 
an electric oven, and the temperatures in the 
interior of the bales were determined. As long as 
that temperature remained below 100 deg. Cent., 
the samples did not show any tendency to become 
heated ; at higher temperatures combustion set in. 
The influence of draught does not appear to have 
been studied. 

For the Aeronautical Division Messrs. Rosenhain 
and Barr have investigated the leakage of hydrogen 
through fabrics and the influences of moisture, 
ultra-violet light, folding and crumpling, further 
inflammability, &. In the leakage test a sheet 
of the fabric, about 1 ft. square, is horizontally 
stretched between two shallow cups of iron, and 
hydrogen is passed through the lower cup, and air 


through the upper ; the escaping air is afterwards 
passed through platinised silica packed in a com- 
bustion-tube to determine the hydrogen taken up. 
The leakave is found to increase very much with 
rising temperature ; it is, as a rule, low—2.5 litres 
per square inetre of fabric in 24 hours. 

The report draws attention to the participation 


of the Laboratory, represented by Dr. Rosenhain, 
in the Int«vnational Congress for Testing Materials, 
which met: at Copenhagen in September last.* 


Metrolu; y Department (Messrs. H. H. Jeffcott, 
B.A., 8. W. Attwell, and Dr. G. W. C. Kay, the 
latter in succession to Mr. L. F. Richardson). 


Line and Ewd Measures; Invar ; Screws.—In addi- 
tion to a great deal of testing of line and end 
measures, the gauging of micrometer screws has 


in Bee ENGINEERING, vol. Ixxzviii., pages 356, 369, 406, 
» 440, 


been taken up in the well-equipped new rooms, 
which are kept at steady temperature. Further, 
to facilitate this object, Mr. Jeffcott has stretched 
a brass wire, 175 ft. in length, in the roof of the 
building ; the wire sags about 12 in., and a fine 
wire descends from the middle of this wire down 
into the central room to a small weight and pointer ; 
the engineer is thus in possession of a kind of mag- 
nifying hot-wire meter for controlling the tempera- 
ture. The Carpentier invar wires which had been 
used in the measurement of the Semliki Valley 
base in Uganda (for the meridian arc determina- 
tion) have been verified in the Laboratory and 
tested for expansion. The comparison between 
the 24-metre wires and a 1-metre sample sug- 
gested dissimilarity in the dilatations and aoe 
want of homogeneity in the ingot from which the 
wires were drawn. Comparisons with the 4-metre 
Laboratory standard were, therefore, carried out in 
the 50-metre corridor and in the 16-metre tank, 
and for further work of this kind a 50-metre tank, 
8 in. deep and 6 in. wide, is being constructed ; it 
will be placed in the corridor. The lengths of the 
wires were determined separately for each half of a 
wire at different temperatures; the resulting co- 
efficient of expansion is 0.42 x 10-® per deg. Cent. 
It will be necessary to verify all invar wires and 
tapes for both length and expansion. For these 
reasons nickel tapes are being tried, in addition to 
invar, as standards of length ; the difficulty with 
nickel is, however, that it has a much larger tem- 
rature coefficient. Nickel-iron alloys are now 
ing made for predetermined coefficients. Glass 
vessels and chemical weights are also tested, and 
there has, indeed, been a large increase in this field. 
The glass-vessel testing will, in accordance with a 
resolution of the International Congress of Applied 
Chemistry, be carried out on the metric system, 
though this resolution was not finally : 

Taximeters (Messrs. H. A. Dear and J. K. Enock). 
—Experiments on the influence of a jerky action 
of certain flexibles have led to the approval of a 
special pattern of flexible connection ; the proper 
fixing of the taximeter and gearing is also tested 
(this by the Police). Satisfactory taximeters are 
not influenced by the vibrations of the support (the 
motor-cab). Revised taximeter regulations of H.M. 
Commissioner of Police have been in force since 
October last. 

Engineering Standards Committee, Pipe-Threads, 
Silica Standards.—We mentioned last year that six 
firms had sent 1-in., 2-in., and 3-in. B.S. P. threaded 
pipes for exact measurements. A seventh firm has 
since supplied similar pipes, and couplers for these 
have also been measured for full, effective, and core 
diameters, and for interchangeability. The 3-in. 
couplers were all larger than the standard dimen- 
sions ; of the combination of pipe-ends and couplers 
78 per cent. proved satisfactory. The standardising 
of holies (sockets) for glow-lamps is only now 
being taken up, which sounds rather oe 

The beautiful set of standard screw-gauges, all 


Nome ae : ; 
exact within jp in., now in possession of the 


Laboratory, thanks largely to the generosity 
of Sir Andrew Noble and the reduced terms 
granted by Messrs. Armstrong, Whitworth, and Co., 
are: 24 Pipe-Threads, hardened-plug screw-gauges, 
ranging from 4 in. up to 6in.; British Standard 
Whitworth Threads, 25 screw-gauges and 50 cylin- 
drical gauges, from } in. to 4 in. in diamieter ; a 
similar set of British Standard Fine Threads ; British 
Standard Electrical Conduit Gauges, 6 screw-gauges 
and 12 cylindrical screw-gauges, from § in. to 2 in. in 
diameter ; B.A. Threads, 6 plug and ring gauges of 
sizes No. 0, 2, 4, 6, 8, 10. Two large measuring- 
machines for pitch and diameter are pr con- 
structed at Openshaw. The Institution of Mecha- 
nical oe has granted 2001. for this purpose. 
The silica standards of length are quite a novelty. 
Careful experiments demonstrate that silica is 
— to glass as to thermal hysteresis, the co- 
efficients per deg. Cent. being :—Silica from 0.5 to 
1, Jena glass 59"! 2.7, Jena glass 16"! 3.5, all 
expressed in 10-* units. The 1-metre silica stan- 
dard is a tube, supplied by the Thermal Syndicate, 
2 centimetres in diameter, having half discs fused 
into its ends; these discs have been polished by 
Messrs. Hilger. The difficulty of getting good 
defining lines on the silica has been overcome. 
i scratches chipped off in a day or two, and 
could not be seen when the tube was immersed in 
water. The ends have therefore been platinised, 
but on the lower surface; the graduation is cut 





through the platinum film into the silica, and the 


protecting cover-glass rests against the lower 
platinised surface. The reading from above is 
therefore not affected by any tilt in the cover-glass. 
Sub-division of these silica standards is not intended. 

The nickel standard scale metre No. 16, which 
had been sent, for redetermination of its length, to 
the Bureau International des Poids et Mesures at 
Sévres,.has only changed by one part in ten millions 
in five years. 

Hartmann, Shaw, and Blythwood Machines.— 
The Hartmann automatic measuring - machine 
has been in use for the standardisation of spheri- 
cal-ended gauges, and also for the contouring of 
the small cylinders which are used for the measure- 
ment of the effective diameters of screw threads. 
The comparator works with a pressure of about 
10 lb. on the spherical ends, and the amount of 
the resulting deformation has been determined by 
building two gauges together, and comparing them 
with one gauge, first in the Hartmann and then 
in the Shaw machine (presently to be described). 
The Hartmann values require a correction for pres- 
sure and compression, while no such correction is re- 
quired for Shaw’s electrical contacts. Applying the 
formula of Heinrich Hertz in the Hartmann case, 
the values of the two machines agree within 0.1 p. 

The machine of Dr. P. E. Shaw, of University 
College, Birmingham, was constructed, with the aid 
of a grant from the Royal Society, for measuring- 
spark-gaps under oil, and has proved in the Labora- 
tory an excellent, though not automatic, measuring 
machine. Two micrometer screws move on a base, 
from which they are insulated by ebonite, and are 
agen with contact fingers of platinum-iridium. 

e central table between them has two move- 
ments for rotation and two for translation. When 
measuring or exploring the parallelism of gauge 
faces, for which purpose the machine is excellently 
suited, the one or other micrometer is brought up 
until contact is made under an electromotive force 
of 0.05 volt ; the observer listens in a telephone. 
Only one gauge can be placed on the table at the 
time, and the machine is not so convenient for com- 

isons, therefore, as the Hartmann comparator ; 
ut that feature might be altered. 

The Blythwood machine for ruling diffraction 
gratings has been set up on a special concrete bed, 
and the required adjustments have now all been 
made. The screw with which the table for the 
plate moves is driven by an electric motor running 
at 1000 revolutions, mounted outside the large 

uare case of the instrument, through a gearing 
which reduces the speed to four revolutions per 
minute. The screw bears with its hardened end 
against an agate plate. The driving-wheel is set 
with 720 teeth, the machine being designed to rule 
14,000 lines to the inch; the teeth were filed down 
where necessary, and afterwards copper-plated 
again, when a face had been filed down tov low. 
The periodic error is corrected by means of a cam, 
and this cam can now be shifted from one end of 
the screw to the other, so that the length of the 
grating can be increased from 5 in. to8 in. The 
provision made in the Laboratory for bringing the 
cutting diamond very gently down on the plate were 
mentioned last year.* Lady Blythwood has also 
presented the spectrometer, belonging to the 
machine, to the Laboratory. 

Physics Department (Electricity): Fundamental 
Units (Mr. F. E. Smith).—The Report of the 
Director draws attention to the Order in Council 
ee electrical standards, dated January 10, 
1910, the outcome of the International Conference 
on Electric Units. The Order, which is repro- 
duced in the Report, does not refer to a,.stan 
cell, and Mr. F. E. Smith has meanwhile sailed for 
Washington to take part in experiments on the 
silver voltameter and the Weston cell in conjunction 
with the experts of the Bureau of Standards and 
of Professor W. Jaeger (Reichsanstalt). 

The Lorenz Apparatus.—When Mr. Smith re- 
turns, work (the absolute determination of the 
ohm) will commence on the, now complete, Lorenz 
apparatus, the donation of the Drapers’ Company, 
made essentially by Messrs. Armstrong, it- 
worth, and Co., thanks to the interest shown by 
Sir Andrew Noble. The principle of the Lorenz 
apparatus is the following :—Within a coil of n 
turns, through which a current i flows, is turned 
a metallic disc of radius r at N revolutions 
per second ; contacts bear inst the centre and 
against the circumference of the disc, An electro- 
motive force will be induced, since the disc area 








* See Enorveerine, vol, lxxxvii., page 446, 
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N r* « cuts 4 r ni Nv’ mw lines of force. The 
induced current is sent through a resistance By et) 
as to balance the current i, then@i=4aniNr'a 
ord? =47*nNvr*. In the few Lorenz apparatus 
so far constructed the disc turns within one coil. 
Mr. Smith has placed the disc between two coils, so 
that the edge of the disc is outside the field. There 
is then no flux density at the circumference of the 
disc, the calculations of the thermal forces and 
mutual induction between cores and shaft become 
simpler, and the r need not be known very exactly; 
this is an important point, as some kind of brush 
contact has to be provided for the circumference. 
The whole apparatus is, moreover, in duplicate ; 
that is to say, there are two discs, and two pairs of 
coils, all four in series. Each coil consists of one 
layer of copper wire only, placed in the grooves 
of a marble cylinder on the inside of the cylinder ; 
these cylinders were made and measured in the 
Laboratory. The four coils rest on piers ; the phos- 
phor-bronze shaft runs right through all the coils, 
carrying the two discs as well, of course. At the far 
end of the shaft is the electric motor for 1000 revolu- 
tions. A chronograph belongs to the apparatus. The 
shaft runs in three bearings, which are insulated by 
means of stabilit ; the induced electromotive force 


will only be about ; volt. The bed on which the 


40,000 
apparatus is erected is a layer of Keen cement, 
3 ft. in thickness, 24 ft. long. Experiments as to 
the construction of the driving electric motor have 
been made by Mr. A. Campbell. An hydraulic 
motor would have been inconvenient, but the effect 
of the electric motor on the mutual induction of the 
coil and disc had to be minimised. Large masses of 
laminated iron were placed at various distances 
between the motor and the apparatus proper, and 
it was found that the effects were negligible when 
the motor was 8 ft. from the nearest coil. To make 
the effect less than 1 in 1,000,000—an accuracy of 
1 : 100,000 is desired for the determinations—an 
‘image ” pair of coils will be mounted beyond the 
motor. 

The Ayrton-Jones current-balance had to be 
removed and re-set in order to make room for the 
Lorenz apparatus. The sensitiveness of the newly- 
mounted balance is slightly greater now than it 
was before, and exact redeterminations of the 
electromotive force of Weston cells by the balance 
and by the Rayleigh silver voltameter yielded the 
values 1.018272 and 1.018264 volts (at 17 deg. 
Cent.) respectively. 

The other work of Mr. Smith concerns the con- 
stancy of standard resistances and of standard cells, 
the construction of new mercury standards (100 
Jena glass tubes and 50 ‘‘verre dur”) in accordance 
with the London Electric Conference, &c. Sixty 
new Weston normal cells have been set up, and the 
cadmium amalgams, the mercurous sulphate, and 
the silver voltameter have further been investi- 
gated, all more or less in co-operation with the 
institutions of other nations ; some rather peculiar 
observations have been made in silver nitrate solu- 
tions kept since 1906. 

General Measurements ; Inductometers; Effective 
Resistance ; Insulation Resistance ; Telephone Cables ; 
Magnetic Tests (Messrs. A. Campbell, B.A., H. C. 
Booth, C. Dye).—Mr. Campbell has been very suc- 
cessful in constructing instruments for the measure- 
ment of mutual and self-induction,and has described 
several new instruments before the Physical Society. 
His inductometer, which has been compared with 
his 10-henry absolute standard of mutual induct- 
ance, forms a very accurate sub-standard. The 
measurement of effective resistance and leakage 
is of great importance for telephone and other 
high-frequency work. The effective resistance of a 
highly inductive coil is much more affected, he 
finds, by leakage than is generally supposed, and in 
general the effective insulative resistance falls off 
rapidly at higher freqiency. When short lengths 
of submarine telephore cables have to be tested, 
the capacity and leakage measurements become 
difficult by errors due to the capacities of the earth 
and of the various parts of the bridge. To prevent 
these errors Mr. Campbell places a transformer 
between the current source and the bridge, and 
interposes an earthed screening coil between the 
primary and secondary of the transformer. 

_ The ring form of the magnetic circuit, often used 
in magnetic testing, is open to objection. When 
the ring is radially small, the edge deterioration due 
to stamping is considerable, and annealing is a ques- 
tionable improvement. When the radial width is 
comparatively large, the magnetic force H varies 





considerably over the width of the ring. Hence 
the preference for the method of J. Epstein, in 
which the sample is in the form of four bundles 
of strips enn, ro into a square or rectangle with 
butt joints. But the leakage due to the _ 
is then considerable. M. G. Lloyd and J. V.S. 
Fisher (Bureau of Standards, 1908) make the strips 
wide, and insert short angle-bars, of the same 
material, at the ends, so as to interlace the stri 
which form the sides of a rectangular box at the 
joints. Mr. Campbell finds this method advan- 
tageous in measurements made with a wattmeter 
at 50 periods; the losses were generally smaller 
than with the ring method; for very thin and 
hard sheets the two methods were in fair or com- 
plete agreement. It is hoped to secure international 
co-operation in this work. 

The Wildermann-Mond ae gr 
by Mr. R. L. Mond, and made by the West 
London Scientific Instrument Company, of Putney, 
is a valuable help in condenser and high-frequency 
measurements. 

Electrotechnics ; Photometry (Messrs. C. C. Pater- 
son, E. H. Rayner, M.A., A. Kinnes, B.Sc., A. 
Hutt, B.Sc.).—The visitor to the electrotechnical 
compartment cannot fail to be impressed with the 
excellent equipment and organisation of the electro- 
technical department. That British, American, 
and French authorities have arrived at an agree- 
ment as to a common unit of light has been men- 
tioned in our columns ; the German Hefner candle 
is exactly nine-tenths of this unit. The investigation 
(made in conjunction with Mr. J. S. Dines) of the 
influence of humidity on flame standards and the 
reduction of hygrometer readings to those of 
the Assmann ventilated hygrometer is not quite 
completed. In the establishment of electric sub- 
standards, two sets have been standardised burning 
at 3.1 and 2.0 watts per candle. The object is to 
get over the colour trouble by stepping up from 
reddish to bright white light. The tungsten lamps 
(1.5 watts per candle) still ae subject to small 
fluctuations, hardly noticeable in commercial work, 
but too great for standard work. The source of 
the trouble has not yet been traced, but the demand 
for metallic filament standards is growing. Among 
the new large-size tungsten lamps under examina- 
tion are some in which the filament is arranged in 
4 Vs, all in one plane ; these lamps give no shadows 
when the luminous plane facesthe Lummer-Brodhun 
photometer which is used in the Laboratory. In 
order to secure reliable results with different shades 
in the colour of the glowing filaments, Mr. Pater- 
son has the observations repeated by tive observers, 
eight times in each case ; the personal error of an 
observer for a small colour difference seems to be 
constant from day to day. Among new lamps 
tested was a quartz mercury-vapour lamp for 2000 
or 3000 candles ; it was tested at distances ranging 
from 5 to 15 metres, representing illuminations of 
about 10 to 100 candle-metres ; no variation in 
the candle-power was observed over this range. 

Power Measurements ; Ebonite ; Insulating Mate- 
rials.—An addition to the equipment are the 
test stations, tables in whose cases instruments 
are kept under observation for long periods at 
various temperatures, The quadrant electrometer, 
to be used as alternating-current wattmeter, but 
not for direct current as well (the similar instru- 
ment of Orlich and Schultze, in the Reichsanstalt, 
serves for both purposes), and the very useful 
standard water-cooled resistances, which are prov- 
ing very serviceable, were mentioned last year. 

he investigations of the dielectric strengths of 
ebonite, conducted by Mr. Rayner, with the co- 
—— of the India-Rubber, Gutta-Percha, and 
elegraph Works Company, deserve notice. Slabs 
of ebonite, of all es of purity, are made with 
cavities, so that the spherical electrodes, 2 in. 
in diameter, fit into the carefully-polished recesses. 
An ebonite thickness of 0.5 millimetre is left in 
the centre, and, as a rule, the spark pierces this 
part in a clean hole. Sometimes, however, the 
spark takes a longer path for some unknown 
reason. The strength ranges from 60,000 to 90,000 
volts per millimetre in adulterated rubber, and up 
to 150,000 volts per millimetre in the best Para. 

The important research on insulating materials, 
undertaken for the Engineering Standards Com- 
mittee, is to determine the effect of continued 
electric stress on varnished cloth and paper (so far). 
These materials are permanently weakened and 
dam: » it is found. merely by high voltage, 
ages at the edges where brush discharges 
take place. An electrostatic wattmeter, similar to 





the other wattmeter, has been constructed to 
determine the energy loss from insulating materials 
under potentials of 10,000 volts and more, and it 
has been ascertained that the watt losses increase 
rapidly with rise of temperature, and also with 
time ; shortly before the breakdown the rate of 
heat production may be as great in a few seconds ag 
it is in an hour at the beginning of the tests, 
Among the instruments tested was a 50,000-volt 
Duddell oscillograph, made by the Scientific Instry- 
ment Company, of Cambridge, which gave fine 
60,000-volt. curves in breakdown tests. 

The 100,000-volt transformer and 20-kilowatt 
motor-alternator, made by the Westinghouse Com- 
pany, have been used in these high-tension tests, 

he very interesting installation, which com- 
prises Hartmann and Braun precision voltmeters 
and several novelties, is described in the Report, 
but could not profitably be dealt with in an abstract, 

Direct-Current ; Resistance; Dry Cells (Messrs, 
S. W. Melsom and H. C. Booth). To meet the 
great demand for testing watt-hour meters, to be 
used on variable load, an instrument is applied 
in which the card moves up 6 in. per minute, 
and seconds are marked, and the load is varied 
in periods from 30 seconds up to 2 minutes ; 
a rotating electrode copper voltameter is to be used 
for the same purpose. For the tests of dry cells, 
arrangements were made with four firms to supply 
60 cells, made at the same time and of the same 
materials, and these were discharged in groups o 
four under the following conditions: for 5 minutes 
per hour 6 hours per day, or continuously, through 
1, 5, 50, 100, and 500 ohms, or at constant current ; 
thus the various rules of manufacturers, the National 
Telephone Company, the Post Office, and the War 
Office will be compared. The 5 minutes per hour 
discharge is secured with the aid of a very simple 
device. On the minute hand of an ordinary 
weight - driven clock is soldered a f)-shaped 
copper wire, the limbs of which pass through two 
little mercury troughs just beneath the dial, and 
so operate a solenoid relay and some mercury 
switches. The Post Office refers cases of dispute 
between itself and manufacturers concerning dry 
cells to the Laboratory for final decision. Nickel- 
copper alloys are being tested for resistance current- 
carrying capacity, maximum safe temperature, Xc., 
in one of Dr. Harker’s electric furnaces. 

Cables ; Insulation.—One cable has been tested 
for insulation resistance at the temperature range 
0 deg. to 100 deg. Cent. The water was circulated 
round a Fletcher-Russell gas-heater, and kept boil- 
ing for days by means of the electric heating-nets of 
wire interwoven with asbestos, mentioned last year. 
The heaters dissipate each 500 watts, and are con- 
trolled by relays operated by bi-metallic strips of 
invar and copper, riveted together and dipped 
into the tank. These strips had, however, to be 
sheathed with copper, as electrolysis set in at the 
contact ; thus protected they kept the temperature 
constant within 0.2 deg. Cent. The insulation 
resistance of the cable fell off enormously at higher 
temperatures. On behalf of the Wiring Rules Com- 
mittee of the Institution of Electrical Engineers 
various sizes of cables with different coverings— 
rubber compounded, lead-covered, paper insu- 
lated, solid conductors, Stannos wires—have been 
tested in air, wood casing, metallic tubing, earthen- 
ware conduits, air-shafts, lagged with blankets, c., 
for heating under normal and maximum currents. 

In the insulation tests of various materials, the 
specimen is placed between electrodes at 500 volts 
within an electric oven, built up of magnesia bricks 
surrounded by uralite sheets, the heating being by 
the heating-nets already referred to. The Ad- 
miralty wants to know whether certain insulating 
materials will stand the heat of are lamps. The 
specimens are exposed to open ares for five minutes 
at distances ranging from actual contact to - In. 
The key used for the insulation tests of cables rests 
on ebonite pillars mounted on a brass plate, which 
is connected to the guard terminals ef the gal- 
vanometer ; leakage is thus eliminated. Sulphur 
rings are inserted in the pillars, and the wires pass 
through amberite bushes in the walls of the box. — 

Thermometry; Gas Thermometers; Rare Earths ; 
Electric Furnaces; Pyrometers (Messrs. J _ A. Harker, 
D.Sc., F.R.S., W. Hugo, A. Blackie, B.A., and 
C. G. Eden).—In his search for suitable materials for 

-thermometers and electric furnaces, Dr. Harker 
has attempted to isolate some of the rare —_— 
The baking at high temperatures needs to be carrie 
out in the absence of reducing gases, and that 18 
not easy to accomplish. For the comparison % 
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thermo-couples a stand has been devised on which 
the couples can be fixed without insulation. A 
massive platinum ring, mounted ona vertical stem, 
is set with twelve studs projecting inwards ; under- 
neath it is a cylinder of steatite provided with 
oblique slots, which hold the wires, and a similar 
block is at the lower end of the stem. The tubular 
furnace surrounding the stem slides on iron guides. 

In the standardisation of absorption pyrometers, 
some of which range from 1300 deg. up to 5000 
deg. Cent., the melting-point of magnesia —1940 
deg, Cent. according to Goodwin and Malley (1906); 
99) deg. Cent. according to Hempel, we think— 
used to be taken as fixed point. But this tem- 
perature of 1940 deg. Cent. seems only to mark the 
commencement of a reaction between the furnace 

ses and the solid magnesia; and the use of a 
* black body ” standardisation is preferable, though 
the apparent melting-point is fairly detinite. Dr. 
Harker’s determination of the temperature of the 
crater of an arc, which temperature seems to be 
independent of the current, and the average tem- 
perature of this crater, as determined by different 
observers and method, would yield the value 3750deg. 
Cent. absolute. As substitutes for ‘‘ black bodies” 
in radiation pyrometer testing, carbon strips have 
been found convenient. They are strips of Acheson 
graphite, resembling in their shape the section of a 
test-rod ; a strip is 20 centimetres long and 2 milli- 
metres thick, but ground down in the middle por- 
tion by means of a carborundum wheel. The ends 
of the strip are perforated and clamped between 
two water-cooled electrodes, through which the 
current is introduced. These = finally burn 
away, of course, but last a good while. 

Indwetion Furnace; Silica; Bricks.—The induc- 
tion furnace presented by the English Gréndal 
Kjellin Company (Mr. Hirdén) is now in working 
order. The motor generator for it, and for other 
work, has been supplied by Messrs. Crompton. It 
is driven from the 100-volt circuit of the Laboratory 
by preference to the 480-volt supply, though heavy 
mains had to be laid for this purpose. The motor 
generator is a 28-brake-horse-power 4-pole motor 
with interpoles, and designed to give 15 kilovolt- 
amperes on a power-factor of 0.6 at 250 volts and 
160 cycles. From the slip-rings currents of 70 volts 
and 200 amperes at from 40 to 70 cycles can be 
drawn for the carbon spiral furnaces (described 
last year). The three-panel switchboard for this 
plant has been constructed in the Laboratory. 
Another addition is a Brotherhood single-stage air- 
compressor delivering 30 cubic feet of air per minute 
at 100 lb. per square inch. The compressor feeds, 
among other gas appliances, a new gas furnace, 
in which bricks are tested at temperatures up to 
1700 deg. Cent. under different loads. The brick 
under test fits into a recess, being supported at 
both ends. These tests are more instructive than 
the experiments previously made with small slabs 
of the material, which were difficult to prepare, 
moreover. 

Calorimeter ; Specific Heat of Brine Solution.—- 
A new Féry recording-calorimeter for power-gas- 
testing, made by the Cambridge Scientific Instru- 
ment Company, is being examined. The idea is 
interesting. A flame of the respective gas, fed 
through a flow-meter and pressure-regulator, burns 
within a frame built up of strips of thermo-couples. 
The thermo-electromotive force is recorded or 
read off, and the calorific value of the gas is thus 
ascertained by a continuous test. Another re- 
search concerns the specific heat of brine solutions 
at different concentrations, a subject about which 
the Laboratory had repeatedly been consulted, 
and which they have now investigated for the 
Pulsometer Engineering Company. Solutions of 
calcium chloride, of 38, 40, 42 deg. Twaddle, have 
been tested for specific heat at temperatures rang- 
ing from —10 to + 60 deg. Fahr. It results that 
the specific heat does increase with temperature, 
from ().699 to 0.737 within the just-mentioned range 
at 38 deg. Twaddle. But the number of thermal units 
necessary to cool one gallon of solution through a 
given range is nearly independent of the density of 
the solution, being about British thermal units 
per gallon for the range 0 to 60 deg. Fahr. and 38 
to 42 deg. Twaddle. 

_ Optics (Mr. T. Smith, B.A.).—The testing, par- 
ticularly of trial case lenses (of which 3579 were 
tested in the year 1909), and of photographic lenses, 
binoculars, &c., has occupied the division in addi- 
tion to research work. 

Photographic Shutters are tested for efficiency as 
Well as for accuracy—an important point. There 





seems to be no recognised understanding, either 
among makers or users, whether the speeds marked 
on shutters denote the total duration of the expo- 
sure or the equivalent ex (i.e., @ measure of 
the amount of light that reaches the plate while the 
shutter is open). Shutters may be divided into two 
classes : (a) between lens shutters, and (b) blind 
shutters, including focal plane shutters. The 
greatest number of (a) open and close at the centre, 
and for them the total duration of exposure at 
any given nominal speed is quite independent of the 
aperture of the lens. The equivalent exposure, which 
is equal to the duration of exposure multiplied 
by the efficiency, varies pater Mian, = at high speeds 
with the lens aperture. In the (6) shutters the 
time taken by the opening in the blind to cross the 
axis of the lens is not the actual time of the expo- 
sure for the centre of the plate, because blind and 
plate are not in the same plane. The method in 
which the tests are conducted by Mr. Smith was 
explained in our account of last year, and has since 
been brought before the Physical Society. The 
shutters are, of course, of very different qualities ; 
certificates for accuracy are given when the speed 
is within 20 per cent. of the marked speed, and for 
efficiency when the efficiency is above 0.5 at the 
highest speed at full aperture, provided further 
that the accuracy be satisfactory. Shutters are 
also tested for constancy. 

Tide Prediction (Messrs. F. J. Selby, M.A., T. 
Smith, B.A., and W. H. Brookes).—The work of 
the preparation of the Indian tide-tables for the 
year 1912 had been well advanced with the aid of 
new tables of corrections. 

Observatory Departments at Kew and Eskdale- 
muir (Superintendents, C. Chree, D.Sc., F.R.S., 
and G. W. Walker, M.A., Messrs. T. W. Baker, 
E. G. Constable, J. Foster, W. J. Boxall, A. E. 
Gendle, K. Boxall, G. Badderley, A. C. Cooper, 
B. Francis, A. G. Williams, W. J. Stockwell, J. 8. 
Dines, B.A., and W. C. Parkinson).-—Magnetic and 
meteorological observations, including air potential 
and ionisation, are now taken both at Kew and at 
Eskdalemuir. As regards atmospheric electricity 
Dr. Chree has recently resumed his inquiry into 
the effect of the proximity of the observer to the 
instrument. Seismological observations are also 
made at both places, and a Weichert instrument has 
been put up at Eskdalemuir, in addition to the 
Milne seismographs. The testing of various instru- 
ments (total number 41,318, against 30,391 in 1908), 
anemometers, barometers, sextants, telescopes, 
binoculars, thermometers, &c., continues at Kew ; 
some of these instruments are also tested at Ted- 
dington. Of the 380 chronometers examined, 54.7 
per cent. (instead of 56.8 per cent. in 1908, so far 
the best year) have obtained the distinction ‘‘ espe- 
cially good ;” of 108 marine chronometers sub- 
mitted, 26 failed, which is rather more than the 
average number of failures. 





Rattways IN Mapacascar.—The French Govern- 
ment have prepared a comprehensive scheme for the con- 
struction os railways in the island of r, where 
hitherto only one railway has been established—viz., a 
narrow-gauge from Tananarive to Brickaville, which line 
is about 150 miles long. Thenew _—— comprise a full- 

uge ong | oe Tananarive, the capital, to the port of 
Tatere. he new railways will greatly help to open 
out this rich, but hitherto almost entirely unexploited 
country. 

Tue Copper Market.—Messrs. James Lewis and Son 
state in their report, dated the Ist inst., that the chief 
feature of the past month has been the realisation of their 
holdings of standard eee by speculators, discouraged 
by the unsatisfactory results of their purc! the heav 
cost of carrying them, the weakness of the New Yor 
market for both copper and copper shares, and the failure of 
the much-talked-of reduction in production to materialise. 
Advancing from 59/. 12s. 6d. on the 1st. ult. to 602. 12s. 6d. 
on the 3rd, cash standard declined to 58/. 17s. 6d. on the 
announcement of the American producers’ returns for 
February, and, after some moderate fluctuations, fell to 
571. 15s. on the 29th, the closing value being 58/. 2s. 6d., 
with three months ony aha at 597. 53. A contango 
of 22s. 6d. per ton has m freely paid for the carry for 
three months, this representing interest at the rate of 
nearly 7} per cent. perannum. The demand for refined 
copper has not been active either in Europe or the United 
States, where electrolytic has recently sold at 13} cents 
per pound. Manufactured copper has been in more 
request, and there has been some inquiry for India. 
American shipments from the three northern ports for 
the month of March are advised as 19,541 tons. Imports 
into the United States for the month of January are 
returned as 13,800 tons, against 9700 tons last year. 
English and French stocks show a decrease of 2973 tons 
for the month ; but, in view of the greatly reduced ex- 
ports, a large increase may be expected in the American 
stocks, 








EMPLOYERS AND COMPENSATION 
INSURANCE. 


Tuer Factory Acts impose a statutory obligation 
upon the employer to guard moving machinery, and 
so prevent accidents to the workers. It is not con- 
templated by the law that a man shall insure him- 
self against his own negligence. The Factory Acts 
are passed to secure the safety of the workers, and 
therefore a breach of the Factory Acts is an 
offence against the public. The duty of an employer 
is absolute, and he cannot release himself from the 
consequences of his negligence by insuring himself 
against his own breach of the law. An insurance 
in such a case would be contrary to public policy. 

This aspect of the law is keenly regarded by the 
insurance companies which are effecting insurance 
policies with iy of workmen to cover 
claims under the Workmen’s Compensation Act. 
If an accident happen through the absence of fenc- 
ing, or of a , of a moving machine, a breach 
of the Factory Acts may have been committed, and 
this suggests to the insurance companies that when 
in such circumstances a workman’s compensation 
claim arises, there is no obligation on their part to 
pay the insurer. This interpretation of the legal 
rights of the insurance companies is not always 
strictly correct. There is no breach of the Factory 
Acts in every case where the machinery fence or 
guard is absent, as, for example, when it is tem- 
ey removed for cleaning or repairing purposes 

y the workman in charge of the machinery. The 
latest arbitration under this head illustrates a very 
interesting point of insurance law. 

The parties in the dispute were a firm of timber 
merchants in Birkenhead and the Glasgow Assur- 
ance Corporation, Limited. The arbitration was to 
settle a dispute under a policy of insurance under 
the Workmen’s Compensation Act. The insurance 
company raised the point whether they were liable 
in respect of an accident to a man who, in the em- 
— service, fell against a circular saw and was 

ly injured. The saw was at the moment in the 
process of repair, which involved its motion with 
the rd off. To the workmen who were on the 
job there was no danger, and there was no negli- 
gence on the part of the employers. Another work- 
man, passing through the yard, stumbled and fell 
upon the saw, and so injured his arm that it had to 
be amputated. The compensation was not disputed 
by his employers. 

This case has no connection with the Workmen’s 
Compensation Act ; it arose between the insurance 
company and the employers, the insurance company 
contending that if the accident happened when the 
saw was without its guard, there was a breach of the 
Factory Act, and consequently the insured could 
have no legal right to payment from the insurance 
company, as such a claim was contrary to public 
policy, inasmuch as it insured the employer against 
risk of accident to his workmen caused - the em- 
ployer’s own negligence in running machinery with- 
out the guard required by the Factory Acts. The 
case for the employers was that the terms of the 
insurance policy were that the insured should take 
reasonable precautions to prevent accidents, and to 
comply with the statutory obligations. The insured 
firm had provided a good machine and efficient work- 
men and a proper guard. The Factory Act had 
been complied with, inasmuch as the Act excepts 
machinery ‘‘ where it is under repair, or examina- 
tion in connection with repair, or is necessarily 
exposed for cleaning, lubricating, and altering the 
gearing or parts of the machine.” This exception 
covered the case. Even if there had been negligence, 
there was no breach of the statutory obligation, and 
therefore the insurance policy was not void. The 
insurance a ge contended that even if there 
were reasonable precautions, which they denied, 
there was a breach of the Factory Acts, and that 
was enough to vitiate the insurance policy. The 
insurance company, however, did not apparently 
take sufficient account of the exception provided for 
in the Factory Acts, and this exception was applic- 
able to this case. The ‘‘ stoning,” ors ning of 
the saw by efficient workmen was not attended by 
any act of on gm which would have made the 
employers liable for a breach of the Factory Act. 
All reasonable precautions apparently had been 
taken, and therefore the insurance company were 
wane in contesting the validity of the insurance 

icy. 

It is well the public should know the facts of 
this case, in which the insurance company seemed 
to contend that more than reasonable precautions 
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were necessary to avoid a breach of the Factory Acts, 
because a majority of accident cases may be said to 
be due to some breach of the Factory Acts, either 
directly or indirectly. It is true, as the insurance 
company contended, that they do not insure against 
a breach of the Factory Acts. They were held 
responsible in this case because the policy was not 
void, and there had been no actual breach of the 
Factory Acts, the insured being protected by the 
exception provided for in the Act. The arbitrator 
decided against the insurance company and in 
accordance with the ruling of the Law Courts in 
cases of insurance contracts and of employers’ obliga- 
tions under the Factory Acts. At the same time, 
inasmuch as the absence of fencing of dangerous 
machinery in motion creates a new form of danger, 
it seems to call for additional safeguards to prevent 
a person who is not at work with the machine, and 
is unaware of its danger, being caught in it. 








IRONCLAD SWITCH-GEAR FOR MINES. 

SwircH-GeEarR forms a division of electrical work 
which has not, up to the present, shown the tendency 
towards standardisation, and the general acceptance 
of a definite line of design by different makers, which 
have become so marked in some other branches. None 
the less, a common tendency and general line of pro- 
gress can be observed in the work of different firms. 
This tendency is concerned with an attempt to get 
away from the old panel arrangement, in which the 
wade of the apparatus and instruments required for 
the control of a circuit were mounted on a slate or 
marble panel, with the interconnecting wires or straps 
behind. This arrangement still holds for switch-gear 
of large capacity, but for lighter work many depar- 
tures from it are to be seen. In colliery and mining work 
especially a tendency towards enclosed ironclad gear 
has set in, with the production of apparatus much 
better suited for installation in exposed or dirty situa- 
tions than was the old panel type of gear. In the 
introduction of such ironclad gear in this country the 
British Westinghouse Electric and Manufacturing 
Company, Limited, of Trafford Park, Manchester, has 
played a leading part, having manufactured apparatus 
of this class for many years past. In the figures 





Fig. 2. Prtuar witH Or-Switch Removed. 
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above, and on the opposite page, we illustrate the ‘mounted together to form d 


latest development of the type as manufactured by | 
this company. 

The apparatus, which is built for three-phase | 
circuits, consists of a series of independent pillars, 
each containing an automatic oil-switch with isolating 
arrangements, an ammeter or voltmeter, and an in- | 
coming joint-box. The pillars may be used singly for 
the control of motor or other circuits, or may be> 


| access to the current-carrying 


istributing switchboards. 
In this latter case bus-bars are run through the lower 
chambers of the pillars, making electrical connection 
between the units. The oil-switch, carrying the in- 
strument, is arranged so that it is impossible to gain 
parts until they have 
and 3 it will be seen 
e oil- 
the 


been made dead. From Figs. | a 
that the instrument is carried directly on th 
switch and inside the cover which encloses 
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IRONCLAD SWITCH-GEAR FOR MINES. 


CONSTRUCTED BY THE BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING CO., LTD., ENGINEERS, MANCHESTER. 


Fig.4 
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terminals and trip-coils, so that it is protected from 
external atmospheric or other conditions. The oil- 
switch and other covers are made dust and water- 
proof, so that the pillars may be placed in unfavour- 
able situations without detriment. 

The arrangements made for isolating the oil-switch 
for examination or adjustment will be seen from 
Figs. 4 to6. The switch, with its oil-tank and cover, 
forms an independent unit apart from the rest of the 
ge from which it can be removed, as shown in 

ig. 2. Itis supported in front of its pillar by four 
projecting rods, which enter corresponding guides in 
the on-ben on the top of the pillar. On the back of 
the oil-switch three pairs of insulated blades are pro- 
vided, which, when the switch is pushed ‘‘ home ” 
against the pillar, enter corresponding fixed contacts 
in the son heals so that circuit is completed through 
the switch. A projected arm, which can be seen 
most clearly in Figs. 5 and 6, is fixed at the right- 
hand side of the plug-box, and arranged with stops, 
so that the oil-switch can occupy two normal posi- 
tions in reference to the siie. In the first 
of these, as shown in Fig. 5, the isolating blades 
are pushed into their fixed contacts, and circuit is com- 
pleted as described above. In the second position, 
shown in Fig. 6, the oil-switch is pulled out against 
its outer stop, so that circuit is broken and the current- 
carrying parts may be examined without danger. An 
interlock device is provided on the projecting arm, 
arranged so that, when in the first position, the switch 
cannot be pulled forward until its main contacts are 
in the open position, so that there is no danger of 
breaking circuit on the isolating blades. Also, when 
the switch is being pulled forward it is impossible to 
move the operating handle, so that the main contacts 
cannot be closed until the second position, as shown 
in Fig. 6, has been reached. In this position the 
switch may be closed for the adjustment of con- 
tacts, &c. Straps may be provided, as indicated by 
chain-dotted lines in Figs. 5 and 6, arranged so that 
neither the switch-cover nor the oil-tank can be re- 
moved until the switch is in its outer isolated position. 
In order that the switch may be completely removed 
from the pillar, as shown in Fig. 2, the outer stop is 
made of the spring-plunger type, arranged so that it 
may be pulled down out of the way to let the switch 
pass. The stop is shaped, however, so that there is no 
danger of pulling the switch completely off the pillar 
when it is only desired to move it to the isolated posi- 
tion. The inside stop is similarly of a spring type, 
which allows the switch to be pulled out into the 
isolated position, but prevents it being accidentally 
pushed back into the contact position. An insulating 
shield is provided in the plug-box, with slots for the 
Switch-blades, so that the fixed contacts are not ex- 
Posed when the switch is removed, while a swing-door 
18 fitted to close the aperture in front of the box, in 





case it may be desired to remove the oil-switch for any 
length of time. 

e plug-box, bus-bar unit, and pillar-base are all 
made with machine joints and with bolt-holes drilled 
to jig, so that any part may be interchanged for a new 
one without difficulty. To facilitate such interchange 
the joint-box may be made with blade contacts inside 
the plug-box.in a similar way to the oil-switch, so that 
it may be removed without interfering with the cable 
joint. This provision also allows a cable to be chan 
from one pillar to another, assuming, of course, that 
the two pillars are not too far apart, or that sufficient 
slack has been left in the cable itself. The bus-bars 
are made of round copper rod, and are carried by the 
strap connections from the plug-box contacts. This 
arrangement eliminates insulators in the bus-bar cham- 
ber, and reduces the number of possible points of 
failure. 

The oil-switch for small capacities is made with butt 
contacts, which slide one over the other when closing, 
and of the butt-and-brush combined type for heavy 
capacities. The British Westinghouse Company have 
had a large amount of experience with this type of 
contact, and find it very satisfactory for heavy service. 
The moving contacts are mounted on steel cross-bars 
with mica insulation. The instrument is mounted 
directly on the current-carrying parts of the switch, 
so that no insulation of the case is necessary. Series 
ammeters are used. The overload trip-coils are made 
of bare copper, and are directly in circuit for any 
voltage. Their position is indicated by the dotted 
jline in Fig. 5. No-volt coils may also be fitted if 
|necessary. The pillars may be made for one instru- 
‘ment, either an ammeter or voltmeter, as shown, or 
for two instruments side by side. The pillars shown 
in the illustrations are intended for a maximum of 
750 volts, but a similar type of gear is built for 3300 
volts or 6600 volts. 








NEW BRIDGES OVER THE CLYDE AND 
WEAR. 

Ar the Ordinary Meeting of the Institution of Civil 
Engineers, held on Tuesday, April 5, Mr. R. Elliott- 
Cooper, Vice-President in the Chair, the papers read were 
“The New Clyde Bridge of the Caledonian Railway at 
Glasgow,” by A ; 
“The Queen Alexandra Bridge over the River Wear, 
Sunderland,” by F. C. Buscarlet, Assoc. M. Inst. C.E., 
and Adam Hunter, M. Inst.C.E. The following are 
abstracts of these papers :— f 

The structural works of the extension of the Central 
Station at Glasgow are of considerable magnitude, but 
the outstanding work is, perhaps, the new bridge which 
has been built over the River Clyde. At the site of the 
bridge the river is tidal, the range of tide being about 
11 ft. The new bridge carries the main part of the ex- 
tended Central Station yard over the river and the im- 





Donald A. Matheson, M. Inst. C.E. ; and | 
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mediately adjoining street on each side—Clyde-place 
and Breomielaw-street. There are three spans over the 
river and quays, and one span over each of the two 
streets. There are, therefore, two abutments and two 
piers on land and two piers in the river. The centre 
river span is 185 ft. in the clear, and the north 
and south river spans are 142 ft. and 164 ft. in the 
clear respectively. The span in the clear over Olyde- 
lace is 61 ft., and over Broomielaw-street 93 ft. 

e bridge is altogether 702 ft. 6in. in length, and 
the width between the parapet girders is 114 ft. at the 
middle of the centre span, fanning out to 205 ft. wide at 
the north end, and to 118 ft. at the south end. It is 
believed that there are few railway bridges which are 
wider than the new Clyde Bridge. The new bridge is 
situated in close # mages f to and west of the old bridge 
—that is, the bridge which was built in connection with 
the original Central Station. It carries nine lines of rails 
at its north end, which converge to eight at its south end ; 
so that, with four lines on the old bridge, there are fully a 
dozen lines across the river. 

The substructure of the new bridge consists of masonry 
abutments and piers, the latter being composed of a series 
of cylindrical pillars varying from 154 ft. to 184 ft. in 
diameter. The abutments of the bridge are brick walls 
built on ordinary concrete foundation courses. The 
pillars of the piers, however, are constructed of composite 
masonry well distributed by footing courses on concrete 
monoliths, and consist of red-brick hearting, faced with 
blue brickwork below low-water level, and with light 

y granite above that level. The piers are carried to 
epths varying from about 40 ft. to about 70 ft, below 
high-water level, and are founded on a mixture of sand 
and gravel. The bottom of the foundation of the south- 
most river pier is 110 ft. below rail-level, and as the top 
of the pilaster is about 30 ft. above rail-level, the total 
depth from the top of the pilaster to the bottom of the 
foundation is about 140 ft. 

The superstructure of the bridge is of steel, in the form 
of a series of parallel-flanged, lattice, main girders laid 
longitudinally, with flooring in the form of troughing laid 
transversely on the top flanges. The levels of the bottom 
flanges of the main girders were fixed by statute. The 
vary from 20.80 ft. to 24.30 ft. above high-water level. 
|The main girders and flooring are entirely below rail- 
level, and the surface is ballasted all over to a mini- 
mum depth of about 6 in. below the sleepers of the per- 
manent way. In order to allow of the cross-connecting 
lines and junctions of the station-yard being laid in 
any required position, it was necessary to have an unin- 
terrupted upper surface or flat top on which ballast with 
the other permanent-way could be laid all over. The 
all-over uninterrupted upper surface or flat top covered 
with ballast was an imperative requirement, so that 
the — of the superstructure was governed accord- 
ingly. t was, therefore, decided to have no cross- 
girders, but to have longitudinal main girders only, sup- 
ported on the piers with the transverse flooring resting 
on the top flanges of the main girders. The character of 
the superstructure is therefore very simple, and the loads 
may be said to be transmitted to the abutments and piers 
almost directly. By reason of the weight of the ballast 
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and the limited depth between rail-level and the under- 
side of the main girders, with the resulting indifferent 
proportion of the main girders in respect of depth to 
span, the flanges of the main girders are of necessity 
large in sectional area, and the girders are consequently 
heavy, so that the dead weight is very considerable. The 
loads on the piers are therefore heavy, and, with the re- 
sulting necessarily large sectional area of the masonry, 
the weight at the bottom of the foundations is very great. 

The foundations were constructed by sinking large 
rectangular steel caissons by the pneumatic process. 
Altogether ten caissons were sunk. ‘The caissons of the 
river piers varied from about 48 ft. to about 80 ft. in 
length, and they were 23} ft. wide. The working 
chamber of each caisson was 8 ft. high, and access to it 
was got by means of shafts, 3 ft. 6 in. in diameter. 
The caissons of the north and south land piers were 
sunk to 664 ft. and 70} ft. below high-water level 
respectively. It was decided to found on sand and 
gravel, instead of going down to the rock, which was 
about 92 ft. below high water, and that homogeneous 
sand and gravel at such depths should be assumed to 
have safely sustaining power to the weight of about 
6 tons per square foot, and the areas of the foundations 
were determined accordingly. A temporary staging was 
erected across the river, more or less over the entire area 
of the permanent bridge. The caissons for all the main 
piers were bolted up and riveted complete in situ directly 
over their permanent sites. The caissons of the land piers 
were built on timber beams over excavated trenches, and 
were lowered into the trenches by means of hydraulic 
jacks. In the case of the river piers, however, the cais- 
sons were built in mid air, hung from overhead, and were 
afterwards lowered between certain piers of the tem- 
porary staging across the river by means of four hydraulic 
jacks. The author then describes the process of lower- 
ing the caissons, and the subsequent sinking of them 
under comp air, which reached a maximum pres- 
sure of about 32 1b. per square inch. Here special kent- 
ledge was not provided, and the caissons were at once 
loaded with the permanent masonry and sunk by the 
weight which it afforded. The masonry was built on the 
caissons as additional weight was needed, and as lowering 
proceeded. In other words, the concrete was deposited 
in the caissons, and the masonry of the several pillars of 
the piers was built simultaneously with the removal of 
the excavations. 

The unit cost of the foundation work—that is, the ex- 
cavations and all kinds of masonry, including the cost of 
the pillars up to low-water level—was, on the average, 
2l. 15s. 6d. per cubic yard of earth and water permanently 
displaced. This cost, however, does not include the cost 
of the steelwork of the caissons, which, if added, would 
increase the unit cost by about 1/, 1s. per cubic yard. 

During the course of the sinking of the caissons, tests 
were made with the object of ascertaining the bearing 
value of the frictional resistance. The strata in contact 
were mostly sand and gravel, and the embedded surfaces 
were of a depth of about 40 ft. Under these conditions 
the value of the surface friction was ascertained to vary 
from 3} cwt. per square foot to 4? cwt, per square foot, 
the average of five careful observations being about 
4} cwt. per square foot. 

The lattice girders of the superstructure are of the 
Linville type, with parallel flanges and double system of 
web-bracing. They are pivoted on cast-iron bearings. 
The etry | of the main part of the bridge is Hobson 
arch-plate flooring laid transversely on the top flanges 
of the main girders. The girders were built on the 
pp eyed staging across the river, so that the erection 
of the superstructure was a comparatively simple work. 
The importance of thoroughly waterproofing the struc- 
ture was fully r ised, and great attention was paid 
to the proper ing of the surface. There was also 
consideration of elasticity and rigidity, and having regard 
to the influence of temperature and vibration on struc- 
tures of steel, the steel-work portions of the structure were 
waterproofed with natural rock asphalt, while those of 
masonry were waterproofed with cement. 

The railway company were under statutory obligation 
to the City Corporation in respect of the appearance of 
the bridge, so that in the design there was regard to the 
perspective. Endeavour was made to secure effect by 
the introduction of pleasing lines and by contrast in 
light and shade, rather than by added ornament ; and, 
without sacrificing economic principle, the several parts 
of the structure were treated accordingly. 

The bridge was tested by loading it with locomotive 
engines in such manner and to such extent as to bring 
the greatest possible weight on to individual main 
girders. Nineteen engines were used, weighing in the 

gregate about 1167 tons. The engines were so pl on 
the lines of rails directly over the girders and imme- 
diately adjoining the girders as to ] the main girders 
of the north river span, the centre river span, and the 
south river span, which are respectively 151 ft, 194 ft., 
and 173 ft. between centres of bearings, with a uniformly 
distributed weight to the extent of 330 tons, 400 tons, and 
300 tons respectively. The maximum deflections under 
these loads were § in., Jin., and } in. for the north, centre, 
and south river-spans respectively, and these results were 
considered satisfactory. 

As well as building the new bridge, it was found 
necessary, in connection with the station scheme, to raise 
the level of the adjoining old bridge. This raising was 
effected by means of hydraulic jacks applied to tem- 
porary brackets bolted to the end plates of the main 
girders of the several spans. 

_ The author describes some tests made on the wrought- 
iron work of the old bridge. Pieces cut out were found to 
show no signs of deterioration on test, and this after having 
been 27 years in existence. 

» The new bridge was designed’ and constructed under 





the direction of the author, with Sir John Wolfe Barry, 
K.C.B., as consulting engineer.. Mr. D. McLellan, 
M. Inst. C.E., acted as resident engineer during the 
earlier part of the wt and was succeeded by Mr. H. 
Cunningham, Assoc. M. Inst..C.E. The contractors 
were Messrs. Sir William Arrol and Co., Limited, Glas- 
gow, and Messrs. Morrison and Mason, Limited, Glasgow. 

The bridge and approaches, which are the subject of 
the second paper, convey both a road and double line of 
railway over the River Wear at a point 24 miles’ from 
the Sunderland Harbour entrance. ‘The railway extends 
from a point near Millfield Station to near the Hylton 
Colliery, a distance of about 1 mile 55 chains. The road- 
way is placed below the railway from Havannah-street 
on the south side of the river to a point on the north side, 
where it crosses Camden-street, and leads up to Mary- 
street Bridge on the line of the proposed route for the tram- 
ways, which are eventually to be laid across the bridge. 
Starting from a point on the Penshaw branch on the 
south side of the river, the approach railway is laid on 
embankments, with bridges over the roads which cross 
under the line. The south approach road is 346 ft. long, 
and rises from Havannah-street towards the main bridge 
at a gradient of 1 in 44 on several brick arches of about 
20 ft. span. The steel superstructure for the railway is 
carried up on the roadway arching, and consists of steel 
columns placed 12} ft. apart, which carry the cross-girders 
and decking. The railway superstructure allows a clear 

ead-room of 18 ft. above the finished roadway. The 
north approach is similar to that on the south side. 

The main bridge consists of three 200-ft. land spans, 
one on the south side and two on the north side of the 
river, and a river span of 330 ft., having a clear head- 
room of 85 ft. at high-water level of spring tides. The 
massive piers and abutments which support these spans 
are built of Norwegian granite. The north and south 
abutments are founded on good stiff clay at a depth of 
6 ft. and 7 ft. below the granite footings. The founda- 
tions for river-pier No. 1 were put in by means of a coffer- 
dam, and for river-pier No. 2 by means of a steel caisson, 
measuring 63 ft. 3 in. by 35 ft. 3 in. by 44 ft. deep, 
both piers being carried to the rock. Pier No. 1 
was founded at a depth of 20 ft. below high-water 
level, and Pier No. 2 at a depth of 78 ft: 6 in. 
In sinking Pier No. 2 by the pneumatic process, 
the ordinary temporary caisson was dispe with, 
and the operation was carried out by the superimposed 
load of the granite and concrete. ‘The caisson was kept 
well under control during the whole of the operations, and 
was sunk practically in its correct ition. The total 
weight on the foundations at the close of the sinking 
operations was 9890 tons. All the granite in the piers 
was built in 1 to 3 cement mortar. Each of the land 
spans consists of two parallel main girders, 224 ft. long 
and 30 ft. deep, placed 32 ft. apart between centres, 
with a roadway carried from the bottom booms, and a 
double-line railway track placed between the main 
girders to allow 18 ft. clear head-room above the road- 
way. The total weight of steel-work im each land 
span is 1400 tons. The river span consists of two curved- 
top main girders, 353? ft. long, 30 ft. deep at the ends, 
and 42 ft. in the centre. The roadway and railway are 
placed as in the land spans. The total weight of steel- 
work in the river span is 2600 tons. The bridge is de- 
signed for the following live loads:—14 tons per lineal 
foot on each railway track, 1 cwt. per square foot on the 
roadway, and 100 lb. per square foot on the footways, or 
a loaded vehicle weighing 40 tons on four wheels on the 
roadway. The maximum stress allowed is 64 tons per 
square inch on the net section. . 

The whole of the superstructure is of mild steel, and 
hydraulic and pneumatic riveting was used. The work- 
manship was of the highest class, all holes being 
drilled through the solid metal without punching or 
rimering, and all sheared edges of the plates or bars were 
planed or machined. The girder-work was erected in the 
contractor’s yard previous to being despatched to the site 
for erection. The land spans were erected in situ on 
staging formed of three timber trestles supporting tem- 

rary girders, to form a platform about 4 ft. below the 
evel of the bottom booms of the main girders. The 
highest trestle was 72 ft. from ground-level. The staging 
was of a substantial character, and the amount of tempo- 
rary timber and steelwork used compared very favour- 
ably with the quantity used in other large bridges. 

_ The chief interest in the erection centres around the 
river span, which had to be erected by overhang on 
account of the conditions obtaining at the site. The 
proximity of the shipbuilding yards, and the necessity 
for keeping the river free for navigation, prevented the 
adoption of any scheme involving the use of staging 
under the span. After the consideration of various 
schemes, it was decided to convert the river span tem- 
oy into cantilevers anchored to the land spans, and, 

y the use of temporary towers and ties, to support the 
main girders till they reached the centre. This span is 
the heaviest yet erected by overhang. The general scheme 
is described under four stages. The first stage was com- 
= when the end-posts, first lengths of the flanges, and 

rst ties and posts were erected, and the temporary tiesat 
the end-posts had been connected with the land an 
river spans. The second stage was completed when the 
main girders were built out, and the first inclined tem- 
porary ties were stressed and secured. The third stage 
was completed when the second inclined temporary ties 
were stressed and secured. The junction of the main 
girders in the centre —— the fourth stage. The main 
girders were set a suitable inclination at the gee | of 
the erection to allow for the deflection during the building 
to the centre. The temporary towers on the end-posts 
were es back towards the land spans to allow for the 
stretch of the anchor-ties and the rocking of the end-posts 
of the river span, which occurred during the various opera- 


‘tions of lifting the main Poe and stressing the inc! ’ ol 





temporary ties. After the first inclined ties were built, a 
special hydraulic stressing- 
and the ends pulled together sufficiently to allow the 
temporary ties at the end-posts to be cut out. This same 
hydraulic apparatus was used for stressing the second 
inclined ties, and raising the projecting ends of the 
girders to allow for any further deflection when the girders 
were built to the centre of the span. The junction at the 
centre was dependent on the temperature to a large 
extent, as the main girders moved laterally, longitudin.!!\, 
and vertically from the expansion and contraction of tie 
steelwork. The closing lengths were measured on a dull 
day, when the temperature was 60 deg. Fahr., and the 
templates were sent to the contractor’s works in Glasgow, 
where accurate template models of the closing joints 
had been kept. The steelwork was completely finished 
with all holes in it, and —— to the site, where it 
was rapidly erected, and the closing cover-plates were 
bolted and secured. The temperature conditions were 
favourable, and no delay occurred in making the junction 
secure. During the erection several members of the main 
girders had to be reinforced on account of the large re- 
versals of stress to which they were subjected. All the 
temporary ties were bolted at the joints with turned 
bolts of a driving fit, and several tests of the bolts were 
made to determine their strength. After the main 
girders were completely riveted, the temporary ties were 
relieved of stress to permit of their removal by raising the 
landward ends of the adjoining land spans about 11 in. 
A joint at the bottom of the anchor-ties was unbolted, 
and the ends of the girders were lowered back on their 

rings. The deflections of the river span during the 
different stages were carefully computed and compared 
with the actual results for confirmation. 

The whole contract k about four years, and was 
practically completed by March, 1909. 

The bridge and approach-lines were carried out from 
the designs and under the supervision of Mr. C. A. Harri- 
son, D.Sc., M. Inst. C.E., chief engineer to the North- 
Eastern Railway, whose resident engineers were Mr. P. 
Bulmer, M. Inst. C.E., and Mr. F. C. Buscarlet, Assoc. 
M. Inst. C.E. The contract for the whole of the work 
was undertaken by Sir William Arrol and Co., of Glas- 
gow, under the personal supervision of Mr. A. 8. Biggart, 
Assoc. M. Inst. C.E. Mr. Adam Hunter, M. Inst. C.E., 
prepared and supervised the scheme of erection for them. 


ear was inserted at a gap, 





‘**MAGNETIC STORMS.” 
To THE EpITOR OF ENGINEERING. 

Sir,—Pressure of work in other directions has pre- 
vented me until to-day writing a few lines of comment 
on your very interesting article (see ENGINEERNG, March 
11, pages 319 and 320), which gives an exhaustive report 
on a discourse delivered by Dr. Chree on the subject of 
** Magnetic Storms.” 

It is specially that part of the lecture which more par- 
ticularly refers to the problematic direct physical connec- 
tion between solar activity and terrestrial magnetic dis- 
turbances which attracts my attention, since, as you 
are aware, I have for many years past made this subject 
a special study, aided by personal spectroscopic obser- 
vation of the sun on every available day. To those who, 
like myself, think that they had arrived, as a consequence 
of such studies and observations, at some tangible results 
with regard to the interdependence of the phenomena 
alluded to, the reading of Dr. Chree’s utterances gives 
little encouragement. In fact, it would almost appear 
that in these etic records, taken at the various 
stations, nothing but negative evidence can be looked 
forward to, and in this particular aspect of the case 
one cannot help wondering what good it may be to 
keep piling up records year after year, which all tell the 
same tale—viz., that we don’t know this, and we cannot 
say that with any degree of certainty. I am quite sensible 
to the fact that negative evidence has also its value, but 
in the present case the evidence may more correctly be 
called ‘‘indifferent and inconclusive.” However, what 
sort of evidence can we reasonably be waiting for, in the 
case of astro-physics particularly, until the most sceptic 
of judges would deem it absolutely conclusive and final ? 
We are bound to allow considerable admittance to cir- 
cumstantial evidence, and, as regards that, I, for one, 
venture to think that what we possess of that so far 
goes a long way to show that the terrestrial magnetic 
storm is directly due to exceptional conditions of the sun. 
Some sixteen years of next-to-continuous observation 
embolden me to assert this in the most positive manner, 
theorising sceptics notwithstanding. =. 

With to the question of periodicity, I venture 
to doubt that adduced by Schmidt. No such period as 
29.97 days has been found by Professor A. Schuster (see 
M.N., vol. Ixv., No. 3), who subjected the 27.28 day- 

riod to searching examination by the application of 
Pourier’s method of analysis. He found that at some 
time during the activity cycles the even page of 
13.64 days were apparent, and at other periods the odd 
multiples of the same period. Be it noted that this 
13.64 period is one-half of the 27.28 period. Incidentally 


d | I persist in asserting the reality of the 13.64-day period 


on observational grounds of my own, and their synchronism 
with solar activity is strikingly apparent by simultaneous 
areas of exceptional solar activity of diametrically oppo- 
site location, and the half-time sequences confirm 1t also. 
I furthermore demur to the linking of ‘“‘great” spots and 
incidentexceptional terrestrial magnetic activity. The 
two phenomena are not convertible in the quantitative 
sense in all individual cases, although there may be 4 
neral parallelism. ; 
o Neither would I like to go so far as deliberately to 


of other periods than 13.64 age ond 
oO 16 


deny the ibility 3 
its altips but still should fancy that a period 
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e given by Schmidt is confined to a particular period 
_ pao 4 cycle. So far as tables of sequences and 
diagrams show, the period of 27.28 days is by far the 
most predominant ; it shows the longest sequences with- 
out interruption, and shows the most frequent cases also 
of intermittent sequence, the intervals faithfully giving 
multiples of the main period, or, at worst, of its half. 

Perhaps out of ignorance I feel your statement, that 
Schmidt's formula proved extraordinarily correct 
since the commencement of the Julian era, as possibly a 
friendly joke, since up to now I clung to the historical 
report that the Julian Calendar was introduced by Julius 
Cwsar, anno 46 B.c.* , 

The case of the exceptional magnetic storm of Septem- 
ber 25 last is rendered doubly interesting through the con- 
fusion which has arisen over it in the way of connecting 
its occurrence with particular solar phenomena. From 


one observatory we hear that on the 24th the calcium | }.44 


spectroheliograms revealed great eruptive activity in a 
= group then just about past the C. ML. From another 
source we hear that (at another hour) the hydrogen spec- 
troheliograms betrayed exceptional commotion. Again, 
from a further observer we learn that some days after 
(September 28) there was great eruptive activity in that 
spot group, while others again saw such on other days 
during the transit of the same group, and, indeed, I my- 
self aeaeved special activity on a good many of those 
days. By activity in this case I mean repetitions of 
specially intense paroxysms, many of them more in- 
tense, spectroscopically speaking, than those of the 
24th, to which the terrestrial magnetic disturbance 
of the 25th has been linked. To which of all these 
many separate eruptive paroxysms must the magnetic 
storm of September 25 be attributed? I see only one 
answer, and that is the assumption of restricted area, 
and, more important still, of restricted direction outwards 
from the sun into sg eye space, omy more 
effective near, or during, the C.M. passage. hether 
the link between earth and sun is made up of Réntgen or 
of cathode rays, of negatively-charged particles or ions, 
makes no difference to the observational facts, The ulti- 
mate explanation is sure to be an electrical one. What 
we have to find out are the conditions under which 
a radiating agent can act from a restricted surface area of 
a sphere and in a definitely restricted direction, such 
direction, however, being possibly variable in the suc- 
cessive paroxysms which, in my belief, give the initial 
impulse as far as our observations allow us to see at 
present. 
Respectfully yours, 
‘ ALBERT ALFRED Buss. 
‘Barrowdale,” 22, Egerton-road, Chorlton-cum-Hardy, 
Manchester, March 25, 1910. 








‘*WATER-SOFTENING.” 
To THE Eprror oF ENGINEERING. 
Sir,—Replying to your correspondent’s letter in Enat- 
NEERING of the 1st inst., I am quite justified in stating 
that the space occupied by the “ Luminator” is “little or 
nothing,” because the s occupied by an apparatus 
treating 5000 gallons per hour is about 2 square feet—very 
different from what they mention—viz., 38 square feet. 
I do not think they seriously mean the statement “that 
the scale-forming and corrosive impurities in any water” 
are treated by the so-called automatic softeners. What 
happens in the case of magnesium and sodium chlorides? 
As I write I have before me a letter from one of our 34 
manufacturers having many steam-boilers, in which he 
says that he has been using a so-called automatic water- 
softening plant by one of the largest makers of such (a 
mdon house), and it has never given satisfaction, nor 
would one expect it to unless properly under the care of 
& competent chemist, for very few waters are of constant 
composition. Take the London waters as supplied by 
the Water Board ; the sources of supply vary greatly, so 
does the water delivered according to which source the 
greater part of the supply is drawn from at the parti- 
cular period. A large company in the East End of 
London informs me that the water varies almost hourly, 
ly their water-softening plant requires a lot of attention 
y,one or other of the chemists; there are over thirty 
— use, 
need not go over old und, but, from results, I 
can most definitely state that the ‘* Luminator” does Re 
vent scale and corrosion. I feel in the position of Galileo, 
who, when before the Inquisitors, said to himself, “‘ E 
oo ao Lag pe it = move). I also most 
ally say *‘* Luminator” i 
a boilers without trouble. sy lemnncoesieredion 
would Say to your “‘ Unconverted” correspondent, 
particular waters to which I referred as containing 
Po ergy chloride and sodium chloride did not, prior to 
tment, show alkaline reaction, but did afterwards ; as 
regards sea-water the reaction was accentuated. Nodoubt 


Meows, Andrews, Croucher, and Co., Limited, 81, 

ede will answer questions A, B, and OC, if 

waite ore pondent will apply to them. I find them 
te in, to Five any information within reason. 

of a nally I appear to have trodden upon the feet 


turers of water-softening plants, for which I 
am ory. arc 1 had no intention of ~ doing, but wished to 

ore the notice of your readers what appears to 
= Soll 


* [It was not « 
teenth ras: t stated 





in our article that Dr. Schmidt’s 
correct since the 





bad proved extraordinari 
feet: nt of the Julian era.” , ut in that formula 
ae 's counted in days from the commencement of 
ed an era, and the results of the formula were stated 
- Uhree to show a high 
compared with the actual da 
at Potsdam.—Ep, E 


degree of accuracy when 
recorded - of certain large storms 


me as one of the most wonderful inventions of the age ; 
and I venture to say that before long this will be recog- 
nised as such, not only from the steam-users’ point of view, 
but from that of the bleachers, dyers, brewers, and the 
medical also, in all of which branches it shows some very 
wonderful properties. y 

As objection appears to be taken to my signature with 
reference to tannate of soda, I will now sign myself 

Yours truly, 
A FErtiow oF THE INSTITUTE OF CHEMISTRY. 
April 4, 1910. 





To THE EpiToR OF ENGINEERING. 

Srir,—We had noted the correspondence opened by an 
**Old Advocate of Tannate of a,” who obviously holds 
a brief for that contrivance designated so frequently in 
his letters by the mis-created vocable “‘ Luminator,” but 
no intention of writing you until we noted the re- 
marks of Messrs. Lassen and Hjort in your last issue. 

Before touching on these—the real object of this com- 
munication—let us frankly admit that we have no faith 
in appliances effecting results admittedly impossible of 
detection by any physical or chemical means. Successful 
commercial processes are not characterised by such im- 
ponderable results. It is altogether too alchemistic. 

Now, as to Messrs. Lassen and Hjort’s remarks, we 
are willing to claim as an advantage what they are so 
ready to repudiate as a defect not inherent in their 
machine—namely, the comparatively large floor s 
occupied. Not that the occupation of space itself is an 
advantage, but that it ensures one of the primary con- 
ditions of successful water-softening—namely, the pro- 
vision of tanks of sufficient capacity to permit of the 
completion of the chemical reaction and poereiation of 
the r impurities, and final removal by filtration of 
the last trace of precipitate. 

With some waters the chemical reaction requires two 
or three hours to complete, and even when it takes place 
in a shorter interval of time, the reaction vessel should 
be of sufficient capacity to allow settlement of these 
impurities. 

utting down the ase J of precipitating tanks to 
the absolute minimum invariably leads to trouble. Hardly 
a day but we are consulted by users of various 
types of water-softening plant as to means by which the 
defects caused by inadequate settling capacity and filter- 
ing area can be remedied, and have reconstructed many 
plants, —_ them out with quartz-sand filters for effect- 
ing the purification which should have been secured when 
first installed. 

Nothing would induce us to tender for water-softenin 
plant of 5000 gallons hourly capacity if it was stipulated 
that the ap tus should occupy a floor space of not 
more than square feet. We could not, however, pre- 
vent purchasers working one of our 2000-gallon softeners 
occupying this floor space at 5000 gallons per hour. 

Yours faithfully, 
Tue Paterson Encingertne Company, Lrp., 

Norfolk-street, Strand, London, W.C., April 5, 1910. 





**MOTOR SLEIGH TRACTOR.” 
To THE Eprror or ENGINEERING. 

Str,—-Referring to your description and illustration of 
Captain Scott’s motor sleigh-tractor, I think it would be 
found still more satisfactory if means of steering were 
anes | as could easily have been done by fitting the 

riving-shaft with a “‘ differential,” when a slight braking 
of one driving-wheel would cause the other to move 
faster, and the chain on that side with it. It seems a 
pity to use animal energy for steering when mechanical 
power is available for the purpose. 

ours truly, 
CuaRLes J. REYNOLDS. 
The Crescent, Maidenhead, Berks, April 2, 1910. 





To THE Epitor OF ENGINEERING. 

Sir,—I notice that in the current issue of ENGINEERING 
you give prominence to a orneien of the motor sledge- 
tractor built for Captain R. F. tt’s forthcoming Ant- 
arctic Expedition. 

This contrivance has in many Press notices been termed 
the “Wolseley” motor-sleigh, but should properly. have 
been descri as the ‘‘ Hamilton” motor sledge-tractor, 
built by the Wolseley Tool and Motor-Car Company, 
Limited, and I shall be glad if, in common fairness, you 
will acquaint your readers with this fact, as the machine 
in question was designed by myself, was the first experi- 
mental machine built and pe Baw under + f  getewon super- 
vision, and that the invention is protected by patents held 
in my name. 

Yours faithfully, 
Beiron T. Hamitton, M.1.A.E., A.M.I. Mech. E. 

285, Willesden-lane, N.W., April 5, 1910. 

[In our notice the tractor was described as ‘‘ Motor 
Sleigh-Tractor for Captain Scott’s Antarctic Expedition, 
Constructed by the Wolseley Tool and Motor-Car Com- 
pany, Limited, Adderley Park, Birmingham.”—Ep. E.] 





‘““NOISE OF GEAR-WHEELS.” 
To THE EprTor oF ENGINEERING. 

Srr,—I note that “‘ Junior,” in his last letter, expresses 
doubt as to the accuracy of ay statement that ‘‘ the pitch 
has no direct bearing on the limit of speed.” His state- 
ment that his supposition to the contrary is confirmed by 
remarks in the makers’ pamphlet is erroneous. » 

Fine pitches and wide faces are recommended to obtain 
a large number of teeth in engagement, and also the 
minimum peripheral speed, which necessitates a small 





diameter. 





There are certain fundamental conditions which must 
be fulfilled to obtain gears which will run at high velocities 
with minimum noise. ides accuracy and correct 
omen of shafts and bearings, they may be enumerated as 
‘ollow :— 

1. Continuity of e 

2. Minimum peri 
velocities. 

3. A maximum amount of rolling motion. 

4. A design of casting for gear-wheel, which will create 
a minimum noise. 

To fulfil the first of these conditions a large number of 
teeth is required, but for the second the diameter must 
be small ; therefore a wide face relative to the pitch must 
be adopted, not only to secure the requisite strength, but 
also to obtain a sufficient bearing surface to prevent rapid 
wear. This is why makers advocate fine pitches and 
broad faces. 

From ‘Junior’s” remarks I presume he wishes to 
know how the noise would be affected if a given pair of 
gears of a given diameter, and running at a given peri- 
pheral velocity and of a certain pitch, were replaced by 
gears having teeth of a finer or coarser pitch. 

If the pitch were made smaller, and the diameters kept 
the same, the gears would aeenueetee to make less noise, 
not exactly because of the smaller pitch, but because the 
number of teeth would be ine and conaeanesy 
better engagement would result. If, however, the pitc 
were enlarged, and the number of teeth kept the same, also 
the peripheral velocity, the noise would be expected to be 
the same, but, of course, the angular velocity would have 
to be decreased to obtain these conditions. Therefore a 
fine pitch follows as a consequence, and hence 5! asser- 
tion that ‘‘the pitch has no direct bearing on the limit of 
speed.” To put the matter concisely, the limit of s 
is the same whether the pitch is 4 in. or 6 in., providing 
that the number of teeth in each wheel and pinion in all 
pairs of gears under comparison is the same. 


Yours wT. 
W. E. Syxes, 


Tue Power Piant Company, Limitep. 
14, The Greenway, Uxbridge, April 4, 1910. 


ment. — 
eral velocities for given angular 








Civin Service: ApmrraLty.—The Civil Service Com- 
missioners announce that, in addition to the open com- 
petitive examination for situations as cartographer in 
the Hydrographic Department of the Admiralty which is 
to be held in July next, another open competitive exami- 
nation for similar situations will be held in December. 
Forms of application for admission to the December 
examination will be ready for issue about the middle of 
July, and will then be obtainable on request by letter 
addressed to the Secretary of the Civil Service Commis- 
sion, London, W. 





AVIATION INVESTMENT AND Resgarcu, Limitep.—This 
new company is being formed to investigate and turn to 
commercial advantage appliances for aviation. It is to 
be divided into four branches, dealing with aeroplanes 
and dirigibles ; motive power and propellers; sites for 
sheds, aviation grounds, and factories ; and general appli- 
ances and material. The secretaries’ offices are at 33, 
Southampton-street, Strand, W.C. 





THe Late Mr. Freperick Wicks.—We regret to have 
to record the death of Mr. Frederick Wicks, which 
occurred at his residence, Halfway Lodge, Esher, on the 
lst inst. Mr. Wicks was born in 1840, and was educa’ 
at King’s College. He began life as a journalist, and 
continued until quite lately to be a frequent correspon- 
dent of the Zimes. He was, moreover, a man of many 
activities, and will be better known to our readers by 
his type-casting and composing machinery, particulars 
concerning which we gave in two of our former issues 
(see ENGINEERING, vol. Ixxxvii., pages 59 and 90). His 
inventions were described in a paper read before the Insti- 
tution of Mechanical Engineers by Mr. L. A. Legros. 
Mr. Wicks’ first patents, taken out in 1879, were for type- 
distributing apparatus. The difficulties he encountered 
in this fiel led him, in 1881, to consider the casting of 
type at so rapid a rate and low a price that distribution 
could be more easily effected through the melting-pot. 
In his rotary type-caster he provided for the difficulty of 
cooling the mould between casts oy internally water- 
jacketing the series of moulds (formed asa wheel) so effec- 
tively that the wheel could be exposed to a constant 
stream of molten type-metal pum against it without 
varying the size of the product of the moulds beyond the 
narrow limits permissible in commercial type. The me- 
chanical difficulties involved in constructing the mould- 
wheel to the requisite degree of accuracy were, however, 
so great that he met with repeated failures, and it was 
not till 1899, after his main patents had expired, that he 
succeeded in producing satisfactory type. In the following 
year the Times appeared in new type et fresh every 
day from the Wicks rotary machine, and distributed by re- 
melting and casting again. is method was adopted 
by the Morning Post, which uses the process at the pre- 
sent time, the t being set on the Wicks composing- 
machine. Mr. Wicks was also the inventor of a number 
of accessory nee for handling type, in icular 
a type-slicer for feeding the cqupeaing-coanhsae with 
the product of the casting- ine. tterly he was 
busy with improvements connected with the linotype. 
Had it been ible to surmount the mechanical and 
thermal difficulties met with in the construction of the 
rotary type-casting machine at an earlier date and before 
other systems became a ctical success, it is probable 
that his method would have been adopted by many 
newspapers now using slug or other combined setting- 
and-casting machines 
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PHASE-ADVANCER FOR INDUCTION-MOTORS AND GENERATORS. 


CONSTRUCTED BY THE WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, LIMITED, ENGINEERS, MANCHESTER. 
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THE adverse effects of induction motors on electric 
supply systems is well known. Their low power-factor 

uces the output of the motors themselves, and loads 
up the distributing-cables with idle currents ; it also 
reduces the useful output of the generators, and by 
demagnetising the fields occasionally makes it difficult 
to maintain the voltage. Notwithstanding these dis- 
advantages, the induction motor in itself is such a 
satisfactory and relatively simple machine that it may 
be considered to have become the standard type for 
ordinary purposes, especially for large powers. Under 
these circumstances attempts have been made to 
modify such motors, so as to improve their power- 
factor and thus eliminate their disadvantages while 
retaining their advantages. 
of such attempt is presented by the phase-advancer 
system, which is being introduced by the British 
Westinghouse Electric and Manufacturing Company, 
Limited, of Trafford Park, Manchester. The system is 
of considerable interest, inasmuch that the motors 
to which it is applied retain their original simplicity, 
no commutator, extra brush gear, or other additional 
part being required. The phase-advancer forms a 
separate machine, quite independent of the motor, 
and although it has a commutator, this cannot be con- 
sidered a serious interference with the initial simplicity 
and robustness of the plant, as in case of heediedews 
the phase-advancer may be switched out and the 
motor operated in the ordinary way. The phase- 
advancer may be either coupled direct to the motor- 
shaft, or belt-driven from it. 

The lagging power-factor of an induction motor is 
due to the wattless component of the power, which is 
necessary in order to produce the alternating field be- 
tween the stator and the rotor. This wattless com- 
ponent lags 90 deg. behind the true power, and in- 
creases in magnitude with increase in periodicity. In 
an ordinary induction motor this component is at the 
periodicity of the supply circuit, and is consequently 
large, with the result ‘hat the power-factor is low, 
ial the useful output of the motor considerably below 
what it would be with a unity power-factor. The 
Westinghouse phase-advancer is an exciter connected 
in series with the rotor winding of the induction 
motor, and generating a current at low periodicity— 
i.e., at the periodicity of the slip. This current forms 
the magnetising current of the rotor. If the current 
is large enough to form the whole of the magnetising 
current, the motor will run at unity power-factor. 
If the current is greater than the necessary magnetis- 
ing current, the motor will run with a leading power- 
factor. Owing to the low periodicity of this current, 
the power expended in magnetisation is much smaller 

ifa etising current at the periodicity of the 
supply circuit is used. In a 750-brake-horse-power 


An interesting example |. 
































Fia, 


3-phase 50- period 2000-volt 590 - igioennesg hg" 
minute induction-motor a magnetising current of 50 
amperes per phase, or an idle power of 175 kilovolt- 


amperes, was required. When fitted with a 6-kilo- 
voltampere phase-advancer, the same motor ran at 
unity power-factor, and required no idle power from 
the mains. 

The connections of the machine are shown in Fig. 1 
(above). To add to its clearness, the diagram is drawn 
for a two-phase circuit, and is shown with an inde- 
pendent exciter for each phase. Wa and Wb repre- 
sent the windings in the two phases of the rotor, and 
Ea and Eb the two armatures of the exciters. The 
exciters are made like single-phase series motors, 
with compensating windings Ca and Cb. The current 

s from coil Wa through the starting resistance 

, compensating winding &a, and armature Ea to the 
field Fb of the exciter in the other phase, and to the 
star point. When the motor is running the armature 
Ea has an electromotive force generated in it which is 
in phase with the current in phase } ; and if the con- 
nections are properly arranged, this electromotive force 
will be leading 90 deg. on the current in _ a. In 
the same way the armature Eb can supply an electro- 
motive force 90 deg. in advance of the current in 
phase 6. The effect of this arrangement is to cause 
the currents in the rotor to take up a phase in advance. 
of the electromotive force produced in it, so that not 
only can the magnetic field be created by the rotor 
currents, but the current in the stator can made to 








6. 


lead on the electromotive force of {the supply circuit. 
The diagram shown in Fig. 2 illustrates the phase 
relation between the electromotive forces and currents. 
O Wa represents the electromotive force generated in 
the rotor circuit by the slip, Wa Da represents the 
electromotive force generated in the armature of the 
exciter, Da Ca represents the reactive drop in various 
parts of the circuit, and Ca O represents the dro “a 
the resistance of phase a of the rotor winding. r 
current in phase a has, of course, the phase position 0 
the line O Ca, and is thus leading on the electromotive 
force O Wa. It will be seen that the line Wa Da is 
parallel to the line O Cb. This follows hecause the 
current in phase b excites the armature 1n phase @. 
Similarly, Wh Db is parallel to OCa. By increasing 
the speed of the exciters the electromotive _ 
right angles to the current can be increased, and the 
lead of the rotor current also increased. is 
In making a commercial arrangement to work on — 
system, it is desirable that the two exciters, Ea and ub, 
oon in Fig. 1, should be combined in one machine ; 
while in most cases it will, of course, be necessary to 
build the apparatus to work with a three-phase — 
The diagrams given in Figs. 3 and 4show two as : 
of armature connection which may be used for a t rot 
phase arrangement. A, B and C represent the ae “ 
of the respective phases pressing on the commutator 
Fig. 3 shows an ordinary direct-current arate, 
giving a mesh connection ; while Fig. 4 shows an © - 
coil armature, which gives a star connection. 
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second arrangement has two advantages over the first, | 
in that it enables very wide brushes to be used so that 
the large currents, which have to be handled, can be 
collected from a small commutator, and, in that the 
direct series connection between armature and field- 
coils gives more control over the phase of the exciting 
current, and avoids a condition of instability which 
may arise in the case of the mesh connection. 

he connections of an actual machine as built are 
shown in Fig. 5. The armature-core is on the lines of 
an ordinary direct-current armature core, while the 
coils are like those of an ordinary railway motor, 
except that they span an arc of 120 deg. instead of 
90 deg. One end of each coil is connected to a star 
point, and the other end ———s to a commutator 
bar, as shown. There are three brushes, which bear 
on segments, which for the time being are passing 
under a pole. Each pole has a compensating winding 
placed in slots in the pole-face, and which is propor- 
tioned so that the ampere-wires per inch along the 
pole-face are equal to, or slightly greater than, the 
ampere-wires per inch of periphery of the armature. 
Following one of the circuits from the star point 
through the coil 1, 2, it passes under the poles pC 
and pB and makes as many turns under them as is 
necessary to generate the required voltage. From the 
commutator the current through the brush » B, 
round the series coils on pole pB, and from these through 
the compensating windings marked A, in pole-faces 
pCandpB. From these the current passes to phase 
6 of the rotor of the induction motor. It will be seen 
that as part of the coil 1 is under pole p C the electro- 
motive force generated in coil 1, 2 will lead in phase 
on the current flowing to brush )B. Also as part of 
the coil 2 is under pole p B there is generated in eoil 
1, 2 an electromotive force in phase with the current 
flowing to brush 6B. This gives a boosting effect in 
the rotor circuit, which tends to reduce the slip. By 
reversing the polarity of the machine, or reversing its 
direction of rotation, this boosting effect can be re- 
versed so as to increase the slip. This forms a method 
of varying the speeds of an induction motor, within 
limits depending on the voltage of the phase-advancer. 
It is suggested that the phase-advancer might come 
into use for varying the speed of large induction motors 
in this way, instead of by the usual wasteful method 
of inserting resistance in the rotor circuit. 

A further use of these machines is suggested in 
connection with asynchronous generators. Sach gene- 
rators are very convenient when it is desired to feed 
power into a system from a station disconnected from 
the main generating plant, as, for instance, from a 
waste-heat station or an isolated water-power plant. 
Their disadvantage is that their own power factor is 
low, and that they are incapable of supplying any 
wattless current to the line for induction motor loads. 
The addition of a phase-advancer, however, to such 
asynchronous generators would eliminate these disad- 
vantages, and would not interfere with the advantages 
they possess in simplicity and ease in starting up. 
A 6-kilovolt-ampere hase-advancer, built by the 
British W estinghouse Company, is illustrated in Fig. 6. 





FOURNIER’S THERMO-RECORDERS. 
An instrument, the invention of M. J. B. Fournier, 
: Paris, for measuring peg sane and for recordin 
: ese temperatures ——- istance from the source of 
ae is now being pi on the market by Messrs. F. 
ae inand Co., 60, Salusbury-road, Kilburn, London, 
-W. ‘The action of the instrument, which is through- 
out of British manufacture, is based on the law of the 
— of saturated vapours. This principle has been 
opted because of the great accuracy that can, it is 
claimed, be obtained by it. The actual part of the in- 
strument that receives the temperature to be measured, 
en “sensitive reservoir,” as it is called by the 
fab comsints, for ordinary temperatures, of a metal 
oe *dout 4 in. long and about yy in. in diameter, 
0 one end of which a fine capillary tube is placed, 
tube being put in sufficiently far for its end to reach 





Way along the outer tube. In this position it is 














fixed by being autogenously welded where it enters 
the outer tube. The size of the sensitive reservoir, 
and also its shape, are altered so as to suit best the 
prevailing conditions, The other end of the capillary 
tube is attached at any required distance to one 
end of a manometer or Bourdon tube, which is some- 
times filled with sand, or other inert slightly dilatable 
material, in order to reduce the capacity. The other 
end of the Bourdon tube is, of course, eventually 
hermetically sealed. In to this system is introduced a 
liquid as little volatile as possible, such as glycerine, 
which fills the Bourdon tube, the capillary tube, and 
more than half of the sensitive reservoir. On the to 
of the liquid in the sensitive reservoir some deci- 
grammes of a highly volatile liquid are placed, and the 
tube is hermetically sealed. hat we have described 
will be better understood, however, by reference to 
Fig. 1, which, in diagrammatic form, m fs the appa- 
ratus. The sensitive reservoir is shown at A, and from 
it the capillary tube B leads to the Bourdon tube CO, 
which, ther with the tube B and the sensitive 
reservoir A up to the point D, is filled with glycerine, 
or other intermediary liquid. The highly volatile 
liquid in the sensitive reservoir is shown at i. 
hen the tube A is placed in the temperature 

that has to be measured, the increased tension of 
the saturated vapour formed from the volatile fluid 
acts hydraulically on the intermediary liquid in the 
capillary tube and in the Bourdon tube, which 
latter tends to straighten itself in the usual way 
under such circumstances. The motion of its free 
end is communicated to the finger of an indicator, 
and so registers the temperature. One of these instru- 
ments, complete with the gauge to indicate the tem- 

rature, is shown in Fig. 2. This form of apparatus 
is suitable for temperatures up to about 1 deg. 
Fahr., but where higher temperatures have to be 
measured a different arrangement is used. The 
method adopted in this case is founded on the 
fact that if a metal tube be placed in any part 
of a furnace, the temperature of which it is de- 
sired to know, and a current of water having a given 
constant velocity be through the tube in suffi- 
cient volume to prevent vaporisation, the difference in 
the temperature of the water as it enters and leaves 
the tube is proportional to the temperature of the 
furnace. 

The instrument which applies this principle is shown 
in Fig. 3. The two short metal tubes A each contains 
a ‘‘sensitive reservoir” similar to that we have just de- 
scribed. The tubes are fixed close together, and parallel 
to each other, as shown. To one end of each of the 
tubes is connected a lance-shaped piece of metal B, 
through which there is a hole connecting the ends of 
A and A. This lance-piece is placed in the part of the 
furnace the temperature of which has to be measured, 
and protects the tubes A. From the other ends of 
the tubes A, A two pipes C,C communicate with the 
pipes D and E connecting up to the regulator F, 
also acting on the Fournier principle, which is sup- 

lied with water from the tap G. The water flow- 
from this tap i aay og the regulator along 
the pipe E, through the tubes A, and the end piece B, 
back through the pipe D and down to waste through 








the pipe H. A suitable gauge enables the exact pres- 
sure of the water to be noted. While passing through 
the tubes A the water surrounds the sensitive reser- 
voirs, each of which is affected by the temperature of 
the water surrounding it. A capillary tube is led from 
each sensitive reservoir as shown at K and L, and 
these are connected to Bourdon tubes, as previousl 
described, the two tubes in this case being shown at M. 
The pressures in these tubes are, by means of two 

ns, registered on a chart attached to a revolving 

rum as shown. The difference between the two tem- 

ratures is the basis of the temperature of the 
urnace. The method of indicatin the two tempera- 
tures on the same chart by means of two pens has been 
adopted on account of simplicity and accuracy, although 
the labour of subtracting one temperature from the 
other and reading its exact equivalent from a table 
supplied with the > is necessary. It would 
have been possible by means of some differential 
mechanism to have registered the difference at once 
by means of one pen only, but the method shown is 
considered preferable. By means of a sleeve N and 
the flexible tubes D and E the sensitive reservoir 
can be moved to any position in the furnace, so that 
the temperature at any part of it can be measured, 
care being taken that the sensitive reservoirs A, A are 
completely surrounded by the material the tempera- 
ture of which is to be measured. It is claimed that 
se. sey as high as 4000 deg. Fahr. can be accu- 
rately measured by this instrument. For more moderate 
temperatures, such as from 750 deg. to 1300 deg. 
Fahr., in place of the pressure in the capillary tu 
acting directly on a Bourdon tube, a box containing a 
flexible diaphragm, serving as a reducer, is inserted, 
as is shown in Fig. 4, where A is the sensitive reservoir, 
and B the box containing the diaphragm. 

Great accuracy is claimed for this instrument, and 
we understand that it is now being used in hospitals 
for registering the temperature of patients during 
fever. It is also specially adapted for application in 
connection with superheated steam, radiators for 
heating purposes, railway-carriage heating, refrige- 
rating plant, cold-storage rooms, &c. The advantages 
claimed for it are : the sensitive part is confined to the 
sensitive reservoir ; correct measurement of tempera- 
ture can be made at any distance ; it is independent of 
deformations of the sensitive reservoir and the capillary 
tube, both of which may be bent and twisted without 
harming the indications of the apparatus, and it is 
independent of variations of temperature along the 
whole length of the capillary tube beyond the limits of 
temperature for which the apparatus has been de- 


si ; 

Besides indicating and recording, these instruments 
have also been adapted for regulating automatically the 
supply of liquid fuel, steam, gas, hot water, and other 
heating agents ; further, for actuating the dampers of 
flues, boilers, ventilating conduits, &c. 





NOTES FROM THE NORTH. 
Giascow Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday mening Se 

pig-iron market opened with an easier tone, and about 
tons of Cleveland warrants were done at 51s. 64d. 

cash, 51s. 7d. five and six days, 51s. 104d. one month, and 
52s. 6d. three months. At the close sellers quoted 51s. 7d. 
cash, 51s. 10d. one month, and 52s. 64d. three months. 
Hematite was quoted at 68s. 9d. cash, and 69s. one month 
sellers. In the afternoon there was a stronger tendency. 
and 3500 tons of Cleveland warrants changed hands at 
5]s. 104d. one month, and 52s. 64d. three months, 
and closing sellers quoted 5ls. 74d. cash, 51s. 11d. one 
month, and 52s. 7d. three months. On Friday morning 
the market was again easier but quiet. The dealings 
only amounted to 2000 tons of Cleveland warrants at 
51s. 64d. cash, 51s. 10d. one month, and 52s. 54d. three 
months, and the close was weak, with prices at 51s. 6d. 
cash, 51s. 10d. one month, and 52s. 6d. three months 
sellers. Hematite was easier, with sellers quoting 68s. 6d. 
cash and 68s. 10d. one month. In the afternoon a quiet 
tone prevailed, and Cleveland warrants weredoneat51s.5}d. 
cash and 52s. 44d. three months, The turnover was 
2500 tons, and closing sellers quoted 51s. 6d. cash, 51s, 94d. 
one month, and 52s. 5d. t months. On Monday 
morning the market was rather weak, and 8000 tons of 
Cleveland warrants were done at from 51s. 4d. to 51s. > 
cash, at 51s. 8d. one month, and 52s. 3d. three months. 
Closing prices were 5ls. 44d. cash, 51s. 8$d. one month, 
and 52s. 4d. three months sellers. Hematite was again 
easier at 68s. 3d. cash sellers. In the afternoon a 
firmer tone prevailed, but the dealings were confined to 
1500 tons of Cleveland warrants at 51s. 44d. three days, 
51s. 9d. one month, and 52s. . three months: At 
the close there were sellers at 51s. 54d. cash, 51s. 9d. one 
month, and 52s. 5d. three months. On Tuesday morni 
Cleveland warrants were nominally steady, but only 
tons changed hands at 51s. 7d. twenty days, 
closing quotations were 51s. 5d. cash, 51s. $d. one month, 
and 52s. 5d. three months sellers. At the afternoon session 
the tone was dull and Cleveland warrants were dealt in 
at 51s. 44d. cash and 52s. 4d. three months. The turnover 
was limited to 1000 tons, and wee quoted 51s. 5d. 
cash, 51s. 9d. one month, and 44d. three months, 
When the market opened to-da ednesday) there 
seemed to be little inclination to in Cleveland war- 
rants, and the total business was only. one lot of 500 tons 
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at 52s, 44d. three months with sellers over. The other 
closing prices were 5ls. 5d. cash and 5ls. 9d. one 
month sellers. The market had a firmer tone in the 
afternoon, when 1500 tons of Cleveland warrants 
were dealt in at 51s, 74d. nineteen days, and 52s, 44d. 
three months. The prices at the close were ld. up, 
sellers quoting 51s. 6d. cash, 51s. 10d. one month, and 
52s. bad. three months. There were buyers of hema- 
tite at 683. cash, but sellers wanted 13d. more. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 63s. 6d. ; Calder, Gartsherrie, and Lang- 
loan, 64s.; Summerlee, 66s. 6d.; and Coltness, 85s. (all 
shipped at Glasgow); Glengarnock (at Ardrossan), 
65s. 6d. ; Shotts (at Leith), 64s.; and Carron (at Grange- 
mouth), 66s. 6d. 

Sulphate of Ammonia.—A fairly good demand exists at 
present for sulphate of ammonia, and the quotation is 
tirm round 12/. 10s. per ton for prompt delivery, Glasgow 
or Leith. The amount shipped frem Leith Harbour last 
week was 1108 tons. 


Scotch Steel Trade.—A ood steady tone at present 
prevails in the Scotch steel trade, and rolling-mills gene- 
rally are on full time. There has m less activity in 
fresh local booking lately, but as some very large quan- 
tities were fixed up during last month, and as specifica- 
tions are becoming more plentiful, producers are likely to 
be kept fairly busy for the next month or two. Firm 
prices are the rule all round. Export business is good, 
with an increasing number of inquiries for lots for early 
shipment. For light material a large demand exists, and 


the same may also be said about structural sections, the 
being largely wanted for prompt despatch to 
a. 


latter 
Canad 


Malleable-Iron Trade.—There has been little change in 
the malleable-iron trade since last report, but makers 
would appreciate an increase in specifications, as, owing 
toa alight scarcity, the start for this week was in some 
cases delayed. An improvement in inquiries falls to be 
noted, some of the Colonies being in the market. Prices 
are firm. 

Scotch Pig-Iron Trade.—With the opening up of the 
rivers in Canada shipments of pig-iron are increasing, and 
very soon stocks here will be much depleted. The home 
demand is fairly 1 for the ordinary qualities, while 
export inquiries show no falling off. Hematite continues 
to hold a strong position, and the business going through 
is at firm prices, 

Bank Rate Increased.—The Scotch banks have ad- 
vanced their charge for advances against pig-iron 
warrants by 4 per cent. This now makes the rate 5 per 
cent., which is the highest figure that has ruled for 
several months. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

New File Machine.—Messrs. David Ashton and Co., of 
the Aztec Works, Neepsend, Sheffield, have just contri- 
buted to the file trade an important invention. This isa 
machine for the grinding of round files, and of the entire 
rounded surfaces of half-round files in such a manner that 
the file ‘‘ clanks,” when leaving the machine, shall be geo- 
metrically perfect in shape, and shall not require any 
hand finishing. The capabilities of the machine are 
sufficient for the grinding of 12 half-round or six 
round tiles at one setting, in lengths from 8 in. to 20 in. 
The work is done with rapidity and is excellent in ap- 
pearance. Dry-grinding by means of an emery or corun- 
dum wheel is the process employed, and provision is made 
for dust extraction. The rotary action of the files in the 
machine prevents any injury to the steel, the surface of 
which, after grinding, is quite soft and eminently suit- 
able for the cutting processes. The varied types of file in 
use have been carefully considered in designing the ma- 
chine, and the change from round to another variety or 
from round to half round can be easily accomplished. 
The machine, which is of simple and rigid construction, is 
entirely self-contained, and can be worked by one man, 
who need only have an elementary mechanical know- 
ledge. The bearings are dust-proof and self-oiling, with 
a gearing driven by a Renold chain. A neat and in- 
genious arrangement has been adopted for traversing the 
emery wheel, which will reverse at any position, accord- 
ing to the length of the files being ground. The driving 
force necessary is 10 horse-power. ) * ata Ashton’s inven- 
tion has been welcomed in the district, and the firm are 
at —_ upon the construction of several of the machines 
to order. 


Sheffield and America.—Sheftield trade with America 
showed a decrease last quarter as compared with the 
previous three months, though the volume was much 
greater than in the same period a year ago. The con- 
sular return shows that the “ee to the United States 
are a very substantial assef. The steel export has risen 
from 107,000/. to 130,000/. in the year, and the supply of 
sheep and garden shears has also been on the increase. 
Less cutlery has been sent out. Scrap to the value of 
4576. was exported. 


Iron and Stcel.—Steadiness continues a characteristic 
of the iron market. The holidays have, of course, proved 
an interruption of business, but the resumption has been 
marked by satisfactory buying. Hematites maintain a 
strong position, with East Coast mixed numbers retaining 
the advance to 73s. net (delivered in the district). West 
Coast, at their present high figure, are negligible. 
Derbyshire common irons, with an upward tendency, 
have found purchasers. Lincolnshire prices are unaltered. 
Makers of iron have more work on hand, and are 
asking slightly higher prices. Billets are in good 
demand. The improvements in the heavy-steel trades, 





substantially inaugurated by the armament orders, is 
spreading to other departments, though there is no ae. 
tion of a rush. The shipbuilding demand is likely to 
show a big increase in the immediate future, and there 
are prospects of growing ea requirements. The 
temporary ‘‘ boom” in high-speed steel continues. 
French orders are of course heavy, and will run right 
up to the last moment for deliveries under the existing 
tariff. America, too, is prominent in the market. The 
tool industry is in an appreciably better condition than it 
has been for a long time, to which state of affairs the 
Colonies are the most important contributors. Scythes 
and all allied implements are wanted in la: uantities 
in preparation for the big harvests ab . Inquiries 
for files have been increasing. 


South Yorkshire Coal Trade.—The demand for steam- 
coal is steadily increasing, not only for industrial con- 
sumption, but for the shipping season, which may now be 
said to have fairly commenced. With good tonnages 
going out, and equally satisfactory prospects, the market 
is firm, with prices practically unchanged. A few col- 
lieries in a position quote Ricker prices. The advance 
on gas-coal is pretty general, and there is plenty of 
activity in slacks. st hard coal at pits is selling at 
9s. 3d. to 9s. 9d. per ton (Yorks); 8s. 6d. to 9s. (Derby- 
shire) ; seconds, 8s. to 8s. 6d.; and cheap cobbles at 7s. 6d. 
to 7s. 9d. The general output in the district has been 
reduced by the holidays, and in the immediate neighbour- 
hood of Barnsley several hours were drop by miners 
who went away to the big football match. Although the 
house-coal position is quiet, there is a full week’s work 
for collieries in loading and getting away the large 
number of wagons with which their sidings have become 
choked + onate the holidays. Reductions have now 
started, though they are not yet universal, and forward 
buying is at summer quotations. Best house-coal shows 
little variation, the pit price being 10s. to 10s. 6d. a ton, 
with seconds at 8s. 3d. to 9s. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is not a great deal 
new to report concerning the pig-iron trade. Traders 
generally, however, are inclined to take a cheerful view 
of the situation, and they look for considerable activity 
over the spring and summer months. The output of pig 
iron is about to be increased by the blowing-in of the two 
furnaces at the Lackenby Iron Works of the Tees Furnace 
Company, Limited. These furnaces have been thoroughly 
renovated and brought up to date. More pigiron is going 
into consumption locally, and shipments promise to be 
ood this month, so that the production is likely to 
92 fully absorbed. Already the additions of Cleveland 
iron to the warrant stores have been checked. No. 3 
-m.b. Cleveland pig is steady at 51s. 6d. for early 
fob. delivery ; whilst No. 1 is 53s. 9d.; No. 4 foundry, 
50s. 6d.; No. 4 forge, 50s. 6d.; mottled, 50s.; and white, 
50s. For forward delivery 3d. to 6d. above these rates 
has to bs paid. East Coast hematite pig-iron producers 
take a very firm stand. They are well supplied with 
orders, and in the face of heavy and increasing cost of 
output, together with the general belief in further ad- 
vances in values in the near future, they are not pressing 
sales. Nos. 1, 2, and 3 are put at 67s. for delivery to the 
end of June, but some second hands are prepared to sell 
small odd lots under exceptional conditions at a little 
below that figure. Foreign ore fully maintains its value, 
though there is not much business doing just now. Rubio 
of 50 per cent. quality is 20s. 6d. ex-ship Tees. Coke is 
plentiful, and average blast-furnace kinds are on sale at 
18s. delivered here. 


er ent Iron and Steel.—Quietness still exists in 
several branches of the manufactured iron trade, but the 
steel industry is characterised 
Producers of steel have good order-books, and inquiries 
continue on a satisfactory scale. After having stood at 
a low figure for a long time, steel angles have been raised 
5s., and steel strip and hoops have each been advanced 
2s. 6d. Principal market rates stand :—Common iron 
bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; 
packing iron or steel, 5/. 5s.; iron ship-plates, 6/. 5s.; 
iron ship-angles, 7/.; steel ship-plates, 67. 10s. ; steel ship- 
angles, 6/. 2s. 6d.; steel strip, 6/. 103.; steel hoops, 
62, 12s. 6d.; steel joists, 6/. 2s. 6d.; cast-iron railway chairs, 
32. 10s. ; light iron rails, 6/. 7s. 6d.; heavy steel rails, 
5l. 7s. 6d.; steel railway sleepers, 6/. 10s,; and galvanised 
corrugated sheets, 11/, 10s.; sheets less 4 per cent. f.o.b., 
railway material net cash at works, and all other descrip- 
tions less 24 per cent, discount. 


Pines of Iron and Steel.—Iron and steel shipments 
for March must be considered satisfactory. Those of pi 
iron averaged 3614 tons per working day, the total loads 
ings amounting to 97,585 tons, 83,606 tons of which went 
from Middlesbrough, and 13,979 tons from Skinningrove. 
February’s total clearances of pig iron amounted to 
67,799 tons, or a daily average of 2825 tons, and the shi 
ments of pig for March last year were returned at 92, 
tons, or an average of 3420 tons per working day. Of the 
shipments of pig iron despatched from Skinningrove last 
month, 12,899 tons went to Scotland and 1080 tons to the 
Continent. Of the pig loaded at Middlesbrough during 
March this year, 54,397 tons went abroad and 29,209 
tons coastwise. Scotland was once more the largest 
purchaser, receiving 17,565 tons; whilst Germany im- 
rted 12,411 tons; France, 8299 tons; the United 
tates, 8150 tons; Italy, 7621 tons; and Belgium, 4559 
tons. Shipments of manufactured iron from Middles- 
bro last month amounted to 13,738 tons, 6372 tons 
of which went to foreign countries, and 7366 tons to 
coastwise customers. India was the largest buyer with 


= considerable activity. 
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an import of 4795 tons, and Egypt came second with 
1009 tons. Clearances of steel from the Tees during 
March reached 52,502 tons, of which 41,483 tons went 
abroad, and 11,019 tons coastwise. As usual, India wag 
also the largest customer for steel, taking 13,2: 
whilst the Argentine imported to the extent of 10,545 
tons, West Australia received 2458 tons, and Portuguese 
West Africa 3755 tons. 

Blast-Furnacemen’s Wages Advanced.—The average net 
selling price of No. 3 Cleveland pig-iron for the first 
quarter of the year has been certified at 50s. 6.13d. per ton, 
as compared with 49s. 5.45d. per ton for the previous 
quarter. This means an advance in blast-furnacemen’s 
wages of 1.25 per cent. The advance takes effect from 
the 2nd inst., and wages are raised from 21.75 per cent, 
above the standard to 23 per cent. above the standard, 





NOTES FROM THE SOUTH-WEST. 

Cardiff. —Steam coal has been rather more active. The 
best Admiralty large has made 16s. 6d. to 16s. 9d., while 
ordinary descriptions have brought 15s. to 15s. 6d. per 
ton. The best ordinary smalls have been quoted at 8s, 6d, 
to 9s. per ton. House coal has shown little change; the 
best ordinary qualities have realised 15s. 6d. to 16s. 6d, 
per ton; No. 3 Rhondda large has made 17s. to 17s. 6d. ; 
smalls, 9s. 9d. to 10s. 3d. per ton. No. 2 Rhondda large 
has brought 13s. 3d. to 13s. 6d., smalls making 7s. Gd. to 
7s. 9d. per ton. -Foundry coke has realised 19s. to 20s, 
and furnace ditto 17s. to 17s. 6d. per ton. As regards 
iron ore, Rubio has brought 19s. 9d. to 20s. per ton, upon 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Welsh Coal for Belgyiwm.—The administration of the 
Belgian State Railways has let contracts to Welsh firms 
for 317,200 tons of steam coal. The 317,200 tons are 
divided into sixty-one lots of 5200 tons each. The con- 
tracts have been divided between Messrs. Morgan, 
Wakley, and Co., Limited, Messrs. Pyman and Watson, 
Limited, Messrs. Gueret and Co., Limited, Messrs, 
Evans and Reid, Limited, Messrs. H. C. Vivian and Co., 
Messrs. C. Clay and Co., and Messrs. Beynon and 
Co. The largest share of the orders was obtained by 
Messrs. Morgan, Wakley, and Co., Limited—viz., 93,600 
tons, Messrs. Pyman and Watson coming next. The 
coal is to be delivered within fifteen months from 
April 15. 

Keyham.—Although the dock-yard extension at Key- 
ham was only opened two years ago, the Lords of the 
Admiralty have ordered No. 8 dock to be lengthened, and 
the work has been commenced. No. 8 will be made 
sufficiently long to admit any ship likely to be built for 
some years to come. 


The Swansea Valley.—There has been a fair amount of 

activity in tin-plates and sheets. Reports as to the steel- 

roducing furnaces have left little to be desired, but the 
r-mills have not been quite fully employed. 


South Wales Electrical Power.—The directors of the 
South Wales Electrical Power Distribution Company, in 
reporting to the close of last year, state that an arrange- 
ment for the construction by the Treforest Electrical Con- 
sumers’ Company, Limited, of a connecting cable between 
the Guentes station at Treforest and the Cwmbran area 
has been duly carried out. The connection was completed 
in May, 1909, and since then the supply to the Cwmbran 
area has been entirely taken over by the Treforest Company. 
This arrangement has enabled the Cwmbran generating 
station to be shut down, and the expense of managing it as 
a separate unit has thus been eek” The Treforest Com- 
pany has made steady progress during the last twelve 
months, the cost of production having been materially 
reduced and the output increased. To meet the growing 
demand for current the Treforest Company is considering 
the question of providing further capital for an increase 
of the generating plant. The capital account shows & 
total expenditure of 965,565v. 








AsBEsTos.—The Bell’s Asbestos Company, Limited, 
and the United Asbestos Company, Limited, have been 
amalgamated. 


Cotp-StoraGr AND Ice Association. — The eleventh 
anniversary meetings of the Cold-Storage and Ice Associa- 
tion will be held in Manchester on Wednesday and 
Thursday, the 27th and 28th inst. On the former day, at 
the afternoon meeting in the Town Hall, the following 
— will be and discu :—‘* Municipal Cold- 

torage,” by Captain W. J. Wade, Markets Superintendent 
to the Manchester Corporation; ‘The Inspection and 
Distribution of Food Animals and Meat,” by Mr. F 
Knowles, of London; and “The Standardisation of Re- 
frigerating Machines,” by Mr. Gardner T. Voorhees, from 
the United States of America. The next day will be 
devoted to visits to cold-stores. The address of the 
Secretary is 3, Oxford-court, London, E.C. 


Tue Farapay Socrery.—The next meeting of the 
Faraday Society will be held on Tuesday, Apri! 20, when 
alden, of Riga, will open a general dis 
cussion on “The Constitution of Water.” Professor 
Walden has for years been engaged in investigations 
concerning the interrelations between the electric, com 
ductivity, solubility, viscosity, and other properties C 
electrolytes when dissolved in water and other solvents, 
and his researches cover a very large range of cubsteney 
Among other forejgn scientists who will take part in the 
discussion is Professor Ph. Guye, of Geneva. Professor 
Walden will be entertained at a dinner in the Tr ytd 
Restaurant on the day following the meeting, when the 
chairman will be Mr. James Swinburne, F.R.S., President 
of the Faraday Society. 
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INTERNAL-COMBUSTION MARINE ENGINES. 
We are indebted to Mr. Linton Hope for a copy of | Engine to Fishing and Commercial Vessels,” read service speed of 17 knots. We have thus in the 31 years 


the annexed table, giving the approximate brake | before the Institution of Naval Architects at. their 


horse-power required to propel fishing-boats and fine- | 


lined commercial vessels at various speeds. This table | It was not, however, possible to complete the table by 


was prepared by Mr. Hope for inclusion in his paper | 
on “The Application of the Internal-Combustion | 


recent meeting, and reprinted by us on page 426 ante. 


the date on which the paper was read, and hence we 
now print it separately. 


AppROXIMATE Brake Horsk-Power FoR FisHinc-Boats AND Fine-Linep CoMMERCIAL VESSELS AT 








Various SPEEDS. 
\ppROXIMATE LENGTH OF WATER- 
Lixe (iN Feet) AND ny naga 
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COEFFICIENTS. Spxep (Kxots) 
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NOTES FROM THE UNITED STATES. 

PHILADELPHIA, March 30. 
Tuer last week of March has brought out the full 
average of orders for iron and steel products. The 
inquiries for the last two days are vm ge | from rail- 
road companies ; most of the material asked for is 
structural steel for bridge-work and terminal enter- 
prises. Activity in demand for railway material is 
now more fully assured than at any time in the past 
twelve months. During the past week exceptionally 
large orders have been p for steel rails, mostl 
taken by Western mills, though the Southern rail- 
mills have secured four or five very large orders durin 
the past month, amounting to something like 250, 
tons. The United States Steel Corporation has been 
booking orders at a rate that surpasses all previous 
records. The independent interests are asked this 
week to furnish res on construction material 
and equipment to delivered during the third 
quarter of the year, At the present time the in- 
quiries on the market for steel rails amount to close 
on to 100,000 tons, many of the rails being 90-Ib. to 
100-lb, sections. The interesting feature for the week 
is the inquiries of contractors and engineering concerns 
who are now ready and anxious to place orders for 
material for structures of various kinds for manu- 
facturing and commercial purposes. The factor which 
is attracting attention with reference to prices during 
the latter half of the year is the pronounced increase in 
blast-furnace capacity and in manufacturing facilities 
for various kinds of finished material. While many 
admit that lower prices are probable as the result of 
such an increase in capacity, they also’ recognise 
that the demands for the latter half of the year 
are an unknown quantity, and it is not safe to 
lay tov much stress upon the possible consequences 
that may follow increased capacity now under way. 
A mill of very large capacity is to 3 erected in West 
Virginia under independent control, and it will become 
a factor in the situation. Other projects for the erec- 
tion of mills are attracting attention of men with 
money, and if some of these enterprises take shape, 
they will be developed probably at points far remote 
from present steel centres. Very little fluctuation is 
observed in prices, and consumers generally are 
anxious to maintain a supply of material that will 
cover all of the work contracted for. The greatest 
activity is still maintained in tin-plate, and the mills 
are well supplied with business. 





'HE SOUTH AFRICAN MAIL STEAMER 

Z _ “BALMORAL CASTLE.” 

_ ERE Is particular appropriateness in the choice of 
the Union-Castle liner yA wee Castle as the steamer 
to be specially commissioned by the Admiralty to 
convey Admiral H.R.H. the Prince of Wales, RG. 
on his State visit to South Africa for’ the opening of 
the lirst Union Parliament in the summer of this year. 
The owners have, by their enterprise, played such a 
Prominent part in the development of our vast 
“ominions beyond the equator—a development which 
's certain to be enormously stimulated by the union of 
the various States constituting the South African 
Dominion—that they well merit such recognition of 
their work as is indicated by the choice of this addi- 
tion to their merchant fleet for the State visit to South 





Africa, The Fairfield Company, who have built the 





vessel, also deserve their share of such compliment, 
because they have contributed by successive improve- 
ments in marine construction to shorten the line of 
communication between the Mother Country and the 
southern colonies, and have similarly, by their warship 
building, assisted largely in ensuring the protection of 
this, as of other highways of British commerce, The 
Balmoral Castle is the latest, as she is the finest, vessel 
to be placed on the service; and she commenced her first 
voyage on the 2nd inst. ~ | the time the vessel makes her 
State voyage the staff will have settled down to their 
work, and there is some likelihood that a record will 
be established in respect of the duration of the voyage. 
The Fairfield Company themselves have established a 
recedent for such performance in respect that when 
is Royal Highness visited Canada eighteen months 
ago, the Fairfield-built cruiser Indomitable, in which he 
crossed the Atlantic, made the trip home in record time, 
averaging throughout the run a speed of 24.8 knots, 
while for 72 nautical miles the rate was 25.13 knots. 
The requirements of the South African service differ 
materially from those of the North Atlantic trade, 
because of the 6000 miles distance traversed, the 
smaller passenger traffic, and the hotter climate in 
the tropical zone. The latter makes it difficult to 
attain the same high efficiency from the boilers, and 
until the human element is entirely superseded in the 
stokehold, this difficulty must remain. There has, 
however, been great progress. Forty years ago the 
time taken on a voyage to the Cape was about thirty- 
five days, now it is Tittle more than sixteen days, a 
notable result of continuous effort, and the contribution 
of the Fairfield Works to this advance is suggested by 
the fact that they have built nineteen Castle and Union- 
Castle liners. Each successive ship has marked im- 
rovement, because the ability of the Fairfield staff has 
en continuously Pradcwree { by the progressive spirit 
and patriotic zeal of the late Sir Donald Currie, who did 
so much for the development of the resources of South 
Africa, and since his death, at a ripe age, the splendid 
traditions of the company are being maintained with 
corresponding energy and skill by Mr. F. J. Mirrielees 
and his colleagues. The Kinfauns Castle of 1879 was 
the first of the Castle liners built at Fairfield ; she was 
only 360 ft. long, and the highest speed obtainable at 
sea, when the vessel was on maximum service draught, 
was just over 12knots. Ten years later the Edinburgh 
Castle, with a length of about 420 ft., increased the 
speed to 15 knots; but, partly in consequence of increased 
displacement and lead,” this addition required about 
double the horse-power of the machinery of the smaller 
and slower Kinfauns Castle. There was increased 
passenger accommodation, of course, and higher 
revenue-earning capacity, while the introduction of 
triple-expansion engines reduced the coal bill per unit 
of work. In 1894 quadruple-expansion engines were 
fitted for the first time, the Tantallon Castle mark- 
ing a step forward in other respects also ; in her case 
the length was increased to 440 ft., the power to 
6500 indicated horse-power, and the service speed to 
over 16 knots. In 1899 twin-screws were first fitted 
—in the second Kinfauns Castle and the Kildonan 
Castle, vessels 515 ft. in length, with engines of 
10,000 horse-power, and with a service speed of 
17 knots. The Armadale Castle, built in 1903, marked 
a further development, the length being increased to 
570 ft., and the power of the engines to 11,500 indi- 
cated horse-power. In the Balmoral Castle the length 


has still further been increased to 590 ft. 9 in., and the 
power to 12,500 indicated horse-power, in order to give a 


| an increase in Jength of from 360 ft. to 590 ft. 9 in.; in 
| gross tonnage, from 3500 tons to about 13,000 tons ; 
| 1n the power of the machinery, from 3000 to 12,500 
indicated horse-power ; and in the speed from about 
12 to 17 knots. It has ever been the practice of the 
company, however, to have a considerable reserve of 
power, and the trial speed results are thus higher 
than these service speeds. Regularity in the duration 
of the voyage is ensured by increasing the speed to 
make up for any delays due to head winds or other 
causes, with the consequence that the terms of the 
mail contract have practically in every voyage been 
fulfilled, with a satisfactory margin in time. 

The economic gain in these years is evidenced by 
the fact that an increase of over 40 per cent. to speed 
is realised, with a considerable reduction in the coal 
expenditure per unit of work. The load, in terms of 
displacement, has increased three-fold, yet the fuel 
expenditure has only increased from 28 tons per 100 
miles in the slower and much smaller vessels of 1879, 
to about 40 tons per 100 miles steamed in the latest 
ship. Had the coal consumption per unit of power 
been the same, the amount of coal required on the 
South African voyage by the latest high - speed 
steamers would have been over 1800 tons greater. It 
follows that without improved and more economical 
machinery the present high speeds could not have 
been realised on moderate dimensions. The Balmoral 
Castle, moreover, marks a still further development in 
earning capacity, as she carries 319 first-class, 220 
second-class, and 268 third-class cabin passengers, and 
in every instance the cubical capacity available has 
been very greatly increased, thereby ensuring a larger 
measure of comfort, particularly in the tropics. There 
is, in addition, capacity for carrying (large! in 
refrigerated chambers) cargo to the extent of 10,000 
tons. In later years, however, the practice has been 
developed of providing intermediate types of some- 
what slower ships, wee the carrying capacity has 
been increased in association with nger traflic ; 
and in providing these vessels the Fairfield Company 
have also done most satisfactory work. 

The arrangement of accommodation in vessels with 
such @ long voyage through regions where the tem- 
perature conditions vary so enormously, offers oppor- 
tunity for the utilisation of experience ; and, in view of 
this, all of the ngers in the Balmoral Castle, as in 
all the later Union-Castle liners, are accommodated 
well above the water-line. There is therefore ensured 
adequate natural ventilation ; while fixed electric fans, 
together with a number of portable fans, fitted to 
suit the convenience of the passengers, ensure a free 
circulation of air. Steam-heated radiators have been 
arranged throughout the ship on a system which 
enables any one heater to be used at the will of pas- 
sengers in any one cabin, without affecting the tem- 
perature of any other room. 

The first-class accommodation begins on the several 
decks about 100 ft. from the bow, and extends for 
about 180 ft. towards the stern. The public rooms 
are well forward, with a companion-way connecting 
the four decks. On the boat-deck there is the lounge 
and smoking-room ; on the promenade - deck there is 
the library, with a lounge for non-smokers around the 
balcony of a well giving light and ventilation to the 
dining-saloon on the next level—the upper deck. There 
are state-rooms on all these decks, as well as on the 
main deck. 

The second-class quarters have for their accommoda- 
tion several compartments abaft this, with companion- 
ways through four decks. The smoking-room is on the 
boat-deck, the library on the promenade-deck, and the 
dining-saloon on the main deck. 

The steerage passengers are right aft. ‘The lounge, 
with piano, the library, and smoking-room, are in a 
deck-house on the promenade-deck aft, with large 
windows, ensuring effective ventilation, while the 
dining-saloon is on the level below—the upper deck. 

The arrangement of the passenger quarters, as de- 
scribed, is particularly favourable to the second-class 
passenger, who has ever had great consideration from 
the Union-Castle Line. It enables a large part of all 
the promenade-decks to be placed at the disposal of the 
second-class senger, while the public rooms are 
only a little abaft the centre of the ship, and some of 
these are on the boat and promenade decks. In this 
way the ventilation is improved and the passengers 
are less subject both to vibration and to the motion of 
the ship in a head seaway, although in both these 
respects the great pro made in the balancing of 
machinery and in the form of ship has overcome, as 
far as is possible, any tendency to such disagrecable 
movement. Indeed, the steerage ngers, who are 
accommodated still further aft, will have nothing to 
complain of in the way of vibration, as the engines are 
so perfectly balanced that the only movement is the 
inevitable pulsation due to propeller action. 

The engraving of the Balmoral Castle, published on 
the next e, shows the general appearance of the 





vessel, which certainly makes her worthy to carry the 
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white ensign when commissioned by the Admiralty for 
the Royal voyage. Like her predecessors in the Union- 
Castle fleet, she is schooner-rigged, with two pole- 
masts, two elliptical funnels, straight stem and ellip- 
tical stern, so that she — a pleasing appearance, 
while designed for merchant service, with all the acces- 
sories which commercial transport demands. 

In a later issue of ENGINEERING we hope to publish 
the plans of the ship and illustrations of the machinery; 
this week we give on Plates XXVIII. to XX XI. views 
of the public rooms in the ship prepared from photo- 
graphs by Messrs. Bedford, Lemere, and Co., London. 
The decorations and furnishings of the a 


rooms have been carried out by the Fairfield Company 
from designs and detail drawings by Mr. William 
Slockhart, F.R.1I.B.A., architect, a on. 


The dining-saloon, wnich is on the upper deck, is 
illustrated on Plate XXVIII. It is 53 ft. long by 46 ft. 
wide and 9 ft. high, and has accommodation lor 182 
persons, It is treated in Louis XIV. style, and addi- 
tional height is obtained at the centre by a large open 
well, The walls to dado vo oy are panelled in maho- 

any, the ceiling and walls above the dado being 
finished in white. The furniture is upholstered in light 
green and black striped hair-cloth, with the company’s 
monogram interwoven. The floor is of polished teak, 
with Wilton runners. A sense of coolness and artistic 
effect is thereby obtained. Small buffets are arranged 
between the tables, which contribute to the desired 
quick service to the diners, Fig. 2 gives an idea of the 
great width, and of the beautifal effect of the decora- 
tion of the ceiling and of the well for natural light 
and ventilation. This wel] is more clearly illustrated 
in Fig. 3. A view of a corner in the dining-saloon 
near one of the entrances is given as Fig. 9, on Plate 
XXXI., and shows the effective design of the side 
windows, which are entirely different from the anti- 
quated port-hole of other days. The panelling is 
effective without being over elaborate. 

The lounge for non-smokers, arranged around the 
baloony at the well of the dining-saloon, is illustrated 
in Fig. 4, on Plate XXIX. It will be recognised that 





Fie. 1. On Trtat. 





treatment of walls, columns, and ceiling. The reading 
and writing-tables will make this room most useful ; 
indeed, it will serve the functions of the drawing-room 
or ladies’ saloon, which is now so much neglected for 
the lounge, because gentlemen rarely enter it, and 
ladies, as a rule, prefer to go where their gentlemen 
friends congregate. 

Fig. 5, on Plate XXIX., illustrates the lounge where 
smoking is permitted. It is on the promenade-deck. 
It will seen that in this room a satisfactory result 
has been achieved in dissembling the appearance of the 
ship’s structure by the use of a clerestory roof. This 
lounge is of ample proportions, 50 ft. long and 32 ft. 
wide. It is decorated in a variation of Louis XVI. 
style. A dado of quiet-toned teak surrounds the 
room, and the ceiling and walls above the dado are 
panelled and decorated in white. The wall panels are 
enlivened by a selection of black-and-white etchings, 
and the furniture consists of writing-tables, comfort- 
able lounges, and chairs. The floor is covered with 
rubber tiles of delicately-shaded grey-and-white. The 
side windows to this apartment are of exceptional size, 
being about 5 ft. deep by 2 ft. wide, fitted with 
astragals, and draped with curtains of rich grey silk. 

The first-class smoking-room adjoining has a separate 
entrance from the open deck, is framed in oak, stained 
green and black, and panelled with material of the 
character of old Geeuteh leather, The room is split 
up into bays suitable for card-playing, and each alcove 
is lighted from the sides with large opening windows, 
andlewn above by artistically coloured dormer windows. 





considerable decorative effect has been achieved in the | 
| work, 


| smoking-room on the 





The floor is covered with green and black rubber tiling. 
The furniture is upholstered in morocco, A bar and | 
lavatory adjoin the smoke-room. The success of the | 
adoption of the clerestory roof is clearly seen from | 
Fig. 6, on Plate XX X., as the room has all the appear- 
ance of an old baronial hall. The bay at the far end 
takes away from the squareness of the room, while, at | 
the same time, forming a nook on the deck outside. 
Fig. 7, on Plate XXX., shows the companion-way | 








between the two lounges illustrated on Plate XXIX. | 











The railing on the stairs jis a very fine piece of metal- 


Fig. 8, also on Plate XXX., illustrates one of the 
suites of rooms provided on the promenade-deck. 
These rooms are distinguished by the rich woods with 
which they are panelled. The view shows the com- 
fortable character of the furnishing. 

The last of the illustrations of the first-class rooms 
is that of the library, forming Fig. 10 on Plate XXXI. 
This room, which enters off the lounge, is decorated, 
Sheraton style, in satin-wood inlaid with cross-banded 
tulip-wood, and adorned with choice engravings in 
colours. The furniture, of mahogany, consists of 
book-cases, writing-tables, settees and easy-chairs, 
upholstered in green-and-white striped hair-cloth. 
The floor is covered with a pale-green Wilton carpet. 

As typical of the decorations in the second-class 

uarters of the ship we reproduce in Fig. 11, on Plate 
XXXL, a view of the second-class dining-saloon. This 
room, which is on the upper deck, has seating accom- 
modation for 162 passengers, and is lighted from 
three sides by large square open lights. The walls 
are panelled in light mahogany as far as dado height, 
and above this in white, the same colour roan 
adopted for the ceiling. The furniture is upholsterec 
in green leather, and the floor, which is of teak, is 
laid with Brussels carpet-runners. The second-class 
vat-deck is panelled in oak, 
Jacobean in style, with furniture to match, arranged 
similarly to the first-class, and upholstered in blue 
leather. The library on the promenade-deck is furnished 
in mahogany and upholstered in moquette. = 

The third-class dining-saloon is illustrated in Fig. 12, 
on Plate XXXI. It has accommodation for 162 per- 
sons, and while simple, the decorations are attractive. 


(To be continued. ) 





Contracts. — Messrs. Jens Orten-Béving and (o., 


94, Union-court, Old Broad-street, E.C., have secured the 


order for the seven governors for the City of Winnipeg 
Water-Turbines. 
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NOTICES OF MEETINGS. 


Tue Royat SanrTaRy InstituTe, — Friday, April 8, at 7.30 p.m. 

in the Western Law Courts, Guildhail, Plymouth, a discussion will 
take fg on “ The Removal of Town ith,” to be opened and 

Mr. Borough E eer and Surveyo: outh ; 

“The Relative Value of Disinfectants in the sia of Whseconn, 

to be opened by Mr. O. Hall, D.P.H., M.O.H., ae 

Tue NortTH oF a mpg Sy gy: ‘OF MINING AND MECHANICAL 
Enomners.—Saturday, April 9, at 2 —" in the Wood Memorial 
Hall, Newcastle-upon- nyne. The follo wing rs will be ty ie 
for discussion : :—** Fence-Gates for Winding ishatt r. 
Charles Arthur Crofton (Trans. Inst. M. EE vol. aw 
“The Cunynghame-Cadman Gas- -Detecting Device,” b 

Hailwood (Trans. Inst. M.E., vol. xxxix., page 13). «the G Geol 
of the Little Whin Sill, Weardale, County Durham,” by oes 
William Morley lestone (Trans. Inst. M.E., vol. xxxix., 
Pte 18). The follo ety will be read, or taken as read :— 

ition of Coal.1 Single Electric Flashes,” by Messrs. 

ornton and E. Bowden, “* Electrification at Murton Col- 
tng “County Durham,” by Mr. E. Seymour Wood. “ El Electricity 
at Shamrock I. and Il. Colliery, Herne, Westphalia, Germany, 
by Mr. H. M. Hudspeth. 

Tue Surveyors’ InstiruTiIoN.—Monday, April 11, at 8 p.m., 
paper will be read by Mr. T. A. Dickson (Fellow), on “The Report 
of the Royal Commission on the Poor Laws.” 

THE INSTITUTION OF MECHANICAL ENGINERRS : GRADUATES’ ASSOCIA- 
TION. Mery — ll, ty 8 p.m. ét paper eae " ———- 


ht” read by A. B. 

a Hele Shaw, F.R.S., Member of Council, in the Lm 

Tux RoyaL Society oF Arts.—Monday, April 11, at 8 p.m. 
Cantor Lecture, “Modern Methods of Brick- Making,” ” by Mr. 
Alfred B. Searle, Ph.D., M.S.C.L (Lecture L.). Wednesday, April 
13, at 8 p.m. Sixteenth oy a meeting, ‘‘The Port of Bover,” 
by Mr. Arthur T. Walmisley, Inst. C, + The Right Hon. Lord 
Brassey, G.C.B., Lord Wa en vot the Cinque Ports, will — 

Tur JUNIOR INSTITUTION OF ENGINEBRS. —Tuesday, ril 12, at 
7.30 p.m., at the Royal Unived Service Institu' on, itehall. 
Paper on “‘ +4 Speed Steam-Turbine Rotor Design and Construc- 
tion,” by Mr. J. M. Newton, B.Sc., Member, of ~ yy h. 

Tae institu TION OF CIVIL ENGINeERS, —Tuesda: oy A 1 12, at 
8p.m. Papers to be discussed :—‘*The New Clyde Bi of the 
Caledonian Railway at “Glasgow,” by Mr. Donald Alexander 
Matheson, M. Inst. O.E. ; “‘ The Queen Alexandra Bridge over the 
River Wear, Sunderland, ” by Mr. Francis Charles Buscarlet, 
Assoc. M. Inst. C.E., and Mr. Adam Hunter, M. Inst. C.E.— 
Students’ visit, Wednesday, April 13, to the Kempton Park Filter- 
Beds and Pumping Station of the Metropolitan Water Board. 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—Wednesday, April 13, 
at 8 p.m., Mr. Reginald J. Wallis-Jones, M. Inst. C. E., M. E.E., 

read a paper on ira. and its Application.” Sir Alex. 

B. W. Kennedy, LL.D., F.R.S. (Vice-President), in the chair. 

THe MINING INSTITUTE. OF AND.— Wednesday, — 13, 
at 6 o'clock, in the Technical College, George-street, 
(instead of at Hamilton, on Thursday, the 14th inst., as no’ = 
the card) Mr. Robert W. Dron’s paper on ‘‘The Index Beds in 
the Carboniferous Limestone Series of Scotland,” will be dis- 
cussed. Messrs. M‘Laren and Clark’s paper on “Shale-Dust and 
Coal-Dust Tests at Broxburn” will be discussed. Mr. Robert 
Nelson’s paper on ‘ ne gg og Coal-Mines” (Trans., vol. xxxvii., 
page 459) will be discussed. Thomas Gray will read a paper, 
with practical illustrations, on “The Detection and Estimation of 
Firedamp in Mine Air.” Dr. Gray will also read a paper on “‘ The 
Composition of the Atmospheres Of Some Representative Coal and 
Shale Mines in Scotland.” 





Tue Pamnt AND VARNISH Socizty.—Thursday, April 14, at 8 p.m., 
at St. Bride’s Institute. The following paper will ve read and 
discussed :—‘‘ Zinc Oxide,” by Mr. Gaston Depierres. 

Tue InsTiTUTION OF MECHANICAL ENnGInEERS.—Friday, April 15, 
at 8 o'clock Adjourned discussion upon Mr. George Hughes's 

per on ‘Compounding and a in Horwich Locomo- 

ves.” Paper to be read and discussed (if time Fingsten A 
Research on the Hardening of Carbon and — — Tool- 
Steels,” by Mr. Shipley N. Brayshaw (M 
The anniversary img will take place at the Hotel Cecil, London, 
on Thursday, April 14 

Tue Royal INSTITUTION or GREAT BRITAIN. —Friday evening dis- 
course next week, April 15, at 9 o'clock. Professor William J. 
Pope, | M.A., F.R.S., on “ The Chemical Significance of Crystal Struc- 
ture.” Afternoon lectures next week at 3 o'clock. Tuesday, 
April 12, Mr. Arthur Harden, D.Sc., Ph.D., F.R.8., on “ The 

ern ig — of the Problem of Alcoholic Fer tation’ 
. ad April 14, Mr. Tom G. Longstaff, M.A., 
M.D., F.R.G.S., MLR. on “The Himalayan ion” (Lec: 
ture IL. ). Saturday, April 16, Mr. W. W. Starmer, F.R.A.M., on 
wet). Carillons, and Chimes ” (with Musical Illustrations) (Lec- 
ture 








Reapine - Cases.—Reading-cases which will hold twenty-six 
numbers of ‘‘ EnemvgeRIne” may be had of the Publisher or of any 
newsagent. Price 6s. each. 
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THE NEW BRITISH BATTLESHIPS. 

Tue launch of His Majesty’s battleship Colossus 
to-morrow hasa special significance, a from the 
fact that she is the first to be floated of the eight 


56 | large armoured ships provided for in the programme 


of the past financial year. Her launch may be said 
sete! place one more firm on the list of battle- 
rod builders ; because, although this firm, Scotts’ 

hipbuilding and Engineering Company, Limited, 

reenock, have done most important work for 
the Navy, including the building of the armoured 
cruiser Argyll, they have not until now had the 
privilege of demonstrating their capability of con 


46 | structing a ship of the line. The facts that the 


Colossus is being launched nine months from the 
laying of the keel, and that she is the largest 
battleship yet floated for the British service, carry 


2 | convincing proof of this capability. We have there- 


fore now nine firms who have built battleships for 
the British Navy, and at the present moment each 
of these firms, with one exception, has in hand a 
capital ship, either for the 





Colonial fleets. None of them, however, can be 
said to have their resources in any way taxed, and it 
would be easy for at least ten more cine to be laid 
down with absolute certainty of rapid construction. 
This point is of importance, not only in the ap- 
"| praisement of the ability of our firms to meet even 
the greatest demands the British Admiralty may 
make, but in the establishment of the.fact that we 
are still able to meet the requirements of foreign 
clients, as. well as all British needs. . In respect 
of armour and gun-mountings, the same statement 
can be substantiated, because the firms who under- 
take this work are by no means overtaxed ; and, 
as the First Lord of the Admiralty has assured 
the House of Commons, they are willing to extend 
their resources when necessary. It is satisfactory 
also to learn that Messrs. Beardmore, of Glasgow, 
who are allied with the Vickers Company, are 
arranging to construct at once an extensive gun- 
mounting factory at their naval construction works 
at Dalmuir. The enterprise of this firm and the 
success of the Vickers designs, which will be avail- 
able for the Beardmore factory, will ensure early 
realisation of this scheme to add to our resources 
for the manufacture of this important element of 
warship equipment. Indeed, it is said that the 
new factory may be ready to ‘compete for the ord- 
nance work required for the five armoured ships 
which are to be laid down in January next under 
the programme of 1910-11. The increased competi- 
tion will be welcomed by the Government as pur- 
chasers, as, while augmenting our ordnance re- 
sources, it may lower contract prices—not always, 
however, a desirable feature in connection with such 
important munitions of war, where accuracy and 
trustworthiness are the essen 
On the subject of the cost of our warships much 
has lately been said, and it may be asserted that, other 
things being equal, Brifish firms can produce work 
much more economically than any warship- building 
firm in foreign countries. Recent compariséns of 
samy quoted by builders of different nationalities 
ave been altogether misleading, owing to all the 
features of the competitive designs not being dis- 
closed. To compare the price of two battleships, 
even of the same tonnage, without being in posses- 
sion of all the details, is illusory, and, therefore, 
unsatisfactory. Figures have also been produced 
with a view to showing that the Dreadnought type 
of battleship is not so costly per unit of displace- 
ment as the earlier British ships of the line ; this 
deduction also is inaccurate, because no account has 
been taken of the state of thé market. All markets, 
whether for material or labour, have lately been 
specially favourable to purchasers, notably of naval 
and mercantile ships, and the warships recently 
completed have, therefore, been added to the Fleet 
at ypc | low prices. It was for this reason 
that we strongly advocated the anticipation of our 
requirements twelve and eighteen months ago, as 
the orders could then have been placed at an 
appreciable reduction in the prices now current. 
Rates, too, are certain to increase; but it may 
be urged that other considerations than securing 
the lowest market price must operate in the arrange- 
ment of the British naval shipbuilding programme. 
The main guiding princip e is to await the dis- 
closure of our competitors’ moves, and it becomes, 
therefore, of special interest to examine the main 
features of the design of our latest battleships with 
reference to the elements accredited to the ships of 
other navies. There is always a disposition to 
regard with some alarm each advance in size and 
cost, and this has been specially marked in con- 
nection with the later ships. The Dreadnought 
itself, so far as size was concerned, was only one 
step in a steady fp ogcers Each succeeding 
class of battleship of the past twenty years repre- 
sented an advance. Thus we had the Royal 
Sovereigns of 14,150 tons, the Formidables of 
15,000 tons, the King Edwards of 16,350 tons, 
and the Lord Nelsons of 16,500 tons; so that the 
step to the Dreadnought of 17,900 tons could not 
be regarded as other than conforming to the law of 
progression. In the Bellerophons there was an 
advance to 18,600 tons, in the next class—the St. 
Vincents—to 19,250 tons, in the Neptune to 
19,900 tons, and now, in the Orions, we have 
reached 22,500 tons. Nor can it be accepted that 
we have attained anything like the maximum. In- 
deed, foreign governments are advancing at a much 
ee rate, so that the ee O* pares for the 
nited States are said to be of 26, tons, and for 
France of 23,457 tons, while in practically no in- 


perial Navy or for | stance is the tonnage of ships projected for foreign 
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navies less than that of the Orion. In view of 
this, we ought to have an end of the complaints 
—made here, perhaps, more than abroad—that the 
British Admiralty are forcing the pace in size. 
There is no desire to build big ships as such. 
Indeed, every effort is made, in the preparing of 
successive designs for each programme, to minimise 
the size. But certain conditions are laid down by 
the strategists and tacticians, and in meeting these 
there is ever present the importance as well as the 
difficulty of minimising size—not only because of 
cost, but for other considerations, particularly the 
limitations of docks and harbours. 

The first of the desiderata for battleships laid 
down by the strategist is gun-power. In his paper 
at the Institution of Naval Architects, Admiral 
Bacon seemed to regard this as the dominant con- 
sideration, and was prepared to sacrifice even 
armour protection to a greater or less extent. There 
are some indications in our later ships of the accept- 
ance of this view, although the more vital parts of 
the ship in the Orion ciass are still protected by 
11l-in. plating. It is accepted that with the modern 
12-in gun no armour of reasonable thickness can be 
effective in keeping out armour-piercing projectiles 
at 6000 yards or less, and that when fighting at any 
range beyond this it will not be possible to achieve 
decisive results. The extent and effect of damage 
done to the armour of different thicknesses at such 
relatively close range will require very serious con- 
sideration, and much courage will be involved in 
the acceptance of any diminution in thickness of 
armour for the protection of the fighting mechanism 
and for the maintenanceof a duereserveof buoyancy. 
That being so, we do not anticipate any check on 
increasing displacement due to a less percentage 
of the tonnage being allotted for protection. 
Admiral Bacon was probably quite right in his view 
that minute subdivision would give the larger ship 
a better chance of withstanding attack by the 
torpedo than the smaller ship, and from this point 
of view the later ships are at least as satisfactory 
as the former vessels. There is, however, no ten- 
dency at present to utilise light armour as a pro- 
tection under water against torpedo attack, minute 
subdivision being preferred. 

Like the St. Vincents and the Neptunes, the later 


mp have only ten guns in their primary armament, 


and these will be, at all events in the great majority 
of cases, of 12-in. bore and 50 calibres length ; while 
the torpedo-repelling guns will be of 4 in. bore. 
In the choice of guns the Admiralty are influenced 
by the gun-control system, and are not swayed 
in any way by the tendency of other Powers to 
adopt a larger gun in addition to, or in supplement 
of, the 4-in. breech-loader. In their earlier Dread- 
noughts the Germans followed the practice adopted 
in the King Edward of fitting as secondary arma- 
ment guns corresponding to our 6-in. quick-firers. 
The United States authorities seem to have a pre- 
ference for a 5-in. gun, and in France the 5}-in. is 
spoken of as part of the armament of the new ships, 
while Japan is adopting the 6-in. gun. It has not 
been made clear, however, whether these several 
navies are fitting the larger weapons as part of 
the armament for use in in of battle, or exclu- 
sively—as in the case of the British 4-in. breech- 
loaders—for repelling torpedo attack. Certainly, 
the 6-in. guns would be used against a battleship if 
favourable conditions arose, but the contention is 
that when such opportunity arises, the 12-in. guns 
would be more effectively used without the 6-in. 
guns being brought into service, than with the 
latter in use. 

What the modern tactician calls for is not so 
much penetrating power as great bursting-charge, 
and in this respect the damage done by one well- 
placed shot from a 12-in. gun would be superior to 
any number of 6-in. shots which could be driven 
home in the same period of time. Moreover, it is 
contended that the confusion due to the flight of 
shot of various sizes used simultaneously seriously 
militates against effective ‘‘ spotting ” and gun-con- 
trol, and, therefore, against accuracy. In short, it 
is accepted from the evidences of recent battle 
practice that, because of this more effective gun- 
control, a Dreadnought can, with her 12-in. guns, 
secure a greater number of hits in a given 
time than a King Edward, where the number 
of guns is greater and their possible rapidity of 
fire higher, because the indiscriminate flight of 
12-in., 9.2-in., and 6-in. projectiles is confusing to 
the ‘‘spotter” in the gun-control station. This is 
a point upon which the Admiralty probably have 
more experience than anyone, not even excluding 





the authorities in foreign navy departments ; and 
as our naval tacticians have continued, in the ten 
recent ships laid down for the Imperial and Colonial 
Navies, to fit one calibre of large guns in associa- 
tion only with 4-in. torpedo-repelling guns, there is 
more than a presumption that this arrangement 
is likely to give the most effective results. 

Perhaps the most important departure made in 
the armament of the new ships is in connection 
with the disposition of the primary guns, and this 
raises the question of the importance of bow fire. 
This is one of those many questions of naval con- 
structional policy which have recurred at intervals 
ever since gunships were built. When 6-in. 
guns were introduced, one was placed on each 
quarter and several on the broadside, and in 
some cases these were in two-storied casemates, as 
in the Powerful and Terrible. With the introduc- 
tion of the 9.2-in. gun in supplement of the 12-in. 
weapon, as in the King Edward class, the smaller 
of the primary guns was similarly mounted on each 
quarter, often with 6-in. guns at a lower level. 
This practice was carried out also in the Lord Nelson 
class, where two 9.2-in. guns were mounted on each 
quarter, giving as bow-fire two 12-in. and four 
9.2-in. guns. The same principle has been adopted 
by the German naval authorities in their Dread- 
nought battleships and Dreadnought cruisers. 
The disadvantage of this, in their case, is that of 
the twelve 12-in. guns mounted only eight can be 
fired on the broadside, although six may be fired 
ahead or astern. The greatest development in bow 
fire, however, is in the case of the Brazilian battle- 
ships, where eight 12-in. guns may fire aliead. 
There is a pair on each broadside, and two pairs in 
the centre line forward and two pairs aft, one pair in 
each case being mouated at a higher level, in order 
to fire over the pair of guns in front. The disposi- 
tion of the large guns in the later British battle- 
ships greatly reduces the bow fire, the presumption 
being that a heavy broadside is regarded as more 
important. 

n the earlier ships of the Dreadnought class the 
placing of the whole of the 12-in. guns on the 
middle line was considered—a practice which has 
since been adopted with the latest ships in the 
United States Navy. In this case also some of 
the guns were at different levels, so that four 
might fire ahead and four astern, and all ten 
guns on either broadside. In the British ser- 
vice, however, it was considered desirable to 
have a turret on each broadside, and thus, in the 
Dreadnoughts now completed, the wing guns fire 
ahead or astern, and on the broadside. In this 
way eight of the ten guns are utilisable on either 
broadside in an engagement in line formation. This 
arrangement had considerable advantage in the 
planning of the interior of the ship and the dis- 

osition of magazines. In the cruisers of the 
nflexible class, however, where considerations of 
weight and speed necessitated a reduction of the 
total number of guns to eight, it was decided to 
adopt for the amidship guns the echelon em- 
placement, so that the guns in the waist of the 
ship could fire on either Roonlisite ; all eight guns 
are thus utilisable, while six fire ahead and six 
astern. The arc of training, however, of the 
amidship guns was unavoidably limited ; and in 
the later battleships all ten guns are placed in the 
centre line. This has necessitated a considerable 
increase in the length of the ship, but it simplifies 
the location of the torpedo-repelling guns, and 
may result further in affording them a larger 
measure of armour protection than is possible 
when the majority of them have to be distri- 
buted over the upper works. There is a differ- 
ence of opinion as to whether these guns should 
be protected, but in view of the experience at 
Tsushima, when a torpedo raid was made after the 
main engagement of the day, an effort should cer- 
tainly be put forth to so protect these guns that 
they would be available after the main battle, in 
order to meet such a subsequent torpedo raid 
as is certain whether or not the main engagement 
has been decisive. It has been suggested that 
these lighter guns might be fitted with disappear- 
ing carriages, so that they could be carefully 
housed during the main action ; but, so far, little 
seems to have been done in the application of 
the idea. 

We have said that the length of the battleships has 
been increased. The Formidables were only 400 ft. 
long, the King Edwards were increased to 425 ft., 
the Dreadnoughts to 490 ft., and now the later 
ships are 545 ft. in length The’ beam has not 





been increased to the same relative extent, as 
now the proportion of length to beam is 6.15 : 1, 
as compared with 5.35 : 1 in the case of the For- 
midable. One advantage of the longer ship is that 
a higher speed is achieved for a given power, while 
the addition to beam enables the weights to be 
carried at a higher level without affecting stability. 
The draught has remained practically constant, 
being 27 ft. 6in. This, of course, is almost an 
imperative condition, since the vessels may have to 
fight in water where a greater depth would be a 
serious disadvantage. 

Notwithstanding the increased displacement, the 
Admiralty have very properly determined that the 
speed should not be diminished ; and thus the new 
ships, like those which have preceded them, will 
have a legend speed of 21 knots. Experience 
suggests that the actual speed will be 22 knots, since 
all the Dreadnought battleships tried have main- 
tained practically this rate throughout their eight 
hours’ trial. So far as the machinery is concerned 
the developments have been largely in detail. The 
Parsons turbine is being adopted for all of the ten 
capital ships recently ordered, with four shafts, 
each shaft having one ahead and one astern tur- 
bine. The astern turbine on the shaft having the 
high-pressure ahead turbine is separate, but the 
low-pressure ahead and astern turbines are incor- 
porated in the same casing. The two ahead and 
two astern turbines on each side of the centre line 
work in series both for ahead and astern driving. 
In order to secure the greater range of expan- 
sion necessary at low powers the high - pressure 
ahead turbine has been increased in length, 
and cruising turbines dispensed with. At higher 
speeds the steam is by-passed to the intermediate 
stage in the high-pressure turbine, but at low 
powers it is admitted at the high - pressure 
end. This practice has proved most satisfactory 
in electric- power installations, and is sure to 
give corresponding satisfaction in warships. It 
has the advantage of simplifying the engine-room 
arrangements, and weighs slightly less. The adop- 
tion of the astern turbines on all four shafts 
greatly simplifies manceuvring, in addition to 
giving greater power, while all four propellers, 
instead of the wing propellers only, are used 
for going astern. Babcock and Wilcox boilers are 
used in some of the large ships, and Yarrow 
boilers in others, and it is satisfactory to note that 
the high speed maintained by those battleships 
is not achieved by overpressing the boilers, which, 
however, show a tendency to be made smaller. In 
the case of the Babcock boilers, the heating surface 
allowed per unit of power is 2} square feet, and in 
the Yarrow boilers 2} square feet, the ratio of 
heating surface to grate area being in the former 
case 35: 1, and in the latter 60: 1, while some- 
thing ‘like 13 shaft horse-power is developed per 
ton of machinery, which is most satisfactory. _ 

It will thus be seen that the new ships promise 
to be most efficient in every respect. No doubt 
differences of opinion, as has already been indi- 
cated, exist regarding the advantage possible with 
the higher rate of fire of smaller guns, introduced 
in some navies as secondary armament; but as 
the question has had careful consideration in the 
light of the fullest knowledge, the policy of the 
tacticians at the Admiralty must be accepted. At 
the same time the armour protection has been 
maintained. The conditions evolved by the tacticians 
have, moreover, been embodied in the ships by 
Sir Philip Watts, K.C.B., the Director of Naval 
Construction, and in the machinery by Engineer 
Vice-Admiral Oram, C.B., the Engineer-in-Chief 
of the Fleet, in such a way as to ensure the 
highest efficiency both from the stability and 
propulsion standpoints. 








THE STOATS NEST RAILWAY 
ACCIDENT. 

Tue interest in Colonel von Donop’s report to 
the Board of Trade on the railway accident which 
occurred on the London, Brighton, and South Coast 
Railway on the last day of January, centres, “Ss 
was to be expected from the evidence given “| 
the inquiry, round the condition of one of the 
wheels of the bogie coach which was the first to be 
derailed. As suggested at the time, the evidence 
appeared to point to one of the wheels having 
shifted on its axle prior to the accident. Colonel 
von Donop states that the ‘‘ evidence proves con- 
clusively ” that this did occur, and the question 
that rises in the mind is, naturally, Why did 10 
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move ? An endeavour has been made in the course of 
the investigation to arrive at some primary cause for 
such movement. It is stated that ‘‘ subsequent to 
the accident wheel No. 59 was completely removed 
from its axle under pressure, and it was found 
to require a force of only 11 tons to press it 
over the remaining 5} in. of the wheel-seat.” 
The report continues :—‘‘It was then pressed on 
again . . .; in doing so no —— was indicated 
on the gauge until the wheel was within 1 in. of its 
tinal position, and from this point onward a pressure 
of only 2} tons was required to drive it home.” 

Now both these are interesting points, but 
actually do not afford the conclusive proof with 
which the Inspector appears to credit them. Con- 
sidering the first fact cited, it might well be ad- 
vanced that this serves merely as an illustration of 
a point we raised in our leading article written at 
the time of the occurrence, which was to the effect 
that in ‘* pressing off” the pressure rises imme- 
diately to a very high figure, and then, once the 
wheel has ‘‘ started,” drops very quickly. The 
weight added to the argument by the conclusion 
drawn from the second experiment is likewise dis- 
counted by the fact that wheels, if once withdrawn 
and pressed on the ‘same axle again, seldom do 
register as great a — the second time as 
they did the first. The figures recorded by these 
experiments certainly cannot of themselves be 
regarded as proving ‘‘ undoubtedly that the grip 
between the wheel and the axle can have been 
only a very loose one,” though they may be 
suggestive. It is hardly conceivable that these 
actual figures bear any real relation to the original 
pressure of application, which enabled the wheel to 
withstand the strains of service for eight years, and 
the lowness of the pressures recorded in these 
subsequent experiments is out of all proportion to 
any measure of the blame resting with the makers, 
especially when consideration is taken of the effect, 
on an already slack fit, of the battering the wheel 
received in the accident. 

A much more material point, however, is referred 
to in the next paragraph—namely, that ‘‘ portions 
of the wheel-seat showed signs of never having 
made proper contact with the boss of the wheel.” 
This is another point to which we referred in our 
article of February 4. When records at the press 
are merely ‘* booked,” there is the risk that wheels 
may be passed for which the specified pressure 
was only reached during the latter portion of 
the operation of pressing on. In such a case the 
required pressure may really be attained from the 
presence of a slight enlargement of diameter on 
the axle, or a corresponding small reduction of the 
hole in the boss, due to indifferent lathe-work, 
when the wheel, though an easy fit up to a certain 
point, might press home at the specified figure. 
Such fits would result in the whole strains on the 
wheel in service being confined to a narrow belt of 
contact, instead of being distributed evenly over 
the whole wheel-seat. It is quite conceivable that 
this concentrated loading would in time result 
either in the enlargement of the hole in the boss, 
or in a pressing down of the metal of the axle, 
supposing the original unevenness to be a slight 
enlargement of the latter. Which of these two 
actually occurred would depend on the relative 
hardness of the materials employed. Probably it 
would be the boss that would give way, but which- 
ever happened—and a similar effect would result 
if the original fault lay with the wheel, and not 
the axle—the fit would gradually become less safe, 
and in time might well result in conditions in 
which comparatively light blows would suftice to 
shift the wheel on the axle. 

_it may reasonably be supposed, in view of the 
eight years’ service of this axle and pair of wheels, 
that this is what actually occurred, and the pressures 
shown in the subsequent experiments may be taken 
a: lending weight to this theory, though, as we have 
shown above, of themselves they are not of nearly 
the value attached to them in the report. To our 
mind the report has inverted matters in this con- 
nection, the evidence with regard to contact between 
the wheel and boss being roughly supported by the 
conclusions drawn from the experiments at the 
press subsequent to the accident, and not vice versd. 

rhe primary cause may thus probably be traced 
back to unsatisfactory work at the machine. Any 
such irregularity woyld be revealed by modern 
appliances, such as that which, at the time of the 
accident, we | porn out, were in use on the 
Jancashive and Yorkshire Railway, and which are 
aiso employed at other works, including those of 





the makers of these particular wheels, merely on 
an examination of records of a type not available 
in former times. There should, however, be nothing 
of this kind to detect. It cannot be advanced that 
in 1902 machine work was so inferior to present 
standards that occasional misfits were pardonable, 
and the case points to the extreme desirability of 
not only having expert men on this work, but also 
of keeping machines in first-class condition in order 
to secure the best results. With care in this direc- 
tion, and reliable men at the press, the employ- 
ment of an autographic recorder might seem super- 
erogatory were it not for the ever-present risk of 
the failure, sometime or other, of the human ele- 
ment, and so, owing to the importance of the work, 
the adoption of this additional safeguard should 
undoubtedly become general practice, as now 
appears likely to be the case. 

The future is, therefore, fairly well assured, while 
the report also intimates that such measures are 
being taken with regard to the present as should 
allay any anxiety on the part of the public. The 
London, Brighton, and South Coast Railway Com- 
pany have, in fact, instituted a back, or pulling-off, 
pressure test for all existing wheels, of 50 tons, and 
this should result in the detection of any that may 
be liable to failure. This test was adopted by the 
Great Western Railway after two somewhat similar 
cases in 1895 and 1898, on that line, all wheels being 
subjected to this test in turn with as little delay 
as possible. In addition, the London, Brighton, 
and South Coast Railway are paying apparently 
greater attention to the gauging of the wheels, at 
least of all main-line stock. 

From the Inspector’s report it seems probable 
that the movement of this wheel had actually com- 
menced prior to the fatal journey, for an examination 
of the axle is said to have shown that about one- 
third of the 1 in. over which movement had occurred 
was not as bright and clean as the remainder. 
From this it certainly looks as if this one-third had 
been exposed for a greater length of time than the 
rest. Colonel von Donop suggests, in his report, 
that it might have got into that state during a day’s 
exposure. It cannot, to our mind, have been exposed 
much longer, for once the movement began it would 
not be long before disaster followed. It is certainly 
unfortunate, if it was actually present before the 
fatal journey commenced, that it was not discovered 
by the examiners ; but the evidence of its existence 
is not conclusive, and the coach ran all right appa- 
rently from Brighton to Earlswood, This point, 
however, is of rather secondary importance. Gaug- 
ing and examination is a necessary precaution, but 
it is evidently of more vital importance that steps 
should be taken to prevent the wheels working loose 
at all than that measures should be taken to detect 
them, so to speak, in the act. These greater pre- 
cautions will, we have no hesitation in saying, be 
generally adopted by the railways of this country, 
which are sufliciently proud of their record in the 
past to desire to maintain a high standard as 
regards their patrons’ safety in the future. 





VISIBLE MOLECULES, CORPUSCLES, 
AND IONS? 

Wuen, a hundred years ago, John Dalton gave 
its modern shape to the atomic theory, which may 
be traced back to ancient philosophy and to 
Demotritos, nobody expected that scientists would 
some day isolate, or at least render visible, the 
single atom and molecule. The kinetic theory of 
gases ascribed the gas pressure to the bombardment 
of the walls of the confining envelope by the gas 
molecules. It taught us how tc count and to measure 
the molecules. But it did not bring the proba- 
bility of our ever seeing them any nearer ; that 
looked hopeless with 3x10" molecules in a cubic 
centimetre of a gas, and 640 trillions of atoms in 
a milligramme of hydrogen. Now that the very 
foundations of the atomic theory appear to be 
shaken by the discovery of particles (electrons) one- 
seventeen-hundredth of the size of the atom of 
hydrogen and by the phenomena of radioactivity, it 
is claimed that the visibility of the smallest particles 
has been demonstrated in various ways. It may 
be opportune to examine some of the experiments 
on which such claims are based. 

The existence of particles smaller than the atom 
would not in reality contradict the atomic theory. 
The atomic theory does not assert that the atom is 
the smallest particle capable of existence. The 
name ‘‘atom,” indeed, suggests something that 
cannot further be cut or divided. But the essence 








of the theory is that an elementary substance con- 
sists of particles or atoms, all equal to one another 
and peculiar to that element, and that the single 
atom is the smallest particle which can enter into 
combination. ‘The molecule is the combination 
roduct of atoms. The atom need not necessarily 
the smallest ultimate particle, and many con- 
siderations induce modern science to believe that 
the atom may itself have a constitution. The atoms 
of different elements differ from one another. Yet 
the modern scientist feels with the ancient philo- 
sopher that there may, after all, be only one kind 
of matter, which, being grouped in different ways, 
gives rise to different elements and bodies. There 
are certainly difficulties in the suggestion that atoms 
or molecules should be able to split off corpuscles, 
and remain substantially what they were, while, on 
the other hand, radium—probably an elementary 
metal—is to emit radiations which turn into helium 
—undoubtedly a gas. But those researches are 
not completed yet, and meanwhile chemists con- 
tinue to adhere to *the atomic theory which has 
proved so fruitful, and to determine atomic weights 
with the greatest possible care. 

The demonstrations of the possible visibility of 
molecules are based on observations partly made 
in less controversial fields. Colloids have furnished 
the first suggestion of visible molecules or groups 
of molecules. When mud is stirred up, the par- 
ticles settle quickly again, and the turbid liquid 
can, by filtering, be cleared of suspended particles. 
The particles of an oil emulsion take a long time to 
settle, and run turbid through the filter. When 
still finer particles are prepared, for instance, by 
volatilising metal electrodes immersed in liquids, 
the cloudy particles will not settle for many days 
or months, and finally it may be impossible 
to decide whether an emulsion or a real solu- 
tion has resulted. It is quite conceivable that 
the transition from a suspension to a solution 
is too gradual to permit of a distinct line 
of demarcation being drawn, just as the three 
states of aggregation cannot rigorously be dis- 
tinguished. Very small suspended particles now 
are in constant oscillatory movement. These 
movements were first observed by the botanist 
Brown in 1827, and are known as ‘‘ Brownian” 
movements. The coarser the particles, the slower 
and more irregular the movements. For a long 
time they were ascribed to inequalities of tempera- 
ture in the turbid liquid. When the ultra-:nicro- 
scope was brought out in Jena, the study of this 
curlosity assumed a direct scientific interest, and 
the impression gained ground that the observer 
really watched molecular movements akin to those 
which the particles of gases describe according to 
the kinetic theory of gases. The idea originated, 
we believe, with Einstein ; he certainly worked 
out the mathematics of the problem. During 
the past few years J. Perrin, Gouy, Svedberg, 
and others have supplied apparent experimental 
proofs for the molecular character of the move- 
ments. Perrin counted the number of gamboge 
granules, or particles, in a portion of his colloidal 
solution, measured their diameters, masses, and 

ths, and calculated their average kinetic energy. 

e concluded that the granules had the same 
average energy of movement as the molecules of 
the liquid in which they were suspended, and that 
they behaved thus like molecules of a very high 
molecular weight. 

Now molecules of a high molecular weight—in 
other words, molecules consisting of a great number 
of atoms of different elements—are nothing strange 
to the chemist. Emil Fischer, in his famous re- 
searches on the albuminoids, has come to very high 
molecular weights indeed. In his four series of 
experiments Perrin dealt with granules whose 
masses varied as 1:3:8:27. Allowing for the 
coarseness of his granules and the friction in his 
medium (water), Perrin deduced for the number N 
of molecules per cubic centimetre very nearly the 
same figure, 3 x 10”, to which other researches 
have led us. Estimates of this N, we should add, 
have been made by the most varied and entirely 
independent methods. Some of these methods 
give results which, it may be foreseen, should be 
considered as upper limits, others will yield lower 
limits. The average accepted value for N was, a 
few years ago, probably 6 x 10”; at present 
scientists incline to half that value, 3 x 10”, 

The experiments of Ehrenhaft confirm those of 
Perrin. Ehrenhaft volatilised silver electrodes in 
air ; the fine-dust granules thus produced exhibited 
the looked-for Brownian movements, and the free 





li 
Hy 





ee ee re 


Pat pee 














454 


ENGINEERING. 


[Apriv 8, 1910. 








path was longer in air than it had been for granules 
of the same size in water. Perrin’s calculations 
have, on the other hand, been questioned by 
Duclaux. But we appear to be justified in assuming 
that the observer, watching the movements of 
colloidal particles, sees movements similar to those 
which we ascribe to the invisible molecules of gases. 

Another demonstration of luminous effects, 
ascribed to single particles, was given by Crookes 
in London and Regener in Berlin, seven or eight 
years ago, and thus before the above-mentioned 
experiments on colloids in which molecules are 
supposed to be concerned. When the a rays of 
radium are allowed to fall on a screen of fluorescent 
zinc sulphide, each particle seems to produce 4 
flash of light like a tiny spark, and brilliant scin- 
tillations are observed. Still more instructive is 
the demonstration of single a particles, which 
Rutherford and Geiger gave in the Reyal Institu- 
tion two years ago; it was described in our 
columns at the time. A tube containing radium 
bromide was held in front of the window of a long 
tube, several feet away from the window, so that 
only a few a RE AE ei not more than one 
per second—would find their way to the electrometer 
at the far end of the tube. A sudden jerk of the 
electrometer indicated that a particle had struck, 
and the number of particles shot out per second 
were actually amielie counting the jerks. Each 
a particle is supposed to —— a charged atom 
of helium, which turns into helium gas on losing its 
electric charge.. Dewar has carefully determined 
how much helium is produced by a given weight of 
radium per second, and by putting that figure 
together with his count of the number of a particles 
discharged per second, Rutherford arrived at the 
conclusion that 1 cubic centimetre of helium is 
formed by 2.56 x 10" a particles—a most remarkable 
confirmation of the N. 

Another exemplification of the visibility of mole- 
cules or, at any rate, of the discontinuity of an 
apparently homogeneous solution, is due to the late 
Lobry de Bruyn, and has recently been verified 
by A. Coehn. It refers to the so-called Tyndall effect. 
A ray of light is, as such, invisible in an optic- 
ally empty medium. Passed through a glass trough 
the beam of the lantern is hardly visible, until some 
turbid medium like smoke is introduced into the 
trough. The light cone of a lens, concentrated into 
pure water, leaves the water dark, when it is free of 
suspended particles, dust, &c. It is, of course, 
exceedingly difticult to free the water of all dust 
and floating impurities. Working with the greatest 
care Lobry de Bruyn succeeded in obtaining pure 
water, in which the light cone was hardly discern- 
ible. But when he dissolved cane sugar in this 
water, a luminosity was noticed. Coehn has 
repeated this experiment with the ultra-microscope 
of Zsigmondy, and the light cone then observed was 
quite uniform ; dust particles or colloids would have 
} ne as bright points. It would, therefore, 
appear that the large molecules of cane sugar, dis- 
persed through the water, make the water sufficiently 
discontinuous to reflect the light. 

The further endeavours of Coehn to exemplify 
this discontinuity in solutions in which a transport 
of the ions and of non-electrolytic particles, drifting 
with theions, is produced by electrolysis, will be better 
understood by a description of some very remark- 
able experiments of Kossonogow, of Kjew. Kosso- 
nogow studies electrolysis with the aid of the 
ultra microscope. He bends both the electrodes 
‘of his cells twice at right angles, so as to 
leave a channel, generally 0.2 millimetre in width, 
between the active surfaces, and coats the other 

rtions of the electrodes with paraffin; the 
fight beam is sent across this channel in which 
electrolysis takes place. On dissolving various 
salts, silver nitrate, copper sulphate, ammonium 
chloride, and others in water, he observed at 
once—before turning on the current—some lumi- 
nosity and bright specks in Brownian movements. 
Some of the specks were no doubt dust particles. 
But the just-mentioned discontinuity phenomena, 
and further migration of the ions, were also con- 
cerned. For the luminosity increased when the 
current (of 10 volts, e.g.) was turned on, and the 
particles were distinctly seen to wander, mostly 
towards the cathode. If dust granules had alone 
been at work, the current should gradually have 
cleared the solution of such ules. But the 
directed movements were only observed when 


there was real electrolysis, and no movements and | pose 


hardly any luminosity were seen when the solvent 
was not water, but a non-electrolyte, like benzol. 








The bright specks were, moreover, deflected from 
their rectilinear paths when the cell was placed in 
a strong magnetic field. On reversing the current, 
the bright specks also reversed their movements, 
which took place at the rates of migrating ions, 
and on applying alternating currents the particles 
seemed to be undecided which way to move. 

All these observations appear to indicate that the 
moving particles are either ions, or other bodies or 
molecules, drifting together with the ions, and it has 
long ago been pointed out that the migrating ion 
would carry some of the solvent with it. The follow- 
ing observations of Kossonogow are of particular in- 
terest. When a certain critical potential was applied, 
the number of bright specks suddenly increased 
very much, and they crowded near the cathode, but 
a dark space, from 0.05 to 0.08 millimetre in width, 
was always left close tothe cathode. This dark 
cathode space—so well-known from experiments 
on the electric discharge through gases—was very 
well defined, and it was particularly striking when 
cathodes were used which were not plain, but 
curved in fanciful ways. The boundary of the 
dark space always kept parallel to the contours of 
the cathode. Beyond the dark space the bright 
particles were in lively motion; but no bright 
particles crossed the dark space, though the ions 
must traverse it to be deposited on the cathode. 
It looked, Kossonogow says, as if the ions lost 
their luminosity, together with their electric 
charge, when passing the dark space. When the 
critical potential—1 volt for silver nitrate in water 
—was exceeded, another crowding of the bright 
spots to a bright band was noticed interme- 
diate between the electrodes. The crowding of the 
bright points and the dark space were also seen in 
copper sulphate. When silver electrodes were 
dipped into a colloidal. solution of silver in water, 
the phenomenon changed. The bright spots 
crowded near the anode, not near the cathode, but 
there was no dark space separating them from the 
anode. 

Whatever one may think of the interpretation of 
these phenomena, it will be conceded that the de- 
composition products of electrolysis are concerned 
in them. Whether the bright spots seen are really 
the ions, whether the optical discontinuity is really 
due to single molecules, whether the scintillations 
and electrometer discharges are indeed produced 
by single arays—i.e., single charged helium atoms— 
and whether the colloidal granules represent real 
analogues of molecules, whether, in brief, the pheno- 
mena, which we have reviewed, really constitute 
effects of ultimate particles—these questions remain 
open, of course. Chemists decline to follow phy- 
sicists into some of their novel theories. But 
problems present themselves which were unknown 
tothe exact science of past generations, though such 
questions entered intotheir speculations, and the per- 
fection, especially of electrical and optical methods 
and instruments, of research certainly has provided 
us with means of conducting investigations which 
the past generations could hardly hope to attain. 








THE LAUNDRY EXHIBITION. 

In spite of all the unkind things said about the 
use of machinery in laundries, and the unparlia- 
mentary language poured forth in unstinted mea- 
sure against both it and its users by the ordinary 
citizen, the employment of such machinery continues 
to increase, creating an industry which appears, for 
the a, at any rate, to be in a very flourishing 
condition. This conclusion is demonstrated by a 
visit to the Ro Agricultural Hall, Islington, 
where there has been open since last Saturday an 
exhibition of laundry machinery, and other appli- 
ances connected with the cleansing art ; and a very 
good exhibition it is, though occupying only the 
floor of the Hall, the galleries being empty. 
Laundry machinery has, of course, got a terribly 
bad name, which will, no doubt, like that be- 
longing to the proverbial dog, be difficult to 
remove ; but it is largely undeserved, as we be- 
lieve that any unprejudiced person who visits the 
Exhibition will be inclined to admit. It has to 
answer largely for the crimes of its users. In other 
words, gross carelessness on the part of the opera- 
tives, and not the machinery itself, is really most 
to blame for the appalling destruction often wrought 
on fair household linen and wearing apparel. Of 
course, it is only natural that, when put to a pur- 
for which it was never intended, machinery 
should work speedy havoc in a laundry, and do 


more damage in a few seconds than might accrue ! 





from weeks of hand-work. There is, however, no 
reason whatever why machinery, when properly 
used, should not turn out, with less. wear and tear, 
far better work in a much more sanitary manner 
than is usually performed by hand. There can 
really be no doubt of this, or good machine- 
laundries would not continue to increase as they 
are doing. We must not, however, place all the 
blame on the carelessness of the attendant, for 
there is another cause which probably helps the 
unfortunate fabrics, quite as far, if not much 
farther, along the road to destruction than all 
ordinary carelessness,.and that is, the use of various 
ruinous chemicals, the employment of which ought 
to be prohibited ;-and yet we see them adver- 
tised without shame in various parts of the Hall. 

Although, as before stated, the Exhibition is a 
good one, this is not because there are many novel- 
ties, but because it is comprehensive, and also for the 
reason that it embodies all the many processes of 
laundry work. In comparing the Exhibition with the 
similar one which was held in the Hall three years 
ago, there is, perhaps, one thing that is particu- 
larly noticeable by the visitor—the adoption by many 
of the manufacturers. of presses for finishing shirt- 
fronts, collars and cuffs, instead of the older glossing- 
machines. Allthe makers do nota to believe in 
these machines, and some think that their adoption 
is only a passing phase, but others seemingly have 
great faith in them, and are pushing them as much 
as possible. These presses leave a dull finish on 
the starched material, and not a gloss ; this, to use 
the words of one manufacturer, is preferred by the 
‘*best people.” In this process the shirt front is 
laid, with its face upwards, on a padded table, 
which latter is then raised either by a pedal or by 
power, and forced with great pressure up against a 
polished metal slab, which is heated either with steam 
or gas, and is held there untildry. The steam gene- 
rated escapes through the pad, the table underneath 
this being in some cases ventilated to allow of its 
free escape. 

The size of some of the stands and the number of 
the exhibits they contain is very noticeable, particu- 
larly in those of Messrs. Isaac Braithwaite and Son, 
Engineers, Limited, Kendal; Messrs. Armstrong 
and Co., Limited, North Parade, Parsonage, Man- 
chester ; Messrs. Thomas Bradford and Co., Cres- 
cent Iron Works, Salford, Manchester ; Messrs. 
Aublet Harry, and Co., Limited, 53 and 55, Curtain- 
road, London, E.C.; and Messrs. J. J. Lane and 
Co., Limited, Phoenix Engine Works, Cranbrook- 
street, Old Ford-road, London, E. The first of 
these firms have as many as eighty-one different 
machines and appliances on view, among them being 
a whole line of machines for doing different parts of 
a shirt—namely, the front, the neck-band, the 
yoke, and the cuffs, as well as collars. The presses 
are a feature of this stand, as the makers have gone 
in largely for them, and have adopted a method of 
ventilating the padded table on which the shirts and 
collars are placed. These machines are new, and have 
not appeared before at the Agricultural Hall. Among 
the exhibits particularly worthy of notice are a 
foot-power steam-heated pressing-machine for shirt 
bosoms, with two perforated work-holders, which 
has been designed particularly for coloured and 
soft-fronted shirts, and pleated fronts. There is 
also an ironing-table which should not be over- 
looked, where may be seen a complete installation 
of gas-heated flat and polishing-irons of various 
weights, which are all worked on the ‘‘ Ibis” high- 
a system, driven by a valveless gas-com- 

ressor, having a capacity of 500 cubic feet per 

our. This system has been developed by Messrs. 
Braithwaite and Son, and comprises the compressor, 
a mixer both for irons and for machine burners, 
and a line of handy regenerative table-irons. The 
machine burners are of a novel construction, 
which, it is claimed, ensures a maximum of heat 
with a minimum of gas consumption. The gas is 
forced under pressure to the burner, and issues 
in the form of a fine jet at a point where 
it meets the necessary air supply, the flame 
playing inside the iron. The compressor 15 
very neat, and is termed ‘‘valveless,” because thie 
piston and cylinder are so chambered that the 
reciprocation of the piston opens and closes the 
passages through which the gas is received or 
compressed. ‘The pressure of the gas is controlled 
and equalised by a regulator and a reservoir 
chamber, and no gas-bag is uired. A great 
variety of other machines may seen at this 
stand, including washers, ironers, and dryers. 
There is also a Hoftman ‘“‘ C ” pressing-machine for 














Apri 8, 1910.] 


ENGINEERING. 


455. 





skirts, &c., where the articles can be pressed 
under the direct influence of dry steam applied 
simultaneously with the pressure. Machinery for 
dry-cleaning is also on view. 

Messrs. James Armstrong and Co., Limited, who 
are the sole European agents for the Troy Laundry 
Machinery Company, Limited, U.S.A., show among 
the great variety of their exhibits some new ma- 
chines. Among these is what they call a woven- 
wire dry-room tumbler, which is for dealing with 
clothes as they are taken from the hydro-extractor. 
The articles are placed first in a woven-wire tumbler 
compartment, where they are kept in constant 
motion, and during this process a draught of hot air 
is forced through them by means of a fan, the air 
being heated by steam coils at a temperature of 
250 deg. The quantity of heated air passing through 
the clothes is about 5,000 cubic feet per minute. 
The machine is very compact and handy, and it is 
claimed that more material can be dried in it in a 
given time than in any drying-room occupying the 
same space. It is said that under ordinary con- 
ditions it will dry a 26-in. extractor load in from ten 
to fifteen minutes, and a small load in from two 
to five minutes: The shell is made of No. 16 
galvanised steel and is perfectly air-tight, and 
the tumbler fits it so closely that there is very 
little room left for the escape of dry air into the 
damp air discharge. The steam-coil consists of 
144 1-in. pipes, 56 in. long, which give a surface 
of about 290 square feet, capable of heating 5000 
cubic feet of air to 250 deg. per minute. It is 
arranged in a closed coil, 18 pipes from back to 
front and 8 in. high. The tumbler-wheel is 
covered with woven wire %-in. mesh. It has a 
reverse motion imparted to it every three revolu- 
tions, and the goods are carried to the top of the 
tumbler before they drop, and are at all times 
loose and easily reached by the air. There are in 
addition a number of washers at this stand. There 
is also a special appliance which automatically cuts 
off the water supply from these washers at any 
required point, so that the depth of water in which 
the cylinder revolves can be varied from a few 
inches to a couple of feet or more. It consists of a 
float which, when it rises, actuates a catch which 
releases a spring controlling the hot and the cold- 
water valves. The castings of all the machines at 
this stand, especially those of the hydro-extractors, 
are very fine examples of the foundry art. Cast-iron 
casings for hydro-extractors are, however, not looked 
upon with favour in this country on account of the 
danger attached to them in case of any breakage 
inside the extractor. This danger is, however, 
regarded by the American manufacturers as very 
small. 

Messrs. Thomas Bradford, one of the oldest 
firms of laundry machinery makers in the country, 
are, as before stated, well represented. They have 
on view a new washing, boiling, and rinsing ma- 
chine, which they call the ‘‘Surgar;” this is 
fitted with two-speed gear, and runs on ball- 
bearings. It has a gun-metal washing compart- 
ment and steel outer cover. The well-known 
principle of the firm is adopted, which enables 
the cylinder to. rise and fall during its revolu- 
tion in the water, owing to its axis being placed 
slightly out of centre. It is driven by two belts, 
which move to and fro off loose pulleys on to a 
fast pulley placed between them, whicli gives 
the reverse motion. Single-belt gear can be 
fitted if desired. A machine of special interest 
is, however, their ‘‘ Flexure” washing-machine, 
that has been designed for purposes of cleans- 
ing very foul linen in hospitals, &c., without 
the necessity of the clothes being handled after 
they have entered the machine. It is so arranged 
that all the dirty water runs away direct to the 
drain through a trapped pipe. The machine can be 
entirely closed up if desired, so that no smell can 
escape into the room, and various other improve- 
ments are fitted. Another feature of this stand is 
the ‘‘Unicourse” drying and finishing-machine. 
It is provided with two ironing-rollers, each 24 in 
diameter and 108 in. long, and has been con- 
structed for work in hotel ‘and institution laun- 
dries. We understand that the firm have supplied 
four similar machines, only with rollers 144 in. 
long, to the White Star Steamship Company, at 
Southampton. This latter type of machine is capable 
of treating 100,000 pieces of ship’s washing per week. 

Messrs. Aublet, Harry, and Co., Limited, show 
Some new washing-machines constructed both of 
wood and of metal, which are fitted with a new 
form of positive reversing gear, There is also a new 





108-in. by 24-in. Decoudun machine, fitted with two- 
speed gear. The special feature, however, is that the 
roller can be raised and lowered, so as to be quite 
clear of the bed for cleaning purposes. The speed 
of the machine can be varied according to the class 
of work to be done. There is also to be seen at 
this stand an installation of heating and lighting 
a a means of compressed gas. 
essrs. J. J. Lane have, as usual, a very good 
collection of machines. These include a 110-in. by 
24-in. Decoudun ironing-machine, which embodies 
the latest improvements, including two-speed gear. 
It is driven by worm-gearing. There is also a 
108-in. by 21-in. Decoudun ironing-machine, as well 
as one 54-in.; these are all fitted with the latest 
improvements. There is a horizontal steam-engine 
at this stand fitted with the Lane patent cam-valve 
ear. The valve-gear is a new and special design, 
ut as we hope to describe it more tully with illus- 
trations at a future date, we need not refer more to 
it here. 

A speciality at the stand of Messrs. D. and J. 
Tullis, Limited, is the firm’s all-metal washing- 
machines, fitted with rivetless brass inside shells. 
The outside shell of these machines is made of gal- 
vanised mild-steel plate 3, in. thick, which is 
riveted to cast-iron ends, and brass rubbers are 
fitted to the inside shell. These machines can be 
built with the driving-gear at the back, which in 
certain cases is a great convenience where end room 
is lacking. There is also on view a small all-metal 
washing-machine, which is offered at a very low 
nrice. Otherwise there is nothing of special 
novelty at this stand. 

While on the subject of washing-machines we must 
not omit to mention one at the stand of Messrs. 
Robert Boby, Limited, St. Andrew’s Works, Bury 
St. Edmunds, which has been designed by Mr. W. E. 
Baker, who is the firm’s representative in London ; 
this embodies some features which do not belong to 
any other similar machine at the Exhibition. “ihe 
inner cylinder is made of hard-rolled brass, in one 

iece, which is, as usual, perforated with embossed 
oles to prevent the clothes from ry | frayed. The 
doors are of brass. Each end of the cylinder is 
made with propeller-blades rather in the form of a 
Blackman fan ; these are riveted to the body of the 
cylinder. On the outside of the cylinder a number 
of helical ribs are placed. The outer casing is of 
strong steel plate, bolted to cast-iron ends, and the 
machine is driven by gearing which automatically 
reverses the direction of motion of the cylinder. 
The action of the machine is as follows :—The 
detergents and water are mixed and carried from 
one end of the machine to the other by the helical 
ribs on the outside of the cylinder, and are flooded 
upon the blades of the fan at one end of the machine. 
ese blades catch the liquid and force it through the 
perforated brass end of the cylinder in front of the 
fan among the articles that are to be washed. While 
the fan at one end is forcing in the liquid, the fan 
at the other end is withdrawing it ; but these fans, 
of course, reverse their operation when the machine 
is reversed, as do also the helical ribs on the out- 
side of the cylinder. It will be seen from this that 
a very intimate admixture of the cleansing mate- 
rials is effected. The machine has no more moving 
parts than the ordinary a washing-machine, and 
is said to be very economical in water and washing 
materials. All the foul matter out of the clothes is 
washed away through a pipe placed at the bottom 
of the outer casing. 

Another appliance designed by Mr. Baker, 
and to be seen at work on an ironing-machine 
exhibited at the next stand by Messrs. Armitage 
and Crossland, is a time-saving appliance which 
can be fitted to the top of any Decoudun or other 
ironing-machine. It is used to assist the atten- 
dants when feeding the machines, for by its use 
clothes can be passed over the top from one side of 
the machine to the other without the attendant 
having to go round for them. It is useful when 
goods are to be passed through the machine more 
than once. 

Messrs. Armitage and Crossland, Limited, the 
firm at whose stand this last-described appliance 
may be seen at work, have some very fine specimens 
of their steel-bed single and double-roller ironing- 
machines at work, which are supplied by steam 

enerated by a small vertical boiler on the stand. 
There is also a machine-bed shown separately. As 
we described this machine and the steel bed very 
fully on page 831, of our eighty-seventh volume, we 
need not dwell on it further here, except to say that 
the machine has been improved in many small details 


since we last had occasion to refer to it. The steel 
bed itself is well worth an examination, as it is an 
excellent specimen of workmanship, and it does 
away entirely with the danger arising from burst 
and cracked cast-iron beds. 

Another new washing and rinsing machine, not 
seen at the last Exhibition, of rman origin, 
is to be found at the stand of Messrs. Ernest 
Grether and Co., 5, Blackfriars-street, Manchester. 
It is a machine which is, we believe, very popular 
in Switzerland. In it the usual dashboards are 
replaced by powerful streams of water which are 
actuated by a centrifugal pump, the floating dirt 
at the same time being automatically removed. 
In this machine the clothes, it is claimed, do not 
receive any pounding at all, and therefore wear 
is impossible. Any further description of this 
type, however, is out of the question in the space 
we have at our disposal. It is made by many 
other firms, and is evidently popular among users. 
Among the makers may & mentioned Messrs. 
Fred Scneet and Co., Albion Works, Enfield- 
road, Acton, London, W., who, by the way, make 
a speciality of pitch-pine inner cages for washers 
of all kinds, these cages being constructed at their 
own works ; Messrs. Glover and Hobson, Limited, 
Engineers, London and Chelmsford ; and Messrs. 
C. J. Daily, Limited, 128a, Romford road, Strat- 
ford, E., &c. 

Messrs. Hill and Herbert, Limited, Leicester, 
have on view a new “‘ four contact” rotary ironing- 
machine which will do four glossings to collars and 
cuffs each time they are passed through the machine, 
and at the same time return the article to the hands 
of the operator. The firm also show a novel garment 
steam pressing-machine. Messrs. Hall Bros., 
8, Meath Road, Ilford, show three new machines. 
A single-roll combined shirt-and-collar machine, 
fitted with a fan, a two-roll blocking-machine with 
40-in. ironing capacity, and a continuous overhand 
glossing-machine, which is hardly yet on the market. 

Coming now to miscellaneous appliances, a very 
simple and efficient little starching-machine is 
exhibited by Messrs. Armitage and Crossland, Ltd., 
Westwood’s Works, Millwall, London, E. It isthe 
only one of its kind at the Exhibition. The shirt- 
fronts and cuffs are fed in over the top of the 
machine between rubber-covered rollers, and hang 
suspended by the rollers in a starching-trough. 
While there, the starch solutien is thrown against 
them by the paddle which revolves in the trough; 
this can be done either by hand or power. When 
the shirt is withdrawn, the rollers wring it out flat, 
ready to go under the iron. 

There are several water-softening plants on view, 
among which is one of the well-known appliances 
having glass windows at the side to show the pro- 
gress of filtration, made by Messrs. Lassen and 
Hijort, 52, Queen Victoria-street, London, E,C. 
One is also shown by Mr. Wm. Boby, Salisbury 
House, London Wall, London, E.C., and another 
by Messrs. Bowes, Scott, and Western, Limited, 
Broadway Chambers, Westminster, 8. W. 

In the Annexe there is a very comprehensive 
show of laundry-work. The Exhibition closes to- 
morrow. 








THE ACTION OF DYEING. 


Two papers on dyeing were brought before the 
Faraday Society on Tuesday last. The first, entitled 
‘*The Nature of the Action of Dyeing,” was by Mr. 
W. P. Dreaper, F.1I.C., author of ‘‘ The Chemistry 
and Physics of Dyeing,” and would tend to show 
that ‘‘we are even now ignorant of the exact and 
complete causes which bring about many of the 
complicated effects, which are classified under the 
comprehensive term ‘dyeing.’” In the second paper, 
Professor W. W. Haldane Gee and Mr. W. Har- 
rison, of Manchester, suggested an ‘‘ Electrical 
Theory of Dyeing.” 

Mr. Dreaper dealt with some special and more 
or less abnormal reactions which he has lately 
been studying, and which were insufficiently under- 
stood. For instance, ingrain colours formed in 
the fibre itself were invariably faster than ordinary 
dyes. Picric acid faded when exposed to dehydrat- 
ing agents through a vacuum, in crystals, as well as 
dyed on cellulose or gun-cotton (artificial silk) ; no 
loss occurred, as a rule, when wool or silk were 
dyed, but the temperature of the dyeing process 
was of importance, and exposure to damp restored 
the original colours. The temperature of the dyeing 
process was very important also for the fastness to 
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on silk could almost entirely be extracted again 
when the dyeing had been effected at 18 deg. Cent., 
but not more than 28 per cent. were removable by 
hot soap or alcohol when the silk had been dyed 
at 90 deg. Cent. Dyes of the indicator type like 
methyl orange, whose orange colour is at once turned 
into pink by a trace of acid, were not changed by 
acid when dyed on silk. Solutions of inorganic 
dyes could completely be rendered colourless by 
being filtered through several inches of sand, con- 
tained in a glass tube ; but the presence of salts 
modified the phenomena, and a night blue was not 
adsorbed from an alcoholic solution by sand. The 
state of the fibre was of influence for the dyeing 
process ; split silk fibre would not take some dyes, 
and it seemed that the hydration of the fibre sub- 
stance had to precede the dyeing operation. 

These and other observations indicate the com- 
plicated nature of the dyeing process; different 
animal and vegetable fibres behave differently ; 
chemical compounds are probably formed between 
the dye and the fibre, and the colloidal character 
of many dyes will have its significance. But the 
fibres are tubular, the dye is concentrated in the 
fibre itself, and the surface concentration may 
largely be a mechanical effect, an attraction of 
matter for matter, as the chairman, Dr. J. C. Cain, 
put it. That in wool-dyeing, in particular, the bath 
must be kept nearly boiling, and that temperature 
has in general a decided influence, would partly be 
explicable by mechanical considerations. 

rofessor Haldane Gee bases his electrical theory 
of dyeing on the assumption that any two bodies 
in contact are oppositely electrified. When one is 
a non-conducting solid and the other a liquid, the 
potential differences can only indirectly be deter- 
mined after the manner of Helmholtz (1) by measur- 
ing the rate of flow of the liquid through a diaphragm 
of the substance under electrical stress (electrical 
endosmose) ; (2) by determining the mechanical pres- 
sure obtained by this endosmose ; (3) by deter- 
mining the speed of the solid under electrical stress 
when immersed in the liquid in the form of 
small particles ; and (4) by finding the difference of 
electrical pressure between the two sides of a dia- 
phragm when the liquid is filtered under mechanical 
pressure. Professor Gee found the third of these 
four methods most suitable for colloidal solutions, 
and he made his experiments both with the aid of a 
U-tube, as in the determination of the migration of 
ions, and of the ultra-microscope of the Zeiss optical 
works. Examining a great many emulsions and 
solutions, hydrates, hydrocarbons, oils, starch, dye- 
stuffs, &c., he observed that in pure water, or 
alcohol of 10 per cent., all basic substances became 
charged positively, and all acid substances nega- 
tively, and the speed of the moving particles 
towards the electrode was of the order of 20 x 10— 
centimetres per second, under a potential gradient 
of 1 volt per centimetre. These figures are in 
general agreement with those of other observers ; 
but a great deal always depends upon the parti- 
cular conditions. The figure just given refers to 
18 deg. Cent. But Professor Gee also conducted 
measurements at different higher temperatures, since 
dyers generally work in hot vats, and he observed 
that the speed of the colloids went up from 
20 x 10-° centimetres at 18 deg. Cent., to 71 (same 
unit) at 40 deg. Cent., and then down again to 45 
at 60 deg. Cent. He then tried the second and 
fourth of the four methods above indicated, filtra- 
tion under pressure. He filtered a_ colloid 
(apparently a colloidal alcoholic solution of alizarine) 
through columns of cotton yarn, wool sliver, silk 
yarn, mercerised cotton, &c., placing electrodes 
above and below the columns of fibre and applying 
pressures, P, ranging from 15 to 650 millimetres of 
mercury, and determining the rate of flow, F, 
voltage, V, and other factors, The V/P and also 
the V/F became constant as the pressure increased, 
and the temperatures of 40 deg. and 80 deg. Cent. 
respectively marked maxima and minima of the 
respective curves for wool and silk. This would be 
in accord with the observations of other investi- 
gators, that with basic colours the maximum of the 
dye-stuff is absorbed at about 40 deg. Cent., and 
the minimum at about 80 deg. Cent. 

Considering now that Pelet-Jolivet, Knecht and 
Batey, Wild and others, also regard dyeing solutions 
as electrolytes, Professor Gee suggests that a basic 
dye would be represented by a onal negative ion and 
a large positive organic ion, and that the basic ions 
would beattracted by thenegatively-electrified fibres, 
and would be fixed on it by some not yet understood 
process. Similar relations would hold for acid dyes. 








One of the ions would form a salt inthe vat. This | tablet should have contained a short sentence, as 
view might explain certain known peculiarities. | follows :—“The Vyrnwy water undertaking was 
For instance, when wool and silk are dyed with designed and constructed by the late Thomas 
basic colours until the dye-bath is exhausted, | Hawksley, M. Inst.C.E., and the late George F. 
the whole of the hydrochloric acid is left quantita- | Deacon, M. Inst. C.E., the late John Hay Wilson 
tively in the vat, according to Knecht. Mr. | and the late Anthony Bower being the chairmen of 
Dreaper doubted that statement ; he thought that 'the Water Committee.” Such an acknowledgment 
the hydrochloric acid was bound by the calcium | would certainly have been only bare justice, especi- 
contained in the fibre. But while Professor Gee | ally to Mr. Deacon, on whom fell the greater part of 
would not yet attempt to account for direct dyeing, the labour. Mr. Deacon’s courage in undertaking 
because salts are added to the baths in that case, the responsibility of a great masonry dam so long 
which would alter the electrolytic conditions, he | ago as 1882 marks him as an engineer of great skill 
points out that ‘‘dry dyeing” is carried on with | and resource, and we should have thought that the 
alcohol, which is an ionising liquid, especially if | Liverpool authorities would have felt a special pride 
aqueous, while benzol, which is not ionising, can | in associating his name with their city. 
only be used in dyeing in the presence of water. | 
The extra acid favourable for certain processes THE Paesix Fire Orrice Licutnrne-Coupuctor 
would help to make the fibre take a strong positive | RULEs. 
charge, and mere adsorption would, according to; A set of rules for the erection of lightning- 
Lewis, not account for the large amount of dye conductors has just been issued by the Phvenix 
retained by sand. Professor Gee thinks that the Assurance Company. The rules have been drawn 
electrification must be concerned. ju after consultation between Sir Oliver Lodge, 
It will probably be granted that electrical phe- | Mr. Killingworth Hedges, M. Inst. C.E., hon. 
nomena enter into dyeing processes, though it is secretary to the Lightning Research Committee, and 
too early to speak of an electrical theory of dyeing. | Mr. S. G, Castle Russel, M.I.E.E., electrical adviser 
Professor Gee himself used the term chiefly in order | to the Assurance Company, and may be considered 
to characterise his standpoint, without claiming | to embody the best practice on the subject. They 
that he had arrived at a complete theory. begin by pointing out that two distinct types of 
Referring to Perrin and to Pelet-Jolivet, Pro-| lightning discharge are referred to in the report 
fessor Gee, in his conclusion, drew attention to the| issued by the Lightning Research Committee in 
parallel relations between the phenomena of con-/| 1905. These two types are known as the A and B 
tact electricity and of colloida aap vitation, the | flashes respectively. The A flash is of simple type, 
amount of dye-stuff taken up by the fabric, and the| and can be prevented, or its violence can be 
<r ascension of dyes in the fibres. diminished by the silent discharge which goes on 
efore concluding, we should like briefly to refer| during a storm from the various points of a 
to Professor Gee’s determination of the size of the| building. Its path is dependent on ordinary 
visible particles in his colloid observations under | electrostatic considerations, and it strikes pointed 
the ultra-microscope, because we have discussed | conductors in preference to others. The ordi- 
the claimed visibility of ions in another place. Ac-|nary system of two or more conductors, if 
cording to Zsigmondy, the limit of visibility by the | properly constructed, affords protection against 
arc light would be a linear dimension of 15 » »| this type of flash. The B type is a disruptive dis- 
(1 » » = one-millionth of a millimetre), and by sun- | charge of much greater suddenness which falls on a 
light 5 » pw. The first figure would, supposing | building without preparation; it may strike a 
molecules to be spherical, suggest that the smallest | building in several places at once, but in general 
particle of benzopurpurine, which Professor Gee | will select the paths presented by points in prefer- 
used in his determinations, visible by arc-light,|ence to others. A column of hot air, as from 
should contain 1800 molecules ; and the second that |a chimney, is much favoured by this type of dis- 
the particle visible by sun-light should represent | charge. Points in themselves are no protection 
65 molecules. Professor Gee could not apply sun-| against it, and the only way to obtain absolute 
light. |security is to enclose the building in a metal 
framework, on what is known as the ‘‘bird-cage” 
NOTES |system. It is pointed out in the rules that a sufii- 
“aa , |clent approximation to the ‘‘ bird-cage,” for ordi- 
Tue Liverroo. Water Works. |nary buildings, may be made by connecting 
His Majesty the King, and the whole of the | together all the exterior metal-work, gutters, 
Royal family, have taken the greatest interest roof-lead, pipes, &c., and connecting the whole 
in engineering works, and have often lent their | to earth at several places. For ordinary light- 
presence to their inauguration. It was quite | ning-conductors the rules recommend solid copper 
natural therefore that the Prince of Wales should, | or galvanised-iron rods, with three or more 
on the 16th ult., unveil the tablet erected to| points, fixed at least 2 ft. above the portion 
celebrate the completion of the Vyrnwy works, | of a building to which they are attached. The con- 
which have been constructed to afford a supply | ductors should be made of copper tape at least 
of pure water to Liverpool. These works were|1lin. by 4 in., or of stranded cable of equal sec- 
first commenced in 1882, while their great fea- | tion, either of copper or of galvanised or sheradised 
ture—the masonry dam across the Vyrnwy Valley | soft iron. They should be run from the lightning- 
—was finished in 1892, when its completion was|rods in as direct a line as possible to earth, 
signalised by the visit to Liverpool of the Duke of |sharp bends and joints being avoided. They 
Connaught. Since then the waters of the Afons|should be kept a little distance away from 
Cowny and Marchnant have been led into the| walls, in order to prevent the accumulation of 
lake by tunnels, and a second pipe-line has been | dirt behind them, and to avoid bends when passing 
laid to Liverpool. These latter works marked the | cornices, &c. The rules lay stress on the necessity 
completion of the whole project, and it was their | for adequate joints in conductors and between con- 
inauguration which formed the object of the Prince’s | ductors and rods, and go on to deal with earth- 
visit last month. Under these circumstances it is | connections. It is recommended that if earth-plates 
certainly astonishing to find that the tablet which | of copper are used they should be at least 3 ft. 
the Prince was asked to unveil contained no re-| square and } in. thick, and with saw-tooth edges, 
ference whatever to the engineer who designed and | and that the number of plates should be propor- 
carried out the original work—the late Dr. George | tioned to the size of the building, but that at least 
F. Deacon, M. Inst. C.E. Both on thestone and in| two should be used. The rules also describe the 
the accounts given in many of the daily papers, Mr. tubular earth system, for use when the ground 
Joseph Parry, M. Inst. C.E., is spoken of as the | cannot be disturbed for burying a plate, or when 
engineer. Mr. Parry is—and has been for many permanent moisture is at a considerable depth. 
years—the water engineer of the City of Liverpool, | This consists of a perforated pipe, witha steel spike, 
and the additional works just completed rots trom which is driven into the ground until it reaches 
carried out by him, but his connection with the moisture. The conductor is enclosed in the pipe 
Vyrnwy Works in a responsible position only com- and carried down to the bottom, the pipe being 
menced when the main scheme was finished, and filled with granulated carbon. A casting should 
we are sure that it must be distasteful to him to mark the position of the pipe on the ground surface, 
find himself credited with another man’s work. and be connected to the nearest rain-pipe in such 
We are pleased to see that Sir William B. a way that the inside of the ground pipe is kept 
Forwood has written a letter to the Liverpool permanently damp. 
Daily Post, pointing out the wrong done to the 
memory of a great engineer, and to those asso- 
ciated with him in the early days of the Vyrnwy 
scheme. In this letter Sir William suggests that the 














IMPROVEMENT IN THE SHIPBUILDING TRADE. 


Recently there has been a distinct improvement 
in the shipbuilding trade, not only in the volume of 

















ENGINEERING. 


Apri 8, i9:0.] 





457 








the work ordered, but in the prices which the 
shipbuilders are standing out for. This is reflected 
by the latest return of Lloyd’s Register of Shipping. 


EARLY MODEL EXPERIMENTS. 

THE recent discussion at the Institution of Naval 
The total merchant tonnage under construction at ~saewnery Saonther 4 A waded a La "4 
the end of March was about 144,000tons greater than | nents with ue snediela 7 alls early aan ‘a’ the 
at the end of December, and an equivalent amount | game direction, and we have received various com- 
greater than at this date a year ago. Moreover, the munications which indicate the ingenuity displayed by 
collective displacement of the warships building is | earlier marine constructors in determining the resis- 
the highest reported since 1904. In this way the total | tance of bodies through fluids, and in arriving at the 
tonnage of merchant and warships reaches 1,361,321 | form of hull which involved the least resistance, and, 
tons, which, although considerably less than the | therefore, gave the highest propulsive efficiency. It 
annual production in years of great activity, is a|™ight almost be said that the first of such work 
satisfactory aggregate. As regards the warship | WS ©0-terminous with the advent of the steam- 
work, the ordering of the eight large armoured ships | =, Sparees tha | Napier, in connection with 
of last year’s programme necessarily augments the | W2%¢ tien BS gms ae _ first sonata Sameer 
total; but itis notable that there is not included ete which " enon _ » Pregame cpg vag beds ws. nsnell 

; ot gg : ) . gh they may to-day appear 
the Princess Royal, which is shortly to be laid | grade, were nevertheless ingenious, and gave effective 
down at Barrow, the two Colonial cruisers re-| guidance. He had made himself familiar with the 
cently ordered, the one from the Fairfield Com- |works of Bossut regarding the action of fluids, and, 
pany, and the other from Messrs. John Brown and | as a result of making observations when in the Belfast 
Co., Limited, of Clydebank, nor the battleship | sailing-packets, Napierarrived atthe conclusion thatthe 
Thunderer of 22,500 tons, to be laid down next | full bow, then considered necessary, was not the form 
week at the Thames Iron Works. Thus the | suitable for easy propulsion. The mechanical success 
warship work is under - estimated to the extent of the Comet had fired enthusiasm, and David Napier 
of 100,000 tons. The amount of foreign war- decided to build a steamer for the Channel trade to 
ship work, however, is rather under than over sry | Bn a A er in Mr. wor - ots 
the normal condition. Only 4749 tons of sailing — “Ue a obect Napier,” he made o model of the 
hips are included in the 1,057,636 tons of merchant | S°2%™P ted Channel steamer, and, as the Camlachie 
ony “~% MC | Burn ran through his works, he decided to undertake 
work, which is almost entirely made up of 349 experiments with this model on this stream. In order 
steamers, aggregating 1,052,887 tons. The principal | to determine the resistance of the model through the 
ports have profited by the large amount of warship water, he constructed a framework, having on the top 
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was as shown in Fig. 2, the velocity at the time being 
2 ft. per second, or 24 miles per hour. It is, there- 
fore, seen that the red fluid, although lighter than 
the water, ran down when pressed on by a body in 
motion ; and it was recorded by the Messrs. Hall that 
at least one-third of the red fluid displaced by the 
vessel escaped by passing downwards along the bottom 
and bilges. The cause of its rising upwards, before 
it reached the quarters, was attributed by them to its 
difference in density. The thinness of the red fluid at 
the rudder was specially noted, as the remainder of it 
passed off from the quarters of the ship, forming what 
was called “the wake or tract,” which must be considered 
as the water rushing up at the quarters from under the 
bottom. Messrs. Hall, in their report of the experi- 
ments, further stated :—‘‘ The confinement of the water 
by the sides of the canal was not the cause which pro- 
duced this effect, as the fluid did not rise in the least 
degree on the sides of the glass, which it would have 
done had that been the cause, and there was a clear 
space of 4 in. at each side, between the vessel and the 
side, the size of the model being 24 in. by 4in.; neither 
can it be owing to any peculiarity on the horizontal or 
transverse shape of the ship, as may be seen, Fig. 3 being 
the load water-line, and Fig. 4 the midship section. 
Although the above is at variance with the hypothesis 
formed by most writers on the subject, yet, judging 
from the above fact, it must appear evident that the 
perpendicular longitudinal lines of the forebody ought 
to be as acute as the horizontal lines, thereby giving as 
fair course for the water downwards as for dividing 
it horizontally. This is most fully attained by rakin 

the whole bow forward, which enables the longitudina 
lines to be made more acute, and the shape ap- 
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work given out. This is particularly noticeable in the Fig.3 
case of Barrow, Glasgow, and Newcastle. In prac- ‘9-2 

tically every instance also the merchant tonnage 

shows an increase. The exception is at Belfast, where | 

there are twenty vessels in course of construction, of Fig.4. 

233,360 tons, which is 25,000 tons less than a year 1661.8. 

ago. At Glasgow the increase is nearly 3000 tons, 





mae : a »-12|a@drum with a rope wound round it and carrying a 

ron and inclaing oil itso | weight, “Fag ere Hep the wight of th bs 

increase equal to 25 per cent.,-the number of vessels — pa he ee b--4 » _— — apelin sp 
a : nN ts) § 

now building being 47, and the tonnage 154,850. Yt the ow of the model as long as there was any per- 

The North-East Coast ports have all profited to a | ceptible increase in’ speed, and ultimately arrived at 


| proaches nearer to the age of a fast-swimmin 
| fish than any form that has hitherto been tried ; an 
| as all vessels are designed for moving on the surface of 
the water, the great fore-rake above is designed to 
keep up the sharp lower bow, which it does most effec- 
| tually, as in vessels built on this plan the fore parts 
| have always been found to be driest, however acute the 
| horizontal lines may have been, Concerning the after- 
body, although the above experiment does not make the 
case out so clearly, in consequence of the less density of 
the red fluid, yet, from the fact of the water having to 
| rush up the after-run, it follows that the after perpen- 
| dicular lines (usually termed “‘ buttock” lines) ought to be 








considerable extent, but it is notable that in these 
cases there was the greatest need for such improve- 
ment. At Hartlepool the increase is about 76 per 
cent., and on the Tees 474 per cent. ; on the Wear 
it is 35 per cent., and on the Tyne 47 per cent., the 
work in these respective rivers being, at Hartlepool 
14 vessels, of 52,930 tons ; on the Tees, 34 vessels, 
of 62,549 tons; on the Wear, 41 vessels, of 117,050 
tons; and on the Tyne, 56 vessels, of 182,918 
tons. In no instance, however, does this amount 
of work represent anything like the normal condi- 
tion. On the Mersey there is an improvement, 
but the total of 12 vessels, of 35,140 tons, is com- 
paratively unsatisfactory, especially when it is noted 
that the only warship work there includes three tor- 
pedo-boat destroyers. As to the state of advance- 
ment of the work, some indication is afforded by 
the fact that while 130 vessels, of 242,555 tons, 
were launched during the three months, there were 
commenced 172 vessels, of 373,834 tons. Of the 
work on hand between 85 and 90 per cent. is for 
British owners, the total of merchant work thus 
classitied being 842,561 tons, while 36,788 tons are 
for the Colonies. Of the foreign nations, Germany, 
peculiarly enough, comes first with six vessels, of 
23,443 tons ; Sweden second, with three vessels, of 


17,730 tons ; Norway third, with five vessels, of 
16,530 tons; Russia fourth, with seven vessels, 
of 10,576 tons; and Brazil next, with five vessels, 
of 10,360 tons. Portugal, France, and Holland 


are the next important clients. 








,Coat 1x New Sourn Wates.—The output of coal in 
New South Wales last year was 4,393,603 tons, as com- 
pared with 6,520,749 tons in 1908. The value of last 
ety production was 2,618,596/., as compared with 
3 353, 0930, in 1908. The decrease in the output of last 
year was due to a combination of causes, but it was prin- 
cipally attributable to industrial troubles and indifferent 
trade. New South Wales shipped last year 2,192,854 
tons of coal to over-sea ports. 











what seemed the most suitable form. The vessel was | formed as acute as the horizontal—this is accomplished 
constructed to conform with the model, was named | best by raking the whole after-body along with the stern- 
the Rob Roy, and inaugurated in 1818 the steamship | post ; it is notproposed to shorten the keel toobtain these 
service between Greenock and Belfast ; she was ulti- | uncommon rakes, but to make the vessel — above, 
mately bought by the French Government, re-named | which has also a very important effect in reducing the 
the Hen?i Quatre, and employed for years in the | tonnage, as taken by the new Registry Act, without 
Channel trade. curtailing the capacity. The improvement of the 

From time to time there are records of somewhat | marine of this country being of the utmost importance, 
similar experiments being made by various firms, | we consider it the duty of all connected therewith to 
amongst the number by the Scotts of Greenock, who, | make known to the profession everything which may 
in the ’thirties, made similar tests with models, utilis- | tend to elucidate truth, and we, therefore, submit the 


|ing as a tank their dry dock partly filled. They also | above to their inspection.” 


varied the practice still further by similarly using full-| The work of model experiments was later placed 
rigged ships which were sailed on a loch above the | on a thoroughly scientific basis by the late Dr. Froude 
town of Greenock, the result being that they were|in his private tank at Torquay, where he evolved 
able to attain very high success with their clippers. a marvellously accurate mechanism for measuring 
The Halls of Aberdeen, who also achieved very few resistance, and, since his death, his work has 
remarkable success with the same types of vessels, | been carried on with equal enthusiasm and oe 
and made the Aberdeen clippers famous in history, | utility by his son. Most a. Governments, anc 
carried out work of a similar nature, and the records | many of the important shipbuilding firms, have insti- 
extant show that it was done with a very considerable | tuted tanks of their own, so that the principle is 
degree of completeness. We have had forwarded to ae established, and all look forward to important 
us a drawing which represents experiments made in | general research work being conducted at the experi- 
the early ‘forties in order to observe the motion created | mental tank of the National Physical Laboratory for 
in water by a vessel passing through it, as well as to | the advancement of science generally. 
ascertain the best form of bow for dividing the water. 
We reproduce the sketch explanatory of the method 


adopted. AA is a canal 10 ft. long by 16 in. deep - . . , 
and 12 in. broad ; the sides were of glass, to facilitate | ™st- President of the Board of Education, has appointed 
observation of the motion of the fluids when disturbed — as rd to th di sport upo' 
by a vessel passing through them. The canal was filled i ~ ti ns aa at of the pe gee sath eae 
4 . uture development o ectio ri 
with — water 7 “P a BB, say Rp on ee in te Beasts Science Mescem at Sent Kensington ont 
spirits of turpentine (of a red transparent colour) were | Geological Museum in Jermyn-street. In particular the 
then ured = to the water, raising the level to the comnenneen are asked to abvies him (a) as to the precise 
line C, about 1} in. higher. Various models made from | educational and other purposes which the collections 
the plans of vessels which had been built were tried | can best serve in the national interests ; (b) as to the lines 
separately and at various depths. The results from | 0m which the collections should be arranged and deve- 
the various models all showed the decided tendency a oe possibly 2 60 yay wwe yp nd to 
of the upper fluid to pass downwards; but the on ee Praag tA. gy treet Ee (c) as © Special charac- 
. ristics which should be by the new buildings 
model shown in the sketches above gave the clearest which it is hoped will shortly be erected on the South 
demonstration thereof. Fig. 1 shows the vessel in a | Kensington site to house these collections, so as to enable 
state of rest—a line was attached at Dand carried over | the latter to be classified and exhibited in the manner 
a drum at the end of the canal—and motion imparted | most fitted to accomplish the purposes they are intended 
by a small weight made fast to the line E. The result to fulfil. 








Tue Soutn Kensinecton Museum.—Mr. Walter Runci- 
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GERMAN MACHINE MANUFACTURERS. 


Tne Union of German Machine Manufacturers have 
just held their annual meeting in Berlin, on which 
occasion the chairman made a long and interesting 
statement concerning this branch of German industry. 
The industrial position, he said, was already regarded 
as improving, and was slowly moving in the right 
direction. his improvement, however, was not yet 
noticeable within the machine-manufacturing branch. 
At the beginning of last year the principal customers, 
coal-mining and the iron works industries, were still 
suffering too much from the general depression to feel 


inclined to incur additional expense by ordering new 
plant. For such contracts as were closed, excessive 
competition had tended to lower the prices, with the 


result that matters within the machine-manufacturing 
industry had now reached a lower level than perhaps 
on any previous occasion. 

The commercial ma rs of large manufacturing 
concerns thought they had found a means of facilitating 
business in the shape of counter (exchange) orders. In 

rinciple no objection can be raised to this custom, but 

tely it had assumed the nature of an evil. It was 
natural that iron works, when in need of machines, 
should give the preference to such firms who, in their 
turn, were customers, but the manner in which, lately, 
counter-orders had been made the basis for machinery 
contracts, and the way in which the machine manu- 
facturers had had embarrassing conditions as to delivery 
and payment forced upon them, must be denounced as 
unsound. On the one side this policy led to ill feeling 
directed against the power of the syndicates. The 
large combines and syndicates ould, therefore, in 
their own interests, try and influence their members 
to abandon this practice. 

A number of machine factories had, by their com- 
pliance in this matter, themselves helped to bring it to 
such a point, and it was much to be desired that con- 
tracts to which such stipulations for counter-orders 
were attached should not be accepted. A joint action on 
the part of the machine manufacturers was, presumably, 
not to be expected, but the Union had thought it 
advisable to lay the matter before the meeting. 

The German machine industry was not in a position 
to exist solely upon the home demand, and it was a 
necessity for it to find an outlet for its goods on the 
world’s market. For this purpose it required a pro- 
tection for German veep te | the means of a corre- 
sponding duty on finished goods. The duty on machines 
in the present German tariff did not suffice. Foreign 
countries in their turn were also endeavouring to pro- 
tect their home industry, with the result that foreign 
markets, which had been secured with much labour, 
might be, and were being, lost through the adoption of 
protective tariffs in the countries in question. It was not 
only the actual height of the tariff that gave rise to ap- 
prehension, but certain features in some tariffs designed 
with the distinct aim of doing harm to certain branches 
of the German export. Foreign tariffs, worked out 
with great ability and special knowledge, would have to 
be encountered in Germany with a corresponding amount 
of ability and special knowledge in Germany’s tariff 
negotiations, and it would be necessary to correct 
erratic statements, more especially as to the cost of 
production, wages, and selling price. It would be for 
the Union to support the Imperial Government in this 
matter. 

In times of industrial depression all manufacturing 
countries gave increased attention to export, and the 
foreign ialbestey was, with greater zeal than ever, en- 
deavouring to gain access to the German market. The 
exports from Germany of machines—exclusive of ma- 
chine parts, boilers, and vessels—for last year amounted 
to 331,194 tons, against 358,062 tons the previous year. 
The import into Germany of machines during last year 
was 68,410 tons, against 76,635 tons the previous year. 

Several other questions were dealt with at the 
meeting, such as patent ie islation, an efficient organi- 
sation in connection with Germany’s export, &c. 








Tue Institute oF Metats.—The Council of the Insti- 
tute of Metals have decided to initiate what is hoped will 
be an annual series of May lectures. The first of these 
will take place in London on Tuesday, May 24, when 
Professor oe thew F.R.S., Vice-President of the Insti- 
tute, will deliver a lecture on ‘‘The Art of Working 
Metals in Japan,” which will »e illustrated by diagrams 
and lantern-slides. 





Tue Zinc Convention.—The Zinc Convention, which 
rincipally comprises German and Belgian concerns, 
neld a meeting in Berlin, with reference to which no 
official report has been published ; but it is confidently 
assured that the rumoured non-renewal of the convention 
on its expiration at the end of this year is incorrect, 
although the arrangements have not been quite com- 
pleted. The difficulties seem to have arisen from the fact 
that a Frankfort firm, which controls a large i 
concern, has brought forward new demands, to which 
some of the members of the convention, am t them 
the Hohenlohe Works, have taken exception. e Zinc 
Convention has been in existence for about a year, but 
the close connection between commercial and manufac- 
turing concerns has on several occasions caused difficulties. 








DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets. ) 


JANUARY. 


FEsrvuaky. 


MARCH. 








2 





(1660) JANUARY 
In the accom 


represents 1s. in the case of tin-plates, hematite, Scote 


FEBRUARY 
ying diagrams each vertical line ~ spe yr a market day, and each horizontal line 


MARCH. 


and Cleveland iron, and 1l. in all other cases. 


The price of quicksilver is per bottle, the contents of which vary in hig from 70 lb. to 801b. The metal 


prices are perton. Heavy steel rails are to Middlesbrough quotations. 


in plates are per box of I.C. cokes. 





THE ScHootmasters’ YEAR-Book AND DirEcTORY.— 
We have received a copy of the eighth annual issue, for 
1910-11, of this Directory, which is published by The 
Year-Book Press, Swan, Sonnenschein, and Co., Limited, 
25, High-street, Bloomsbury, W.C. It contains—distri- 
buted over 700 pages—general information on various 
schools, educational associations, university examinations, 
— 3 _ of secondary schoolmasters, and of secondary 
schools. 





THE JuNtIoR INSTITUTION OF ENGINEERS.—A visit of 
this Institution was recently paid to the building in 
course of erection for the Royal Automobile Club in Pall 
Mall. The architects are Messrs. Mewes and Davis, and 


Keynes Purchase, and the work is being executed by 
Messrs. Waring and White (1906), Limited. Mr. 8. 


Bylander, their engineer, Mr. B. Tarring, superintending 
engineer, and Mr. D. F. Alden, conducted the members 
round. The length of the front is 228 ft., and the average 
depth 242 ft. There are two storeys below the ground 


has | floor and five storeys above, in addition to the ground 


floor storey, making eight storeys in all above the base- 
ment floor. A swimming-bath will be constructed in the 
basement 86 ft. long, 30 ft. wide, the maximum depth 
being 8 ft. The foundations under the swimming-bath are 
41 ft. 6 in. below ground floor. The building is con- 
structed practically as a steel frame, all loads being 
carried on columns up to the first floor or second floor 
level, except the ot ata between the club building 
and the adjoini ilding, which is self-supporting. The 
thicknesses of the walls are all in accordance with the 
old Building Act. The front and back walls are carried 
on steel girders at the first or second floors, and are self- 
supporting above that level. The floors are constructed 








in concrete reinforced with rods. All the steelwork is 
cased with at least 2 in. of concrete. The interior par- 
tition walls are built with 2} in. and 4 in. thick pumice 
concrete blocks. The retaining-wall supporting the street 
at Pall Mall front is constructed in ordinary concrete, 
and the retaining-wall at the back of the building is con- 
structed in reinforced concrete—the height of this wall 
is 38 ft. The swimming-bath is also to be constructed in 
ferro-concrete. Triple web-plate girders 3 ft. deep are 

laced at second-floor level over large rooms to carry partof 
building above, and two of these girders weigh 24 tons 
each. The columns are all made of built-up sections of 
angles and plates. The girders are generally steel rolled 
joists, plate-girders being used only for special long spans 
and heavy loads. The distance between the floor beams 
is generally about 12 ft. The front and back walls are 
faced with Portland stone, and the elevation to Pall 
Mall is expected to be one of the most artistic in Pall 
Mall. The basement, lower ground floor, ground floor, 
and first floor will be partly ventilated and heated by 
means of hot air; in addition, the entire building will be 
heated with hot-water radiators. All the drainage above 
lower ground floor will discharge direct into the sewer 
through pipes suspended under the lower ground floor. 
The waste water collected in the lower ground floor and 
the basement will discharge into the ejector-chamber 
40 ft. below the ground-floor level, and by means of 
ejectors the water will be raised to the sewer-level. These 
ejectors will also be used for emptying the swimming- 
bath. At the conclusion of the inspection, on the pro- 
posal of Mr. Jas. Oswald (Member of Council), a vote of 
thanks was passed for the facilities which had been given, 
enabling the members to inspect such an interesting 
example of constructional engineering work, 
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DOUBLE-SPINDLE SCREWING-MACHINE. 


CONSTRUCTED BY MESSRS. CHARLES WINN AND CO., ENGINEERS, BIRMINGHAM. 

















Ws illustrate on this page a double-spindle screwing- | 
machine, manufactured by Messrs. Charles Winn and | 
Co., Granville-street, Birmingham, which is fitted with | 
automatic opening and closing die-heads and has | 
been designed for rapid reproduction on repetition 
work. Owing to the die-heads being self-operating 
the attendant can give his whole attention to the work 
in hand, for they open automatically when the required 
length has been screwed, and close again ready for the 
next piece when the saddle returns. This gives the 
operator the opportunity to feed one head while the 
other head is screwing a bolt. 

The die-spindles are driven by a three-speed cone- 
pulley through single machine-cut spur-gears, which 
are protected by a strong cast-iron pat as shown. 
They are hollow and run in long capped bearings. The 
dies are adjusted to marks on the outside of the die- 
heads for the various sizes of screwings, and the 
adjustment is entirely independent of the automatic 
opening and closing of the dies ; any kind of screwin 
can therefore be repeated exactly any number o 
times. Four chasers of extra-strong construction are 
included with each of the dies. 

The vices are of Winn’s well-known duplex-grip 
pattern, in which long work can be held truly in line 
without depending on support from the dies, while 
the jaws can be brought close to the die-head. The 
grips are so placed that twisting strains are reduced 
to a minimum, and very short work can be screwed. 
Means of adjusting the saddles are provided, both in 
the vice-slides and on the bed, the ways of which are 
made wide to give ample bearing surface. The oil and 
swarf are caught on a tray which has a reservoir fitted 
with a st rainer inside the box stand, and a continuous 
supply of lubricant is supplied to the dies in each of 
the heads by means of a rotary-geared pump. The 
pipes which convey the oil to the dies are c early shown 
in the illustration. 

The machine is mounted on a substantial box stand, 
Which is utilised as a cupboard, in which to keep spare 
dies, spanners, &c. Included with the machine are: 
Overhead counter-shafting, with a three-speed cone- 
pulley, fast and loose pulleys, as well as the necessary 
strikin -gear. The machines are made in several sizes, 
the oue we illustrate being capable of screwing bolts 
up to 1 in, in diameter. 








Opessa EXHIBITION. —An exhibition of products of 
Sericuiture and engineering is to be held in Odessa from 


rag A ’ to October 1 next. Applications for taking part 


exhibition should be sent in not later than 





ay il, 





INDUSTRIAL NOTES. 


Tue report of the Labour Department of the Board 
of Trade on the general state of trade is based on the 
following extensive and reliable official and other 
returns in the chief groups of industries in the United 
Kingdom :— 

In addition to the 2883 employment returns from 
trade unions used for the chart, 3726 were received 
from employers relating to 1,026,157 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6609 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 
These returns show that the general state of the labour 
market was not quite so good. Shipbuilding and engi- 
neering continued to improve, but nearly all the tex- 
tile trades showed some falling off, especially cotton. 
There was also a seasonal decline in the building and 
printing trades. As compared with a year ago, all 
the principal industries, except cotton, showed an 
oe . 

The 416 trade unions making returns had a net 
membership of 694,456, of whom 47,259, or 6.8 per 
cent., were reported as unemployed, as compared with 
6.6 per cent. at the end of the previous month, and 
8.7 per cent. at the end of the same month a year ago. 





Employment in coal-mining was good, and, after 
making due allowance for holidays and disputes, 
deol a slight improvement and was better than a 
year ago. The average number of days worked by 
the pits during the four weeks was 4.89, as com- 
veal | with 5.49 days in the month previous, and 
5.03 days a year ago. The time lost on account of 
holidays and disputes amounted to 0.68 day per week, 
and a year ago the time lost on account of holidays 
amounted to 0.30 day per week. 

Employment in iron-mining was fairly good on the 
whole, and showed little change as compared with 
either a month ago or a year ago. e average 
number of days worked per weak ler all mines and 
open works included in the returns was 5.57, as com- 
pared with 5.58 days a year ago. Both these averages 
are reduced on account of holidays. 


In the pig-iron industry employment continued 
moderate. It was, however, better than a year ago. 
Returns received, relating to the works of tos iron- 
masters employing 22,600 workpeople, showed 301 


furnaces in blast, as compared with 300 a month ago 
and 284 a year ago. 

Employment at iron and steel works was about the 
same on the whole and was better than a year ago. 
The number of men employed was less, but “the 
average number of shifts worked greater. Taking 
into account both the numbers employed and the shifts 
worked, the volume of employment during the week 
at the works from which returns were received was 
0.1 per cent. less than a month ago and 7.3 per cent. 
greater than a year ago. 

Employment in tinplate and steel sheet manufacture 
entenal very good, and was better than a year ago. 
The number of tinplate and steel sheet mills workin 
was 471, as compared with the same number a mont 
ago and with 448 a year ago. 





In the engineering trades employment continued to 
improve, and was much better than a yearago. Trade 
unions with a membership of 168,848 reported 8.5 per 
cent. unemployed, as-compared with 9.8 per cent. a 
month ago and 13.1 per cent. a year ago. 

Employment in the shipbuilding trades showed a 
further improvement, and was much better than a 
pond ago. Branches of trade unions with 56,817 mem- 
ers reported 16.1 per cent. unemployed, as compared 
with 16.9 per cent. a month ago and 23 per cent. a 
year ago. ’ 





Employment in the spinning branch of the cotton 
trade continued bad. Gapeaieed short time to the 
extent of 154 hours weekly was worked in mills spin- 
ning American cotton. In the weaving branch employ- 
ment was also bad, with much slackness and waiting 
for warps. In both branches employment was worse 
than a month ago and much worse than a year ago. 
Returns from firms employing 124,451 workpeople 
showed a decrease of 4 per cent. in the amount of 
wages paid as compared with a month ago, and of 
15.7 per cent. as compared with a year ago. 

In the woollen trade employment was good on the 
whole. It showed some decline as compared with a 
month ago, but was much better than a year ago. 
Returns from firms employing 28,327 workpeople 
showed a decrease of 4 per cent. in the amount of wages 
paid as compared whe month ago, but an increase 
of 14.5 per cent. as compared with a year ago. 

Employment in the worsted trade was good. It 
showed little change as compared with a month ago, 
and was better than a yearago. Returns from firms 
employing 46,170 workpeople showed a decrease of 
0.8 per cent. in the amount of wages paid as com- 
pared with a month ago, and an increase of 9.1 per 
cent. as compared with a year ago. 

In the linen trade employment continued good, and 
was much better than a year ago. Returns from firms 
employing 49,382 workpeople showed a decrease of 
1.3 per cent. in the wages paid as compared with a 
month ago, and an increase of 10.3 per cent. as com- 
pared with a year ago. 

Employment in the jute trade was good. It showed 
a slight improvement compared with a month ago and 
wan Welter than a yearago. Returns from firms em- 
ploying 18,592 workpeople showed an increase in the 
wages paid of 1 per cent. as compared with a month 
ago, and 8.4 per cent. as compared with a year ago. 

Employment in the lace trade continued moderate 
on the whole. It was worse than a month ago, but 
better than a year ago. Returns from firms employing 
9191 workpeople showed a decrease in the amount of 
wages paid of 2.8 per cent. as compared with a month 
ago, and an increase of 2.4 per cent. as compared with 
a year ago. 





The boot and shoe trade continued fairly busy, and 
was rather better than a year ago. Returns from firms 
employing 62,771 workpeople showed an increase of 0.4 
per cent. in the amount of wages paid compared with a 
month ago, and of 1.7 per cent. compared with a year 
ago. 

_ in the other leather trades continued 

fair on the whole, and was better than a year ago. 
Trade unions with 3244 members repor 5.1 per 
cent. unemployed, as compared with 5.5 per cent. a 
month ago and 7.9 per cent. a year ago. 

Employment in the paper-making trades continued 
good, and was better than a year ago. 

In the printing and bookbinding trades employment 
was slack on the whole. It showed a seasonal decline, 
and little change compared with a year ago. Trade 
unions in the printing trades, with a membership of 
50,966, reported 6.3 per cent. unemployed, as com- 
pared with 4.2 per cent. a month ago and 6.3 per cent. 
ayearago. In the bookbinding trades the correspond- 
ing percentages relating to 6a73 members were 5.9, 
3.8, and 6.6 per cent. 





Employment continued slack in the building trades, 
and was rather worse than a month ago, outside work 
being seriously interrupted by bad weather. Employ- 
ment was better than a year ago. The percentage 








of unemployed among trade-union carpenters and 
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plumbers was 13.7, as compared with 12.9 per cent. 
a month ago and 15.1 per cent. a year ago. 

In the furnishing and wood-working trades during 
January employment continued on the whole dull. 
It showed a slight decline compared with a month ago, 
but was better than a year ago. Trade unions with a 
membership of 34,109 reported 9.3 per cent. of their 
members unemployed, as compared with 9 per cent. a 
month ago and 10.4 per cent. a year ago. 

Employment in the glass trades on the whole was 
bad, and worse than a month ago and a year ago. 
Returns received from firms employing 7436 work- 
people showed a decrease of 6.3 per cent. in the 
amount of wages paid as compared with a month ago, 
and of 7.6 per cent. as compared with a year ago. 

In the pottery trade employment continued bad on 
the whole, a it was slack in the brick and tile 
trades. Much short time was worked. 


Agricultural employment was generally regular, but 
a few days were lost by day labourers in most districts 
through unfavourable weather. Owing to farm work 
being somewhat backward, the demand for this class 
of labour was fair for the time of the year ; the supply 
was, as a rule, sufficient. 

Employment of dock and riverside labour in London 
was fair generally—not quite so good as a month ago, 
but better than a year ago. At Liverpool employment 
was slack, and worse than a month ago ; there was 
also a decline on the previous month at the other 
principal ports, where, on the whole, employment was 
moderate. ‘The average number of labourers employed 
daily at the docks and principal wharves in London 
(exclusive of Tilbury) was 13,672, a decrease of 2.7 per 
cent. as compared with a month ago, and an increase 
of 8.4 per cent. as compared with a year ago. 


Two serious disputes in the coal-mining industry, 
arising out of differences as to the arrangements to 
made in connection with the operation of the Coal- 
Mines Regulation Act (1908), began in January, in- 
volving, directly and indirectly, about 30,000 work- 
porle in Northumberland, and about 80,000 in 

Jurham. In addition 10 disputes began during the 
month, making a total of 12 disputes in January, as 
compared with 8 in the previous month, and 28 in 
January, 1909. The total number of workpeople in- 
volved in disputes which began or were in progress 
was 114,224, or 105,702 more than in the previous 
month, and 102,203 more than in the same month a 
year ago. The aggregate duration of all the disputes 
of the month, new and old, amounted to 1,187,700 
working days, or 1,055,800 more than in the previous 
month, and 1,055,300 more than in the same month a 
year ago. 

Definite results were reported in the case of eight 
disputes, new and old, directly involving 569 persons. 
Of these eight disputes, one was decided in favour of 
the workpeople, four in favour of the employers, and 
three were compromised. 

The changes taking effect in rates of wages affected 
163,000 workpeople, of whom 29,000 received increases 
and 134,000 sustained decreases. Amongst those 
whose wages were increased were 7500 ironstone 
miners in Cleveland, 6900 blastfurnacemen in Cleve- 
land, Durham, and Cumberland, 3400 iron-workers in 
the North of England, and 5750 steel-workers in the 
West of Scotland. The number whose wages were 
reduced included 125,000 coal-miners in Durham and 
6250 blastfurnacemen and iron and steel-workers in 
South Wales and Monmouthshire. The computed 
total effect of all the changes was a decrease in wages 
of about 7550/. per week. 


The Amalgamated Engineers’ Journal is essentially 
political in its Editorial Notes, and appears to hold 
the view that the Government took a Piiee step, and 
was rescued from a false position by the Irish Party. 
The chart-line of unemployment shows a decided im- 
provement in trade. There has been no such decline in 
the proportion of out-of-works for a long time past 
as in the first two months of the year. The mem- 
bership increased by 422, the total at date being 
107,957, or one more than a year ago. Those on benefit 
during the month numbered :—On donation benefit, 
6126 ; in the previous month, 7086; on sick benefit, 
2966 ; on superannuation benefit, 5939. Some of the 
co-operators are taken to task for employing sweated 
labour in the tailoring trade, in one branch of which 
the tailors are said to be on strike. The object sought 


is profit in the shape of dividends, rather than advance | P 


in wages. This has been shown to be often the case, 
and is frequently denounced at co-operation congresses, 
and in the organ of that body—the Co-Operative News. 

The report of the Steam-Engine Makers’ Society 
makes the figures even better, by taking the compari- 
sons with those of a year ago, the general percentage 
of unemployed being 6.6 per cent., as compared with 
9.1 per cent. a year ago, showing a decrease of 2.5 per 
cent. In the engineering branches the unemployed in 
the different sections amounted to 14 per cent., now 





9.8 per cent., an improvement equal to 4.2 per cent. In 
shipbuilding the proportion relatively was 24.7 per cent. ; 
in this month’s report it stands at 16.9 per cent. On 
the North-East Coast, however, the proportion is still 
very high—the highest in any of the marine centres. 
In some of the Lancashire centres the proportion is 
also very high, owing to the crisis in the cotton trade. 
It is noted in the report that there is a demand for 
pattern-makers and others, which indicates more work 
for other sections. The report speaks well of the 
Labour Exchanges, and wishes them well. The closer 
the co-operation between the trade unions and those 
exchanges the better for all parties. 


It is reported that there is a growing opposition to 
the profit-sharing scheme of Sir Christopher Furness 
in several sections of the trades. These reports 
scarcely agree with the hearty support of the meetings 
recently held, and the warmth of the reception of the 
dividends declared. - But it is difficult to satisfy some 
workers, even among those who shout for work to do. 
In point of fact some of those who shout the loudest 
are the slowest to work when employment is offered. 
The Labour Exchanges will help to weed out some of 
these, for the men wanted at such are those not only 
who need work, but who will work when they get it. 

Later information confirms the preceding report as 
to the break-up of Sir Christopher Furness’s profit- 
sharing scheme, and gives information as regards the 
voting of the several sections in Irvine Company’s ship- 
yard. The vote in the five union branches, in which the 
whole of the co-partner members voted, resulted in 85 
for continuance, against 504. The ballot in ten other 
societies which voted resulted in 302 for continuance, 
against 354. The result of a subsequent ballot of the 
shareholder-workmen was, for continuance 492, against 
598. The reasons assigned by the opponents of the 
scheme are that it has not = Beco irregularity of 
work. Where, indeed, has there been regularity of late 
in shipbuilding? Again, it is stated that some of the men 
have had to fall back upon their few shillings saved in 
cases of need. Where were the ‘‘ few shillings saved” 
to fall back upon in other cases? The men were still 
entitled to donation benefit if they were not in arrears. 
The Labour leaders, as a rule, appear to welcome the 
failure of the scheme. 


It appears that there is a great labour war impend- 
ing in Germany—the greatest, it is said, ever started 
in that country. It seems that the master builders 
have been making new conditions, which they threaten 
to enforce in their labour agreements ; these the men 
resent, and are determined to oppose, with the result 
that some 400,000 men are threatened to be locked out 
unless they accept the terms. At Mulheim it is 
stated that notices have been issued to terminate on 
April 10. The German building operatives are well 
organised, as also are all the metal-workers of every 
section. The state of trade alone will decide, or 
nearly so, whether the strike and lock-out will be 
general or only local; if local, all at work will help by 
contributions ; if general, all will come upon the funds. 


The vote of the South Wales Miners on the proposed 
agreement, the main points of which were published 
in last week’s issue, promises to end the trouble, as 
the first returns show an inclination on the part of the 
men to accept the conditions agreed to at the con- 
ference between the representatives of masters and 
men. 


The eighteenth annual Conference of the Indepen- 
dent Labour Party was held in London last week, but 
the record was a poor one—844 branches, with 30,500 
membership all told, and yet this handful think that 
they can dictate the political policy of the British Em- 
pire. Their boasted pride is that they stand alone, but 
they clutch hold of the different sections of the Labour 
Party and of the Irish Party as props, and have 
now introduced the discontented Indians as supporters. 
On the trade unions they rely for financial support. 
According to several outspoken speakers at the Con- 
ference, the body is financially bankrupt, and yet they 
declare that they cannot go on depending upon the 
middle classes for support. The fact that money comes 
in by lumps of 1000/., and latterly of 2000/., shows that 
the prope: independence is a farce. There was 
great dissension in the Conference as to the policy of 
the party, both in the constituencies and in the House 
ot Commons ; indeed, one is inclined to ask whether 
there ever has been a policy except for destructive 
urposes. The Conference ended without declar- 
ing for any constructive policy, and did not even back 
up their assertions of lack of honesty in the work on 
the Council, condemned by resolution, proposed and 
seconded, but not carried by vote. 


On Monday last a strike was suddenly declared at 
the port of Marseilles. It arose over a small thing— 
the engagement on board ship of an Arab stoker. 
This was at once resented, and all the other seamen 
refused to sail, and no vessel could leave the port. 





The attention of the Government was called to tlie 
matter, and the chief officers of State declared that 
every legal means should be employed to end the 
dispute, even the employment of the warships if 
necessary. It is stated that the strike at Marseilles 
last year lost to the port three millions sterling. 


The Weavers’ strike at Marples seems likely to ex- 
tend over a very large district. Although it originated 
at a Marples mill, the principle involved in it applies 
to other mills working on different lines. The mill- 
owners insist upon a list of prices for certain mills, 
which will involve smaller mills, and it is argued that 
if the one is sanctioned, other reductions are sure to 
follow. In consequence of this, at a conference held 
on Monday last, a strike was sanctioned to cover the 
whole question. The question is the number of big 
shuttles which supply six looms ; the operatives want 
to equalise the wae and the pay. If this be done, all 
will be well; if not, three great counties will be 
affected, and a great stoppage will follow. 


The new Postmaster-General has sanctioned the ex- 
tension of the official recognition of Post-Office trade 
unions, the influence of which, he declares, has been 
beneficial in that great department of the State. The 
only chief question that has been a barrier is that of 
promotion ; on this point the department holds to 
the paramount power—that is, the same power as is 
exercised by private firms and companies. 


Though the engineering, shipbuilding, and other 
metal-using industries have shown material improve- 
ment in most directions, the iron and steel-producing 
industries show a continued weakness in the markets 
and on Change, The unsettled political state of the 
country throws its cloud over the productive sections, 
and prices still continue at a low level. It is to be 
hoped that this will shortly come to an end. 








THE WEIGHT OF CARGOES. 


A New Method of Ascertaining the Weight of Cargocs 
on Board Ship.* 


By A. Murray, Member. 


One of the greatest sources of loss to shipowners and 
shippers arises out of the claims for shortages in cargoes, 
not to mention the inferior weight which is often 
delivered to vessels taking in bunker coal. Especially in 
cargoes such as coal, iron ore, grain, &c., which are 
carried on weight tonnage rates, the losses sometimes are 
very serious, as even the allowance of 2 per cent. granted 
in view of weighing a coal cargo often fails to eliminate 
discontent. The methods of control at present in use are 
certainly not satisfactory. The taking of draughts and 
applying the readings to the ordinary displacement scale 
can hardly be said to be accurate, as it is difficult to 
measure the draught to within an inch, which may mean 
an error of about 45 tons, in a 10,000-ton deadweight 
vessel, and, besides that, there is an error ora on 
the varying density of the water in which the vessel is 
floating. The displacement scale itself is generally cal- 
cula from a small-scale drawing, and may also show 
inaccuracies, With internal draught tubes the errors due 
to density are not corrected. In most cases the weights 
declared by the shipper have to be accepted, as the 
owner, without going to the very great expense of re- 
weighing, is almost powerless, although satisfied in his 
own mind that he is not being fairly treated. eee 

After considerable study and experiments, Signor Emilio 
de Lorenzi, of Genoa, has invented a novel appliance 
called the ‘‘Porhydrometer,” to overcome these difficul- 
ties, and the writer, having had the fitting of several 
installations under his charge, takes the liberty of 
bringing this subject before the members of this Insti- 
tution as a suitable one for discussion. ; 

The fundamental principles utilised are :—First, that a 
body floating in a liquid will displace an amount of that 
liquid equal to its own weight ; second, the hydrostatic 
balance—viz., that the level of liquid in two connected 
cisterns will be equal if the density or specific gravity 18 
equal, and if the density be different the surface level will 
vary in exact proportion to the density. 

he method adopted in practice is shown in the engrav- 
ingsand by the mele, and may be described as follows :— 
Inside the vessel is placed a vertical tube which forms 
the measuring cistern. This tube is fitted with a water 
connection, consisting of a small pipe and a valve or sea 
cock, leading to a point permanently submerged when the 
vessel is afloat. Thus the water in which the vessel 1s 
floating has free access to the vertical tube and rises in It 
to the same level as outside. Should the water in the 
tube, through any cause, be of a greater or. less density 
than that in which the vessel is floating, its level will 
automatically adjust itself higher or lower in on 
to the head measured from the lowest point of the con- 
nection. ; 

The aerometer, which is the chief part of the instru- 
ment, is suspended in position inside the vertical tube, 
and is always partly immersed. The aerometer can 
probably best be described as a float, although in reality 
it is made heavier than the water it Ginpinces, and has a 
varying tendency to sink. As the vessel is pressed «i fee 
in the water by cargo, or by any additional weight place d 
on board, the water rises relatively in the tube and - 
aerometer is increasingly immersed. The difference 0 


* Paper read before the Institution of Naval Architects, 
March 17, 1910. 
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di-; lacement thus caused by the aerometer will reduce its | 
teadeacy to sink, or the constant downward pull which 
it exerts. This varying downward pull is measured by an 
ordinary weighing machine on which the readings are 
n ade to cor-espond to the weight placed on board the ship. 
in some of the earliest instruments designed, the 
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apparatus complete, and which fulfil satisfactorily the | (the multiplier for the displacement cube) being equal and 
Board of Trade requirements. The variation of carrying | of full natural size in both cases, very groat accuracy is 
power of the vessel is accounted for in the construction of | attained, and even an exceedingly small alteration in the 
the aerometer, which, to all intents and purposes, is a| height of water in the vertical tube will affect the balance 
theoretical model of the vessel for which it is made. The|of the steelyard. In cases where the correct data for 
s>ctional areas of the aerometer are now made at each | calculating the aerometer are not available, the areas are 
obtained by simple experiments. A test aerometer of 
INSTALLATION. exactly parallel form and known sectional area is inserted, 
STEAMER. and at various draughts, during the ordinary course of 
loading the vessel, known weights are placed on board 
and readings taken on the machine. The correct areas 
sought for those draughts will then be in proportion to 
the area of the test aerometer as the known weights are 
to the readings. If several such tests are made a curve 
can easily be set off giving the correct form and size. 
r In — a the bps = — ny =“ an 
intermediate lever and counterweight, as shown in Figs. 1 
CRENS APRRIESS and 2, but the arrangement can be varied to suit the cir- 
cumstances on board the vessel, and connections made by 
tension wire or levers. In some smaller installations the 
aerometer is attached directly to the steelyard, which 
must then be of the reversed ty An instrument fitted 
to a barge of 105 tons dead-weight is shown in Fig. 3. 

The general working of the apparatus will be seen from 
the models. To overcome errors due to inclination and 
change of trim, it is necessary to have the measuring 
part of the apparatus, or aerometer, in the centre of the 
vessel, both transversely-and longitudinally, Transversely 
this is easily found, and within the ordinary ay» of 
inclination no error is perceptable. Longitudinally, how- 
ever, it is more difficult, as the point sought for is seldom 
the exact centre of length ; what is wanted is the point of 
intersection of the horizontal normal waterlines with the 
altered trim waterline. This is approximately the centre 
of waterline area, and is the point at which the most 

’ accurate mean draught can be taken. In cases where 
|O —t}-— the desired position is not available, two tubes opposite 
Ey and equidistant from that point are fitted and their aero- 
meters united in the manner of a double bogie weighing 
machine. For excessive changes of trim, such as when 
the bows are completely out of the water and the over- 
hang of the counter is immersed, the increased waterline 
area will decrease the depth and cause a difference. 

Further, the steelyard, which by its very nature is a 
level indicator, must have an adjustment to bring the 
i fixed indicating point to the level position. This is done 
by placing a spirit level in the base of the machine and 
hinging the base around the point of attachment to the 
rest of the apparatus. It is levelled by a screw. 

The ‘‘ Porhydrometer” controls accurately the weights 
between any light waterline and the full load. It is 
difficult, if not impossible, especially in large vessels, to 
establish the exact point at which the ship may be called 
light, and consequently the machines are generally 
adjusted to register from a zero somewhat below the 
+ eg light draught line ; thus a constant tare exists. 
Vhen weighing either out or in, two ings must 
always be taken, the difference being the actual load 
added or removed. The accuracy of a porhydrometer can 
be tested at any time by placing comparatively small 
known weights on board the ship. 
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TO SEA COCK 
——seh, Roaps 1n New Souta Wates.—The New South Wales 
END VIEW. Government has decided to make a tourist road from 


Jindabyne to Kosciusko, with a branch to Blue Lake—a 
State undertaking. This is the first instance in which 
this class of road has been taken out of the hands of 
local councils and placed under the control of the 
Minister of Public Works. The length of the road from 
Jindabyne to Kosciusko is 23 miles ; the branch to the 
Blue Lake leaves the main thoroughfare at Charlotte’s 
Pass, and, after 2assing through 9 miles of interesting 
country, rejoins the main road at the top of the mountain. 








PuriFIcATION OF Factory Water By CLiay.—On the 
ground of experiments which have extended over a 
number of years, Professor Rohland, of Stuttgart, recom- 
mends clay as anagent for the purification of waters which 
are to be used in technical works, and of refuse waters. 
The clay must be plastic, however ; that is tosay, it must 
be similar to kaolm. Such clays precipitate all colloidal 
substances, dyes especially, when of complex constitution ; 
carbonates, borates, silicates, and also some phosphates, 
unsaturated hydrocarbons, and offensively-smelling im- 
purities which often are present in most minute quantities 
only. Thus the clay treatment is said to answer for water 
contaminated with oil, grease, soap, starch, sugar, albu- 
minoids, tar, and other colours, including Prussian blue 
and Turnbull blue, animal and vegetable refuse. As a 
rule, the precipitated matter = used as manure. 
The State Hygienic Institute of Hamburg is trying the 
treatment. 





Tue LATE Proressor R. ApeGG.—Two fatal balloon acci- 
dents occurred last Sunday on the shores of the Baltic. In 
the first, four people ascended from Stettin, and the balloon 
was at once disabled by being driven first into a line of 
telegraph-wires, and then against a chimney. In attempt- 
ing afterwards, after drifting over the tic, to effect a 
landing on the island of Riigen, three of the occupants, 
among whom was Dr. Delbriick, a member of the Imperial 
Diet, were killed. In the second accident Professor 
Richard Abegg perished—one of the leading electro- 
chemists of Germany, though still a young man, under 


aerometer was made parallel. giving a regularly increasing | and every draught of water to bear exactly the same |whom many English students have worked at Breslau. 
or diminishing measure of displacement, and the scale on| proportion to the corresponding waterline areas at the | Abegg was also chief editor of the Zeitschrift fiir Elektro- 


the weighing machine was made to vary as the carrying | same draughts. The form of the aerometer is, therefore, | chemsc, the organ of the Deu 
Power of the vessel increased at the deeper draughts. For | an inve > in f 0 
a tawehie satis- | curve, will be found very closely to assimilate the curve | On the fatal trip, which started from Breslau, he was 

is 


various reasons this has not been foun 


factory, and the weighing machines are now made to|of tons per inch immersion of the vessel. 2 : 
: rd patterns with evenly divided scales, which can | the vessel and her aerometer being popmaialy San, jemping out of the balloon when they were aw dy the 
» easily tested both independently and with the whole! proportionate quantities, and the variations of ; 
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e Bunsen lischaft, 
cone, and its areas, if set up in the form of a | and, further, Presidentof the Silesian Aeronautical Society. 


The areas of | accompanied by his wife and a friend, who succeeded in 
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SHIP-RESISTANCE: A NUMERICAL ANA- 
LYSIS OF THE DISTRIBUTION OF 
EFFECTIVE HORSE-POWER.* 

By T. H. Havetock, M.A., D.Sc. 


Introduction.—The following paper contains, in its 
second part, a numerical study of the distribution of 
effective horse-power at different speeds. The data are 
taken from some recent experiments on models by D. W. 
Taylor, and are expressed for a ship of 400 tons displace- 
ment and 250 ft. length. A theoretical formula is found 
to fit the experimental results, and from it the different 
terms in the effective horse-power are calculated for 
much higher speeds. In addition to the general analysis, 
attention is directed to the changes in the proportion of 
power which goes in wave making, and also to the varia- 
tion of the ratio (effective horse-power) (speed)* with the 
speed ; in the latter case a curve is drawn and may 
compared with the type of curve obtained from high- 
speed motor-boats. 

In the first part, an outline is given of the general 
theory of ship resistance ; it is developed so as to lead to 
the introduction of a type of expression which exhibits 
the variation of the wave-making resistance with the 
speed, but for details of the mathematical analysis refer- 
ence is made to previous papers.t One obtains a } ames > 
formula which is based on theory in so far as it depends 
upon the speed, and with co-efficients which should de- 
pend upon the form of the ship but whose values are at 

resent empirical. No attempt has been made to tabu- 

oa values suitable for different types of vessels, for, 
without further information, it is uncertain whether the 
results would repay the labour; meantime, as already 
indicated, the formula has been used to analyse experi- 
mental results and to extend them to the region where 
more accurate data are needed. 

General Theory.—We obtain a clearer view of the 
problem to be solved if we pass over the idea of resistance 
and fix our attention directly upon the transformations of 
energy which accompany the motion of a ship. Imagine 
a ship which is moving at constant speed and whose 
engines are developing energy effectively at a certain 
rate. None of the energy supplied goes into the motion 
of the ship, for its waren | remains the same ; clearly all 
the energy goes into the water. If we could calculate 
completely the motion of the water we should know the 
rate at which energy must be supplied from the ship and 
consequently the effective horse-power necessary to main- 
tain a given speed. Naturally the problem has proved 
too difficult to solve as a am & All that can be done is 
to classify the motions of the water into groups which 
seem more or less independent ; the results of the sepa- 
rate calculations are then added together and the sum 
compared with the total effect in actual experiments. 
For a first attempt we consider the following groups of 
motions : — Surface waves; wake and large eddies; 
smaller eddies of turbulent motion ; rotations and heat- 
motions of the particles of water. Since the rate of 
supply of energy is equivalent to some resistance over- 
come at the speed of the ship, we may express the results 
of calculations in terms of effective resistance obtained in 
this way. The latter groups in the above scheme are 
usually taken together, and their effect is expressed as a 
frictional resistance calculated from an empirical formula 
based on experiment. It has been found that a suitable 
expression is {SV", where V is the speed and S is the 
area of the wetted surface of the ship; the numerical 
values of f and n are taken from tables of experimental 
results. After this part has been deduc from the 
total effective resistance, the remainder is called the 
residuary resistance; following the usual custom, we 
assume that this is associated almost entirely with the 
surface waves, and we proceed to estimate the rate at 
which energy goes into the wave motion. 

The sas, Hse wave pattern which accompanies a 
moving ship is complicated, as it consists of both diverg- 
ing waves and transverse waves. We begin with the 
simpler wave formation which is obtained by drawing a 
long rod over the surface at a steady speed in a direction 
at right angles to the rod; we observe that the water 
surfi&e behind the rod is undulating, with parallel ridges 
and hollows succeeding each other regularly. It is found 
that the waves have defimte wave length and a definite 
height (a feet) above the mean water level for a given 
speed (v) of the rod. It can be proved that over the 
range where there are regular waves the mean energy of 
the wave motion is 4wa? foot-pounds per square foot of 
the surface, where w pounds is the weight of a cubic foot 
of water. 

What is the length of the train of regular waves behind 
the rods any time? Its front is at the rod, and so moves 
forward with velocity v ; its rear depends upon how and 
when the rod was started. Suppose the motion has been 
steady for a considerable time, so that the range of 
regular waves is large compared with the initial disturb- 
ances in getting up speed ; it can be shown that the rear 
of the train of waves moves forward at a certain speed (1) 
less than v. This velocity of the rear is called the “‘ group 
velocity” ; if we observe a group of waves advancing into 
still water we may notice the crests moving forward rela- 
tively to the group, new crests arising at the rear to 
replace those which disappear at the front of the group, 
so that the wave velocity is greater than the group 
velocity. The result in the present connection is that 
the wave-train is increasing constantly in length at a 
certain speed (v-w) ; hence the energy in the wave motion 
is increasing at the rate }wa? (v-u) per foot-length of the 





* Paper read before the Applied Science Section of the 
Philosophical Society of the University of Durham. 

+ Proceedings of the Royal Society, A, vol. Ixxxi., 
page 398 (1908) ; A, vol. lxxxii., page 276 (1909). 





rod. Energy must be supplied at this rate in order to 
maintain the constant speed v of the rod. If we write 
the rate of supply as Rv, then R is a force per foot of 
the rod and is called the wave-making resistance. We 


have then— 
R=3 wa? (v—u)/v. ‘ 3 (1) 


Some interesting conclusions may be taken from this 
equation. R is zero if w equals v, and this is in fact ap- 


proximately the case in shallow water ; the whole group | 


of transverse waves consists then of a hump which ac- 
companies the ship at its own speed (v), and, in conse- 


quence, once the disturbance is formed, no further supply | 


of energy is needed. 
In deep water, it can be shown that u is 4v; we limit 
our consideration here to this case. 
We must examine now the variation of the height (a) 
The motion of the nf 


of the waves with the pee 
be | makes differences of fluid pressure in its neighbourh 


so we may consider the peentem as equivalent dyna- 
mically to a pressure disturbance moving over the surface 
of the water; the effects will depend both upon the 
speed and upon the character of the disturbance. 

As regards the velocity, the differences of pressure in- 
crease with the speed, and probably they are propor- 
tional to its square. 

The distribution of pressure in the disturbance depends 
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upon the form of the ship. To take an extreme case, if 
the ship were an infinite raft moving over an infinite sea, 
the 1 apni would be constant over the surface and there 
would be no waves ; on the other hand, if the lines of the 
ship are abrupt the pressure changes may be sudden and 
concentrated and the height of the waves greater. A 
detailed ee confirms the impression that in general 
the height of the waves is diminished by diffusing the 
pressure system. But an increase of speed is equivalent 
to a diffusion of the pressure ; hence we have a two-fold 
effect, increase of speed increases the magnitude of the 
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pressures, and is at the same time equivalent to diffusing 
Thus, there appear to be two 


them over a ter area, 
opposing tendencies, and we infer that the height of the 


waves should not increase indefinitely with the speed of 


the ship, for the two effects may tend to balance at high 
speeds 


Fora simple typeof pressure distribution, amathematical 
analysis shows that the wave-making resistance varies 
with the velocity according to a certain exponential 


= HOES ma (2) 


function, namely, 


where A and v! are independent of v. 


results of model experiments similar quantities for a ship 
of any dimensions on the same lines as the model; R is 
the same for equal values of c in the two cases. 

Fig. 1 represents the type of curve given by 


, (cl\2 
“1C) 
R=Ae -— 


The slope of the curve increases up to the value cl, and 
then falls off for higher values of c. R increases con- 
| tinually with c, and approaches a limiting value equal to 

the coefficient A. If we compare Fig. 1 with any experi- 
mental curve of residuary resistance we find that the 
general features are the same, but if we wish to obtain a 
close agreement over a considerable range of values of « 
there are two ways in which the formula must be ex- 
tended. 
In the first place, in an actual 4 there are two chief 
ressure rape one associated with the entrance at the 
9ow and the other with the run at the stern. The undu- 
lations caused by these are superposed upon each other, 
and the result is that the resistance curve is sometimes 
above and sometimes below a mean curve, according as 
the crests of one up coincide with the crests or with 
the troughs of the other group of waves. It appears 
probable that the variations from a mean value R can be 
represented by an additional term b R cos (n/c), where 
}and nm do not involve c but depend upon the form 
|and dimensions of the ship; in most cases this term 
involves a maximum variation of about 14 per cent. of 
the mean value. 

In the second place, in addition to the transverse 
waves which we have considered alone so far, there are 
waves diverging from the bow and the stern. Regarding 
these as wave-trains inclined to the direction of motion, 
| certain considerations suggest a similar form for the 
resistance as before, but with a value of c! one-third its 
value for the transverse waves. This term is found to 
have a smali value compared with the others, and is only 
of importance relatively at lower speeds. 

Summing up the various terms we obtain a general 
formula of the type 





cl 


R=ae MEY (ay 00s) e ac) - (3) 


An inspection of experimental results shows that some 
of the coefficients in this formula may be given fixed 
values provisionally, that is, they are practically the 
same for ordinary types of vessels ; thus we find c! = 1.3, 
n= 10.2, and y=0.14 approximately. A good agree- 
ment can be obtained at values of c greater than unity by 
using only the second term in (3), but if we wish to cover 
the whole range by one formula we must include all the 
terms. For present purposes we use (3) in the form 

_ 2.53 _ 2.53 


92 2 
tine ™ +B( 1 - 0.14 c08 10.2 )¢ ——— 
c 

A Numerical Analysis.—In a paper by D. W. Taylor* 
a residuary resistance curve is given for a certain model 
(No. 892) from the result of tank experiments up to a 
value of c of 1.8. This is given almost exactly by (4) 
with a = 2and 8 = 82.5 All the results are now calcu- 
lated in terms of effective horse-power for a ship on the 
same lines as the model. In the following table the column 
headed experimental effective horse-power was obtained in 
this way on the residuary resistance curve, while the 
calculated effective horse-power was found from (4) 
with the above values of a and 8; in both cases the 
total effective horse-power was obtained by adding a 
suitable frictional part 0.00307 fS V2". 

The data for the ship on the lines of the model are: 
Displacement = 400 tons; length = 250 ft. ; wetted sur- 
face = 5000 square’ feet ; longitudinal coefficient = 0.68 ; 
midship section coefficient = 0.70; frictional coefficient = 

97. 


TABLE 1.—Effective Horse-Powér. 
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The agreement between columns 3 and 4 shows that 
| the formula (4) is capable of representing the exper'- 
| mental results for this model. In regard to the calcu- 
lated values at high values of ¢, it is of interest to com- 
re these with other calculations. Cotterill+ states that 
bor certain types of torpedo-boats the total resistance 15 
| approximately 30 c? for values of c between 1.5 and 2.5; 
| for the ship under discussion this would give the total 
| effective horse-power as 582 c*. This gives 2380 at 
c = 1.6 and 3400 at c= 1.8; but for higher values it 
increases very rapidly, and gives 15,700 at c=3 and 37,250 
at c=4. 7 
In the last column in Table I. the values of E.H.P./V* 
re obtained from the calculated total 





Before : Se : sari are given ; these we ee 
f ore examining this relation we change the variables give ‘and the results are graphed in Fig. 3 


in a certain manner. Instead of the s 
ae ratio c defined as (s 
/V (length in feet) ; further, the resistance R is exp: 

in pounds per ton displacement of the ship. The advan- 
tages of these changes are found in calculating from the 


v, we use the | power in each ease, 
of ship in knots) 





* Society of Naval Architects, New York, Nov. 19 


1908. 
| + Cotterill, Applied Mechanics, page 621. 
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ona base of V/4/L. The curve is of the same type as one 
which has been deduced from the performances of high- 
speed motor-boats. * 3 2 
Column 5 in Table I. gives the percentage which the 
wave horse-power is of the total horse-power. It attains 
a maximum in this case of nearly 50 per cent. at about 
e=1.8. After this value the ratio diminishes, for the 
wave resistance ins to approach its limiting value 
while the frictional resistance continues increasing as 
\'8, If we suppose the total power to vary as V"in 
the neighbourhood of any given value of V, we can find 
how the index n varies with the percentage (p) which the 
wave-power is of the total power (E). For we have 
p 100 _ 
E = F+ jE = 100-pCV : 


where C is some constant. 
Since n = V (dE/dV)./E, we find 


_V_ dp 
n= 2.83 +799 —pav 


The index n begins at the value 2.83, increases with 
increasing values of p, then decreases to a minimum, and 
finally increases again to a limiting value of 2.83; the 
position of the minimum index is not the place where the 
wave-power is a maximum proportion (dp/dV = 0) but at 
some velocity greater than this value. Since the equiva- 
lent index n is given by d (log E)/d (log V), its changes 
may be exhibited by graphing log E upon a base log V ; 
the slope of this curve gives the corresponding value of n. 
This has been done for the ship under discussion, and the 
result is shown in Fig. 3. 

The scale is not sufficient to show the variations in the 
first part of the curve, but one may notice the short 
interval between c= 2 and c= 3 for which n drops to 
values in the vicinity of 2; after this the index rises 
again. The region of low values of n depends upon the 
relation of wave-power to frictional horse-power ; hence 
it will vary not only with the lines of the ship but also 
with its absolute dimensions. This, together with other 
points mentioned in the previous study, must be left toa 
more detailed analysis and comparison of experimental 
results for models of different types. 








Batpwin Locomottves.—The Baldwin Locomotive 
Works, Philadelphia, have recently booked orders for 65 
locomotives for the Great Northern Railroad of the United 
States, and 40 for the Norfolk and Western Railroad. 
A large number of smaller orders have also been secured. 
Inquiries have further been received from the Baltimore 
al Ohio Railroad Company for 140 engines. The Bald- 
win Works are now employing 11,500 workpeople, and 
the number would be increased if supplies of raw materials 
could be obtained readily. 





A New Sreet Latuine.—A very effective steel lathing 
is now being placed on the market by the Trussed Con- 
crete-Steel Company, Limited, Caxton House, West- 
minster. It consists of a thin steel-lath surface which is 
stiffened by rigid high ribs. Its general surface is formed 
in corrugations which run the length of the sheets, and 
these corrugations are perforated with openings, which 
form an excellent key for cement or plaster. The sheets 
are made 21 in. wide and many feet in length, and along 
each longitudinal side there is a much deeper corrugation, 
which gives great stiffness to the sheet, and from which 
the name “ Hy-Rib” is derived. Each of these ribs 
fits over the adjacent one in the next sheet, and 
so forms an excellent locking - splice when the two 
sheets are laid together. At the ends the sheets are 
made to overlap soas to make a very satisfactory joint. 
In this way continuity of strength through the floor, 
or partition, is secured. The material a rs to be 
adapted to a great variety of purposes. For floors it 
can be used in connection with any type of beam. It 
is simply laid over the supports with the lath side down 
and the concrete is poured over the upper surface, the 
lathing forming its own centering. The concrete flows 
through the openings in the corrugations sufficiently to 
form a key with the steel, and when the concrete is set 
the plaster can a to the under-surface. Where 
floors have to 7 eavy loads, the lathing can be bent 
to a curve in the form of an arch. For partitions, the 
material seems to be well adapted. All that is required in 
this case is to set up the sheets of ‘‘Hy-Rib” and plaster 
both sides, and it is claimed that partitions of great 
stiffness can be constructed in this way. When used 
for this purpose slabs as thin as 1} in. can be built, 
and one great — of its application is that no 
centering is required. It is also fireproof. When used 
in walls it ean be supported at intervals by upright posts 
which will also carry the roof. If hollow walls are required 
an additional inside layer of the lathing may be applied, 
and an air-space left between the vertical faces. On the 
interior the plaster is applied directly to the face of the 
lathing ; the outside may be rough-cast. Among other 
uses to which the material may be put are the construc- 
tion of concrete sewer and water-pipes (as the material 
can se bent toa curve), arches, suspended ceilings, &c. 
In the case of suspended ceilings special clips are made 
by means of which the lathing is secured to the under- 
sides of the joists —_ the floor, the upper layer of 
lathing, which forms the floor, being su ported on the top 
of tt ¢ joists. The sheeting, out of which the lathing is 
mace. is of different thicknesses to suit different circum- 
Stances. The makers have issued an illustrated booklet, 
consisting of 32 pages, which fully describes the various 
Purposes to which the material can be applied. 


isos, E. Froude, Trans. Nav, Arch., vol. xlviii., page 102 





THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held on March 11, Professor H. L. 
Callendar, F.R.S., President, in the chair, Dr. W. H. 
Eccles read a paper “‘On Coherers.” A method of in- 
vestigating detectors is developed with special reference 
to the relations between the energy given to the detector 
in the form of electrical vibrations and the energy de- 
livered by the detector, as direct current, to the circuit 
of the indicating instrument. The stream of energy sup- 
plied to the detector was always of the same order as that 
usual in telegraphy. The detector under examination 
was placed in a circuit containing suitable inductance 
and capacity, which was secondary toa primary circuit. 
The primary could be set into electrical vibration by 
breaking a known current in it. The coupling was very 
small, so that when a current of a few allliemepesee was 
broken in the primary, the energy delivered to the de- 
tector was of the order a thousandth of an erg, and the 
electromotive force at the coherer terminals was of the 
order a tenth of a volt.. The response of the detector 
was measured by comparing the sound in its telephone 
with the sound produced in the same telephone by inter- 
rupting a measurable direct current. A special switch 
key enabled the comparison to be made quickly. The 
power delivered to the detector and to the telephone was 
determined by extrapolation from measurements on 
stronger currents with the thermogalvanometer. 

The results of experiments on coherers made of oxidised 
iron wire dipping into mercury, and on coherers made of 
a clean iron point touching an oxidised iron plate, are 
exhibited as curves connecting : (1) the steadily applied 
E.M.F. and consequent current through the coherer ; 
(2) the steadily applied E.M.F. and the power given to 
the telephone, for various rates of delivery of vibration 
energy to the detector; (3) the power delivered to the 
detector and the power to the telephone, the 
E.M.F. applied to the coherer being constant. Curves (1) 
show that in a self-restoring coherer the current increases 
more and more rapidly as the E.M.F. is raised, till, in 
general, a point of inflexion is reached, and then the 
current increases more slowly. Curves (2) show the rise 
and fall of sensitiveness to oscillations as the applied 
E.M.F. is increased. Curves (3) show that if W repre- 
sents the power in watts delivered to the coherer, and w 
the power passed to the telephone circuit, then w=m 
(W—a) where m and a have values settled by the magni- 
tude of the current through the detector. The quantity m 
for a good low resistance iron-mercury coherer has been 
found to be as high as 0.06; while a is usually near 
1.0x 10-8 watt. These curves show that these coherers 
are not ‘‘ voltage-operated ” detectors, but ‘‘integrating” 
detectors. 

The author puts forward the hypothesis that the pro- 
perties of an oxide coherer may arise solely from the 
temperature variations caused in the minute mass of 
oxide at the contact by the electrical oscillations and by 
the — E.M.F. e examines the hypothesis mathe- 
matically, and shows that most of the phenomena recorded 
in the curves (1), (2), (3) above, can in this way be 
accounted for as perfectly as the present state of the 
measurements permits. 

Mr. W. Duddell expressed his interest in the paper, 
and remarked that it was important to know how much 
energy was needed to work a detector in order to calcu- 
late the amount which it was necessary to radiate. He 
asked the author if the action of the coherer he had 
described might not depend upon compressions due to 
electrostatic attractions. 

Professor C. H. Lees remarked that if the action of the 
coherer depended upon thermal effects, the sensitiveness 
would be affected by using materials of different thermal 
conductivities ; whereas if the effects were to be at- 
tributed to compressions, change of material would have 
little effect upon the sensitiveness. 

Mr. Rayner pointed out that if the effect was due to 
the temperature coefficient of the resistance of the film, 
the sensitiveness should depend upon the temperature at 
which the coherer was worked. He asked if Dr. Eccles 
had conducted experiments at different temperatures, and 
if he could give any particulars as to how the sensitiveness 
of the coherer he had used compared with other —. 

Dr. Russell suggested that as the thickness of the film 
of oxide on the iron plate was only about a micron, the 
electrostatic attraction between the needle and the iron 
plate would be appreciable even at very low voltages. It 
was conceivable that, owing to the compression, heat was 
generated in the film at this point. 

Mr. Campbell remarked that in accurate work there 
would be no trouble in measuring the mutual inductances, 
but the determination of the damping factors would he 
difficult. 

Dr. Eccles, in reply to Mr. Duddell, said that the 
hypothesis that electrostatic attractions between the two 
conductors separated by the film of oxide caused the 
change of conductivity produced by electrical oscillations, 
was negatived by the fact that in such materials as the 
author had tried the magnitude of the coefficient of de- 
crease of resistance with temperature and the thermo- 
electric properties of the two conductors had a great deal 
to do with the sensitiveness of the detector. In reply to 
Professor Lees, no doubt the sensitiveness of a detector 
would, if the thermal theory were correct, depend upon 
the slowness with which the heat was conducted away by 
the metal near the contact. This consideration suggested 
one reason why some of the badly-conducting oxides 
formed such good detectors. With regard to Mr. Rayner’s 
observations, he had not ——_ -y experiments at other 
than normal temperatures. The author, replying to Dr. 
Russell, said the answer to Mr. Duddell was circum- 
vented by his suggestion that the electrostatic attractions 
caused com ions which on the whole produced local 





heating. But it might be pointed out that if in the secon- 





dary circuit the capacity was changed to another value, 
and the inductance altered to keep the period of the circuit 
the same, the oscillating voltage at the coherer was dif- 
ferent, yet no difference worth mentioning was heard in 
the detector. In answer to Mr. Campbell, no doubt the 
mutual inductance could be measured accurately, given 
proper experimental facilities. Since, however, another 
course of experiments was adopted, one that did not need 
an accurate value of the mutual inductance between pri- 
mary and secondary, this measurement was not attempted 
accurately. 

A paper entitled ‘ Karth-Air Electric Currents” was 
read by Mr. G. C. Simpson. The paper describes a 
method for automatically recording the electrical current 
which passes from the earth into the air during periods of 
fine weather. 

A large plate (17 square metres) was placed in the open 
as near to the ground as wasconsistent with efficient insu- 
lation, this was then connected to an insulated vessel, from 
which water issued through an orifice surrounded by an 
earth-connected cylinder. The water as it dropped from 
the insulated vessel carried away, by the well-known 
**collector” action, all the charge which the exposed 

late received, and the latter remained at zero potential. 
The charged water drops were collected in a vessel con- 
nected to a self-registering electrometer, which was earth- 
connected for an instant at the end of every two minutes. 
The paper describes the sources of error and the method 
of determining the value of the earth-air current and of 
the conductivity of the air from the records of the electro- 
meter. The method was used in Simla (India), but owing 
to the impossibility of obtaining a site on which the 
normal electrical field of the atmosphere was undisturbed 
by the surrounding hills and trees, the absolute values 
obtained were uncertain, but it is very probable that the 
daily range of the different factors were near approxima- 
tions to the truth. 

Dr. C. Chree expressed his interest in the paper, and 
remarked that they had worked at Kew with & a. me 
Wilson’s apparatus. It would be interesting to know 
whether the same results could be obtained from the 
author’s and from Wilson’s apparatus. He drew attention 
to the difficulty of insulating a piece of the earth in 
England sufficiently well to obtain reliable results. 

Dr. Russell said that C. T. R. Wilson had found that 
the mean earth-leakage current in his experiments was 
about 2.2 x 10-1 amperes _ square centimetre. It was 
therefore exceedingly small. 

Linke had shown from the results obtained in balloon 
ascents that the atmospheric potential gradient diminished 
regularly up to a height of 6000 metres, and_probabl 
much higher. Assuming that air has ‘conductivity ” 
this shows that the conductivity increases as we ascend. 
It seems reasonable to suppose that at t altitudes, 
notwithstanding the intense cold, the highly rarified air 
is practically a conductor. The earth-leakage currents 
carry charges to these conducting layers, and these 
charges are continually being returned to the earth by 
the storms always taking place somewhere or-other in the 
world. The energy expended by the currents was pro- 
bably due originally to the sun’s heat vaporising and 
raising water to heights in the air. A surprising result 
obtained by Dr. Simpson was that the sunshine appa- 
rently caused a diminution in the conductivity of the air 
over the surface of the ground. It was customary to 
suppose that ultra-violet rays improve the conductivity 
of the atmosphere, and this supposition was certainly a 
help in explaining how radiotelegraphic waves went 
farther over the ocean by night than by day. 

A paper by Dr. B. D. Steele, on ‘‘ An Automatic Toepler 
Pump Designed to Collect the Gas from the Apparatus 
being Exhausted,” was read by the Secretary. 





Our Locomotive Exports.—The value of the locomo- 
tives exported from the United Kingdom has shown some 
falling off this year, the total reached for February being 
only 151,431/., as compared with 183,054/. in February, 
1909, and 161,917/. in February, 1908. In the two months 
ending February 28 this year our locomotives were ex- 
ported to the aggregate value of 293,751/., as compared 
with 429,682/. and 439,560/. in the corresponding periods 
of 1909 and 1908 respectively. 





Tue SPREAD OF THE TELEPHONE.—According to statis- 
tics just published, there are in the whole world 9,600,000 
telephones, and the lines have an aggregate length of 
about 20,000,000 kilometres. There are 1,800,000 tele- 

hones in Europe, 56,000 in Asia, 9000 in Africa, 

.700,000 in America (of which 7,590,000 are in the 
United States), and 53,000 in Australia. Denmark is the 
European country with the largest number of telephones 
per number of inhabitants—viz., 33.2 per 1000 inhabi- 
tants ;and Denmark has now ousted Sweden from that 
ition, the figure for Sweden being 31.8 per 1000 in- 
Pabitants. Still, all things considered—the long distances 
and the often difficult country—Sweden must be said to 
hold the premier position, in Europe at least, and Stock- 
holm is first of all the world’s cities as regards number of 
telephones per number of inhabitants. The Stockholm 
Telephone Company has 46,000 subscribers, and the State 
tdaphene 16,000 subscribers, making an aggregate of 
62,000 subscribers out of 340,000 inhabitants, or 180 per 
1000 inhabitants. The telephone has in Sweden spread 
to the most distant part. e State telephone plays a 
very important part in Sweden, and at the beginning of 
the present year the Swedish State telephone system had 
118, subscribers ; it has, in fact, absorbed literally all 
the provincial telephone companies (with, perhaps, one 
or two insignificant exceptions), and the oly other tele- 
= concern is the large and excellently - 
tockholm telephone system to which reference has been 
made above. the State and the Stockholm tele- 
phone show a very material increase for last year. 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineering 
projects, for several of which tenders are asked. Further 
data concerning these can be obtained from the Commer- 
cial Intelligence Branch, Board of Trade, 73, Basinghall- 
street, E.C. 

Canada: H.M. Trade Commissioner for Canada (Mr. 
R. Grigg) reports, regarding the Howe Sound, Pemberton 
Valley and Northern Railway, a line projected to extend 
from the head of Howe Sound, an inlet just north of 
Vancouver in a north-easterly direction for 118 miles to 
Lillooet, that, according to a Vancouver newspaper, the 
first section of 94 miles is nearing completion, and that 
another section of 10 miles will, it is stated, be under 
contract thisspring. Mr. Grigg adds that a company has 
seen. been incorporated, under the name of the British 
Columbia Central Railway Company, with power to con- 
struct a line from Lillooet to Fort George, a distance of 
about 230 miles. The Imperial Trade Correspondent at 
Toronto (Mr. F. W. Field) reports that the Algoma Cen- 
tral and Hudson Bay Railway Company invite tenders for 
clearing, grading, and bridge soak 4 a section of line 
about 31 miles long between Hog Lake Junction and 
Hobon. ‘Tenders will be received up to noon on April 15, 
by Mr. C. N. Cobourn, Chief Engineer, Algoma Central 
and Hudson Bay Railway, Sault Ste: Marie, Ontario. A 
copy of the specification may be seen by British contractors 
at the Commercial Intelligence Branch of the Board of 
Trade, 73, Basinghall-street, London, E.C. A few forms 
of tender have been received. The Imperial Trade Corre- 
spondent at Toronto also reports that a contract has been 
given to the Canadian Stewart Company for the con- 
struction of a large dry dock at Port Arthur, Ontario, 
which is estimated to cost 1,000,000 dols. (about 225,0002.). 

Egypt; H.M. Consul at Cairo (Mr. A. D. Alban) re- 
ports that tenders are invited by the Egyptian Ministry 
of Public Works for the supply and installation of a com- 
pressed-air system for raising sewage, comprising sewage- 
ejectors, ventilating arrangements, sealed “a ° and 
alr-mains, and air-compressing installation. ‘enders 
marked ‘‘ Tender for Contract XI., Cairo Main rere 
will be received by His Excellency the Minister of Public 
Works of the Egyptian Government, Cairo, up to noon 
on June 16. A deposit equal to 5 per cent. of the esti- 
mated total value of the contract will be required to 
qualify any tender. The competition is limited to firms 
who, or whose ap song in business, have carried out 
works of a similar class, of the aggregate value of not less 
than E.100,000/. (102,600/.), during the last ten years. 
It is to be noted that legal domicile in Cairo is necessary. 
For conditions under which legal domicile may be obtained 
by British firms at the British Consulate at Cairo, see 
Board of Trade Journal, March 4, 1909, page 408. 

Mexico; The Mexican Herald of March 3 states that a 
tinal survey is being made in connection with a railway to 
be constructed from Cieneguita to Sonora, a distance of 
200 kilometres (about 124 miles), toserve the copper mines 
in the latter district. The Herald of March 4 states that 
a line, 750 kilometres (about 466 miles) long: is projected 
from Santa Lucretia, on the Tehuantepec National Rail- 
y, to Campeche. Some ten or twelve rivers will have 
to be crossed. A Government subsidy of 12,500 pesos per 
 peaeed (about 2050. per mile) has been granted for this 
ine. 

Brazil; The Diario Official of March1 publishes a notice 
inviting tenders for the construction of a section of the 
Oeste de Minas Railway—viz., between Henrique Galviio 
and the 45th kilometre of the Goyaz Railway. To qualify 
tenders contractors must deposit with the National 
Treasury a sum of 5000 milreis (about 313/.), which 
amount must be increased by the successful tenderer to 
20,000 milreis (about 1250/.). Tenders, which will be opened 
at mid-day on May 21, should be addressed to the Direo- 
toria Geral de Obras e Viacio, Ministerio da Viacio e 
Obras Publicas, Rio de Janeiro. Work must be com- 
menced within two months after the assignment of the 
eet, and completed within eighteen months there- 
after. 

Venezuela: The Gaceta Oficial of February 19 contains 
a decree authorising an expenditure of 91,000 bolivars 
(about 3640/.) in the rebuilding of wharves and in effecting 
repairs to the Customs house at Puerto Cabello. The 
work will carried out under the direction of Dr. 
Arcay, Administrador de la Aduana, Puerto Cabello. 

Italy : The Bulletin Commercial (Brussels) of March 26 
notifies that the official Commission, nominated by the 
Minister of Public Works to investigate and consider the 
question of lighting around the Italian coast, has pre- 
sented its report. The construction of 169 new lights 
and lighthouses, and alterations and improvements to 
many of the existing apparatus, is recommended. It is 
estimated that the whole of the work recommended would 
cost 8,000,000 lire (320,0002.).— According to the Bollettino 
Finanze, Ferrovie (Rome), of March 20, the Italian State 
Railways Administration invite t2ndersfor theconstruction 
of (1) a section of the Sciacca-Ribera-Bivio-Greci-Porto 
Empedocle Railway—viz., from Montallegro to Siculiana ; 
and (2) a section of the Assoro-Vualguarnera Piazza- 
Armerina Railway—viz., from Vualguarnera to Grotta- 
calda. In the case of (1) the upset price is put at 
1,330,000 lire (53,2007. ), and to qualify any tender a deposit 
of 50,000 lire (2000/.) will be required, to be inc by 
the successful tenderer to 10 per cent. of the upset price ; 
in the case of (2) the upset price is put at 1,407, lire 
(56,2802.), and the deposits at 50,000 lire (2000/.) and 
140,000 lire (56002.) respectively. Tenders, which will be 
opened on April 22 in respect of both contracts, should 
be addressed to the Direzione Generale delle Ferrovie 
dello Stato, Via Ludovisi, Rome. Although it is prob- 
able that the above contracts will be a ed to Italian 
firms, nevertheless the carrying out of the work may 
involve the purchase of some materials out of Italy. 


a notice 22 tame penne for the carrying out of works 
for improving the port of Cesures, Province of Ponte- 
vedra. The upset —_ is put at 248,000 pesetas (about 
9200/.), a deposit of 5 per cent. of which amount will be 
required to qualify any tender. Tenders will be admitted 
a to 5 p.m. on April 18, at the Direccién General de 
Obras Piblicas, Ministerio de Fomento, Madrid, or at 
the offices of any of the Civil Governments of the Penin- 
sula. Local representation is necessary. The Gaceta, of 
March 24, publishes a notice inviting tenders for a con- 
cession for the construction and working of a steam 
tramway from the railway station at Peflarroya to the 
Valdeinfierno mines, via Fuentesvejuna. A deposit of 
7931 pesetas (about 300/.) will be required to qualify any 
tender. Tenders, which will be opened at noon on 
May 27, should be addressed to the Direccién General 
de Obras Piblicas, Ministerio de Fomento, Madrid. 
Local representation is necessary. An application re- 


rights in the competition. 
Russia: With reference to the notice on page 610 of the 
Board of Trade Journal of December 30 relative to pro- 
2d loans for public works at Moscow, H.M. Consul at 
that city (Mr. i M. Grove) reports that the Moscow 
Town Council are preparing the conditions for a loan of 


ublic works, including the following :—10,500,000 roubles 
Chess 1,108,000/.) for tramway construction, 2,470,000 
roubles (about 261,000/.) for drainage and canalisation 
works, 4,000,000 roubles (about 422,000/.) for the recon- 
struction of the municipal gas works, 1,650,000 roubles 
(about 174,000/.) for the extension of the municipal 
slaughter-houses. [It should be noted that, according to 
a reeent Government circular, municipal public works 
performed by means of loans must be carried out, save in 
very exceptional cases, by means of home industry (see 
Board of Trade Journal of March 10, page 503). | 

France: The Handelsmuseum (Vienna) of March 17 
reports, on the authority of the Austro- Hungarian 
Chamber of Commerce in Paris, that in consequence of 
the increase in heavy traffic on the French railways, it is 
found necessary to procure heavier locomotives and 
heavier coaches and wagons. The result of this is that 
the tracks have constantly to be equipped with heavier 
permanent-way material, and many bridges have either 
to be strengthened or entirely rebuilt. It appears, 
according to the same report, that the French iron and 
steel works will have abundant orders on hand for the 
next year or two, and that a considerable amount of 
rolling-stock will have to be obtained out of France. 

Austria-Hungary: With reference to the notice‘on 
page 114 of the Board of Trade Journal of January 20 
relative to proposed water supply and sewage works at a 
number of Hungarian towns, HM. Consul-General at 
Budapest (Mr. Esme Howard, C.V.O., C.M.G.) reports 
that at Székesfehérvar a contract has been allotted for 
boring deep wells at a cost of about 3,000/., and that 
schemes for further works are awaiting approval by the 
central Government. At Temesvdr contracts have been 
made for sewage aud water power works; water supply 
works also are to be begun this year. At Eger a contract 
has been e for boring for water ; one has yet to be 
made for water supply works. The projects for the other 
towns are still under consideration. 








Repeat Work IN MARINE ENGINEERING.—An interes- 
ting return has just been issued by Messrs. Richardsons, 
Westgarth, and Co., Limited, of Scotia Engine Works, 
Sunderland, which shows the extent to which repeat 
work is adopted in the construction of propelling machi- 
nery for merchant ships built by them. The feature 
seems to be the type of engine constructed for vessels 
with a dead-weight carrying capacity of 6300 to 7300 tons. 
Within twelve years the firm have manufactured thirty- 
six sets of machinery for the former and thirty-nine sets 
for the latter. In the case of the 6300-ton ship, the 
machinery is built for a working pressure of 160 1b., and 
the cylinders are of 25 in., 41 in., and 67 in. in diameter, 
with a stroke of 45in. In the vessels of 7300 tons the 
working pressure is 180 lb., the diameter of the cylinders 
yr | respectively 25 in., 41 in., and 69 in., with a stroke 
of in. Even in vessels of a slightly different tonnage 
there is an effort to standardise, an i 
bered that patterns and drawings can be used to a very 
large extent for the same work, it will be realised that a 
large measure of economy is attained. 





Exectric Steet AND Iron Furnaces.—Our contem- 
porary, Stahl und Eisen, has compiled a table of the 
electric steel furnaces which actually serve for steel and 
iron manufacture. The furnaces are distinguished as 
arc furnaces, induction furnaces, and combined furnaces ; 
but it is acknowledged that it is not always easy to 


summary we find 35 induction furnaces (of which 10 are 
under construction and 4 not 


bined furnaces. As regards the type, there are (includi 
in every instance furnaces under construction or disu: i 
5 mg et furnaces, 4 of the A. G. Elektrometall, 1 of the 
Soc. Anon. de Firminy, 1 of Frick, 14 of Kjellin, 2 of 
Kjellin-Colby, 15 of Réchling-Rodenhauser, 17 of Girod, 
3 Ret t, lof Hickmann, 1 of Hjorth, 6 of Keller, 

of the Fo 


total of 114, comprisi 
struction. The units 








liquid. 


24,000,000 roubles (about 2,533,000/.) to be expended on | 


when it is remem- | 


Spain : The Gaceta de Madrid of March 22 publishes | 


specting this concession has already been lodged by the | 
Seville Collieries, Limited, who have certain preferential | Co., Limited, Hamilton Iron Works, Garston, 


and many other structures. Lewis’s hot- 





CATALOGUES, 


Natural Rock Asphalt.—Messrs. John Dickinson and 
Co., (Bolton), Limited, Bark-street, Bolton, have issued 
|a booklet containing notes on natural rock asphalt. The 
booklet deals with the origin, composition, and pro. 
| perties of the substance, and also mentions some of its 
wey possible applications in building and engineering 
| work. 


Davy Motor-Car.—We have received from Davy Engi- 
| neering, Limited, Blake-street, Hulme, Manchester, a 
| catalogue describing and illustrating the Davy motor-car, 
This car is fitted with a four-cylinder 15-20 horse-power 
| Hewitt engine with piston-valves. The body is of a new 
design, known as the ‘‘ Canadian canoe,” which, as its 
name implies, somewhat resembles a boat in shape. The 
| advantages claimed for this body are that it is roomy, has 
a good appearance, and is very easily kept clean. 


Structural Steel-Work.—Messrs. Francis Morton and 
[ Tr k Liverpool, 
| have sent us a circular giving particulars of contracts for 
| structural steel-work executed by them. A number of 
| examples are illustrated, and these include railway and 
ather bridges, car-shed roofs, mc pry large sheds, 

last valves for 
blast-furnaces are also illustrated in the circular, Messrs. 
Morton being the sole makers of these valves. 


_Hand-Drili for Prospectors.—A booklet describing and 
giving instructions for working the ‘‘ Banka” hand-dril] 
or prospecting has reached us from Werf Conrad, 
Limited, of Haarlem, whose London address is Friars’ 
House, 39-41, New Broad-street, E.C. The drill is made 
in two sizes for 4-in. and 6-in. holes, and the regular 
equipments are suitable for drilling to a depth of 35 ft. 
in any material except hard rock. The apparatus is 
arranged to be easily transported, no part exceeding 
60 Ib. in weight. 


Centrifugal Pumps.— Messrs. Balcke and Co., Limited, 
27, Clement’s-lane, E.C., have issued a catalogue of 


centrifugal pumps. Prices and particulars are given of 
low and high-speed pumps with capacities up to 2460 
and 2530 gallons per minute respectively for heads up 


to 82 ft. Small single and multi-stage turbine pumps 
are also dealt with. The former are suitable for heads 
up to 98 ft., and have age ogy ranging from 64 to 110 
gallons per minute, while the latter, A heads up to 
132 ft., have capacities from 8.9 to 60 gallons per minute. 


Dynamos and Motors.—Price-lists of electric motors 
and dynamos have been received from Messrs. Wright 
and Wood, Limited, Century Works, Halifax. Particulars 
are given of continuous-current dynamos with capacities 
up to 75 kilowatts and motors up to 100 horse-power. 

wo and three-phase induction motors up to 100 horse- 
power and polishing and buffing motors for continuous 
or alternating current are also dealt with. A separate 
leaflet states prices of electric boot-polishing machines 
for continuous current, or single, two, and three-phase 
alternating current. 


“Climax” Water-Tube Boilers.—A booklet relating to 
these boilers has come to hand from the manufacturers, 
Messrs. B. R. Rowland and Co., Limited, Climax Works, 
Reddish, near Manchester. The design is fully described 
and illustrated by reproductions from photographs, which 
show the boilers in course of erection and completed. 
The results of tests, from which a thermal efficiency of 
79.3 per cent. has been deduced, are also included. The 
booklet gives the leading dimensions of boilers for evapor- 
ating 1500 Ib. to 30,000 Ib. of water per hour, and concludes 
with a few pages of useful data. 


Electrical Fuses.—We have received from Messrs. 
Siemens Brothers Dynamo Works, Limited, Caxton 
House, Westminster, 8.W., a pamphlet and _price-list 
describing and illustrating the ‘‘ Zed” cartridge-fuses. 
Some of the special points claimed for these fuses are 
that all live parts are enclosed in porcelain, cartridges 
of too great a capacity cannot be used by accident, and a 
blown fuse can detected at a glance and very easily 
replaced. The fuses are made with capacities from 2 to 
60 amperes for pressures up to 500 volts, each capacity 
being distinguished by a different coloured cartridge. 
The price-list gives particulars of single fuses, iron or 
wood-cased distribution boards, and also iron-clad knife- 
switches with fuses 


Wire Ropeways, Telphers, dc.—A catalogue dealing 
with wire ropeways has reached us from Messrs. Ad. 
Bleichert and Co., 99 and 100, Palmerston House, Bishops- 

te-street Within, E.C. The catalogue describes the 

ouble-rope and single-rope systems, and illustrates a 
number of installations, of both types, for handling all 
kinds of materials. Suspension ames are also illus- 


| trated and described. These railways are operated by 


decide to which group a furnace belongs. The table states | 
the firm, power, system, and a few particulars. In the | 


furnaces (26 under construction, 7 not used), and 2 com- | wire; an electric winch can be 





et Aciéries de Montlucon, 2 of Nathusius, | 

1 of Schneider, 1 of Scott Anderson, 13 of Stassano—a from Messrs. Ganz 

ising 11 out of use and 36 under con- | a pearing on page 

ave much increased in capacity ;| the firm’s address y } 

America has gone up to15 tons. The charge is frequently | The circular described a sawdust briquetting-press on the 
| Arnold system. 


hand, a bucket suspended from a joist or other rolled 
steel section being pushed along by a workman, A seput- 
rate catalogue, which has also come to hand, is devoted 
to Bleichert automatic telphers. These consist of a car 
suspended from a joist, along which it is propelled by an 


at present), 77 arc | electric motor which picks up its current from a trolley- 


rovided for lifting the 
load if required. The catalogue illustrates a large number 
of these telpher lines used for loading and unloading ships, 
coal-handling, furnace-charging, and many other pur- 
poses. 





ErratuM.—We regret that in the reference to a circular 
and Co., of Ratibor, Upper Silesia, 
262 of our issue of February 25 last, 
was erroneously given as Ratisbon. 
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FOUNDRY PLANT AND MACHINERY. when working in ordinary foundries about 2 ewt. 
P No. VII of coke is consumed per ton of iron, including the 
: j | bed charge. In more favourable conditions the 

By Josern Horner. quantity is often less. The sectional plan, Fig. 70, 


Fics. 65 to 67 illustrate a hooded cupola by the | shows various shapes of linings. In order to avoid 
Badische Maschinenfabrik, of Durlach, which | the results of strains due to the effects of tempera- 
includes a pipe through which the sparks are dis-| ture on the shell and the linings, a space of from 
charged downwards from the chamber. The upper|1 in. to 2 in. is filled with a grouting formed of 

rtion of the cone is lined with bricks. he | broken firebrick or dry ground cinders. The fire- 





arrangement is shown as for two cupolas discharg- | bricks shown in plan are the arrangements suitable 
ing into one chamber, the position of the right- | for cupolas of different sizes and requiring different 


Fig.65 S| i 
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hand cupola being indicated in Figs. 66 and 67. Fég .67. 
These cupolas are built with and without receivers 
or forehearths. The view shows one with a re- 
ceiver, to which two slagging shoots, seen in Figs. 
65 and 66, are fitted. Drop-bottom doors are 
employed, and an air belt with two rows of tuyeres. 
The Whiting cupola, Fig. 68, is one of the most 
popular of American designs. It embodies the 
air belt with double rows of tuyeres, and the drop- 
bottom, together with sundry other features of 
value. The shell is built of plate in the usual 
way, with shelves to support the linings, and is 
supported on spreading cast-iron legs on brickwork, 
giving space for the drop-bottom. The chief 
interest lies in the tuyeres. ‘lhe upper and lower 
rows are supplied from an annular wind-box. 
Those in the upper row can be closed by dampers 
when they are not wanted, since they are of most 
value for rapid melting and large heats. Six 
tuyeres, arranged equidistantly in each row, are 
set in alternate vertical positions. They are flaring, 
being extended in the horizontal direction (Fig. 69), 
until, where they open into the cupola, the area of 
opening ix nearly double that of the entry in the 
belt. The result is that the blast is softened when 
it passes ainongst the fuel. 
—" position of the upper row of tuyeres is fixed. 
- e lower row can be set at varying heights. One 
: them is also furnished with a safety spout, sloping 
own to the wind-chest, so that if the metal rises 
too high it will run out, and melt a disc of sheet- 
a im airap in the bottom of the wind-chest. The 
panes are of a doubly tapered form, extending} ‘ 
perizontal y in plan at the front and vertically| *** } 
ind. Mica sight-holes are fitted in the wind- — 
chest opposite the tuyeres. 
e melting ratio of these cupolas, of course, 
S with conditions, as in many others, But 
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Fics. 65 To 67. CuroLta with Hoop anp Spark- 
DiscHaRGE Prive; Bapiscue MAsciinENFABRIK, 
DuRLACH. 
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thicknesses of lining. Fof these, linings and blocks 
of various shapes and qualities are supplied, each 
with the firm’s trade names. For daubing the 
interior mica-schist is strongly recommended as 
being far superior to firebrick. It is put on asa 
layer about 2 in. thick. Ganister is also supplied 
for re-lining. 

The Collian cupola, made by Byram and Co., 
Incorporated, of Detroit, shown by several views, 
is an interesting study. It has a straight shaft, 
Fig. 71, but the internal diameter is enlarged above 
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Fics. 68 tro 70. Tae Waitrxe Curota ; WHITING 
Founpry Equrement Co., Harvey, Iu1., U.S.A. 


the charging-door, Figs. 72,73, and 74. The bricks 
above are fitted directly against the shell; those 
below, where the most intense heat occurs, are 
backed with a good thickness of sand. The air 
belt comes down to the base and is self-contained, 
being made independently of the shell, with its own 
bottom plate. The plate is supported on four legs 
standing on a concrete or masonry foundation, and 
is in four pieces, jointed over each leg to permit of 
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expansion and contraction The legs are curved out- 
wards to allow the drop-bottom doors to clear, and 
are tied at the bottom with bolts, Figs. 76 and 77. 
The blast is brought into the top of the air belt 
through a breeches pipe, as seen in Figs. 78 and 79. 
Thence . it passes through six lower and six 
upper tuyeres of flaring type, Fig. 75, which slope 






Fig.: 























slope of the tuyeres lessens risk of melted metal | cast-iron base-ring carried on curved columns, be- 


getting into the wind-chest, the metal tending to| tween which the drop-doors fall. 
run back into the cupola. But a low safety tuyere 
and a soft-metal trap are fitted, as in many other 


The furnace. 
shell is bolted to the outside of the ring, and the 
dened I air-chamber plate to the inside. The 


designs (Figs. 81 and 82). The upper tuyeres can | tuyeres are of the enlarging rectangular type, which 
opened and closed by turning a crank. The|are almost universally adopted in cupolas of 
lower tuyeres, which are of the enlarging type, are | American design. Two rows are fitted, the upper 


Fig. 78. 
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downwards, Figs. 72 and 80, to direct the blast in 
that way and delay its escape upwards, after the 
fashion adopted in many cupolas, so favouring 
combustion. To a slight extent the downward 
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Fias. 71 To 82. 


stiffened by a mid-rib. Opposite each tuyere is a 
sliding air-gate with a peep-hole, and in a bevelled 
top there is furnished a brass nipple to connect the 
hose from the blast-meter into the air-chamber. 
Fig. 83 shows a roof-hood, and Fig. 84 a spark- 
arrester fitted to these cupolas. 

The principal features of the cupolas built by 
the Calumet Engineering Works, of Harvey, IIli- 
nois, are the following :—Fig. 85. The air-chamber 
is enclosed by the shell, instead of being located 
as an extraneous belt. This entails a thickening 
of the lining there and above it, whence it tapers 
off in conical form to the shaft above. he 
thickening has the advantage of giving increased 
thickness at the melting zone, just where the 
burning of the shell is most rapid. The conical 
form also affords increased stability. The design 
— of ready examination of the cupola at the 
bottom where rust is liable to occur, and of the 
removal of the inside plate of the air-chamber 
when burned out. The cupola rests upon a heavy 
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THe Cotttan Cupota; Byram anp Co., Inc., Detrort, U.S.A. 


row being provided with dampers for closing them. 
A safety tuyere is provided near the slag spout to 
permit of the escape of metal which might overflow 
by accident. The air-belt is provided with doors 
for cleaning out, and the usual peep-hole opposite 
each tuyere. The shaft is built of telescopic tubes 
with joints facing downwards, and with internal 
| angle-iron supports for inserting the lining in sec- 
‘tions. Hoods and spark-arresters are fitted when 
required. 

The Newten cupola, Fig. 86, built by the 
Northern Engineering Works of Detroit, has 4 


unique arrangement of tuyeres, constructed on what 
is termed the differential system (Fig. 57). This 
relates to the lower of the two rows, in which each 


of the tuyeres has two ribs, occupying a mididle area, 
and placed divergently. The effect is to contract the 
central part of the blast, and so coerce it towards 
the centre of the cupola. The volume on each side 
is softened by diffusion, and turns to right and left. 

The blast enters the air belt through one inlet 
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only, passing to right and left. Cleaning-doors 
and peep-holes are fitted, and the upper row of 
tuyeres has dampers. 

The Crandall By se (Fig. 88), by the Detroit 
Foundry Supply Company, is one of the more 
recent designs. Its principal feature is that the 
outside plates of the air belt are flush with the out- 
side of the shell. As the body of the air belt thus 
occupies space usually filled by the brick lining, the 
latter is thrown inwards towards the centre, form- 


Fig.85: 








Fic. 85. Tar Carumer Curonra; Catumet Enct- 
NEERING Works, Harvey, Itt., U.S.A. 


Inga bosh. Several advantages are claimed for 
this design over the ordinary ones. 

First, the tuyeres are nearer to the centre than 
they are in the ordinary construction, ensuring 
better combustion, possessing, therefore, the ad- 
vantage of the centre-blast cupola without the in- 
convenience of that design. The area required for 
the bed charge is also lessened by about one-third. 
There should be less danger of the chilling of the 
slag in front of the tuyeres by contact with the cold 


up, a feature which is embodied for the same reason 
in several cupolas. 

The Herbertz, a German cupola, stands as a 
unique invention, for it reqwires no blower. A 
steam jet is employed to draw by its exhaustion the 
air blast into the cupola,. which air enters through 
an annular opening between the shaft above and 








air of the blast, because the slag clears the tuyeres 
by reason of the slope of the bosh. A slight enlarge- 
ment viven from the charging-door down to the 


| 
! 





the hearth below. The smoke and gases are dis- 
charged from near the top into a pipe which takes 











Fics. 86 anp 87. Toe NewrTen Cuvorta; Tae 
NorrHEerRN Encrneerine Works, Derrorrt, U.S.A. 


them through a subterranean org to a chimney, 
so that there is never any trouble due to discharge 


melting zone prevents risk of the charge hanging | 


to the large annular area of the entry, and soft 
iron is produced, and the melting ratios are very 
low. 

As the shaft and hearth are distinct, the latter is 
mounted on wheels. It is run out and exposed 
when the bed has to be re-made before each cast. 
It can also be raised and lowered to vary the width 
of opening. In Woodward’s cupola the blast was 
induced by a jet of steam issuing into the chimney 
through a blast-nozzle. Some of these cupolas were 








Lr 





Fig 8. 








I 


























16 38. 


Fic. 88. Tae Cranpatt Curoia ; Tae Detroit 
Founpry Supriy Co., Detroit, U.S.A. 


in use many years ago, but they seem to have been 
given up, since the amount of steam required for 
the jet would equally well drive an engine and fan. 

A cupola which has a good record is the Greiner 
and Erpf. There are a number of these in opera- 
tion in Great Britain, and a much larger number 
on the Continent. Its essential feature is that 
while the main air supply enters through tuyeres 
in a wind-chest, supplementary air supplies enter 
at various heights above the chest to distribute 
oxygen in small quantities to the CO as formed, 
and aid the combustion. The tuyeres through 
which the pipes discharge into the cupola are 
arranged ceheal. around it. They derive their supply 
from the wind-chest, standing above it and being 
connected thereto with a pipe encircling the cupola. 
The supply of air to the pipes can be regulated, 
or cut off from the wind-chest by means of two 
cocks. 

Figs, 89 to 91, page 468, illustrate one of the 
cupolas in use in the foundry of Messrs. H. Bol- 
linckx, of Brussels. It measures 750 millimetres 
( in.) in diameter at the melting zone, and 1120 
millimetres (44 in.) above. The design and construc- 
tion is clearly shown in the three views. An air belt 
encloses three rows of tuyeres, three in each row, 
arranged with the openings in spiral fashion. A 
receiver is fitted, being built up of plates or buck- 
staves tied together with bolts, and having peep and 
slag-holes and tapping-spout. The latter is remov- 





of flame, sparks, or ashes, The blast is soft, due 





able bodily, being fitted as part of a door, sand-lined 
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and hinged, as seen in Figs. 90 and 91. The peep- 
hole is fitted in a separate door above. 

The furnace is of drop-bottom type, but the bottom 
has a projection going up into the furnace which 
prevents the door from warping, by the intervention 
of the air-chamber, and which also lessens the 
depth of sand-bed required. The sloping of the 
sand-beds in the cupola and receiver is seen, the 
location of the slagging door, and the arrangements 
of the brick linings. 


LITERATURE. 


——_¢—— 
Jahrbuch der Schiff bautechnischen Gesellschaft. Vol. XI. 

Berlin: Julius Springer. [Price 40 marks. ] 

THe eleventh volume of the ‘‘Jahrbuch der 
Schiffbautechnischen Gesellschaft,” a large-octavo 
book of nearly nine hundred pages, as elegantly 
got up and as profusely illustrated as its prede- 
cessors, contains the proceedings of the eleventh 
annual meeting, held in Charlottenburg on Novem- 
ber 18, 19, and 20, 1909, under the presidency of 
the Honorary President of the Society, the Grand 
Duke Friedrich August of Oldenburg. In May, 
1909, the Society celebrated its tenth anniver- 
sary. The Society had been founded in 1899, 
with 432 inaugural members on the rolls, and the 
membership had risen to 1556; that number is 
not likely to increase much, since the popularity 
of the institution has attracted all interested in 
German shipbuilding. Grave losses had to be 
recorded, on the other hand. Among those whom 
death had called away during the year were 
Friedrich Meyer, who was responsible for the 
construction, by the ‘‘ Vulkan,” of the Kaiser 
Wilhelm II., the Kronprinzessin Cecilie, and the 
George Washington ; Dr. Francis Elgar ; Rudolph 
Haack (whose pho ph faces the title-page); 
Gustav Selve, and Heinrich Wiegand, the Director- 
General of the Norddeutsche-Lloyd—all men con- 
cerning whom we have published obituary notices. 

Having, in its business meeting, resolved not to 
hold any summer meeting this year, the Society pro- 
ceeded to the discussion of papers. Two of these— 
‘*The Uni-Directional-Flow Engine,” by Professor 
J. Stumpf, of Charlottenburg, and ‘‘ A New Solu- 
tion of the Marine-Turbine Problem,” by Mr. H. 
Fottinger, of Stettin—have already been dealt with, 
or will be noticed at length, in our columns. We 
will hence confine ourselves to a few remarks on the 
discussions of these papers. Mr. Missong, of Frank- 
fort-on-the-Main, and Mr. G. Henkel, of Cassel, 
raised priority questions as to the uni-directional- 
flow engine—which in England has been known 
since 1886 as the mid-cylinder exhaust-engine of 
L. J. Todd—Mr. Missong for himself and Mr. 
Henkel for Griibner and for Wilhelm Schmidt, of 
superheater fame. Mr. Cornehls, of Hamburg, 
questioned the applicability of the Stumpf con- 
struction to marine engines, which might, after 
periods of rest enforced by fog, e.g., have to 
start again with a very bad vacuum. Mr. Max 
Schmidt, of Hirschberg, stood up for the multiple- 
expansion engine, which Professor Stumpf hopes 
to replace. Professor Stumpf, in reply, rejected 
the priority claims, because none of the novelties 
mentioned had survived, and answered the various 
criticisms, also as regards the comparative locomo- 
tive runs, as to which we shall have more to say 
later. 

Mr. Foéttinger had to meet critical comments by 
Mr. Siitterlin, of Hamburg, and by Mr. Wimplinger, 
of Kiel, who feared the complications which the 
adoption of the Féttinger transformer would intro- 
duce. The Westinghouse reduction gearing, Mr. 
Fottinger pointed out, had only been applied in 
the case of 300-horse-power engines, and it would 
hardly be possible to secure smooth running with 
unequally heated wheels in an engine of 16,000 
horse-power, such as the ‘‘ Vulcan” was now con- 
structing on his plan. 





As regards corrosion of his 
transformer, the local corrosion of water-turbines 
was due to the almost sudden liberation of the 
oxygen dissolved in water, in partial vacua ; but 
there were no vacua in his transformer, whose water 
remained in continuous circulation, and he had 
certainly, in two years’ practice, not observed any 
corrosion. 

Two other papers, one by Mr. C. Michenfelder, 
of Diisseldorf, on ‘‘ Heavy Wharf Cranes for Ship- 
building,” and the other by Professor F. Romberg, 
of Charlottenburg, on ‘Marine Gas-Engines,” 
constitute painstaking and valuable compilations. 
All the wharf cranes mentioned by Mr. Michen- 
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felder are of German construction ; most of them 
are fitted with electric power, and many have 
figured in our columns. Professor Romberg’s 
paper covers 250 pages, and was appropriately 
called a ‘‘ work ” by the Grand Duke of Oldenburg ; 
yet some speakers complained that he had omitted 
motors for flying-machines. Another long paper, by 
Mr. L. Giimbel, of Bremen, dealt with the ‘‘ Orga- 
nisation of Large Factories with special regard to 
the Requirements of Shipbuilding Yards ;” the. cost 
items and their calculation were among the par- 
ticular points upon which he dwelt. 

The remaining two papers and an original con- 
tribution, also printed in the volume, concern 
theoretical soctlenh, steering, and propellers. 
The first of these papers, by Mr. Tjard Schwarz, 
of Kiel, ‘*On the Tacentition of Rudder Mo- 
ments and of Turning Circles,” dealt with researches 
which the late H. Wellenkamp started at Kiel 
six years ago, and which have been continued by 
Mr. W. Scholz, at present in Hamburg, and Mr. 
Schéneich ; the latter is now in charge of the 





experiments in the Imperial Dockyard at Kiel. 
Formule for the water pressure on the rudder, Mr. 
Schwarz explained, had been given by Euler, later 
by Rankine and by Weisbach ; and the position of 
the centre of the pressure had mathematically 
been investigated by Lord Rayleigh and exper!- 
mentally by Joéssel. Joéssel’s coefticients had 
been questioned, and the formule of Rankine 
(modified by Middendorf) and Weisbach did not 
cover the important case, when the helm was thrown 
right over and held fast in order to bring the ship 
back to its original course. Having acknowledged 
the experiments made in 1903 by Priitorius, of 
Stettin—who had, however, presumed that the 
centre of pressure coincided with the mass centre 
of the sales, one of the most difficult points of 
the problem— Mr. Schwarz described the apparatus 
which had been used at Kiel, and which had 
several times been modified by Wellenkamp !im- 
self, and subsequently. The apparatus compr's 

a dynamometer to record the rudder moments, and 
a gyroscope and other parts to record the path 
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and oscillations of the ship. The forces acting 
upon the rudder were at first determined by measur- 
ing the stresses in one of the rotating rods of the 
steering-gear. Wellenkamp afterwards measured 
the bending of the bolt of the rod, his bolt resting 
in a forked bearing, and being provided with a 
central bore, in which a silver style was placed. 

The ship’s course was traced with the aid of a 
log-line, made up of doubly-conical pieces of wood 
and iron. The two gyroscopes originally used for 
indicating the oscillations of the ship were finally 
replaced by a photographic apparatus of the Huet 
type, on which the horizon was marked, at intervals 
of 5 seconds on a film, in short lines which united 
to a wave-curve. Theapparatus did not, however, 
give satisfaction on high-speed torpedo-boats ; but 
it could in a few hours be mounted on any ship, 
and thus the steering properties of a vessel could, 
in many cases, easily be determined during the trial 
runs, for instance. We may mention some of the 
chief results obtained. The path of the centre of 
gravity of a ship which is being brought back to 
a course has the shape of an § ; the rudder moments 
undergo rapid changes when the helm passes through 
vero, and may, especially during its motion 
through the first 15 or 20 degrees, be three times as 
large as the moments during the circular course ; 
the speed of the vessel is not materially altered 
while the rudder is being thrown over, but the 
heeling over becomes more marked. In discussing 
the paper Mr. Priitorius doubted that the bending 
of the Dolt, through 1 millimetre in extreme cases, 
would give sufficiently reliable data for determining 
the rudder moments ; and Admiral von Eickstedt 
inquired about the forces which tended to break the 
rudder acting upon it as on a vertical lever. This 
point, Mr. Schwarz explained, was also being 
studied. 

In the next paper, ‘‘ New Propeller Experi- 
ments,” Dr.-Ing. F. Gebers, of Berlin, described 
some experiments which he had been per es | 
with similar propeller models in the experimenta 
tank of the Schiffswerft Uebigau, near Dresden—a 
State-supported establishment—with the aid of a 
grant from the Jubilee Foundation of German 
Industry, but which he was, unfortunately, unable 
to complete. This announcement was received 
with general regret. For though the results so far 
obtained only refer to the freely-rotating pro- 
peller—that is to say, to a propeller which is not 
mounted in the stern of a ship—and are therefore 
not of direct practical value to the naval architect, 
they are certainly of very high interest. Aware of 
the prejudice of sailors against small-scale labora- 
tory experiments, Dr. Gebers first tested the re- 
liability of the law of similitude. 

Taylor had himself not entirely been satisfied with 
the results of his experiments on the validity of 
this law. Dr. Gebers used four exactly similar 
propellers, the largest 300 millimetres in dia- 
meter, the dimensions of the others being half, 
one-third, and one-quarter those of the large pro- 
peller; the propellers were three-blade screws, 
such as are used for steam-turbine propulsion. 
They were mounted on a shaft which was held 
by a pendulum frame, suspended by a spiral 
spring. The shaft was driven by an electric motor, 
through bevel gearing, a vertical shaft containing 
two universal joints, and a torsion dynamometer, 
the spring of which was joined either to the shaft, 
or, through a loose pinion, to the electric motor. 
The one vertical arm of the frame was a lever, 
playing above between two stops, forming the 
forked extremity of the pointer of a loaded beam, 
which took up part of the forward or backward 
thrust of the propeller. The fork also acted as 
relay for an electric motor which turned in the 
one or the other direction until a spiral spring, 
twisted by the motor, completely balanced the 
thrust. The motor was wound with two indepen- 
dent field-coil systems, of which only one was in 
circuit at one time. Dr. Gebers ascertained with 
the aid of this apparatus that thrust and turning 
moment did not, for equal theoretical slip, change 
(juite in the same ratio, merely with the square of 
the velocity, as Taylor had su posed. Taylor had 
varied most of the factors, Tot his shafts had 
always been immersed to the same depth. In the 
furt her experiments Dr. Gebers determined the 
velocity and direction of the water currents result- 
ing with this rotating propeller when towed. 
_During the discussion, Professor Flamm, of 
Charlottenburg, weleomed these experiments as 
Supporting his theory that the propeller acts less by 
4direct thrust than by ‘suction. We illustrated 


Professof Flamm’s remarkable experiments last and shearing force. The three chapters on the 
year. Dr.-Ing. A. Proll, of Danzig, found Dr. | ‘‘ Design of Structures” are; cupphed by Mr. 
Gebers’ deductions in agreement with experiments Salmon, and are a sufficient introduction to a large 
which he had himself Soom able to make, in con-| subject. We could have wished that the meteoro- 
junction with Professor Hans Lorenz, atthe Imperial | logical problems connected with roof-building had 
harf at Danzig, with a 70-horse-power boat. The | been treated more <p So much work has been 
experiments been extended for several years. |done at the National Physical Laboratory by Dr. 
The boat had made regular free runs at full velocity, | Stanton on the subject of wind-pressure, on normal 
being fitted with different propellers ; it had then and inclined surfaces, that. one wants to see his 
been made fast with the propeller working for the | results incorporated into text books. The chapters 
direct determination of the thrust at pas tor 0;|on-connecting-rods and gearing are quite satis- 
and it had finally had to pull a heavy coal barge, | factory for an elementary work. The book con- 
a dynamometer being interposed, at a small velo-! cludes with a few chapters on .hydro-mechanics. 
city of propulsion. They had thus gained three Here we think the author has not sufficiently 
measurements for equal propeller speeds at three indicated the character of. the auureeyens that 
velocities of vessel, and in all cases the three thrust | have to be made in:order.that problems may 
points thus determined had been found to lie in a be treated practically. The treatment does not 
straight line. suggest the extent to which it is necessary to rely 
Dr. Prdll is also the author of the ‘‘ Contribu- | on empirical constants in order to bring theory and 
tions to the Theory of the Marine Propeller,” observation into accord. But one has to remember 
which we have already mentioned as comprised in the limitations of the treatise and the necessity of 
the volume. It is an attempt at laying down the | supplementing the = by oral instruction. 
mechanics of the propeller jet, based on the investi- | e book is undoubtedly valuable, expressing as 
ations of H. Lorenz, R. Wagner, Ahlborn, and | it does the matured experience of one engaged in 
lamm, with due regard, of course, to Froude | scientific education, but we think it will prove more 
and Taylor. | useful to -the teacher than the student. It is a 
| most concise collection of. facts, provides ample 


: . s a scope for amplification, and the number of well- 
— eo oe Strength und Mastiotty of seloubed naomaglah will suggest new. avenucs for 
‘aterials, 'y a esign of Structures, Theory of : or ; 
Machines and Hydraulics: A Text-Book for Engincer- | testing efficiency. In a book of this character the 
ing Students. By Davip ALLAN Low. London ; Long- | greatest opportunity for originality‘lies in the con- 
mans, Green, ae Co. [Price 7s. 6d.] re. | Struction of the examples. ns 
In _ work the author has endeavoured to cover vk 
a wide field, and necessarily has had to confine The Dynamical Theor. - "Sound By. Horace Lamp, 
himself to the broad outlines of his subject. His |“ gop. F.R.S., Foden of Mathematica in the Victoria 
aim has been to equip a student who approaches; University of Manchester. London: Edwin Arnold. 
the subject without previous training, and whomay| [Price 12s. 6d. net.) ~ rar i 
be supposed to be ignorant of the meaning of @/ Tux text-books in which we recognise conspicuous 
trigonometrical function, with sufficient material | merit fall into two classes, according to the motive 
for a two years’ course of self-instruction. There| which has predominated in the mind of their 
is no difficulty in providing the material, the diffi-| authors. _ In the first and highest class the writer 
culty is rather for the student to obtain a mastery aims primarily at ‘giving a completely adequate 
over so wide an area and to assimilate the variety account of: his subject, and is Vittle concerned 
of information presented. In order to prevent the | with the needs and equipment of any particular 
possibility of a too superficial acquaintance and too | class of reader. Such books are Clerk Maxwell's 
rapid a passage from subject to subject without | ‘‘ Electricity and Magnetism,” or Lord Rayleigh’s 
acquiring sufticient familiarity with any, the author | ‘‘ Sound.” In the second class the writer is more 
has wisely provided a large number of exercises, | consciously controlled by the requirements and the 
either original or selected from examination papers. | average capacity of the audience he wishes to 
We are inclined to regard these examples as the address, and chooses his subject-matter and his 
most valuable part of the work, constituting a fea-| methods accordingly. It is naturally difficult to 
ture which distinguishes this treatise from some | draw a sharp dividing-line between the two classes. 
others of its class. Problems have a very incon-| Even the author who takes the loftiest view of his 
venient habit of presenting fresh difficulties to | subject cannot afford to entirely ignore the infirmi- 
those contained in the text, and they possess the | ties of his readers. On the other hand, Professor 
valuable property of throwing fresh light on what Lamb’s book must presumably be placed in the 
is imperfectly apprehended. second class, owing to the limitations imposed by its 
As we have intimated, the author begins with | modest compass. But it presents asymmetrical and 
some elementary formulz in trigonometry and the | thorough view of the theory ; and though the path 
calculus, the appearance of which we find some | of the student is made as smooth as it can ho ter a 
difficulty in justifying. Either the student has read | skilful and experienced teacher, it would be diffi- 
this elementary mathematical work or he has not. | cult to detect any sacrifice of principle for the sake 
If he has, he hardly stands in need of this bare | of easy exposition. 
summary; if he has not, such a collection will be of | The present work is the better assured of a hearty 
little use to him. These formulz could very well | welcome, because it fills a gap between the treat- 
be replaced by some mathematical devices which ment of sound as a branch of experimental physics 
shorten calculation and make both analytical inves- | and the great treatise of Lord Rayleigh. The little 
tigations and arithmetical appliances more simple | work on ‘‘ Acoustics,” by the late Professor Donkin, 
and expeditious. The practical teacher is aware of was excellent so far as it went, but it was a mere 
many simplifying eon which can be employed. | fragment. The complete work, as it was projected, 
The next few chapters deal with the elementary | was never finished, and we have only the discussion 
‘eee of dynamics, and no doubt the efficient | of the vibrations of strings and rods. The student 
andling of that subject is attended with a host of | is now provided with an introduction to the com- 
difficulties. The author very wisely has nothing to | plete mathematical theory of the subject. Ina 
do with the metaphysical side of the question. He | proper sense the treatment is elementary, but the 
does not frighten his pupil with subtleties or allow reader is carried generally as far as exploration of 
him to wander from distinctly practical issues. The the field has made practicable, and is even con- 
subject of units offers an area quite wide enough to | fronted at some points with difficulties which have 
supply sufficient niceties of distinction. The author | not yet been overcome. 
considers simply how he is to get a practical result.| In format, Professor Lamb’s book is similar to 
We notice that the word ‘‘poundal” does not | Professor Schuster’s well-known book on ‘‘ Optics,” 
occur in the definitions or in the index. This| published by the same firm. Like the latter, it 
affords some indication of the school to which the | contains a number of historical notes, usually at the 
author belongs. In connection with this subject foot of the page. This is an excellent feature, 
of definitions, one might ask whether it is de- which might with advantage be more generally 
sirable to suppress constant multipliers in physical adopted and extended. The reader is directed to 
equations. Should momentum, for example, Lord Rayleigh’s treatise for further information of 
expressed by Wv or by Wv/g? The author prefers this kind, and it may be right that he should have the 
the latter form in his definitions, but we doubt if stimulus to further study. But there can be little 
the principle is strictly maintained through the doubt that fuller notes would have been welcome 
book under notice. in this case. The value of historical perspective in 
The direction which the engineering portion of science is too little appreciated, and had the author 
the book will take is pretty clearly indicated by the found it possible to include in a final chapter a 
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title. The subject-matter will naturally include brief historical review of his subject, in which the 
the theory of strains and stresses, bending moments, | topics discussed inthe book should fall inte their 
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EXPERIMENTS UPON THE FLOW OF WATER OVER TRIANGULAR NOTCHES. 
(For Description, see 
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proper order, the student’s debt, great as it is, 
would have been incr 
it is only thus that a at pe | mathematical treat- 
ment can be tempered with a humanistic touch. 
Following an introduction dealing with the 
necessary definitions, the first chapter discusses the 
dynamical theory of oscillations. Free oscillations 
with one degree of freedom, forced oscillations, and 
the effect of damping are treated simply and clearly, 
and the results are then extended to multiple 
systems. This forms an introduction to the con- 
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sideration of systems with an infinite number of 
of freedom. The next chapter treats of 
the vibration of a string in an elementary manner. 
This is followed by an account of Fourier’s 
theorem, in which the proof, without being elabo- 
rated to the point of mathematical rigour, is indi- 
cated with sufficient detail for the physical applica- 
tions in view. With.so much preparation the 
student. is ready, after a brief exposition of the 
fundamental notions of elasticity, to follow the 
discussion of the longitudinal and transverse vibra- 
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tions of bars under different end-conditions. An 
admirable chapter on the still more difficult subject 
of membranes, plates, and curved shells, completes 
the examination of the normal modes of vibration 
appropriate to solid bodies. ' 

The sixth chapter begins with an explanation of 
the elastic properties of gases, and treats of plane 
condensational waves. An account is then given 
of the essential parts of hydrodynamics, and this 
makes possible a more general theory of sound- 
waves. In the chapter on diffraction, the author, 
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who has made important contributions to this oa 
of the subject, is careful to point out the difficulties 
and the intuitions which are called in to assist the 
mathematiéal treatment of them. The properties 
of resonators, together with an adequate explana- 
tion of the mode of action of an organ-pipe, fill the 
penultimate chapter, and the book closes with a 
brief but sufficient account of the physiological 
princip‘es of acoustics. The subject is not free 
from :dispute about important points, and a fuller 
discussion is not to be expected in a mathematical 
text-book. An index is provided. 

Professor Lamb has a special gift, which enables 
him to-combine thoroughness with lucidity. in an 
exceptional degree. He has written an attractive 
and valuable book, and it deserves a most cordial 
welcome. 


Formulaire des Centraur. Résumé par ordre Alphabétique 
ies Cours ct Projets de VExole Centrale des Arts et 
Manufactures. Par J. B., Ingénieur des. Arts et 
Manufactures. Troisi¢me Edition. Paris: H. Dunod 
and E. Pinat. [Price 7.50 francs. | 

Tis is one of those little books, with which the 
engineer is very familiar, in which are collected a 
number of formule and tabular matter that serve 
to refresh his memory when some practical refer- 
ence, or numerical coefficient, is needed, and which 
cannot be recalled. The nomenclature and symbols 
employed have been rendered as far as possible 
identical with those used by the professors in the 
Ecole Centrale, so as to make the mathematical 
expressions easily recognised by the students who 
attended the normal courses. The work, however, 
is not confined simply to a collection of formule or 
practical rules for working. Short articles are 
introduced, dealing with construction generally, 
legal matters connected with the drawing of con- 
tracts, and legislative enactments affecting the 
employment of labour. Such a programme suggests, 
perhaps, a a ground than can be adequately 
covered, but the fact that the book has already 
gone rapidly through two editions, and a third 
has .been demanded, silences criticism, and 
shows that it fills a want, thus furnishing a 
more satisfactory testimonial to its value than any 
verbal commendation can offer. The principal 
articles that have been added to, or extended, in 
this edition are those on reinforced concrete (Béton 
armé),- experimental methods, and recent minis- 
terial decisions concerning the use of materials. 
The general information provided in these articles 
might prove of service to those who are interested 
in French contracts, or to foreign workmen em- 
ployed in this country ; but as a rule the English 
engineer would find himself more at home with his 
own excellent hand-books. The very accurate 
knowledge of French technical terms needed is not 
common, and we cansee only one direction in which 
such a collection might usefully supplement English 
works, compiled for similar purposes—that is, if 
it were needed to furnish numerical formule and 
coefticient based on metric measurement. 

The information given concerning the require- 
ments of the French Legislature, the State regula- 
tions to be observed in dangerous trades and occu- 
pations, the conditions for the employment and 
control of labour, and similar prescriptions, which 
approach closely to the stipulations, written or un- 
written, of our trade unions, are interesting from 
a sociological point of view, but anyone likely to 
be engaged in French ‘trade would probably desire 
®& more intimate acquaintance with French Law 
than could be gained from this treatise. The facts 
are, no doubt, accurate so far they go, but 
particular cases generally need the aid of the 
expert. Want of detail is the rock on which most 
of these guides founder. One knows that within a 
limited space much must be omitted, and is afraid 
to venture on partial information. As an example 
of omissions, we may rention that in a table of 
coins used in foreign countries the English sove- 
reign does not appear, Yet if anyone concluded 
from this that the sovereign had become obsolete, 
he would make a grievous mistake. As some com- 
pensation, a whole page is given to our complicated 
system of weights and measures, and though we 
might wish it cou shortened, we should not 
like to say it» was ete. 
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Tux Kaiser Witnetm Canat.—The traffic through 
the Kaiser Wilhelm Canal, which decreased during the 
year 1908, has risen again in the year just concluded— 
1909. The statistics for 1909 are not yet complete, but 
the figures are approximately as follow :— 

re Number of Registered Tons. 

Year. i Net. 

1907 6,423,441 

1908 5,853,114 

1909 Fe 3-2 6,250,000 
In the year 1908, 14,479 of the ships were steamers, total- 
ling 4,586,572 register tons: 15,500 were sailing ships, 
aggregating 592,169 register tons ; and 2597 lighters, &e., 
aggregating 674,373 register tons. The average tonnage 
of the ships attained its maximum in 1907: it was 10/ 

ister tons in 1897, 147.tons in 1900, 183 tons in 1:07, 
190 tons in 1908, and about 179 tons in 1909. Ther has 
thus been a decrease in the average carrying capacity of 
the boats, and the surplus of revenue over working ex: 
penses d of late. This surplus amounted 
to 130,000 marks in 1908, while in previous years it range 
from 200,000 to 400 000 marks, 
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EXPERIMENTS UPON THE FLOW OF 
WATER OVER TRIANGULAR NOTCHES. 


By James Barr, B.Sc., Carnegie Research Scholar 
at the James Watt Engineering Laboratories, 
Glasgow University, 1907-9. 

(Concluded from page 437.) 

16. Condition of the Up-Stream Surface of the Notch- 
Plate.--In an investigation into the effect upon the 
discharge of the condition of the up-stream surface 
of the notch-plate, the fine right-angled notch was 
used. The results are given in Table III. To coat 
the notch-plate with emery, it was varnished, and 











Taste IIT. 
| Percentage Increase 
| Coefficients. in Coefficient from 
Condition of Up- Plain Surface Value. 
Stream Surface of | ; ie 
Notch. | 
| Head Head Head Head 
| =3 In, = 4In. = 3 In. =4In. 
Plain surface .. . .| 0.3039 | 0.3030 0 0 
One coat of shellac f py pape \ 0.39 \ 0.26 
varnish | 0.8051 | 0.3038 | f | 
Coated with medium {| 0.3093 0.3066 |\ 4¢ lie 
emery 0.3094 | 0.3068 ff co 
Coated with ent | 0.3113 | 0.3083 |) 2.4 \ L7 
emery 0.3113 | 0.3080 jf ~ : 





emery-dusted on the wet varnish. The experi- 
ments show that the coarser the surface of the 
notch-plate the greater the discharge, or that the 
latter is increased by the frictional retardation of 
the tangential inward flow of the water. The water 
springs from the edge of the notch in a direction tan- 
gential to the upstream surface of the notch-plate. 

17. Width of the Channel of Approach.-—To find 
the effect upon the discharge of the width of the 
channel of approach, false sides made of wood were 
placed in the flume. They extended the full depth 
of the flume, and for a distance of 3 ft. in the 
direction up-stream, and were capable of being fixed 
in any position, as shown in Fig. 12, page 470. 
The fine right-angled notch was used. 

Two sets of experiments were made, in one of 
which a head of 3 in. was maintained, and in the 
other a head of 4in. Fig. 13, page 470, gives the 
results. They show that in order that the flow may 
be independent of the channel width, the latter 
must be at least eight times the head. With a 
narrow channel the presence of the sides is seen to 
increase the discharge by restricting the inward or 
tangential flow. 

18. Depth of the Channel of Approach.—A sheet 
of zinc 36 in. broad and 42 in. long was used as a 
temporary floor to investigate the effect of the 
depth of the channel of approach upon the dis- 
charge. The fine right-angled notch was used ; a 
head of 3 in, was maintained throughout one series 
of experiments, and a head of 4 in. throughout a 
second series. The floor was suspended at different 
depths by means of an arrangement indicated in 
Fig. 14, page 470. The results are given in Fig. 15, 
which shows that the presence of the floor produces 
a slight diminution in the discharge, and that this 
effect disappears when the channel depth is about 
three times the head with a 3-in. head, and about 
four times the head with a 4-in. head. The diminu- 
tion in the discharge is probably caused by ski 
friction. je 

Experiments were also made in which t ead 
was varied, For the results given in Fig. page 
47 the floor was maintained level with the vertex of 
the notch, and it was at a depth of 6 in. below the 
vertex for the results given in Fig. 17. Fig. 18, 
page 470, shows a comparison of Fig. 16, and Fig. 17 
with Fig. 7, which is the curve for the full dimen- 
sions of the channel of approach. The floor was also 
placed at a depth of 12 in. below the vertex, but 
with a 5-in. head no diminution of the flow was 
indicated but such as lay within the limits of the 
errors of observation. The width of the floor ad- 
mitted of 6 in. clearance on either side between it 
and the walls of the flume, which permitted a slight 
inward flow, and so approached more nearly to the 
condition of an infinite floor than if the inward 
flow had been entirely restricted. 

19. Combined Effect of Width and Depth of the 
Channel of Approach.—The floor was p upon 
staging erected in the flume, and on a level with 
the vertex of the notch, and the adjustable sides 


Placed on the floor. Fig, 19 gives two sets of 

_— for maintained heads of 3 in. and 4 in. on 

eae] right-angled notch. With a very narrow 
e 


the increase in the flow produced by 





the presence of the sides is, accidentally, very 
nearly equal to the diminution produced by the 
skin friction, so that the coefficients have approxi- 
mately the values which they have for the full 
dimensions of the channel of approach. As the 
channel width is increased the coefficients approach 
the values given in Fig. 16 for 3-in. and 4-in. heads. 

20. Generality of Results.—To investigate the 
extent to which the results given in Figs. 7, 8, 
and 9 (see page 438 ante) were independent of the 
dimensions of the channel of approach, experiments 
were made upon the fine right-angled noteh with the 
width and the depth of the channel each reduced by 
one half—i.e., with one-fourth of the full cross- 
section of the channel. Fig. 20, page 471, shows 
that with heads above 3 in. a diminution is caused 
in the flow. The effect is small, amounting at a head 
of 4.5 in. to one-third of 1 In Fig. 9 it 


2 cent. 
_| may be that the boundaries of the flume are causing 


a corresponding diminution with heads above 6 in. 
Considering the shape of the curve, it is evident 
that such diminution, if any, must be very small, 
and it is considered negligible. 

21. Discontinuity in the Up-Stream Surface of the 
Notch-Plate.—Figs. 7, 8, and 9 are compared in 
Fig. 21, and it is evident that some influence has 
produced an effect in the case of Fig. 7, which is 
absent in the other two. It was thought that this 
effect was most probably due to the area of the 
surface of the fine notch-plate being comparatively 
small, and to its being raised by the thickness of 
the notch-plate above the plane of the face of the 
flume. The area of the notch-plate surface was 
therefore increased, as shown in Fig. 22, from 
15 in. by 7 in. to 27 in. by 11 in., and the results 
of subsequent experiments are given in Fig. 23. 
The curve of Fig. 7 is also shown in this diagram. 
It is remarkable that the above effect should be due 
to such a slight cause; the thickness of the fine 
notch-plate was only ;}; in. and the projecting edge 
was chamfered to a fine angle. 

22. Narrow Surface, Right-Angled Notch. — In 
practice, notches are frequently made by fixing 
narrow strips of brass to the up-stream side of the 
weir-board. The results described in section 21 
showed the desirability of calibrating such a notch. 
Two strips of brass, 3 in. broad and } in. thick, 
and set at right angles to each other, were fixed to 
the up-stream side of the large notch; the edge 
of the new notch was fully ;y in. broad. Two 
sets of experiments were made, the first with the 
projecting edge of the notch made square as at 

, Fig. 26, and the second with the edge cham- 
fered as at N. The results are given in Fig. 24, 
those of the first set being marked by a circle, 
and those of the second set by a square ; those of 
the first set are on the whole slightly greater than 
those of the second set, which is to be expected, 
since the projecting edge would interfere slightly 
with the inward flow of the water. The narrow- 
surface notch-plate gives practically the same 
discharge as the broad-surface notch. The curve 
of Fig. 24 lies mainly between the curve of 
Fig. 8 and that of Fig. 9. 

In paragraph 3 it is mentioned that Dr.gThomson 
gave 0.305 as the average value of the coefficient c 
for heads ranging from 2to7in. Figs. 21 and 24 
show how remarkably near this may have been 
to the true value for the gauge notch which he 
used. Itisa provf of Dr. Focmeen's genius as an 
experimenter that, with the crude apparatus at 
his disposal, he was able to arrive at such an 
accurate result. 

Table 1V. shows the practical application of the 
curves of experimental results. The values of the 
coefficient ¢ are taken from the curve of Fig. 24 ; 
the corresponding flows in cubic feet are then calcu- 
lated from the formula Q = c H'/,, and the flows in 
gallons, by taking 1 cubic foot = 6.23 gallons. 

23. The Shape of the Curve of Coefficients.—The 
rapid diminution in the value of the coefficient with 
decrease of head at low heads (Figs. 7 and 11) was 
considered due to the surface tension in the water 
tending to throttle the flow. To verify this suppo- 
sition some experiments were made, in which oil 
was applied to the surface of the water in the 
neighbourhood of the notch. Fig. 25 shows the 
results of these experiments. The oil partially 
relieved the surface tension, and the flow was 
increased. It is probable that the oil relieved the 


tension only on the upper surface of the stream. 

The gradual diminution in the value of the coeffi- | pared 
cient as the head is increased above 2 in. is probably 
due to the following cause.- With a notch having a 
square cut edge the stream has, in plan, the appear- 





TaBLe [V.—Flow of Water per Minute through a 
90-Degree Narrow Surface Notch. 








Head in Value of Flow in Flow in 
Inches. Coefficient C. Cubic Feet. Gallons. 
2 0.3104 1.755 10.04 
24 0.3084 8.045 18.97 
3 0.3068 4.782 29.79 
3} 0.3057 7.002 43,63 
4 0.3047 9.750 60.74 
44 0.3038 13.05 81.29 
5 0.3082 16.95 105.6 
5} 0.3026 21.46 133.7 
6 0.3021 26.63 . 166 0 
64 0.3017 32.49 202.4 
7 | 0.3013 39.05 243.0 
7% 0.3009 46.34 288.7 
8 } 0.3006 54.06 338.9 
8} | 0.3008 62.92 392.0 
9 0.3000 72.90 454.2 
94 | 0.2998 | 83.33 619.2 
10 0.2995 94.70 590.0 





ance indicated in Fig. 26. At A and D the water 
clings apparently over the whole edge of the notch ; 
between B and C it springs clear from the up- 
stream face of the notch, as if the latter had a 
knife-edge, while from A to B and from D to C 
the surface line crosses from the outer to the inner 
boundary of the edge as shown. When the head 
is varied the portions A B and C D move along the 
edge of the notch, but appear to remain unaltered 
in magnitude. This is to be expected, as the points 
B and C will occur at a fixed depth from the surface 
—namely, at that depth at which the velocity of 
flow is such as to cause the water to spring clear 
from the my +4 face of the notch. The effect 
of A B and C Dis to increase the discharge, and 
the ratio of this increase to the flow at any head 
will diminish as the head is increased. 

The increase in the flow caused by increasing the 
breadth of the notch-edge, and the fact that the 
discharge from a 54 d notch is slightly greater 
than half that for a similar 90 degree notch, are most 
probably due to the same cause. In Figs. 8 and 
24 the increase in the discharge caused bygthe 
water clinging to the edge of the notch at very low 
heads is greater than the diminution produced by 
surface tension, so that the values of the coefticient 
continue to rise as the head is diminished. 


ConFIRMATION Work. 


24. In October, 1907, the meaguring-tanks were 
twice calibrated, as described above, and a figure 
found for the increase in the volume of the tank 
corresponding to a rise of 0.1 in. of the tank-float. In 
August, 1908, the portion of the tank used in the 
experiments was recalibrated, and the figure found 
was less than the former one by 1 part in 700. Two 
subsequent calibrations were made, which corrobo- 
rated the second figure, and all previous results 
were corrected by 1 part in 700. Subsequent to the 
first calibration the weighing-machine used was 
sent to Messrs. Avery and restandardised, which 
may account for the above variation. 

A set of confirmation experiments upon the fine 
right-angled notch was made, in which the dis- 
charged water was weighed. The water was run 
into the tank on the weighing-machine by means of 
the small chute shown in Fig. 27. A head of 
3.5 in. was the largest that could be used, and for 
the larger heads the time intervals were necessarily 
very short, and their estimation liable to error. 
The results are shown in Fig. 28, which gives the 
observations, together with the curve of Fig. 7. 


Decree or Accuracy OF REsULTs. 


25. The tank calibration is considered correct to 
within 1 part in 500. Anerror of x}, in. in the 
estimation of the head affects the result at 1-in, head 
by 1 part in 200, and at 5-in. head by 1 part in 1000, 
The zero level on the gauges and the level of the 
water at any head can be read to about 0.001 in., 
so that the head can be estimated to x4, in. The 
time intervals are considered correct to 1 part in 
1000. In general, an individual result is considered 
correct to 1 part in 200, while the curves which 
give the average values of many results are con- 
sidered correct to 1 part in 300, or they give the 
true discharges for the specified conditions to one- 
third of 1 per cent. 





MerTALLIC PERMANENT Way.—The exports of chairs 
and metallic sleepers from the United Kingdom in the 
first two months of this year were 14,841 tons, as com- 
with 8613 tons in the corresponding period of 
1909, and 12,821 tons in the corresponding period of 1908. 
Of the exports to February 28, this year, 4838 tons went 
to Portuguese East Africa, 1559 tons to British South 
Africa, and 5758 tons to British India, 
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SENSITIVE RADIAL DRILLING-MACHINE. 


CONSTRUCTED BY 
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Fig. 1. 


We: illustrate above a new type of sensitive radial 
drilling-machine, constructed by Messrs. A. A. Jones, 
Pollard, and Shipman, Limited, of Leicester. From the 
general view of the machine, shown in Fig. 1, it will be 
seen that it consisig ofa main table-casting, containin 
the driving gear at one end, and formed with machin 
faces for carrying the work on the top and on two 
sides. A pillar-casting, carrying the radial arm, is 
fixed above the gear-box, and contains a vertical shaft, 
through which the drive is transmitted from the gear- 
ing to a pulley at the top. A horizontal belt-drive is 
carried from this pulley round the spindle-head, and 
to a pulley at the other end of the radial arm. The 

eneral arrangement of the machine will be seen in 
Fige. 2 and 3, while Fig. 4 shows the horizontal belt- 
drive. The arrangement of the guide-pulleys will be 
clear from the latter figure. ‘The belt tension is 
adjusted by means of the pulley at the end of the arm, 
which is made movable for the purpose. 

The most novel features of the machine are in con- 
nection with the drive. One belt only from the line- 
shaft is used, the machine being thrown in and out of 

ear by means of a friction-clutch, which is operated 
the lever at the left-hand end. Alls changes 
are obtained by the gearing shown in Figs. 5 and 6, 
which consists of two sets of spur-wheels running in 

rease. The lower shaft, which is driven from the 
riction-clutch, is made hollow, and is fitted with a 
sliding spindle which carries a collapsible sprin 
feather arranged so that as the sliding spindle is mov 
to and fro by the operating handle on the front of the 
machine, the feather will connect with and drive the 
bottom spur-wheel of any of the four pairs. The 
feather can be moved and the s changed while the 
machine is running, and it is not possible for the feather 
to foul or to be in two gears at the same time. This 
is arranged for by means of the hardened-steel 
washers which are placed between the spur-wheels ; 
these washers serve to deflect the feather while changing 
from one position to another, and are formed with 
rounded edges, so that it will ride over them easily. 
The handle controlling the change-gear is provided 
with a spring-catch, as shown, so that it will remain 
in any of the positions corresponding to the four 
speeds, The bevel drive connecting the upper gearing- 
shaft with the vertical shaft is clearly shown in Fig. 6. 
All gear-wheels are cut from steel blanks, while those 
on the bottom shaft have the keyway and the wearing 
surface of the hole case-hardened. A hor- bronze 
bush is also fitted to protect the hollow shaft from 
wear. 

The arrangement of the sliding-head carrying the 
drill-spindle will be seen from Te 1, 2,and3. Itis 
moved along the radial arm by means of a rack and 

inion, and ean be locked in any position. The form of 

lt drive adopted offersno impediment to the free move- 














-—-1:4§-———» 
ke-- 1.0--—»4 





* 


S| 
s 
@ 





















































































































































ment of the sliding-head. The drill-spindle is ground, 
and is bored No. 2 Morse taper. It has a vertical feed 
of 6in. The machine shown in Fig. 1 is arranged for 
hand-feed only, but the outline drawings, Figs. 2 and 
3, show the addition of an automatic feed. Two speeds 
are obtained through a gearing of the same type as 
that employed for the main drive. Automatic stop 
and quick-return motions are also arranged for. The 
horizontal belt, connecting from the top of the vertical 
shaft, is 2} in. wide and embraces two-thirds of the 
circumference of the driving-pulley. The machine is 
capable of driving a }4-in. high-speed twist-drill to its 
highest capacity, and the drill speeds range from 180 
to 900 revolutions per minute. 
The principal dimensions of the machine are as 
follow :— 
Maximum distance from spindle to 
column... al - di 
Maximum distance from spindle 
totable ... sae pes ee 4 in. 
Floor space required 64 in. by 26 in. 
Approximate weight 174 owt. 
Diameter of driving pulley 12 in. for 3-in. belt 
Speed erthce ; 300 r.p.m. 
The driving- adopted in this machine, which is 
patented, has subjected to rigorous shop tests 
and experiments by the makers during the last six 
months, and has proved so satisfactory that they have 
decided to employ it on practically the whole of their 
various drilling-machines. They have at the present 
time a very heavy 26-in. machine in hand with the 
gear-box on this principle. 





36 in. 












































| Spindle Speeds 
| 900 R.PoM 
; 500 ” 
H 300 ” 
180 n 


GUNBOAT FOR MACAO. 


WE illustrate on the opposite page a shallow-draught 
boat which has been recently built by Messrs. 
Yarrow and Co., of Glasgow, to the order of the Portu- 
ese Government, for revenue service in the province 
of: Macao, the Portuguese colony in China. An exgep- 
tionally light draught was required in order that the 
vessel might be able to steam in the shallowest waters 
in that district. 

After much consideration, the method of propulsion 
adopted was that of twin-screws working in tunnels 
fitted with Yarrow’s patent hinged flap, by means of 
which the maximum efficiency is obtained under all 
conditions of load. The dimensions of the hull of the 
Macau are as follow :— , 

Ft. In. 
120 0 
— ae 2 0 
Depth ead ne ‘ad ee 49 

The draught, when carrying a load of 25 tons, was 
stipulated not to exceed 25 in., and with this load a 
speed of 124 statute miles per hour had to be obtained. 
Both these conditions were fulfilled. A general view 
of the vessel at her moorings is shown in Fig. 1, a 
side elevation in Fig. 2, and longitudinal and trans- 
verse sections in Figs. 3 and 4 respectively. 

It will be seen that the hull is divided into ™"¢ 
compartments by eight water-tight bulkheads. he 
forward compartment is used as a chain-locker ; the 
second and third compartments as provision and st: re 
rooms; the fourth compartment contains the ma, 
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GUN-BOAT FOR MACAO. 


CONSTRUCTED BY MESSRS. YARROW AND CO., LIMITED, ENGINEERS, GLASGOW. 
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zine-room for the forward gun ; the fifth compartment 
is the boiler-room; the sixth compartment is the 
engine-room ; the seventh contains the magazine for 
theafter gun ; and the eighth and ninth compartments 
are fitted up as store-rooms. The officers’ cabins are 
Placed on the main deck forward of the boiler-room, 
and consist of a wardroom and a separate cabin for 
the commander, both fitted up in teak, and lined in- 
side with uralite. Abaft the engine-room is the petty 
officers ‘abin, with accommodation for eight petty 
officers. The crew are berthed on the battery deck, 
which 1s fitted up with lockers, mess-tables, hammocks, 
&e. Che engine and boiler spaces, and officers’ and 
wed olicers’ cabins, are protected by bullet-proof steel 
Plates, the berthing plateround the battery-deck and the 
conning-tower being made of the same material. The 
test of these bullet-proof steel plates was that of being 
at with a Lee-Metford rifle at 20 yards ran 
at an angle of 90 def. without penetration. Rifle 
are arranged in the cabins, so that an all- 
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| round rifle-fire can be kept up in addition to the fire 
| of the “y > guns. 


Fig.4. | Asthe climate at Macao is very hot, double awnings 
SECTION THRO’ | were fitted over the whole boat, with side curtains 
BOILER reaching well into the water in order to keep the 





(00KmNC ray ne as cool as possible. In addition to this, 


| two Yarrow sprinklers were fitted above the awning 
| over the battery-deck, so as to keep the upper awning 
|wet. These sprinklers have been found to be a 
| great success in tropical climates, as the evaporation 
of the water on the awning tends to keep the space 
cool below. They may be seen in Fig. 2. 

Another wend im t feature in this little 
| vessel is the adoption of the Yarrow bow rudder 
| for securing ou manceuvring power when going 
astern. The rudder can be quickly lowered when 
required for going astern, when going ahead 
the hand-tiller is unshipped, and the rudder lifted 
well clear of the water and turned round against the 








bow of the ship, so as to be completely out of the 
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water. This device is specially needed in all shallow- 
draught vessels, whether propelled by screws or by a 
stern-whecl, because without it these vessels, when 
going astern, are quite unmanageable. 

The armament consists of two 57-millimetre semi- | 
automatic Hotchkiss guns and four 6.5-millimetre | 
rifle-bore automatic guns, with six positions, so that | 
three can be fired simultaneously on one side. The | 
vessel is lighted throughout by electricity, and carries 
a search-light on the top of the conning-tower. 

There is a steam capstan forward for working the 
anchors. Both steam and hand steering-gear are fitted 
for the two rudders aft. It will be seen that these 
rudders are placed in exactly the centre of the tunnels, 
so that ghey receive the full effect of the stream of 
water driven aft by the propellers, and are arranged in 
such a way as not to interfere with the working of the 
hinged flaps. ‘I'wo 14-ft. dinghies are carried in davits. 

The machinery consists of two sets of triple-expan- 
sion surface-condensing engines supplied with steam 
by a Yarrow water-tube boiler aking under forced 
draught on the closed stokehold system, and suitable 
for burning either wood or coal. Air-doors are also 
fitted at the side of the boiler-room casing, so as to 
allow of working the boiler under natural draught. 
The main and auxiliary feed-pumps are independent 
of the ap anny oars and the feed-water is passed | 
through a filter, so as to prevent grease from getting | 
into the boiler. 

The vessel was constructed at Glasgow, under the 
supervision of Lieutenant Antonio Jervis d’Athouguia, 
of the Constructors’ Departmentof the Royal Portuguese 
Navy, and on completion was shi in pieces to 
Macao, and rebuilt under the supervision of Lieutenant 
Manuel Jervis d’Athouguia, commander of the vessel. 


Speed trials were run over the measured course at | P. 


Kowloon Bay, Hong Kong, where a speed of 13.156 
statute miles per hour was obtained with the contract 
load on board, the draught being well within the con- 
tract limit of 25 in. 

There is no doubt that the success of this little 
vessel is due, in a great measure, to the technical 
assistance rendered the constructors by Lieutenant 
Antonio Jervis d’Athouguia, while the vessel was 
being constructed on the Clyde. 





LAUNCH OF H.M.S. ‘‘ COLOSSUS.” 

Tue launch of H.M. battleship Colossus on Saturday, 
the 9th inst., from the works of Scotts’ Shipbuilding 
and Engineering Company, Limited, Greenock, was an 
unqualitied success ; the honours of the occasion were 
performed by Lady Colebrooke. In our article last | 
week on battleship design generally we gave the | 
leading particulars of the Colossus, and need only 
refer now to the photographs reproduced on page 480. 
These give a clear view of the rudder and propeller 
arrangement. The run of the ship aft is exceptionally 
fine ; indeed, for docking pu es, &@ narrow continuous 
bracket has been comtepial te extend the flat bottom 
amidships aft, in order to enable the ship when docked 
torest on three rows of blocks, one under the keel and 
two under the bilge for a considerable length aft, not- 
withstanding the fining away of the run. The two 
rudders and four propellers, it will be seen from Figs. 2 
and 3, follow the precedent on the Dreadnought, and, 
as in that ship, all four screws will be rotated for | 
ahead and astern driving. But, as stated in our lead- | 
ing article last week, there will be no cruising turbines. 

‘The vessel has been built on an average declivity of 
x in, to the foot, and the ways were 5 ft. wide, which 
was sufficient to reduce the load to 2.1 tons per square 
foot, the launch weight being 7300 tons. In addition to 
the two usual dog-shores on each side of the launching- 
way at the forward end, the Scotts’ Company have for 
several years introduced daggers of forged steel about | 
amidships. These consist each of a horizontal steel 
member on the sliding-ways abutting against a vertical | 
forging, which is = from tilting by a wooden block | 
secure iy wedged. Theremoval of this block enables the 
vertical forging to Le removed and releases the ship. | 
This arrangement proved thoroughly satisfactory. | 
When the forged-steel trigger was removed, the ship | 
instantly began to glide, but never attained a high 
speed, the timo taken from perceptible movement to | 
complete flotation being 584 seconc’s. Three hundred | 
tons of chain were used as irags for pulling the vessel 
up ; this is much less than is usual, because Scotts’ yard 
is most favourably situated in respect that the water 
into which new vessels are floated is of great width 
and depth. Indeed, in many cases no d are 
used, nor is an anchor dropped. The vessel, after 
floating, was taken wale the firm’s large crane, 
which will be utilised in connection with the placing 
of the heavy broadside and barbette armour, and for 
the fitting on board of the Babcock and Wilcox boilers 
and Parsons turbines. Although it is only nine, 
months since the ship was ordered, the machinery, | 
which is, of course, being constructed by the Scotts’ 
Company, is in an advanced state ; some of the tur- 
bines, indeed, are completed, so that there is ever 
prospect of the ship being ready for commission well 
within the two years named in the contract. 





| cent. to 12 per cent. for the same fuel. 


At the luncheon which followed, Mr. C. C. Scott, 
chairman of the company, presided, and gave the 
toast of ‘Success to His Majesty's Ship Colossus.” 
Rear-Admiral Bearcroft, the superintendent of the 
contract-built ships on the Clyde, in responding, said 
that they might certainly predict that the Culossus 
would be in every way capable of upholding the tradi- 
tions of the Service, and prove, if necessary, at least 
as able to maintain the supremacy of the British Navy 
as her many predecessors of the same name in the 
British Fleet. 

It may be added, as an interesting sequel, that Mr. 
Carl Mumme, who is retiring from the es 
directorship of Messrs. Scotts’ Shipbuilding and Engi- 
neering Company, Limited, after 36 years’ service in 
various capacities, was made the recipient of a testi- 
monial from the staff, at a dinner given to the staff by 
the chairman and directors on the evening of the day 
of the launch. 








Twin-Screw DrepeGEr ror New ZeaLranp.—The trials 
of the twin-screw dredger Paritutu, gx! built by 
Messrs. Fleming and Ferguson, Limited, Paisley, for the 
Harbour Board of New Piymouth, New Zealand, were 
recently successfully carried out. ‘The dredger is of the 
stern-well type, and, in addition to the chain of buckets 
for lifting stiff clay, it is fitted with a powerful suction- 
pump for raising sand. To enable the suction-gear to 
| deal with hard material, special cutter-gear for breaking 
up the ground has been fitted to the suction-pipe. After 
the trials the vessel left directly for New Zealand. 
Contracts.—Messrs. Walker Brothers (Wigan), Limi- 
| ted, Pagefield Iron Works, Wigan, have in course o 
construction at the present time fifteen large air-com- 
ressing installations, equal in the te to 10,000 
horse-power, and ten of their ventilating fans 
| of a total exhausting capacity of over 3,000,000 cubic feet 
of air per minute.—The Mirrlees Watson Company, 
Limited, Glasgow, have received from Messrs. ckow 
Vaughan’s Steel Works, South Bank, an order for five 
sets of surface - condensing plant working in connec- 
tion with steam turbo-alternators and air-compressors. 
They have already four similar sets working in the same 
station. They have also received orders for surface-con- 
densing plant from Messrs. Stewarts and Lloyds, two sets 
each of 60,000 lb. duty for the Dominion Iron and Steel 
Company, per Mr. P. J. Mitchell; a barometric jet plant 
with cooling-tower and pipe-work for Sir William Arrol 
and Co. ; a barometric plant for Messrs. Fyvie and 
Stewart, Melbourne ; jet-condensing plant for the Cadzow 
Colliery Company, per Messrs. Harland wden ; 
also air-pumps for yang Henry Tate and Sons, Liver- 
pool, and Mr. P. J. Mitchell, for the Dominion Iron and 
Steel Company.—The United Wireless Telegraph Com- 
pany, of 70, Cornhill, London, E.C. inform, us that con- 
tracts have been closed during the last thirty days for the 
installation of the United system on 46 steamers. — Messrs. 
Day, Summers, and Co., Limited, of Northam Iron Works, 
Southampton, received on the 11th inst. the order for a 
new set of 100-ton shears for Aberdeen. These shears 
will have an overhang of 56 ft. from the perpendicular, the 
front legs being 130 ft. long, and the back leg 170 ft. long. 


Tue Smoke Question. —On Monday last, the 11th 
inst., at the works of Smoke Consumption, Limited, 
Willesden, an interesting demonstration was given of 
an appliance for the prevention of smoke from steam- 
boiler and other furnaces. he boiler on which the 
apparatus was tried was of the ordinary Cornish type, 
and was fired with common cheap slack coal. It had 
been fitted up with two pyrometers, one being placed in 
the flue just pee the bridge, and the other directly over 
the bridge. The records of these could be read from the 
top of the boiler. The smoke-consuming part of the 
installation consisted of a number of quadrants formed 
of a special material, which tests have shown to 
a very high degree of heat-absorbing and heat-transmitting 
capacity. These quadrants were placed in the flue so as to 
form a combustion-chamber immediately behind the bridge, 
and in that position were naturally very highly Rented te 
the flame from the furnace—in fact, much above the tem- 
perature required for the complete combustion of all the 
smoke from the coal when the furnace was temporarily 
cooled down by the addition of fresh fuel. In some cases 
there is an automatic appliance for the regulation of 
the air supplied to the furnace, but in the case 
which we are describing this was not installed. The 
results were very satisfactory, the furnace being fired 
with much more of the refuse slack than would be the 
case in actual practice, without any trace of smoke at 
the top of the chimney, except for a very short time 
immediately after the fuel was placed on the fire, and 
what little smoke there was disappeared entirely at the 
end of one minute. Directly after the fuel had been 
added a severe test was onplied by thoroughly stirring 
up the fire, and even in this case all the smoke seen at 
the top of the chimney had disap; in one minute 
anda half. The temperature immediately over the bridge, 
when the smoke had ey gern was about 1740 deg. 
Fahr., and at the back of the bridge 1472 deg. Fahr., the 
temperature at the base of the chimney, close up to the 
end of the boiler, was 350 deg. Fahr. The makers claim 
that this ‘‘Oaloriser” produces an economy of from 8 per 
The special tiles 
employed are made in different shapes, so as to be suitable 
for Cornish or Lancashire boilers, water-tube boilers, 
marine boilers, and other furnaces. We understand that 
twenty furnaces have now been fitted with this apparatus, 
which requires no alteration to existing plant. 


indicated 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The amount of coal received at 
Hull during the past month far exceeds the figures of 
last March, and, taking the quarter generally as an indi- 
cation, there is a likelihood this year of record-breaking. 
The imports for the month amounted to 504,624 tons, as 
against 394,752 tons in March last year, an increase of 
109,872 tons, or about 27 per cent. The comparative 
ures for the quarter are 1,471,984 tons (1910) and 
1,173,344 tons (1909), an increase of 298,640 tons. The 
exports have been very good, practically half the coal 
received having been sent abroad. The total exports 
were 226,328 tons, as compared with 189,983 tons in 
March, 1909. During the quarter 721,598 tons were sent 
out, showing a big increase over the same period last year 
of 459,918 tons. The biggest customers were Denmark, 
Germany, Holland, Italy, and Sweden. The export to 
Denmark was five times as large as in March last year, 
and to Italy nearly four times as large. Of the 78,447 
tons for coastal traffic, London took 50,654 tons. Amongst 
the collieries, Denaby and Cadeby again sent the largest 
quantity—67,456 tons. 


_ Iron and Steel.—The reports from all quarters on the 
iron and steel trades testify to improvement. Manu- 
facturers are experiencing it, and the latest Board of 
Trade returns show definitely a marked recovery and a 
return almost to the 1907 record. The iron market is 
still in a firm position. The demand for hematites is 
good, and recent quotations are maintained. In fact, 
uyers want all the iron they can get. At from 73s. to 
75s. for immediate and slightly forward delivery, East 
t mixed numbers are selling well, but West Coast 

are higher than ever. Another furnace is to be put into 
working in the Derbyshire district, which has been 


f | sending out a fair amount of common iron, especially 


forge. The demand for Lincolnshire foundry iron 
has been a little brighter. There is work in reserve 
in the rolling-mills. Armour plate work on Govern- 
ment orders is still the chiel characteristic of the 
activity in the heavy trades, though orders from ship- 
builders have been more numerous. Still, both in this 
branch and engineering, there are really no big contracts. 
Small orders from a larger number of buyers, and special 
ria ony es a are most in evidence, and, of course, are not 
to be despised in estimating the condition of local trade. 
Railway steel is still unsatisfactory, and there are other 
branches in which the improving state of affairs has not 
yet become general. On the whole, however, expectations 
are in favour of steady progress. It is stated that more 
moulders are employed at the present time than at any 
period since the last trade boom. The improvement in 
the demand for files continues. 


South Yorkshire Coal Tradc.—Full pressure at all the 
local collieries has been the distinguishing feature of the 
week. Not only was there a short holiday week to be 
made up for, but an increasing demand has had to be met 
in both steam and house coal. Large as is the output of 
the former, the inquiry is such as to leave no surplus, and 
at the same time prices are rising. Best hards are about 
9s. Gd. per ton, and that only for short deliveries. The 
export figures are still large, and both the Lancashire 
and Yorkshire ports are taking big tonnages. For indus- 
trial use, good hards are being asked for in quantities that 
are very satisfactory. Gas-coal is in a better position, as 
are slacks, while coke is on the improving side. The 
healthy tone which has marked the hard coal market has 
been equally noticeable in connection with house coal. 
The return of cold weather has appreciably sent up the 
demand, especially from London, and collieries have much 
less on their hands than is usual at this period of the 
year. Better inquiries than have been recently dealt 
with are likely this month. Prices generally are about 
the same, though there has been a little revision in some 
quarters. At pits, best house is selling at from 103. to 
10s. Cd. a ton ; seconds, 8s. to 8s. 9d.; and cheap, 5s. 6d. 
to 73. 





Tue AssociaTION OF ENGINEERS IN CuarGe.—The 
fifteenth annual dinner of the above association took 
place on Saturday, April 9, at the Holborn Restaurant, 
under the chairmanship of Mr. Henry Adams, M. Inst. 
C.E., President of the Association, and was very well 
attended, in fact, so much so that the gathering was said 
to be a record one. Among the guests were Sir John 
Knill, Bart., the Right Hon. the Lord Mayor; His 
Honour Judge Rentoul, K.C.; Sir Alexander B. Kennedy, 
LL.D., F.R.S.; Sir David Gill, K.C.B.; and Dr. Glaze- 
brook. In proposing the health of the Lord Mayor, Su 
Alexander B Remety touched upon the apprenticeship 
question. He spoke strongly in favour of a workshop 
training for engineers, and pointed out how impor- 
tant it was that whatever line an engineer might 
intend to follow in after life only "oom could come 
from his having had some workshop practice m 
his young days, for, after all, the practical training 
which he supposed most of those present had hac 
could not be neglected without t disadvantages. 
Referring to trade unions, he remarked that he felt very 
strongly that these should, as the controllers of great 
numbers of men, recognise this matter of efficient train- 
ing. Every man naturally wanted to get as much wages 
as he could, and he had no fault to find with that, but he 
hoped that some leader would appete smong the trade 
unionists whose ideal would not simply that a man 
should work the fewest hours for the highest wage, but 
that they would try and produce the best workmen that 
could be got, who would, he was quite sure, also then 
the best paid. The Lord Mayor responded, and referred 
briefly to his apprenticeship scheme, which he had at 
heart. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


pig-iron market. 
assisted to depress the E wry market, and now pur- 


chasers are very backwa: At the same time, however, 
there is still a feeling of confidence in the future, and an 


opinion prevails that the suspension of buying will not be 
or In the meantime many pig-iron 
to a sales, as they have 

ittle iron is now being 
sent into the stores, and there me a likelihood of 


very long duration. 
producers are not necessar, 
tairly good order-books. Very 
the output being fully taken up before very long, not- 
withstanding that the supply is increased by the blowing- 
in this week of the two furnaces at the Lackenby Iron- 
Works of the Tees Furnace Company, which have been 
r2paired and brought up-to-date, No. 3g.m.b. Cleveland 
pig is now on sale at 5ls., and, in fact, is rather freely 
offered by second hands at that price for early f.o.b. 
delivery, which is the lowest quotations since December 


last. No. 1is 533. 3d.; No. 4 foundry, and No. 4 forge, 
0s. 3d. ; mottled and white, each 49s. 9d. per ton. East 


Coast hematite pig is very dull, hardly any sales being re- 
ported, but the quotation for mixed numbers is maintained 
at 67s. for delivering to theend of June. Values of foreign 
ore are upheld on the basis of 203. 6d. ex-ship Tees, for 
Rubio, of 50 per cent. quality. A good demand for coke 
is met by a very ample supply, and medium qualities are 
18s. to 18s. 3d. delivered here. 


Manufactured Iron and Steel.—Several branches of the | chasse, and Lengionn, 66s.; Suamnriec, 60a. 


| Coltness, 85s. (all shipped at Glasgow) ; Glengarnock (at 


manufactured iron trade are quiet and dull, but the steel 
industry is brisk, and promises well for the future. Pro- 
ducers of nearly all descriptions of steel are very busily 
employed, and they report continued good inquiries. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 7/. 15s.; packing iron or steel, 5/. 5s. ; iron ship-plates, 
6. 10s.; iron ship-an; - ba 7/.; steel bars, 6/. 5s.; steel ship- 
plates, 6/. 10s. ; steel ship-angles, 67. 2s. 6d.; steel strip, 
6!. 10s.; steel hoops, 67. 13s. 6d.; and steel joists, 6/. 2s. 6d. 
to (/. 7s. 6d. per ton—all less 24 per cent. discount; 
whilst cast-iron railway chairs are 3/. 10s.; light iron rails, 
6l. 103.; heavy steel rails, 5/. 10s.; and steel railway 
sleepers, 6/. 12s. 6d.—all net cash at works ; and iron or 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
11/. 10s. per ton f.o.b.—less 4 per cent. 


Iron Trade Statistics.—The interesting and valuable 
quarterly returns published by the Middlesbrough Cham- 
ber of Commerce show that of the 80 blast-furnaces built 
within the port of Middlesbrough at the end of March, 
57 were in operation, and turned out during the quarter 
540,000 tons of pig iron, of which 350,000 tons were Cleve- 
land pig, and 190,000 tons hematite, spiegel, basic, and 
other special irons. During the previous three months 
the total make was 550,000 tons, of which 355,000 tons 
were Cleveland iron, and 195,000 tons hematita, &c., and 
for the first quarter of last year the production of pig was 
returned at 525,000 tons, of which 335,000 tons were 
Cleveland pig, and 190,000 tons hematite, &c. Imports 
of foreign iron ore into Middlesbrough during last quarter 
reached 590,232 tons, as compared with 533,367 tons 
during the previous quarter, and 381,591 tons during the 
first quarter of 1909. The total value of goods, other than 
coal and coke, exported to foreign and colonial destinations 
from Middlesbrough during the first quarter of this year, 
amounted to 1,812,839/. as against 1,773,010. for the corre- 
sponding period of last year—an increase of 39,829/. 


Cleveland Ironstone Miners’ Wages.—A meeting of the 
Cleveland Mine-Owners’ Association was held at their 
offices in Middlesbrough on Monday, when the represen- 
tatives of the men attended to confer respecting the ys 
for the ensuing quarter. The chair was occupied by Sir 
Hugh Bell, Bart. The terms on which the owners inti- 
mated they thought a settlement could be effected were 
at 28.10 per cent. above the standard. This would be 
following the formule on which past negotiations had 


proceeded. The men were already in receipt of 27.50 per 
cent., so that the difference between the present w and 
what was suggested was only 0.6 of 1 per cent. Certain 


counter proposals were made, and the men’s representa- 
tives arranged to visit their lodges and meet the owners 
again a fortnight hence. 








NOTES FROM THE NORTH. 
Gtascow Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ee market opened with a steady tone, 
ealings only amounted to 3500 tons of Cleveland war- 
rants at 51s. 6d. cash, 51s. 8d. eighteen days, and 51s. 9d. 
one month. Closing sellers quoted 51s. 6d. cash, 51s. 10d. 
one month, and 52s. 6d. three months. Hematite was 
quoted at 68s. 14d. cash sellers. In the afternoon no 
transactions of any kind took place, and the closing 

uotations of Cleveland warrants were unchan from 
the previous session. Sellers of hematite were again 
ered OSs. 14d. cash, but there were no buyers. On 

riday morning the market was easier, and about 5000 tons 
of Cleveland warrants were done at from 51s. 6d. to 5is. 5d. 
cash, and at 51s. 9d. one month. Sellers’ closing quotations 
Were 51s. 5jd. cash, 51s. 94d. one month, and 52s. 5d. three 
months. One lot of hematite changed hands at 68s. cash, 
and sellers quoted 68s. 4d. one month. 


no dealings were recorded, but the tone was steady and described the various modifications which were int 
quoted the same as at) 


sellers of Cleveland 

the close in the ane, tos 
688. cash sell 
Vailed, 


9 5ls, Sid. 


morning. Hematite was again offered at 
TS. 





| tons. 
| pronounced, but business was quiet. 
| amounting to 3000 tons were done at 51s. 2d. cash, 51s. 3d. 
ROU 5 | seven days, and 51s. 3d. eleven days, with closing sellers at 
The Cleveland Iron Trade.—Inactivity characterises the | 
A steady decline in warrants, together | 
with less favourable reports of tin and copper, have 








| Kiang 


but the | 


At the afternoon session the weakness was more 
Cleveland warrants 


51s. 3d. cash, 51s. 7d. one month, and 52s. 24d. three 
months. On Tuesday morning Cleveland warrants de- 
clined further, and 2500 tons cha: hands at 5ls. 6d. 
one month, 52s. 14d. and 52s. 1d. three months, and the 
closing prices were 51s. 1d. cash, 51s, 5d. one month, 
and 52s 1d. three months sellers. Hematite was quoted 
at 68s. cash sellers. In the afternoon the tone was again 
weak, and Cleveland warrants were done at 51s. cash, 
51s. 4d. one month, and 51s, 114d. three months, and 
the market closed with sellers at 5ls. cash, 51s. 4d. 
one month, and 52s. three months. The turnover was 5000 
tons. Hematite was quoted easier at 67s. 10d. cash sellers. 
When the market opened to-day (Wednesday) there was 
more disposition to purchase Cleveland warrants, and 
about 10,000 tons were dealt in at 50s. 104d. and 50s. 114d. 
cash, 51s. 04d. sixteen days, 51s. 2d. and 5ls. 14d. twenty 
days, 51s. 24d. and 5ls. 3d, one month, 51s. 74d. June 23. 
and at 51s. 1ld., 51s. 10}d., and 51s. 11d. three months, 
Closing sellers quoted 51s. cash, 51s. 34d. one month, 
and 5ls. lid. three months. Hematite was rather 
easier, with cash buyers at 67s. 6d. and sellers quoting 
67s. Dd. cash and 68s. 14d one month. The market was 
easier in the afternoon, when 5500 tons of Cleveland 
warrants changed hands at 50s. 94d. and 50s. 10d. cash, 
503. 94d. five days, 51s. 2d. one month, 51s. 5d. two 
months, and 51s. 10d. three months. At the close sellers 
uoted 50s. 10d. cash, 51s. 2d. one month, and 51s. 10d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 63s. 6d. ; Calder, — 
3 an 


Ardrossan), 65s. 6d. ; Shotts (at Leith), 64s.; and Carron 
(at Grangemouth), 66s. 6d. per ton. 


Sulphate of Ammonia.— The sulphate of ammonia 
market has been rather easier this week, and only a mode- 
rate inquiry is reported. The current price has fallen to 
12/. 5s. per ton for prompt shipment. Giegue or Leith. 
Last week’s shipments from Leith Harbour only totalled 
172 tons. 


The Malleable-Iron Trade.—The malleable-iron trade in 
the West of Scotland cannot yet be said to be in a 
flourishing condition. Producers are not booking new 
business very freely, and specifications continue rather 
slow. Some competition from the Continent is reported, 
but owing to the uncertainty about deliveries it is not 
causing any immediate alarm. 


Scotch Stcel Trade.—The Scotch steel trade is practi- 
cally unchanged this week, and the various establishments 
are well employed. Makers report that specifications 
continue to fairly plentiful, but that new business is 
quieter, although inquiries have increased. A good ex- 
port trade is being done, and boiler plates are the subject 
of an improving demand from some European ports. In 
light plates and sheets, as well as in general structural 
sections, the demand is urgent, Canada, Australia, and 
the Far East all being in the market for immediate lots. 
On the whole, it may be said that the outlook for the 
next few months is much brighter than it has been for 
some time back. Makers’ prices are very firm. 


Scotch Pig-Iron Trade.—The demand for the various 
5 a me of Scotch pig iron is very satisfactory and heavy 

eliveries are the order of the day. The No. 4 qualities 
are in active request and some scarcity is reported. Prices 
are very firm. ematite iron is in as strong a position as 
ever, and prices show no tendency to get easier. New 
business is rather quiet, but all sales are, as reported re- 
cently, the subject of special arrangement with regard to 
price and delivery. 





Rapin Construction or Locomotives.—We are in- 
formed that a contract has ne, been placed with 
Messrs. Kerr, Stuart, and Co., Limited, California 
Works, Stoke, Staffs, for four tender locomotives for 
China, to be completed in the exceptionally short time of 
forty-five days. The engines are of the 4-2-2-6 type, with 
18-in. by 26-in. cylinders, and are for the Shanghai- 
Nanking Railway, for which Sir John Wolfe Barry and 
Mr. A. J. Barry are the consulting engineers. A similar 
contract has also been obtained by this firm for 18-in. by 
26-in. cylinder engines, of the 4-4-0-6 type, for the Che- 
ailway. The firm has also booked orders lately 
for six tender engines for the Argentine, five tank engines 


| for Mauritius, and rolling stock for Java and Portuguese 


East Africa. 





Tue INSTITUTION OF ExecTricAL ENGINEERS. — An 
interesting paper, entitled ‘‘ The Progress of Electric 
Braking on the Glasgow Corporation Tramway System,” 
was read before the Institution of Electrical Engineers 
on the 7th inst., by Mr. A. Gerrard. The paper dealt 
briefly with the early experience obtained with the 
rheostatic and electro-magnetic disc types of brake, which 
were first used at Glasgow, and proceeded to a fuller 


consideration of the results obtained from the Newell 


type of track and wheel brake, which has now been 


adopted in all Glasgow cars. This brake is manufac- 
tured by the Westinghouse Company. 
forms it was found that the high vcltage generated, 


In its earlier 


while braking at high speed, finally resulted in damage 


In the afternoon | to motors, while the surging was excessive. The paper 


uced 
to overcome these defects. These modifications consisted 
mainly in the introduction of a solenoid controlled field 


On Monday morning weakness pre-| shunt which was cut in when the braking current rose to 


and Cleveland warrants were dealt in at 51s. 44d.|a predetermined maximum. Details and curves of a 
with one month, and 52s. 44d. three mont 
sellers over at these prices. The turnover was 5000 


| large number of braking tests, with the various equip- 
| ments, were included in the paper. 


NOTES FROM THE SOUTH-WEST. 


Cardiff. —The steam-coal trade has exhibited no pa 
activity ; there has been a fair demand, but buyers have, 
at the same time, shown a disposition to postpone the 
actual placing of orders, while supplies have been abun- 
dant. The best | steam coal has made 16s. 3d. to 
16s. 9d., while secondary qualities have ranged from 15s. 

The best ordinary smalls have brought 
r ton. Household coal has shown little 

t ordinary qualities have made 15s. 6d. 


change ; the 
No. 3 Rhondda large has realised 


to 16s. 6d. per ton. 


17s. to 17s. 6d. ; smalls, 9s. 9d. to 10s. 3d. per ton. No. 2 
Rhondda la: has been ‘quoted at 13s. 3d. to 13s. 6d. ; 
smalls, 7s. to 7s. 9d. per ton. Foundry coke has 


brought 19s. to 20s., and furnace ditto 17s. to 17s. 6d. 
per ton. As regards iron ore, Rubio has been quoted at 
19s. 9d. to 20s. 3d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 


Pontoon for Penarth.— Yesterday (Thursday) a pontoon, 
built to the order of the Penarth Pontoon Slipway and 
Ship-Repairing Company by Messrs. Swan, Hunter, and 
Wigham Richardson and Co., Limited, of Wallsend- 
on-Tyne, was inaugurated by the Earl of Plymouth. 


South Walcs Coal.—The shipments of coal from the six 
rincipal Welsh ports—Cardiff, Newport, Swansea, Port 
Talbor, Neath, and Llaneliy—in the three months ending 
March 31, this year, were as follow :—Cardiff—foreign, 
4,066,834 tons; coastwise, 755,238 tons; total, 4,822,072 
tons ; Newport—foreign, 952,437 tons ; coastwise, 184,605 
tons; total, 1,137,042 tons; Swansea—foreign, 551,277 
tons; coastwise, 75,982 tons; total, 627,259 tons; Port 
Talbot—foreign, 311,644 tons; coastwise, 46,400 tons ; 
total, 358,044 tons ; Neath—foreign, 36,708 tons; coast- 
wise, 45,138 tons; total, 81,846 tons; Llanelly—foreign, 
44,307 tons; coastwise, 10,383 tons; total, 54,690 tons, 
The aggregate shipments of the three months were, 
accordingly, 7,080,953 tons. 


A Brunel Collection.—A Brunel collection is being 
formed at the Paddington Station of the Great Western 
Railway. The general manager is interesting himself in 
the odition. which commences with books, drawings, 
&c.. until recently in the ssion of Mr. Saxton Noble, 
of Sir W. G. Armstrong, Whitworth, and Co., Limited. 
Mrs. Noble, it should be observed, was a member of the 
Brunel family. The drawings include designs for a 
suspension bridge at Clifton, for which estimates were 
prepared by both Brunel and Telford. 








Irish _Roap Concress.—The Irish Road Congress will 
meet in Dublin from the 20th to the 22nd inst. Members 
will assemble in the Theatre of the Royal Dublin Society, 
Kildare-street, when the Congress will be opened by His 
Excellency the Lord-Lieutenant, K.T. The President, 
Mr. P. J. O'Neill, J.P., Chairman of the General Council! 
of County Councils, will then deliver his address, after 
which the following papers will be read and discussed :— 
‘*The Economy of G Roads,” by Mr. Joseph Mooney, 
J.P., Dublin County Council ; ‘‘ Construction and Main- 
tenance of Trunk Roads,” by Mr. M. A. Ennis, J.P., 
Wexford County Council ; ‘‘ Development Fund, Central 
Office for Statistics,” by Mr. rman, M. Inst. 
C.E., County Surveyor, Armagh; ‘‘ Maintenance of 
Trunk Roads,” by Mr. W. H. Leete, A.M.1.C.E., Count 
Surveyor, Bedfordshire ; *‘ Economical Supply of Road. 
Metal,” by Mr. J. W. Leebody, County Surveyor, South 
‘Tyrone ; *‘ Direct Labour and Contract,” by Mr. J. O. 

oynan, County Surveyor, North Tipperary ; ‘‘ Direct 
Labour in Antrim,” by Mr. D. Megaw, Special Assistant- 
Surveyor, Antrim; ‘‘ Road Question. from the Users’ 
Point of View,” by Mr. R. J. Mecredy, Dublin : ‘‘ Steam- 
Rolling,” by Mr. E. A. Hackett, M. Inst. C.E., County 
Surveyor, South Tipewere 5 **Steam-Rolling in County 
Antrim,” by Mr. J. N. Beatty, Special Assistant-Sur- 
veyor, Antrim ; ‘*‘ Road Foundations, &c.,” by Mr. J. W. 
Hawkins, County Surveyor, Berkshire ; ‘‘Road Repairs,” 
by Mr. J. Pickering, Borough Surveyor, Cheltenham ; 
“The Economy of Good Stone,” by Mr. W. Collen, 
County Surveyor, Dublin ; “Road. Metal,” by Mr. R. 
H. Dorman, M. Inst. C.E., County Surveyor, Armagh ; 
“The Viagraph,” by Mr. J. Brown, FS, Belfast ; 
‘*Ferro-Concrete Construction,” by Mr. J. 8. E. de 
Vesian, M. Inst. C.E., London; *‘Street-Paving,” by 
Mr. J. Nunce, Chief Assistant-Surveyor, Belfast; ‘* Road 
Maintenance in Provincial Towns,” by Mr. M. Sellars, 
Town Surveyor, Dundalk; ‘‘ Management of Rural 
Roads,” by Mr. E. Dixon, County Surveyor, South Mayo ; 
**Some Obstacles to Road Improvement in the West of 
Ireland,” by Mr. E. O’N. Clarke, County Surveyor, 
Leitrim; ‘*Genealogy of a Bad Road,” by Mr. J. 
Burkett, County Surveyor, er ; ** Mechanical 
Haulage,” by Mr. H. T. Harris, A.M.I.C.E.1., Dublin; 
‘* Laws on Opening Roads, Extraordinary Traffic, Hedge- 
Cutting, &c.,” by Mr. W. J. Shannon, County Solicitor, 
Dublin ; ‘‘ Laws Relating to Extraordinary Traffic,” by 
Mr. E. Dixon, = Surveyor, South Mayo; “ Certain 
Points on Laws and Procedure Relating to Road Main- 
tenance,” by Mr. E. A. Hackett, County Surveyor, South 
by ; ‘* Laws as to the Cutting of Hedges,” by Mr. 
A. E. Joyce, County Surveyor, Westmeath ; ‘‘ Necessity 
for Amendment of the Law on Hedge-Cutting,” by Mr. 
J. Horan, County Surveyor, + hema a ‘** Presentment of 
Direct Labour,” by Mr. J. Horan, County Surveyor, 
Limerick; ‘‘ Dust Nuisance,” by Mr. Rees Jeffreys; 
**Oil Tarring of Roads,” by Mr. F. P. Dixon, M. Inst. 
C.E., Engineer to Rathmines and Rathgar Urban District 
Council ; *‘ Speed Limits,” by Mr. Rees Jeffreys ; ‘‘ Direc- 
tion-Posts and Warning Signals,” by Mr. Rees Jeffreys ; 
**Road Signs,” Be E. White, Hon. Sec. I.A.C.; 





‘Roller Repairs,” by Mr. W. Eddison, 
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THE SOUTH AFRICAN MAIL STEAMER 
‘* BALMORAL CASTLE.” 
(Continued from page 450.)* 

In continuation of our illustrations of the new Union- 
Castle liner Balmoral Castle, built by the Fairfield 
Shipbuilding and Engineering Company, Limited, 
Govan, and to be specially commissioned for the Prince 
and Princess of Wales’ state visit to South Africa, we 
publish on our two-page plate an elevation and deck 


plans. 

The Balmoral Castle has a length over all of 
590 ft. 9 in., an extreme breadth of 64 ft. 6 in., anda 
depth moulded of 42 ft. 6 in., the gross tonnage being 





about 13,000, while the twin-screw quadruple-expan- 
sion four-cylinder engines develop 12,500 indicated 
horse-power. There are bulkheads separating the ship 
into nine water-tight compartments. Well forward a| 
double collision bulkhead has been fitted, and right | 
fore and aft there is a cellular double bottom, so that | 
the vessel is practically immune from danger either | 
in the event of collision or of grounding. There are’ 
in all six decks, beginning with the orlop, and rising | 
in succession to the lower, main, upper, promenade, | 
and boat decks. 

The boat-deck is shown in Fig. 18, on this page. 
Forward there is a deck - house for the navigating 
officers, and a little further aft two large deck- 
houses. The forward of these encloses the first-class 
lounge and smoking-room, while the second half 
gives accommodation for the smoking-room for the | 
second-class passengers. Midway in the length of 


Fig. 18. BOAT DECK 





and in some places it is as much as 20 ft., while alcoves 
and passages from side to side of the ship are arranged 
at convenient intervals. The forecastle-deck is in line 
with this promenade-deck, as shown in Fig. 15 ; this 
extends for 115 ft. from the stem of the ship ; on it is 
the most improved equipment for handling the vessel 
safely, including a powerful steam-windlass adapted 
for cables 3 in. in diameter and two large capstans, all 
rovided by the well-known firm of Messrs. Napier 
rothers, of Glasgow. 

Fig. 15 is a plan of the upper deck, and from this it 
will be seen that under the forecastle accommodation 
is provided for the firemen, &c., together with their 
kitchen and sanitary quarters ; special passages have 
been arranged so that they can pass to their work 
without coming in contact with those parts of the 
, tne to passengers. Amidships on this upper 
deck there is a deck-house 308 ft. long by 48 ft. broad. 
It leaves a clear promenade 6 ft. wide on both sides 
of the ship for third-class passengers. At the forward 
end of this deck-house two and three-berth rooms are 
arranged for the accommodation of fifty-one of the 
first-class ngers, while abaft these rooms, and 
immediately forward of the first-class dining-saloon, 
is the entrance hall for first-class passengers. From 
this there is a companion-way to the public rooms on 
the promenade and boat-decks and down to the 
remaining cabins on the main deck. This hall is 
panelled in teak of rich colour, while the staircase is 
finished in the same material, with iron balustrading. 
The first-class dining-saloon is 53 ft. long by 46 ft. 
wide, with a height of 9 ft.,and seating accommodation 
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comfortable, and special mention may be made of t!iose 
on the promenade-deck, fitted for two or four persins, 
All the cabins have two washstands and a ches! of 
drawers, whilst the majority have wardrobes. 

The third-class sleeping accommodation aft on the 
main and upper decks is arranged with cabins for two, 
three, four, or six persons, with berths erected in two 
tiers. All the cabins are well lighted, ventilated, 
heated, and comfortably fitted. 

Acommodious and well-equipped hair-dressing saloon, 
with electric hair-brushing machine, shampooing appa- 
ratus, &c., is fitted for each class of passenger. A 
printing-room, dispensary, male and female hospitals, 
mail and specie rooms, stewardesses’ rooms, service 
rooms, &c., are arranged in various parts of the ship, 
as indicated on the plans. 

The vessel is lighted*throughout by electric light, 
the fittings being very tasteful in design, particularly 
those in the first-class public rooms, being pure models 
of the periods represented. The generating plant 
consists of three independent sets of engines and 
dynamos. A complete installation of electric bells 
and loud-speaking telephones is fitted. 

Among the features of the ship is the sanitary accom- 
modation, which has received special consideration; 
everything is of the most improved description, and 
each group of lavatories is fitted with an ample number 
of baths and wash-basins supplied with hot and cold 
sea water and fresh water, the fresh water passin 
through a specially constructed filter. A powerfu 
electric suction-fan ventilates each lavatory. 

A Morse signalling-lamp is fitted on the foremast-head 
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the boat-deck there is a telegraph office, which is 
fitted with the latest equipment for aerial telegraphy. 
The lifeboats are fitted around this deck, but are so 
disposed as to involve the minimum of obstruction 
upon the promenade space afforded by this deck, and 
special gear is adopted in order that the boats may be 
easily and speedily handled in case of necessity. 

The promenade-deck is shown in Fig. 14, and extends 
continuously from the stern forward for about four- 
fifths of the length of the vessel. There are several 
separate steel deck-houses built on this level. Right 
forward is a series of special suites of rooms, which 
are panelled with various kinds of rich woods, and so 
furnished as to afford the greatest comfort obtainable. 
At the after end of this house there is, as shown in the 
plan, a lounge and library for the first-class passengers. 
‘The former has become a very important feature on 
board the steamship, as in caravansera on land, of 
which fact there is very suggestive evidence in the 
length of 50 ft. and the width of 32 ft. given up for 
this purpose on the Balmoral Castle. The library is 
immediately aft, and is entered from the lounge. ‘The 
deck-house amidships on this level is given up to the 
second-class passengers. There is here alibrary, which 
is fitted with mahogany furniture, upholstered in 
moquette, panelled in white and lighted from three 
sides. In this deck-house also are rooms for two or 
four persons travelling second-class. “The fitting of 
these rooms in this position of the ship for the second- 
class is proof of the consideration given by ;the 
Union-Castle Company to this class of voyager. Aft 
on the deck there is a lounge and smoking-room 
for the third-class passeagers. These are lighted 
from the side by large windows and from above 
by skylights, and are exceptionally well fitted, there 
being a piano and an extensive library, which, 
again, is suggestive of the liberality of the manage- 
ment of the line. The main and auxiliary steam 
steering-gears are placed on this deck at the ex- 
treme after end, but, of course, are controlled 
from the navigating-bridge by the latest pattern 
of telemotor gear. The remainder of this deck, it will 
be seen from the plan, is clear for promenading. In 





no place is the width thus available less than 10 ft., 


* In our one oy article the name of the architect | 


responsible for the decorative work was given as Mr. 
William Slockhart, instead of Mr. William Fiockhart. | 


is provided for 182 passengers. Immediately aft of 
the first saloon, and forward of the second saloon, are 
concentrated the pantries, galleys, &c., necessary for 
the two saloons. ‘These various offices have the latest 
appliances, and much labour is saved by driving knife- 
cleaners, coffee-mills, roaster-spits, dough-mixers, &c., 
by electric motors. The second-class saloon has seat- 
ing accommodation for 162 passengers. The engineer 
ian are berthed on the port side of this deck. Aft 
on this deck are provided two and four-berth cabins for 
third-class passengers, with a dining-saloon for 162 
passengers at one sitting. The hospitals and dispen- 
saries are in the extreme after end of this level. 

The main deck is more or less symmetrical on the 
port and starboard sides of the centre line, so that we 
have reproduced (Fig. 16) a half-plan—that pertaining 
to the port side. With the exception of 100 ft. from 
the stem, which is set apart for seamen and stewards, 
the whole of this deck is given up for passenger state- 
rooms, the first class being forward, the second-class 
amidships, and the third-class aft. Stairways in each 
case lead direct to the dining and other public rooms 
for the respective classes. 

Fig. 17 shows the starboard half of the plan of the 
lower deck. This level, with the orlop deck below, is 
fitted with lar, insulated chambers, capable of 
stowing 60,000 lb. of fresh meat, 6000 head of poultry 
and-game, 10,000 lb. of fresh and dried fish, and other 
provisions, such as fresh butter, ham, bacon, flour, 
&e. Large age and parcel rooms are also fitted 
on these decks, the remaining space, in addition to the 
holds below, being used for carrying cargo. 

With our issue of the 8th inst. we gave four plates, 
on which were reproduced several views of the public 
rooms, &c., on the ship, and we then described the main 
features of the decoration of these rooms. 

The first-class cabins on the promenade, upper, and 
main decks are all large and airy rooms, particularly 
those on the upper and promenade-decks, the larger 
number being fitted for two persons. Each room is 
fitted with a chest of drawers, upholstered sofas, ward- 
robe, specially-designed washstands (two in each room), 
electric fans, la pier-glasses, netting-racks, &c. 


The majority of these rooms have natural light from | : 


the sides or above, the windows being arranged with 
sliding venetian screens, so that ventilation is assured, 
although the room may at the same time be darkened. 

The second-class cabins are unusually large and 


RR ice ORE a A a a 





for long-distance signalling, and an Admiralty pattern 
semaphore on the bridge for short distances. Powerful 
steam-winches, ten in number, are fitted for the rapid 
handling of cargo. 

(To be continued.) 








New York Suspways.—Four more subways are pro- 
wm at New York, aggregating 37{ miles in length. 

heir construction is estimated to cost 113,000,000 dols. 
The four subways cr are as follow : — Broadway 
and Lexi m line, 223 miles, to cost 75,000,000 dols.; 
Fort Hamilton extension, 9} miles, to cost 18,000,000 dols. ; 
Broadway and. Lafayette line, 5 miles, to cost 13,000,000 
dols.; and Canal-street line, 1 mile, to cost 7,000,000 dols. 


DEMOLITION OF A BRIDGE ON THE GREAT WESTERN 
Rattway.—The demolition of a bridge on the Great 
Western Railway at Golden Hillock-road, Small Heath, 
near Birmingham, was recently expeditiously carried 
out. This bridge was olahale a three-arch brick 
bridge, of which the contractors had cut down the 
western arch and a part, 8-ft. wide, of the two remaining 
arches, leaving a part, 28 ft. wide, of both the main ellip- 
tical arch (28-ft. span) and east side semi-circular arc 
(16-ft. span). Previous to preparing the arches for blast- 
ing, the parapets were removed, the haunches and over- 
crown were filled in, leaving the arches bared, together 
with four spandrel walls running longitedinelly over 
both arches. Operations commenced on the 6th inst. 
The charging of the holes was started at 1.30 p.m. by 
three operatives, being followed by two men stemming. 
The circuit was completed and tested at 3 p.m., when the 
work of covering up, to avoid débris flying, was proceeded 
with. Everything was in readiness by 3.30 p.m., except- 
ing the covering of the permanent-way with sleepers, 
which was delayed fifteen minutes waiting for an up train. 
At 4.8 p.m., the firing cable having been connected and run 
out 100 yards along the permanent-way, and the cireult 
finslly tested on the vanometer, the exploder was 
connected and fired. The arches instantaneously heaved 
and fell, taking down the abutments and piers to within 
4 ft. of rail level. Immediately a gang of forty men were 
set to work filling ballast waggons on up and down roads, 
north and south of the bridge. The up road wascleared at 
5.53 p.m., and the down road was cleared at 7.30 p.m. It 
is caloulated that 210 cubic yards of brickwork were razed 
to the ground. The explosive used was Curtis so 
Harvey’s ‘‘Cheddite” in 49 charges, total weight of ex- 

losive 29 lb. The contractor was Mr. Thomas Row: 

tham, Coventry-road, Birmingham, 
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SIX-COUPLED LOCOMOTIVE FOR THE TIENTSIN-PUKOW RAILWAY, 


CONSTRUCTED BY THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA, PA., 


CHINA. 
U.B.A. 








WE illustrate above one of two locomotives recently 
shipped by the} Baldwin Locomotive Works to China, 
for the Tientsin-Pukow Railway. These engines are 
of more than common interest, including as they do 
in their design numerous features more in accord with 
European practice than is usually the case with 
American-built locomotives. The tendency in neutral 
fields to merge the two types is every year increasing, 
as the best features of each are becoming more clearly 
recognised. 

The most noticeable feature perhaps of these parti- 
cular engines is the adoption of plate frames for both 
engine and tender. The engine frames are of 1}-in. 
mild-steel plate. At the leading end the outside cy- 
linders are bolted to the frames, while a separate 
saddle casting extends between the frames and sup- 
— the smoke-box. Deep cross-stays are provided 

tween the frames, and at the trailing end a steel 
foot-plate casting. The horn-blocks and stays are of 
cast steel. With outside cylinders and Walschaert 
valve motion, all the running gear is outside the fram- 
ing. The driving-wheels have underhung springs with 
equalisers between the main and trailing drivers. The 
front drivers and truck wheels are equalised, as in 
American practice, the equalising beams being of cast- 
steel I-section. The driving-boxes are of steeled cast 
iron. The wheel centres are cast steel. 

The boiler is of the straight-topped type, with inside 
fire-box of copper. The crown and sides of the latter 
are made up of three plates. The fire-box tube-plate 
is heme thickness from } in. to } in. over the 
tube area. Copper stay-bolts are employed. These 
and other features are practically in keeping with 
European practice. The fire-box drops between the 
frames, a deep box for burning bituminous coal being 
thus procured. The fire-box is fitted with a rocking- 
grate, with drop-plate and a brick arch. 

The driver’s position is on the right-hand side of 
the foot-plate. The engine is equipped with the 
English Westinghouse quick-acting brake. 

The six-wheel tender has plate-frames outside the 
wheels. The tank holds 4800 United States gallons, and 
the coal space will accommodate 7} tons. hitworth 
threads have been used for all bolts, nuts, stays, &c. 

The chief particulars of this engine and tender are 
oad in the table herewith, the gauge of the railway 

ing 4 ft. 84 in. 


Locomotive : 
Cylinders—diameter ... 19 in 
“a stroke rn <i 24 ,, 
Wheels —driving, diameter ... tan 
%” e ” oe LAJ 
Boiler barrel—diameter 5 ft. 12 in 
Fire-box—length nee a c,h wae 
width +. ; <a 
depth— front fee a as 
vel back a ao oe 
thickness of side sheets ... } i 
a crown Z fe 
pe se back ... ne = 
ee os tul«-sheet ... 4 in. and ? in. 
Watcr-spaces—tront .. di; : 34 in. 
» sides ... ad oi a a 
nq - back ... 24 ea as 
Tules— waterial at : Iron 
number 238 
diameter 2 in. 

» length ... 12 ft. 04 in. 
Heating-surface—tubes 3 1489 sq. ft. 
; Me fire-Lox ... bei 140 _ ,, 

Total ... wit «. 1629 sq. ft 








Grate area ro! a as ... 24.2 aq. ft. 
Working pressure we - ... 180 Ib. a? sq.in. 
Wheel-base—driving ... 15 ft. 
ie »  totalengine ... ; 23 ft. 3 in 
Weight ondrivers. .. 45.44 tons 
os 9 ie : one - 10.33 ,, 
» total of engine 55.78 ,, 
Tender : 
Wheels—diameter 3 ft. 9 in. 
Weight ... - 42.88 tons 
Engine and Tender : 
Total wheel-base 46 ft. 3 in. 
» Weight 98.66 tons 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 6. 

THE general disturbance among the coal-miners has 
given the iron and steel manufacturers less concern 
than the magnitude of the strike would otherwise 
indicate. Nearly all large concerns have an abundant 
supply of fuel. They are not dependent on local 
sources, but can obtain coal from non-union districts 
in Eastern Pennsylvania. They can also call upon the 
Connellsville region for coal, and thus maintain mill 
activities for months tocome. The miners have been 
threatening a strike for many months, and have made 
demands which manufacturers cannot concede. It is 
now believed that bottom prices have been reached in 
iron and steel, and if this conclusion is correct, it 
means the influx of a large volume of business 
in both crude and finished material. The industry 
has entered upon the second quarter of the year 
under highly favourable conditions. The demand 
for steel cars and locomotives continues to increase, 
and nearly every system in the country is either 
in the market for engines or is contemplating the 
purchasing of motor power. A very high railroad 
authority, James J. Hill, says that for the coming six 
years the railroad building and equipment require- 
ments will amount to 1,600,000,000 dols. annually. 
The test present need, he says, is more locomo- 
tives than cars. Within two or three days the Baldwin 
Locomotive Works of this city have booked orders for 
forty-three engines, and the American Locomotive 
Company have booked orders for ninety-one. The 
Pennsylvania Railroad gn my | is working on a lot 
of ‘*105” engines for its own lines. The Missouri, 
Kansas, and Texas has ordered sixty-five locomotives 
from the American Locomotive Works, and thirty- 
five locomotives have been ordered from the same 
company by the New Orleans, Texas, and Mexican 
Road, and forty more from the Baldwin op . The 
steady increase in crops and merchandise of all kinds 
is stimulating the railway companies to order addi- 
tional engines, rolling-stock, track equipment, and 
bridge-work. A great many yards for the transfer of 
freight are also tobe built this year, and some of them 
are of very great size and capacity, The car-builders 
have recently entered upon extensions of capacity in 
order to keep pace with the demand for steel cars, and 
they have also made known their requirements for 
large quantities of material, which have had the effect 
of Leotnates quotations for steel-plates. The entire 
railroad situation is satisfactory, except from the 
standpoint of ible legislation. A Y oy deal of 
agitation is threatening Congress. e Canadian- 
Pacific is preparing to shorten its line between Mon- 
treal and the Pacific Coast, and decrease the distance 
over any other trans-continental line by 250 miles. It 
will how the time by half a day across the Continent. 


| 334,000/.), submitted by the Direccion 








FOREIGN ENGINEERING PROJECTS, 


Ws give below a list of foreign engineering projects. For 
several of these tenders are asked ; further data condern- 
ing same can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, —— pe oy E.C. 

Italy: A concession has been gran to the Societa 
Tramvie Vicentine for the construction and working of a 
steam tramway from Bassano by way of Marostica 
Vicenza and Noventa to Montaguana, with a branch from 
the Ponte di Barbarano to Barbarano. 

Austria-Hungary : The district authorities of Przemysl 
are considering the question of installing water works for 
the supply of the district. The cost of the scheme is esti- 
mated at 2,600,000 kronen (about 108,000/.). The municipal 
authorities of Wessely (Bohemia) have decided to begin 
the construction of the town’s water works next autumn. 
The cost of the undertaking is astimated at 1,000,000 
kronen (about 42,0002. ). 

Switzerland : A decree is published granting to the 
Swiss Federal Railways a credit of 24,000,000 francs 
(960,000/.) for the construction of the Hauenstein Tunnel. 
The object of this work is to take the Hauenstein line 
from Sissach to Olten by way of Gelterkinden and 
Tecknau. 

Peru ; The Ministerio de Fomento is authorised to carry 
out surveying operations for the construction of a railway 
from a point on the Juliaca-Cuzco line to a suitable point 
on the River Madre de Dios. 

Chili: A company has been formed at Santiago with a 
capital of 2,000,000 pesos for the working and extension 
of the Llano de Maipo Railway in the province of 
O’ Higgins. 

Argentine Republic ; A decree has been issued, approv- 
ing the plans and estimate of 1,668,472 gold (about 
meral de Ferro- 
carriles, Buenos Aires, relative to the construction of the 
first section of the Quimili branch of the Central Northern 
Railway to Metan, on the Barranqueras line. 

Mexico: A contract was very shortly to be signed be- 
tween the Mexican Government and the Vera Cruz, 
Tabasco, and Campeche Railway Construction Company, 
for the construction of a railway from Santa Lucretia, on 
the Tehuante National Railway, to Campeche. Nine 
years are to allowed for building the line, but, says 
the Mexican Herald, it is expected to be finished 
considerably sooner. Work was to be begun before the 
end of the month of March on the Chapala-Capilla Rail- 
by Ed Compafiia de Navegacion M ejoras del Valle 
4 io Balsas, the secretary of which is Colonel F. 8. 

‘irkland, of Chihuahua, has submitted to the Mexican 
Government plans for the improvement and navigation 
of the Balsas River. It is pro to navigate the river 
with flat-bottomed Pom! a boats of 30 in. draught, 
carrying 57 tons of freight each, and drawing two barges 
of equal draught with a freight capacity of 100 tons each. 
A line of railway 3 miles long would be required to pass 
the double rapids of San Antonio and Infiernillo. 

Gua -Mexico; A concession has been granted by 
the Guatemalan Government to Mr. D. E. Thompson for 
the construction of a bridge over the Suchiate River—the 
boundary between Mexico and Guatemala. Mr. Thomp- 
son is president of the Pan-American Railway, and his 
offices are in the Edificio de la Mutua, Mexico City. 








Breieian Coat-Mininc.—The production of coal in 
Belgium last year was 23,561,125 tons, as compared with 
23,678,150 tons in 1908. In last year’s production the 
output for the first half of the year figured for 11,559,745 
tons, and that for the second half for 12,001,380 tons, 
Notwithstanding that the output has been increasing of 
late, it will be seen that the production for the whole of 
last year showed a slight falling off, as compared with the 
preceding twelve months. he number of persons 
engaged in Belgian coal-mining at the close of last year 
was 140,717, as compared with 143,494 at the close of 1908, 
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THE SETTING OF PORTLAND CEMENT. 
To THE Epitor oF ENGINEERING. 

Sir,—What changes have taken place in the manu- 
facture of Portland cement in the last 20 years? The 
burning and clinkering of the cement is very much the 
same as it was then, with the exception of the introduction 
of the rotary kilns. A great improvement has taken io 
in the mixing of the slurry—that is to say, the chalk, 
clay, and water from which the cement is made. This 
liquid mixture is now pas through such.very fine sieves 
that a thorough mixing of the ingredients is ensured, and 
no coarse particles can appear in it. The slurry, when of 
& proper consistence, passes into large reservoirs or tanks, 
in which, as in the works at ‘The Combine” at North- 
fleet, it is kept in constant agitation by means of suitable 
apparatus worked by electric or hydraulic power, so that 
the ingredients of the slurry have no chance of becoming 
separated, thus ensuring uniformity of composition. In 
the case of the rotary kuns, this thoroughly mixed slurry 
is pumped direct into the kiln, and passes gradually down 
by the rotation of the kiln until it comes to the intensely- 
heated portion, where it becomes clinkered into small 
pieces, and falls out of the kiln into suitable places under- 
neath. From this it passes into large ball mills, to which 
are attached sieves. In these mills it is ground toa fine- 
ness suitable for passing into the tube mills, where the 
final grinding is completed. Of course, for the use of old- 
fashioned or intermittent kilns, the slurry has to 
dried to a certain extent in flues, or by other means, before 
being packed in the kilns with coke or coal for burning 
and clinkering. 

Some.of these old kilns still turn out some excellent 
cement, especially when the quantity of lime is kept 
down so as to produce a cement containing not more 
than 60 per cent. of lime in the finished article. In 
the burning of these kilns, in which the coke or coal is 
mixed with the dry slurry, the finished cement contains 
a larger quantity of sulphur compounds and insoluble 
residue than is the case in cement burned in the rotary 
kilns, in which small coal is blown in and burned com- 
pletely in the lower end of the kiln. The ash of the coal 
and some other materials are carried away through 
the other end of the kiln by a great draught, and are thus 
prevented from being mixed with the cement. 

From the above-mentioned improved mixing of the slurry 
and its burning in the rotary kilns it should produce a 
cement which is all that can be required, providing that the 
quantity of lime in the finished cement docs not exceed 60 or 
60.5 per cent. at the most. Since the introduction of the 
rotary kilns, however, there has been a desire by some 
manufacturers to increase the quantity of lime to even 
65 or 66 per cent., which is injurious to the cement in 
several ways. It was this endeavour so to increase the 

uantity of lime in the cement, and the introduction of 
this increase into the standard specification for Portland 
cement, and its sanction thereby, that induced me to 
make certain investigations with a view to determine 
what would be the necessary and best proportion of 
lime required to combine with the other ingredients 
(silica and alumina) to form cementitious matter, which 
is, of course, the essence of cement. In endeavouring to 
separate the free or uncombined lime from the cement, I 
treated several samples with repeated quantities of dis- 
tilled water, and succeeded in dissolving away all the 
lime that was not in chemical combiaation with the other 
ingredients of the cement. As this method of treatment 
might be thought to interfere with the full combination 
of the lime with the other ingredients of the cement, I 
adopted another method, whereby the cement was gauged 
in the ordinary way and allowed to stand in a moist 
atmosphere for four days, so as to ensure the complete 
setting of the cement and the proper arrangement of 
particles among themselves. The pats of set cement were 
then suspended in large stoppered bottles containing dis- 
tilled water, and allowed to stay there for several 
weeks, when they were taken out, dried, and analysed, to 
see what difference there was made in the composition 
of the cement by this treatment. The samples taken for 
these experiments were as follow :— 


A. B. c. D. 


per cent per cent per cent per cent 
e-| 22,34 21.70 2. 23.44 
0.66 


Silica, soluble 

Insoluble residue 
Alumina .. a 

Oxide of iron 

Lime P ae 
Magnesia .. ~ od 
Sulphuric anhydride (SOx) 
Carbonic anhydride (CO,) 
Water and loss ae 


0.58 1.56 | 1.12 
7.64 8.40 | 8.00 
3.20 3.20 4.00 
63.96 59.92 | 59,13 
1.08 1.07 1.08 
0. 1.83 2.16 
0.45 0.80 | 0.58 
0 54 0.28 0.49 
100.00 100.00 100.00 


| 


i 
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According to the above calculations these cements con- 
tained as follows :— 


! 


— A. B. C. D. 





- per cent per cent per cent per cent 
Lime saturated by silica 41.70 40.51 42.82 43.76 
oe 9 alumina .. 7.97 8.38 9,22 8.78 
» Y sulphuric 
anhydride 5 me 4s 1.02 0.61 1.28 1.51 
Lime saturated by carbonic 
anhydride - @s : 0,76 0.51 1.01 | 06.73 
Lime in combination .. --| 5145 | 50.07 5433 | 54.78 
»» cement .. Be --| 62.83 | 63.96 60.92 | 69.13 
Free or uncomb:ned lime ../ 11.08 13.89 5.59 4.35 





True cementitious os “| 79.27 78.23 83.38 83.98 
| 
The analysis of these pats after the above treatment 
was as follows ;— 








—— | B. Cc. D. 





Silica, soluble 79 22.14 
Insoluble residue ¥; 0.63 0.69 
Alumina .. ia ne a) eee 6. 

Oxide ofiron .. ~ tr eee 2 
Lime =s se of .-| 55.08 
Magnesia .. aa ee --| 096 
Sulphuric anhydride (-O3) ..| 1.48 
Carbonic 9” Us) ..| 5.95 
Waterand loss .. és .-| 5,04 


100.00 | 


|per cent per cent per cent per cent 
=| 20, 2. 21. 21.90 


1.10 
8.10 
3.20 
53.98 
1.00 
2.07 
2.00 
6.65 
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ia) 


Port 


=| 833ee8 
gr ge et et Ege are 


S| Se2engees 


f--} 





100. 100.00 
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According to the above calculation these cements 
contained as follows :— 





— 
A. Pa ea 





' 
Jer cent'per cent per cent per cent 
Lime by silica .. s. .. 8881 41.33 | 39.93 | 40.83 
» 9» &lumina ee oo} OD 7. 8.23 8.89 
», sulphuric anhydride. 1.03 0. 1,14 | 
» carbonic os .. 7.66 5.6 4.82 
Lime incombination .. ..| 65.25 | 54. 54.14 
Lime in cement .. on .. 56,08 | 565. 54.15 | 
Free or uncomined lime es 0. 0.01 
| 


This clearly showed that the free lime existing in cement 
had been dissolved out or converted into calcium carbo- 
nate by contact with the air or by the CO, in the water, 
and that the supposed tricalcic silicate does not exist in 
cement, set or unset. In fact, taking analysis No. A in 
this series, if the silicate existed as tricalcic silicate, it 
would require 62.55 parts of lime to saturate it, leaving 
none to combine with the alumina, sulphuric and car- 
bonic anhydride. 

This is more clearly proved by the pats above referred 
to. In the case of No. A, after deducting the lime exist- 
ing as sulphate and carbonate of lime, there remains only 
49.67 of lime combined with silica and alumina; whereas 
if silica existed as tricalcic silicate, that alone would 
require 55.21 parts of lime to saturate it, or 5.54 more 
parts than exist in the cement, without giving any to the 
alumina. What is to be learned by these facts? The 
cement being gauged in the — way, and the 
arrangement of particles among themselves having taken 
place, it is clearly proved that one equivalent of silica 
(60) combines with two equivalents of lime (56 x 2) = 112, 
and that one equivalent of alumina 102 requires two 
equivalents of lime (56 x 2)=112. All the remaining 
quantity of lime in the cement, being rejected by the 
silica and alumina, is only combined with sulphuric 
anhydride, carbonic anhydride, and water. 

One, if not the greatest, improvement in the manufac- 
ture of Portland cement of late years has been the intro- 
duction of the tube mills for the fine grinding of the 
cement. Before these were introduced, a cement that 
left 10 per cent. residue on a 50 x 50 = 2500 meshes per 

uare inch sieve was considered by some to be the essence 
pe tt Whereas by the use of the tube mills onl 
about 1 per cent. residue is now left on a 76 x 76 mes 
sieve = 5776 per square inch, and only about 15 per cent. 
on a 180 x 180 mesh sieve = 32,400 meshes per square 
inch. This very fine grinding of the cement, combined 
with the improved preparation and sieving of the slurry, 
has done away with the danger that formerly existed— 
namely, the blowing of the cement after it had become 
set, which was caused by lumps of lime or coarse cement 
absorbing water and causing expansion after the rest of 
the cement had set. Now, what is Portland cement? In 
the first place, there is the chalk or impure carbonate 
of lime, then there is the clay generally derived from the 
beds of rivers, such as the Thames and Medway, which 
consists of silicates of alumina, iron, magnesia, and lime. 
What takes place when this mixture of chalk and clay is 
burned? The chalk, when giving up its carbonic anhydride, 
decomposes and disarranges the combination of the ingre- 
dients of the clay, combining with all the silica and alumina 
to form silicate and aluminate of lime, leaving the oxide 
of iron and magnesia out of the question. It is this 
silicate and aluminate of lime which is the true and only 
useful nee of the cement. Now chemicals do not com- 
bine in higgledy-piggledy fashion, but only in definite pro- 
portions ; thus one equivalent of silica (60) requires two 
equivalents of lime = (56 x 2) = 112 to saturate it. Thus 


a = 1.867, which is the numerator required to deter- 
mine the quantity of lime that any quantity of silica will 
saturate. As alumina (102) requires lime (56 x 2)= 112 


to saturate it, then 112 _ 1.098, which is the numerator 


102 
required to determine the quantity of lime that any 
quantity of alumina will saturate. Then as sulphuric 
anhydride (SO;) 40 requires lime 28 to saturate it, then 


= 0.7, which is the numerator required to determine 





the quantity of lime that any quantity of sulphuric an- 
hydride will saturate. Then, as carbonic anhydride (CO,) 


22 requires lime 28 to saturate it, then = = 1.27, which 


is the numerator required to determine the quantity of 
lime that any quantity of carbonic anhydride will satu- 
rate. With these data it is easy to calculate from the 
analysis of any cement the quantity of lime in chemical 
combination with the other ingredients of the cement, and 
show how much is free or unsaturated lime in the cement. 
If an engineer requires to determine the quantity of sili- 
cate and aluminate of lime in the cement, he can do so in 
the following manner :—The silica multiplied by 2.867 = 
silicate of lime, and the alumina multiplied by 2.10 = 
aluminate of lime, and these two added together constitute 





the true’ cementitious matter of the cement, and should 
never be less than 85 per cent. of the cement. Thus a 
cement, when gauged, consists of silicate and aluminate 
of lime, which is the true cement ; the excess of lime, 
the oxide of iron, magnesia, sulphuric anhydride, and 
carbonic anhydride are extraneous matter, and are of no 
use in the cement. It stands to reason, therefore, that 
a cement containing the largest proportion of silicates 
and aluminates of lime, and the smallest quantity of 
extraneous matter, must be the best. Further experi. 
ments proved to me that these figures are correct, and 
moreover that these silicates and aluminates of lime, 
when the cement is gauged with water, take up and 
combine with regular and definite quantities of water ag 
water of crystallisation. 

By numberless experiments I found that a good cement, 
when gauged in the ordinary way and kept under water 
for a month or so, took up and combined with an average 
of 10 to 11 per cent. of water in the form of water of 
crystallisation which still remained after the cement had 
been thoroughly air-dried. Some of it, however, was 
capable of being expelled at 212 deg. Fahr., and a further 
amount at 600deg. Fahr. For instance, I prepared pats of 
cement (90z. of cement being gauged with 2 oz. of water), 
two of which when set were kept ex to the air until 
they lost no more weight. No. A lost, when dried at 
212 deg. Fahr., 0.9 per cent.; and at 600 deg. Fahr., 2.915 

r cent.; a total of 3.815. No. B lost, when dried at 
212 deg. Fahr., 0.5 per cent.; and at 600 deg. Fahr., 0.95 
per cent.; total, 1.45 per cent. No. A had an initial set 
of 30 minutes, and No. Ban initial set of 9 minutes ; show- 
ing that the quantity of water combined with, when the 
cement is not put into water, varies in quantity accord. 
ing to the initial set. The quicker the initial set the 
less water taken up. When similar pats, however, are 
put as soon as possible into running water, water is con- 
tinually taken up. For instance, pats Y and Z were put 
into water, Y was kept in running water for one month, 
Z for seven week ; oon they were taken from the water 
and allowed to dry in the air until they lost no more 
weight. They were then dried at 212 deg. Fahr. and 
600 deg. Fahr. Y lost at 212 deg. Fahr. 4.8 per cent., 
and at 600 deg. Fahr. an extra 4.38 per cent.; total, 9.18 
per cent. Z lost at 212 deg. Fahr. 6.175 per cent., and 
at 600 deg. Fahr. an extra 4.925 per cent.; total, 11.10 per 
cent., clearly showing that briquettes or pats of cement, 
gauged in the ordinary way and kept in running water, 
gradually and continuously absorb water, and take it up 
in the form of water of crystallisation. 

To determine what effect these quantities of water 
have on the cement, I prepared a considerable number of 
pats, and, after they had been kept in water for two 
months, they were taken out, dried in the air, and 
powdered. After this, some of them were dried at 212 
deg. Fahr. until they lost no more weight ; others were 
dried at 600 deg. Fahr., and further set at a dull red heat. 
Those dried at 212 deg. Fahr. and 600 deg. Fahr., when 

wdered and again gauged with water, acted like 
ash-setting cement, and had to be treated with a fine 
spray of water, as provided in my patent, No. 23,450, of 
1906, after which Ps set properly. Briquettes of each 
of these were gauged with 224 per cent. of water, and, as 
soon as set, were put into running water, and tested by 
breaking strain at periods of 1, 2, 3, 4, 5, and 6 months, 
&c. One curious fact was here noticed— viz., that 15 0z. 
of cement, Which was only sufficient to make three 
briquettes with new cement, in each of these cases was 
enough to make four briquettes, showing that neat 
cement, when gauged with water, expands, and occupies 
more space, which effect could not be again changed by 
any amount of drying. 

The briquettes an 4 from the cement dried at 212 deg. 
and 600 deg. Fahr., and at red heat, as soon as set, were 
put into running water until each time of breaking. The 
average breaking strains, in pounds per square inch, of 
three of each of these briquettes were as follow :— 
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It may be noted, in comparing these breaking strains, 
that these briquettes, although of the ordinary size, 
1 in. square, contained 20 per cent. less cement than in 
the fresh cement—namely, 4 oz. instead of 5. These results 
clearly show that the quantity of water of crystallisation 
occupies different relations to the cement. The water 
expelled at 212 deg.Fahr. is not so closely combined with 
the cement as that which is expelled at 600 deg. Fahr. 
The extra water expelled at a dull red heat is probably 
that in chemical combination, as calcium hydrate. What 
is to be learnt from the above? In the first place, the 
setting consists in the combination of the cement with 
water, part of it being in chemical combination and the 
greater part as water crystallisation. The cementitious 
matter in the cement is the only material in the cement 
which erystallises with water, and on it depends the 
strength of the cement, the other ingredients being 
merely extraneous matter. Cement gradually absorbing 
and crystallising with more and more water, the ~ 
crystals become dove-tailed into those previously formed, 
thus causing probably the increase in strength at 
different periods. It is therefore clearly important that 
cemeit should contain as much of this true cementitious 
matte as possible (silicates and aluminates of lime). 
Clearly, therefore, cement containing 65 per cent. ot — 
and only enough silica and alumina to form 76 parts Me 
silicates and aluminate of lime cannot possibly give te 
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ultimate strength which would be obtained by a cement 
containing 60 to 60.5 per cent. of lime, and a correspond- 
jng increase in cementitious matter (87.9). The latter 
results were recently supplied to large dock works. 

As this letter promises to become too long for you to 
publish in one issue of your paper, I will stop here, and 
ask you kindly to publish the remaining portion later. 

: Yours faithfully, 
Henry Ketway Bamser, F.I.C., 
Analytical and Consulting Chemist. 
Westminster Chambers, 9, Victoria-street, 8S. W. 








‘“*WATER-SOFTENING.” 
To tHe Eprror or ENGINEERING. 

Srr,—In the correspondence anent the use of the 
‘“Luminator” apparatus no definite statement is madeas 
to how the softening is effected. On one hand it is alleged 
that the change is principally of a physical nature ; on the 
other, correspondents aver that the process ‘‘is altogether 
too alchemistic.” 

I have not seen the apparatus at work, nor have I had 
an opportunity of analysing a water before and after 
treatment, and I would much like to know if analysis 
does not show some difference, particularly in connection 
with the nitrogen present in the original water as nitrates. 
When using a a oe on couple for the reduction of 
nitrates in waters of moderate or fair hardness, an effect 
upon the salts contained is evident by the precipitate 
which is formed to a greater or less extent. In very hard 
waters the precipitate is considerable, and occasionally 
the reduction of the nitrates is much retarded though the 
precipitate be abundant. : 

I recollect an apparatus being introduced some little 
while back which was fitted internally with zinc and 
copper with the idea of taking advantage of the above- 
indicated action on boiler feed-water. I have not heard 
anything of it since the first and only time it was brought 
to my notice ; possibly it was not a commercial success. 

Yours truly, 
J. CU, Sreap. 
55, Chancery-lane, W.C., April 11, 1910. 





To THE EprTor oF ENGINEERING. ae 

Sin,—We do not propose to trespass — the hospitality 
of your columns by following Messrs. Paterson in draw- 
ing invidious distinctions between our plant and those of 
our competitors. We need only say that the capabilities 
of the Lassen and Hjort softener are by this time ‘pretty 
widely recognised, as over 3000 plants are now in opera- 
tion, and the majority of your readers do not need to be 
told that, when compared for the attainment and main- 
tenance of actual guaranteed results with any other 
plant, it is able to hold its own. 

As regards the gentleman who signs himself “A 
Fellow of the Institute of Chemistry,” we are glad to 
observe that, at last, he makes a statement which is 
capable of definite proof or disproof. : 

He contends that the “‘Luminator” apparatus will 
improve water for the purposes of dyeing, bleaching, and 
brewing. We shall be glad to know whether he is 
willing to submit samples of water before and after treat- 
ment in the ‘‘ Luminator” to an independent analytical 
authority, who will say— 

1. Whether any change has occurred in the water which 
can be detected by physical or chemical means. 

2. Whether the ‘** Luminator ” treatment has made the 
water any better for dyeing, bleaching, or brewing pur- 
poses than it was before. 

Yours faithfully, 
LASSEN AND Hort. 

52, Queen Victoria-street, E.C., April 13, 1910. 





‘““COMPOUNDING AND SUPERHEATING 
IN HORWICH LOCOMOTIVES.” 
To THe Eprror oF ENGINEERING. 

Sir,—In the discussion on Mr. Hughes’s paper on this 
subject, as reported in your issue of March 25 last, there 
appears to be a slight confusion of ideas in the matter of 
high piston speeds in their connection with cylinder 
condensation losses. Mr. Hughes’s paper stated that high 
piston speeds reduce the temperature range in the cylinders 
m express work, and a table is given of the piston speeds of 
various types of engine (page 357 ante). From this the con- 
clusion was apparently drawn during the discussion that the 
mere fact of the piston having a high mean speed of travel, 
however obtained, was efficacious per se in reducing con- 
densation. This conclusion was surely arrived at in error. 
Apart from the actual temperature of the cool surface in 
contact with the steam, which will be referred to later, 
the condensation taking place in a cylinder during one 
stroke is proportional to the extent of this surface and to 
the length of time for which it is in contact—i.e., to the 
quantity time-surface. A reduction either in the’amount 
of the surface or in the time occupied per stroke there- 
fore lessens condensation. 

Now all the engines referred to in Mr. Hughes’s paper 
had the same length of stroke—26 in., therefore the in- 
creased piston speed of the express engines was obtained 
by ma! ing more strokes per minute—i.e., reducing the 
time occupied per stroke. In addition to the consequent 
reduction in the condensation quantity time-surface, a 
decrease in the time per stroke would result in the cylin- 
der wa|ls assuming a somewhat higher mean temperature, 
’s apparently found by Mr. Hughes, which would also 
‘essen the losses, Ic was to these facts rather than to any 
inherent virtue in a piston speed of 1200 ft. per minute 
that the reduced cundensation was due. 

, ow consider the case of two engines, in one of which 
‘aé mean piston speed is increased by lengthening the 
stroke, the wheel diameter and consequently number of 
strokes per minute remaining the same. Assuming that 


the same quantity of steam is admitted per stroke, the 
final temperature will be lower in the case of the longer 
stroke, and the range of temperature greater. The time 
of contact remains the same, but the surface is increased, 
and the condensation losses tend therefore to become aug- 
mented in two directions. It would appear, therefore, 
that any advantage to be derived from increased length 
of stroke must be independent from and in spite of the 
question of cylinder condensation. 


Yours faithfully, 
April 9. L. A. F. 








SHIP RESISTANCE. 

m . To THe Eprror oF ee ING. ai 

Str,—In your current issue you pu a r on ship 
resistance, read before the Philosophical Rooiety of 
Durham University. The paper is interesting from the 
theoretical point of view, but hardly appears to be of any 
practical value. 

The writer of the paper obtains an exponential ex- 
pression, which contains five independent constants, for 
the wave resistance per ton of dis’ ment. It is stated, 
though the reason is not clear, that three of these con- 
stants will be practically the same for the same type of 
ship, and presumably the other two will vary with the 
ship, and are determined from the results of model ex- 
periments. As an example, the two constants are 
determined from the results given by Mr. Taylor for a 
particular ship, and the expression is then used for other 
speeds of the same ship. At seven speeds the calculated 
horse-power is compared with the experimental. Of 
these five agree exceedingly closely, and the two others 
are respectively 16 and 3 per cent. out on the wave horse- 
power. It would appear from this that the writer had 
calculated the five constants in the formula from the 
results of the one model, and it follows naturally that the 
calculated and experimental results will agree at the five 
speeds taken. If this is the case, it would surely be 
simpler to express the resistance in the form R = Ac + 


Be? + Ce? + Det + Ec®; where ¢ = + 
Vv 

For values of c above 1.8 in Table I. of the paper, the 
percentage of wave to total horse-power appears to 
generally very much smaller than is usually found from 
model experiments. In fast vessels at c = 2.4 the per- 
centage is usually over 50 per cent. 

One other point deserves notice. The writer states 
that with a ship in shallow water ‘‘ the whole group of 
transverse waves consists then of a hump which accom- 
panies the ship at its own speed, and in consequence, 
once the disturbance is formed, no further supply of 
energy is needed.” It is, however, a matter of very 
common experience that with a ship in shallow water, 
moving at a — appropriate to the formation of a 
single wave or hump, the horse-power required is much 
greater than when moving at the same speed in deep 
water. 


Yours faithfully, 
re 4 Jeame, M. Inst. N.A. 
104, Huron-road, Upper Tooting, London, 8.W., 
April 10, 1910. 





“THE INSTITUTION OF CIVIL 
ENGINEERS.” 
To THe Eprror oF ENGINEERING. 

Srr,—I have read with interest the article in your issue 
of the 1st inst. on “‘ The Institution of Civil Engineers,” 
but I ask, Why attack the Institution which has done so 
much for the profession of engineering, and which has, as 
you justly remark, built up for itself a unique position of 
confidence, and is now most rightly determined to do 
nothing rashly to jeopardise that position ? 

Why do not all educated engineers unanimously request 
legal protection for their property from the Government? 
The money invested in education and training is as much 
property—and Lp y valuable to the nation—as mone 
invested in land or other security, and should be protected. 
Other learned and scientific professions have this protec- 
tion. Why should engineers not have it ? 

The guestion is how to get it. I would suggest that 
you, Sir, through your valuable paper, should invite 
su tions from those interested. 

fy personal idea is that it is greatly a matter for 
colleges and technical schools granting engineering 
degrees and diplomas, and would su t that each en- 
gineer should write to his own college or technical 
school, urging them to action in the matter, or at least 
collect evidence of the feeling of the profession. 

I am, Sir, yours obediently, 

April 9, 1910. x. 








THe Mercantite Year - Boox. — ‘‘ The Mercantile 
Year-Book and Directory of apes ” for 1910, edited 
by Mr. Walter Lindley Jones, F.R.G.S., editor of ‘* The 
Mercantile Guardian and published at the rice of 10s., 
by Lindley Jones and Brother, 16, St. Helen’s-place, 
Bishopsgate-street Within, E.C., gives the names of the 
exporting firms in London and the large manufacturing 
centres in the United Kingdom, Paris, Hamburg, Berlin, 
Bremen, Amsterdam, Rotterdam, Antwerp, and other 
cities. It contains over 600 pages. Part I. is set 
apart for London; the exporters, the goods they trade 
in, and the foreign parts to which they ship, being 
stated. Part II. deals with the importers in the 
British colonies and foreign countries, and gives the 
representatives and buying agencies of the importers. 
Part ILI. contains a list of the principal classes of goods 
shipped from London and the names of the chippers. 
Parts IV. to VI. give other information with regard to 





London, British, and foreign exporters. 


ELECTRIC DRIVE FOR PLANING- 
MACHINES. 


Tue Lancashire Dynamo and Motor Company, Limited, 
Trafford Park, Manchester, announce that they have re- 
cently patented an arrangement of electric drive for 
planing-machines, by means of which they claim they are 
able to obtain speeds in excess of any hitherto attempted, 
They equipped with this device, in their own works, a6-ft, 
by 6-ft. by 18-ft. planer, the weights being as follow :~ 


Tons, 
Weight of table .. es ee °° ee oe 8.5 
Weight of castings on table _ 25 
Total 11.0 


The tests gave the results which are recorded in the 
following table :— 











Size of | Length time ot _ Speed Speea | Waste 
a . rs) . o- of a Time 
under troke : : | per 
Test. Taken. Cycles. Cutting. Return. Cycle. 
ft. in. ft. min. sec. ft. per min. ft. per min.) se, 
18 x 6 15.16 3 54 176 18 
18 x 6 10.25 2 41 oa 176 1.3 
18 x 6 5 | 28 54 176 1.5 
18 x 6 2.16 0 b4 176 17 


| 
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The high rate of return speed, and the very small amount 
of waste time at the end of the stroke, are particularly 
remarkable. Of course the speeds of both, cutting and 
return, are the maximum which were recorded during the 
travel of the table. One great advantage of the system is 
that the a ae can, by turning a switch handle, 
be instantly changed from slow, up to the maximum 
speed of the return ; in other words, it is quite practicable 
to cut at from 15 ft. pee minute up to 175 {t. per minute. A 
high-speed tool will make it ible to obtain each of 
these speeds without the use of a main resistance, and by 
one movement only of a switch-handle. This overcomes 
the great disadvantage of the ordinary high-speed planer, 
with which, unless expensive change-speed gear-boxes are 
used, itis impossible to reduce the cutting speed to get 
under the hard or chilled section of castings, when the 
first cut is put on. The system is equally applicable to 
three-phase, two, or single-phase, or direct current ; if no 
current is available in the works, there is no ditticulty in 
driving the generator used in this system from a line shaft. 
This patent gear can be worked with a stroke as short as 
2 in. to 3 in. with a suitable design of tappet-gear. The 
planer can also easily be reversed by hand on the 2-in. 
stroke. The device is particularly suitable for converting 
old planers into high-s planers. No structural alte- 
rations to the planer are required ; it is only necessary to 
gear up the motor to the driving-shaft of the planer. "Phe 
simple switch-gear required is exactly the same as the 
ordinary starting panel for a motor, with the addition of 
one reversing-switch, which consists of a two-pole shunt 
reversing-switch carrying one or two amperes only, or 
about the current taken by four incandescent lamps. The 
main current is never broken, except by the double-pole 
switch when the planer is to be stopped. The company 
have on view two sizes of planer, the 6-ft. by 6-ft. by 18-ft. 
mentioned above, and alsoone 4-ft. by 4-ft. by 12-ft. Both 
were originally belt-driven machines ; one is ten years old 
and the other about six years old. They have been con- 
verted to high-s without any alterations other than 
the addition of the electrical gear. 





Tae Institution or Crivit Enoingerrs: Stupents’ 
Mretincs.—At the Students’ Meeting, held at the Insti- 
tution on Friday, April 8, at 8 p.m., Mr. A. E. Carey, 
M. Inst. C.E., in the chair, Messrs. G. H. Hodgson and 
H. M. Gell, Studs. Inst. C.E., read a paper entitled 
“The Reconstruction and Extension of Egremont Ferry 
Pier.” The authors, having briefly described the old 
work, dealt with the reconstruction in detail. A feature 
of the work, which included a length of new high-level 
pier, bridge, and floating-stage, was the reinforced-con- 
crete pier-deck, and the reinforcement of the columns by 
concrete and angle-iron frames. An interesting discus- 
sion followed, in which Messrs. E. Latham, 
Walton, G. Lacey, and C. R. Parker took part. 


Tue Concrete Institute: Visit To Paris. —The 
deputation of members of the Concrete Institute have 
returned from Paris, where they have been making a 
special inquiry into the durability of reinforced concrete. 
or this purpose visits were paid to about a dozen im- 
portant structures in and near Paris, including bridges, 
culverts, tunnels, reservoirs, and buildings, all of rein- 
forced concrete. These were of various the oldest 
being the roof of a large house constructed no less than 
fifty-eight years ago by the late M. Coignet. The pro- 

mme of visits was arranged by Professor Rabut, the 
hief Engineer for New Works of the French State Rail- 
ways. The deputation were specially invited to dine 
with the Association des Ingénieurs des Ponts et 
Chaussées. In the absence of the ident the visitors 
were received by M. Colson, Membre de Conseil de!’ Etat, a 
former Inspector-General of this distinguished corps. e 
visitors were also hospitably entertained by the Chambre 
Syndicale des Constructeurs en Ciment Armé, whose 
president, M. Edmond Coignet, is a son of the famous 
inventor, and by M. Hennebique, whose reputation as a 
designer of reinforced concrete is world-wide. The de- 
putation were well satisfied with the results cf their 





inspection, which will form the subject of a special report. 
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NOTICES OF MEETINGS. 





Tas InstiruTion oF MecuanicaL Enorvesrs.—Friday, April 15, 
at 8 o’clock. Adjourned discussion upon Mr. George Hughes's 
paper on “‘Compounding and Superheating in Horwich Locomo- 
tives.” Paper to be read and discussed (if time permits) :—‘‘ A 
Research on the Hardening of Carbon and Low-Senenten Tool- 
Steels,” by Mr. Shipley N. shaw (Member), of Manchester. 

Norru-East Coast Instirution OF ENGINRERS AND SHIP- 
BUILDERS.—Friday, April 15, at 7.30 p.m., in the Lecture Theatre 
of the Literary and Philosophical Society, Wes -road, New- 
castle-u on-Tyne. Mr. Arthur H. Haver will reply to the discus- 
sion on his paper on ‘‘ The Corrugated Sides of .8. “ Monitoria ” 
and their Effect.” Discussion on Dr. John Morrow's paper on 
“A Heat Diagram for Use in Steam-Turbine — ge 

Tue Roya Society or Arts.—Monday, April 18, at 8 p.m. 
Cantor Lecture, ‘“‘ Modern Methods of Brick-Making,” by Mr. 
Alfred B. Searle, Ph.D., M.S.C.1. (Lecture I). Wednesday, April 
20, at 8p.m. ‘Industrial England in 1754 (the Year in which the 
Society of Arts was Founded),” by Sir Henry Trueman Wood, M.A., 
Secretary of the Society. Sir William H. White, K.C.B., F.R.S., 
chairman of the Council, will ide. Thursday, April 21, at 
4.30 p.m. Indian Section, — ‘‘The Arts and Crafts of Tibet and 
the tern Himalayas,” by Mr. J. Claude White, C.1.E., will be 
read by Mr. C. E. Buckland, ©.1.E. Sir Steuart Colvin Bayley, 
K.C.8.L, C.LE., will preside. 

Tae INsTiTUTION OF Crvi. EN@InBERS.—Tuesday, April 19, at 
8p.m. Paper to be read and discussed :—‘* The Use of Reinforced 
Concrete on the Wabash Railroad, U.S.A.,” by Mr. Ernest Romney 
Matthews, Assoc. M. Inst. O.E., and Mr. Andrew Oswald Cunning- 
ham. Students’ meeting, Friday, April 22, at 8 p.m. Paper 
to be read :—‘‘The History and Present Method of Qua Wall 
Construction at the Port of Rotterdam,” by Mr. H. ©. A. Thieme, 
B.Sc., Stud. Inst. C.E. Mr. G. N. Abernethy, M. Inst. C.E., will 
occupy the chair. 

Tue. Royat Santrary Instirure. — Wednesday, April 20, at 
5.15 p.m. Lecture to the Institute by the Hon. Sir John A. 
Cockburn, K.C.M.G., M.D., on “‘The Public-Health Aspect of 
Food Supply in the Colonies.” 

Tue RoyaL Merroro.oeicaL Socrery.—Wednesday, April 20, at 
7.30 p.m., at the Institution of Civil Engineers. Papers to be 
read :—1. ‘‘Line Sq and A iated Ph .” by Mr. R. 
G. K. Lempfert, M.A., F.R. Met. Soc., and Mr. R. Corless, B.A., 
F.R. Met. Soc. 2. “Daily Rainfall at the Royal Observatory, 
Greenwich, 1841-1908,” by Mr. William C. Nash. 

Tue INSTITUTION OF MINING AND METaLLURGY.—Thursday, April 
21, at 8 p.m., at the Rooms of the Geological Society, Burlington 
House, Piccadilly, London, W. The following papers will be dis- 
cussed :—‘‘ The Elements of Slime Concentration,” by Mr. Walter 
McDermott, Member. “Native Iron-Smelting in Haute Guinée 
(West Africa),” by Mr. J. Morrow Campbell, Associate. ‘‘ The 
— of Laterite,” by Mr. J. Morrow Campbell, Associate. 
‘* Hammer-Drills in Overhand Stoping and Raising,” by Mr. H. B. 
Williams, Associate. 

Tue InstrruTion OF ELEctRicAL ENGIngERS.—Thursday, April 21, 
at 8 p.m., at the Institution of Civil Engineers. ‘‘ Hydro-Electric 
Installations of Sweden,” by Mr. A. V. Clayton, Member. 

Tue Concrete InstiruTs.—Thursday, April 21, at 8 p.m. (sharp), 
at the Royal United Service Institution, Whitehall, 8S.W., when a 
paper will be presented by Mr. woo | H. Chambers (Engineer 
and Surveyor to the Hampton Urban District Council), on ‘‘ The 
Effect of Sew and Sewage Gases on Portland-Cement Con- 
crete.” Mr. William Dunn, F.R.1.B.A., in the chair. 

Tue Puysicat Society or Lonpon.—Friday, April 22, at 5 p.m., 
at the Imperial College of Science, Imperial Institute Road, South 
Kensington. 1. “‘ Further T 





‘ests of Brittle Materials under Com- 
bined Stress,” by Mr. W. A. Scoble, B.Sc. 2. ‘“‘The Magnetic 
Balance of Curie and Cheneveau,” by Mr. C. Cheneveau, with 
Mr. A. C. Jolley. 

Tue Roya Instirution or Great Brrrain.—Friday, April 22, at 
9 o'clock. ‘The Telegraphy of Photographs, Wireless and by 
Wire,” by Mr. T. Thorne Baker, F.C.S., A.LE.E. Afternoon lec- 
tures next week at 3 o’clock. Tuesday, April 19.—‘‘ The Modern 
Development of the Problem of Alcoholic Fermentation” (Lec- 
ture III.), by Mr. Arthur Harden, D.Sc., Ph.D., F.R.S. Thursday, 
April 21.—‘“* The Himalayan Region” (Lecture III.), by Mr. Tom 
G. Longstaff, M.A., M.D., F.R.G.S., M.R.I. Saturday, April 23.— 
“Bells, Carillons, and Chimes” (with Musical Illustrations) (Lec- 
ture III.), by Mr. W. W. Starmer, F.R.A.M. 

Tue Junior LystiTruTion or Enornemsrs.—Saturday, April 23, ex- 
cursion to Southampton for visiting the New Dock Works and 
the T.-8.S. Teutonic.” 

Ravine - Cases.—Reading-cases which will hold twenty-six 
numbers of ‘‘ ENGINEERING ” may be had of the Publisher or of any 
newsagent. Price 6s, each. 
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HEREDITY IN INDUSTRY. 
Tue resolution passed by the House of Lords 
relinquishing the hereditary right of peers to a seat 
in the legislative assembly is significant from the 


485| social standpoint, as well as from the political 


point of view. With the latter we are not here 
concerned, but it is opportune to consider the case 
of hereditary succession in the management of 
industrial establishments. Is it conducive to our 
continued supremacy as a manufacturing nation 
that sons should follow their fathers by right of 
birth, without scrupulous care to ensure that 
they the necessary technical and personal 
qualities ? This question cannot be considered 
In the earlier stages of handicraft 
the issue was a simple one. As often as not, 
heredity and environment had great influence in 
developing that deftness which was an important 
factor in efficiency. Moreover, when the business 
was ultimately handed down to a succeeding genera- 
tion, the penalty of failure had to be borne almost 
exclusively by the author of failure. With the 
evolution of the factory system—with the develop- 
ment successively of hydraulic power, steam, and 





electricity—a new forder has arisen. Instead of 
individualism we have a system of collectivism in its 
most perfect form. The ingenuity of the mechanic 
has devised means of production which demand 
co-operative effort, and the successful development 
of the factory system is a more or less direct result 
of the recognition on the part of the leaders of 
industry of their responsibility to the workers and 
to the nation. 

We have reached a stage in the development 
of factories, and notably in the extension of the 
limited-liability-company system, when it is of in- 
creasing importance that the captains of industry 
should, even more fully than in the past, realise this 
responsibility tothe nation. Herein indeed lies the 
true significance of a discriminating interpretation 
of the hereditary right to succession to the captaincy 
of industry. It is use of the inseparable inter- 
dependence of industry and the national welfare 
that we seek for a more intense recognition of the 
importance of efficiency in management, rather than 
of mere patrimonial succession. That nation which 
does not utilise to the most efficient degree its 
mental and physical, as well as its mineral and 
mechanical, resources, must become decadent ; 
there is no other basis on which to found a true 
economic standard. It follows that nepotism 
in any form, in the preferment of an individual 
owing to heredity or consanguinity, or in the 
acceptance of a scheme in mechanics, merely 
because it is promoted by relative or friend, 
is not defensible on sound economical grounds, 
Any such preferment, so far as it results in lessen- 
ing efficiency, is disadvantageous to the State. 
Successful control of factories is probably a factor 
which most affects general industrial efficiency, and 
if this control be placed in the hands of anyone 
deficient in necessary qualities, injury is done, not 
only to the capitalist, but to all the workers. By 
‘* capitalists,” of course, we mean every shareholder. 
Not only may profits be reduced, but the prob- 
abilities are that the cost of production will be 
increased, with the result that the seller of the 
nation’s products is more or less handicapped in 
foreign markets, and the demand for labour, and 
probably its rate of remuneration, is affected. 

Of course, heredity can never be a disqualifica- 
tion. As in politics, so in almost any branch of 
mental or, indeed, physical activity, there are 
numerous examples of. representatives of successive 
generations establishing a pre-eminence in one or 
other branch of learning or applied science. We 
have, for instance, the fourth generation of the 
Vickers of Sheffield, the sixth generation of the 
Scotts of Greenock, and many other similar ex- 
amples, where heredity has in successive genera- 
tions produced the qualities which make for success, 
Many other names will similarly occur to the 
reader of families who have yielded bounteous 
results; amongst them are the Thomsons (Kelvin), 
the Parsons (Rosse), the Tangyes, and the Froudes, 
Nor is this quality confined to any nationality. We 
have the Carnots in engineering, the Becquerels in 
physics, the Bernoulli in science, and the Bachs in 
music. There must be a presumption in favour of 
heredity. Again, some may contend that the enter- 
prise of the progenitor confers some prior claim upon 
succeeding generations. This, however, is a danger- 
ous doctrine from the national point of view, and 
unless the requisite characteristics of the leader 
of industry are present, these claims ought, in 
justice to shareholders and to workers, to be limited 
to a fair return on the capital created by the pro- 
genitor’s enterprise. 

Heredity is entitled to a certain measure of 
priority only when other things are equal. There 
is no hardship in this. Sound economics call for 
merit as the true standard, and the young man 
who begins life with the advantage and example 
of a father’s success ought to rise to a higher level, 
The wise saying that ‘‘ poverty is the richest in- 
heritance” is only applicable because there is im- 
plied, in the case of the r, the incentive to 
succeed, but such incentive need not be absent 
in the case of one whose life begins above the 

lane of poverty. Indeed, in the making of a 
eader of industry there are required characteristics 
which, as a rule, are only cultivated in those paths 
yielding experience, to which admission is obtainable 
only at considerable cost. Ex-President Roosevelt, 
after he had been for months face to face with the 
stern realities of nature in the wilds of Africa, said 
to the students of the Egyptian University that 
‘*wisdom and sincerity, financial and educational 
management, and, above all, character, are more 
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important than mental subtlety. Substantially the 
education, whether of an individual or of a people, 
is only to be obtained by a process, and not by an 
act.” This process preferably extendsthro ighseveral 
enerations, and is undoubtedly an expensive one. 
here is that in our public-school life, for instance, 
which cultivates the qualities of character necessary 
in a leader. Our universities, too, develop the 
thinking faculty, without which the control of a 
eat organisation cannot be effective. If those 
qualities of character are developed, some distance 
has been travelled along the path which leads to 
the final acquisition of the traits of character which 
ensure successful management. 

Difticulties are apt to arise, however, when prac- 
tical apprenticeship begins. The youth has probably 
acquired sufficient character right'y to judge men 
and incidents, but there is, after all, a subtle 
influence resulting from the close contact of the 
young man thus trained with the mature and 
common-sense capable working man. To begin 
with, there is the discipline which comes with the 
sharp realisation that all wisdom cannot be im- 
parted in professional lectures or by acquaintance 
with the integral calculus—-that the working man, 
who may be ungrammatical and have an intolerable 
accent, has much as to the philosophy of industrial 
life to impart to the youth. Happy the youth who 
recognises this, and comes under this discipline. 
‘*The young master” never attains to this close 
contact, however eager he may be to be one of 
the confraternity of workers for the time being. 
There is a barrier which, with all the will in the 
world, neither son nor father can remove. It is 
therefore well for the employer’s son to serve his 
apprenticeship in another establishment, and pre- 
ferably without anyone knowing his parentage. 
We have in mind a case where a young man served 
his three years in a factory without even the 
manager realising who he was, until he left. The 
future career of this youth was, we are satisfied, 
enormously influenced by the advantage accruing 
from this course. 

Mental training and practical experience, when 
allied to a due appreciation of family traditions, 
must result in a capable leader. It is of the first 
importance that there should be an ambition to 
carry on, if not to extend, those traditions, other- 
wise there is grave danger in admitting hereditary 
claims. Without some incentive, it is always 
difficult for a young man to fulfil the duties of 
his social, if not also of his industrial, position ; he 
fails to realise that heredity has its responsibilities 
as well as its rights. As his future is ensured by 
right of real or prospective financial endowment, 
greater effort is needed rigidly to pursue the in- 
dustrial career. In too many cases the con- 
sequence is a dilettante interest, which is more 
fatal even than utter neglect. In the case of such 
peripatetic attention to business, someone must 
take the lead, without having the marshal’s baton. 
There may or may not be interference, but that 
decisive action which is essential in business is 
intermittent if enforced, and the tide may not 
always be taken at the flood. It will be self-evident 
that where, as in such cases, responsibility is not 
recognised by promotion to the position merited, 
and is not always rewarded commensurately with 
the qualities demanded, there is probably a dis- 
content or a soured nature leading to inefficiency. 
Service may be translated to a more responsive 
employer, or, worse still, be continued in a half- 
hearted way. In one of the most successful estab- 
lishments in the country the rule is still adopted 
that in each successive generation the family part- 
nership was to be strengthened by the addition of 
an ‘‘outsider” who had displayed the necessary 
qualities of a leader either within the works or in 
other factories. Herein there is certainty that 
merit rather than hered:ty will be recognised, and 
that neither shareholder nor worker would suffer 
from complete depreciation due to preferment upon 
an unsatisfactory hereditary basis. In other cases 
the succession of partners is limited to the sons of 
the leader, and only then if continuous service is 
rendered to the co-partnery. 

It may be contended that in large limited liability 
companies the shareholders are sufficiently involved 
to investigate the standard of merit of those who 
succeed either to the directorate or management, 
but it is difficult to ensure collective combative 
action on such extremely delicate personal ques- 
tions. Moreover, it is almost impossible to estab- 


lish a test of efficiency, and even were a serious 
blunder made-—and there are many instances of 





such which might be quoted—it is not by any | 


means easy to definitely bring responsibility home to 
the originator. Those in a position to advance the 
family interest may be—usually are—large share- 
holders, and it may be urged that in this way they 
are likely to conserve the interests of other share- 
holders. It is, however, a question of comparative 
conditions. The female interest is operative, and, 
as a rule, the ladies of the family are insistent in 
their solicitation for the young men, so that it 
becomes, on the part of the chief, largely a ques- 
tion of honour in opposition to all the instincts of 
paternity. In many instances a wise compromise 
is made in satisfying the claims of heredity by 
granting a nominal position in the directorate with- 
ou’ responsibility. In other cases, where there is 
lacking the true hereditary interest in the family 
traditions so far as they are allied to industry, other 
fields are found for the youth more consonant with 
his temperament or inclinations, if not also with his 
attainments. But, as we have already said, the 
time has come when more care must b2 exercised 
in the consideration of the rights of h2redity as 
opposed to the true interests of efficiency in in- 
dustry, alike from the national and the capitalist’s 
and worker’s points of view. The old Lancashire 
saying, ‘‘ Clogs, boots, clogs,” holds to-day, and it 
will be well if in our industrial history we can 
ensure the benefits of the first transformation with- 
out suffering any evil consequences from the second, 
or the retrogression implied in this saying. 








ELECTRICITY ON SHIPBOARD. 
Tue adaptability of electricity to such numberless 
uses, and the remarkable extension of its field in an 
almost endless variety of trades, has naturally led 
to the idea that it is suitable for use on shipboard 


toa much ter extent than has up to the present 
obtained. This idea is finding its chief expression, in 
various proposals for its employment as an agent in 


the propulsion of ships, in the form of a link between 
the engines and the propeller. Main propulsion is 
not, however, the only ficld in which electricity 
may find application, and considerable attention is 
being given to the possibilities of its greater use for 
the driving of auxiliaries, winches, cargo cranes, 
windlasses, and lifts. 

It has been suggested that a fair analogy may be 
drawn between an electric power-station and the 
surrounding machines to which it supplies energy, 
and the engine-room of a ship with the various 

ieces of apparatus on board, demanding power. 

e deduction drawn from this analogy is that the 
various engines on board a ship should be replaced 
by motors taking electric power from a central 
generating equipment, which would be suitable for 
supplying not only the auxiliaries, but the main 
propelling motors as well. The idea is not un- 
attractive, but it is clear that two very different 
proposals are involved. The question of driving a 
ship’s propellers by means of an electrical trans- 
mission is by no means the same thing as the 
question of driving the auxiliaries and deck machi- 
nery in that way. While the first of these pro- 
— involves many unknown and uninvestigated 
actors, the second is a relatively straightforward 
matter, and would appear to be a case in which 
the peculiar features of an electrical transmission 
are likely to appear to advantage. There is no 
doubt but that from the point of view of efficiency 
the auxiliaries of a ship, including winches and 
other deck machinery under this head, could be 
driven better by electric power than by steam. The 
question is not one of efficiency alone, however, 
and electrical engineers have much work before 
them in establishing electricity in the comparatively 
simple duty of driving auxiliaries, quite apart 
from the solution of problems of main propulsion, 
before any form of “all-electric” ship is likely to 
become common. 

The arguments in favour of the use of electricity 
as an agent in ship propulsion are by no means the 
same as those in favour of its use in driving 
auxiliaries. The advantages of the main-drive 
proposals, which were pointed out by Mr. Durt- 
nall in his recent paper before the Institution of 
Naval Architects, and have been referred to by 
other writers on the subject, lie briefly in the fact 
that electricity, in the form of an intermediary agent 
between the main engines and propeller, would allow 
of the fitting of high-speed turbines in slow-speed 
boats, and would do away with the necessity of fitting 
reversing turbines in any boats. Further, elec- 
tricity would allow the use of highly efficient non- 





reversible internal-combustion engines, while in 
naval ships it would lend itself to the splitting up 


of the generating plant into a number of units, 


arranged so that they would always run at, or near, 
maximum efficiency, as one or more could be shut 
down when the boat was steaming at cruising 
speed. The arguments in favour of the electrical] 
driving of auxiliaries and deck machinery have 
nothing in common with these, and turn almost 
entirely on the question of efficiency. They are, 
indeed, the same arguments which may be applied 
in favour of replacing a number of scattered steam- 
engines in an installation on land by electric. 
motors driven from a central electrical plant. 

Although the advantages of electricity for main 
driving are independent of, and different from, its 
advantages for auxiliary driving, the former of 
these two applications cannot profitably be con- 
sidered apart from the latter, and it is probable 
that main driving, leaving its own merits out of the 
question, will ultimately stand or fall with the 
success or failure of auxiliary driving. Assuming, 
for the moment, the reliability and commercial 
practicability of some of the electrical main-drive 
proposals, it is obvious that they could be brought 
under the serious attention of shipowners and 
marine engineers by the building of one or two 
steamers with such drives, or by the refitting of 
existing steamers, as has been done in Mr. Parsons’s 
gearing experiment. One or two new or converted 
steamers of this sort, assuming their success, would 
be able to give a demonstration of the practical 
and commercial advantages of the system which 
would compel the attention of the marine world. 
The difficulty of this mode of procedure is the 
obvious one, that a considerable amount of capital 
would be required, and it would be necessary to 
convert the owners of the capital to belief in the 
system before the experiment could be tried. It 
is quite possible that some such experiment as this 
may be undertaken, but it is doubtful if it would 
be the best way of furthering the use of electricity 
at sea. 

There is no reason to suppose that marine engi- 
neers have any particular prejudice against elec- 
tricity as such. In the sphere of ship-lighting, 
where electricity was able to prove its superiority 
to earlier methods, it finally carried all before it. 
None the less, when it comes to the question of 
adopting an electric main drive the attitude of 
comparative incredulity which marine engineers 
have taken up is understandable enough, and is, 
in fact, merely the attitude of reasonable men. 
The position which electricity has, up to the 
present, established for itself on shipboard does 
not justify any extreme hopes or beliefs in its 
suitability as a main propelling agent, while the 
fitting of an electric main drive would represent a 
departure from precedent and experience of a much 
more radical nature than did the adoption of steam 
turbines, or than will be represented by Mr. 
Parsons’s gearing, assuming that this proves a 
final commercial success. Further, the sudden 
adoption of electrical ship propulsion would repre- 
sent a departure to which there has been no 
parallel in the history of electrical development 
on land; and the business of electrical engineers 
at the present time is to establish electricity on 
a much more definite footing as a suitable agent 
for use on shipboard. Marine engineers must 
be gradually educated to an appreciation of the 
advantages and possibilities of cloctriedty generally 
before they can oe expected to agree to its use for 
the most important functions on board ship. A 
certain amount of work has been done in the way 
of supplying electric capstans and winches, but 
their number is relatively insignificant, and the 
marine engineer and shipowner generally are cer- 
tainly not converted to a belief in them. If elec- 
trieal engineers have not succeeded in persuading 
marine engineers as a body that they can drive 4 
windlass satisfactorily by electricity, it is not sur- 
prising that they have difficulty in persuading them 
that they could successfully undertake the main 
driving of the ship. No doubt electrical engineers 
are delighted to assist as much as possible in the 
development of electrically-driven auxiliaries, and, 
ofcourse, considerable progress has been madein this 
direction of late years. None the less, the possible 
field is as yet almost untouched, and it 1s ques- 
tionable if the energy now being given to the develop 
ment of electrical propulsion schemes could not 
more profitably be expended in connection with 
electrically-driven auxiliaries. : 

The question of electrically-driven deck machi- 
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nery and auxiliaries generally is an interesting one. 
Some progress has been made with the fitting of 
electric motors to drive pumps and other engine- 
room machinery, and as work of this class does 
not present any very special difficulties, it is 
probable that considerable extension in this field 
will be seen. The question of deck machinery, 
however, is on a somewhat different footing. 
Something has been done, of course, and successful 
electric capstans and winches are by no means un- 
known ; but in view of the extent of the possible 
field, the achievement so far is small. The present 
usual arrangements present a fair ground for 
attack. The ordinary steam-winch is notoriously 
uneconomical, while the long lengths of  ex- 
posed steam-piping, by which it is frequently sup- 
plied, bring down the over-all efficiency to a very 
low figure. It is quite common for such steam- 
pipes to be run along the deck resting in cast-iron 
chairs, and protected merely by pieces of flat 
chequer plate placed above them. Such an arrange- 
ment presents an enormous area for condensation, 
while the presence of the pipes on the deck is 
frequently an inconvenience. Further, they are so 
exposed that they are liable to be badly knocked 
about in heavy weather, and to freeze up when the 
boat is in dock in the winter. This latter consider- 
ation frequently necessitates the running of the 
winches all night in order to ty the pipes open. 
The replacement of these pipes by well-protected 
electric wires would be an obvious advantage, 
hoth from the point of view of convenience and 
efficiency. ' 

The superiority of an eleetric cable network over 
a steam-pipe system is so great that it is doubtful 
if electrical driving is likely to encounter much 
opposition from the point of view of a distributing 
agent. Itis true that the steam consumption of 
the auxiliaries, which is usually an indefinite and 
varying quantity, depending on the weather and 
other outside influences, frequently forms a useful 
unknown factor to which to attribute any excess 
coal consumption which cannot well be accounted 
for in the main boilers. There is a fairly large 
class of the smaller type of cargo-boat in which the 
owner's scheduled coal consumptions are lower than 
the engineers who run them find it possible to keep 
within. In the recurrent arguments and disputes 
which arise in connection with this matter, the con- 
sumption of the deck machinery forms a useful un- 
known quantity to which to attribute any extra 
consumption. This point certainly forms no part 
of a fair argument against electric driving, but it is 
probably responsible for a certain amount of preju- 
dice which will have to be met. 

The question of the electrical driving of deck 
machinery is, however, not merely one of trans- 
mission, or of efficiency. It is chiefly a question of 
simplicity and reliability. The treatment to which 
such machinery is subjected by the ordinary deck- 
hand and the stevedore’s men can only be described 
as brutal, while the weather conditions to which it 
must submit have no parallel on land. The elec- 
trical driving of a heavy cargo winch, or of a wind- 
lass, are problems which can hardly be said to be 
solved. The controller is one of the weakest 
points, and it is quite certain that apparatus of this 
sort, as it is usually constructed for use on land, 
1s quite unsuited for the severe conditions which 
have to be met at sea. The way in which deck 
machines are used is also a severe handicap on 
electric driving. It is quite an every-day feature 
in the use of such machines for them to be over- 
loaded until they stop. Steam-engines are able 
to meet this condition, and simply come to rest 
with pressure behind the pistons, waiting until the 
load goes off sufficiently to enable them to start. 
With the ordinary electrical arrangements no such 
conditions are possible, and if the machine is pulled 
up uncer load it must either burn out or the circuit- 
breaker must operate. The continual blowing of 
the circuit-breaker is, however, a condition which 
would certainly not be tolerated by the steve- 
dores or the deck-hands, and unless electrical 
engincers can produce an electrical winch, or 
Windlass, which will more or less reproduce the 
characteristics of the present steam machines, there 
is little chance of either of them coming into favour. 
It is uscless saying that deck-hands must be taught 
to use machinery properly. The present steam 
§pparatus is in ession of the field, and electrical 
machinery, as the newcomer, must meet the con- 
ditions of operation if it is to prove its case. 
Electrical engineers must meet marine engineers 
more than half way. 





If possible, it would certainly be desirable to 
eliminate controlling resistances altogether from 
electrically-driven deck machinery; and in this 
connection Mr. Durtnall’s squirrel-cage motor 
system, with a varying periodicity, would appear to 
offer advantages, while an interesting suggestion 
was made by Mr. J. A. Liddle in a paper 
before the Institute of Marine Engineers on the 
21st ult. Mr. Liddle’s proposal is to do away 
with speed-control on the motor altogether, and to 
obtain the different hoisting speeds necessary in a 
winch by means of spur-gearing. In the case of a 
windlass, or a capstan, he proposes to drive through 
a magnetic clutch, arranged to slip at a certain 
load, so that the machine may come to rest and 
stand with load on, in the same way as if it were 
steam-driven, and yet the motor may be run con- 
tinuously. 

It is, of course, impossible to say to what extent 
electricity may ultimately establish its position in 
the driving of auxiliaries on shipboard, but it is 
likely that considerable further progress will be 
seen. The extension of its present field as a light- 
ing agent, and as the motive power for ventilating- 
fans, will probably follow a normal line of develop- 
ment. The fitting of electric lifts on large passenger 
steamers represents a definite step in such develop- 
ment, and it is probable that a gradual extension 
of the applications and duties of electricity will be 
seen. The ‘‘all-electric ” ship, however, in other 
than an experimental form, is hardly a matter with 
which marine engineers are likely to concern them- 
selves at the present time. If any such applica- 
tions are tried, it would appear that ships such as 
dredgers, in which the power required for the 
auxiliary machinery is comparable to that required 
for propulsion, are likely to offer the most hopeful 
field. In such ships the saving in generating 
plant, which would be required for propulsion or 
dredging, only at different times, would be con- 
siderable ; while it should be possible to ensure 
satisfactory running, owing to the reasonably 
skilled attention which could be given to the elec- 
trical apparatus. 








THE NATAL GOVERNMENT RAIL- 
WAYS AND THE POLICY OF IM- 
PROVEMENT. 

A veERY interesting study of far-reaching efforts 

to improve the position of a railway system may be 

obtained from the recent reports of the Natal 

Government railways. This system suffered, after 

the War, a very considerable set-back, and, being 

unprepared for the sudden collapse of traffic, found 
receipts so diminished that, after paying 7.3 per 
cent. on the capital invested in 1903, it could pro- 
duce no higher return, in 1904, than one of 3.6 per 
cent. In 1903 the ratio of working expenses to 
receipts stood at 69.92 per cent., but-in 1904 it had 
risen to 79.18 per cent. It was quickly brought 
down, however, in the following year, 1905, to 
63.37 per cent., for a policy of retrenchment of a 
drastic character reduced the working expenses 
to a comparatively low figure, while the revenue 
again increased slightly. Since that date the 
expenditure per train-mile has been still further 
reduced, till it now stands at 61.44d., the lowest 
figure touched since 1899. The revenue, however, 
continues, owing to the unfortunate condition of the 

Colony in the past three years, to be disappointing, 

so that the return on capital is rather less than 4} 

per cent., the working expenditure amounting to 

67.67 per cent. of the revenue. 

The system, which in 1908 consisted of 976} 
open miles, produced in that year a revenue of 
1,832,8621., of which goods, mineral, and live-stock 
traffic was responsible for 1,352,2461. This class of 
traffic showed an increase on the previous year’s 
working, but the receipts from passenger traftic 
fell off during the year by 24,6921. ; the receipts 
from parcels and mails showed but little difference 
compared with 1907. The receipts classified under 
‘* Rents and Miscellaneous” also showed a decrease, 
which in their case amounted to 13,5211. The chief 
item of interest in the revenue account is the in- 
crease of 32,3331. from the goods and mineral 
traffic. Interest centres in this, from the fact that 
a great deal has been done lately in the endeavour 
to handle this traffic as efficiently as possible, and 
the increase now shown may well be the promise of 
greater things in the future. The tonnage of goods 
and minerals handled on the system was, in 1908, 
more than in any previous year, and amounted to 
2,676,748 tons, an increase of nearly 100,000 tons 





on the traffic of 1907, and of no less than 624,000 
tons on the busy year of 1903. 

As is frequently the case, especially with 
countries undergoing development, traffic on the 
South African systems preponderates in one direc- 
tion. In nearly all cases the bulk of the traffic is 
up country, and the balance, in some instances, 
is so heavy in that direction that efficient railway 
working involves problems of no little intricacy. 
Until recently such a situation held on the Natal 
railways, which were exceptionally favourably 
placed, in many ways, for handling the up-country 
traffic to States beyond. In spite of the difficult 
country traversed, such traffic was dealt with satis- 
factorily, and developed until it formed the main- 
stay of the system. In late years, however, other 
routes have largely drawn traftic away: from the 
Natal lines, and, to the time of the 1908 report, the 
loss continued. The changes that have taken place 
in South Africa in the past few years, together 
with the diversion of traffic to other routes, has 
resulted in a decrease of this Overberg traftic, since 
1905, of no less than 38 percent. While, however, 
this was diminishing, a most important traffic, of a 
rather different nature, was developing within the 
Colony. This was due to the rapid rise of the coal- 
mining industry, of which the output in 1908 
amounted to some 1,668,774 tons, having increased 
by about 182 per cent. since 1902, the present value 
of the output cohen 737,1691. Of the coal produced, 
about 70 per cent. goes right down to Durban from 
the mines well up country, either for bunkering or 
export. Of the remainder, more than one-half is 
consumed on the Government railways. In thisway 
the newly-developed coal traffic now amounts to 
58.72 per cent. of the traftic handled during the year, 
and is — for 26 per cent. of the revenue. 
A material change has taken place, therefore, on 
the railways. The preponderance of long distance 
up-country traffic has given place to a balance of 
another class of traflic in the reverse direction, and 
the authorities, who, a short time since, were 
occupied in introducing improvements with a view 
to facilitating traffic in the first direction, have 
latterly found it expedient to undertake similar 
work with a view to rendering transportation in a 
coastwards direction as efficient as possible 

The Natal railways run through Seale country, 
which makes them very difficult to work. The 
lines consist of a series of up and down grades, 
the summits ranging from 2064 ft. above sea-level 
upwards. If we take, for instance, the main line, 
a summit of 2444 ft. is crossed at a distance 
of some 33 miles from Durban. After another 
5} miles the altitude has dropped 400 ft. This 
is followed by an uphill pull for 20 miles, the 
rise in this distance bringing the line to an alti- 
tude of just over 3000 ft. at thissummit. Nine miles 
further the level has fallen again by about 900 ft., 
after which, with 14 miles of uphill, an altitude 
of 3703 ft. is reached, after which there is another 
drop, followed by short up and down grades till 
about the 95th mile from Durban. At this point a 
six-mile uphill pull carries the line to a summit at 
an altitude of 4807 ft. A 17-mile down grade is 
followed by a climb to the summit between High- 
lands and Brynbella, where an altitude of about 
5200 ft. is reached, whence, with a steep down 
grade for 12 miles, the line runs to Estcourt, the alti- 
tude here being only 3833 ft. In a further 27 miles 
the altitude has dropped roughly by 700 ft., 
although two fairly long stretches of up grade inter- 
vene. After Colenso the prevailing trend is upward, 
with two summits in the 111 miles on to Ingogo, 
whence continuous uphill takes the line to Lang’s 
Nek, where an altitude of 5400 ft. is reached. 
Similarly the line from Vryheid to Glencoe Junction 
is a succession of up and down grades with larger 
differences in levels. We have followed the profile 
from the coast inland. The bulk of the traftic 
has, however, to negotiate heavy grades, which, for- 
merly favourable, are now adverse. As all the coal 
traffic originates beyond Colenso, at which point 
the main line has an elevation of only 3156 ft., 
where it crosses the Tugela River, on its way coast- 
wards the whole of this traffic has to be worked ovcr 
something like eight summits, some of which mean 
long and heavy grades. 

‘Lhe deviations undertaken by the railways in 
order to reduce the grades and curvature of the 
line for the up-country traffic cost, up to 1907, 
about 160,000/. The improvements subsequently 
taken in hand to facilitate the down traffic have 
cost over 55,000/., this work, however, being in- 
complete at the time of the last report. The im- 
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provements consist in introducing deviations giving 
compensated ruling grades not more severe than 
1 in 50, in place of the former 1 in 30 or so, and 
easier curves than the former minimum of 300 ft. 
radius. It is, unfortunately, impossible to obtain 
a true estimate from the reports of the real effects 
of these works. Their cost is not separately allo- 
cated, neither is the actual result on traffic working 
shown. The resultant economy depends, of course, 
on the frequency with which alterations in the 
make-up of trains are introduced, or the length of 
the traffic sections. A thorough review of the 


situation in some future report’ would be ex-. 


tremely interesting. The information given up 
to the present has not been presented in the most 
convincing manner, for the reason that important 
data are lacking, and hypothetical conclusions only 
given. The new and old engine ratings are stated, 
for instance ; but it is not said whether or not the 
train-loads are actually altered at the different 
points where changes in the ruling grades occur. If 
such changes are implied, advantage can be taken 
of the new facilities. We believe, though it is not 
stated in the 1908 report, that banking is in use 
at, at least, four places on the down main line, and 
while the single-engine loads given for these places 
are much smaller than the actual train-loads worked, 
there is no information forthcoming as to what the 
latter are. Concurrently with the policy of grade 
reduction the railways have been introducing higher 
capacity wagons. Between the years 1907 and 1908, 
however, the average load per truck fell slightly— 
from 23.8 to 23.5 tons ; and as it was in these years 
that some of the more important reconstruction 
work first began to have effect, the fact that the 
average gross train-load of down main goods has 
been increased by about 16 per cent. in the twelve 
months is probably attributable to the policy of 
line improvement so boldly entered upon. 

If the loads given in the report may be taken 
not only as possible loads, but as working loads— 
which, it must be admitted, from the shortness of 
several of the sections, appears doubtful, as working 
under such conditions would involve changes in the 
make-up of the train, apparently too frequent to be 
economical—the improvements so far made have re- 
sulted in increased loads on certain sections, varying 
from 45 to 315 tons. A calculation, of a somewhat 
postulatory character, in the report, makes out 
that the improvements actually completed should, 
under the ideal conditions of rating each of these 
sections according to its ruling grade, result in a 
saving of between 131. and 14l. per day in _traftic- 
operating expenses. This would mean about 
43001. per annum. Against this, however, must 
be set the cost of maintenance of the additional 
stretches of road, of which the total length is not 
ascertainable from the report; but, allowing for 
capitalisation at 4 per cent., as a rough estimate, it 
may be said that the cost of the new works would 
seem to be warranted, providing this saving in 
train-mileage is obtainable. 

The question is again raised, in the latest report, 
of the advisability of extending the betterment 
sa to the Estcourt-Highlands section, 15} miles 
ong, over which banking is now resorted to with com- 
bined trains—i.e¢., the double train-loads are worked 
by three engines : one at the head, one in the centre, 
and one at the rear, as on some of the North American 
roads. The ruling grade on this section is 1 in 30, 
with minimum curves of 300 ft. radius, so that this 
is a severe section of the line to work. Taking as 
a basis 8000 tons gross traffic per day over this 
section, and working with nett sche trains of 
gross train loads of 576. tons, the operating costs 
are put, in the report, at 911. per day. At the 
time of the report a Mallet compound engine 
was on order for banking on this section. This 
has since been delivered, and we have recently 
been informed that the combined load taken by the 
two train engines, helped ny the Mallet compound, 
amounts to 720 tons, which, on a similar basis, 
should reduce the costs per day to about 73. It 
is estimated that improving this section so as to 
give a compensated ruling grade of 1 in 50 would 
enable the working of single-engine train loads of 
about 400 tons at a daily cost of between 40/1. and 
441. The possible saving over present methods 
of working, on the 8000 tons a day basis, would 
seem, therefore, to be about 97001. per annum. 
Offset against this must be the extra cost to the 
system of the upkeep of the additional stretch 
of road, which could not well be less than 16 
miles. The maintenance-of-way expenses for the 
system are about 200/. per open mile, so that the 





extra annual cost imposed by the deviation could 
not be less than about 3200/. A net saving of 
something like 65001. per annum would, therefore, 
seem to be the utmost possible, and the probability 
is that the real amount would fall considerably short 
of this. Capitalising 6500/., at 4 per cent., only 
gives 162,5001. as the amount it would be worth 
spending on this section, on the basis taken. 

In the report for the year 1907 the cost of 
reducing the grades and curves on this severe 
of the road was estimated at no less than 550, A 
and though the latest report states that ‘‘it is 
anticipated that the improvement of this section 
can be carried out at a much less cost than origi- 
nally estimated, owing to the cheaper labour 
conditions now prevailing in the Colony,” the 
probability of such expenditure being warranted 
appears decidedly remote. The capital cost of the 
whole system averages about 13,9001. per open 
mile, which, of course, includes building, stock, 
&c., but the improvements so far made appear to 
have cost roughly something of the same order. 
Evidently, unless the present line was very badly 
chosen in the first place, the deviation must 
entail greater length or more costly construction ; 
either way, the total cost is likely to be a great 
deal more than the figure of 205,450/., obtained by 
multiplying the average cost per mile by the present 
length of the section. The calculated possible savings 
do not even warrant this expenditure, which, com- 
pared with the estimate made three years ago, is 
a very low one. There is a limit naturally to the 
economic value of such work. It is quite possible 
that if traffic develops, the time will come when a 
deviation will be warranted, but at present this 
stage does not ap to have been reached. 

The calculations made in the report are all based 
on the ratings of two classes of engines, of which 
the type known as the Hendrie ‘‘ B” class is given 
the greater prominence. This is a heavy eight- 
coupled type of engine, not, we believe, at present 
at any rate, sufficiently numerous on the road for 
the actual working figures to approach those on 
which the calculations in the reports are based. 
The railway is, however, continually increasing the 
average power of its units, introducing new stock 
of this heavy and powerful class, so that ulti- 
mately the economies figured may be actually 
realised. 

Combined with these movements in the direc- 
tion of grade reduction and higher-powered loco- 
motives, the policy of improvement has been carried 
to what is no more than its logical conclusion, where 
this class of traffic renders it in any way possible, 
in the introduction on a large scale in the past few 
years of higher-capacity cars. The total capacity of 
the goods stock owned by the system is 70,074 tons. 
Of this, 54,173 tons, or about 78 per cent. of the 
goods stock, is required for the coal traffic. The 
conditions on this system are thus favourable 
to full advantage being taken of high-capacity 
wagons, and now 39 per cent. of the stock is repre- 
sented by 35-ton high-sided wagons, and other 
35 per cent. by high-sided 24-ton wagons. The 
saving in tare by these changes has been very 
considerable, the reduction in the lengths of trains, 
and number of vehicles hauled in trains of equal 
net load, being very appreciable. 

The reduction. of tare concurrently with the 
increase of loads, by the introduction of deviations, 
and of more powerful locomotive stock, should 
combine with the prevailing class of traftic in the 
Colony to give economical working, provided the 
working sections allow of the best advantage of 
the ruling grades being taken. 








THE LIFE AND POWER OF HEAVY 
ORDNANCE. 
WE published under the above title in our last 


volume® an article which several foreign naval and 
military reviews have reproduced wholly or in part. 
In the February issue of the Artilleristische Monat- 


shefte it is also reproduced, accompanied by sharp 
criticisms due to the pen of General Rohne. We 
propose in the present article to reply to the some- 
what tardy objections raised by our contemporary 
to our comments of six months ago. 

In the first place, we may briefly recall that the 
subject of our above-mentioned article was sug- 
gested to us at the time by a pamphlet issued by 
Messrs. Krupp, and reviewed and analysed by a 
number of technical publications. This pamphlet 


* See ENGINEERING, vol. Ixxxviii., page 123. 








referred to two 2l-centimetre (8.26-in.) and one 
28-centimetre (11.02-in.) C, 1901 guns, which had 
fired respectively 390, 344, and 192 rounds in the 
course of tests. The object of the tests was to 
ascertain the endurance of the guns, considera- 
tions as to powder and rifling bands being accessory 
features of the experiments. Ballistic tables were 
given. The conclusions arrived at were that owing 
to the good state in which the guns were after the 
tests, and considering also ‘‘ the very superior eftici- 
ency and remarkable endurance of the large-calibre 
Krupp guns,” it was quite unnecessary to look for a 
solution. of existing problems in an increase in 
calibre of heavy ordnance coupled with a decrease 
in the stringency of firing conditions. In other 
words, Messrs. Krupp’s large-size ordnance was but 
little subject to the wear and disabilities found in 
guns manufactured outside Germany. 

On the face of them, these conclusions did not 
appear to us to follow from the evidence, for 
the following reasons, among others:—The 21- 
centimetre (8.26-in.) gun is no longer classed by 
a great number of artillerists amid heavy ord- 
nance. Moreover, the ballistic tables published, 
while giving the usual data, only recorded 137 
rounds out of a total of 390, and 104 out of 
a total of 344, for the 2l-centimetre guns ; and 
33 only, out of a total of 192, for the 28-centi- 
metre gun. No information was vouchsafed as to 
the remaining rounds ; and in its absence there is 
no reason to assume that they were of full weight. 
Tests of endurance which do not specify what it 
was the - had. to endure carry no conviction to 
the outside world. It may. be that Messrs. Krupp 
possess other and more complete means of estima- 
tion; when, however, a document is rendered 
public, a discussion can only take place upon what 
it actually contains. We feel confident that no 
official testing committee would take upon itself to 
arrive at the conclusions we have reproduced above 
from the data which have been published. We were 
not convinced, and after going fully into the matter 
we gave our reasons for saying that the so-called con- 
clusions ‘‘ could not withstand a technical investiga- 
tion carried out methodically.” Hence the reply 
written by General Rohnein the February issue of the 
Monatshefte, in which he says our arguments are not 
valid, but are feats of conjuring, in using which we 
are belittling the power of judgment of our readers. 
We are, however, content to appeal to the latter. 

The Efficiency of Guns.—We may commence by 
disposing of the statement concerning the ‘‘ very 
superior efficiency” of the Krupp guns, to which 
prominence is once more given. We are not dis- 
posed to compare, as German journals constantly 
do, existing British 12-in. 50-calibre guns with 12-in. 
50-calibre German guns “‘ according to data sup- 
plied by the firm,” and published in this particular 
case by the Taschenbuch der Kriegsflotten. We 
found, and in a former issue* we called our readers’ 
attention to the fact, that the latter German guns 
are said in the Taschenbuch to weigh 47.8 and 53.1 
tons, while in actual offers made by the manufac- 
turers their weight is given as 67 tons, the power 
being no higher. What will be their weight when 
actually completed ? or, if the weight given by the 
Taschenbuch is maintained, what will be their effi- 
ciency ?. Wecannot say, and must wait until a firm 
basis is available for comparison. The following 
table, giving briefly the history of the 21-centi- 
metre é 1901 gun, shows how far a discussion in 
regard to the 12-in. German gun would at the 
present stage be premature. 

Krupp 21-Centimetre (8.26-In.) C. 1901 Gun. 


| Data taken from Existing Gun, as 

** Taschenbuch, per Messrs. 

1903 (a8 per Datalrrypp's Pamphlet 
ms a 











Supplied by the 
Firm). ed to. 
Weight of gun os 15,100 kgr. 15,140 ker. 
” 33 (33,280 Ib.) (38,368 1b.) 
Weight of projectile | 113 kgr. 108 kgr. 
(249 Ib.) (238 Ib.) 
Muzzle velocity Es 929 m 850 m. 
(3048 ft.) — ft.) 
Muzzle ene ‘ 5070 m.-tons 3980 m. -tons 
‘tail | (16,781 ft.-tons) (13,184 ft. . ons) 
Efficien: r unit of weight! 336 m. -k 263 m. -kys 
of = - ~ (2429 ft.-Ib.) (1901 ft.-1b.) 


The Efficiency of Armament in General.—In our 
former article we said that the weight to consider 
was that of a whole matériel, which figure may be 
a comparatively low one, although including yun 
of high weight, and we instanced a Krupp tield 
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matériel, the gun of which was not of light weight, 
notwithstanding an advantageous total weight. Our 
contemporary agrees with us on this point, but is 
surprised that we have not endeavoured to demon- 
strate that the efficiency of the British field arma- 
ment is superior to the Krupp. He fills up the 
hiatus we left, and concludes in favour of the 
Krupp armament. Field armament is outside the 
subject under review, and was brought up simply 
as an illustration. 

It is not an easy matter to arrive at the exact 
comparative value of two matériels. Thus we 
find the weight of the 3-in. field-gun referred 
to in the Monatshefte to be 1074 kilogrammes, 
and not 1070 kilogrammes—a very small differ- 
ence, it is true; but this gun has no road brake, 
and the thickness of its shield is 3.5 millimetres 
(0.137 in.), points owing to which it cannot be 
compared on equal terms with other armaments 
indiscriminately. Further, the weight of the Arm- 
strong field gun, also referred to, does not include 
the shield. Our competitor, whose competence 
in all which relates to field armament is univer- 
sally known, has therefore compared together two 
field matériels, one having a shield and no road 
brake, and the other having a road brake and no 
shield. It may be that the two conditions balance 
each other approximately ; nevertheless, we again 
claim that, notwithstanding the utmost care, incon- 
trovertible figures are not easy to obtain in such 
problems concerning ordnance. 

The Influence of Allowances on Specified Dimen- 
sions. —While acknowledging the theoretical import 
of our statement in regard to the influence which 
allowances from specified dimensions have on the life 
of guns, General Rohne says this is of no moment 
in actual practice. He adds that the firing experi- 
ments reported upon in the Krupp pamphlet were 
not made with a view to verify the Siwy theory or 
any other, but that they led to considering the 
lengthening out of the powder-chamber as a 
criterion in regard to wear. Now it is perfectly 
safe to say that if this be accepted as a principle, 
the part played by the allowance granted on 
the bore diameter is thrown out of court alto- 
gether. But where are we to find the proof 
that this should be taken as a principle? We 
fully agree that the lengthening of the powder- 
chamber due to firing action, 1.e.—the gradually 
more forward position the projectile takes in the 
chamber, reckoned from the _ breech-face—is a 
handy means, easily ascertained, and one that 
gives an important indication as to the progress of 
wear. ‘This means also is generally resorted to, 
but it is not considered at all sufficient, and a 
report which takes it alone as a basis for defining 
the wear of a gun is an incomplete report. To 
deny the influence of an increase in the bore 
diameter, together with that of erosions at the 
starting point of the rifling, is to deny absolute 
evidence. Therefore, the deductions we drew in our 
former article in regard to the influence of allow- 
ances on dimensions, based upon the Siwy experi- 
ments, remain valid and full of practical significance. 

Modifications in the Rifling Bands.—Our con- 
temporary says that modified rifling bands were 
used only when commencing firing with the 
2l-centimetre gun, and not, as we had supposed, 
when the firing to determine precision was taking 
place. We take this to be so, but the fact, never- 
theless, remains that the latter firing gives no 
data to aid in studying the wear of the gun. 
As Captain Schweeger, of the Austrian Artillery, 
remarked,* the latter rounds, in order to convey 
full Significance in regard to wear, ought to have 
been fired with the same powder-charge as that 
selected for the commencement of the experiments, 
and not with an increased powder-charge. This 
brings us back again to the report, and emphasises 
its insutticiency to carry conviction owing to the 
paucity of the information it gives even upon points 
of great importance. 

Peres ntage of Nitro-Glycerine in the Powder.—In 
our former article we said that the 28 centimetre 
(11.02 in.) Krupp gun ‘even fired rounds with 
powder the proportion of nitro glycerine in which 
Was as low as 15 per cent.” Our contemporary has 
translated **. . . as low as 15 per cent.,” by “. . . 
noch yeringer als 15 prozent,” and by ‘‘. . . noch 
wnter 15 prozent.” It is a pity that such an error 

ntranslation should have crept into acritical review, 
more especially since it is accompanied with the 





* See Mitteilungen iiber Gegenstiinde des Artillerie und 
Geniewesens, No. 5, 1909, page 349. 





remark that this is an ‘‘inaccurate assertion.” 
We correctly translated the Krupp pamphlet, 
which clearly stated, according to the German 
reviews, that about half the rounds fired with the 
11.02 in. gun had powder charges containing 15 per 
cent. of nitro-glycerine. 

Influence of the Duty of a Powder and of the 
Amount of Work Developed. —General Rohne argues 
that the law established by Siwy is based upon the 
comparison of powders of similar nature ; these, 
says the General, are powders which for an equal 
weight yield an equal duty. But Siwy, a careful 
experimentalist, proceeded most judiciously in the 
carrying out of his scientific trials; he took due note 
of all variable factors, worked with powders of the 
same nature, and arrived at the conclusions we re- 
ferred to in our former article. We prefer Siwy’s 
account to the remarks of our contemporary, because 
equal charges of powder taken from the.same chest 
do not, of a necessity, yield the same duty. To cause 
this to vary it is only necessary to take for the tests 
guns of different calibres, or projectiles of different 
weights, using one and the same gun. Equal weights 
of different powders may, however, in certain cases, 
yield the same duty. When writing our former 
article we took it for granted that if we applied 
Siwy’s method on a basis of equality, both in 
regard to our gun firing a cordite containing 30 per 
cent. of nitro-glycerine, and the German guns firing a 
powder—which is no other than cordite—containing 
25 or 15 per cent. of nitro-glycerine, we were 
favouring the latter guns ; for, since a 50 per cent. 
cordite. has a greater erosive action than a 30 per 
cent. cordite, it would follow that powders con- 
taining 25 and 15 per cent. of nitro - glycerine 
were less wearing than that containing 30 per 
cent. The coefficient of wear we found for Ger- 
man guns firing German powders being lower than 
that for the British guns firing our M D cordite, 
we concluded—and very justly so—that the firing 
conditions for the German guns, in regard to ero- 
sion, were more favourable than those for the 
British guns. 

General Rohne stated that the German powder, 
which supplied a duty of 130 metre-tons per kilo- 
gramme, must necessarily be much more wearing 
than the British powder, which yields a duty of 
only 105 metre-tons per kilogramme. But in the 
case of howitzers, the powder, whether of German 
or any other make, yields a duty of over 180 metre- 
tons.* On this basis, and according to General 
Rohne’s theory, howitzers should wear very rapidly. 
This, however, is not so; their wear is far and 
that of long guns. We conclude, therefore, that 
from the point of view of wear the duty yielded by 
the powder, considered alone, cannot in any way 
form a criterion. 

The same may be said as to the absolute value 
of gas-pressure, also considered separately, as is 
fully evidenced since the time of cocoa powder, 
although our contemporary appears to put the con- 
trary forward. The total walk doveenalh by a gun 
should not be considered alone either. Our contem- 
porary takes this latter factor as a basis for a series of 
elaborate calculations which result to the advantage 
of the German guns. Experiments made in the 
United States have confirmed the theoretic views 
held by many artillerists, in that they have proved 
that for an almost equal weight of gun and powder- 
charge—consequently with a lower factor of wear, 
and, perhaps, also a lower pressure—a 13-in. or 
13.5-gun can develop at each round a power equal 
or superior to that developed by a 12-in. gun, 
while having a far longer life. This decides entirely 
against the calculations on total work made to 
reply to our conclusions. 

he factor of wear which had received attention 
for some time past, and has been made clearly 
evident by Siwy, i.e., the weight of powder burnt 
per linear unit of calibre, is intimately connected 
with the pressure, the vis viva developed, and the 
intensity of the hot gas currents, which act upon 
the internal surface of the bore. Considered sepa- 
rately, it does not elucidate all the phenomena of 
wear in guns, but is of the greatest importance in 
the study of the manner in which wear manifests 
itself. | We fully justified the application we made 
of this factor in our former article, and we pass over 
the charges put forward by our critic to the effect 





* A 15-centimetre howitzer, firing a 40-kilogramme 
projectile at a 300 metre muzzle velocity, has a muzzle 
energy of over 180 metre-tons. The powder-c being 
about 1 kilogramme, the duty of the powder would there- 
fore be over 180 metre-tons. 
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that we have been guilty of practising conjuring 
and so forth ; such charges are out of place in all 
discussions, especially so in those dealing with 
technical problems. 

It is more agreeable to us to turn from these 
charges to General Rohne’s reproach that we have 
not called attention to the fact that the three series of 
ten rounds in rapid firing at the rate of four rounds 
ood minute for the 2l-centimetre (8.25-in.) No. 1 

rupp gun formed an ‘‘extraordinarily severe test.” 
We confess we had overlooked this detail; but 
since these are called quick-firing guns, how can 
the rapid firing of three series of ten rounds be con- 
sidered a so heavy test? From what standpoint 
should it be considered so severe? Would not our 
critic, after further consideration, think as we do, 
that such firing conditions are those which govern 
the normal service of quick-firing guns ? 

He further says anhalt argument in refuting the 
German tests would have been to prove that for an 
equal power and efticiency the British guns have an 
endurance equal to that of the German guns. To 
this we reply that as soon as we have in our hands 
authentic and complete documents defining accu- 
rately the firing conditions of the guns to be com- 
pared, and the state of the latter after long firing, 
we shall go to work with an open mind to ascer- 
tain whether there be equivalence or not, and we 
shall state what we ascertain. 

We note that General Rohne does not refute 
Siwy’s conclusions as to the small difference which 
exists in the various classes of steel from the point 
of view of resistance to wear. We have seen 
records of the tests made in the United States to 
which he refers, but cannot pronounce upon the 
effect in regard to wear of steel alloys made with 
rare metals—vanadium and others. One fact, how- 
ever, is certain ; the use of such alloys is not an 
advantageous one from the standpoint of cost. 

In concluding this article, we may say that the 
manufacture of large-calibre guns, of a power at 
least equal to those now in service, as precise, but 
less subject to wear, forms a problem, the solving 
of which is of the greatest importance. The Krupp 
pamphlet, as reviewed byGerman technical journals, 
appeared to supply a solution based upon actual 
firing experiments. After, however, looking into the 
matter carefully, it cannot be said that the experi- 
ments referred to have at all advanced the settle- 
ment of the question. We find in the Artilleristische 
Monatshefte for February no further argument of 
a nature to modify our opinion in the matter as 
expressed in our former article; on the contrary, 
an analysis of the objections raised convinces us the 
more that we had arrived at an accurate conclusion. 








NOTES. 

Tue New Streamsuip Rariway Sration at Dover. 

SaTISFACTORY progress is being made with the 
extensive works now being carried out at Dover for 
the accommodation of the cross-Channel passenger 
traffic, and some interesting details were given in 
the paper read on Wednesday evening at the Royal 
Society of Arts by Mr. Arthur T. Walmisley, 
M. Inst. C.E. The work includes the reclamation 
by the Dover Harbour Board of 114 acres to the 
east of the root of the Admiralty Pier, which will 
still leave 64 acres within the commercial harbour. 
On this reclaimed land the South-Eastern and 
Chatham Railway will erect a marine station. In 
continuation of the face-line of the retaining-wall 
of this reclaimed area there will be built a deep- 
water get 780 ft. long, 20 ft. wide, with 
decks at various levels at points suitable for the 
embarking and debarking of passengers from the 
cross-Channel steamers when the tide is low. In 
addition to the cross-Channel traftic, eleven liners a 
month, including those of the Red Star Line and 
the Royal Holland Lloyd Line, call at Dover, and 
there is no doubt that, with the shelter of the 
Admiralty Harbour, coupled with the provision of 
anew marine station, containing all modern rail- 
way auxiliaries in connection with the deep-water 
landing-stage, several of the Atlantic and other 
steamships will, in future, call at Dover, and will 
find the railway access to London, Calais, and 
Ostend speedy. The inner landing-stages for cross- 
Channel steamers will be connected to the Prince of 
Wales pier, used by the liners. In Mr. Walmisley’s 
paper, which was purely historical and chronologi- 
cally arranged, it was pointed out that the length of 
trains run for the Continental ‘service at Dover, 
coupled with a range of tide of 18 ft. to 20 ft., and 
the limited area of the water space left free when 
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the harbour improvements just described were 
completed, ‘‘ rendered a postponement of a Channel 
ferry scheme desirable.” 


Poeuia River Water-Power ror Mina. 

A new 60,000-horse-power installation, utilising a 
water head of 1400 metres (about 4600 ft.) of the 
Poglia River for the benefit of the City of Milan, 
was described by Mr. L. Zodel, manager of Messrs. 
Escher Wyss and Co., in arecent meeting of the In- 
genieur und Architekten Verein, of Zurich. The 
Poglia is a tributary of the Oglio River, and rises 
in the Adamello Mountains. The full head of 
1400 metres is utilised in two steps. The upper step, 
of 910 metres, is formed by the level difference be- 
tween the Lago d’Arno, which discharges itself into 
the Poglia, and which is situated 1790 metres above 
sea-level, and the village of Isola, 887 metres above 
sea-level. The lower step goes down to Cedegolo, 
situated 400 metres above sea-level; there the 
Poglia joins the Oglio. The Lago d’Arno forms 
with its steep, rocky banks a very convenient 
water basin. ceed 25 metres (82 ft.) below its 
usual level, it renders 11 million cubic metres of 
water available, and twice that bulk of water 
can be collected in the lake by diverting the 
Upper Poglia into it. The construction of the 
ant was commenced in 1907. The station at 
Tsola is fed through a conduit, leading to a fore- 
bay, and a pipe system, which discharges into the 
turbines. The conduit has a length of 1500 metres 
(1 mile), and is circular, 71 in. in diameter. Of 
the four pipe conduits projected two are now com- 
pleted. The pipes begin with a diameter of 800 
millimetres (31.5 in.), and a wall thickness of 
7 millimetres, (0.28 in.); in the lower portion the 
diameter is diminished to 750 and 600 millimetres, 
and the thickness rises to 32 millimetres (1.26 in.). 
The upper portion of the pipes is riveted, the lower 
portion lap-welded by the aid of water-gas. The 
whole system is buried 8 ft. deep to prevent 
freezing. Seven dynamos, each of 7000 horse- 
power, fitted with 500 horse-power exciters, are 
projected ; four of these units are now being 
installed. The whole hydraulic part of the plant 
—pipes and turbines—is being furnished by 
Messrs. Escher Wyss and Co., and Professor 
Prdsil has designed a new regulation system for 
the turbines in order to meet pressure fluctuations. 
The currents generated at 12,000 volts are taken 
down to the lower station at Cedegolo. This 
station is fed both by the discharged water from 
Isola and by independent sources, and as there was 
no suitable space for a collecting-basin of the reser- 
voir and dam type on the precipitous rocks, the basin 
was planned as acellular structure in ferro-concrete, 
consisting of 140 cells arranged in three tiers above 
one another. This part of the project, not less re- 
markable than the other parts, has been carried out 
within a hundred days by Messrs. Fratelli Damioli, 
of Milan, who had the contract for all the concrete 
work, and also for the roofings of the buildings. 
From the basin two pipes, each 40 in. in diameter, 
lead down to Cedegolo, where five units, each of 
4500 horse-power, have been put up. The general 
switchboards and transformers are at Cedegolo, 
while the Isola power-station is very simple, as the 
currents are sent directly to Cedegolo. The 60,000 
horse-power to be supplied to Milan will be trans- 
mitted by an oveteal line, 75 miles in length, at 
60,000 volts ; the potential is later to be raised to 
72,000 volts. When this scheme is completed, 
Milan will altogether receive 320,000 horse-power 
from hydro-electric plants. 


SyNTHETICAL PREPARATION OF AMMONIA, 


In a lecture delivered last March in the Natur- 
wissenschaftliche Verein of Karlsruhe, Professor F. 
Haber claimed to have solved the old problem of 
preparing ammonia from its constituents, nitrogen 
and hydrogen. 
were rather meagre, and that may be explained by 
the announcement which he made in concluding his 
lecture, that the Badische Anilin und Soda-Fabrik 
had taken up the process. This fact is a sufticient 
guarantee for the importance of the process, but it 
rather precludes the hope of the publication of 
further details. It is obvious that if ammonia could 
technically be prepared on an economical scale from 
atmospheric nitrogen, the whole nitrate industry 
would be threatened by a serious rivalry. One may 
suppose, at the same time, that the new process 
might itself need electric furnaces, and thus not 
endanger the prospects of an industry which has 
attained a certain amount of prosperity after long 


The experimental details he gave | red 





years of experimenting. The temperatures at which | 
Professor Haber brings his gases into contact are 
not high, Nitrogen and hydrogen do not react 
upon each other at ordinary temperature, nor even 
at higher temperatures, unless high pressure is 
— In the demonstration which Professor 

aber gave he used a temperature of 550 deg. 
Cent. and a pressure of nearly 200 atmospheres. 
Under those conditions about 8 per cent. of the 
mixture of gases—theoretically three volumes of 
hydrogen to one of nitrogen—entered into combina- 
tion. The efficiency of the process is not high, 
therefore, but Professor Haber considered it as 
technically promising. The apparatus exhibited, 
which he and Dr. R. Le Rossignol had used in 
their experiments at Karlsruhe, was said to yield 
90 grammes of liquid ammonia per hour ; figures as 
to power consumption were not given, however. 
Professor Haber explained that it was necessary to 
keep the gases in circulation. The ammonia 
formed was either condensed by cooling or allowed 
to escape as gas ; how this is accomplished without 
loss of the constituent gases was not stated. The 
ammonia might be absorbed by acids, just as it is 
absorbed in gas works by sulphuric acid. A cata- 
lyser was required to hasten the reaction. Pro- 
fessor Haber first utilised osmium as catalyser, but 
replaced it later by uranium, in view of the scarcity 
of the former metal. It is believed that the 
world’s stock of osmium does not amount to 
more than 2 cwt. Of the more common metals, 
chromium would stand nearest to osmium in 
chemical respect, as iron is most closely related to 
uranium. Professor Haber tried these two less ex- 
— metals as catalysers, but with little success. 

he search for radium will probably bring more 
uranium on the market than has so far been avail- 
able. As catalyser for the ammonia preparation 
the uranium need not be pure. Professor Haber 
found the impure metal, Sininet by reducing the 
oxide in arc furnaces with carbon electrodes, sufti- 
ciently active ; this uranium contains carbon and 
carbide. 
the process which Professor Haber made was that 
the power wanted for the compression and for pro- 
ducing heat and cold was of minor importance, and 
that his process would hence be applicable in coun- 
tries which did not possess water-power. 
announcement will ode others resume the study 
of this old and difticult problem, now that success 
appears to have been achieved in one way. 








ADAMS MANUFACTURING 
COMPANY’S WORKS. 

WE had an opportunity, on the 8th inst., of in- 
specting the electrical mt oll at Bedford, of the Adams 
Manufacturing Company, Limited. As is generally 
known, the y+ Bes Company is engaged both in elec- 
trical control-gear and motor-car work ; but our visit 
was confined mainly to an inspection of the shops 
which deal with the tormer of these two lines. Control- 
gear is a branch of electrical work which has made 
great advances during the last few years, both in con- 
structional details and in the application of new 
electrical methods, while the possibilities of further 
development are still very great. The Adams Com- 
pany’s name has been associated with the modern 
progress of this class of gear in this country, and the 
apparatus on view at their works, and the recent 
designs which they have put on the market, show that 
they are doing much onl work in this field. 

The shops in which electrical apparatus is manufac- 
tured have a floor area of some 22, superficial feet ; 
while in addition to this space, which is devoted solely 
to electrical work, there is a main machine shop, 
situated between the electrical and motor-car shops, 
in which machine parts common to the two classes of 
work are manufactured. The electrical shop is laid 
out on modern lines, and the various departments deal- 
ing with different stages of the work, or with different 
classes, are placed in such relative positions as to 
uce to a minimum the amount of handling necessary 
from the entry of the raw material to the exit of the 
finished articles. A very complete stores system is in 
operation. Independent stores for raw materials and 
for finished parts are provided, the material from the 
receiving department, with the exception of castings, 
passing direct to the former. Castings are first passed 
through the enamelling-room. Material from the 
machine department is passed into the finished-part 
stores, and from there passes to the assembling shops. 
A system of carrying maximum and minimum stocks 
of raw material, finished parts, and complete articles 
is in operation, so that standard articles can be sup- 
plied at any time, and the assembling departments can 
at once to make up the depleted stock by 
drawing on the tinished-part stores. The number of 


THE 


The only statement as to the expcnses of | 


His | 


complete starters, rheostats, &c., in stock seldom falls 
below about 1000. The shops are complete with test- 
room, packing department, &c. 

For the manufacture of the resistances, which form 


|@ a of so much of the apparatus made by them, the 
Ada 


ms Company employ various methods suitcd to 
the different capacities and servicesdemanded. Fcr the 
small face-plate type of starter, or regulator, having the 
resistance mounted behind a slate or marble panel 
with the contacts on the front, an embedded type of 
resistance is used, ‘‘ Eureka” or double-tinned iron- 
wire being wound ona porcelain former, and afterwards 
covered by an insulating and fire-resisting cement. 
The formers are wound by hand, as it is found to be 
more speedy and economical than machine-winding. 
For larger sized rheostats the wire is wound on 
asbestos tubes, which are provided with small brass 
eyelets at each end, which form a neat terminal arrange- 
ment for the wire. A third form of unit, for still 
larger capacities, is made of resistance strip, which is 
built up around, and parallel to, iron studs of about 
} in. indiameter. The studs are arranged to carry two 
small star-like castings at each end, to which the strips 
are fixed. Mica insulation is used between the cast- 
ings and the strip. The whole arrangement is from 
12 in. to 18 in. long, and as the strips lie cdge on to 
the centre stud, ample ventilation is provided. The 
system makes a very neat and workmanlike unit. For 
large resistances the ordinary type of cast grid is 
also used, long and flexible grids being stiffened 
by means of a metal clip, with asbestos lining, 
which is pressed on to the edge of the grid. 
The various types of resistance unit are, of course, 
built up on iron frames, in the usual way, to make up 
the resistance boxes. For the asbestos tube type of 
unit, perforated sheet-iron is used. The sheet is cut 
up into pieces which form the sides cf the boxes, and 
the ends of the tubes are placed through the holes, so 
that they are supported at each erd. All connections 
are made without solder, two wires being joined by 
slipping them, side by side, into a short length of soft 
copper tube, which is then flattened with special pliers, 
which are formed so that, in addition to flattening the 
tube, they indent it in three places, and so force the 
wires inside into good ccntact with the tube, end fix 
them securely from a mechanical point of view. 
Among the interesting examples of the switch fart 
of control-gear manufactured by the Adams Company, 
is a multiple switch-starter which is known as the 
‘*straight-line” type. The starter is a development 
of the multiple switch-starters in which a series of 
interlocked switches are closed one after another, so 
that the resistance is gradually cut out from the cir- 
cuit. Starters of this class are very suitable for heavy 
| work, as large currents can be carried, and, as it is 
| necessary to close the various switches one after 
|another, it is not possible for careless workmen to 
|damage the motor or apparatus by cutting out the 
| resistance too quickly. ir the straight-line type the 
| Various switches are mounted in a vertical line, one 
above another, on a slate or marble base, and are 
|operated by a single handle, which is worked back- 
|wards and forwards in pump-handle fashion, the 
| various switches being shied up in order by a reci- 
procating rod attached to the handle. The lowest 
|switch may be fitted with no-volt and overload 
| arrangements, and will, in case of necessity, operate 
during the starting period, forming the equivalent of a 
loose-handle circuit-breaker. This type of starter is very 
suitablefor immersion in oil. Another interesting starter 
is of the automatic type, and is intended for use with 
pumps, air-comprersors, &c. The special feature of 


| the starter is that the starting current controls the 


rate of acceleration of the motor which is being con- 
trolled. A number of contactors, or automatic switches, 
which are mounted on an insulating base, close one 
after another, and gradually cut out the resistance. 
Each contactor is provided with a series relay which 
controls the operating-current supply to the contactor 
next after it, in such a way that this next contactor 
cannot operate until the rush of current caused by the 
closing of the first contactor has died down. ‘The rate 
of acceleration of the motor is thus controlled in terms 
of the starting current, and great rushes of current 
and extreme rates of acceleration are prevented. ‘The 
point to which the current rush resulting from the 
cutting out of one section of resistance must be re- 
duced before the cutting out of the next section is, of 
course, determined by the design of the relay. 








PrrsoxaL.—Messrs. J. and C. Swanne, Limited, 11, 
Warwick Chambers, Corporation-street, Birmingham, 
have been appointed the sole agents for the district for 
the Weardale Steel, Coal, and Coke Company, Limited, 
of Spennymoor, for the sale of their pig iron. Messrs. 
Swanne are also the sole district agents for Sir W. G. 
Armstrong, Whitworth, and Co., Limited.— The British 
Westinghouse Electric and Manufacturing Company, 
Limited, inform us that their supply department (offices, 
show-room, and stores) for the Coates district has heen 
removed from 27, Chancery-lane, London, W.C., t 
larger and more commodious premises at 3, West-street, 
and 30, Litchfield-street, Charing Cross-road, W.C. 
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ARGENTINE RAILWAY AFFAIRS. 

Tur position of Argentine railway property is still 
satisfactory, but revenue has not been maintained quite 
so well of late, the last Argentine wheat crop having 
been somewhat disappointing. Given, however, better 
harvest results this year, Argentine railway proprietors 
will not have much to complain of. The population of 
Argentina has increased from 4,500,000 to 6,000,000 
during the last ten years, but there is, as elsewhere, an 
unsatisfactory feature in Argentine life—viz., the ten- 
dency of the population to congregate in towns, and 
not to settle with sufficient freedom in the country 
districts. For example, of the 6,000,000 inhabitants 
of the Argentine Republic, 1,500,000 are residents in 
Buenos Ayres, while great areas of the Republic have 
scarcely any inhabitants at all. 

The average Jength of line in operation upon 
the Buenos Ayres Great Southern system last year 
was 2744 miles, as compared with 2691 miles in 
1908. The revenue acquired in the half-year ended 
December 31 showed an increase of 127,150/., while 
the working expenses were larger by 54,357/. The net 
revenue was thus $35,654/., as compared with 862,861/., 
showing an improvement of 72,793/. The ratio of the 
working expenses to the traffic receipts in the second 
half of last year was, accordingly, 57.08 per cent., as 
compared with 57.97 per cent. The improved condi- 
tion of the permanent-way resulting from extensive 
renewals carried out of late years has enabled the 
company to use more powerful locomotives econo- 
mically ; and this, combined with a larger capacity of 
goods wagons, and special attention to the loading of 
trains, secured reductions in the train-mileage. ‘The 
expenditure of the locomotive running department 
was also favourably affected by lower prices for coal, 
so that in the second half of last year there was a 
saving of 14,257/., or 4 percent. A number of exten- 
sionsare in course of development. Among these may 
be mentioned lines from Alvear to Olavarria, 65 miles; 
from Alvear to Carhué and Pique, 200 miles; from 
Bolivar to Pringles vid Madrid, 125 miles ; and from 
Chas to Ayacucho, 90 miles. Other extensions have 
either been officially approved or have been recently 
commenced. The distance run by engines in the second 
half of last year was 6,134,383 miles, as compared with 
6,238,007 miles; the distance run by trains was 
3,740,665 miles, as compared with 3,804,692 miles. 
The consumption of coal per engine-mile run was 
39.64 lb., as compared with 38.76 lb., and per train- 
mile run 62.31 lb., as compared with 61.85 lb. The 
renewal of a bridge crossing the Salado at Guerrero is 
making progress, and the replacement of smaller 
bridges and culverts by more modern types on various 
sections has also been proceeding. 

The gross revenue of the Buenos Ayres Western 
Railway in the second half of last year was.1,122,373/., 
ascompared with 1,068,651/., while the working ex- 
_ were 676,378/., as compared with 647,109/. 

he ratio of the working expenses to the traffic re- 
ceipts, accordingly stood at 60.26 per cent. in the past 
half-year, as compared with 60.55 per cent. The 
length of line opened for traffic at the close of last 
year was 1360 miles. The cost of locomotive coal in 
the second half of last year showed a reduction of 
2035. The working expenses of the past half- 
year included 13,098/. contributed to renewal funds. 

tween Moron and Lujan 10? miles of single 
track were laid in the second half of last year 
with 80-lb. rails and new hard-wood sleepers simul- 
taneously with stone ballasting. Other similar re- 
newals were carried out at various ints, but on 
a smaller scale. Nearly 4 miles of single track 
were re-ballasted with Wiese city refuse on the 
Central market branch. Black-earth ballast was re- 
newed on rather more than 5 miles of single track 
on the Carhué branch. Some 38 miles of ordinary 
fencing were strengthened in the second half of last 
year by the addition of two barbed wires, and 1? miles 
of ordinary fencing were completely renewed on the 
Bragado extension. Grain-sh 
in the past half-year at thirty-one stations. Some 
42 miles of single track were strengthened by the 
addition of two sleepers per rail-length. Improve- 
ments which are being carried out at the Once station 
are progressing favourably. New departure and 
arrival track, extensions of platforms, a large signal- 
box, and bridges across Calles Anchorena and 
Ecuador, as well as a new staircase and electric 
lifts have been completed. Extensions of the Liniers 
workshops are being pushed forward; foundations 
for extra accommodation at the machine shops, and 
the re-roofing of a new coppersmith’s shop, have been 
completed. 

A first section of 55 miles between Los Toldos and 
Roberts, on a 126-mile extension from Los Toldos 
to the 5th meridian, has been brought into working ; 
a second section between ‘Roberts and the 
5th meridian will shortly be ready for service. It 
fe Proposed to extend this last-named section for a 
— 62 miles into the Pampa. About 30 miles of 
; © track have been laid of a new line, 73 miles in 

ength, from Pehuajo to Tres Lomas. Plans for a 


s were built or enlarged | Lords 








62-mile extension from Bagual to the Salado have 
been approved by the Argentine Government. 

The revenue of the Central Argentine system in the 
second half of last year fell to 2,238,867/., as compared 
with 2,301,261/.; but a policy of rigorous economy 
brought the working expenses of the half-year down 
to 1,355,889/., as compared with 1,452,653/. The 
net receipts came out accordingly at 882,978/., as 
compare with 848,607/. The length of line in opera- 
tion at the close of last year was 2528 miles, as com- 

red with 2392 miles at the close of 1908. In July 
ast year a branch, 8 miles in length, from Sastre to 
Maria Juana, was opened for traffic; in November 
84 miles of the Andine Railway acquired by the com- 
pany were incorporated in the system ; and in the last 
month of 1909 its mileage was further increased to the 
extent of 44 miles, in consequence of the completion 
of a branch from Morteros to Hersilia. The decrease 
effected in the working expenses last year was secured 
by economies made in all departments; the coal 
bill was 3500/. less, as an increase of 12 per cent. in 
consumption was more than counterbalanced by low 
ocean freights and cheaper coal prices. As regards 
the future, Argentine railway managers appear to 
place a good deal of reliance upon the better promise 
of the maize crop this year ; this, they hope, will com- 
pensate for any shortage of wheat and linseed. 





WORKMEN’S COMPENSATION CASES. 
Time-Limit of Appeal.—On the re-opening of the Court 
of Appeal after the Easter vacation, the case of Blower 
and others v. Owners of the Ship Mountaineer came 
before the Lords Justices, on appeal from the County 
Court Judge of Liverpool, notwithstanding that the 
time-limit for appeal had expired. The reason of the 
delay, far beyond the time limit, was that since the de- 
cision of the County Court Judge the law bearing on 
such a case, which would have made an ap) futile, 
has been altered by the momentous decision of the 
House of Lords in the recent case of Hodgson v. West 
Stanley Colliery Company, fully reported in ENGINEER- 
ING of rch 4. It will be remembered that in the 
House of Lords’ case the law of dependency, as laid down 
by previous cases in the Court of Appeal, was reversed, 
and it was laid down. that a wife who lost her husband 
and her two sons in the same accident was to be re- 
garded as dependent in respect of the earnings of all three, 
and not of the husband’s earnings alone. In this latest 
case in the Court of Appeal, the decision was given at 
Liverpool on April 30, 1909, and had previous decisions 
in the Court of Appeal given an excuse for an appeal, 
that appexl should have been lodged within twenty-one 
days. No notice of appeal was, of course, made at the 
time, but it was prompted by the subsequent change in 
the law consequent upon the House of Lords’ decision in 
the colliery case above mentioned. This Live 1 case, 
had it occurred later —for it was weer Sy on all 
fours with the House of Lords’ case—would have been 
a proper case forappeal. As the law then stood, how- 
ever, it was properly decided by the County Court Judge, 
and no appeal being lodged in accordance with the rule, 
it was not lawful to re-open it after such a long interval. 
The widow of John Blower, as a dependant of her hus- 
band, claimed compensation in respect of his death and 
of her son’s, both of whom were drowned in the Mersey. 
The widow had young children, and the claims for com- 
pensation alleged that the dependants were partially de- 
pendent on the earnings of both the deceased. The 
County Court Judge, following the law as it was then 
understood, held that the widow and her children were 
wholly dependent on the father, John Blower, and not 
partially dependent on Herbert Blower, the son. The judg- 
ment of the Court of Appeal in this case was against the 
applicants, not because it repudiated the House of Lords’ 
decision—it could not do that—but because the applicants 
were wrong in making their belated appeal, which, to be 
in order, should have been lodged within twenty-one days 
after the first decision. If the Court had allowed this 
appeal, the appeals in similar cases would be numberless. 
The rule laid down in Hodgson v. West Stanley Collieries, 
which, according to the House of Lo has ea 
change in the law, is applicable to such cases in the future, 
but its - payne is not retrospective. The reason for 
this denial to apply the law as laid down by the House of 
is hard upon the dependants; but it was pointed 
out by the Lords Justices that there is no case where the 
time for appeal was extended beyond the time-limit in 
the Act because of a decision of the House of Lords 
reversing the law as understood by the Court of Appeal. 
The Legislature concludes that justice is done to the 
community as a whole in saying in respect of any litiga- 

tion that a time shall come when that litigation shall 

ot nae Light Work.—At N Q Sess 
Wages for Light Work.—At Newry Quarter ions 
the County Court Judge, on April 3, had before him an 
unusual application as to the amount that should be paid 
to the injured workman as compensation over and above 
the sum paid to him weekly for light work, which, of 
course, was lower-paid work than he was capable of po | 
before his injury. A workman was injured on Jan 16, 
1908, in the service of the Bedford Street Weaving Com- 


any, Newry, at a time when he was earning 17s. a week. 
rom that date till February 19, 1909, he was nt half-pay 
—equal to 8s. 6d. a week—as compensation. he was by 


this time partially recovered, his employers offered him 
light work for which they thought him capable, and they 

id him for it 8s. a week. In addition to this the - 
Rim 4s. 6d. a week ascompensation. This continued from 
February 19 till October 9, 1909, when the light work 








was stopped. The applicant then asked for 6/. 12s., being 
4s. a week from February 19 till October 9, 1909, so as to 
make up the compensation money to 8s. 6d. a week, which 
he was awarded in respect of the injury, instead of the 
4s. 6d., which was all he had after the 8s. for light work 
was stopped. The ground of this claim was that, in addi 
tion to the 8s. a week for light work, the employers were 
entitled to pay him the full compensation money of 
8s. 6d. a week, instead of only 4s. 6d. a week. The em- 
ployers’ case was that the workman was only entitled to 
compensation equal to half the difference between what 
he earned for light work and what he formerly earned 
before the injury. The County Court Judge awarded 
the applicant all he claimed. 

Neurasthenia and Suitable Employment.—A_ case on 
April 6 came before the Sheriff against the Fife Coal 
Company which showed that prolonged neurasthenia, as 
the result of an accident or injury, is not to be treated as 
shamming, but may impose a very serious responsibility 
upon the employers. A miner named Williamson, at the 
last order of the Sheriff, was allowed compensation on 
December 15, 1908, and was given light work, at which 
he was employed from that date till August, 1909, when he 
was again put to light work till October, 1909, when he 
became incapacitated in consequence of the injuries of 
February, 1906. The Sheriff found the miner’s condition, 
notwithstanding the efforts of the employers to find suitable 
light work, remained practically unchanged at March 19, 
1910, when he again became fit for light work, but not con- 
tinuously. His wage-earning “an was, therefore, 
estimated at 18s. a week, whereas his earnings before the 
accident were 2/, 4s. 2d. a week, and he was awarded com- 
pensation from Oct. 13, 1909, to March 19, 1910, at the 
the rate of 1/. a week, and thereafter at 17s. 2d. a week till 
a further order. The employers had reason apparently 
to —_—— of the applicant leaving his work, but the 
medical evidence was to the effect that the man was really 
unfit, and would be well advised to get light work un- 
connected with mining, until his neurasthenic condition 

Such a case seems to suggest a voluntary 
redemption of the weekly payment and the workman 
tting away from his former environment; but the 
ifficulty is that such a voluntary redemption is not en- 
forcible by action, because there is no consideration, the 
employers’ liability still continuing. A master can compel 
a workman to submit to redemption after a weekly payment 
has been paid for six months, but this compulsory settle- 
ment is rarely fixed, as at this stage an agreement is 
usually come to subject to the arbitrators’ approval. 





Danisu Susmarines. —The Danish Government, as the 
outcome of a severe competition, have placed orders for 
the two submarine boats which they have decided to add 
to the navy, with the Whitehead Company of Fiume. 
One of the ts will be built at Fiume, and the other at 
the Arsenal at Copenhagen, under the supervision of the 
Whitehead Company. This company is the licensee of 
the Electric Boat Company of New York, and the boats 
will therefore be of the Holland type. 





Royat Society or Arts.—The following are the 
arrangements for the Wednesday oreneng meetings to be 
held before Whitsuntide :—April 20, “‘ Industrial England 
in 1754 (the date of the Foundation of the Society),” by 
Sir Henry Trueman Wood, M.A., Secretary of the 
Society. bir William White, K.C.B., F.R.S., Chairman 
of the Council, will preside. April 27, ‘Irish Linen and 
Some Features of its Production,” by Sir William Craw- 
ford, J.P. May 4 (Aldred re he | “Halley and His 
Comet,” by Professor Herbert Hall Turner, D.Sc., F.R.S., 
F.R.A.S. May 11, “The Recent Discoveries and 
Restorations at the Guildhall, London,” by Mr. Sydney 
Perks, F.R.1.B.A., F.S.A. 





Tuer INSTITUTION OF MECHANICAL ENGINEERS: GRaA- 
puATES’ AssociaTION.—The seventh general meeting of 
the Session was held at the Institution, Storey’s-gate, 
8.W., on Monday, April 11, Dr. Hele-Shaw (Member 
of Council) in the chair. A paper entitled ‘‘ Mechanical 
Flight” was presented and read by Mr. A. B. E. 
Cheeseman (Graduate). The discussion was opened by 
Mr. M. G. Duncan, and an interesting discussion 
followed, in which the following graduates took part— 
Messrs. S. A. Smith, P. Petrie, J. K. Aylsroyd, and 
A. J. Aitken. Dr. Hele-Shaw contributed some interest- 
ing remarks, and the meeting terminated with a vote of 
thanks to the Chairman. 





AvTocaLeR Drartinc-Macuine.— A new form of 
drafting-machine has recently been placed on the market 
by the Autocaler Company, 70, Broad-street, Stepney, 
London, E. It consists of a pe which is 
laid on a drawing-board, and is controlled by a steel 
parallelogram hinged to the board. This parallelo- 

m is a framework of rods, which extends the whole 
ength of the board, and to one end of which the head of 
the T-square, or straight-edge, is fixed. The éffect of 
this parallelogram is that it controls the straight-edge, so 
that the latter, as it travels up and down the is 
always at the same angle with the of the board. 
The straight-edge may be set horizontally or it may be 
inclined; but at whatever position it is placed, that 
position it will maintain in relation to the board. In 
conjunction with a 60-deg. set-square, work can therefore 
conveniently be doneat any angle. The —— 8 =~ can 
be removed and replaced in a very few secon In order 
to reduce friction, an anti-friction roller is placed under 
the head. It is claimed that the appliance is more rigid 
and accurate than an ordinary T-square, and that it can 
be handled equally well at any point. It is made in sizes 
suitable for use with imperial, double elephant, and 
antiquarian papers. 


490 


ENGINEERING. 


[APRIL 15, 1910. 








THE LATE SIR WALTER SCOTT, BART. 


By the death of Sir Walter Scott, which occurred at 
Mentone on Friday morning last, this country has lost 
one of its ablest and best-known contractors. The 
deceased baronet had for some time been in poor health, 
and had gone abroad in the hope that the change 
might benefit him. This hope was, however, not ful- 
filled, and he passed away in his eighty-fourth year, 
regretted by a wide circle of friends. 

Sir Walter Scott was born at Abbey Town, in West 
Cumberland, on August 17, 1826, and, like another 
well-known man in the engineering world, who also 
first saw the light not very far from the Cumbrian- 
Scottish border—we refer to Telford, was of humble 
origin, and received only a meagre education. This, how- 
ever, did not prevent him, through his own exertions, 
from rising to a high position of influence and affluence, 
but he owed his success largely to innate habits of 
study and independence, common traits in his fellow 
countrymen. As was customary in those days, he 
started work early, and served an apprenticeship as a 
mason, the trade also of his predecessor—Telford. 
There must then have been plenty of work for such as 
he—a hard worker, of vigorous frame, great strength 
of body, and much perseverance—for those were the 
early days of railway construction, when no doubt 
men of his trade were in great demand. It is little 
to be wondered at, therefore, that, on the completion 
of his apprenticeship, he became engaged on the 
railway work then in progress in the North of England 
and on the other side of the Border, where we find 
him as early as 1846 in charge of work as foreman on 
the construction of part of the Caledonian Railway at 
Gretna Green. In this way he got his early training 
in railway work, which was, no Soubt, of vast assist- 
ance to him in after years. His time was not all given 
up to work, however, for he was somewhat of an 
athlete, and found time for the pursuit of wrestling, 
at which he excelled and won many prizes. It is 
said that even at the age of sixteen he had the repu- 
tation of being the best wrestler (at his weight) in the 
district. 

In 1848 Walter Scott went to Newcastle, where the 
Central Station was then being built for the North- 
Eastern Railway Company, and was employed on that 
work. He was also engaged on the line that was 
then being laid between Newcastle and Berwick. 
It was at this time that he started business for him- 
self as a contractor; and it was not long before he 
rose to eminence in the district, and much work fell 
to his lot. This work was very varied, and included 
many kinds of building, apart from railway con- 
struction. He restored the cathedral at Newcastle 
under the direction of Sir Gilbert Scott, and built the 
Tyne Theatre, the County and the Douglas hotels, as 
well as many other buildings in Newcastle. He made 
additions to Chillingham Castle for the Earl of Tanker- 
ville, and rebuilt Haggerston Castle. Among other 
important undertakings of this period, he was engaged 
on the river improvements of the Tyne, which included 
a new quay-wall, 1000 yards long, which was supported 
on cylinders sunk to a depth of 40 ft. below low water. 
The Redheugh Bridge, over the Tyne, and the Byker 
Bridge, at Newcastle, were also carried out by him. 

It is, however, in railway work that the name 
of Walter Scott will be better known, for in this 
he truly excelled, and has left many fine monu- 
ments to his skill and energy. But it was not until 
1867 that he devoted himself in earnest to this field of 
action. It was then that he built a branch of the 
North-Eastern Railway to the quayside at Newcastle, 
which involved some heavy tunnelling, and the con- 
struction of a retaining-wall 70 ft. high. From that 
time the North-Eastern Railway Company gave him 
many contracts, for —_ appreciated the quality of his 
work. Among the undertakings carried out was the 
line from Saltburn to Brotton, on which there was a 
viaduct 150 ft. high, with thirteen arches, and one 
-—_ of 60 ft. e widened the main line through 

eweastle, constructing a fine granite arch of 106 fi. 
span and 80 ft. in height over Dean-street. He also 
undertook the widening of the Ouseburn Viaduct, the 
deep-water docks at Hartlepool, 25 acres in extent, 
with their entrances and gates, as well as swing-bridges 
for railway and road access ; various branch railways at 
Stockton, Bishop Auckland, Consett, and other places, 
alterations at Darlington, and much other extension 
work of the North-Eastern Railway Company. 

Railways, however, did not absorb all the time of 
this busy man, for the new docks at Burntisland, Fife, 
and Ayr bear witness to his constructive ability, as also 
does the extension of the docks for the North-Eastern 
Railway Company at Silloth, and his work upon dry 
docks at Blyth and Hartlepool. In 1877 was 
engaged by the London and North-Western Railway 
Company to construct a connecting line, about 17 
miles in length, between Rugby and Northampton. 
This work included several tunnels close to the 
famous Kilsby Tunnel on the old Birmingham and 
London line. Since that time many other works 
have been carried out for this company by his firm, 
which became known in 1882 as Messrs. Walter Scott 





and Co., by the admission of Mr. Walter Scott’s son, 
Mr. John tt, and of Mr. J. T. Middleton, who was 
Mr. Walter Scott’s engineer and agent. Since that 
date perhaps the works best known, at any rate, to the 
pa public have been carried out. Among these must 
included the City and South London Railway, the 
pend electric tube railway, of which his firm built the 
rst_ section, and a description of which appeared in our 
pages from time to time a construction. This raii- 
fing as is well known, runs from King William-street 
to Stockwell by way of the Monument, Great Dover- 
street, the Elephant and Castle, and Kennington. 
This section was opened in 1890, but it has since then 
been extended farther north. This was undoubtedly 
a notable work, for it brought the contractors face to 
face with many entirely new problems which called 
for much ingenuity and resourcefulness. Though 
greatly surpassed in size by tube railways that have 
since been built, the experience gained has been valu- 
able in their construction. Among these later tubes 
the section of the Central London Railway from the 
Marble Arch to the General Post Office was carried out 
by Messrs. Walter Scott and Co. 

In spite, however, of all the great works of construc- 
tion which bear witness to the ability of the late Sir 
Walter Scott, it is probably not by them that. his 
name is best known to the general public, but in 
another line, which brings before us the remarkable 
versatility of the man—a line, too, we may safely 








From a Photograph by Elliott and Fry. 


THE LATE Sir Water Scott, Bart. 


say, quite uncommon in one of his type. This is his 
connection with literature, and Sir Walter Scott, the 
publisher, is a name, no doubt, familiar to tens of 
thousands of people who know nothing of Sir Walter 
Scott, the contractor, for ‘‘The Canterbury Poets,” 
“The Camelot Classics,” ‘‘ The Great Writers” 
series, and the ‘‘ Contemporary Science” series, which 
are now household words, are due to him. He dis- 
played much courage in also publishing the translated 
works of Tolstoi, and of the Norwegian author Ibsen, 
men whose writings other publishers had hesitated to 
touch. The works of the latter author, translated by 
Mr. William Archer, very soon had a large sale, prob- 
ably exceeding that of the books of any other forei 
dramatist published in this country. All these books 
were published at Felling, though they were distri- 
buted from Paternoster-square, Tenden from New 
York, and Melbourne. 

Notwithstanding the time devoted to construction 
and to literature, other interests occupied the atten- 
tion of Sir Walter Scott, for he was a director and 
chairman of the Leeds Steel Works, Leeds, and chair- 
man of Messrs. Smith, Patterson, and Co., Limited, 
engineers and ironfourders, Blaydon. He also owned 
the Trimdon Grange, East Hetton, and Trimdon 
collieries, in the county of Durham, as well as Scots- 
wood Colliery. In all he was a director of nineteen 
industrial concerns, including the Bede Metal Com- 
pany and the Mountain Copper Company, of America, 
and chairman of about a dozen. 

In 1907 the subject of our memoir was created a 
baronet in recognition of his t works, and his 
son, Mr. John Scott, of Danby Hall, Darlington, suc- 
ceeds to the baronetcy. In 1853 the late Sir Walter 
Scott married Ann, hter of Mr. John Brough, 
of Bromfield, Cumberland, who died in 1890, and in 
1892 he married Helen, the widow of Mr. James 


Meikle, of Newcastle-on-Tyne, who survives him. He 
leaves four sons and two daughters. 

In temperament the late Sir Walter Scott was 
genial, and his personal bearing was modest and 
unassuming, while his commercial character was 
unassailable. He preserved through life much of the 
rugged characteristics of his native eounty. He had 
a wonderfully good memory, and it is said by one 
who knew him that he never forgot a face he had 
once seen. His home was at Beunclere House, Riding 
Mill, Northumberland, and he was buried at Mentone. 








THE LATE FLEET-ENGINEER 
R. C. OLDKENOW. 

ALL -interested in naval engineering will regret to 
learn of the death of Fleet-Engineer Reginald Charles 
Oldknow, who, after twenty-five years’ association 
with the Navy, took up journalism, and did notable 
service in advocating a higher recognition of the im- 
portance of engineering in the Navy, and also fuller 
acknowledgement of the worth of the engineer. 
ing officers of the Fleet. His knowledge of the 
conditions gee: Myr his ship experience 
belonged to an earlier and perhaps less strenuous 
period —rendered his work the more convincing, 
and when it is remembered that to this inside 

uaintance with the work there was added tact com- 
bined with enthusiasm, his contributions to the litera- 
ture of the subject proved as informing as they were 
welcome. Fleet-Engineer Oldknow was born at Blas- 
ton, in Leicestershire, on June 29, 1836, and after a 
liberal education and 54 years’ apprenticeship to 
Messrs. Robert Stephenson and Co., of Newcastle-on- 
Tyne, he entered the Service on July 23, 1858, when 
twenty-two years of age. His first ship was the Edgar, 
in which he served on the North American station and 
in the Mediterranean from 1861 to 1863. Two years 
later he was promoted to the rank of engineer, and 
his next important work was in the Rodney and 
Basilisk on the China station, between the summer of 
1867 and the April of 1869. In 1874, when the 
Osborne was commissioned to take King Edward (the 
Prince of Wales) on his voyage to Egypt, Oldknow had 
the honour of being appointed the engineer, and he 
served from June, 1874, to May, 1876, in this capacity, 
being promoted to the rank of chief engineer on com- 
pletion of the voyage. Again he went to the China 
station, serving in the Emerald and Wolverine, 
and there he continued for four years, until April 
of 1882. In 1886 he became a fleet engineer, retiring 
voluntarily two years later—on March 15, 1888. 
Having a special aptitude for literature, he at once 
took up this work, and his contributions to daily and 
rofessional papers made him widely known inthe Navy. 

e also wrote a chapter for Captain Eardley Wilmot’s 
work on ‘‘ The Development of Navies during the last 
Half Century ” (1891), and was the author of a book 
on the mechanism of men-of-war. He contributed for 
several years to Lord Brassey’s ‘‘ Naval Annual,” but 
perhaps the work for which he won the fullest recog- 
nition was his contribution to the subject of the rank 
and status of engineering officers. He was, however, 
te gene some years ago, to relinquish his literary 
work, or a great part of it, but frequently gave 
advice and encouragement to the young members of 
the profession. He had been in failing health for some 
time, and died on the 6th inst., at his residence at 
Forest Row, Sussex, in his 74th year. 








THE LATE SIR THOMAS SELBY TANCRED. 
WE regret to have to record the death, which 
occurred on the 11th inst., of Sir Thomas S. Tancred. 
Sir Thomas was the eighth baronet. He was born on 
October 1, 1840, and was educated at Radley and 
Bradfield. He practised as a ae railway 
engineer, and worked for a time under lonel George 
Willoughby Hemans, his father-in-law. His connec- 
tions as a railway constructor developed rapidly, and 
his name is associated with a large number of railway 
systems throughout the world, among which may be 
mentioned the Tarsus-Adana Railway in Asia Minor, 
and the Delagoa Bay Railway. He also, at different 
times, built a number of lines in Central and North 
America. He was also one of the contractors for the 
Forth Bridge, the contract for this bridge having been 
iven to Sir Thomas Tancred, Sir William Arrol, 
Sir. Joseph Phillips, and Mr. Travers Falkiner, who, 
together, formed the firm of Tancred, Arrol, and Co. ; 
but before the work was far advanced Sir Thomas 
Tancred retired, the firm becoming Sir William Arrol 
and Co., Limited. Sir Thomas is succeeded in the 
baronetey by his eldest son, Major Thomas Selby 
Tancred. 





Tue DANGERS oF Perrot.—In the year 1909 thirty-four 
people were killed and 152 injured by accidents due to 
petrol andbenzine inGermany. The automobile ind ustry 
responsible for more than half of these accidents ; two 
Je were killed and six injured by accidents connected 
illumination, 
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LONG-BASE TRUCK FOR TRAM-CARS. 


CONSTRUCTED BY THE BRUSH ELECTRICAL ENGINEERING 


COMPANY, LIMITED, ENGINEERS, 


LOUGHBOROUGH. 








Durine the period of rapid electric tramway con- | 
struction in Great Britain and abroad, far too little 
attention was given to the design and manufacture 
of the truck and running gear. But, more recently, 
since tramway managers have found themselves in 
difficulties arising from the uneven and excessive wear 
of rails and wheels and extravagant current consump- 
tion, more attention has been paid to the possible im- 
provement of the underframe and truck of the car. 
At present, the respective advantages of bogie-cars 
and single-truck cars are that in the former case the | 
car is better supported, but has a higher cost of main- | 
tenance and greater current consumption, while in | 
the case of the single truck the pore tractive | 
efficiency is to some extent neutralised by the ridi- | 
culously short wheel-base of 6 ft. or 6 ft. 6 in. 
for a car of about 28 ft. in length ; the effect of 
which disproportion is the galloping action and 
irregular oscillation that are responsible between 
them for much destructive influence on the track and 
for some waste of energy. To meet these difficulties 
the Brush Electrical Engineering Company, Limited, 
of Loughborough, have recently introduced a new 
“* Long-base ” ttern of truck, presenting several 
_— of engineering interest, which.we illustrate 
above. 

In the first place, the wheel-base is generally 8 ft., 
though this can be modified to suit particular cireum- 
stances ; and, in the second place, provision is made 
for affording a slight side nal end play to the axles. 
In the so-called standard type of truck no provision is 
made for effectively interrupting the docks and jars 
that arise from unevenness of the track. Any vibra- 
tion of this kind is at once transmitted through the 
axle-box and truck-frame, direct to the car bodies and 
the passengers. 

In the new Brush truck the frame is suspended by 
means of links from the main springs, which are carried 
in stirrups below the journal-boxes, as shown. This 
arrangement allows the wheels and axles to move to a 
slight extent independently of the truck-frame beneath 
the car, so that when the axles encounter any inequalit 
of the track surface, the shock is ver rete. shnecteel, 
and the general effect is iavenngell comfort for the 
passengers. Moreover, in consequence of this arrange- 
ment, the reactions between the sides of the rail- 
oa and the wheel-flanges are less severe, so that 

riction is reduced and less current is required to 
propel the car. 

_ Considerable improvement has also been achieved 
in regard to the spring arrangements. Hitherto it 
has been usual for the main springs to be of the coil 
type, which continue to vibrate much longer than the 





laminated springs, as the friction between the plates 
of the latter produces a damping effect. In the new 
long-base truck there are, as shown, only two springs 


on each side of the car, which are placed as far apart 
as the length of the car-body will allow, and it is 
claimed ‘that the general effect of the rearrangement 
18 to give an effective spring-base support of 12 ft. 10in., 


48 compared with about 8 ft. 2in. on the standard short 
wheel-base truck. 


— arrangement of the axle-boxes is such that when 
_ ve < 1s at rest they take a bearing against 
ll orn-blocks nearest the centre of the truck, 
Wher. clearance on the other side of the box. 


car is set in motion the forward axle-boxes 
move away from their contact with the horn-biocks, 


Owing to the longer wheel-base and the slight flexi- 
bility in the arrangement of the axles in the truck- 
frame, the new base-truck is particularly well adapted 
for use with the somewhat top-heavy type of double- 
deck tram-car that has become standardised in this 
country, where the common type with a short wheel- 
base was adopted in imitation of American practice, 
where, however, single-deck cars are practically uni- 
versal, 

After experimental trials in service on a number of 
leading corporation tramway undertakings, the new 
truck has been adopted entirely in the new service 
which was started at York in the middle of January 
this year. 








INDUSTRIAL NOTES. 

Tue fifty-second annual report of the Associated 
Blacksmiths, to which title is now added ‘‘and Iron- 
workers,” in consequence of a more or less re-division 
of modes of working and of the re-naming of certain 
sections, tells the story of the year 1909, a year of 
stress and strain to all the chief trade unions in the 
country. In alluding to the constant call u the 
funds for the assistance of the unemployed, which, in 
the last two years, 1908 and 1909, is stated to be 
‘‘unparalleled in the history of the society,” the 
report calls attention to one of the causes which | 
to the greater supply of casual labour in the skilled 
trades, a thing formerly limited to unskilled labour 
mainly—viz., the increase of sectional machinery, 
creating sectional labour in nearly all groups of trades. 
The tendency is, the report states, to create unsteady 
workmen and bad time-keepers. The establishment of 
Labour Exchanges, it is hoped, will reduce the casual 
class, and sift out the real casual from the steady, 
well-equip mechanic and artizan. Reference is also 
made to the now-existing three-years’ agreement on 
wages and other questions ; the revised rules make it 
possible to widen the operation of that agreement by 
extending the area over which the executive have 
control. Every advance in this direction will be 
valuable, as it will mean fewer strikes and less fric- 
tion in the different groups of industries. Stoppages 
of work by sections ought no longer to be a ; 
these hamper the employer, although he is in no way 
a party to the dispute. 

he revision 0: 
to out-of-work members, but there is a doubt 
whether the increase of contributions is sufficient to 
bear the extra strain. The area of election to the 
executive is also extended, so that all members will 
now vote, instead of certain local sections. The pro- 
spects of trade are now said to be such that steady work 
may be anticipated throughout this year and the next. 
The members generally agree as to the labour and social 
subjects to be promoted in Parliament, while they differ 
widely on some of the political items in the programmes 
of the two great parties in the State. The change in 
the law regarding the Parliamentary levy is sup- 
ported by all. he statistics as to shipbuilding in 
1909 are fully given for the United Kingdom and 
other great shipbuilding countries. The report 
says that ‘‘Great Britain still builds for the world,” 
but the number of unemployed has been great in the 
last two years. Particulars are given of income and ex- 

nditure, each item paid for benefits being specialised. 

here was an excess of expenditure over income, which 
was partially covered by extra levies. The unem- 
ployed benefit comes under three heads: donations, 
strike pay, and special assistance in cases of n 
through trade. As a general rule blacksmiths 
work pretty regularly, and are not often involved in 
strikes, except indirectly by disputes in other sections 
of the engineering, shipbui ding, and other iron, steel, 
and metal groups of trades. Under the existing three 





and the wheel motion is transmitted through the axle- 
ned and : ‘e Main spring to the truck by means of the 
en his action leaves the forward pair of wheels 

to adjust themselves readily without friction to 
any sligit sinuosities in the track, while the rear 
ad of wheels maintain the position of the rear axle- 
— in ontact with the horn-block faces nearest to 
aaa Deg exerting their efforts squarely on the 

1e, 





ears’ agreement, the latter will be mostly avoided. 
There was a loss of membership in the two last years, 


rules has extended the payment | P 





but there were two new and very important branches 
opened, one at Southampton and one at Parkhead. 





The report of the Ironfounders shows a net decrease 
on the funds under every head except superannuation, 
under which there was an increase of five ; the net 
decrease under all heads was 303, mostly of unem- 
ployed ; under the head of donation alone the decrease 
was 254 ; other unemployed, 156 ; disputes, 11, leaving 
only 31 on dispute benefit. The returns from the 
branches on the state of trade are fairly favourable, 
and they indicate more activity .in the near future. 
The total membership was 18,068, showing a great 
loss over a year ago. The weekly expenditure for 
benefits was 1409/. 12s. 10d., or at the rate of 2s. Ojd. 
per working member per week. Thecash balance was 
30,0031. 1s. 4d.; decrease, 1745/. 6s. 5d. The decrease 
on the funds has been continuous for over two years, 
and the time has not yet come for the long-hoped-for 
increase over expenditure. The society is naturally 

roud of the re-election of its Member for the Barnard 
tle Division by the large majority of 1490 over his 
rich, popular opponent, a large employer of labour in 
the division, Pg resident. ot is stated that he had 
the aid of fifty-three motor-cars and of seventy-two 
carriages. Preparations are already in progress for 
the election of representatives to the various labour 
congresses and conferences to be held this year, and 
the number of candidates is larger than ever, showing 
the deep interest of the members in such elections. 





The report of the Amalgamated Society of Car- 
—— and Joiners states that the membership to 
ate was 55,631. Of these, 4725 were unemployed, of 
whom 3652 were on donation benefit ; sick benefit, 
1528; superannuation benefit, 3002. The state of 
trade continues bad, not only in the United Kingdom, 
but throughout South Africa and in parts of Aus- 
tralia, Canada, and the United States. he extensive 
use of machinery in the manufacture of joinery has 
lessened the demand for joiners all the world over ; 
the only men required are for fixin purposes. “A 
conference has been called by the “Wy orkers’ Anti- 


.| Sweating Committee” on the subject of the Salva- 


tion Army’s joinery works in East London—a ques- 
tion long agitating the Joiners’ Union. The society 
roposes to celebrate its jubilee in Manchester this year 
at what is there termed the ‘‘ White City;” it is 
also issuing a history of the society during the last 
fifty years. There is to be held a conference on the 
bonus system, which is condemned by many. The 
branches are, as usual, very prolific in suggestions as 
to rules, modes of working, and other matters. A 
synopsis of the financial state of the voluntary Parlia- 
mentary levy fund is given in this report ; all demands 
are paid, and there is something now to the good. 





The report of the Operative Cotton-Spinners states 
that the full membership was at date 19,526, showing 
a loss in the month of 30, but a gain of 331 since a 
year ago. The average number of members entirely 
out of work was 1.44 per cent. of the full members. 
But the total out of work from all causes was equal to 
9.41 per cent.; previous month, 11.58 per cent.; same 
month a year ago, 8.79 per cent. The larger proportion 
was due to temporary stoppage. The chief complaint 
is short time, due to the cotton market. The officials 
dealt with 31 disputes, or grievances, in the month ; 
previous month, 17 ; same month a year ago, 11. There 
were 4] accident cases reported ; previous month, 33 ; 
same month a year ago, 126. There were also sent 
in to the employers a claims for compensation ; pre- 
vious month, 49 ; same month a year ago, 126. These 
are usually mutually settled. Members are urged 
to take steps to identify all such injuries, so as to save 
time and trouble in the negotiations for compensation. 
One case which came before the court is to be appealed 
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against by the joint council, as it is regarded as a new 
case outside of the law. A dispute at the mill of an 
old firm over a proposed reduction in w: is reported. 
Negotiations were carried on by the officials of the union 
and of the firm, who failed to agree ; the matter was 
also referred to the disputes committee of employers 
and operatives, but still there was no agreement. The 
operatives’ association then gave permission to stop 
work, and a lock-out ensued. The employers’ notices 
terminated on March 17, when the works came to a 
standstill. The old question of a reduction is not 
wholly out of the way, and the general agreement 
scheme proposals have cn age for the present. The 
cotton supply question stands in the way of a general 
agreement, but new sources are gop from many 
quarters. The question is, Will the crop equal the 
best American ? 


The report of the National Union of Boot and Shoe- 
makers states that trade has been on the up-grade in 
most centres during the past month. Still there 
are a large number of members on the unemployed 
fund. This, it is said, is partly due to a large amount 
of overtime worked by some firms in preference to find- 
ing working-room for more men. A hope is expressed 
that the question of overtime will be dealt with so as 
to regulate employment more effectually, and to prevent 
hurry and bustle for a few weeks, and then slackness 
and unemployment for many weeks afterwards. This 
may be arranged eon | by the joint committee of 
employers and employed through the Conciliation 
Board ; in no other way is it possible to effect such 
regulation. Two important questions have been set 
at rest by arbitration. One was the fixing of a minimum 
wage for fitters-up in the Leicester district, the other 
was the employment of youths between eighteen and 
twenty-one years of age, without previous training, 
and their wages. This was submitted by the Arbi- 
tration Board for Glasgow. The main effect of the 
judgment is that all must come under the general 
decisions relating to the employment of ereg | orem 
from eighteen to twenty-one years of age in the terms 
of settlement. Other questions were referred by other 
districts as to wages and the number of hours to be 
worked. The Norwich operatives have become en- 
titled to a further advance in wages under the agree- 
ment effected last year, when the matter was referred 
to arbitration. They are still below the rates paid in 
some other districts. As some misunderstandings 
have arisen as to ‘‘statements in the report,” recently 
issued, the matter is referred to in order to show 
that a general statement for all districts on the same 
lines is not possible at present, because of variations 
in manufacture. 


Mr. Burt has issued a dignified but severe rebuke 
to the members of his association—the Northumber- 
land Miners’ Association—respecting their conduct 
over the Mines Eight-Hours Act, and the treatment 
of the executive and officials as regards the settlement 
arrived at by them and the representatives of the 
Mineowners’ Association. He refers toitas altogether 
exceptional in the history of that body in relation to 
disputes with the employers. Hitherto the miners 
have ratified every agreement, and have never failed 
honestly to carry it out. He looks forward hopefully to 
the time when confidence will be restored, and when 
means will be found to settle any outstanding dispute 
under the Act. For the present there is peace, but 
the men are as opposed to the three-shift system as 
ever. Mr. John Wilson, M.P., has also dealt with 
the matter in this month’s report, in which he gives 
a full account of the facts and the issues at stake. 
In Durham the dispute is also practically disposed 
of, but the men are as bitterly opposed to the three- 
shift system as ever. The Conciliation Board must 
be at its work again. The new forces must meet and 
know each other, anc clear off all the difficult items 
not set at rest, of which some were only assented to 
under protest. There are also variances among the 
members of the associations themselves as to the 
policy of the last three months—those who went on 
strike and those who did not ; this difference is of 
importance, and may lead to disputes at some of the 
pits. But the influence of the executive may beable 
to avert any stoppage of work. 


The crisis in the South Wales coal trade ended at 
the close of last week, the agreement being signed by 
the representatives of the mineowners and of the 
Miners’ Federation. Only one delegate refused to 
sign, that for Aberdare, as his district was averse to 
the terms set forth in the agreement. The voting by 
ballot resulted in a large majority for the settlement, 
but with a strong resentment against the three-shift 
system. The matters in variance will now be dealt 
with by the new Conciliation Board, to be formed 
under the new agreement, the old one having expired. 
The dispute in South Wales and Monmouthshire has 
been continuous ever since the Mines Eight-Hours 
Act came into force on July 1 of last year, its dura- 
tion being over nine months. It is most ttable 
that all these details were not thrashed out and settled 





by the Conciliation Board then existing. The — 
had the power, and the members knew all the diffi- 
culties and complaints. Again, the referendum is to 
blame for delays, voting and re-voting taking place 
on ~~. questions, or on questions so similar that 
they might have been merged in one or a few. Great 


losses have been incurred ard great suffering endured | P' 


by the prolongation of this dispute. 


The great threatened strike in the building trades 
in Germany is oupetes to be the largest ever known, 
affecting as it will 1,500,000 persons. The employers, 
it is said, have determined to insist upon a new form 
of contract in lieu of that which expired on the first of 
this month. It involves an abandonment of the piece- 
work system, the acceptance of uniform conditions 
throughout the empire, and a system of labour ex- 
changes wholly controlled by the employers. The 
unions decline to accept these changes, or even to 
accept them as a basis for negotiation. The men’s 
organisation have ed to allow no strike or lock-out 
pay for the first fourteen days, and that all in work 
shall pay a levy up to 9d. per day, according to the 
rate of wages, and that total abstinence shall be 
adhered to as a moral obligation. This indicates the 
expectation of a long struggle. 


The question of the position of a taxi-cab driver in 
relation to the law of compensation was tried in the 
Southwark County Court last week. The company 
claimed exemption on the ground that a taxi-cab driver 
was not a workman under the Act. The Judge decided 
that he was, and gave the widow of the man killed 
249/. compensation—she claimed 300/. But some 
curious evidence came out in the trial of the action, 
as, for example, that the drivers claimed all tips and 
also charges on small parcels as part of the perquisites 
of the driver. On this point the Judge declared that 
all such income belonged to the company, and ought 
to be accounted for as part of the earnings. The 
widow won her case, but the drivers may lose their 
‘* pickings.” 


The effect of bringing the Chainmakers of Stafford- 
shire under the Trade rds Act appears to be mar- 
vellous in its application. It is said that three-fourths 
of the workers will get an advance in wages to the 
extent of 100 per cent. in the course of three nionths. 
It was stated that at the present time hundreds of 
women could only earn from 5s. to 7s. per week for a 
full week’s work. At amass meeting of the women 
workers, held at Cradley Heath, on Tuesday last, it 
was decided to ask the Wages Board to decide that 
the minimum wages should come into operation at once, 
as the chain-manufacturers are putting into stock large 
quantities now being manufactured at low prices. It 
is not expected that any dispute will arise to cause 
a stoppage of the works. 


Attention is called in the Durham Miners report 
to a strike of coal-miners in Nova Scotia, and a letter 
is published asking miners to avoid emigrating to 
supply labour in the place of those on strike. It 
might be that the dispute in the coal trades here will 
lead some to seek a home in distant lands ; but as a 
rule British miners do not go where a strike is on to 
supply the place of those on strike. The miners on 
both sides of the Atlantic are well organised, and see 
to this. The closer union of the last few years renders 
such a policy well nigh impossible. At its best 
‘*strike-breaking” is not a pleasant job for either of 
the parties engaged, neither at the time nor afterwards. 








TRAIN RkESISTANCE AND TRACTION-PowER TaBLES.— 
The American Locomotive Company of New York, 
whose offices in London are at 26, Victoria-street, S.W., 
have recently issued two more pamphlets of their new 
series, Nos. 1001 and 1002. The Bulletin No. 1001 is de- 
voted to the subject of ‘‘ Train Resistance,” and forms a 
very compact summary of knowledge now available on 
this subject. It is well known that many of the earlier 
formule devised to represent train resistance are not 
consistent with modern practice, and the attempt is here 
made to readjust matters in the light of data collected 
from recent carefully-made dynamometer tests in America. 
The proposed formule are naturally applicable to Ameri- 
can conditions rather than to others, being based on 
purely American experience, but the method of analysis 
adopted, and the care with which the data have evi- 
dently been collated, should commend them to railway 
engineers. The formula suggested for passenger-car re- 
sistance takes the form R (pounds per ton of 2000 Ib.) = 
5.4 + 0.002 (v—15)2 + a The pamphlet No. 1002 

+2) 

includes a series of large folding-tables giving, directly, the 
tractive power for simple locomotives, using, asiscommon 
in American practice, 85 per cent. of the boiler pressure 
as the mean effective pressure in the cylinders. These 
tables refer to engines with boiler pressures of 100 Ib., 
150 Ib., 160 Ib., 180 Ib., 190 1b., 200 Ib., 210 Ib., and 220 Ib. 
per square inch, and cover in each case about nine dozen 
variations of stroke and cylinder diameter, and forty-eight 
sizes of driving-wheels. Other tables in this pamphlet 
give the number of revolutions of wheels per mile, piston 
8 speed factors, cylinder volume, area of tubes, 
heating surface, and other serviceable data. 


| MODEL SCREW-PROPELLER RESULIs : 
A COMPARISON.* 
By T. B. Apr.t, R.C.N.C. 


1. THE most recently - published experiment results 
relating to the performance of three-bladed model screw. 
ropellers in ‘‘open water” are those given by Mr. 1). W. 
Taylor in the Transactions of the Society of Naval Archi- 
tects and Marine Engineers in America for 1904 and 
1906, and those by Mr. R. E. Froude in the Transactions 
of the Institution of Naval Architects for 1908. The 
results of the experiments made by these experimenters 
are shown in very different manners, and an attempt is 
here made to see how far the two sets of data,+ as they 
stand, corroborate one another, and, at the same time, to 
notice one or two special features which are brought out 
in their analysis. 

Mr. Froude gives his results in the form of a general 
series of curves (expressible by simple formule, in so far 
as the thrust developed is concerned), which are derived 
by a certain mode of fairing, from experiments with a 
series of screws, and from which may be determined the 
performance of any individual screw of any chosen dimen- 
sions. On the other hand, Mr. Taylor gives a series of 
curves representing the actual performances of particular 
screws, and leaves it to his readers to harmonise the 
results and to arrange them in the form most suitable to 
their own requirements, either for design work or for 
steam trial analysis. In comparing the two sets of data, 
it is necessary to see how far the formule of Mr. Froude 
are verified by the individual screw results of Mr. Taylor. 
This is a very exacting test, more particularly as these 
results, as — were faired by a method differing 
from that adopted by Mr. Froude. 

2. The particulars of the screws experimented with are 
as follows :— 

Froude. 


9.6 in. 


Taylor. 
16 in. 

0.4, 0.6, 0.8, 1 
1.2, 1.5 


v 


Diameter of screw. . 7 
Nominal pitch ratio = 
_pitch of driving face 
diameter of screw 
Diameter of on a 
Blade thickness expressed as 
____ root thickness ~ x. 
length of blade to root 
Blade width ratio = 
width at half-radius 
radius 


\ 08,1, 19, 14 
J 77) ’ 


0.91 in, 3} in. 
1 1 
16.5 23 
0.4, 0.55, 0.7 0.17. 0.28, 0.45, 
(elliptical) 0.61, 0.785 
0.6, 0.8, 1 
(wide tip) 
0.3, 0.413, 0.525 0.136, 0.229, 
J (elliptical) 0.357, 0.50, 0.65 
| 0.45, 0.6, 0.75 
(wide tip) 
* This is here reckoned for total area of outline without allow- 
ance for 


Mr. Froude experimented with both three and four- 
bladed propellers, but the comparison here deals only 
with the three-bladed screws. 

The chief differences in the types of screws (see Fig. 1, 
page 493) are the proportions of *‘ boss diameter” and of 
root thickness relative to the diamefer of screw. It will 
be seen from the diagram that at the boss radius of Mr. 
Taylor’s screws there is little difference in the thicknesses 
of the two blades. Mr. Taylor’s blade outline is a little 
fuller at the tip than the ordinary ellipse, the outline of 
tip being given by the formula, 


; 
J 
| 
J 


Disc area ratio* 


that of the root by 


3. THRUST CoMPARISON. 

Each of Mr. Taylor’s screws was run through a range 
of revolutions at a series of different speeds, and in his 
analysis of the results the measured thrusts T and torques 
were plotted to a base of revolutions, and curves obtained 
for each speed of experiment. The results for the dif- 
ferent speeds for each screw were faired among them- 
selves by plotting thrust and torque, as ordinates, for 
given slip ratio (s) (obtained from the nominal or face 
pitch of the screw) logarithmically with speed. The 
curves of thrust thus obtained were sensibly straight lines, 
the slope being given by tan a = 2 over a considerable 
portion of the range of speed, showing that at the same 
slip the thrust of a given propeller varies as (speed)*, and 
that the “law of comparison,” as regards variation with 
8 , is very closely verified by experiment. The pub- 
lished results were taken from the faired curves of thrust 
and torque for 5 knots speeds, and were expressed not by 
curves of thrust and torque, but by a ‘‘ power coefficient 
(S) together with an efficiency curve, both to a nominal 
slip ratio base. : I 
‘assing now to the reduction of Mr. Taylor’s published 
results for the purpose of making the contemplated com- 
parison, the power coefficient 

= i, % Power delivered to the screw 
; (Diameter)? x (speed of advance)* 
= Ke x Thrust x (speed of advance) ; 
: Efficiency x (diameter)? (speed of advance)’ 

Hence, from the two curves of efficiency and of * power 
coefficient” thrust curves for any particular screw may 
be obtained for any given speed to a base of revolutions, 


since 8 lea Vv 
° a peed Oo vance _ 
ins ~~ 1 er we I 








= Paper read before the Fifty-first Session of the [nsti- 
tution of Naval Architects, March 17, 1910. 


+ The comparison is here chiefly concerned with the 
| data published by } Mr. Taylor in 1904. 
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each screw. 
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of thrust for a speed of 5 knots for each of the propellers 


tried. 


where R = revolutions per minute, a = a coefficient de- 





Fig.3.CURVES OF THRUST & EFFICIENCY / 


TAYLOR'S EXPERIMENT CURVE 
FORMULA (T-@R*S)CURVE = =—- ~~-~-~—- 


65 DISC AREA RATIO 


Efficiency x S x (diameter)? (speed of advance)?| pending upon dimensions and type of screw, &c., and | disc area ratios obtaining in practice, and also as giving 
meen os r i i ~ | 6 = acoefficient depending upon speed and pitch), was | the best agreement with the formula. The formula thrust 
then applied to each thrust curve, and values of the co- curves are given in the form 
efficients a and b, and of R,* (= R togive no thrust), | 


giving the best agreement of the formula with the experi- T=aR?s (ii.)* 
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Figs. 2 and 3 (above) illus- 
trate the divergence of the for-| The agreement of the formula is well established, as 
the experiment | will be seen in the diagrams, in the case of these wider 
blades, or of what one may perhaps call the more prac- 
tical blades. It is equally so for all the blade-widths at 
the lower pitch ratios, but in the case of the two smallest 
Png! d — : blade-widths of the higher pitch ratios, the experiment 
Mr. Froude’s formula for thrust, —— * Mr. Froude determined both experimentally and by | curves fall appreciably below the formula curves at the 
sae 2 . formula the revolution for no thrust. This 
T=aR oR. ° " (i.) - - - 

ibly gave the more consistent figure on account of the | 

ifficulty of measuring the small thrusts. 


6 8 10 rz 4 +6 curves. The curves shown are 
Scale of Pitch Ratio. for 0.502 and 0.65 disc area 


The first step in the reduction was to obtain such curves | ratios, and were selected as more nearly representing the 


EFFECTIVE PITCH 


ala ORDINATE = —— 


FACE PITCH 


50 


e©* RESULTS FOR INDIVIDUAL SCREWS 


: 2 ‘ . 
Scale of Disc , Ratio. 
Fig.6. 


FROUDE(ELLIPTICAL) 
TAYLOR 


3 4 5 
Scale of Disc Area Ratio 
ment curves, were obtained for | the thrust being plotted to a base of slip ratio (obtained 





The formula | higher slips. 


from the revolutions for no thrust and = 








feature was noticed to some extent by 


* See pages 187 to 189 of Trans. I.N.A. for 1908. 
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Mr. Froude to be the case generally, as witnessed by the 
modification of his form 


T= “ag” Dt Riz, 


T= “a” D4 R28 1.02(1 — .08 8); * 


but the somewhat marked falling-off here noted leads 
one to think either that the narrow blades are being dis- 
torted, or that, more reg cavitation is taking place. 

From the di ms it will be seen that for the more 

ractical type of screw of the present time the thrust 
pane y @ propeller, according to Mr. Taylor’s data, 
may be obtained with tolerable accuracy for any specified 
conditions of s and revolutions from Mr. Froude’s 
formula, provided we can foretell the revolutions to give 


nto 


Fug. 7. 


~? 


T.H.P 





a to be the effect of the rounded back of the 


e. 
A propeller having the usual segmental cross-section is, 
as is well known, eveloping considerable thrust when 
working at zero slip (estimated from face pitch). The 
difficulty of estimating the thrust at this zero slip, or of 
obtaining the effective pitch, often leads to erroneous con- 
clusions when comparing the results of steam trials of 
similar ships having slightly different propellers. So 
that, if only for the sake of being able to arrive at more 
reliable conclusions from steam trials, it would be of t 
use to have a propeller whose effective — one could pro- 
phesy with tolerable accuracy, provided no loss of effi- 
ciency was caused thereby. 
The form of the blade being responsible for the increase 
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| where p = effective pitch ratio, and the full-drawn curves 
in Fig. 5are plotted according to this law. Fig. 6 shows 
the “a” * values for both sets of data for unity pitch 
ratio. The nature of the variation with disc area 
ratio is very similar in the two cases, there being 
a difference, however, in absolute value of the co- 
efficient ‘‘a” of about 9 and cent. for the narrow blades, 
but only 4 per cent. for the widest blades. The difference 
may be mainly accounted for by the relatively larger area 
|of Mr. Froude’s screw, which had a small boss. 
|__7. It appears from the diagrams that, as thrust 
| Mr. Froude’s formula will apply to the experiment curves 
|0f Mr. Taylor, and that the two sets of data are in this 
| respect in the main in marked agreement. There is, of 
course, much difficulty in confirming the finally-obtained 
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of the effective pitch over the face ee of the 
propeller, it is reasonable to suppose that the effec- 
tive pitch differs for different speeds and that it 
increases with speed, for it is ible that the 
region of eddying water at the back of the blade 











30 40 
Seale of Area in Square Feet. 


no thrust. Unfortunately, in practice Ry is the factor 
which is, perhaps, the most difficult of determination ; in 
fact, at present there are not sufficient data available to 
enable one to estimate it at all closely. 

5. The effective pitch or pitch of no thrust 


(= Seeetstatenee) 


was determined for each screw, and Fig. 4 shows, plotted 
to a base of disc area ratio, the resulting ratio of effective 
to face pitch for the different screws of Mr. Taylor’s 
experiments. The curves correspond to propellers of 
given nominal pitch ratio. For the narrow blades of low 
itch ratio the effective exceeds the face pitch by some 
per cent., but for the wider blades by from 5 to 10 per 
cent. only. The experiments made at Haslar showed 


tends for given slip ratio to extend towards the 
leading edge of the blade as the a increases. 
From some curves of thrust (kin + sent me by 
Mr. Taylor) for the same propeller for different speeds 
this was found to the case. On this account, then, 
one would expect to find some small, perhaps practically 
negligible, discrepancies in the application of the ‘law 
of comparison ” as regards variation with speed. _ 

(6) The values of the coefficient a, obtained in the 
manner previously described, were converted into ‘“‘a” 


values for a propeller of unit diameter  * and are 


shown in Fig. 5 plotted in this form to a base of effective 
pitch ratio. The di shows that except for the 
narrowest blades the ‘‘a” values for a given blade outline 
will vary approximately as the effective pitch ratio. Mr. 
Froude found that the law which gave the best agree- 
ment with his experiment results was 

“a” & p(p + 21), 


50 





that for the blade-widths there tried the increase was 
about 10 per cent. This increase has now long been 





* See pages 187 to 189 of Trans. I.N.A. for 1908. 








* Vide Paper by Mr. R. E. Froude on “ Further Model 
Sovaw Feagelier periments,” page 188 of Trans, I.N. A. 
orl 
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40 


thrust formula of Mr. Froude from Mr. Taylor’s pub- 
lished results, because there are inevitably many small 
ints of difference in the individual screws—such as small 
ifferences in face pitch and diameter of sctews, which 
were intended to be of the same pitch and diameter— 
which are unknown to the author, and which may have 
modified the results slightly, had they been faired on the 
lines of Mr. Froude’s formula, and for this reason it 
appears advisable, in the absence of further information, 

to use the formula 
T = “a” D* R28 1.02 (1 — 0.08 s) 


for estimating thrust. 
Many of the propellers actually showed a better agree- 
ment with a formula of type (iii.) than of type (i) 
ot (ii.). 
As to the values of the coefficiont “a” to be used im 
practice, those obtained from Mr. Taylor’s experiments 
should, perhaps, more nearly represent the values appro 
priate to large-size propellers. 
8. CALCULATION OF SCREW —— 
. i i r gave a series of curves 
“Ce and Ge aunt Sooty adapted for obtaining 
screw dimensions for design purposes, and also a curve 


” = 92 (see 


(iii.) 





* For unity pitch ratio B of Froude = “‘a 
Appendix I.).* 
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| thrust coefficient = 








(the ‘‘X Y” curve),* suitable for the analysis of steam 
trials. The first of these problems—+.e., to obtain screw 
dimensions for desi urposes—can, however, be solved 
by means of the “ey curve sufficiently accurately for 
all practical purposes by a method to be described, though 
ed eae not so conveniently as by the ‘‘C, and C,” 
curves. Mr. Froude also mentions a method (the “ B” 
factor being taken as the unknown) in which the ‘‘X Y” 
curve can be used for this re. but he describes it as 
indifferently convenient. Equation (iii.) gives 


T = “a” D* R25 1.02 (1- 0.08 3), 
TV « “a” Dt R28 (1—0.08 s) V, 


so that 


or 


Thrust H.P. = H « —* 


P 
effective pitch) 


a” Dt R2(P — P,)(1 - 0.085) V... (P, im 


” DAR2sP(1-0.08) VV... (P= 


<P 
: Vv 
pitch of no thrust = R ). 

Now, for given diameter and type of blade, P is sen- 
sibly constant for the range of pitch ratio which can be 
adopted in any given problem. Also (1 -- 0.08 s) is aen- 
sibly constant, so that, given R and V and a chosen dia- 
meter, the T.H.P. developed « (P—P,))—1.e., varies with 
pitch according to a straight-line law. PP, is at once de- 
termined, and then for a given type of blade curves of 
T.H.P., each for a given selec diameter, can be ob- 
tained by means of the X Y curvein the manner described 
by Mr. Froude for obtaining I. H.-P. for a given propeller 
under given conditions of speed and revolutions to a base 
of effective pitch (see Fig. 7, page 494). Then for a given 
T.H.-P. a series of corresponding values of P and D may 
be obtained fulfilling the required conditions of T.H.-P., 
revolutions, and speed. Curves worked out in the manner 
described, from both sets of data, areshown in Fig. 8, and 
serve to illustrate the difference in principal dimensions 
between the two sets of model data when applied to 
large-size propellers. The difference (which is probably 
the maximum difference) is here represented by about 2 per 
cent. pitch. In applying the model data to practical prob- 
lems the “‘ model” pitch would have to be discounted, Mr. 
Froude giving it} as the result of his experience that, in 
order to give an page ae agreement between model 
and ship results, the nominal or face pitch of a full-size 
screw must be reckoned to be some 2 per cent. less than 
the effective pitch as obtained from model data. Only 
very careful analysis of steam-trial results in conjunction 
with model experiment results can enable one to estimate 
the best discount to be put upon model data pitch. 


9. Erricrency Comparison.t 
The efficiency curves were first transferred to a base of 


Py PS ae 
O = Fys(= pi #y); Oo = Bipys 
_pt 2 ) ,_ RpD[_ 1.0133) ._ 
(= p y); X= V " Jae |? va 
Se (1—0.08 s) 
B(p + 21) © D? V8 (l-s) 
where R = revolutions per minute in hundreds; V = 
speed in knots ; H = thrust horse-power ; D = diameter 
in feet; p = pitch ratio; s = effective slip ratio; B = 


= 0.0032162 s 


22° 

+ See Section 23 of Mr. Froude’s paper of 1908. 

t It is here only necessary to make the efficiency com- 

rison with Mr. Froude’s three-bladed screws of elliptical 
lade outline, since the efficiencies of his “* wide-tip” 
bladed screws differ by a constant amount for all slips 
and pitch ratios for screws of the same disc area ratio. 
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effective slip ratio, the curves for each set of the six 
screws of the same disc area ratio being considered simul- 
taneously with their corresponding thrust-curves. In 
this way the efficiency curve which should give zero 
efficiency at zero ‘effective slip was in some cases of con- 
siderable help in fixing upon the most nearly correct 
value for the effective pitch. 

ll the curves were then faired among themselves by 
the ordinary methods of cross-fairing. In the first place, 
efficiencies for given slip ratio for the screws of each 
experiment disc area ratio were plotted to a base of effec- 
tive pitch ratio, curves being obtained for slips of 24, 5, 
10, 15, ... 45, or 50 per cent. From these, curves of 
efficiency for given slip and pitch ratio were obtained 
to a base of Sec area ratio, and from these, curves of 
efficiency were plotted, in the more usual form, to an 
effective slip ratio base for given disc area and pitch 
ratios. In this way the curves were made fair on all three 
plottings, and by continual reference to the original 
curves the departures from the expériment results were, 
consistent with fairness, reduced to a minimum.. The 
tabular statement in Appendix II. gives the final results 
of the fairing. 

(a) Variation with Pitch Ratio.—Figs. 2 and 3 show 
sets of efficiency curves for given disc area ratio and the 
various experiment pitch ratios plotted, before fairing, 
to a base of effective slip ratio. They illustrate the ad- 
vantage of using as high a pitch ratio as practicable for 
all given slip ratios up to about 0.4. It will be noticed 
that the gain in efficiency due to a given increase in pitch 
ratio is less marked for the higher pitch ratio. For the 
narrower blades (see Appendix II.) at high slips the 
efficiency even falls off with increase in pitch ratio. This 
latter feature was deduced by Mr. Froude from the results 
of his experiments on planes and blades, and is amply 
verified by Mr. Taylor’s experiments, which were carried 
to much higher slips than Mr. Froude’s, thus includin 
this change. The slipat which the advantage of incre 
pitch ratio disappears seems to increase with the blade 
width, ¢e.g., with the narrow-bladed propeller of 0.2 disc 
area ratio there appears to be practically no advantage at 
40 per cent. slip in increasing the pitch ratio from 1.2 to 
1.6, while for a propeller of 0.7 disc area ratio a gain in 
efficiency of about 0.025 is obtained by the same pitch 
ratio increase. Fig. 9, page 494, gives curves for the two 
sets of data for a given disc area ratio, and indicates a 
general agreement in character as regards variation with 
pitch ratio. 

(b) Variation with Disc Area Ratio.—Generally speak- 
ing, the experiments show that an improved efficiency 
can be obtained by using narrow blades, though they also 
show that, with certain limitations (particulars of which 
are given in Appendix II.), the improvement is not main- 
tained below 0.3 disc area ratio. Mr. Froude gives the 
difference of efficicncy due to alteration in the area of a 
propeller by widening the blade as constant for all slips, 
and this is perhaps the feature in which the results of the 
two sets of experiments differ most markedly. Mr. 
Taylor’s results show that the advantage in decreasing 
blade width is greater at ~ # slips than at small, as is 
shown in Figs. 10 (for 0.8 pitch ratio) and 11 (for 1.2 pitch 
ratio). Both experimenters, however, show that there is 
an undoubted advantage to be obtained under certain 
conditions by decreasing the area of a propeller, so Jong, 
of course, as there is immunity from cavitation. 


10. Errect or Roor Tuickness (see Figs. 12 and 13). 


Among the results communicated by Mr. Taylor in 
1906 are those of experiments on screws having different 
root thicknesses. Propellers of root thicknesses ;'; in., 
js in., and 1 in. were tried with two pitch ratios (0.6 and 
1.2 nominal), and two disc area ratios (0.229 and 0.357), 
making twelve propellers in all. The results show that 
the effect of increasing root thickness is to increase the 
effective pitch ratio, the percentage increase being ter 
the lower the pitch ratio and the narrower theblade. At 
the higher pitch ratios increase of root thickness does not 
increase pitch ratio continuously, screws Nos. 101 and 104 
(see Fig. 13) having practically identical effective pitch 
ratios, Thisconclusion is borne out by the screws of both 
disc area ratios, and is also exhibited in a much less 
degree by the screws of the lower pitch ratio with the 
narrow blades. It wi!l be seen that the root thickness of 
present practice appreciably affects the effective pitch of 
a screw of given nominal pitch, an increase of root thick- 
ness generally increasing it. Now increased pitch ratio, 
within very wide limits of slip ratio, gives, other things 
being equal, increased efficiency, but increase of effective 
pitch ratio obtained by increasing root thickness gives 
generally a loss, and not a gain of efficiency. For given 
thrust increased thickness, ceteris paribus, diminishes 
efficiency, and rather markedly.* 


11. Errect or Type or Biapr Section.t 


In Mr. Taylor’s paper of 1904 results are given of ex- 
periments made on three propellers of the same principal 
dimensions, varying only in shape of cylindrical cross- 








* Root thickness must have a considerable bearing upon 
the phenomenon of cavitation, increased thickness prob- 
ably favouring its occurrence. It may also be to some 
extent the cause of the rapid corrosion, or perhaps erosion, 
of fast-running propellers; because this erosion takes 
place, generally speaking, near the position for maximum 
slip angle, and at a point in the propeller where the cir- 
cumferential speed is relatively: small and where the 
blade is thick. No doubt also in many cases vibration 
might be appreciably reduced by decreasing the root 
thickness. 

+ Various types of section have been tried by Mr. 
Taylor, and the results are given in his paper of 1906, 
but all these have not yet been analysed by the author 
in the manner adopted by Mr, Froude, 








Section-—viz. :—(1) segmental, (2) equal double convex, (3) 
leading half ordinary segmental and following half in- 
verted segmental. Experiment showed the highest effi- 
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The advantages over (1) 


whilst at the higher slips 
e advantage of a screw of | 


ciency to be given by (2). 
occurred, however, at low —- 
(1) was slightly the better. Th 





Fig.15. 


EFFECT OF BLADE SECTION. 


be obtained which would give a higher efficiency than the 
ordinary segmental type. The results, however, do show 
the advisability of making further experiments on 


: - 2 4 a 
series of screws with this. section in order to determine 
definitely the relative merits of the two ty 

Another advantage of a screw with equal double convex 


section is that it 1s equally efficient ahead and as‘ern 
under similar conditions of working, and should, there. 
fore, have an improved stopping effect over the ordinary 
type of screw. — 

n reading this ere before the members of this Insti- 
tution it is felt that little, if any, fresh light has been 
thrown by the author upon problems connected with the 
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APPENDIX I. 
TABLE OF B VALUES (see foot-note to Section 6). 
PETE re hm 2% ae oe es sis 
Dise Area Ratio -30 35 -40 45 -50 55 -€0 -65 -70 75 .80 
Mr. Froude Three blades, elliptical} .0978 | .1020 .1050 .1070 | .1085 | .1100 | .1112 0 .1124 = =.1135 | 61047 1157 
Ditto Three blades, wide tip} .1045 | .1097 | .1126 =.1148 | 11186 =) .1182 61195 1207S «121812380. 1242 
Mr. Taylor..!Three blades ..  ..|_ 0894. 0930 | .0930 = .0987 | .1012 , .1085 .1055 = .1073— 1095 
| | 
APPENDIX II. 
TABLES OF EFFICIENCIES. 
Effective Pitch Ratio = .6. Effective Pitch Ratio = .8. Effective Pitch Ratio =1.0. 
Effec- Disc Area Ratio, Effec- Disc ARBA Ratio. Effec Disc Arka Ratio. 
tive tive tive 
Slip - tos — Slip ECC re a ee | 
Ratio. 21.3.4) 6 | 6 7 | Reto, s/s] .4| 6 | 6 7 || Ratio.) 2) 3s) 4 | 5 | 6 7 
05 .135'.163 191.216 | 288.255 .05 31.35 |.365, .867 | .857 | .888 05 |.42|.460, .463  .455 420 
10.251 |.290|.323) .351 | .372  .38 10.465 .497|.510 .509 | .502 | .49 .10 |. 583|.612| .620 | .609 557 
15.348 '.887|.417| .488 | *452 455 15 |.56 .578/.685, .582 | .57b | .562 15 |.664).6% | .692 | .678 620 
20 .420 .452|.476, .490 | 497.494 20 |.613 .626|.628| .621 | .606 | .587 .20 |. 702|.723, .722 | .706 639 
25 |.473 .495/.510) .515 | .516 | .510 | 25 640.650.647.635 | .614  .586 25 |. 720!.730| .725 | .708 632 
80.507 .520/.526) .525 | .520 | .508 .30  |.650 .657|.650 .633 | .606  .572 .30 |.720|.722! .711 | .687 ‘614 
35.523 .530'.529| .523 | .511 | .494 35.647 .648|.637 .615 | .586  .553 35 |.704|. 702, .688 | "662 591 
40.526 .525/.520' .511 | 496.476 | 40.633 .620/.612 .59 | .560 | .531 40 |.679).676 .657 | .631 567 
45.517 .512 504, 493.478) 458 | 645.612 .602|.585 .562 | .536 | .509 45 |.647|.640 .623 | .60 -538 
50 '.50 '.494/.485' .472 | 454) 433 | 150.582 .569/.552 .582 | .510 | .485 -50 |.610'.602| .587 | .565 12 
Effective Pitch Ratio = 1.2. Effective Pitch Ratio = 1.4. Effective Pitch Ratio = 
05 |.455).504).510, .502 | .488 | .472 = .05 |. 450). 510).528/ .630 | .522 | .510 || 05. 440).510) .541 | .543 516 
-10  |.615). 659). 664) .651 | .628 | .598 .10 |. 625|.670|.680, .670 .654 | .630 | .10 |. 632).670, .685 | .679 645 
15 |.70 |.736.740, .720 | 690 | .657 | .15 |. 717). 748.749) .735 712.687 || 15. 720.752.755.743 J 
.20 |.740|. 767.765) .741 | .710 | .672 .20 |.760|.778).776| .758 | .782 | .701 .20 |, 762|.783 .782 | .765 720 
.25 |. 756). 767|.757 | .732 | .702 | .668 | .25 |. 770).778|.771| .751  .725 | .696 || 25. 773..785) .779 | .760 710 
-30 |. 750). 751).735, .711 | .682 | .650 | .30 |. 760). 760).750, “728.704 | .675 || .30 . 760. 767, .757 | .735 | .713 | .688 
35 |. 730). 724).707) .682 | .655 | .623 .35 |. 788|.720!.717, .696 673 | .645 .35 |. 736|.735| .722 | .702 | .681 | .658 
40 |.699). 691.672) .648  .622 | .593 40 |. 706|.696.681 .659 .636 | .611 40 |.703 .697| .683 | .665 | .644  .622 
45 |.665..654 .634) .612 | .587 | .561 45 —. 668|.657).640, .618 597 | .575 | .45 |. 665|.655) .641 | .623 | 602.581 
50 |.625'.613'.595, .575 527 -50 |.626/.617|.600 .580 556 | .529 | 50 .615'.612 .598 582.502 «M0 


-552 | 





own by experiment (see Fig. 14), also the effective pitch 
(“‘ virtual pitch” of Mr. ge The thrust of (2), how- 
ever, for given effective pitch ratioand slip is not quite so 
great as that of (1). 

The results of other experiments made by Mr. Taylor on 
double convex sections are shown in Fig. 15, above. e 
diagram shows that for this particular nominal pitch ratio | 
a pe ey in efficiency, for given thrust postenet, 
is obtained by adopting this type of section. Both Figs. | 
ae ~— 15 show the gain in efficiency to be obtained at 
ow sli 
determine whether under any given conditions of work- 
ing a screw having an equal double convex section could 


wer (2) (see paragraph 5) is that the nominal pitch is, 7 
8 





but the data are not sufficiently complete to | G 


screw propeller, but it is hoped that its contents will prove 
of some use to those members who have not yet had time 
or opportunity to compare the results of the two exper: 
menters mentioned. 





Natat GoveRNMENT Rattways.—We are informed by 
Mr. H. G. Humby, Consulting Engineer to the Natal 
Government Railways, that a further order for 25 engmes 
of the Hendrie class ““D” type has recently been placed 
with the North-British Locomotive Company, [imited, 
w, for service under the Railway Administration 0 
the South African Union. This type of engine was fully 
illustrated and described in our issue of the 1st inst. 
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CATALOGUES. 


Arc-Lamp Carbons.—Mr. G. Braulik, 8, Lambeth Hill, 
E.C., has sent us a sheet giving prices of the ‘‘ Eclipse” 
carbons for flame arc-lamps. 

Flanged Boiler-Plates.—From the Hannoversche Mas- 
chinenbau A.-G., formerly Georg Egestorff, Hannover- 
Linden, Germany, we have received a leaflet calling 
attention to the fact that they supply fla plates for 
locomotive and other boilers. This information is printed 
in ten different languages. 

Mechanical Draught.—A small p hlet devoted to 
this subject has been issued by the James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
E.C. The pamphlet points out the advantages of mecha- 
nical over natural draught, and illustrates typical arrange- 
ments of boilers working under induced or forced draught 
produced by the Keith fan. 

Elevating and Conveying Machinery.—A booklet illus- 
trating examples of elevating and conveying plants re- 
cently manufactured and erected by them hasbeen issued by 
Messrs. Gibbons Brothers, Limited, 168, Palace Chambers, 
Westminster, 8S.W. Band, push-plate, and slat conveyors, 
and gravity bucket-elevators and conveyorsare illustrated, 
as well as complete plants for breaking, screening, and 
storing coal and coke in gas-works, &c. The booklet also 
illustrates contractors’ tip-wagons and some large road- 
wagons for transporting iron ore. 

Electric Cables.—Messrs. Aubert, Grenier, and Co., 
684, Lincoln’s Inn Fields, W.C., have sent us a catalogue 
of lead-covered, paper-insulated cables for laying under- 

und. Prices are stated for single cables, with copper 
or aluminium conductors, up to 1 square inch in cross- 
sectional area. Double and triple concentric cables, twin 
and three-core cables for pressures up to 660 volts, and 
high-tension three-phase cables for pressures up to 11,000 
volts are also dealt with. Particulars are also given of 
vulcanised bitumen cables and of paper-insulated cables 
covered with vulcanised bitumen. 


British Standard Beams. — Messrs. William Firth, 
Limited, 47, Water-lane, Leeds, have sent us a wall- 
card on which is printed a table giving the weights per 
foot and the safe distributed 1 for British standard 
joists of various sections, and of s ranging from 3 ft. 
to 40 ft. The loads are calcula for a maximum stress 
of one-fourth of the breaking stress, and those which 

roduce a notable deflection are printed in red. Messrs. 
Firth stock all the British standard joists, and also tees, 
angles, and other sections, of which dimensions are given 
on the card. 


Machine-Cut Helical Gears.—We have received from 
Messrs. André Citroén and Co., 19-21, Queen Victoria- 
street, E.C., a small album of illustrations showing several 
applications of their machine-cut helical gears. Spur and 
bevel wheels are shown working in connection with 
speed-reduction gears for electric motors, mine haulage 
gears, tube mills, cranes, pumps, machine-tools, en 
mills, and other machinery. With these gears, whic 
have an efficiency of 98 per cent., a pinion having only 
four teeth can be made, and a single speed reduction in 
the ratio of 20 to 1 obtained. 


Grinding and Polishing Machinery and Materials.— 
We have received from Mitchell’s Emery-Wheel Com- 
pany, Mill-street, Bradford, Manchester, a catalogue of 
grinding and polishing machinery and materials. The 
catalogue deals with plain emery and corundum wheels 
and special wheels for tool-grinding machines, and also 
illustrates a large number of wet and dry grinding- 
machines, twist-drill grinders, face-wheel and disc-grind- 
ing machines, and polishing-machines. Most of these 
machines are fitted with long cast-iron, ring-lubricated 
bearings, which the firm find give most satisfactory re- 
sults. Prices are stated for the machines and grinding- 
wheels, and also for abrasive papers and cloths, polishing 
bobs and mops, and other supplies. 


_ Gear Lubricant, Hack-Sawiny Machine, &c.—From Mr. 
Fred. J. Down, 6, 7, and 8, Crutched Friars, E.C., we 
have received circulars illustrating and describing various 
specialities for engineers and others. One of these is a 
substance known as “ gear shield,” which is a graphite gear 
lubricant without grease. It attaches itself to the faces 
of the teeth _and prevents metallic contact, thus reducing 
wear and noise. A hand-operated portable hack-sawin 
machine for cutting rails, girders, &c., is also illustrated 
in one of the pe nenm ag and others deal with screw guy- 
anchors for poles, iron chimneys, &c., ramps for replacing 
derailed rolling-stock, electric jointing ausielal, and 
the “Prache” system of anti-vibratory foundations for 
machinery. 
Rifle-Propelled Grenade.—We have received from the 
Cotton Powder, Company, Limited, 32, Queen Victoria- 
street, E.C.. circulars relating to Hale’s rifle-propelled 
nade for military purposes. The grenade consists of a 
rass tube containing a bursting charge of ‘‘ Tonite” and 
® percussion fuse, surrounded by a shrapnel ring to in- 
crease its destructiveness. A rod, attached to the tube, 
fits into the barrel of a rifle, the length of the rod being 
we that the explosion of an ordinary service cartridge, 
tom which the bullet has been removed, is sufficient to 


_ the grenade a range of about 300 yards. On striking 
eng ~— ', or any other object, the charge is exploded 
kd t ° percussion fuse, and the fragments of the shrapnel 
toe’ »elng projected in all directions, cause great destruc- 


gen ah Speed Tool Steels.—Messrs. J. Beardshaw and 
Son, Limited, Baltic Steel Works, Sheffield, have sent us 


?.©opy of the third edition of a little book of notes on 
0 The book refers chiefly to the 
r” brand of steel, and contains instructions 


hi h-speed tool steel. 
mg ver, 








for forging, hardening, and annealing this material, as 
well as the results of tests on drills and lathe tools made 
from it. Tables of speeds and feeds for twist-drills and 
cold saws are also included. Instructions are given for 
the treatment of ordinary crucible s and a special 
alloy known as chrome steel, chiefly used for turning 
tools. The booklet also calls attention to the firm’s profile 
steel which is rolled in various special sections, which 
effect a very considerable saving in the weight of steel 
employed for making drills, taps, and other tools. 


_Arc-Lamps.—A catalogue of ‘‘ Victor” arc-lamps for 
direct-current circuits has been issued by the Electric and 
Ordnance Accessories Company, Ltd., Aston, Birmingham. 
The mechanism of these lamps is extremely simple, the 
carbons being fed by a clutch controlled by a series coil. 
This clutch, which is the only moving part of the standard 
enclosed lamps, was described on 159 of our issue of 
January 29, 1909, in connection with the ‘‘ Victor” flame 
arc-lamp, in which two clutches are required. Standard 
encl lamps for general illumination and photographic 
purposes, and also of the inverted and ship’s deck types, 
are dealt with in the catalogue, which also gives parti- 
culars of flame and miniature arc-lamps. Prices are stated 
for the lamps and all accessories, and instructions are 
given for fixing and running them. 


Grinding Wheels and Abrasive Materials.—The Vincit 
Company, Limited, 67, Aldersgate-street, E.C., have 
issued a catalogue of grinding-wheels and other articles 
made from carborundum and ‘‘Electrite.” The latter 
material is a product of the electric furnace, and, although 
not quite so hard as carborundum, it is more suitable for 
some purposes. The catalogue, after pointing out the 
particular advantages of both materials and giving hints 
on their use, states prices for ordinary wheels and wheels 
of special forms for use on tool and cutter - grinding 
machines. Prices are also stated for cloth and paper 
discs for disc-grinding machines, rubbing-blocks, carbo- 
rundum files and oil-stones, and for carborundum 
and “Electrite” in granular and powdered forms. A 
number of diamond and other wheel-dressing tools are 
also illustrated. 

Electrical Driving of Printing Machinery.—The Adams 
Manufacturing Company, Limited, 106, New Bond-street, 
W., have sent us a copy of a booklet which is really a 
small treatise on the above subject. The booklet, after 
discussing the general requirements and pointing out the 
advantages of electric driving, illustrates and describes 
a great variety of apparatus for starting and controlling 
flat-bed and rotary presses. Among this apparatus are 
included “‘Igranic” automatic starters operated by a 
single switch or push-button, “inching” devices for 
moving the presses slowly and in small steps during the 
process of “makin y,” and also shunt and series 
speed-regulators and various safety devices. For stopping 
presses the ‘‘Igranic” induction dynamic brake is de- 
scribed. The braking effect is produced by short-circuiting 
the armature of the motor through a resistance, which is 
automatically decreased until the greatest effect is ob- 


tained. Overload-preventing devices, reversible controllers | * 


and alternating-current controllers are also dealt with 
in the booklet, for which a charge of one shilling is made. 


Machinery for Sheet-Metal Work.—Messrs. Taylor and 
Challen, Limited, Derwent Works, Constitution Hill, 
Birmingham, have sent us a copy of the 1910 edition of 
their catalogue of stamping-presses and other tools for 
sheet-metal working. he catalogue, which is well 
printed and illustrated, describes the construction of, and 
the methods of working, the great variety of tools dealt 
with, and forms a very interesting volume. The tools 
include toggle-drawing presses, presses for cutting out and 
piercing, clipping ‘‘ fins” off drop-forgings, &c., self-feed- 
ing presses for such work as cutting coin-blanks, saw- 
teeth, &c., and others for cutting and cupping at one 
operation. The catalogue also deals with sotehin -presses 
for armature stampings, guillotine and rotary shearing- 
machines, circle shears, slitting-machines, hand and belt- 
driven screw-presses for embossing, &c., spinning, trim- 
ming, and wiring-lathes, drop-stamps and rolling-mills, 
and a number of tools for special purposes. Complete 
plants for mints, and also for the manufacture of cartridges, 
are illustrated, as well as machinery for the manufacture 
of nuts and bolts. 


Gas and Oil-Engines and Suction-Gas Plants.—From 
Messrs. Richard Hornsby and Sons, Limited, 758, Queen 
Victoria-street, E.C., we have received a complete set of 
their latest catalogues of gas and oil-engines and suction- 
a lants. One of the catalogues describes the Hornsby- 

tockport double-cylinder gas-engines. These engines 
are made in sizes ranging from 200 to 400 brake horse- 
wer, and are designed to run on producer, suction, 
last-furnave, coke-oven or town gas. The cylinders are 
arranged side by side, with the fly-wheel between them. 
Special attention has been given to the matter of lubrica- 
tion, the pistons being supplied by oil-pumps and the main 
and side-shaft bearings by ring-oilers, so that the engines 
can run continuously for lon riods with the minimum 
of wear. Other pamphlets fully describe single-cylinder 
gas-engines and suction gas-plants, and also give results 
of tests and working costs, the latter figures having been 
supplied by users. A separate pamphlet deals with the 
Hornsby oil-engine, giving particulars of engines from 
2 to 66 brake horse-power, and also of portable engines 
and pumping-plants. 


Trialsof Daimler Motor-Car Engines.—We have received 
from the Daimler Motor Company (1904), Limited, 
Coventry, a booklet giving particulars of the Royal Auto- 
mobile Club trials of the new Daimler engines. Two 
engines were chosen from a batch going through for 
standard cars. They were of 38.4 and 22.85 horse-power, 
R.A.C. rating, and were run on the bench for 132 hours 
continuously at a power which, according to the condi- 





tions, must not fall below 1.3 times the R.A.C. rating, 
with a piston speed of 1000 ft. per minute, or a propor- 
tionately greater amount if a higher piston speed was 
used. Having completed this part of the test success- 
fully, the engines were installed on standard touring-cars, 
without disturbing any vital t, and the cars run for a 
distance of 2000 miles on the Brooklands track, which dis- 
tance had to be completed in not more than 60 hours’ 
running time. After this, the engines were again run for 
five hours on the bench under conditions similar to those 
of the first part of the trials. On opening up the engines 
after this very severe test, the satisfactory completion of 
which won for the Daimler Company the Dewar Trophy, 
the cylinders and pistons were found to be particularly 
clean, and no wear was perceptible. 


The Yorkshire Boiler and Apparatus for Boiler-Houses. 
—From the Yorkshire Boiler Company, Limited, Stan- 
dard-Buildings, City-square, we have received a 
catalogue illustrating and describing the Yorkshire boiler 
and apparatus for use in connection with the generation 
of steam. The ‘‘ Leeds” feed-water circulator is dealt with. 
This consists of an arrangement of baffle-plates inserted 
in a Lancashire or other similar boiler, designed to pro- 
mote rapid circulation of the water, and thereby increase 
the steaming Bete of the boiler. The catalogue also de- 

0} 


scribes the ‘ o” smoke-preventer, which consists of 
a torpedo-shaped body composed of special firebrick sup- 
in the flue behind 


ported on firebrick brackets, and — 2 
the bridge. The gases from the furnace impinge on, and 
travel round, the firebrick body, the high tem ture of 
which completes the combustion of the gases. The Ward 
CO, recorder, various draught-indicators, an automatic 
damper-regulator, and a device for cleaning the lower 
headers of economisers are also dealt with in this 
catalogue. 

The * Zénith” Carburettor.—A catalogue that has 
reached us from Eyquewm’s Patents, 10, Dean-street, 
Oxford - street, W., illustrates and describes this car- 
burettor, which is designed to give a uniform mixture at 
all speeds. This end is accomplished by providing, in 
addition to the ordinary spray fed from the float-chamber, 
an auxiliary spray, which receives its supply of petrol 
from a vertical tube, open to the atmosphere at its upper 
end, and in communication with the float-chamber through 
a small orifice at the bottom. There is a constant supply 
to this auxiliary spray, and at each working stroke the 
whole of the petrol which has passed through the small 
orifice is drawn into the cylinder, whatever the speed of 
the engine. It will be seen that the flow through this 
auxiliary spray is unaffected by the suction, and 1s prac- 
tically constant. The flow through the ordinary spray 
is dependent upon the suction, and without the compen- 
sating spray the carburettor would deliver a richer mix- 
ture to the engine at high speeds than at low speeds. The 
combined effect of the two sprays, when they are properly 
adjusted to the engine, is always to provide a gas of 
uniform quality, since the amount supplied by the aux- 
iliary spray bears a greater ratio to the whole at low speeds 
han at high s The catalogue describes some other 
special features of this carburettor, and states prices for 
seven sizes, which cover all ordinary requirements. 








Tue Textite Instrrute.—The inauguration of the 
Textile Institute is to take place on Friday, the 22nd 
inst. The chief ceremony will be conducted by the Right 
Hon. Sydney Buxton, M.P., President of the Board of 
Trade, in his official wg The inauguration will 
take place at the Midland Hotel, Manchester, and will 
consist of a business meeting, followed by a banquet. 
Application for membership should be addressed to the 
provisional secretary, Mr. Geo. Moores, 12, Exchange- 
street, Manchester. 





Tue [ron And Steet Institutse.—The annual meeting 
of the Institute will be held at the Institution of Civil En- 
gineers, Great George-street, Westminster, on Wednesday 
and Thursday, May 4 and 5, commencing each day at 
10.30a.m. On Wednesday the Council will present their 
report for the year 1909; the retiring President (Sir Hugh 
Bell, Bart.) will induct into the chair the President-Elect 
(the Duke of Devonshire) ; the Bessemer Gold Medal for 
1910 will be presented to Mr. E. H. Saniter (Rotherham); 
the President will deliver his inaugural address, and 
a selection of papers will be read and discussed. On 
Thursday the awards of the Andrew Carnegie Research 
Scholarships for 1910 will be announced, and the remain- 
ing rs will be read and discussed. The annual dinner 
of the Institute will take place in the Grand Hall of the 
Hotel Cecil on Wednesday, May 4, at 7 p.m. 


PRoposEeD TUNNEL UNDER THE COPENHAGEN HARBOUR. 
—lIn order to establish additional and more convenient 
connection between certain parts of Copenhagen on the 
one side and Christianshavn and parts of the Island of 
Amok on the other, a project of a harbour tunnel has 
been brou ~ ainee | an 1,- — — —— 
support. e approach to the tunnel on the Copenhagen 
po is to be made by filling up the Nyhavn anal or 
inlet, at the end of which. the sloping approach would 
enter the tunnel, to be constructed under the harbour, its 
other terminus being close to the Royal Dockyard. The 
tunnel would be 520 metres long, 5 metres high, and 9 
metres broad. It is proposed to build it in sections of 
74-metre floating tubes, sunk into position. Half of the 
bed would have to be worked in limestone, which, 
however, presents no difficulties. Owing to the favour- 
able existing conditions, it is proposed to build the iron 
tubes on an ordinary slip and to construct the reinforced 
concrete round it in dry dock ; this method will be both 
cheap and safe. The cost of the tunnel, which is in- 
tended for tramway and ordinary traffic (except goods 
wagons), is calculated at about 1,250,000 kr., or 70,0007, 
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ELECTRICAL APPARATUS. 


22,896. A. P. Lund G. C. Lundberg, and P. A. 
Lundberg, Swi (2 8.) 
October 7, 1909.—This invention has reference to electric switches 
of the kind in which the switch base is provided with additional 
terminals, which are of the socket type, and form of a pl 
and socket connection. When used in connection with power an 
heating circuits it is desirable to provide such a tch with 
means which shall prevent the circuit being broken or made by 
the removal or insertion of the plug part of the connection and 
between the pins on the plug and the tubes of the socket part. 
According to this invention, the movable switch member is 
arranged to be held in the “ off” position by a spring which is 
also so disposed that it can be influenced by the plug part of the 
connection, and, when so influenced, to permit of the ordinary 
working of the movable switch member. 5 is one of the socket 
terminals, and 6 is one of the pins on the plug 7. There are two 
terminals 5 and two pins 6 on the plug 7. Below the terminals 5, 
which are in electrical connection with terminals on the switch 
base, isa hole 8 Ata point between the ends of this hole the 
lower end of a passage 9 opens thereinto. is passage is formed 
in such position that its upper end will be within the switch cover 
when the latter is ieoed in position. 10 is a spring that is 
placed within the hole 8 and is up to its inner end. 11 is 
a plunger that is also placed within the hole 8, and 12 is a pin 
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that is placed within = passage 9. _ 7 he —_ 
that the spring 10 will press upon the plunger 1 te) 
the same in such position that the pin 12 a pressed against 
the left-hand end of the passage 9. The plunger 11, when 
moved endwise by reason of the pressure applied to the pro- 
jecting part thereof, compresses the spring 10, and also moves 
the pin 12 to the right-hand end of the ——- 13, 14 
are two slotted links, which are mounted at one end on the upper 
end of pin 12. 15 is a pin that connects the lower end of the 
actuating lever 3 with the able switch ber. This pin is 
made of such length that its ends engage the slots in the links 13, 
14. When the plug 7 is placed in position, lunger 11 will be 
moved endwise pon BE, the resistance of the 10 and the pin 
12 to the right-hand end of the 9. nks 13, 14 will 
also be moved relatively to the pin 15 until the pin is at the left- 
hand end of the slots thereof. If the actuating lever 3 be now 
turned on its pivot, the ble switch mber will be moved to 
the ‘‘on” position, and the pin 15 will again be brought to the 
right-hand ends of the slotted links. If the plug be moved to 
withdraw the pins 6 from the terminals 5, the plunger 11 will be 
moved endwise by the spring 10, and the pin 12 will ey: through 
the slotted links 13, 14, upon the pin 15, and cause the actuating 
lever and the movable switch member to be turned on their pivots 
into the “off” position, as shown. (Sealed March 24, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


H. W. Woodall, Matra’ and 
A. iM Duckham, Little Bookham, Vertical Retorts. 
{3 Figs.] September 21, 1909.—According to the present inven- 


(22.896) 











the p 
me li 





Y 

G 
Yy 
4 


Specification Drawings is stated | that in each alternate course there is inserted a brick having a 


to this construction the~ columns are comparatively thin, thus 
allowing the maximum cross-section for the flues and covering 
as little as ible of the retort furnace. Vertical retorts are 
— of elliptical section and require a better s' rt on the 
jong sides than on the short sides. To secure this without unduly 
covering the surface, the columns ad, which engage the ribs e on 
| the retort, are built, according to this invention, in such a manner 


| wing or wings f which extend over a greater surface of the 
retort than that covered by a brick without wings. (Accepted 


January 19, 1910.) 

| $918. T. W. S. Hutchins, Stockton-on-Tees. | 
Producers. (2 Figs.) February 17, 1909.—This invention. re- 
lates to gas- ucers. This gas-producer has a double-casing b, 
through which the air that enters the vaporiser passes. A pipe e 
conveys the gases from the producer to the purifier, and extends 
through the vaporiser casing c. This pipe has mounted on it a 
number of collars f, forming, with the pipe, troughs, which are 




































































supplied with water by overflow from one to the other, the 
topmost trough receiving water from a drip-cock. In order that 
they may be conveniently removed for the purpose of cleaning 
them, the collars are made in halves, carrying eyes for clamping- 
bolts and nuts. The-heat of the gases, passing through the pipe, 
vaporises this water, and the steam is carried by the air-current 
passing from the double-casing b into the producer. (Accepted 
January 26, 1910.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


G. 

5617. Mavor and Co Limited, G ow, and 
R. C. erson, Coal-Cu Ma- 
chines. (3 Figs.) March 9, 1909.—This invention relates to 
coal-cutting machines of a type comprising a disc cutter driven 
from a transversely-arranged shaft, to which rotary motion is im- 

by a longitudinal shaft running at a speed too high to 
permit direct driving, and the object of this invention is to pro- 
vide an improved construction and arrangement of driving-gear 
associated with a gear-casing comprising the provision of ex- 
tensive bearings for the working parts of the gear, while pro- 
viding a casing of narrow dimensions. A casing is provided 
coms a base having a front wall B and a back wall C, anda 
head D and rear end E, preferably all formed in one part, a 
removable cover being provided for application to the top of 
the casing. In the rear-end E a bearing is formed to admit a 
shaft G carrying at its forward-end a bevel driving-wheel G!. At 
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ing columns b of the setting are 
¢ therein, through | 
ted shape. Owing | 


| 
| 
| 
| 


tion, the thickness of the sup 
considerably reduced by forming the —- 
which the combustion gases pass, of lanceo 


a position adjacent to the head D of the casing, a driven shaf H 
is provided and arranged to rotate about an axis transverse to 
the casing, and having an extension H! projecting from the 
exterior of the front wall B, and a compl tary extension pro- 
jecting from the back wall of the casing, the extension H! being 
adapted to drive a disc cutter H® and the other extension for 
the operation of — gear J, of which a crank-driven con- 
necting-rod is indicated, for advancing the machine when in 
action. For the purposes of transmitting motion from the shaft 
G to the driven-shaft H, transmission-gear is provided which 
comprises a driven bevel wheel L arranged to mesh with the 
driving bevel wheel G!, mounted to rotate about an axis trans- 
verse to the casing, and arranged to impart motion to a driving- 
pinion M, which latter is arranged to mesh with an intermediate 
yw inion N, and ——- 





to impart motion to an interme- 
diate driving-pinion P, which latter is arran, to mesh with the 
pinion K of the driven shaft H. (Accepted January 19, 1910.) 


MOTOR ROAD VEHICLES. 
Motor A. 


22,564. Limi and 
PR nag . Motor Vehicles. (6 Figs.) 


October 4, 1909.—The object of the present invention is to pro- 
vide means for connecting the various members of the mechanism 


same, by forming holes for the passage of rivets or bolts, as js 
now the common practice. To this end, and according to this 
invention,-at the of the members of the framework where the 
various units of the mechanism are to be attached, the members 
of the framework are formed into box-like structures, aid to 
effect this steel of channel section is a and such that 
the flanges 5 will fit-in surface contact with the inner surfaces of 
the flanges 4 of the channel-section frame of the chassis, and so 
that the edges of the flanges of this insertion piece wil! abut 
against the vertical web of the framework of the chassis; the 
flanges 5 are generally so proportioned that when in «iiu, ag 
described, the vertical web 3 will be flush with the edges of the 


Fig.1. 
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flanges 4, and this insertion piece is secured in position by 
riveting. The insertion piece is also provided with means whereby 
a unit or member 8 of the mechanism is attached thereto, and this 
can be readily done by drilling or forming holes for bolts or rivets 
through the vertical web 3, andthe nuts and the like can be 
applied, tightened up and adjusted on the interior of the vertical 
web 3, access being had thereto through the open ends of the box: 
like structure formed. With the employment of these insertion 
pieces, very much shorter bolts can be used for fixing the units of 
the mechanism to the framework than would otherwise be neces- 
sary, and neither the heads on the bolts nor the nuts thereon ap, 
pear on the outside of the frame, as has hitherto generally been the 
case. (Accepted January 19, 1910.) 





RAILWAYS AND TRAMWAYS. 


98,576, J. BE, Anger, Preston, Railway Vehicles. 
[3 Figs.) December 9, 1908.—By the present invention, the king- 
bolt on which the bogie turns can be midway between the two 
axles, in which case a maximum tractive force is obtained from 
both rs of wheels; or can be shifted towards one of the axles, 
in which case a greater tractive force is obtainable from one pair 
of wheels than the other, Thus the same bogie can be used 
alternatively to suit the conditions required. A is the truck 
bolster proper to which the lower centre plate B is fastened, 
and through which — the king-bolt C. D is the spring 
plan k on which the bolster springs E rest, F the hangers coupled 
at their upper ends to the transoms G located at each side of 
the bolster member A, by which the spring plank D is suspended 
at their lower ends, so that it can swing laterally. These 
transoms G are so mounted between the side members H of the 
truck that they can slide or be shifted longitudinally of the 
truck, and thus consequently shift the bolster member A also. 
These parts A, D, E, F, and G constitute collectively the bolster 
which supports the car body, and can be shifted longitudinally of 
the truck, To enable this shifting to take place, the side mem- 




















bers H of the truck are made with a guide-way to provide the 
necessary support, and yet admit of the transoms G and bolster 
member A Pring shifted or traversed longitudinally of the 
vehicle, bolts being provided for fastening the transoms © In 
the position into which they have been shifted. Thus, if & 
maximum tractive force be required on one pair of wheels only, 
the transoms G, together with the spring plank D, the bolster 
member A, centre plate B, and king-boit C are shifted longitu- 
dinally of the car into proximity with that pair of wheels, — 
fastened in position by bolts, and the car-body centre plate 4 
is likewise fixed to correspond with the lower centre plate B anc 
the king-bolt C. In the drawing, the bolster A with its appur- 
tenances is shown shifted to the left, so that the king-bolt C is 
in proximity to the axle L of the pair of wheels M. If, how- 
ever, amaximum tractive force is required on both pairs of w heels, 
then the bolster A with its appurtenances is shifted longitudinally 
of the car towards the right, into such a position that . 
weight shall be concentrated equally on both pairs of wheels - 
and N, and fastened in that position by bolts, and the car-hody 
centre plate K is likewise fixed to correspond with the bolster 





of a motor road-vehicle to the framework without weakening the 


centre plate B. (Accepted January 19, 1910). 
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THE FORGES ET CHANTIERS DE LA 
MEDITERRANEE. 


Tur actual birthplace of the Société Anonyme 
des Forges et Chantiers de la Méditerranée was 
Meupenti, formerly a suburb of Marseilles, which 
has long since been united to that town. The prin- 
cipal works of the Forges et Chantiers—to give the 
company the name by which it is known throughout 
the world—is at La Seyne, in close proximity to 
Toulon, and on Toulon Bay. 

In the early thirties of last century there existed 
at Menpenti a steam mill, the first of its kind to 
be put down in the South of France, and a Mr. 
Philip Taylor, a British engineer, was the manager 
of the installation. In 1835, three years after his 
arrival at Menpenti, Mr. Taylor, together with the 
owner of the mill in question, Mr. Marliani, pur- 
chased a tract of land adjoining their installation, 
with the object of putting down new shops for 
carrying out repairs to engines and machinery of 
neighbouring works, also to marine engines and 
naval machinery. These new shops gradually 
developed, and Mr. Taylor, under whose manage- 
ment they were placed, by degrees undertook con- 
struction work besides repairs. The development 
proceeded rapidly until 1848, when the revolution 
of that year caused a slackening down; matters, 





trate in the plan, Fig. 1, on this 
the south-west side of Toulon Bay, opposite the 
town of Toulon. A yard on a very much smaller 
scale was established at the same place as early as 
1835, by a Mr. Mathieu, a merchant of Geneva and 
director of the Rhone Navigation Company “‘ Aigle.” 
Mr. Mathieu worked in conjunction with a number 
of local engineers in a small way of business, and 
increased his yard at different times by reclamation 
work and by purchase of land from the La Seyne 
township. In those early days the shipbuilding 
yard was under the management of the “‘ Aigle” 
Company, represented by Mr. Mathieu, who was 
assisted by a Mr. Lombard and two British engi- 
neers, the brothers Evans, who died at La Seyne 
in 1838 and 1839. Shortly afterwards the business 
of the yard fell off considerably, and the brothers 
Taylor intervened, taking it on lease in 1845, pur- 
chasing it in 1849, and holding it until 1855, during 
which time they built sixty-five paddle and screw- 
propelled packet-boats. The concern was purchased 
in 1856 by the Société des Forges et Chantiers de la 
Méditerranée, a company which had recently been 
formed by Mr. Armand Béhic. 

The first care of the new company was to increase 
the power of production of the Marseilles and 
La Seyne establishments they had thus acquired, 
and, under the guidance of their energetic director, 


e, is located on 
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however, speedily improved after the revolution ; 
so much so, in fact, that the engine-building and 
repairing factory absorbed the steam mill com- 
pletely. Messrs. Taylor Brothers, sons of the 
founder of the Menpenti works, continued their 
father’s business from the year 1849, and, further, 
purchased the shipbuilding yard at La Seyne, in 
the very primitive state in which it existed at 
that date. One of the French engineers of the 
Menpenti works was Mr. Bourdon, of steam- 
hammer controversy fame, who had spent pre- 
viously several years at Messrs. Schneider's Creusot 
Works, to which he returned after a somewhat 
lengthy stay both in England and in the United 
States. He entered the Meapenti works in 1852, 
and retired in 1861. These works were purchased 
in 1856 by the Société anonyme des Forges et 
Chantiers de la Méditerranée, and were further 
improved and enlarged. Until quite recently they 
have always been fully employed with heavy boiler- 
construction work. The company had, however, 
been gradually developing their yard and works at 
La Seyne, a history of which we give further on. 
Owing, moreover, to the constantly-increasing size 
and weight of all boiler and plate work for modern 
warships and merchantmen, the Menpenti installa- 
tion became insufficient to cope with the new 
requireients, and the company put down a new 
ler-works at Mouisséques, in close proximity to 
their La Seyne yard, the transport service between 
“ana two being effected by floating cranes, at a very 
ow cost compared with the cost of transport from 
the Menpenti shops to La Seyne of heavy boilers, 
late-work, and machinery. The Mouisséques 
iler-works are shown in the plan, Fig. 1. The 
enpenti shops are now set apart for smaller boiler 
= general engineering work, and for repairs. 
he La Seyne shipbuilding yard, which we illus- 
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to the contractors and to the Canal Company, be- 
tween the years 1863 and 1868, thirty-two power- 
ful dredgers. The Forges et Chantiers claim to 
have been the first to design and build, in conjunc- 
tion with a French engineer, Mr. A. Lavalley, floating 
dredgers provided with disch pipes for deposit- 
ing the dredged material on either bank of a canal 
or stream. The dredgers they built for the Suez 
Canal works were fitted with this discharging device. 
They put down at the time a complete om at Port 
Said for erecting on the spot the dredgers and other 
ee supplied from La Seyne. 

he company have done admirable pioneer work 
in regard to the French Navy, for, besides con- 
structing a large number of liners and warships 
for foreign companies and governments, they 
have largely contributed to the creation of the 
French fleet of battleships, many of the units of 
which have been, and are at the present day, 
of their construction. The company’s history 
coincides entirely with the development of the 
French navy, from the original wooden-wall period 
down to the Dreadnoughts of to-day; and if the 
French navy does not, at the present time, occupy 
a position which can compare with that held by 
the navies of other nations, at all events in the 
matter of capital ships, it is not through lack of 





. Smithy and fitting-shops. , : 
. Moulding-room, small plate work, electric fitting, and 
small boiler-work shop. 


ues boiler-works. 
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adequate means of construction at La Seyne yard, 
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Electric station and boiler-room. 


a. General and drawing offices. 
4 a b. Stores. 


Mr. Béhic, who may well be termed the pioneer of 
French warship construction, the company very 
soon gained a world-wide reputation in all naval 
matters. A fitting-out basin was built at La Seyne 
in 1856, and was repeatedly enlarged and deepened 
to keep pace with the increase in the tonnage of 
ships constructed by the company ; it was followed 
in 1860 by the building of a patent slip. An armour- 
plate = was also put down in 1860, and was pro- 
vided with hydraulic presses up to 3000 tons capacity 
for shaping the iron armour-plates, which were 
supplied flat by the French iron-works. A mould- 
ing loft and various wood-working shops were also 
put down, the extensions requiring further reclaim- 
ing work and purchase of land. From 1856 to 1870, 
when the Franco-Prussian war broke out, the com- 
pany built 416 ships of different types. 

Our present description deals solely with the 
La Seyne shipbuilding yard of the company, but 
we may note here in passing that the latter acquired 
in 1872 the yard and works which had been initiated 
in 1800, at Havre, by Mr. Mazeline. They greatly 
improved their Havre establishment by the con- 
struction of new shops ; they also put down new 
works at Graville, a suburb of Havre, cn the Seine. 
The ordnance which formed the subject of the 
series of articles in our columns entitled ‘‘ Modern 
French Artillery” was all built at the Havre 
artillery works of the Forges et Chantiers. These 
artillery works, which form a valuable national 
asset, were purchased in 1897 by Messrs. Schneider, 
whose property they now are. The Forges et 
Chantiers build, at their Havre shops, engines for 
warships and liners, and all kinds of machinery 
required in the construction and fitting out of 
harbours, dredgers, cranes, docks, and so forth. 

The cutting of the Suez Canal brought the La 
Seyne yard a large amount of work. They supplied 
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as the following description will show. Many of 
the units which have been built by the Forges et 
Chantiers are of great historical interest. As a few 
instances, we may state that, in 1861, they built 
the 900-horse-power engines of the Gloire, the 
first ate battleship. They built in the 
same year, for the Italian navy, the armoured 
battery Terrible, the weight of armour upon 
which amounted to 500 tons. They subsequently 
built the Numancia for Spain, a battleship of 7500 
tons displacement, driven by 3000 - horse - power 
engines, protected by a thickness of 5-in. iron 
armour and carrying 40 guns. They also built, in 
1875, the two armour monitors Samoes and 
Javary for Brazil. The French cruiser Tourville 
and battleship Amiral Duperré were of their con- 
struction, as also were the engines for the submarine 
Gymnote, the Spanish battleship Pelayo, the 
Chilian cruisers Presidente Errazuris, Presidente 
Pinto, and the battleship Capitan Prat, the latter 
being the first battleship to be fitted with a com- 

lete system for working the turrets and ordnance 
by electricity. The Amiral Jauréguiberry, which 
they built in 1893, was the first French battleship 
to fulfil similar conditions. Then followed a 
number of liners and warships, and, in 1898, the 
armoured cruiser Bayan and the battleship Cesare- 
vitch, both for the Russian navy, the latter, of 
13,100 tons displacement, having been for a time 
the largest ship ever built in France. Since that 
date, and among other units, they have built for the 
French navy the cruiser Sully, of 10,000 tons, and 
the 14,870-ton battleships Patrie and Justice. They 
have in course of construction at the present time 
the 18,200-ton turbine battleship Voltaire and the 
complete turbine machinery for two similar battle- 
ships now being built at Bordeaux and Brest. 








he La Seyne yard, illustrated in the plan, Fig. 1, 
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covers an area of 5t acres and has a sea-frontage of 
over 1300 yards. The fitting-out basin is 443 ft. 
in length, 230 ft. in width, and of sufficient depth 
to admit of the heaviest battleships at their final 
draught. The basin is located practically in the 
centre of the yard frontage. Directly opposite are 
the company’s offices, and on either side are eight 
launching-ways built of stone masonry, three of 
which are capable of taking the Iargest Dread- 
noughts and cruisers. The plates and sections for 
the ships in course of construction are supplied by 
hammer-head cranes driven electrically. 

The masonry foundations to carry the launching- 
ways are of the following dimensions :— 


Length. Width. 
Ft. 
246 
306 
306 
306 


Incline. 


lin 14.3 to carry 5000 tons. 

: < 44] to carry from 6000 to 
: 1 in 13.3 ioueng 

306 lin 13.3 to carry 15,000 tons. 
4 52 P . in ae to carry over 25,000 
, 623 9 1in133 a. 
All the above launching-ways could easily be lengthened 
by at least 65 ft. to 80 ft. by means of timber work. 
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The whole of the shops cover an area of 59,000) 


square yards; these may be divided into five groups 
for description :— 


(a) The platers’ machine-shops, covering an area , 
of over 15,000 square yards, shown in the views, | 


Figs. 2 and 3, on Plate XXXIII., and in Fig. 6 on 
Plate XXXIV., contain the usual types of ma- 
chine-tools and apparatus for working and shaping 
all plates, angles, and sections used in shipbuilding. 
They consist of a large main shop of recent con- 
struction, the steel-work of which has a total weight 
of approximately 1000 tons. The shop consists of 
two parallel bays, 443 ft. in length and 102 ft. in 
width, served by eight electric high-speed overhead 
travelling-cranes. One of the bays is set apart for 
marking out the ship-plates which are cut and bent 
to shape in the adjoining bay. The former bay opens 
out on the “ee stores, which are also served by 
high-speed electric cranes. A large moulding-loft, 
illustrated in the view, Fig. 4, on Plate XXXIII., 
has been provided above the marking-out bay; this is 
a magnificent room, 443 ft. in length and 102 feet in 


width. The machine-tools in the plate-shop call for | 
no — comment ; they consist of the usual type | 


of shears, punching and drilling-machines, planing 
and trimming-machines, cold-saws, and so forth. 
There are, besides, 
machines, capable of dealing with plates 9 ft. 10 in. 
in width and 1.10 in. in thickness ; three hydraulic 
presses, one of which is of 3000 tons; one hydraulic 
flanging-press ; two bending-machines, one of them 
being capable of taking plates 33 ft. in length; a 
large punching-machine, capable of punching holes 
23 in. in diameter at one stroke in plates 0.71 in. 
thick. All the machines are electrically driven, 
and are so arranged that the work progresses in a 
direct line from the plate stores to the ship in 
course of construction. The department also com- 
prises furnaces for heating angle-bars for shaping, 
and the deck-beam-working shops and general 
workshops. 
able to take bars 72 ft. in length, with the necessary 
bending-slabs and squaring-machines : four presses 
for bending deck-beams to shape; a aaihet of 
cold-saws, and about twenty smiths’ hearths. 

()) The wood-working shops and wood stores have 
been erected in close proximity to the other shops, 
but form a completely separate department, They 
cover an area of about 4700 square yards, and con- 
sist of a sawing-machine shop, sawn-wood stores, 
a joiners’ shop, and pattern stores. They adjoin a 
timber dépét 525 ft. in length, served by a high- 
speed electric traveller having an 80-ft. span. The 
machine-tools comprise six band-saws, a joiners’ 
saw, and a wood-planing machine. The joiners’ 
shop, Fig. 5, Plate XXXTIL, contains a large variety 
of wood-working machine-tools of all kinds. The 
department is fuily able to cope with all the neces- 
sary woodwork which enters into the construction 
of modern liners, 

(c) Fitting-out and ordnance department. This 
consists of smithies, fitting, electricity, locksmiths’, 
coppersmiths’, tool-shops, and a small galvanising- 
shed. They cover a total area of 9800 square yards. 
The smiths’ shop is 295 ft. long and 82 ft. wide ; 
it contains seven steam-hammers of 4 tons, 2 tons, 
1 ton, and 10 cwt., two reheating furnaces, and 
seventy siniths’ hearths. The adjoining fitting-shop 
is also 295 feet long, with three spans, one 82 ft. 


‘contain the 


five seven -roll flattening- | 


There are three angle-bar furnaces, | 


‘and two 39 ft. in width, served by three overhead 


electric travelling-cranes, the largest of which can 


| lift 35 tons. It contains the usual class of machine- 


tools, among which may be mentioned two lathes 
capable of taking pieces, such, for example, as 
turret pivots, 39 ft. in length and 23 ft. in dia- 
meter, as shown in Fig. 13 on Plate XXXVI. A 
portion of the fitting-shop is set apart for erecting 
various apparatus previous to their being fitted 
on board ship, such as turrets for warships, erect- 
ing-pits having been built for taking such appa- 
ratus as are of great height. The electricity works 
machines and instruments for the 
manufacture of the complete electric installations 
now required on board modern men-of-war and 
liners. The coppersmiths’ shop is provided with 
the necessary plant for bending copper pipes, 
together with an adjustable accumulator installa- 
tion for testing the work by hydraulic pressure. 

(d) The turbine department is the most modern 
portion of the La Seyne shipbuilding yard. As 
soon as the French Ministry of Marine had decided 
to equip the six 18,000-ton battleships of the 1906 
programme with steam-turbines of the Parsons 
type, the Forges et Chantiers entered into an 
|agreement with the representatives of the British 
inventor and secured the right to manufacture the 
| Parsons turbine in France for ship propulsion, a 
right which they share with the Societé Anonyme 
des Chantiers et Ateliers de St. Nazaire. The 
Forges ect Chantiers set to work immediately to 
| provide adequate shops for the manufacture of 
| steam-turbines at La Seyne, and a proof of what 
| French works can accomplish when they are not 
| hampered by red tapeism of any sort is afforded by 
| the fact that in two-and-a-half years the La Seyne 
| yard engineers built the new turbine-shops, pro- 
| vided them with all the required machine-tools, 
|formed a new staff, and built the complete set of 
| turbines for three of the new French Dreadnoughts, 
|one set being for the Voltaire, in course of con- 
| struction with them, and one set each for the 
| Vergniaud and the Danton. The shops themselves, 
| views of which are given in Figs. 8 and 9, on Plate 
| XXXYV., were built and fitted up in about one year ; 
| they are located in the eastern portion of the yard 
and quite close to the quay-wall on Toulon Bay. 
They consist of two large bays, 360 ft. long and 
74 ft. wide, side by side; their height from the 
ground level to the roof ties is 55 ft. The steel- 
work used in their construction weighed about 
| 900 tons. One of the bays is set apart for dealing 
with the elements of average weight entering into 
| the construction of steam-turbines and for blading 
|the rotors; it is served by one 30 ton and two 
|10-ton overhead electric travelling-cranes. The 
jlarger pieces are machined and the turbines 
are erected in the adjoining span, which is served 
| by two 60-ton overhead electric travelling-cranes. 
| The five cranes can be worked from the floor-level. 
| When the turbines are erected complete they are 
'taken on a 130-ton traverser car to the quay, 
|whence they are lifted by a floating-crane and 
carried to the engine-room on board ship. Figs. 10 
to 12, on Plate XX XVI., show marine turbines in 
course of manufacture in the shops. 
| The machine-tools in the turbine shops are all of 
new design, and consist of the following :—One 
lathe capable of taking pieces 55 ft. long and 16 ft. 
4 in. in diameter, driven by a 60-horse-power 
| electric motor and weighing 180 tons. This is illus- 
trated in Fig. 13, Plate XXXVI., being used for 
| machining a turret pivot fora 12-in.gun. One similar 
lathe of smaller dimensions, for pieces up to 46 ft. 
|in length and 11 ft. 9 in. in diameter, similarly 
|driven. One lathe to turn pieces up to 46 ft. long 
jand 8 ft. 2 in. in diameter, driven by a 40-horse- 
power electric motor. One turning and _ boring- 
| machine, shown in Fig. 7, on Plate XX XIV., to take 
we up to 29 ft. 6 in. in diameter and 16 ft. 5 in. 

igh, driven by a 60-horse-power electric motor. One 
similar machine, of smaller dimensions, driven by a 
25-horse-power electric motor. Two large boring- 
machines ; two large planing-machines; one double- 
acting drilling-machine, and a large number of 
smaller machines, all of which are geared for work- 
ing exclusively with high-speed steel tools. Special 
gas and air furnaces are provided in the shop for the 
manufacture of the cutting tools. Several of the 
larger machines in the turbine department are used 
occasionally for machining turret-pivots and roller- 
races, as shown in Fig. 13, Plate XXXVI. 

(v) The boiler-works were built in 1895, and have 
been enlarged at various times since. They are 
at Mouisseques, close by, and consist, at the 


| 





present day, of a building 393 ft. in length, 170 ft. 
in width, and divided into three bays. The 
eentral bay is served by two overhead electric 
travelling-cranes of 100 and 25 tons. The two side 
bays, 52 ft. in width each, are served by 10-ton 
overhead electric travellers. One of the side bays 
opens out into the plate stores, which are served 
by a 15-ton travelling-crane. When the boilers 
are completed and tested in the shops they are 
carried on a truck to the quay, and there lifted 
into the ship in course of construction by one of 
the floating-cranes, in the same way as stated above 
as regards the turbines. The boiler-shops are 
equipped for a production annually of 2000 tons 
of marine boilers. The company manufacture a 
large number of cylindrical boilers and also the 
Normandy -Sigaudy type of boiler. The shops 
contain the usual machine-tools, including two 
stationary hydraulic riveting- machines, one of 
150 tons, served by a 35-ton hydraulic crane. 

Pneumatic tools, 150 in number, are distributed 
throughout the yard. 

There are four floating cranes of 15, 45, 80, and 
150 tons capacity. The latter, which has been built 
specially for putting on board ship complete tur- 
bines, pivots for 12-in.-gun turrets, and for armour- 
plating battleships, is illustrated in Figs. 14 and 
15, on page 502. Its pontoon is a steel caisson, 
98 ft. in length, 77 ft. in outside width, and 14 ft. 
high at the centre, divided into nine water-tight 
compartments by longitudinal and transverse bulk- 
ine. A steel framework, built on the pontoon, 
ends at a height of 36 ft. from the pontoon deck in 
a fixed platform measuring about 29 ft. longitudi- 
nally and 26 ft. crosswise. The jib, which is pro- 
vided with a derricking motion, is built on the 
platform ; it consists of a series of stecl girders, 
forming a pyramid 151 ft. high, with a rectangular 
base measuring 36 ft. by 26 ft. The jib derricks 
round the front portion of its base on two trunnions 
in front of the fixed platform above referred 
to. The derricking motion is transmitted to the 
jib by two built-up connecting girders, which are 
jointed both to the rear of the jib-base, and to a 

uilt-up crosshead which travels vertically against 
the rear face of the fixed framework on the 
pontoon deck. The crosshead is fitted with two 
nuts, through which run two large vertical screws; 
these are made to revolve together, for actuating 
the crosshead, by a 110-horse- power steam- 
engine, placed on deck to the rear of the fixed 
frame-work. The angle, reckoned between the 
front face of the pyramid jib and the extension of 
the fixed platform, can vary from 28 deg. 30 min., 
when the jib is let out, to 85 deg. 30 min. when it is 
pulled up, a range which corresponds to a vertical 
travel of the crosshead of over 34 ft. The jib 
is provided with two sets of 75-ton tackle-blocks 
and a 6-ton runner. The fixed pulleys of the 
double set of tackle are at 118 ft. above the centre 
of the trunnions. When the jib is let out they 
arrive at 105 ft. in front of the same centre, equal 
to a distance of 81 ft. 3 in. outside the front face of 
the pontoon, the latter being considered as remain- 
ing level; when the pontoon inclines by 5 deg. 
forward, the distance from the front face can ex- 
tend to 88 ft. 7 in. When the jib is pulled up 
the tackles are at a distance of 11 ft. 6 in. in front 
of the trunnions on the fixed platform, this making 
it possible to deposit loads on the pontoon deck. 
When the jib is let out completely, the double set 
of tackle can lift only 70 tons, or 45 tons by one 
set alone. The double set can lift 150 tons, and 
one set alone 75 tons, when the jibis at an angle of 
55 deg. 30 min.; in this case the span is 45 ft. 3 in. 
with the pontoon on a level, and 55 ft. 9 in. when 
it is inclined by 5 deg. forward. 

The rope-blocks have each three sheaves; the two 
hauling ropes are of steel, wound round two drums 
fitted on deck and driven simultaneously oF 
separately, at will, by a 110-horse-power engine, 
similar to the one for extending and pulling up 
the jib. The 6-ton runner rope is also of steel ; 
it passes round the end of the jib and runs on 
a sheave fitted to a traveller, which can be 
made to occupy any position along the jib by 
means of an endless steel rope. When the jib 
is extended completely the runner has a spap of 
103 ft. 4 in., the pontoon being on a level. The 
tackle-falls and hauling-rope wind round two drums 
forming part of one and the same winch, placed “ 
the upper platform of the fixed framework, an 
driven by a third 70-horse-power engine. _— 
are two cylindrical return-tube boilers, one © 
which is sufficient to supply the two 110-horse-powet 
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engines when working together at their maximum 
power. They are fitted inside the pontoon. The 
crane is further equipped with two steam-winches 
‘or towing purposes. 
A po re ses in the rear of the pontoon is 
rovided for taking water-ballast, with the object 
of limiting the inclination of the crane forward 
when heavy loads have to be lifted or when the 
crane has to work under great spans. When 70 tons 
have to be lifted, the jib being let out to the fullest 
extent, water-ballast to the extent of 40 tons has 
to be let into the compartment. For lifting 150 tons, 
with the jib at an angle of 55 deg. 30 min., 100 tons 
of water have to be let in. These are exceptional 
cases, and no pump has been provided on the | ga 
toon for the pens the service is effected by 
portable pumps, electrically driven. 

Transport from one set of shops to another, and 
to the launching-ways, is effected by portable cranes 
which run on normal-gauge tracks. The yard is 
to be very shortly connected with the Paris-Lyons- 
Mediterranean Railway system by a siding ; all 
the heavy material required is easily delivered 
to the shops by sea. There is also delivered by sea 
all the machinery and material which the yard manu- 
factures for the French Government dockyards and 
for private companies ; and as regards this mari- 
time transport, the establishment is most admir- 
ably situated in the sheltered bay of Toulon ; the 
four floating cranes above referred to prove most ser- 
viceable apparatus for rapid loading and unloading. 

The La Seyne yard is supplied with continuous 
current at 240 volts for power and lighting from a 
central station, and from a transformer sub-station 
which takes current from the system of the Société 
de l’Energie Electrique du Littoral Méditerranéen. 
The central station contains four 300-horse-power 
de Laval turbo-dynamo sets, two similar sets of 
100 horse-power, and a 35-horse-power Diesel 
engine set. The de Laval turbine of each 300 horse- 
power set takes steam at a 128 lb. pressure and 
drives two armatures ; the speed of the turbine is 
about 9000 revolutions per minute, this being 
reduced by gear to 800 revolutions for the dynamo 
armatures. The dynamos supply regularly a 900- 
ampere current at a pressure of 250 volts ; they are 
over-compounded, so that the voltage, being 240 
volts at no load, rises automatically to 250 volts 
when the output is 900 amperes. The turbines of 
the 100-horse-power sets have a speed of 15,000 
revoluticns, the speed of the armatures being 1200 
revolutions ; these sets have an output of 300 am- 
peres at 250 volts. The turbines are supplied with 
steam from five boilers. The Diesel engine set is 
used for lighting at night-time; it drives a 75- 
ampere dynamo. All the machines can work in 
parallel, and they are thus run together according 
to the requirements of the yard. The sub-station 
is supplied with three-phase 9500-volt current ; it 
contains two motor-generator sets of 250 kilo- 
watts, and a 50-kilowatt set supplying a 240-volt 
continuous current. The mains from the genera- 
ting-station and the sub-station are either aerial, 
formed of naked wires, or armoured underground 
cables ; the latter are resorted to in the vicinity of 
the launching- ways. The yard and offices are 
lighted throughout by arc and incandescent lamps. 
The power-station also contains two compound air- 
compressors, driven by alternate-current motors. 
Each compressor draws 706 cubic feet of free air 
per minute, which it delivers at 102 lb. pressure ; 
it is provided with a circulation pump for cooling 
the air-cylinders, the water thence flowing to a 
water-cooler, 

The monetary value of the work carried out by 
the Forges et Chantiers since their formation in 
1856 shows a total of— 

£ 

16,530,000, of which 

15,344,000 was the cost of work for the French 
Government and navy, : 

11,396,000 was that of work for foreign governments 
and navies, and 

11,790,000 was the amount of their work for the 
French and foreign merchant navies 
and general industry. 


During the same time they built 1632 hulls—1286 
at La Seyne and 346 at Graville—and a large number 
of engines, aggregating 1,266,000 horse-power. 

In 191 the La Seyne yard employed 4500 men ; 
during that year—their busiest year—they had in 
course of construction simultaneously the French 
battleships Patrie and Justice, the Russian battle- 
ship Cesarewich, the Russian cruiser Bayan, and 
the merchant ships Caobang, Roma, and Malou. 





At the present time they have in course of com- 
pletion the French Dreadnought Voltaire, a liner, 
the Sant’ Anna, and six cargo-boats. 


(To be continued. ) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of this Institution 
was held on Friday last, the 15th inst., at the 
Institution House, Storey’s Gate, Westminster, 
Mr. J. A. F. Aspinall, the President, occupying 
the chair. 

The minutes of the previous meeting having been 
read, the President announced that the ballot-list 
for the election of members had been opened by a 
Committee of the Council, with the result that 
sixty candidates had been found to be duly elected. 
The Council had also made eight transferences from 
the class of associate member to that of full member. 


CoMPOUNDING AND SUPERHEATING IN 
Horwicu Locomotives. 


It will be remembered that at the meeting of the 
Institution, held on Friday evening, March 18 last, 
a paper by Mr. George Hughes, bearing the above 
title, was read and partly discussed. We printed 
the paper in full in our issues of March 18 and 
25 and April 1, and a report of the discussion 
appeared on page 367 of our issue of March 25 last. 

he discussion was resumed on the 15th inst. 

Mr. P. J. Cowan was called upon to continue 
the remarks which he was in the course of making 
at the close of the last meeting. Mr. Cowan said 
that he had endeavoured in his previous observa- 
tions to show that Mr. Trevithick, of the Egyptian 
State Railways, had been able to produce what might 
be considered a rational and practical smoke-box 
superheater. The superheater that Mr. Trevithick 
used gave about 80 deg. Fahr. of superheat, which 
compared with the 40 deg. (and in some cases even 
only 25 deg.) often obtained in other smoke-box 
superheaters. 

r. Hughes’s paper was notable for the fact that 
it laid considerable stress on the railway or com- 
mercial aspect of the subject, which, after all, was 
what locomotive engineers had to deal with. If 
any one system, or combination of systems, offered 
commercial economy in an enhanced degree, it had, 
naturally, claims to favourable consideration. ‘Lhe 
Trevithick system, as now applied, was, properly 
speaking, a combination system, Mr. Trevithick 
using feed-water heating by exhaust steam in con- 
nection with moderate superheating. 

The position, therefore, was this: In the high- 
degree system of superheat a certain number of 
British thermal units, which might be represented 
by the line A B in the figure reproduced herewith, 





A CDR 
EH GF 
aes _ 





were used per indicated horse-power. Of this, an 
amount represented by CB was produced in the 
superheater. It had to be remembered that in this 
system coal was specially burnt to produce all those 
British thermal units. If, however, the length AC 
were considered as a measure of the coal consumed 
in the boiler, the coal consumed in the superheater 
would be represented by C D, owing to the difference 
in the specific heats of steam and water. The total 
coal consumption was therefore represented by A D. 

In the moderate-degree system more British 
thermal units were used per indicated horse- 
power, represented, say, by EF, and less, GF, 
were produced in the superheater. The amount 
represented by GF, however, was clear gain, 
as this heat was produced in the steam from 
what was waste matter. The coal consumption, 
therefore, was measured in this case by EG, which 
compared with A D inthe high-degree system. So 
far the coal cconomy was in favour of the high- 
degree system; but if, in connection with the 
moderate superheating, a system of feed-water 
heating by exhaust steam were introduced, as had 
been done by Mr. Trevithick, a portion E H, at the 
other end of the diagram, was cut off, and the coal 
consumption left would be HG, which compared 
now with AD. This system worked out so that 
the results obtained compared very favourably with 
anything given in Mr. Seahes’s paper. The results 


of tests indicated figures which were comparatively 
high, but the speaker had just received from Mr. 
Trevithick a cable message saying that the service 





economy, which Mr. Hughes dealt with more par- 
ticularly, amounted to fully 22 per cent. Mr. 
Cowan gave this figure with some reserve, because 
Mr. Trevithick wished it to be understood that, in 
his opinion, the records available as yet, for ser- 
vice economy, had not extended over a long enough 
— to enable them to be taken as absolute. 

he figures from test results, however, suggested in 
his, Mr. Cowan’s, opinion that this economy would 
be fully maintainetl, if not, perhaps, exceeded. 

At the conclusion of his paper.the author. had 
given several figures, from which it might be con- 
cluded that the construction of new engines on 
the high-degree superheat system would war- 
ranted under certain conditions. If the question 
were only to be considered from the point of view 
of new stock, however, from twenty-five to 
thirty-five years, or whatever might be taken as 
the average life of the locomotive, must elapse 
before the stock could be brought to. an effi- 
cient state. It was not unreasonable, therefore, to 
consider the question of the modification of existing 
stock. From that point of view everything was in 
favour of the combination system. e had figures 
from a railway abroad which was not in a position 
to do all its own work, and was therefore compelled 
to purchase in the open market. That was a posi- 
tion in which many members of the Institution were 
interested, and therefore no excuse was needed 
for bringing it before the meeting. As the time 
allotted to speakers was short, he wished then only 
to touch upon this one aspect of the question—viz., 
conversion—though he did not wish to be taken 


as implying that the utility of the combination 


system was restricted to this field. 

From the figures in his possession, it appeared 
that the cost of the new parts required in the 
Trevithick system, delivered abroad, amounted to 
less than 100/. On the other hand, the new parts, as 
recommended by the owners of one of the high- 
degree systems of superheating, cost, also delivered 
abroad, over 6001. Of this 600l., about 3001. wero 
accounted for by the new cylinders and gear, which 
were a necessity, unless grave risks were to be run. 
That fact had been impressed upon members at the 
last meeting, when, it would be remembered, Mr. 
Wintour had summed up the risks arising in connec- 
tion with lubrication by saying that ‘‘more might be 
lost in 5 minutes than could be saved in two years.” 
The speaker had also understood Mr. Stenning to 
refer to the important question of the modification 
of running gear, when he had said: ‘‘ It must be 
remembered that if superheating were to be adopted, 
it would be necessary to adapt the engine to the 
scientific principles involved. It was not merely a 
question of putting a superheater into an engine, 
but of designing the engine to meet the peculiar 
conditions of the high temperature of the super- 
heated steam.” It might be taken, therefore, that 
all that expenditure was advisable. 

When it came to the work of conversion the dif- 
ference was equally marked in favour of the combi- 
nation system, for, in the Trevithick system, the 
smoke-box heater could be. added without even 
modifying the smoke-box, provided the engine 
already had a moderately large one. The exhaust- 
steam heaters were fitted by the side of the smoke- 
box outside, on the running-board ; the cost there- 
fore was small. In the high-degree system, on the 
other hand, supposing the risks to be accepted, and 
the cylinders to remain undisturbed, there was still 
a very large amount of expensive boiler-work to be 
done, owing to the change necessitated in the tube- 
plates. This outlay had to be met, and either had 
to be provided for from revenue, or must be treated 
as adding to the capital cost of the locomotive. 
Whichever way it was taken, it was against the high- 
degree system. 

On the matter of depreciation and maintenance 
Mr. Hughes had not, unfortunately, been able to 
give definite information. Mr. H. H. Vaughan, of 
the Canadian Pacific Railway, in 1907 had read a 
paper before the American Society of Mechanical 
Engineers, in which he specifically drew attention 
to several points affecting these matters.* From 

* American Society of Mechanical Engineers’ Proceed- 
ings, vol. xxviii., No. 10, page 1621. Mr. Vaughan, speak- 
ing of the influence of the smoke-box damper, said :—‘ If 
neglected, there is a dual but serious deterioration in 
the ends of the superheater pipes. The structure of the 
metal becomes entirely destroyed, and leaks occur at the 
return bends, and the metal of the pipes changes its 
structure until it can be broken in the hand.” Evidence 
of this deterioration had been noticed, according to the 
paper, after so short a time as little more than a twelve- 
months’ working. 
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Mr. Vaughan’s statements, it would appear that 
the figure of 10 per cent. for interest, depreciation, 
and maintenance, allowed by Mr. Hughes, would be 
considerably too low for high-degree superheaters, 
although the position had latterly been improved 
by the adoption of the automatic damper-control 
device. A smoke-box superheater was exposed to 
temperatures of only 700 deg. to 800 deg. Fahr., 
compared with the 1400 deg. or more, in the high- 
degree system. Deterioration was therefore less 
rapid, and thus the combination system had the 
advantage in reduced depreciation and maintenance, 
as well as first cost. 

If, for a moment, the two systems were con- 
sidered from the operating point of view, it would 
be found that the high-degree system involved 
certain extra duties for the driver, whereas the 
system introduced by Mr. Trevithick involved no 
additional duties or complications for the driver 
whatever. Neither in the latter system was there 
any change necessary in the lubrication practice— 
a point of very considerable importance. Without 
alluding to other points, he would refer to one 
further fact to which the author had directed 
attention in his paper—namely, that in the high- 
degree system the superheater became compara- 
tively cold during stops. The smoke-box super- 
heater, of course, was not open to this objection to 
the same degree, for, provided there was a fire in 
the fire-box, it was practically always above steam 
temperature. 

The whole matter could be summed up thus :— 
If costly scientific refinements were desired, the 
high-degree system of superheating undoubtedly 
offered them ; but if commercial economy coupled 
with the advantages of a fool-proof apparatus were 
a a combination system of moderate super- 

eat and feed-water heating by exhaust steam, such 
as that developed by Mr. Trevithick on the Egyptian 
State Railways, was undoubtedly worthy of con- 
sideration. 

Mr. C. J. Bowen Cooke, of the London and 
North-Western Railway, was the next speaker. 
He said that the paper left upon his mind the im- 
pression that the simple engine, as known to-day, 
was a very extravagant machine, and that there 
were only two ways of making it more economical, 
the one by superheating and the other by com- 
pounding. The general result of Mr. Hughes’s 
experience on the Lancashire and Yorkshire Rail- 
way seemed to favour the compound. So far as the 
North-Western Railway was concerned the speaker 
could not say much at present about superheating, 
as this was still in the experimental stage, but 
exhaustive experiments were to be made. e pro- 
posed to fit certain engines of exactly the same 
class, one as a compound, another combining com- 
pounding and superheating, and leaving a third, as 
a simple engine ; all the other features of construc- 
tion would be the same. Of course, work of that 
kind was a question of time, and, perhaps, on that 
account the information would be more a matter of 
interest than of actual value. 

It was well-known that the London and North- 
Western Railway had had considerable experience 
with the compound engine. Mr. Webb had 
believed in nothing but compounding as evolved at 
Crewe. The late Mr. Whale, who, perhaps, had 
had more experience in the actual practical working 
of compound locomotives than any other man living 
at that time, as soon as he succeeded Mr. Webb, 
commenced the very drastic policy of cutting up 
nearly the whole of the compounds or turning 
them into simple engines. The speaker would give 
a few figures illustrating the results of the change 
of policy—the conversion (or ‘‘ perversion ’’) from 
compound to simple engines. One notable example 
was that of their standard eight-wheeled coupled 
coal-engine, with 4-ft. 3-in. wheels, a class of 
engine that was perhaps doing some of the most 
efficient work in the county, in drawing very heavy 
loads over long distances. The engines were 
originally built as compounds, with outside high- 
pressure cylinders 15 in. by 24 in., and inside low- 
pressure cylinders 20} in. by 24 in., with a boiler 
pressure of 200 lb. to the square inch. In the case 
of these engines Mr. Whale took off the high-pres- 
sure cylinders, leaving the low-pressure cylinders 
of the size that they were in the original con- 
struction, and used high-pressure steam in them, 
thus converting them into simple engines. In 
order, however, to avoid the contingency of the 
tractive force being greater than the adhesive force, 
the boiler pressure was reduced from 185 lb. to 
165 Ib. per square inch. Here, therefore, was a 
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example of the working parts being reduced 

away with one pair of cylinders, while the 

| tear of the boiler was reduced by modifi- 
As a result, it was 
that an engine working with coal - trains 
1 Nottingham and Willesden, over the heavy 
s of the line, was able to take five more 
coal-wagons than it did in its original form, 


the coal consumption was only increased 


er mile, 
interesting examples, dealing not so much 
question of economy in working as with 


efficiency, were afforded by the conversion of pas-| between Broad-street and Willesden. 


senger engines. In the case of two four-cylinder 
compound passenger engines, which were the stan- 
| dard engines as left on the line by Mr. Webb, Mr. 
Whale had tried the same experiment ; that was to 
say, he had taken off the two outside high-pressure 
|ecylinders. He (Mr. Bowen Cooke) had had an 
interesting example of conversion. In order to get 
an efficient engine for the ‘‘ City to City ” express 
| between Birmingham and London, running without 
|a stop, he had had to consider ways and means, as 
|the ordinary express nger engines were not 


|allowed to run over the North London Railway 


He had 








Fig. 2. 


therefore converted one of the compound engines 
into a simple engine. He had first tried the com- 
pound express engine on this train, but time could 
not be kept with it. As Mr. Hughes had explained 
in his paper, it was better to have different motions 
for the high and low-pressure cylinders of a com- 
eye engine ; but this particular class of engine 

ad one set of motion for the two cylinders, with 
the result that it was sluggish in its work, and it 
was quite impossible to keep time with the train. 
The altered engine, however, wasabsolutely master 
of the work. That was one example of conversion 
from compound to simple with very beneficial 
results. r. Cooke said he had, with him, no 
figures for steam consumption, but would supply 
them later ; he was then dealing rather with work- 
ing efficiency. 

Mr. Cooke next proceeded to give the results of 
six months’ working of express passenger trains be- 
tween Euston and Crewe with two different classes 
of compound and a modern 6-ft. 6-in. coupled 
simple engine of the ‘‘Precursor” type. The three- 
cylinder compounds, as originally introduced, ran 
190,299 train-miles with an average coal consump- 
tion of 48.93 lb. per mile ; the four-cylinder ‘‘ Dia- 
mond Jubilee ” p vad to which he had just alluded, 
ran 264,238 miles, with a coal consumption of 
43.6 lb. per mile ; and the 6-ft. 6-in. ‘‘ Precursor ”’ 
class ran 379,957 miles with an average consump- 
tion of 47.2 Ib. of coal per mile. So that actually, 
with very much heavier trains, the simple engine 
beat the three-cylinder compound ; its consump- 
tion was a little higher than the four-cylinder, how- 
ever, but, as a matter of fact, it was working rather 
heavier trains. 

The author had stated that the compounds which 
had been in service on his railway since June, 1907, 
had been no heavier on repairs than the simple 
engines, and the results seemed to point to the 
maintenance cost being lower. In this connection, 


and referring entirely to the North-Western expe- 
rience, Mr. Cooke gave some figures of average 





mileage between repairs in the shops—that was to 
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say, the length of time that the engines could be 
kept out on the line. In the case of the 4-ft. 3-in. 
compound eight-coupled engines the mileage be- 
tween shopping was 33,709 miles; for the 4-ft. 3-in. 
simple eight-coupled goods engine it was 40,631 
miles. The 7-ft. compound four-coupled passenger 
engines averaged 47,000 miles, and the 6-ft. 6-in. 
simple ‘‘ Precursor” four-coupled engine ran from 
69,000 to 70,000 miles, without going into the shops. 
His company’s experience therefore showed very 
much greater wear and tear in the case of the com- 
pound engines. A greater mileage could be got 
out of the simple engines between repairs than was 
possible with the compound engines. 

In Table V. of his paper the author had given 
for the simple engine the average indicated horse- 
power as 701, with a draw-bar pull of 567 horse- 
power—a difference. of 134 horse-power—which 
was presumably taken up in driving the engine. 
In the case of the compound the indicated. horse- 

ower, however, was given as 546, with a draw-bar 
orse-power of 506—a difference of only 40 horse- 
wer for the driving of the engine,- which was 
a than one-third of the power taken for the 
simple engine. That was the Aintree to Accrington 
run, but similar remarks applied to the Goole to 
Smithy. Bridge run, given also in Table V., the 
difference between the indicated horse-power and 
the draw-bar pull being in both cases much greater 
for the simple engine. . Perhaps the author would 
be able to give some explanation of this difference. 
Mr. Hughes had sta’ that a saving of 8.9 per 
cent. per train-mile was effected in favour of the 
compound: engines for coal only, and the — 
thought it would be interesting if Mr. Hughes 
would give the difference, if any, in oil consump- 
tion between the two classes of engines. 

The cost of repairs had been touched upon, and 
Mr. Cooke submitted figures illustrating the differ- 
ence between compound and simple locomotives on 
the London and North-Western Railway. During 
the six years that the engines of the ‘* Precursor” 
class had been running, the repairs per 100 engine- 
miles worked out at 8s. 0.5d. Taking the first six 
years of the life of the two classes of four-cylinder 
compound engines, the cost was 10s. 1.26d. per 100 
miles, and that represented a fair average of the dif- 
ference that he had found in the upkeep and running 
cost with compounds as against simple engines. 

The previous speaker had alluded to the ques- 
tion of feed-water heating, and Mr. Cooke believed 
that to have a very great influence on the general 
question of economical working of locomotives. Of 
course, the heating of feed-water was not new, either 
in relation to the locomotive or any other class of 
steam-engine. Mr. Marsh had, on the Brighton 
line, made some very interesting experiments, and 
had fitted up some of his tank engines with feed- 
water-heating apparatus, and it would be interest- 
ing if, at some future date, Mr. Marsh could give 
particulars to show what was the difference between 
the superheater engines and the simple engines 
titted with feed-water heating. The question of the 
variable blast-pipe, enabling the back pressure to 
be reduced, was also worthy, in the speaker’s view, 
of very careful consideration in connection with 
the economical working of locomotives. 

Mr. Henry Fowler, of the Midland Railway, who 
spoke next, said that the position of his company 
with regard to trials of ee engines was 
rather different from that of Mr. Bowen Cooke’s. 
Unlike Mr. Cooke, triey would soon have the advan- 
tage of trying a superheater engine against what he 
claimed was a satisfactory — In the paper, 
he thought that the author had put on one side, 
in a rather summary manner, the question of com- 
pound working for express passenger engines. No 
one could go to the Continent without realising, 
either that the whole (or at least the majority) of 
the locomotive engineers there had, for a long time, 
been radically wrong in their practice, or that there 
was something more to be said with regard to the 
compound express passenger engine. On the Mid- 
land Railway, where 45 compound engines were run- 
ning—40 of them at 220 lb. pressure —these engines 
were doing most satisfactory and economical work 
compared with any passenger express engines on 
the line. A few experiments had been made in 
which the absolute coal consumptions had been 
taken, and in comparison with the engines pre- 
viously used—simple engines with Belpaire boilers 
having rather larger heating surface—there was a 
saving of about 7 to 8 per cent. in the coal con- 
sumption. These tests could not, of course, be 
taken to represent ordinary running. With a third 





man on the foot-plate there was always a like- 
lihood of the results proving somewhat better 
than ordinary working. These results had been 
obtained on working from London to Leeds, over 
what was regarded as a fairly rough road— 
decidedly so in comparison with some others—and 
it was found that the compound engine had a 
consumption of 0.112 lb. * g coal per train ton- 
mile. The simple engines, with the Belpaire boilers, 
previously used, showed a consumption of 0,120 lb. 
oe train ton-mile. In these calculations no note 

ad been taken of the mileage run by the engine 
from Kentish Town on to thetrain—a matter of 
about 2 miles—or of the mile which it ran from the 
shed to the station at the Leeds end. 

On the Midland Railway there was also a type of 
simple engine working at 2001b. to the square inch, 
fitted with a special valve-gear, and in this engine— 
one of this type was being fitted with a superheater 
—the consumption was considerably better than in 
the case of the older engines with Belpaire boilers, 
the figure being 0.115 1b of coal per train ton-mile; 
this was 2 to3 percent. worse than the compounds. 
One great advantage with the compound engine 
was the case with which it was able to tackle the 
load, and the speaker considered that advantage to 
have a great bearing upon the whole question. If, 
with superheating, an engine was able to work the 
heavier trains, that would balance a good deal. 
There was a constant push on the part of the 
traffic department for greater loads, while there was 
also a desire, on the side of the permanent-way 
department, that the trains should not be heavier 
on the roads than at present. From the commercial 
point of view, that was an important point. Speak- 
ing from the railway rather than from the locomo- 
tive standpoint, he thought it was sometimes not 
appreciated how great an amount of money was 
being spent in strengthening bridges so as to allow 
of a little more weight being put upon the wheels. 

Mr. Bowen Cooke had referred to certain figures 
given by the author. In explanation of the decrease 
of the percentage of saving in the coal with the com- 
pound—namely, 9.75 per cent. for the average 
results, making deduction of 3 ewt. (or 14 ewt.) per 
hour in coal for detentions, falling to 3.2, the 
latter, it would be noted, was a figure obtained 
when other than selected work was eliminated. 

On the Midland compounds there was a much 
simpler arrangement than the usually complicated 
intercepting-valve, inasmuch as the first movement 
of the regulator-handle opened a small live steam 
pipe into the receiver, this supply of steam 

eing shut off on the further movement of the 
handle when the main regulator was opened. 
There were automatic valves between the ends of 
the high-pressure cylinder and the low-pressure 
steam-chest to prevent the high-pressure piston 
working against an excessive back-pressure, so 
that, in reality, the high-pressure piston was float- 
ing at the start. This arrangement was found very 
satisfactory, as it was entirely under the control of 
the driver. 

Mr. Mark H. Robinson said that, on the broader 
question of compounding, it was always a puzzle 
to those interested in the design of ordinary 
non-condensing engines that whenever this matter 
of compounding was discussed by locomotive en- 
gineers no definite conclusions were come to. It 
had been well and thoroughly tried, but with- 
out success, and Mr. Hughes’s paper still left 
the matter in the balance. To those accustomed 
to study the design of non-condensing engines for 
land work, it was almost unthinkable that, with 
steam pressures of 180 lb., or so it should not be 
worth while to compound. There were certainly 
points about a locomotive which apparently nullified 
the comparisons instituted between simple and 
compound locomotive and other engines. There 
was the enormous pressure at release which was 
common in locomotives, and the amount of com- 
pression often attained in locomotive diagrams, 
which were points extremely unfavourable to a 
fair comparison. It was eminently desirable that 
comparative experiments should be made between 
simple and compound engines where the exhaust- 
valves were not so entirely the slaves of the cut-off 
—that was to say, were independent of the steam- 
valves. He hoped that some day experiments 
would be made in which the locomotive could be 
dealt with upon lines similar to those of ordinary 
steam-engine practice. 


Mr. J. D. Twinberrow, the next speaker, 


suggested as additional reasons for the neglect 
of compounding on British railways the absence of 





any ordered system of study, and the adherence to 
standards established by precedent. No matter 
how perfect standards might be, at times they 
were in opposition to progress. Perhaps the ex- 
cellent system of standards of the Lancashire 
and Yorkshire Company was in some measure 
responsible for the size of the low-pressure cy- 
linders, as indicated in Plate II. of the paper. 
as also for the arrangement of the valve - gear 
in the superheater engine on Plate III.* He 
had had to deal with a similar problem some 
twenty-two years ago, when a compound locomotive 
was being fitted with piston-valves having inside 
admission. The job was well advanced in the shop 
before he had been put on to get a diagram out for 
it. The intention had been to use a standard valve- 
gear, but the original intention was abandoned. 
With regard to the early part of the paper, in 
which Mr. Hughes had developed an opinion ad- 
verse to compounding for high-speed work, the 
speaker considered that, apart from the small 
economy in the use of steam, there was the fact 
that at 40 to 45 per cent. cut-off—normal for the 
compound engine—the action of the valve-gear was 
not impaired to the same extent as with the 
20 to 25 per cent. cut-off of the simple engine. 
The draw-bar pull was maintained at higher 
speeds, and the speaker could, from practice, cor- 
roborate the opinion that well-designed compound 
engines were good revenue-earners in high-speed 
work. The difficulty experienced with excessive 
compression in’ the high-pressure cylinders had 
ery been overcome on the Continent, 
judging from recently-published diagrams. For 
instance, a ten-wheeled De Glehn engine had 
wheels 6 ft. 3 in. in diameter, and cylinders 13} in. 
and 22? in., with 25}-in. stroke, giving a ratio of 
1 : 2.74, with a cut-off of 45 per cent. in the high- 
pressure, and 65 per cent. in the low-pressure 
cylinder. This engine was found to indicate 117 
horse-power at 62 miles an hour with a train-load of 
294 tons. At 155.6 revolutions—the same speed 
of revolution as given by the diagrams in the paper 
—the engine indicated 700 horse-power. 

Mr. Hughes’s engine had high-pressure cylinders 
20 per cent. larger, and naturally admitted 20 per 
cent. more steam at the same cut-off, while indicating 
20 per cent. more power. The De Glehn engine he 
spoke of had independent valve-gear for each cy- 
linder. He would take the case of the ‘‘ Maffei ” en- 
gine, which had the well-known arrangement of both 
high and low-pressure valves on the same spindle, 
the same diameter of wheel as the De Glehn, but 
with cylinders 152 in. and 24} in. by 25}-in. stroke, 
giving a ratio of 1 : 2.6. The indicated horse-power 
of this engine at 63 miles an hour, when hauling a 
train of 354 tons, was 2215. In this case the start- 
ing-valve was actuated from the reversing-shaft in 
a manner very similar to that adopted by Mr. 
Hughes. Although these engines had a fairly equal 
horse-power between the high and low-pressure 
cylinders, and though they did not loop their 
diagrams, the speaker did not think they could 
reach the high degree of mechanical efficiency as 
set forth in Table V. of the paper. There the 
simple engine appeared to have an efticiency of 
81 per cent., without compensation for gravity, 
whereas the compound showed 93 per cent. In 
other words, the resistance of the simple engine, 
including the component of gravity on the gradient, 
was, on each of the trials, 25} 1b. to the ton. The 
resistance of the compound engine worked out as 
7.5 lb. to the ton, or exactly the resistance due to 
a ient of 1 in 300. Referring to the profiles 
of line given in Plates V. and VI. of the paper,t it 
would be evident that an engine which could steam 
up those gradients with a resistance of 7.5 1b. to the 
ton would be able to earn a useful revenue on the 
level without expending any indicated power at all. 
The point was rather of academic than of practical 
interest, because the success achieved by Mr. 
Hughes was amply vindicated by the practical results 
which he had given, taken from experiments, over 
a long period of time, in actual work. 

Mr. Sidney Stone, who followed, said that 
fifteen or so years ago Mr. Holden made exhaus- 
tive experiments with three engines on the (reat 
Eastern Railway. First, he built a compound 
6-coupled engine with 4-ft. 10-in. wheels, with 
cylinders 26 in. and 18 in. by 24 in., working 


* The Plates here referred to correspond with Figs. ¢ 
and 8, and Figs. 14 and 15 on our Plate XXIII., put» 
lished with our issue of March 18 last. ' 

+ See Figs. 16 to 27 on page 359 of our issue of 
March 18. 
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with a pressure of 175 lb. A second engine was 
provided with a similar boiler and other features, 
excepting that the simple cylinders were 16 in. by 
24 in., so as to get almost the same tractive effort. 
The third engine was a standard goods engine, 


similar except for the cylinders, and working at | 


the ordinary pressure then employed of 140 lb. to 
the square inch. Trials, extending over 125 days, 
were carried out. The overflow from the injector 
was collected in a small tank under the foot-plate. 
The coal was carefully weighed. The engines were 
all working coal trains from Peterborough to 
London. The result was that for the compound 
engine the consumption was 37.25 lb. per train- 
mile; for the simple engine, with 16-in. cylinders, 
35.75 lb. ; and for the ordinary engine 36.06 lb. 
per mile for the whole trial. 

With the locomotive there must be a sufficient 
blast, whatever might be done to reduce the back 
pressure, which it was, of course, desirable to bring 
down as much as was possible. The compound 
engine, of which he had spoken, and the 16-in. cylin- 
der engine had each a 5-in. blast-pipe, and the other 
engine had a 4{-in. In simple stationary engines 
draught was obtained in an altogether different way, 
and it was therefore practicable to expand the steam 
to a very low limit. A great deal of trouble had 
been taken to make the compound engine a success. 
The receiver had been made of rather greater 
capacity than was the case with Mr. Worsdell’s 
express passenger engines ; it was made of 1} times 
the volume of the high-pressure cylinder. uble 
had, however, arisen with these goods engines in 
shunting work ; the receiver became charged with 
the steam, and when the man shifted his regulator 
he found he went very much further than he would 
with the ordinary engine, which diminished the 
handiness of the engines. The motion of the 
engines to which the speaker was referring was the 
same all through—the Stephenson link motion. 
Various kinds of motion were tried: by altering 
the valves a little, by the use of trip-valves, and 
other means. In regard to horse-power, the average 
for the compound engine was 300, taking over 
thirty cars at a given speed; that for the 16-in. 
cylinder engine was 273, and for the ordinary 
engine 276. The difference in the cost of the 
engines corresponded approximately with the 
figures given by Mr. Hughes for his engines. 

Mr. Michael Longridge said he had some hesita- 
tion in speaking on this subject, as his experience 
with locomotive engines was rather distant. He 
had, however, had a good deal to do with factory 
and marine engines, and in such engines super- 
heating and compounding had been adopted prin- 
cipally to eliminate or to reduce cylinder con- 
densation. Most of these engines ran at a 
moderate number of revolutions, and had con- 
densers ; on the other hand, the locomotive ran at 
a high number of revolutions and had no condenser. 
The speaker did not believe that the amount of 
cylinder condensation in locomotives was nearly so 
great as in the class of engines of which he had ex- 
perience. Nor did he think, assuming the suppres- 
sion of cylinder condensation to be the only result 
of compounding and superheating, that either of 
these two systems would be adopted to the ex- 
tent they were at the present time in the case of 
stationary engines. The principal use of super- 
heating, in his opinion, was to supplement the 
boiler and evaporate the water carried over with the 
steam. It had been his fortune to take part in 
only one locomotive trial, some fourteen or fifteen 
years ago, made on the Lancashire and Yorkshire 
Railway, with the result that 9 lb. of water were 
evaporated per square foot of heating surface, with 
an efficiency of 73 per cent., with a chimney tem- 
perature of 800 deg. He did not, however, regard 
such a result as a possible one if all the water 
had been evaporated in the steam. His conviction 
was, that on that occasion, and on other occasions, 
a large quantity of water was carried over with the 
Steal. If that were the case, it was easy to see that 
there might be the saving which Mr. Hughes had 
actually found in practice, but which were almost 
inconceivable, if the only benefit from superheating 


was the suppression « f cylinder condensation. 
He was inclined to think that the object of com- 
pounding was not so much a question of the sup- 


pression of cylinder condensation, but of suppression 
of repairs. Ifthe pressure between two cylinders 
Were properly divided, the stresses upon the a 
would be considerably reduced, asalso the inequalities 


intheturningmoment. The speaker believed thatthe 
adhesion of 


an ordinary locomotive was about 16 per 





cent., but he had been informed that in the case 
of electric locomotives, where the turning moment 
was absolutely uniform, the adhesion rose to some- 
thing like 25 per cent. If that were true, obviously 
there would be a considerable saving in the weight 
of the locomotive by adopting compounding in the 
cylinders. So much for the mechanical point of 
view. From the thermodynamic point of view, it 
appeared to him that the great benefit of com- 
pounding was derived from the far higher ex- 
pansion, obtainable with good steam distribution, 
than could be got with a single cylinder and an 
ordinary link motion. The ideal of a compound 
engine was, of course, to have an equal load 
upon the high and low-pressure pistons, and equal 
horse-power in both cylinders. The cylinder propor- 
tion adopted by Mr.* Hughes—1 to 2—rendered 
that impossible, unless there was a separate valve- 
gear for each cylinder. That, of course, involved 
great complication in a locomotive. If the cylinders 
were enlarged in the ratio of 3 to 1, say—andit 
would not follow that the low-pressure cylinder 
must be 1.73 times the diameter of the high-pres- 
sure cylinder, for the reason that capacity pat be 
increased by increasing the stroke—there would be 
an equal distribution of the load, and of the power, 
with pressures ranging from 200 lb. to 100 lb., 
and with cut-offs ranging from three-fourths of the 
stroke in both cylinders—which would give four 
expansions—to cut-offs down to half stroke, which 
would give six expansions. Doing that, the engine 
would be found to be fairly economical. Of course, 
wire-drawing of the steam in the regulator was in- 
volved at the lower powers, but he did not consider 
that with six expansions much was lost by wire- 
drawing at the lower powers. Another advantage 
of compounding was the reduction in the intensity 
of the blast. One speaker had suggested that there 
was a difficulty in evaporating a sufficient quantity 
of water where there was a soft blast. He had not 
‘ennai heard of the difficulty, but if it were so, 

e would suggest to locomotive engineers that they 
should subdivide their blast ; by that means he was 
sure sufficient draught would be obtained with any 
blast that the compound engine would give. 

In the paper, superheating and compounding had 
been proposed as alternatives. He would suggest 
that they were auxiliary to each other, though the 
functions of the two were different. The function of 
superheating was to supplement the boiler and 
raise dry steam, while the function of compounding 
was to use that steam to the best advantage. 

The President, before calling upon the author 
to reply, said that one thing to be deduced from 
Mr. Hughes’s paper was that it was necessary for 
experiments of the character dealt with to be 
spread over a much wider area, if average and 
reliable results were to be secured. Somewhere 
about 1887 he had built ten radial tank-engines 
for a certain district in Lancashire, and had 
sent them to take the place of ordinary tender 
engines. The engines had about them no patented 
appliances, or appliances that could be said to be 
novel. After a while he inquired how the engines 
were doing, and he had been told that they were 
saving 7 lb. of coal to the mile. He did not believe 
that, but on going to the district to investigate 
matters he had found the statement to be true. 
Had the engines been superheater engines, had 
they been compounds, or had they possessed any 
particular device which might have been thought 
to make them exceptionally economical, it would 
probably have been assumed that the new system, 
whatever it was, had been wonderfully successful. 
The experience he had narrated had made him 
sceptical about results. It appeared essential that 
with a new appliance a long time must be taken to 
consider whether it really wasa success. Care should 
also be taken with respect to the human element, 
which was very variable. Drivers and firemen 
might be careless, good, or first-rate, but the dif- 
ferences between them were so great that the best 
possible machine might be spoilt by the careless- 
ness of the operators. With regard to superheating, 
some twelve years ago he had fitted a certain number 
of engines with superheaters, rather shortening 
the boilers, in order to put the heaters in the 
smoke-box. These engines did their work very well, 
but he had not gone far enough. The superheaters 
made excellent steam-dryers, and he believed that 
one reason why these engines were somewhat more 
economical than others of the same type was that 
so much water did not go up the chimney. In this 
he agreed with the views of Mr. Michael Long- 
ridge. He had always been prepared, when any- 





thing better was found, to discard the less perfect 
engine. Hencethe recent experiments, the success 
of which Mr. Hughes had recorded in his paper. 

Mr. Hughes then replied to part of the discus- 
sion, reserving more detailed observations for a 
written communication. He said Mr. Cooke, on 
the one hand, was of opinion that money would be 
saved by converting compound into simple engines, 
while Mr. Fowler had taken the reverse view. 
When doctors differed, what, he asked, was to be 
done? At the last minute, as it were, Mr. 
Longridge had discussed one of the most important 
points raised in connection with compounds— 
namely, that of cylinder ratio. Referring to the 
ratio given in the paper (1: 2) between the high 
and low-pressure cylinders, Mr. Longridge had 
observed that possibly it was insufticient ; but he 
(Mr. Hughes) might argue that if the ratios wero as 
suggested, male good results would have been 
attained. In Fig. 49 in the paper he had given 
an extraordinary diagram, which showed that 
the horse-power developed in the low-pressure 
cylinder was much greater than that developed 
in the high-pressure cylinders. When investi- 
gating that particular point, he had found that 
the Cesk pressures in the high-pressure cylin- 
der were so great that there was negative horse- 
power. Consequently a valve had been devised 
which allowed the back pressure to into the 
low-pressure steam-chest ; it then aid work in the 
low-pressure cylinders, with the result that higher 
horse-power was obtained in the high-pressure 
cylinders, and still higher horse-power in the 
low-pressure cylinders. It was difficult at the 
moment to foresee what would result from a com- 
bination of this valve and a ratio of 3:1. Since 
the last meeting of the Institution, the speaker had 
put a 6-in. blast-pipe into the compound engines, 
with a correspondingly large chimney, and still 
greater horse-power had been develo There 
was a great deal still to be done with regard to 
smoke-boxes, blast-pipes, and chimneys. A ye 
it was unwise to prophesy, yet possibly at the 
end of the five years or so it might be that 
64-in. blast-pipes would be used on simple, com- 
pound, and superheater engines, with, of course, 
chimneys to suit. In preparing the paper, a very 
large amount of matter had to bo discarded. In 
this operation, however, the speaker had omitted 
an important point. He should have mentioned 
that the degree of superheat was 270 deg., giving 
a temperature of 650 deg. when the engines were 
doing their full work, for either the goods or pas- 
senger engines. When merely shunting, there 
were only 80 deg. to 100 deg. of superheat. 

He had been charged with not having com- 

red like with like quite as fully as he should 
ea done. He had, however, been under the im- 
pression that no one had previously attempted to 
carry out a fairer comparison. The simple and the 
compound engines had identical boilers, the same 
heating surface, the same wheels and centres, and 
the same valve-motion, while the general conditions 
were also the same. The only discordant feature 
was the rocking shaft introduced into the valve- 
motion. Similar remarks — to the super- 
heater engine; a rocking shaft was introduced, 
but the general conditions were quite analogous. 
It had béen said that if the Walschaert gear 
had been used the economies would have been 
greater. He did not agree with that. He 
thought the Joy motion as good a steam-dis- 
tributor as the Walschaert gear. Unfortunately, 
the rocking shaft, which it had been necessary to 
introduce, was against the compound. It was also 
against the superheater engines. It affected like- 
wise Mr. Marsh’s engines, in which the same 
feature had been introduced in connection with the 
Stephenson motion. In short, the speaker con- 
sidered that the valve - motions had nothing to 
do with this case. He was reminded of the 
story of a young engineer, who went to an old 
engineer and said that he had designed an 
engine with 16-in. cylinders, and could not make 
up his mind what sort of valve-motion to put on. 
The old engineer advised him to put on a boiler 
big enough for an 18-in, cylinder. 

The greater economies had been obtained in 
connection with passenger engines, because the 
passenger - engine train-mileage was over 90 per 
cent. of the total engine- mileage. In the case 
of the compound and superheater engines, how- 
ever, the train-mileage was only about 61 per cent. 
of the total engine-miles. He had presented all 
the figures absolutely as he found them.’ Some 
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of the figures in connection with train-miles as re- | opened the discussion. In the hardening labora- 
corded by the drivers and guards were extremely | tory at the University of Sheffield, he said, they used 
close tegether ; the men could scarcely have made | for high-speed steel, an electric furnace with a 
a better record if they had resorted to collusion. | barium chloride bath at a temperature of 1300 deg. 
Reference had been made to the smaller horse-|Cent. They had also two Brayshaw furnaces, one 
power absorbed by the compound engine as com-| at 750 deg. Cent. and the other at 900 deg. Cent., 
pared with the simple engine. The figures were|which he considered very useful parts of their 
accurate, although he could not immediately explain | equipment. Several extremely interesting heating 
them. The President of the Institution had, some | and cooling curves were given in the paper. Some 
years ago, discussed this subject before the Institu- of these had been taken in Sir Robert Hadfield’s 
tion of Civil Engineers, and had given figures in|laboratory by means of the Callendar recorder. 
connection with simple eng’nés which showed that|In the Callendar curves a point K was found, 
the horse-power absorbed by the engine itself was' which was the int Ac 1, 2, 3, or combined 
greater at one moment than at another. On that change-point. There was at this point an absorp- 
occasion no explanation was forthcoming. tion of heat corresponding to the transforma- 
bey from hardened pearlite. In the University 

HARDENING OF CARBON AnD Low-TuNGsTEN at Sheffield, they had, for the last twenty years, 
Too.-STEELs. used an installation on the Osmond-Le Chatelier 

A paper entitled ‘‘ A Research on the Hardening | principle, and with it either a time-temperature 
of Carbon and Low-Tungsten Tool-Steels,” by Mr. | curve or an inverse rate curve could be obtained. 
Shipley N. Brayshaw, was next summarised by the | The latter curve was the more delicate. In the 
author, and partly discussed. We commence the | curves taken by the Callendar method the change- 
printing of this paper, in condensed form, in another | point Ac 1, 2, 3 was marked as 730deg. Cent. The 
part of the present issue, atest curve taken (some three years ago) by the 





Fig. 3. 


gave the Ac1, 2, 3 point as 729 deg. Cent. He 
thought that close agreement by these two methods 
very creditable. 

Mr. Brayshaw’s results showed that as the 
quenching temperature rose from about 750 deg. 
Cent. up to nearly 900 deg. Cent., the scleroscope 
test indicated softening if soaking were resorted to. 
That did not agree with the speaker’s experience, 
as he had found them all equally hard. An impor- 
tant point to be borne in mind was whether, in the 
prolonged soaking in the salt-bath, there was any 
absorption of the salt. He felt confident that 
there was, for the reason that tools so hardened 
rusted, when laid by, more readily than when they 
came from the smith’s fire. He did not think this 
was really any detriment. He had not found it so, 
but people were largely guided by appearances. 
The works manager of the Continental Works had 
called his attention to some extremely interest- 
ing investigations on the absorption of salt by 
steel in connection with hollow drill steel for 
rock-drills on the Rand. To produce this steel 
it was necessary to insert a core of some material 
in the billet, and among other substaaces salt sus- 





Professor J. O. Arnold, of Sheffield University, other method in use at the Sheffield University 


gested itself. It was found to answer, but when 
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the bar was laid on the mill floor the salt flakes 
fell from the bar. Professor Arnold exhibited a 
broken sample, in which great absorption of salt in 
the interior of the bar was indicated by the very 
marked rusting. There was no doubt, there- 
fore, that there was absorption of salt by the 
steel, and he would ask Mr. Brayshaw to con- 
sider whether the deterioration in hardness might 
not be due to surface absorption of salt. He did 
not contend that it was, but would throw out the 
suggestion that it might be. There was another 
oint of great importance. Were the Brinell 
ory etal and the scleroscope hardnesses really 
indicative of the abrasion hardness of the steel ? 
To this Mr. Brayshaw replied that they were 
not. Professor Arnold agreed, saying that the 
lathe was the final court of appeal, so to speak, 
for the engineer; the hardness indicated by the 
instruments used (which were very useful) was not, 
according to his experiences, coincident with the 
actual efficiencies of the steel when on a lathe. 

The President then announced that the further 
discussion on Mr. Brayshaw’s paper would be 
adjourned until May 27 next. At the present day, 
when there were so many milling-machines in use 
all over the country, necessitating the greatest 
possible care in hardening, in order to avoid the 
spoiling of expensive tools, the subject of the paper 
was of great importance. He hoped that users -of 
tool-steel would come forward and speak on the 
27th proximo. 





WATER-DRIVEN CENTRIFUGAL. 

Messrs. Pott, CAssELS, AND WILLIAMSON, Mother- 
well, show at the Brussels International Exhibition 
examples of their water-driven centrifugals, with 
patent interlocking gear. This arrangement we illus- 
trate by the views given on page of our present 
issue. As will be seen from the engravings, the water- 
motor is fixed above the framing, and drives the 
centrifugal basket, which is below it, through an elastic 
coupling, the basket being fixed at the lower end of a 
vertical spindle which has only one bearing. The 
water-motor, which is of the Pelton-wheel type, rotates 
on 4 ball-bearing around a fixed spindle. The body of 
the motor (Fig. 2) is carried upwards and is turned 
over the casing with a double flange, upon which the 
buckets are mounted. The flanges prevent the water 


— from getting over the top; the spent water is 
t 


us compelled to flow through the return-water pipe, 
back to the water-tank which supplies the pump for 
driving the machine. 

To the bottom of the water-motor boss there is 
bolted a driving-flange, upon the upper side of which 
there are mounted the governor-balls in an oil-tight 
cavity, partly filled with lubricating oil, below the 
upper ball-bearing. The governor-balls are held in 
the off pew by the governor-springs. The arms 
are coupled by a rod passing up the hollow spindle in 
the centre of the motor to a lever working on a 
fulcrum placed on the top of the motor-case cover ; 
a swivelling cross-head, through which passes the 

overnor-rod, is fitted at the outer short end of the 
ever. ‘When the machine attains full speed, the 
governor-spindle is moved upwards, and the governor- 
rod is pressed downwards, when it acts on a trigger, 
cutting off the water from one of the two jets—the 
accelerating jet-—which can be seen in Fig. 2, leaving 
the smaller, maintaining jet, on the opposite side, in 
operation. 

Underneath the beams is the elastic bearing carrying 
the upper end of the basket spindle ; into this are 
fitted india-rubber buffer rings separated from each 
other by a loose LJ oo cast-iron ring (Fig. 2). 
Both top and bottom buffers, therefore, support the 
weight of the centrifugal basket. This patented 
arrangement of buffers gives great resilience and per- 
fect steadiness to the machine when running with a 
balanced or unbalanced load, and as the buffers are 
separated by the loose tJ-shaped cast-iron ring, any 
wear on the bottom buffer is compensated. for. The 
ball-bearing housing fits inside the india-rubber buffers, 
and contains the compound ball-bearing. To permit 
of the oscillation ot the centrifu r spindle and 
basket, the water-wheel above, which does not oscillate, 
is connected to the brake- pulley on the top of the 
centrifugal spindle by three wire-rope links, the eyes 
of which are slipped over the points of the driving- 
pins into a ve. The wire-rope links thus form a 
strong flexible coun , both simple and effective ; the 
motor or the centri ugal can be detached, when desired, 
by slipping off the wire links. 

The brake-band is supported by an angle-iron, rest- 
ing on a flange in the suspending bracket, there 
being thus no possibility of the brake drooping un- 

ually. When the brake is off there is an equal space 
al Fe gga between the brake-band and the brake- 
pulley. 

The interlocking gear is shown in Figs. land 3. This 
works as follows;—When the ‘accelerating lever is 





pushed over from right to left, it opens the accelerat- 
ing water-valve, which is on the left hand of the 
motor-case, and, by means of a short connecting-link, 
it opens at the same time the maintaining water-valve, 
which is on the right hand of the motor-case, and so 
causes the jets shown in the section, Fig. 2, on both 
sides of the water-wheel, to act on the water-wheel 
cups. When the hand is removed from the accelerating 
lever, aspring is prevented from cutting off the accele- 
ang water-valve by the point of a small round hori- 
zontal trigger-rod pressing against the jaw of a trigger- 
rod bracket, the trigger-rod being pulled up into the 
horizontal position by the governor-springs contracting 
when the machine was stopped the previous time. When 
the machine attains full speed, the governor, as above 
stated, pushes down the governor-rod, which, in turn, 
pushes down the trigger-rod, when the spring on the 
accelerating lever will shut off the accelerating water- 
valve. The maintaining water-valve is not affected by 
this operation, and remains open until it is desired to 
stop the machine, when it is shut by hand, and the 
batho applied. On a previous occasion we described 
and illustrated the electrically-driven centrifugals of 
Messrs. Pott, Cassels, and Williamson. The article will 
be found on page 808 of our issue of December 19, 1902. 








AERIAL ROPEWAY AT ABERTILLERY, 
SOUTH WALES. 

THE aerial ropeway illustrated on pages 506 and 507 
is situated at the Powell’s Tillery Steam-Coal Com- 
panies’ Colliery at Abertillery, South Wales. The pit 
is situated in a valley, and owing to the filling up 
of the available ground in the sidhieadvanl on 
to which pit dirt was formerly tipped, the managing 
director, Mr. Stewart, some time ago decided on the 
somewhat unusual course of conveying the dirt, by 
means of an aerial ropeway, on to the top of a neigh- 
bouring mountain and utilising its summit as a tipping- 

und. The | of the mountain forms a comparativel 
at plateau, and a length of some 750 feet was aa 
able for tipping, so that it was possible to form a large 
area for the disposal of the 250 tons of refuse which 
is raised from the colliery daily. 

The ropeway was constructed by Messrs. R. White 
and Sons, of Widnes, and is built on their sectional 
system. In this system the carrying-rope is divided 
up into a number of sections, so that comparatively 
light ropes may be used, even old colliery winding- 
ropes being suitable for the shorter lengths. In the 
case of the two long spans, however, which will be 
seen in the profile . a (Fig. 1), a special locked- 
coil rope of nearly 2 in. in diameter is used. The 
total length of the ropeway is about 4500 ft., and the 
rise from the pit-head to the top of the mountain is 
some 800 ft. The average gradient throughout is 1 in 
5.4, but in places the actual gradient is nearly 1 in 2. 
The dirt is transported in boxes, which were designed 
to carry a net load of 8 cwt. each, but in practice the 
loads often run up to 12 ecwt. per box, while the 
average is about 10 cwt. The boxes may be despatched 
at the rate of two per minute, giving a carrying capa- 
city, for the line, of 60 tons per hour. At the present 
time, however, it is only carrying about 30 tons per 
hour. There are usually about sixty carriers at work, 
so that at any time there are some thirty full boxes 
ascending the mountain, giving an aggregate net load 
of about 15 tons on the line. 

As it was desirable that the ropeway should operate 
only during the daytime, both on the score of economy 
in wages, and also in order that a proper watch could 
be kept on its regular working, it was decided to con- 
struct a large hopper at the pithead, capable of hold- 
ing some 500 tons of dirt, so that the material raised 
from the pit during the night could be stored ready 
for transport the next day. This hopper is shown in 
Fig. 4. It is provided with five charging-shoots con- 
trolled by valves, through which the dirt is loaded by 
gravity directly into the carrying-boxes. No trouble is 
experienced owing to blocking or choking of the shoots. 
The entrance to the charging-house, with the in- 
coming and outgoing lines, is shown in Fig. 5. The 
engine, which is of about 100 horse-power, is situated 
at the bottom of the line, alongside the bunker. It 
drives the ropeway through a friction-clutch, arranged 


“so that in case of accident the rope could be imme- 


diately stop without waiting to stop the engine. 
The drive takes place through bevel-gears, and one of 
the wheels is fitted with a ratchet and two pawls, 
making it impossible for the line to reverse in case of 
failure of engine power, as would otherwise be pos- 
sible owing to the Toad on the outgoing side. 

A view of the tipping-ground on the top of the 
mountain is shown in Fig. 7, while the automatic 
return terminal is shown in Figs. 8 and 9. As before 
stated, the tipping-ground is 750 ft. long, and as the 
line is cmdlel at a height of about 50 ft. above ground- 
level, an available tipping height of about 40 ft. is 
obtained throughout this length. It is found that the 
material in falling spreads over a width of approxi- 
mately 130 ft. at the of the heap, so that a large 
area will ultimately be covered with spoil. With a 
view to increasing the available storage-room, how- 





ever, the standards are so designed that the cross. 
heads, carrying the ropes, can be readily unbolted 
from the uprights, and the standards built to a further 
height of 50 ft., when the whole of the tipping area is 
covered. The first tipping was carried out round the 
base of the return terminal, as shown in Fig. 8, in 
order to build the material up round it as shown in 
Fig. 9. This was done with the idea of increasing 
the stability at the return end, and assisting the ter. 
minal in taking the heavy strain of the reversing 
rope. It will be understood, of course, that the auto. 
matic tipper, which is attached to the rope, and which 
upsets the boxes as they reach it, is advanced forward 
a few feet at a time as tipping goes on, so that the 
whole of the available ground will be covered. 

Two of the standards forming part of the line are 
shown in Figs. 2 and 3, page 506. In Fig. 2 the method 
in which the sectional carrying-ropes are brought down 
and clamped to the legs of the standard will be seen, 
The clamps have proved capable of holding the stiff 
locked-coil rope of the long spans without fear of 
slipping. This method of clamped sectional ropes 
allows any part of the line to be tightened up at any 
time with very little trouble, and is of great con. 
venience in case it is necessary to replace any part of 
the rope owing to wear, as a worn span can be inde- 
pendently renewed without the necessity of putting in 
a long length of new rope. The details of construc. 
tion of the standards will be seen from Figs. 2 and 3. 
In Fig. 2 the guiding ramps, which are fitted to pre- 
vent the boxes striking the standards, will be seen. 
These ramps are necessary owing to the high winds 
which so constantly prevail on the top of the mountain. 
The crossheads a the standards are fitted with the 
maker’s patent carrying rope saddles, which have speci- 
ally long bearings and an easy taper-off at the ends, in 
order to avoid kinking the ropes under pressure of the 
load, even if they are allowed to get unduly slack. 
These saddles can be seen in Fig. 3, which also clearly 
shows the hauling-rope rollers. The rollers are fitted 
with roller-bearings manufactured by the Empire 
Roller-Bearings Company. The running-wheels of the 
box-carriers are made of cast steel, and are also fitted 
with roller-bearings. The grippers which connect the 
carriers to the hauling-rope are of White's improved 
form, and have proved to a quite independent of the 
weather, there being no reported case of failure even 
in winter, with snow and ice on the rope. The lubri- 
cation of the carrying-ropes is effected by one of the 
carriers, which is fitted with an oil-reservoir with a 
needle-valve. It will be seen from the profile (Fig. 1) 
that the line passes over a main road. At this point a 
protective bridge is fitted, to prevent material falling 
on to the road, and also te screen the moving boxes 
from the sight of restive horses. A view of the lowest 
span of the line is shown in Fig. 6. 

The line is at present worked by four men. One 
attends to the engine and rights the incoming empty 
boxes, after they are automatically disengaged from 
the hauling-rope, and runs them under the loading- 
shoots as required. Another man loads the boxes, while 
a third despatches the carriers on their journey at 
regular intervals A fourth man is retained at the top 
of the mountain, merely for the purpose of observation, 
his duties in connection with the working of the rope- 
way being practically confined to seeing that the rollers 
are kept properly lubricated. There is an electrical 
installation fitted along the line, and arrangements are 
made for communication with any standard, so that in 
case of an accident at the top, which is out of sight of 
the loading end, the man in charge can give the neces- 
sary signals for starting or stopping. The line has now 
been working for nearly twelve months, and has resulted 
in a large saving in the cost of haulage, the cost of dis- 
posal 4 the pit-dirt being less than it was under the 
old conditions of dumping the material in the valley 
close to the colliery itself. 





GERMAN IMPERIAL Navy.—The German Imperial Navy 
have recently added to their active list a new destroyer, 
equipped with Zoelly turbines. This destroyer—G 178 
—was built for a contract speed of 30 knots, and has two 
turbine-driven propellers, each turbine being of 7500 
horse-power, and designed to run at 650 revolutions per 
minute. The boat has a displacement of about 65\) tons, 
and its length is about 75 metres. The speed during the 
three hours’ trial was nearly 32 knots, while the maximum 
speed attained in Eckenférder Bay, near Kiel, was 
334 knots. The turbines ran perfectly during all the 
trials — viz., both in the workshops and after being 
fitted in the destroyer, and have not given rise to 
the least interruption in the service of the destroyer. 
The running of the turbines on board ship is &x- 
tremely quiet, without any vibration. The destroyer : 
manceuvring power has been very satisfactory. The tria 
readings gave the following results :—Pressure at tur 
bine, 14.85 atmospheres; vacuum, 89.95 per cent.; rt - 
lutions, 643.9 per minute ; slip, 23.4 per cent. ; -—< 
speed, 30.737 knots; steam consumption, 6.46 kilo- 
grammes. The exhaust from the auxiliar machines ag 
not passed into the low-pressure stages 0 the tur - 
Had this steam been so dealt with, the foregoing res a 
on comparison with figures from other official trials, ¥ ou 
have appeared still better, 
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‘*MOTOR SLEIGH-TRACTOR.” 
To THE Eprror OF ENGINEERING. _ 

Srr,—My attention has been called to your issue of 
April 8, page 445, in which you publish a letter from Mr. 
B. T. Hamilton concerning the motor sledge which I - 
pose to take on my Antarctic Expedition. As there 
seems to be some misconception regarding the origin of 
this motor sledge, perhaps you will allow me to give its 

istory in brief. : : : 

“a my return from the Antarctic regions in 1904, I 
have been confident that some form of motor traction could 
be utilised in the Far South. In 1906, with the kind assist- 
ance of Lord Howard de Walden, I was able to put my 
ideas into shape. Mr. Hamilton was requested to make 
the practical designs, and numerous consultations took 
place between myself, Mr. Hamilton, and Engineer- 
Commander Skelton, of the Discovery Expedition. As 
a result a sledge on runners, with a chain and slat drive, 
was made, onl tied by me in the Alps early in 1908. 
These trials were not entirely satisfactory, and on my 
return further consultation took place, and Mr. Hamilton 
suggested the adoption of the principle of a track-layin 

machine. This principle was to by Lord Howa 

de Walden and myself, and the sledge of 1909 was pro- 
duced, and tried in Norway. Engineer-Commander 
Skelton and Mr. pean witnessed these trials, which 

ve very promising results. . 

"7 felt ‘uhat the cele that had thus been evolved was 
now in a condition to be placed in the hands of a first- 
class motor firm, and I therefore placed the manufacture 
of an improved sledge in the hands of the Wolseley Tool 
and Motor-Car Company. The machine produced by 
them, and recently tried so successfully in Norway, had 
many important modifications on the original model, but 
the general system was the same. f « 

Asa result of the recent Norway trials, further modi- 
fications will be made, and I confidently believe that the 
sledges thus developed will be of great use to the Expe- 
dition. 

I should be sorry to think that Mr. Hamilton was 
robbed of credit for the fine inventive skill which he 
displayed in the original design, and I also take this 
opportunity to express my satisfaction with the care and 
attention which the Wolseley Tool and Motor-Car Com- 
pany has given to the final design of the machine. 

; ours faithfully, 
R. Scort, Captain, R.N. 

$6 and 38, Victoria-street, London, 8. W., 

April 19, 1910. 





SWITCHBACKS UNDER RIVERS. 
To THE Eprror oF ENGINEERING. 

Srr,—I am only an amateur in engineering matters, 
but it seems strange to me that the switchback principle 
has apparently not been adopted for the conveyance of 
passengers under rivers. J had some fear that increased 
resistance of the air ina tube might be an obstacle, but 
am assured that it would be no great hindrance, and that 
a scheme of the kind is scientifically feasible. 

The river here is about 900 ft. wide at the part where a 
direct ferry crosses, and the depth in the middle at high 
water of spring tides is about 35 ft. 

I understand that a meeting was held well on to 100 

ears ago to consider the advisability of constructing a 
ridge across the river, but that the meeting still stands 
adjourned. neta rn ete a poe 

A transporter bridge was pro about a ie ago, 
but that aaa also fell 7 eg chiefly owing to the 
probability that it would impede the traffic on the river. 
A bridge would have to be very high indeed to allow of 
the passage under it of the large four-masted vessels and 
Navy vessels, with their lofty wireless-telegraph appli- 
ances (probably to be higher still in the future), which 
enter the port. 

More recently, again, a tube-railway has been projected 
to be worked electrically, and is, I] think, still under 
consideration by the promoters. The objections to this 
scheme, in my mind, are that the proposed stations are 
too far from the river-side, and that fitts are required. 

The present ferry leaves each side every 12 minutes, and 
appears to be sufficient in a general way for the transit of 
passengers ; but it is often stopped by ing vessels, and 
18 liable to be very much delayed occasionally by fogs. 

I suppose a tube for the purpose su; ted would have 
to be some 15 or 20 ft. in diameter, and that the car would 
be best run on one rail, there being projections at the 
top to form a groove. I am informed that electric 
motors would be the best power to apply to start the car, 
to carry it up the short distance at the end of the journey, 


and to be available in emergency. They could 
switched off on commencing the descent, and gravitation 
would probably do three-fourths or more of the work. 


Taking the entire distance to be traversed, from station 
to station, to be 1000 ft., and supposing the base of a tube 
ran down to bs 100 ft. (which would ange bp ample 
allowance for possible further dee ming of the river in 
the event of coming wonders in the maritime line), the 
following diagram will approximately show the gradients: 


, High Water Level - Spring Tides i 


= 


"ie, --" 


The « a 


lets than r, it appears to me, would cover the distance in 


half-a-minute ; that would be about one-fifth of 


the time the ferry takes to cross when all is clear and 
ut one-seventh or more of 
owing to obstructions. 


I > adv 
appear rete ping of such a mode of conveyance would 


favourable, b 


occasionally the time occupied 





Saving of time. 

Removal of obstruction to river traffic. 

No stoppages by passing vessels, as at present. 

No stoppage owing to fogs. : 

Avoidance of all danger from collision. With good 

engineering work danger would be almost nil. é 

Avoidance of exposure, in crossing, to strong wind, 

rain, or snow. i 

Good ventilation, as the car would force a large quantity 

of air out each time it passed through. 

Probable saving in working expenses. 

Plant entirely protected from the action of the weather, 

or tidal effects. 

The stations could be quite close to the river-sides. 

Sup an undertaking on these lines were an accom- 
lished fact, it would probably be — sensational at 
rst, and attract large eee A of passengers, then 

gradually subside into a regular and admittedly up-to- 
date mode of transit. 
Yours very truly, 
Hos. Topn. 
3, Bells Terrace, North Shields, April 14, 1910. 








‘““STRESS LINES AND STREAM-LINES.” 
To THE EpiToR OF ENGINEERING. 

Srr,—In your editorial comment in your issue of Ener- 
NEERING of April 1 on my letter dated the 22nd ult., you 
raise an interesting case of strain, and one which, I think, 
shows that you are yourself inclined to give the stream- 
line method a wider application (at any rate to test cases) 
than I should care to do. 

The case you take as a criterion, whilst conforming 
to the conditions I took in the respects named by you, 
does not conform in other essential respects. It is that 
of aflat bar x units wide and of indefinite length, strained 
longitudinally so that a point P (Fig. 1) on the section 
A B is displaced an amount 


u =sin y. sinh x 


represented by the ordinate of the sine curve drawn. 

he sine-curve distribution applies to all transverse 
sections, but the maximum amplitude varies from section 
to section as governed by the multiplier sinh z. 

The two points to notice about this assumed state of 
strain are :— 

1. That it is not in itself irrotational. 

2. That it is not such ascan be produced solely by loads 
applied over the ends of the bar, but that it requires the 
application of extraneous forces acting on each particle 
oF the bar, and so disposed as to produce the assumed 
displacements. 

You then superpose a second and similar state of strain 
acting everywhere at right angles to the first and repre- 
sented by v = cos y cosh 2. 

This dis of 1 by making the strain everywhere 
irrotational, but 2 is still unaffected, and applies to both 
the wu strains and the v strains, and it is in this respect 
that your case differs from all those to which I applied the 
stream-line method, and in which the loading was only at 
the ends ; and the claim as to the identity of the stress- 
lines with the stream-lines was restricted in my paper to 
cases where the end loading was uniform. 

















ai Fvg.1. 
A 
Ty aS 
0 . x 
Z \ 
a. B 
Y Fug. 2. 












(1665) 


That the difference is a real one, and not merely a con- 
troversial distinction, may be illustrated by the following 
example :— 

ABCD (Fig. 2) is a bar metrical about O X, and 
uniformly loaded at A Dand CB. Then, according to m 
view, the longitudinal stress-lines will be as drawn, coincid- 
ing with the stream-lines, the bar will stretch everywhere 
along these stream-lines, and contract at right ee to 
them, the boundaries A B and C D being free ; and if these 
boundaries be prevented from yielding normally, but left 
free to move along themselves tangentially, then the same 
will hold for all the stream-lines, and any internal point 
will move only along its own stream-line. 

I will ask you to assume, “ without prejudice” to your 
own doubts in the matter, that the case is specially chosen 
so that the above holds good. ' 

If we now impose extraneous forces at all points, such 
as P, acting along the equipotential lines M N, &c., and so 
chosen that M and N themselves remain undisturbed, the 
lines of yield will no longer agree with the stream-lines, 
but will be distorted, some towards A B and others 
towards O X, and it will be possible to combine these 
forces with others along the stream-lines in such a way 
as to secure that the final distribution of strain will be 
irrotational, that the boundaries A B and C D remain 
undisturbed, and that the continuity condition still holds 
—that is, of course, if we are free to choose the extraneous 
forces which have to b> applied, 





_ By these means we can reproduce the conditions taken 
in the case you consider for the straight bar, and by these 
means we can make the stream-line method, which, by 
hypothesis, holds for our original case, breakdown in the 
second case. Its failure in the second case, therefore, 
does not necessarily involve its failure in the first. 
Yours faithfully, 
J. Sra. 


[We agree with Mr. Smith this far—viz., that in all 
probability a set of stream-lines exists, which is the same 
as a given set of stress-lines. The real difficulty is to 
enunciate the conditions under which the stream-lines 
must be produced, in order that they shall coincide with 
the stress-lines. In our last note we showed that the 
fact that the strain was irrotational, and that there was 
no flow normal to a certain boundary, was in itself insuffi- 
cient to ensure that the stress-lines and the displacement 
lines should have the same direction. We are not con- 
vinced by Mr. Smith’s ——— that the identity of 
direction holds in the more specialised case discussed in 
his letter above. In fact, from our previous note it 
appears that the ey and sufficient condition for 
the displacement lines and the stress-lines to coincide in 
direction (given that the strain is irrotational) is that 


ov dv 

"Ss Ze. ev 

1 Tau du 
w dz 


_This is satisfied if » = 0 throughout, in which case the 
displacement, and consequently the stress, is a function of 
xonly. Thisis not the case in Fig. 2, above, The above 
equation is also satisfied if 


2vudu =(u2 - r) dv, 
The solution of this differential equation is 
ut=Cr- 2, 


Here C is a constant of integration. If this equation 
holds, then the direction of the displacement is again the 
same as that of one of the principal stresses. is iden- 
tity of direction does not, we think, hold in any other 
case. The displacement lines shown in Fig. 2 do not 
seem to satisfy the condition stated. At the boundary 
v =0, but the solution of the differential equation shows 
that when v = 0, u= 0; that is to say, there is no dis- 
placement or flow lel and adjacent to the boundary 
at the point where this is parallel to the axis of .—Ep. E. 





THAWING WATER-PIPES BY ELECTRIC 
CUR 


tNT. 
To THE Epitor or ENGINEERING. 

Srr,—Some months ago we learned casually that it has 
been found practicable to thaw frozen water-pipes by 
means of an electric current, and that this operation is in 
regular practice in New York City and State. Inquiries 
instituted by us with the purpose of obtaining further 
details have unfortunately been unsuccessful. 

Recently an idea occurred that possibly one of your 
subscribers might be able, and willing, through your 
columns to supply us with the necessary information 
regarding the apparatus, &c., required for this work. 
Each winter every frosty morning finds work here greatly 
impeded, —— stopped in fact, until a number of 
men can, by means of red-hot plates, thaw out the water 
from frozen high-pressure pipes, and it would, indeed, be 
a boon to us if we could get the work done by utilising 
electricity. We may say that our electric installation 
consists of 250 and 500 volts continuous currents, and is 
supplied from the city mains. 


Yours faithfully, 
Glasgow, April 20, 1910. ELDER AND Co, 





Founpry PLant AND Macuinery: Errata.—In our 
last issue, on 465, third column, and in the title of the 
illustrations, Figs. 71 to 82, page 466, the name “‘ Collian” 
should be “‘ Colliau.” 


New Issuz.—Messrs. Kerr, Stuart, and Co., Limited, 
locomotive and rolling-stock builders, Stoke-on-Trent, 
are offering for subscription 100,000 six per cent. cumula- 
tive preference shares of 1/. each. The lists close on or 
before next Monday. 

“OFFICIAL CHEMICAL APPOINTMENTS.”—The Council 
of the Institute of Chemistry have issued the third 
edition of this book. It contains a list of official appoint- 
ments which are held by professional chemists, inclu- 
ding oe and teachers of chemistry, in all parts of 
the British Empire. The list is in three divisions :— 
(1) A list of appointments in Great Britain and Ireland, 
under the various State Departments, local authorities, 
and public institutions; teaching appointments in the 
universities, colleges, technological institutions, medical, 
agricultural, and veterinary colleges, and in public and 
secondary schools ; (2) a list of professional and teaching 
appointments in the Empire of India, the Dominion of 
nada, the Commonwealth of Australia, the Dominion 
of New Zealand, British South Africa, the British 
Colonies and Protectorates, and in Egypt and the Sudan 
provinces ; (3) an dix giving concise information as 
to societies and institutions devoted to the advancement 
of chemical science, and of professional chemical interests. 
Particulars are also given as to the Acts of Parliament 
under which the appointments are made, and the regula- 
tions and conditions governing the selection of candidates 
for them. The book can be obtained at 2s. 3d. post free, 


from the Institute of Chemistry, 30, F] omsbury-square, 
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KERMODE’S LIQUID-FUEL APPARATUS FOR WATER-TUBE BOILERS. 
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We illustrate in Figs. 1 to 4, annexed, an instal- 
lation of Kermode’s Fiquid-fuei burners which has 
been fitted by Kermode’s Liquid-Fuel System, 62, Dale- 
street, Liverpool, to three 500-horse-power Babcock 
and Wileox boilers at the Linacre Works of the Liver- 
pool Gas-Light Company. The novel feature of the 
plant is that steam can substituted for air under 
certain circumstances, The burners used are the makers’ 
well-known air-jet type, and they can be used with 
low-pressure superheated steam, in case the supply of 
compressed air should fail. One of them is shown in 
longitndinal section in Fig. 9, page 511, from which 

















the action will be understood. The oil enters at the 
branch A, after which its flow is regulated by the 
conical valve on the spindle D. After being heated 
by its passage through a suitable apparatus placed in 
the hot s from: the boiler, the air enters the 
branches B and ©, the portion entering through C 
meets the oil as it passes the conical control-valve, 
which is operated by the wheel E, and the oil and air 
travel on together, the former being rapidly vaporised 
in its In order to assist this process there is 
a helix K in the central tube which effects a 
complete Fr tho of the air and vapour. The supply 
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of air can be regulated at two points by means of the 

inions and racks shown. One of these pinions, marked 
E. moves the internal tube over the oil-delivering nozzle 
F, and so regulates the air which enters there. The 
second pinion M operates the other tube and a 
the amount of air escaping round the mixed jet at the 
end of the twisted spindle K. By this arrangemen> 
the combustion of the oil is under complete control, 
and the vaporisation is very complete. At the pomt 
where combustion is about to commence 4 —— 
supply of compressed air is given, and a third supply 
is added by the draught which comes through the "re 
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KERMODES LIQUID-FUEL APPARATUS FOR WATER-TUBE BOILERS. 


























be eee eee 










































































PL Ie ) 





























































































































(si7 ¢) 









bars, and in special cases through a hollow furnace- |a steam coil is fitted so as to 
, passes between the inner and the outer | enable the temperature to be 
P ates, and escapes through a coned opening round the | kept up in cold weather. The 


front, and 


urner, 


—_ general arrangement of the plant may be seen from the compressor is shown 
. —— 1, 2, 3, and 4, which are respectively a longi- 
udinal section, a front elevation, a sectional plan, and | any of the boilers can be cut off 
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distribution-box on the air main 
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A a section through the setting at the back of | from the supply. The steam 
“el boi ers, The burners are shown at A A (Fig. 2), | stop-valves communicating with & 
ae ae Te | pipes at BB. The oil enters by the burners are shown at G 
e pipes CC. are pipes to conduct the surplus | below the distribution-box. When the air-compressor | to 5 lb. per square inch pressure. Each boiler has a 
i ination, the oil-fuel burners can heating surface of 1829 square feet, and works at a 


~~ de " chimney. The air-compressor K is situated in | is under repair or exam! 
e machinery-room remote from the boiler attendant, | be opera 


by means of low-pressure steam, which | pressure of 110 lb. pares 
of the feed-water is 120 


uare inch. The temperature 
. Fahr. The calorific value 


and the latter has means of controlling the air supply | is superheated on its way to the burners by means of 
: H seen in Figs. 1 and 4. The|of the tar used is 16, B.T.U. per pound, or an 


from luis position in front of the boilers. The oil 
nk is kept filled to its normal working level by an | air-compressor K is of the vertical enclosed type, 


uel | the air-heating pi 
‘cr and | evaporative power of 17.3 lb. of water per 


automatic valve on the oil-fuel main, which is brought | is driven by compound engines, which exhaust into} The s —— 
and the flash-point (close test) is 121 deg. 


= the main leading to the reservoir at the tar-works. the main condenser of the machinery room. 
won ay tank is so situated that it is kept at a com- double-acting, and is fitted with a governor. 
vely high temperature in warm weather, but’ reservoir L is fitted with a relief-valve, which is loaded! The results of some trials, extending over one month 





It is 
The air | 144 deg. Fahr. open test. 





mund of tar. 


vity of the fuel at 60 deg. Fahr. is 1.091, 


Fahr., and 
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and carried out with the above plant by the chief en- 
gineer of the Liverpool United ae Company, 
and — to us by the makers of the burners, 
show that, with the tar used, the water evaporated 
amounted to 614,000 gallons for a consumption of 
43,175 gallons of tar. With coke-firing, the water 
evaporated was 611,900 gallons, and the amount of 
coke used was 370 tons. ‘Ihe equivalent evaporation 
from and at 212 deg. Fahr. was 14.65 lb. of water per 

und of tar burnt. It is claimed that this type of 

urner utilises 84 per cent. of the heat value of the 

fuel for useful purposes. 

This system is now largely used for industrial pro- 
cess furnaces, as well as for steam-boilers. On board 
ship the use of a turbo air-compressor is advantageous, 
as it makes for lightness and neatness. A further 
advantage of this system lies in the fact that no altera- 
tion of the boilers, as arranged for coal-firing, is needed, 
and the change from liquid fuel to solid fuel, or vice 
verad, can be made instantly, and without loss of 
steam pressure. In this system it is claimed that the 
air-compressor absorbs less than 2 per eent. of the 
steam raised, and this steam is condensed and returned 
to the boilers as hot feed. 

The plant illustrated in Figs. 5 and 6, page 510, is 
fitted with burners on the steam-jet principle. In this 
the burners are shown at A, the steam being supplied 
through the pipes B, and the oil through the pipes E, 
from the main pipe F, from the oil-tank G at the 
side. The steam is led from the top of the boilers 
through the two branch pipes D. The oil is pumped 
to the tank G by means of the pump H (Fig. 6). 

The burner used with this installation is shown in 
longitudinal section in Fig. 10, page 511. The oil 
enters the burner through the branch B, and has a 
whirling motion given to it by the prolonged spiral 
stem of the valve spindle G, the amount of oil being 
governed by the hand-wheel N at the end of the 
spindle A. The steam enters at C around the hollow 
cone H and es through slots in the cylindrical 

rtion of this cone, where it fits the inside of the 
follow air-cone F. It will be seen that in this way 
the whole of the oil passing through the burner is 
steam-jacketed. The air-cone F is also fitted with 

iral guides, and the air is drawn past these guides 
throng the openings D by the inductive action of the 
steam. The amount of air passing may be regulated 
by means of the movable perforated strap FE. On the 
front portion of the burner is the part marked F, 
which is so arranged that it can be screwed in or out 
as a whole, being turned by the spider M. When 
moved, it carries with it the cone F, and in so doing 
regulates the space between this and the oil-cone H for 
the escape of the steam. As the range of adjustment is 
large, the same burner may be used for different powers 
within wide limits. When the burner is started, the 
steam opening is first adjusted by trial, which is 
done by unscrewing the front of the burner, so that the 
space between the cone H and that marked F allows 
the minimum amount of steam required for pulverisa- 
tion to pass through. The amount of opening for 
induced air is readily determined by the character of 
the flame and the sound of the fire when in operation. 
The flame should be transparent and of an intense 
white colour or approaching pink when using light 
oils. The steam-jet burner may be operated by means 
of steam or air, and in the case of this burner, as 
well as that of the air-jet burner, no alteration of the 
furnace, as arranged for coal, is necessary. When oil is 
to be the only fuel used, however, there is no object in 
fitting fire-bars, and a suitable arrangement of brick- 
work is provided. It is claimed that the steam-jet 
system just described will recover from 68 to 74 per 
cent. of the calorific value of the fuel used in actual 
work, 

The latest type of Kermode burner brought out is the 
—- burner which has been specially designed 

or naval and other vessels, and it is recommended 
for use with forced or induced draught. The burner 
is shown in longitudinal section and in plan respec- 
tively in Figs. 11 and 13, page 511. he oil fuel 
enters the burner through the channel marked A in 
Fig. 11, and passes between the outer wall of the 
burner marked D, and the inner cylinder marked B, 
which abuts against the cap-nut E. The end of the 
oylinder B is an exact fit in the outer casing D where 
it abuts against the nut E, and in this end of Ba 
number of grooves are cut parallel to the centre line of 
the burner, while there are similar grooves in the end of 
the part Bat right angles to th axis of the burner, These 
grooves are shown at H in Fig. 12, and it will be seen 
that they are tangential to the cone end of the spindle 
C, which serves to contract, or enlarge, the opening 
through the cap-nut E. The movement of C is indi- 
cated on the graduated wheel F. 

By means of this arrangement the oil fuel is pul- 
verised very completely, by being forced through a 
restricted opening with a rotary motion, which is | 
given to it by the tangential grooves in the face of the 
plug B, and it is distributed in the form of a cone by 
means of the reaction or deflection which is set up b 
the oil impinging on the cone end of the spindle rol 
The fixed pointer marked G serves to indicate the 


degree to which the wheel F has been rotated, either to 
increase or diminish the opening through the nut E. 
With this burner neither steam nor air is required to 
disintegrate the oil, the pulverisation being effected 
by means of the pressure which is brought to bear 
upon the oil fuel itself by means of a force-pump. 
Before use, the oil is heated and carefully filtered. 

A complete outfit of this pressure jet system has just 
been supplied to a steamer which is being built in 
Java, the installation being shown in Figs. 7 and 8, 
page 511. The propelling machinery was — 
xy Messrs. M‘Kie and Baxter, of Copeland Works, 
Govan, Glasgow, and the boilers by Messrs. Haw- 
thorne, Leslie, and Co., Newcastle-on-Tyne. The 
engines are of the vertical triple-expansion type, and 
are 400 indicated horse-power. There are two Yarrow 


type water-tube boilers, each with a heating surface 
Forced draught is used, but on 
ar from special designs sup- 


of 750 square feet. 
the open stokehold 
oe y Kermode’s Liquid-Fuel System, and each of the 

ilers can be separately pare with forced draught, 


so that the full power can be obtained from one boiler | 


should circumstances arise calling for this. The fuel 
used will be exclusively crude petroleum. The vessel 
is equip for towing, and the principal dimensions 
are as follow :—Length, 92 ft. ; breadth, 18 ft. 6 in. ; 
depth, 10 ft. ; and mean draught, 7 ft. 44in. The 
arrangement of the installation is clearly shown in our 
illustrations, Figs. 7 and 8. The oil-fuel suction- 
pipes may be seen at A, Fig. 8, and the oil force-pumps 
at B, Fig. 7. Cis a spring-loaded relief-valve with a 
return branch to the suction side of the force-pumps. 
The oil-fuel filters fitted in duplicate are shown at D, 
the oil-fuel heater at E, the burners at F, and the fan 


for supplying the forced draught at G. The fires are | 
started i i 


initially by meansaf the hand-pump H. 


The steam which is used for driving the oil force- | 


pumps and for heating the fuel is condensed and re- 
turned to the feed-tank, so that no water is lost, as is 
the case with the steam-jet system. It is claimed that 
with the pressure-jet system the saving of feed-water, 


the lightness of the equipment, and its immunity | 


from breakdown through the duplication of force- 
— and filters are considerations which have de- 
cided its adoption for use on warships. This system 
is said to recover from 70 to 75 per cent. of the calorific 
value of the fuel used in actual work. 

Reports of its application under varying conditions 
other than those we have mentioned support the 
claims made for it. At the Wolverhampton Corpora- 
tion Electric Light Station, where the steam-jet 
burners have been adopted on a mechanically-fired 
Babcock and Wilcox boiler, in order to enable a sudden 
demand for extra power to be met, we understand that 
an increased evaporation of 19 per cent. has been ob- 
tained ; and we are also informed that increased evapo- 
ration up to 30 per cent., over that normally obtained 
by coal, has been secured by its use in other cases. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, and 5000 tons 
of Cleveland warrants were done at 50s. 94d. cash, 50s. 11d. 
and 50s. 10}d. eight days, 51s, 14d. one month, 51s. 8d. 
June 20, and 51s. 94d. three months. Closing sellers 
uoted 50s. 10d. cash, 51s. 2d. one month, and 51s, 10d. 
three months. In the afternoon the tone was stronger, 
but business was quiet, the dealings only amounting to 
2500 tons of Cleveland warrants at 50s. 11d. and 503. 114d. 
cash, 51s. eight days, 51s. 04d. seven days, and 5ls. 34d. 


one month. At the close there were sellers at 51s. cash, | 


51s. 4d. one month, and 52s. three months. Hematite 
at oe at 67s. 9d. cash sellers, and 67s. 6d. buyers. 
On Friday morning the market was again firm, and 
Cleveland warrants changed hands at 51s, 1d., 51s. 2d., 
and 51s. 14d. cash, 51s. 5d. and 51s. 6d. one month, 
52s. Id. July 6, and from 52s. to 52s. 14d. three 
months. The turnover was 9000 tons, and closing quota- 
tions were 51s. 2d. cash, 51s. 54d. one month, and 
52s. 14d. three months sellers. Hematite was quoted at 
67s. 10d. one month sellers, and 67s. 74d. buyers. In the 


afternoon the market was quiet, but the tone was stronger. | 


The dealings in Cleveland warrants only amoun to 
1500 tons at 51s. 2d. cash, and 5ls. 6d. one month, and 
closing sellers quoted 51s. 24d. cash, 51s. 6d. one month, 
and 52s, 24d. three months. On Monday morning a dull 
tone prevailed, and one lot of Cleveland warrants was 
done at 51s. 4d. one month, and closing quotations were 
easy at 51s. 1d. cash, 51s. 5d. one month, and 52s. 1d. 
three months, sellers. In the afternoon prices were again 
on the move downwards, and Cleveland warrants 
changed hands at 51s. and 50s. 11d. cash, 51s. 2d. and 
51s. 14d. sixteen days, 51s. 4d. and 51s. 34d. one month, 
and 51s. 11d. three months. The turnover amounted to 
3500 tons, and sellers at the close quoted 51s. cash, 
51s. 34d. one month, and 51s. 114d. three months. On 
Tu y morning the market was weak, and Cleveland 
warrants—7000 tons—were dealt in at 50s. 1ld. and 
50s. 104d. cash, 51s, 24d. one month, 51s. 64d. two months, 
and 51s. 8d. June 30. The session closed with sellers at 
50s. 11d. cash, 51s. 3d. one month, and 5ls. 11d. three 
months. There was little change in the afternoon, 
but the dealings were limited to 3500 tons of Cleve- 
land warrants at 5is. ten days and 5ls. 2hd. one 
month. Closing sellers quoted 50s. 11d. cash, 51s. 24d. 





one month, and 51s. 10jd. three months. When the. 


market opened to - day Lap mange 4 Cleveland war. 
rants were again weak and about 3d. down. The cea]. 
| ings consisted of 6500 tons at 50s. 8d. cash, 50s. 114d. one 
month, 51s. 5d. and 51s. 44d. two months, 51s. 4d. June 23, 
|and 51s. 74d. three months, and closing sellers quoted 
| 50s. 8d. cash, 51s. one month, and 51s. 7 ‘. three months, 
| Buyers of hematite offered 67s. 6d. cash, but there were 
| no declared sellers. In the afternoon there was no jm. 
rovement in the tone of the market, and 4500 tons of 
leveland warrants changed hands at 50s. 74d. cash, 
50s. 94d. sixteen days, 50s. 104d. twenty-one days, 
50s. 11d. one month, and 51s. 34d. two months. At the 
close there were sellers at 50s. 8d. cash, 50s. 114d. one 
month, and 5ls. 74d. three months. The following are 
the market quotations for makers’ (No. 1) iron :— 
Clyde, 63s. 6d. ; Calder, Gartsherrie, and Langloan, (4s, ; 
Summerlee, 66s. 6d. ; and Coltness, 85s. (all shipped at 
Glasgow) ; Glengarnock (at Ardrossan), 65s. 6d. ; Shotts 
(at Leith), 64s. ; and Carron (at Grangemouth), 6tis. 6d. 


Sulphate of Ammonia.—Business in the sulphate of 
ammonia market has been rather quiet this week and the 
demand has slackened. The price to-day is round 12/. 5s, 
per ton for prompt delivery, Glasgow or Leith. The 
shipments from Leith Harbour last week only amounted 
to 174 tons. 


Scotch Steel Trade.—There has been little change in the 
Scotch steel trade since last report, and all the works con- 
tinue to be well employed. The number of specifications 
is fairly peepee and it is generally considered that 
there will be no falling-off in the trade between now and 
the annual holidays in July. The demand for heavy 
material is somewhat easier this week, but in lighter 
material a good demand still exists. All kinds of sections 

| for structural purposes are being inquired after for ship- 
ment abroad, and makers are busy. No change has been 
made in the official prices, which are very firm at present. 


Malleable-Iron Trade.—The malleable-iron makers in 
| the West of Scotland are not so busy as they would like 
to be, and except in one or two establishments dulness 
——- Some of the producers have fixed up several 
ots for export on fairly satisfactory lines, but the home 
demand is quiet. The export price is from 10s. 6d. to 15s, 
per ton under that for the home market, the latter being 
6l. 17s. 6d. per ton, less 5 per cent. for crown bars. 


Scotch Pig-Iron Trade.—Makers of Scotch pig-iron 
| report that a aunty business is being put through in the 
ordinary qualities of iron. They state that new contracts 
are being fixed slowly, but full prices are being obtained. 
Heavy shipments are sure to be general now that direct 
communication with Canada has opened for the season, 
} : - . ; 

| and stocks will be depleted with some steadiness. No 
| change has taken place in the hematite position ; prices 
are firm, but the demand is quict. 


Shipbwilding.—An order for a powerful combined suc- 
tion and grab dredger has just been placed with Messrs. 
Ferguson Brothers, Port Glasgow, by the London and 
North-Western Railway Company. This vessel, which 
will have a lifting capacity of 1000 tons per hour, is to be 
employed at Garston Dock, near Liverpool.—Messrs. A. 
R rand Co., Port Glasgow, have secured an order to 
build a large cargo steamer for a firm of Glasgow ship- 
owners.—The Caledon Shipbuilding Company, Dundee, 
have received an order for a steamer of 300 ft. in length 
for owners abroad.—Messrs. Murdoch and Murray, Port 
Glasgow, have booked an order for a steamer for South 
American owners. This vessel is for service on the River 
Amazon.—Messrs. Alexander Stephen and Sons, Lint- 
house, have secured an order for a steamer of 4160 tons, 
for the banana and passenger trade of Messrs. Elders and 
Fyffes, Limited, London. A duplicate order has been 
given to Messrs. Workman, Clark, and Co., Belfast. 











THE AssociaTION OF WATER-ENGINEERS.—The council 
have awarded premiums to the authors of papers presented 
during the year 1909 as follows :—The President’s Premium, 
value 10/., to Mr. Sidney R. Lowcock for his paper on 
| ** Evaporation from Water Surfaces ;” Association Pre- 
| miums, value 5/. each, to Mr. Alfred Towler for his paper 
| entitled “‘Steam-Driven Pumping-Plant for Deep Wells 
| and Bore-Holes ;” and to Mr. Bruce McGregor Gray for 

the paper entitled ‘‘The New Selby Water-Works,” 
| presented jointly by himself and Mr. Percy Griffith, the 
secretary. The premiums (in the form of books or instru- 
ments, selected by the respective authors) will be presented 
at the summer meeting of the Association, to be held at 
York on June 2, 3, and 4, next. 


Tue CLEVELAND INSTITUTE OF ENGINEERS.—A meeting 
of the Cleveland Institute of Engineers was held at 
| Middlesbrough on Monday night, the 11th inst., when an 
interesting and instructive paper by Mr. Edgar J. W. 
Richards and Mr. Thomas Lewis, of Glengarnock, on 
“The Mechanical Charging of Blast-Furnaces,” was read. 
The paper declared that no one would question the assertion 
that it was almost universally admitted that careful filling 
with barrows, conscientiously carried out by experienced 
labourers, was the most ‘successful way to charge. 
| Wherever there was the human element, however, 
| there was liability to err, and therefore there was 
no assurance that the distribution was going to be 
| perfect, however carefully the fillers were instructed. 
| Even for comparatively small makers, the authors 
of the were convinced that a machine could be 
found that wauid answer all requirements, work with 
precision and exactitude, be under perfect control, work 
with steady regularity, unattainable by manual labour, 
and oven: & be as indi ble to the economical and 
regular working of the blast-furnace as was the hot-blast 
stove. A number of interesting photographs of mechan!- 
cally-filled furnaces in operation at certain works were 
shown on a screen. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Shcfiield Protests.—The proposals of a committee of the 
International Association for the tates of materials 
have aroused a strong opposition in Sheffield. The 
effect of certain of these suggestions would, it is 
alleged, be to lower the status of | Sheffield steel, 
and permit fraud. This, it is claimed, has been 
fully realised, and a number of the most prominent 
crucible steel manufacturers and refiners in the city 
met the other day to consider the matter. A com- 
mittee was formed to watch over the interests of the 
Sheffield crucible steel trade and to make all neces- 
sary communications to the International Associa- 
tion. The report of the Association’s Committee re- 
commended that blister-steel—a name hitherto given 
in the Sheffield trades to cemented Swedish wrought 
iron or other wrought iron of a similar quality—should 
be held to cover as a definition ‘‘ steel made by carburis- 
ing wrought iron by heating it in contact with carbona- 
ceous matter, which may also be made by erat J a 
low carbon steel.” Professor Arnold, of Sheffield Uni- 
versity, pointed out the objections to tampering with the 
composition of blister-steel, or to permitting, under that 
name, inferior grades of material to be introduced into 
the trade with impunity. He showed how the quality of 
both shear and crucible steel would be involved. 


Iron and Steel.—3 « increases of hematite quotations 
originating in higher prices of raw material are main- 
tained, with the market in a strong condition. The 
expiration of many makers’ three months’ contracts has 
produced more business. The net selling price of East 
Coast mixed numbers is from 74s. to 75s., delivered in the 
district, with increases asked on forward contracts. 
Very little is doing in Lincolnshire and Derbyshire 
common irons, and prices are steady at recent Been 
High prices of raw material are still troubling producers 
of finished and semi-finished irons, in which business is 
quiet. Business in billets is also in a small way. Arma- 
ment work in the heavy branches, and tool-steel in 
the lighter departments, are the two mainstays of 
the steel trade at present. There are isolated in- 
stances of pressure in other directions, but improvement 
has not yet become’ really general. Railway steel is 
in the worst condition, though it is stated that the 
Egyptian Government has placed an order for 8000 tons of 
rails in Sheffield. With some revival in certain branches 
of engineering the output of machine-tools has increased, 
but it is not up to a really satisfactory state. High-s 
steel is still going out in large quantities, and America 
maintains her demand. More activity has been noticed in 
the manufacture of edge-tools since the commencement of 
the year, though there is very keen competition. Foreign 
and colonial orders are good, especially for spades, shears, 
scythes, and machine-knives. 


South Yorkshire Coal Trade.—After slight fluctuation, 
the steam-coal market is stronger than ever, with prices 
tending to advance. Both Humber and Mersey ports are 
taking increasing tonnages, and coal for industrial pur- 
poses is being bought in large quantities. The full de- 
mand produced by the advent of the shipping season is 
finding better prices for a large quantity of material which 
merchants were endeavouring to clear at less than cost. 
Best grades of hards, in demand, are selling at col- 
lieries at about 93. 6d. per ton, and secondary qualities 
have a good value. There is steady inquiry for gas-voal, 
and slacks are in a better position, with satisfactory orders 
at collieries and firm prices. Business in the coke trade 
is just fair. The commencement of summer conditions 
has made a considerable difference to house-coal consump- 
tion, demands having quietened considerably, Good out- 
puts at the collieries are causing stocks to accumulate 
without commensurate orders. Efforts are being made to 
maintain recent prices. Reductions have been made 
for the cheaper sorts, which are not, however, in much 
request. Quotations at pits ars:—Best house, 10s. to 
10s. 3d. per ton; secon 83. to 8s. 6d.; and cheap, 
5s. 6d. to 6s. 6d. 








Co.tigky DEvELOPMENT.—Contracts have been placed 
by leading coal-owners in the Manchester, Bolton, and 
Wigan districts for deepening shafts, opening new mines, 
and —_ new and more powerful winding-engines 
and electrical plant. The Pilkington Coal Company, a 
Manchester concern, is sinking collieries at Astley, where 
there is a virgin coalfield of nearly 200,000,000 tons wait- 
ing to be worked. This company’s shafts will be 1100 
yards deep and 24 ft. or 26 ft. in diameter. The Pilking- 
ton Company will establish model dwellings for their 
workmen at Astley. A Wigan firm intends sinking pits 
in the vicinity of Astley in ie aon future. The Astley 
and Tyldesley Coal Company is sinking mines at 
iyldesley, while in the same Locality Lord Ellesmere, 
Messrs. Roscoe and Sons, and the Tyldesley Coal Com- 


my have lately opened new Arley and Connel mines. 
e Clifton and Kersley Coal Company is opening out 
= seams at Clifton, and improving the Outwood 
Collet Ratcliffe, near Manchester, where the Bryan Hall 
~Olliery Company (Wigan) is also developing new work- 
ings. Several new collieries are being opened in the 


nap ira ary of — and Mexborough, and in 
districts much co property wi uilt. At 
aseltby and Tinsley, near Rotherham, between 600 and 
th ounes are to be erected to meet the requirements of 
hs ocal coal miners, extensive eollieny dovelopensiits 
= mg taken place there. Practically the whole of the 

ii ing-places in the Wigan Coal and Iron Company’s 
pollleries at Manton, between Retford and Worksop, 

‘ve now been opened out, and a considerable number of 


miners, with their families, have migrated from Lanca- 
These new pits cost nearly 500,000/., and 
occupied in sinking them. 


hire to Notts. 
nine years were 





! 
NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.LessrovucH, Wednesday. 
The Cleveland Iron Trade.—Inactivity and extreme 
quietness characterise the pig-iron trade just now. Buyers 
| are very backward, and producers—all of whom are very 
| well sold—are not particularly pressing iron on the 
market, with the result that transactions are mostly 
confined to sales by merchancs of small lots for early 
delivery. News from America and from Germany is by 
no means encouraging, and, in fact, is such as to 
induce consumers of pig iron here to wait and see if 
the state of affairs in those countries will have the 
effect of reducing values of pig here. Notwithstand- 
ing these unsatisfactory features many traders speak 
hopefully of the near future. Certainly, statistically, 
the situation is improved, for, in spite of increased output, 
addition to stocks has been checked. No. 3 g.m.b. 
Cleveland pig is now offered freely by second hands at 
51s. for early f.o.b. delivery, and several members are 
also prepared to accept that figure, which is the lowest 
uotation this year. No. 1 is 53s. 6d.; No. 4 foundry and 

o. 4 forge, each 50s. 3d.; and mottled and white, each 
| 49s. 9d. per ton. East Coast hematite pig is easier. 
| Buyers have held off for some time, and, as they still 
| show no inclination to operate, sellers are endeavouring 
to bring them into the market by making concessions. 
Whilst many makers still adhere to 67s. for early delivery 
of Nos. 1, 2, and 3, merchants are rather pressing sales at 
66s. 6d., and some of them would accept even rather less, 
Business in foreign ore is altogether idle, but dealers aré 
well sold, and take a firm stand, the basis of quotations 
remaining at 20s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality. 

Manufactured Iron and Steel.—Little new of moment 
can be reported concerning the manufaetured iron and 
steel trades. In the former industry several departments 
are still only moderately employed, and the outlook is 
not too good, but in the steel trade not only are makers 
generally turning out a lot of work, but they have sub- 
stantial contracts made, and they report good inquiries 
still coming in. Producers of railway material are very 
busy, ship-plate and angle makers are turning out more 
work, and manufacturers of sheets are well placed. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 7/. 15s.; packing iron or steel, 5J. 5s. ; iron ship-plates, 
61. 10s.; iron ship-angles, 7/.; iron ship-rivets, 71. 5s. to 
7. 7s. 6d. ; steel bars, 6/. 5s.; steel ship-plates, 62. 10s, ; 
steel yr] 61, 2s. 6d. ; steel strip, 6/. 10s. ; steel hoops, 
61. 12s. 6d. ;steel joists, 6/. 2s. 6d.; cast-iron railway chairs, 
31. 10s. ; light ironrails, 6/. 10s. ; heavy steel rails, 57. 10s. ; steel 
railway sleepers, 6/. 12s. 6d.; and iron or steel galvanised 
corrugated sheets, 24 gauge, in bundles, 11/. 10s. per ton 
—sheets less 4 per cent. f.o,b. ; railway material net cash 
at works, and all other descriptions less 24 per cent, 

Shipments.—Pig-iron shipments for April are very satis- 
factory. Up to date they average 4330 pee we working 
day, as compared with a daily average of tons to the 
same date last month, and 5175 tons for the corresponding 
part of April last year. Shipments of manufactured iron 
and steel this month are fairly good. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown no material 
change. There was some improvement in tonnage 
arrivals over the week-end, but not sufficient to make 
much reduction in the quantity of coal standing on the 
sidings. The best large steam coal has made 16s. to 
16s. 6d. per ton, while secondary qualities have ranged 
from 14s. 9d. to 16s. per ton. e best ordinary smalls 
have been quoted at 8s. to8s. 3d.; cargo smalls have made 
7s. to 7s. 9d. per ton. As regards household coal, the 
best ordinary descriptions have brought 15s. to 15s. 6d., 
while No. 3 Rhondda large have made 17s. to 17s. 6d. 

r ton ; smalls, 7s. 9d. to10s.3d. per ton. No. 2 Rhondda 
arge has been quoted at 13s. to 13s. 6d., and smalls at 
7s. 3d. to 7s. 9d. per ton. Foundry coke has realised 
19s. to 20s., and furnace ditto 17s. to 17s. 6d. per ton. 
As regards iron ore, Rubio has made 19s. 9d. to 20s. 6d. 
per ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Dowlais.—The Goat Mill has been fully employed in 
finishing and cleaning rails, steel sleepers, and tin bars. 
There has also been a considerable output at the Big Mill. 
The collieries have been well cughgel. 


Power Distribution.—The annual meeting of the South 
Wales Electrical Power Distribution Company was Meld 
at Cardiff on Tuesday, Mr. W. Gascoyne ziel in the 
chair. The chairman, explaining arrangements now exist- 
ing between the company and the Treforest Company, 
said the latter had made steady progress during the past 
year. The output had increa from 7,645,125 units in 
1908 to 9,833,038 units in 1909, and the cost of generating 
had been very considerably reduced, as shown by the fact 
that while the amount of extra charge levied on the Tre- 
forest consumers to meet current expenses during the first 
half of the year averaged 324 per cent. above the Merz 
scale, in the last half the ave was down to 11 per 
cent., and, in fact, in December the extra charge wasonly 
34 per cent. During the year an additional 1300 horse- 
power had been connected in the Treforest area, and the 
| total now connected, including consumers in the Cwmbran 

area, was 9825 horse-power. One gratifying feature was 
| the loyal sup the company was receiving from the 
members of the Treforest Company, who were steadily 
increasing their electrical plant, and taking an increasin, 
quantity of current. Arrangements had been made wit 
the Great Western Colliery Company, Limited, which 
was already one of their largest consumers, for the entire 
| supply to a new colliery which it was sinking at Llantwit 








Fardre. A considerably increased output was expected 
from this source, and from the fact that the Lewis- 
Merthyr Colliery Company, the Albion Colliery Com- 


pany, and Messrs. Locket’s Merthyr Company were 
making considerable extensions to their electrical in- 
stallations. 


Newyort.—Amended plans were passed at Newport on 
Thursday for workshops at Liswerry for Messrs. sley 
and Peart, of Birmingham, who will manufacture iron 





CENTENARY OF THE GuTE HorrnunGsniitre.—The Gute 
Hoffnungshiitte, Aktien Verein fiir Bergbau und Hiitten- 
betricb, celebrated on April 5 its hundredth anniversary, 
and the rare event is rendered all the more interesting 
by the fact that the actual chief proprietors are the 
descendants of the founders, G. J. Jacobi, of Sterkrade, 
G. and Franz Haniel, of Ruhrort, and H. Huysen, of 
Essen. The family of Lueg, not less prominent at pre- 
sent in this t firm, oe the founders in the year 
1823 ; Friedrich Krupp had also an interest in the con- 
cern. Tho full style of the firm, which we quote above, 
was adopted in 1873; since about the same time Ober- 
hausen has been the seat of the firm. In a certain sense 
the history of the Gute Hoffnungshiitte dates back con- 
siderably more than a hundred years, The St. Antoni- 
hiitte, one of the metallurgical works out of which the 
great establishment grew, was founded in 1757. The 
construction of steam and blowing-engines, we see from 
the Zeitschrift des Vereines Deutscher Ingenicure, was taken 
up in 1820; the shipbuilding department was opened in 
the same year, rolling-mills were added in 1813, blast- 
furnaces were started in 1853, and bridge-building com- 
menced in 1864. Since1906 the works have mined some 
425,000 tons of minette ore and 62,000 tons of bog ore, 
and produced 465,000 tons of pig iron, and 487,000 tons of 
steel. We have often had eee to notice the 
beautiful structures of the Gute Huffnungshiitte. 





Our Rats Aproap.—The new year has developed in 
an‘indifferent fashion as regards the external demand for 
British rails, the shipments for March having been 40,808 
tons, as compared with 63,447 tons in March, 1909, and 
20,272 tons in March, i908. The deliveries to Argentina 
declined in March to 12,023 tons, as com with 19,659 
tons and 4231 tons. The Indian demand also declined in 
.March to 11,720 tons, as compared with 19,512 tons and 
6478 tons. Our total rail exports to March 31, this year, 
were 110,259 tons, as compared with 144,378 tons and 
81,589 tons in the onenseens, periods of 1909 and 1908 
respectively. Argentina figured in these totals for 26,181 
tons, 46,916 tons, and 15,722 tons. The Colonial demand 
was as follows in the first three months of the last three 


years :— 
Colonial Group. 1910. 1909. 1908, 
Tons. Tons. Tons. 

British South Africa .. 4,876 723 756 
British India .. 87,477 44,628 23,597 
Australasia 9,206 20,973 17,912 
Canada .. 2,331 39 143 


The Indian and Australian markets have left a good deal 
to be desired this year, but there has been a satisfactory 
rally in the South African demand, and the activity pre- 
vailing in railway construction in Canada has also in- 
volved some inquiry for British rails in that quarter. The 
value of the rails exported from the United Kingdom 
to March 31, this year, was 629,840/., as compared with 
829,321/. in the first three months of 1909, and 516,708/. in 
the first three months of 1908. 





ENGINEER TO THE TYNE IMPROVEMENT CoMMISSION.— 
Mr. Nicholas Geor, Fags B.Sc., M. Inst. C.E., chief 
assistant to Mr. W. T. uglass, M. Inst. C.E., West- 
minster, was, on the 18th inst., appointed chief engineer 
of the Tyne Improvement Commission in succession to 
the late Mr. James Walker, at a salary of 1500. per 
annum. Mr. Gedye is thirty-five years of age, and was 
educated at Bristol Grammar School panei: and in 
the Mason University College, now the University of 
Birmingham, remaining there from 1890 until 1893. Mr. 
Gedye took first place in the engineering department in his 
second and third years, and while at the University the 
distinctions gained by him were: Tangye Engineering 
Scholarship, Panton Geological Prize, and Diploma in 
Engineering. He also gained his B.Sc. d at Bir- 
mingham. He was a pupil with Mr. W. T. Douglass, 
M. Inst. C.E., of 15, Victoria-street, Westminster, from 
1893 to 1896, when he was ey assistant, and in 
1899 became chief assistant, being engaged under him 
in the design of harbour works, wharves, &c. He was 
resident engineer-in-charge of the construction of the 
lifeboat slipway at Sunderland. In 1903 he was acting 
engineer to the Booth Steamship Company for harbour 
works at Manaos, Brazil, and y= Peru, during the 
absence of the cumpenes engineer, and in the same year, 
he visited Mexico to advise the lighthouse eg ee on 
schemes of coast-lighting. He also visited, inspected, 
and reported on lighthouses in Cuba, and on schemes for 
graving-dock construction at Vera Cruz. From 1904 to 
1906 Mr. Gedye was consulting engineer for lighthouses 
and beacons constructed in Argentina and at Port Sudan, 
and designed the same, and during that period was also 
engaged in a submarine examination of, and reported on, 
Mevagissey breakwater and pier for the Harbour Trustees. 
In 1906 Mr. Gedye made a survey of a reef in the Red 
Sea for the Sanganet Lighthouse, and in 1908 was retained 
by the underwriters to survey the damage to the south 
breakwater head at Dover. r. Gedye has been u 
of sixteen years with Mr. Douglass, and has had con- 
siderable experience in diving. He has dived to the 





depth of 110 ft., and on repeated occasions to over 75 ft, 
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TRACTION ENGINE AND WAGON AT THE BRUSSELS EXHIBITION. 


CONSTRUCTED BY MESSRS. AVELING AND PORTER, LIMITED, ENGINEERS, ROCHESTER. 
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Fie. 1. Comprounp Sprinc-Mountep ‘‘CotoniaL” Type Licut Havuttnc-ENGIneE. 





WE illustrate in re 1, annexed, a special com- | 
€ 


pound spring - mounted ‘‘Colonial” type light haul- 
ing-engine, built by Messrs. Aveling and Porter, | 
Limited, Rochester, and exhibited by them at the 
Brussels International Exhibition, This engine weighs 
about 7 tons when empty. It is titted with steam- 
roller gear, for converting it into an_ efficient 
steam road-roller, weighing about 9 tons. It has 
been designed for work abroad where quick and 
light haulage is required, and the fire-box has been 
given extra large dimensions for burning wood or 
inferior fuel. It is provided with two me of about | 
3 and 6 miles per Seam and is easily able to cover | 
a distance of from 40 to 50 miles dajly. Our illustra- | 
tion shows the machine converted into a steam-roller. 
The boiler is constructed of mild - steel plates, | 
fora working pressure of 200 lb. per square inch ;| 
it is strongly stayed throughout, and fitted with | 
the necessary tubes, a number of which are stay-| 
tubes. The cylinders are side by side, high and low | 
pressure, ~~ outside valve-chests, with auxiliary 
valve to the low-pressure cylinder. The crank- 
shaft is of the usual double-throw type, cut from the 
solid, and perfectly balanced. The countershaft and 
driving-axle are also of steel ; the gearing is of cast 
steel, the first and second) motion gearing being 
machine-cut. The pump is worked by gearing from s : 
the crank-shaft at a reduced speed. he driving- | Fic. 2. Srx-Ton Sprinc-Mountep Traler. 
wheels, 5 ft. in diameter, and front wheels are of : 
wrought iron, with mild-steel diagonal plates for | a hauling-engine the front wheels are mounted under | two other special ‘‘ Colonial” type compound spring- 
the driving-wheels, and mild-steel covering-plates for | the smoke-box in the ordinary way. | mounted light hauling-engines. 
the front wheels. The engine is provided with all The trailer which we illustrate in the view, Fig. 2, | 
necessary fittings, such as injector as well as pump, | is designed to carry about 6 tons; the wheels have | ae 
water -elevator and hose, winding-drum and rope, | “artillery” pattern hubs, with renewable gun-metal| THE FLow oF WATER OVER TRIANGULAR geese 
compensating gear, and brake acting on each hind} bushes. The sides and ends can be let down or re- | ERRATA.—We t that in the article on this su sbical 
wheel ; it is mounted on springs in front and at the| moved, and tipping is operated by means of worm and | Published in our last issue, the er TPC the 
back. | wheel ; the trailer is spring-mounted and fitted with a aha ap a the Gans of Sa eee 16 and 17 
On the end of the smoke-box is riveted an angle-' spring draw-bar. Two such trailers are exhibited. a Fe. _ an tin ee bald of pasegraph 18, 
iron to carry the saddle for the front roller gear; Besides the above, Messrs. Aveling and Porter, Ltd., | ae we should read as follows :—‘‘ Experiments were 
when converting the hauling-engine into a steam-| exhibit also, at Brussels, a 124-ton steam road-roller, | giso made in which the head was varied. For the 
roller, the traction dsiving-wheste bet removed and | having two s 8; @ similar machine, having cast- | results given in Fig. 16, page 470, the floor was main- 
replaced by the roller driving-wheels, en used as| iron rims to both the driving and front rollers; and tained, &.” 
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a A. = — 
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Onn prety bed Fe, Methods of Brick- Making, 


” by Mr. 
Alfred B. Searle, Ph.D., M.8.C.1. (Lecture III). 
April 27, at 8 p.m. “Trish Linen and Some Features of its Pro- 
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will preside. 

Tae Surveyors’ InstiTUTION. —Monday, April 25, at 8 
Papers to be read:—‘‘ Road-Making and Dust-Prevention,” “by 
Mr. R. F. Grantham (Associate) and Mr. W. Menzies (Fellow). 

Tue Farapay Society.—Tuesday, April 26, at 8 p.m., in the 
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the Special Case of Water,” by Professor Ph. Guye. “Liquid 
Water a bof Mixture. Solution-Volumes in Aqueous Solu- 
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Ascertain ti ~ Water-Consumption of Engine-Room and 
Auxiliaries,” by Mr. OC. F. A. fe. Paper to be read :—“ A New 
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receive the report of the Council, and = elect the Counci and 
auditors for the ensuing year. Studen Visit, Friday, 


a 29: to Southampton Docks and _ essrs. Harland and 
olff’s engineering sho 

Tue INSTITUTION OF RICAL ENGINEERS: BIRMINGHAM LOCAL 
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“Magnetic Oscillations Occurring in Direct-Current Machines,” 
Worrall, Associate Member. 
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Associate Member. 

Tue Royat InstrrvTion oF Great Brirain.—Friday, April 29, at 
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INDUSTRIAL PROGRESS. 

ProsaBLy differences of opinion will always exist 
as to the standards by which different stages of 
civilisation are to be compared. The artist, the 
poet, and what is commonly known as the man of 
culture, have in this regard entirely different 
standards to the engineer and the man of affairs. 
Their eyes are in the main fixed on the os 
since the future holds out to them little or no hope 
of excelling the prowess of previous generations in 
literature and the arts, in which mankind rapidly, 
and apparently with little effort, attained levels 
but little exceeded since. The old proverb that 
the dwarf, standing on the shoulders of the giant, 


9| sees farther than the giant himself, holds not in 


art, literature, or philosophy ; but in science and in 
engineering, each successive giant has raised on his 
shoulders, not only whole generations of dwarfs, 
= room for such in- 

— exceptions as would themselves have 
ble of donning his robe, Certain sec- 


Boilers ( » al at the Brussels Exhibi- 
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Nature, and the degree of civilisation of a com- 





munity may, on the whole, be very accurately 
estimated y what some would consider purely 
materialistic bases. After all, man is a social 
animal, and facility of transport. has its humanising 
side. Cruel moe tech become inexcusable when 
the p of engineering has made extremely 
difficult the escape of a criminal from arrest. Cheap 
printing has enabled amateurs in the sensational to 
satisfy their peculiar requirements in a less repre- 
hensible fashion than by ‘‘ assisting ” at the cockpit 
or the prize ring. In fact, there seems little question 
that the admitted amendment in the tastes and 
manners of the community at large is directly 
attributable to the work of the engineer. Codes of 
ethics have changed little or at all for 1900 years, 
and the lessening of brutality is therefore in the 
main to be attributed to the greater facility with 
which, thanks to material progress, the better 
minds of the community can influence and restrain 
those with lower ideals. 

The extraordinary feature of the subject is that 
the advance has been almost entirely a matter of 
150 years. In fact, in certain directions civilisation 
had actually. receded during the Middle Ages. 
Medizeval roads were distinctly worse than the 
Roman, and transport coi respondingly more difticult. 
In a most interesting review of industrial conditions 
in 1754, read before the Society of Arts last Wednes- 
day, Sir Henry Truman Wood states that as late as 
1753 wool, corn, and bale goods were carried by 
pack- horses. Even heavy materials, such as potter's 
clay, were similarly transported, each horse carry- 
ing six balls of clay, three on each side. The cost 
of carriage was therefore enormous, and in winter, 
when the roads were nearly impassable, such places 
as Manchester were almost in the condition of a 
beleaguered town, a dearth of provisions being of 
constant reoccurrence. In the matter of sea trans- 
port, however, it would seem that considerable 
progress had been made, since, according to Froude, 
very great improvements, enabling ies to sail 
closer to the wind, were effected in England shortly 
before the date of the Spanish Armada, in the 
defeat of which these innovations bore no small 
part. The means for internal transport had, how- 
ever, deteriorated, the first real improvement in 
England being effected by the opening of the 
Bridgwater Canal in 1761. 

In 1754, Sir Henry states, most of the industries 
of the country were domestic. This was particu- 
larly the case in the textile trades. Farmers not 
only grew the wool, but it was spun into yarn at 
their homes. Indeed, most of them raised the money 
for their rent, not from agriculture proper, but 
from spinning or weaving wool, linen, or cotton. 
The weavers were entirely dependent on the domestic 
spinners, and when improvements were effected, 
by which the output of the looms was increased, 
there was great difficulty in obtaining a correspond- 
ing supply of yarn, which was finally met by the in- 
ventions of Hargreaves, Arkwright, and Crompton, 
the latter of whom produced the mule. ese 
alone rendered possible the introduction of the 
power-loom by Cartwright in 1785, which was 
originally driven by water, but in 1790 steam was 
first employed for the purpose. 

The Sussex iron ores were worked in Roman 
times, but in 1740 there were only 59 furnaces in 
England, charcoal having become scarce. The 
bulk of the iron used was, therefore, imported 
from Sweden or Russia, the total native output 
being but 18,000 tons per year. The railings round 
St. Paul’s were the last important piece of work 
due to the Sussex ironmasters, though the last 
Sussex furnace was not blown out till 1811. 
Between 1730 and 1735 Abraham Darby succeeded 
in smelting iron with coke, and in 1754 had seven 
small furnaces in blast blown by steam power. 
This was effected in an indirect fashion, since the 
steam was used to pump water, which in turn drove 
a wheel coupled up to the bellows. Somewhat 
earlier—viz., in 1706—John Darby, the father of 
Abraham, succeeded in making iron castings, and 
the method was long worked at Coalbrookdale as a 
secret process. In this way the bases were laid of 
the present enormous iron industry of the world, 
which some statisticians fear may result in an actual 
famine of this, at present, all essential metal at no 
very distant date. Mprobably before the crisis arrives 
our descendants will have succeeded in finding sub- 
stitutes for the metal in most of its present appli- 
cations, but failing this, fifty years would see a 
relapse of civilisation into much the same stage as 
it was 200 years f°; Referring to the early pros- 
perity of Sheffie Sir Henry remarks that, like 
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Birmingham and Leeds, the town was not incor- 
porated, and hence there were no trade guilds to 
restrict the development of a trade under the pre- 
tence of protecting it. 

A century and a half ago, it would seem, from Sir 
Henry’s account, that Parliament, though mainly 
recruited from the country gentlemen, was anxious 
to foster native industry in every possible way. 
At times the measures taken may have been un- 
wise, but our legislators seemed proud of the emi- 
nence already attained by British manufacturers, 
and anxious to encourage the establishment of 
new branches of industry. This view maintained 
itself for nearly 100 years, and was followed by a 
period of laisser faire; whilst to-day legislators 
would seem more inclined to hamper than to aid 
the manufacturer. The treatment meted out to the 
heavy electrical industries in the early ’eighties has 
been supplemented by the fiercest opposition in 
Parliament to every scheme for cheapening the 
supply of power, the climax being, it is to be hoped, 
reached in the last Electric Lighting Act, which 
makes it illegal for two or three neighbouring 
works to constitute a joint power and electric- 
lighting company for their awn supply, although 
the mains may pass entirely through private 
property 

In the eighteenth century Parliament took a more 
direct interest in the improvement of mechanics. 
Thus a prize of 20,0001. was offered for the produc- 
tion of a time-keeper for use on shipboard, which 
would enable longitude to be determined with an 
error not exceeding 30 miles, the award being 
ultimately secured by Harrison, whose chrono- 
meter was tested in 1761-2. His instrument was 
improved by Mudge and Arnold, who brought the 
chronometer to its present form. As instancing 
the excellent work done by the clock and watch 
makers of 150 years ago, Sir Henry Truman Wood 
stated in his address that the clock in the Society’s 
meeting-room was presented to them in 1760, and 
was wtill an admirable time-kceper, being appa- 
rently none the worse for wear after its century 
and.a half of service. 

The originality and enterprise of British manu- 
facturers during the latter half of the eighteenth 
century, and for fifty years later, is truly remark- 
able. Textile machinery was revolutionised. The 
manufacture of fine qualities of paper was estab- 
lished by Whatman in 1770; the steam-engine 
was introduced, and metallurgy greatly advanced. 
Glass-making was so perfected that in 1760 four- 
fifths of the English output of flint-glass—a native 
invention—was exported. Porcelain manufacture 
here, now so important an industry, practically 
dates from the discovery of china-clay at Tregon- 
ning Hill in 1753, and its manufacture was im- 
proved by the invention of bone, or phosphate, 
porcelain, now made extensively on the Con- 
tinent and in America, as well as in England. 
In fact, Sir Henry’s paper is almost a catalogue 
of a continuous series of inventions and discoveries 
now so familiar that we are, perhaps, liable to 
believe that they existed at a period to which ‘‘ the 
memory of man runs not to the contrary.” Yet 
the whole of these revolutionary changes are com- 
prised within a period of at most 200 years. 

It would almost seem as if a spirit of discovery 
had been in the air. A century or a century and a 
half before the period in question, Bacon had 
attacked the @ priort reasoning of the school men 
(the cultured classes of his day) on matters scientific, 
and this attack was followed by an astonishing 
outbreak of scientific activity, culminating in Sir 
Isaac Newton and his contemporaries. Possibly 
the success of this attack on the idea that the 
wisdom of the ancients was the sum and substance 
of all possible knowledge may not have been with- 
out its effect on the manufacturing and industrial 
classes, and induced them to regard trade tradi- 
tions as less sacred, and suggested the possibility 
of improvements being effected by intelligent obser- 
vation and experiment. 








THE BUILDING SCHEME OF THE 
INSTITUTION OF CIVIL ENGINEERS. 

Tue Council of the Institution of Civil Engineers 
will probably, at their meeting on Tuesday next, 
report progress regarding their building scheme, 
especially as regards the financial situation. As 


is well known, the site of the present building | 
/any guidance as to the total amount required. They 


offices recently completed in Whitehall, the idea | have now accepted the design, and have appointed 


is required for the extension of the Government 





| of Great George-street to St. James’s Park. The 


present building of the Institution will conse- 
quently require to be demolished, as it occupies 

rt of the site. From some points of view there 
is little need to regret this demolition, because, 
extensive as is the accommodation now afforded for 
the Institution work, it has long been recognised 
that a central hall, sufficient to accommodate the 
whole of the members, with a considerable number 
of guests, would prove a valuable adjunct to the 
building. The want of such a hall has been par- 
ticularly noticeable on the occasion of the social 
functions, which are an indispensable part of the 
work of the Institution. The aim is to sont in the 
new building a hall corresponding to the meeting 
places of the Inns of Court and of the Livery 
Companies of London. Decorative effect and 
honour to past eminent leaders in the profession 
will be combined by the placing of statues and 
memorials in this hall. In this, as in other 
respects, the aim generally is to create a home 
worthy not only of the Institution, but of the 
science which it so eminently represents, and the 
Council have been fortunate in the choice, in com- 
— of such an experienced architect as Mr. 

ames Miller, of Glasgow. 

But there seems some justification for the ques- 
tion—Is the dignity of the Institution and of the 
profession being maintained by the methods adopted 
in connection with the finances ? The appeal issued 
by the Council about two years ago, and a later 
repetition of this appeal a few months ago, intensify 
the misgivings entertained by many of the members 
of the profession. Much is forgiven in the interests 
of charity, and the humblest form of appeal does 
not raise objection ; but in professional matters it 
is a very sound rule not to permit in the collective 
capacity any action which would be unacceptable 
in the individual. The latest circular issued indi- 
cated that 306 corporate members and associates, 
out of a total of about 9000, had then responded 
to the appeal of March, 1908, and that they 
had promised donations varying between 10/1. and 
500!., and totalling 13,4431. 5s. 6d. No doubt this 
total has since been considerably increased. This 
may seem satisfactory ; but there is the need for 
a much greater sum and for further appeals. This 
is scarcely as it should be. Moreover, there is 
always the danger of the status of a member 
being appraised by others according to the financial 
assistance he may be to the Institution, and 
although this may not be operative in an organisa- 
tion where such a high intellectual standard is 
attained, the possibility of any monetary or social 
appraisement should be avoided. Is it not possible 
that in the future selection of a Member of Council 
or a Vice-President, the candidate who has paid a 
larger sum of money than others to the ae 
fund may be preferred by some members, forgetfu 
that the length of purse from which the respective 
subscriptions are abstracted is an element in the 
extent of assistance rendered? Such a standard 
is entirely to be deprecated. 

Apart from this consideration there is the ques- 
tion as to whether some other alternative method 
of raising funds is not preferable. The Council 
should place before the members their views upon 
all such alternatives, in order to obtain a definite 
decision on the subject. The latest balance-sheet 
of the Institution states that the invested capital 
of the Institution is 81,338/. The Council, according 
to the latest circular issued, very properly take the 
view that ‘‘ the invested capital of the Institution 
would be drawn upon to a greater extent than is 
desirable unless supplemented.” But the capital 
might be specially supplemented. The building 
fund must profit to a considerable amount by the 
payment made in compensation for the demolition 
of the existing building. The ‘‘ original cost of the 
freehold of the Institution premises and of the new 
building, including buildings now removed,” stands 
in the accounts at 124,379. 10s., and the ‘‘ cost of 
the freehold at No. 6, Great George-street,” at 
14,8291. 18s. 8d. Kvon with these amounts, plus a 
sum in ‘‘ compensation for disturbance,” and a rea- 
sonable abstraction of invested capital, there must 
be a deficit in the building fund, and the question 
at issue is as to how best to meet this. Not only 
have the Council omitted to give their reasons for 
preferring the system of voluntary subscription to 


‘alternative methods, but, even in the latest circular 


issued, they do not offer to prospective subscribers 


being to extend them for the complete length | the architect already named, and it should therefore 





be possible to indicate the probable total expen- 
diture. 

This brings us to the suggestion which has been 
very widely entertained by influential members of 
the Institution — namely, that the deficiency be- 
tween the sum required and that received for the 
old building and compensation should be met by 
the issue of debentures to be taken up by the mem- 
bers on the security of the building. We are certain 
that such a businesslike and dignified proposal 
would meet with a hearty response. It would, 
moreover, enable the Institution to erect the new 
building without assistance from some of the mem- 
bers. The debentures could be redeemed by annual 
repayments as the future accumulation of capital 
might justify. Nor is it too late to bring about this 
modification, because the donations so far made 
might, with the permission of the subscribers, be 
converted into debenture capital. 

While writing on the subject of the finances of 
the Institution, expression may be given further to 
widely-entertained views of members, &c.,.regard- 
ing the increase in the fees provided for in the 
amended by-laws, which came into force two years 
ago, and in the use to be made of the increased 
income. Under these by-laws a fee of 101. 19s. 
became payable on transfer to full membership, 
and the entrance fee payable by those who may 
in future be, in the first instance, elected to full 
membership was increased to 21/1. When first 
making the proposal, the Council expressed the 
view that such a ‘‘contribution will fall upon 
those to whom such payment should not be a 
serious tax.” There is room for difference of opinion 
regarding this. Talent and experience in engineer- 
ing science are not, unfortunately, rewarded always 
as they should be ; and as no one will seek to depre- 
ciate in any sense the professional standard of 
membership, care must ever be exercised to pre- 
vent any tendency to involve the monetary 
element. Everyone will commend such safeguards 
as may be proposed, so long as they are directed 
to ensure that each candidate before admission 
possesses, beyond all doubt, the required professional 
qualification. But any reference to a financial status 
should be scrupulously avoided. It seems to be 
assumed, too, that those who are already full 
members will contribute the same additional amount 
—namely, one payment of 101. 10s.—as is to be 
levied upon those who may hereafter be trans- 
ferred to full membership ; in other words, that 
those who have already fulfilled the condition of 
membership by paying 10/. 10s. entrance fee will 
subscribe an additional ten guineas. 

This latter amount might, of course, go direct to 
the special building fund, but there is the somewhat 
anomalous proposal that in future the increase of 
ten guineas in the entrance fee to full member- 
ship should form part of the current revenue. 
This is our interpretation of the phrase that the 
‘increased entrance fee is, in the opinion of the 
Council, the best method of augmenting the perma- 
nent revenue, to make provision for the increased 
annual expenses incidental to the new building.” 
Many who are interested in the financial stability of 
the Institution will doubt the expediency of this 
proposal. An entrance fee is usually regarded as 
quite distinct from the annual subscription. The 
former is very properly assumed to be a contribu- 
tion towards the ensurance of the advantages 
afforded by the Institution. Unless there are dis- 
tinct advantages, the privileges of membership 
must depreciate, and for the maintenance of those 
distinct advantages alone is the higher entrance fee 
justified. All entrance money, therefore, should be 

laced to capital account, and not to current account. 
fe would thus be available for the redemption of 
debentures. The current expenses ought to depend 
entirely upon the ordinary revenue, which includes, 
of course, not only the annual subscriptions, but the 
interest on invested capital. We think, therefore, 
that the Council would have gained much greater 
influence, even in the collection of voluntary sub- 
scriptions, if they had submitted to the members 
a businesslike scheme, indicating not only their 
preference, but the possible alternatives. More- 
over, their position would have been strengthened 
if they had referred the whole matter to the 
members in the form of a plebiscite, giving ample 
scope for the expression of opinion and for choice 
between several proposals. ‘ 

The undertaking is one of great magnitude, 
a far-reaching influence upon the Institution, 
therefore upon the status of the profession, 
nothing should have been left undone which would 


with 
and 


and 














ApRiL 22, 1910.] 


ENGINEERING. 





517 














have ensured the fullest expression of opinion 
on the part of the members, at home and abroad, 
because modern conditions very properly require 
that those in power should act only in complete 
accord with their “constituency.” The fact that 
so few of the members have responded to the 
strong appeal for subscriptions made two years 
ago is not quite satisfactory, and it may be urged 
that the financial success of the scheme calls for 
the reconsideration of the situation. 








THE DISPOSAL OF SEWAGE. 

Tue Royal Commission on sewage disposal have 
issued, as an appendix to their Fifth Report, a de- 
tailed description of many of the experiments and 
observations on which the conclusions set forth in 
the report in —_ were based. The new Blue- 
Book is a voluminous one, comprising nearly 500 
pages of text, in addition to a number of tabular 
insets, and will undoubtedly prove of very con- 
siderable service to the steadily increasing number 
of specialists in bacteriology who are particularly 
concerned with the biological ~ of the ques- 
tions of sewerage and water supply. To engineers, 
however, the volume is likely to prove of much less 
interest than the report to which it forms a com- 
plement. Those engaged in solving the numerous 
problems in construction which arise in connection 
with the execution and design of important engi- 
neering works must necessarily leave to others the 
devising of the details of the chemical and biological 
investigations, and content themselves with acquir- 
ing a general knowledge of the ground covered by 
such inquiries, and of the results finally obtained. 

The volume opens with a memorandum by Dr. 
G. McGowan on the best method of estimating the 
‘* strength ” of a sewage in so far as this affects the 
question of purification. Some uniform method of 
appraising the relative foulness of a sewage is cer- 
tainly expedient, since it seems to be settled 
that, within comparatively wide limits, it is the 
rate at which a eewage-filter is supplied with 
putrifiable matter which is of consequence, rather 
than the total volume of liquid passed through it. 
Individual experiments are not entirely consistent 
in this regard. Thus, at Accrington, the Commission 
found that 100 cubic yards of septic tank liquor 
were rather more easily purified in a percolating 
filter, having a depth of 9 ft. of coarse material, 
than 200 cubic yards of liquor made by diluting with 
clean water another 100 cubic yards of tank effluent. 
With contact-beds, however, of fine material, the 
reverse was the case, the less concentrated sewage 
being the more easily nitrated. In neither case, 
however, was the difference marked, so that, in the 
case of normal domestic sewage, it may be taken as 
established that the capacity of the beds or filters, 
as expressed in gallons efficiently treated per day, 
varies inversely as the ‘‘strength” of the sewage. 

Dr. McGowan concludes that as matters stand 
the only satisfactory method of estimating the 
strength of a sewage is by determining the oxygen 
required for the complete oxidation of the organic 
matter. The readiness with which organic matter 
takes up oxygen appears, however, to vary greatly. 
The complete oxidation of a sewage is a very tedious 
process, since both fat and cellulose are destroyed 
so slowly that, at ordinary temperatures, a period 
of two months is not always sufficient; but the 
process can be hastened by shaking up the sewage 
in a mechanical shaker, with access of air. Much 
of the organic matter, on the other hand, oxidises 
readily. In two ~_ a sample of sewage absorbed 
one-fifth of the total quantity of oxygen it took up 
in the space of four months, and in five days nearly 
40 per cent. of the total. In fact, a destruction of 50 
per cent. of the total organic contents is a simple 


matter; but Dr. McGowan reports that no effluent can | bod 


be considered reasonably good in which less than 
80 per cent. of the original impurities are destroyed, 
and it is this fact that makes it necessary to calcu- 
late the strength of a sewage on the basis of the 
total oxygen it is capable of absorbing. The quan- 
tity taken up in four hours from a strong solution of 
permanganate forms, however, a good rough guide 
as to ie character of a domestic sewage, apart from 
cellulose and fat, and the same test may also be 
used as a guide when the sewage contains trade 
refuse, provided it proves free from any abnor- 
ve in the quantity of oxygen ctnartel in a 
t 7ree-mimube test. For greater accuracy the results 
of these tests should be combined with a determi- 
— of the ammonia and organic nitrogen on 
Which the permanganate appears to have no effect. 





In that case the strength of a sewage may be esti- 
mated, Dr. McGowan states, by means of the 
following formula :— 


Estimated Strength per 100,000 Parts. 


Sewage 4.5 (NH, + organic N) 

: ; + 6.5 (O absor in 4 hours) 
Septic-tank liquor... 4.5 (NH; + organic N) 

ah id + 6.5 (O absorbed in 4 hours) 
Precipitation liquor 4.5 (NH; + organic N) 


+ 6 (O absorbed in 4 hours) 


Estimating the strength in this way Dr. McGowan 
and Mr. C. C. Frye find, as the results of observa- 
tions at sewage works of many different communi- 
ties, that the volume of sewage which can be 
satisfactorily treated on double-contact beds is 
24 gallons per cubic yard, with a sewage having a 
strength number equal to 164, and 58 gallons per 
day if the strength number is 60. To estimate the 
work done. by the bed they subtract from the 
strength of the sewage, as determined by the above 
formula, the strength of the effluent as estimated 
by the formula 

Strength of effluent per 100,000 parts = 4.5 
H; + organic N).+ 2(volatile portion of 
solids) — 2 (nitric oxygen). 

The difference between the two figures represents 
the weight of oxygen which has been absorbed by 
100,000 parts of sewage, and is known by the Com- 
mission as the ‘‘ units of purification.” During the 
economic life of a bed, they state, that with crude or 
settled sewage 3000 to 4000 units of purification per 
cubic yard may fairly be expec with primary 
beds, of coarse material, followed by secondary beds 
of finer grain. With percolating filters, the corre- 
sponding figure ranges generally from 2500 to 3500 
units of purification per cubic yard per day ; but if 
the sewage is well settled, the figure may rise to 
7000. or 8000 units. With septic-tank liquor, a 
single-contact bed of medium material, 4 ft. to 5 ft. 
deep, will effect 3000 to 4500 units of purification 
per day ; but the effluent will not be satisfactory 
unless the tank liquor is a weak one, and double 
contact-beds are generally necessary. In this 
case a total of 5000 to 6000 units of purification 
may be expected during the first year’s work- 
ing, but this falls off afterwards to a value of 
from 3500 to 4500 units per cubic yard per day. 
With percolating filters, 6 ft. to 9 ft. deep, treat- 
ing a septic-tank liquor, a satisfactory effluent can 
be obtained with rates as high as from 7000 to 
11,000 units of purification per cubic yard per day. 
Precipitation liquors at Kingston have been satis- 
factorily treated in a single contact-bed at a rate 
corresponding to 10,800 units of purification per 
cubic yard per day, the bed being of medium to coarse 
coke. With percolating filters treating precipitation 
liquors a difference was found between the beha- 
viour of coarse and fine beds. With the former the 
volume which could be satisfactorily treated de- 
pended mainly on the strength of the liquor, but 
with beds of fine material the possible rate of 
filtration depended also upon the clarification of 
the liquor. 

In the second portion of the volume Dr. A. C. 
Houston gives an account of his laborious inquiry 
into the proportion of bacteria of intestinal origin 
which succeed in passing through the filters into 
the effluent. In past years Dr. Houston has ex- 
pressed very strong opinions as to the inadvisability 
of ever using, for potable purposes, water liable to 
suffer contamination, this view being based mainly 
on the fact, ascertained by him, that even well- 
purified sewage effluents always contained bacteria 
of intestinal origin, and occasional specimens of 
recognisable pathogenic character. Dr. Houston 
has since left the service of the Sewage Commis- 
sion for that of the Metropolitan Water Board, 
and, judging from the latest report of the latter 
y, he has seen reason to modify some of the 
views he expressed in his capacity of bacteriologist 
to the Sewage Commission. The report of the 
Water Board states that though raw Thames water 
invariably contains B. coli in 100 cubic centimetres 
of water, 83.4 per cent. of the specimens of Thames- 
derived water, as sent into the mains, contain no 
specimens whatever in similar samples. This figure 
is, moreover, an average one, and in some cases very 
much better results were attained. Thus 95 per cent. 
of the Kempton Park supplies showed no samples in 
100 cubic centimetres. Experiments made with raw 
Thames water, artificially infected with B. typho- 
sus and the cholera vibrio, have proved that 
99 per cent. were destroyed by a week’s storage, 
whilst the more hardy B. coli disappeared in ten 
days. It is evident, therefore, that storage and 





filtration prove very fatal to disease germs. After 
all, however, the best test is afforded by the expe- 
rience of towns employing modern systems of purifi- 
cation efficiently worked and maintained. ‘There 
is, we believe, no instance on record in which 
communities thus provided have suffered from 
serious outbreaks of water-borne disease. 

In the report to the Sewage Commission now in 
question, Dr. Houston and Dr. McGowan give data 
as to the serious outbreak of typhoid at Lincoln in 
1905-6. Here the supply was obtained from five 
different sSources—viz., the River Witham, the 
Pike Drain, the Catchwater Drain, Hartsholme 
Lake, and Ballast pits. It appears, however, that 
doubts had long been expressed as to the efficiency 
of the arrangements for purification ; but, as is well 
known, town councillors will assume risks that the 
directors of a water company dare not. Ina case 
of criminal neglect the latter might have to stand a 
trial for manslaughter, whilst, at the most, the 
town councillor might lose his seat. Hence, although 
an adverse report on the supply was made by 
Dr. Airy, of the Local Government Board, in 1886, 
and another by Dr. Wheaton in 1894, nothing was 
done till 1898, and even then the contract for 
new works was not let till 1901. These were yn- 
finished, and the old arrangements still persisted 
when the outbreak of typhoid fever occurred. The 
victims numbered 1000, of whom 120 died. 

The corporation then called upon Drs. McGowan 
and Houston, who took steps to sterilise the supply 
before it passed into the mains. This was effected 
by treating the water by ‘‘ Chloros,” an alkaline solu- 
tion of sodium-hypochlorite supplied by the United 
Alkali Company, of Liverpool. The dose origin- 
ally administered was 1 part of ‘‘ Chloros” to 10,000 
of raw water, but this was afterwards diminished, 
and for most part of the duration of the treat- 
ment was kept at 1 in 100,000 parts of water. The 
results, at least during the colder weather, were 
very satisfactory from ‘the biological standpoint, but 
the inhabitants of the city strongly objected to the 
‘** spent bleach ” taste. 








THE CHEMICAL SIGNIFICANCE OF 
CRYSTAL STRUCTURE. 

Tue remarkable discourse delivered at the Royal 
Institution, last Friday, by Mr. W. Pope, M.A., 
F.R.S., Professor of Chemistry at Cambridge, 
promises to furnish us with a real insight into the 
nature of crystallography. We had learnt to grasp 
that the length, width, and thickness of a crystal 
have nothing to do with the crystallographic system 
—not without a certain difficulty. For, to quote 
an instance, both rock salt and zircon may crystal- 
lise in apparently regular cubes, though the one 
belongs to the cubic and the other to the tetra- 
gonal system. The complex optical phenomena of 
crystals are explained to students. Owing chiefly 
to Dr. Tutton we know that the supposed isomor- 
phous crystals of similar chemical compounds are 
not really of the same form, but display charac- 
teristic progressive differences. We have seen 
crystals grow with amazing rapidity under the 
microscope. But we did not understand why 
crystals grow to definite sha which yet seem to 
admit of so wonderful variety. Professor Pope 
now demonstrates that simple mechanical laws 
would force the material particles to assume de- 
finite shapes, depending upon the chemical com- 

itions. There are, of course, difficulties left. 

e new interpretation of valency, on the other 
hand, appears very significant. 

Chemists distinguish elements of different valen- 
cies. Hydrogen, silver, chlorine, &c., are regarded 
as univalent, oxygen and sulphur as_ bivalent, 
carbon as quadrivalent, and so on. That means 
that one univalent atom requires another univalent 
atom to satisfy its combining capacity ; that a bi- 
valent atom requires two univalent atoms or one 
other bivalent atom, and that carbon needs four 
hydrogen atoms to form ‘‘ saturated ” compounds. 
But unsaturated compounds, in which the valencies 
are not all satisfied, are also known, and nitrogen 
appears sometimes endowed with three and some- 
times with five valencies, oxygen with two, four, 
and six valencies, and the nature of valency re- 
mains obscure. 

That many of the physical properties of crystals, 
such as hardness and optical effects, differed with 
the direction in which the material was examined, 
Professor Pope pointed out in his introductory 
remarks, indicated that crystals had a definite 
orderly structure, and further evidence in support 
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of this assumption was furnished by the observa- 
tion that crystallisation was not necessarily a spon- 
taneous process. Many solutions would not 
crystallise unless a small crystal of the respective 
substance was brought into the solution. Professor 
Pope gave a very striking, novel exemplification of 
this well-known fact, which he explained by 
suggesting that the small crystalline icle pro- 
vided a nucleus, upon which the molecules could 
be deposited in a similar arrangement. Tetra- 
hydroquinaldine had been known for many years, 
he said, but only as a liquid, which cooling in liquid 
air merely changed into a resin. He dissolved a few 
drops of this compound in petroleum, and cooled 
the solution in liquid air ; crystallisation started in 
that solution, and when a trace of the solid was 
introduced into the original liquid, the whole at 
once crystallised. Many substances, the lecturer 
said, were capable of crystallising in two or more 
distinct crystalline forms, of which one was in 
general the more stable at. any particular tempera- 
ture. Those different modifications differed in 
their properties, sometimes even in their colour. 
He illustrated this by showing a beaker glass which 


was coated on the outside with the. scarlet crystal- 


line double-salt cuprous mercuric iodide. When 


hot water was poured into the beaker, the colour | 
turned into a deep, alniest’ black, chocolate tint, | there were two 
which on replacing the hot water by cold water at | horizontally. 


once changed back into the scarlet modification. 
Recent observations, Professor Pope continued, 
had proved that substances need not be solid to 
exhibit crystalline arrangement. When cholesteryl 
chloride was melted and rapidly cooled in a thin 
layer between two watch-glasses, brilliant inter- 
ference colours were seen, showing that the particles 
had some orderly arrangement while still remain- 
ing liquid. We have referred to these ‘‘ liquid 
crystals,” which have been studied by O. Lehmann 
and his school, on other occasions. 

The various properties of crystals, the lecturer 
proceeded, justified the conclusion that the struc- 
ture was geometrically ‘‘ homogeneous ;” that is, 
that the parts were uniformly repeated throughout, 
corresponding points having a similar environment 
everywhere within the editice. The past century 
had inquired how many types of homogeneous 
arrangement of points in space were possible, and 
had identified those types, in symmetry and in other 
respects, with the known systems of crystallography. 
The outcome of this study, which had been com- 
menced by Frankenheim in 1830 and completed 
by William Barlow in 1894, was that there were 
230 geometrically homogeneous modes of distribut- 
ing material at points representing material through- 
out space, and that these 230 homogeneous ‘‘ point- 
systems” fell into the 32 types of symmetry ex- 
hibited by crystalline solids. But these point- 
systems had not yet thrown any direct light 
on the relation between crystal structure and 
chemical constitution ; they did not explain what 
were the entities which me homogeneously 
arranged, why they became so arranged, and in 
what way the conclusions drawn by modern chemis- 
try were reflected in crystal structure. Professor 
Pope proceeded to indicate to what extent this 

roblem—- this legacy to the twentieth century—had 
een solved, without hinting that he gave a sum- 
mary of researches which he has himself been con- 
ducting in conjunction with Mr. William Barlow, 
who was present at the lecture. 

Professor Pope started with the simplest case of 
a chemical element. An elementary substance was 
supposed to consist of identical atoms, each atom 
acting as a centre of operation of attractive and 
repulsive forces. In a solid structure the atom was 
evidently not free to travel, being, if not indeed 
fixed to a particular spot, retained within a certain 
minute domain ; each domain had to be regarded 
as possessing a centre which marked the mean posi- 


tion of the atom. The crystalline condition of an | 
| none in the anorthic system. 


element might consequently be defined as one of 
equilibrium between forces of attraction and repul- 
sion, emanating from, or referable to, the points of 
a homogeneous point-system. The space occupied by 
a se element might be partitioned into iden- 
tically similar cells in such a manner that the boun- 
daries of a cell enclosed the entire domain through- 
out, while a particular atom exercised predominant 
influence. As every point in the space was subject 
to the predominating influence of some neighbouring 
atomic centre, the cells should fit close together, so 


as to fill the whole available space without inter- | 


stices. The cells would be all alike ; the shapes could 











The models of point-systems exhibited, we may 
say, bore little apparent resemblance to the systems 
they were to exemplify. They all consisted of 
vertical wires on which beads or small balls were 
fixed, and they were derived in the following 
manner :—S is divided into cubes by three sets 
of parallel planes at right angles to one another ; 
a point is placed at each corner of a cube, and in 
each centre of a cube face. The cubes having 
served their purpose, are now removed, leaving one 
of the 230 point-systems, for instance, the cubic 
system. Now, the lecturer explained, imagine 
the balls to expand until they came in contact ; a 
system of Gundy ked spheres would result, and 
it could be proved that there was no way of pack- 
ing the spheres more closely than the one described. 
A model of such spheres—without wires—showed 
the outlines of a cube, and the structure was 
identical along the three axes, the ratio a:b:c 
being 1:1:1. 

The lecturer now removed the spheres from one 
corner of the cubical structure. A close, triangu- 
larly-shaped layer was disclosed, and when this 
process was repeated at all the eight corners, a 
regular octahedron resulted, built up of triangularly- 
shaped layers of spheres, the balls of one layer 
fitting into the hollows of the one underneath. But 

ible ways of stacking the layers 
hen the fourth layer was lyin 
immediately over the first, the fifth over the second, 
and so on, the assemblage was cubic, as mentioned. 
But when the third layer was placed over the first, 
the fourth over the second, and so on, the symmetry 
was that of the hexagonal system, and the arrange- 
ment in the horizontal directions was not identical 
with the assemblage in the vertical direction, the 
ratio being a:c = 1:,/3 = 1:0.8165. The lecturer 
then took the final step in treating the closely- 

ked spheres. He imagined the spheres to expand 
urther where they onl, so as to fill up the inter- 
stices so far left. Where the spheres were in contact 
they could not expand. But when they expanded 
in all the other parts, they finally formed a stack 
of twelve-sided polyhedra, rhombic dodecahedra, 
which completely filled the space without leaving 
any interstices, and fitted exactly into one another 
like regular twelve-sided bricks. Thus the rhombic 
dodecahedron symbolised even radiation in all the 
directions of the forces of which the atom was the 
centre of emanation. When the same reasoning was 
applied to the hexagonal assemblage, dodecahedra 
again were obtained ; but they were not the regular 
thombic dodecahedra, the angles being different. 

The functions of the spherical surfaces were 
merely geometrical. The surfaces were only em- 

loyed as a scaffolding, and no distinction was to 
made between portions of space lying within 
the spheres and portions forming part of the inter- 
stices between them. Insistance on this point was 
necessary, in the lecturer’s opinion, because many 
investigators had illegitimately made use of spheres 
for the representation of atomic domains, piling the 
spheres in ‘‘open packing ;” that term seemed to 
imply that there was some physical difference 
between portions lying within the spheres and 
portions without them. The question, What pro- 
portion of the total space was available for atomic 
occupation ? did not arise in this consideration. For 
the spheres used were simply the geometrical in- 
strument for —— equality amongst the atomic 
distances, and so determining the prevailing equili- 
brium conditions. 

Professor Pope proceeded to tabulate experi- 
mental evidence in support of these views. Forty of 
those of the accepted eighty elements which crystal- 
lised, or 50 per cent., belonged to the cubic system ; 
35 per cent. belonged to the hexagonal system, 
and the ratio a : c was almost exactly 1 : 0.8165, as 
it should be on his argument. The other elements 
crystallised, 5 per cent. each in the tetragonal, 
orthorhombic, and monosymmetric systems, and 
Further, in the case 
of sulphur (monosymmetric system) the ratio a : b :c 


| was 0.9958 : 1 : 0.9998, or very nearly 1 : 1: 1, and 


the angle 8 between two faces 95.46 deg. (instead of 
90 deg. cubic), so that the monosymmetric modi- 
fication of sulphur might be derived from the 
cubic assemblage of some minute distortion. 
Passing to binary compounds—molecules con- 
sisting of two dissimilar atoms—Professor Pope 
pointed out that the question presented itself 
whether or not spheres of two different magnitudes 
had to be assumed for two different atoms. The 
inquiry into this point, which had concerned more 


be understood by reference to some point-system. | particularly organic compounds containing great 





numbers of atoms, had led to the discovery of the 
rule that the magnitudes of the atomic domains in 
any crystalline compound were very approximately 
in the ratio indicated by the fundamental valencies 
of the corresponding elements. Now most binary 
compounds consisted of two elements of the same 
valency ; hence their polyhedral cells might al! be 
supposed to be of the same magnitude, and most 
binary compounds, indeed, crystallised either in 
the cubic system (68.5 per cent. of those examined) 
or in the hexagonal system (19.5 per cent.) ; in the 
latter cases the ratio a :c was again very nearly 
1: 0.8165. When more complex compounds con- 
taining more than two atoms were examined, the 
cubic and hexagonal systems did not occur so fre- 
quently, and in organic compounds those systems 
were very rarely met with. The case of the minerals 
of the humite group was particularly instructive for 
another reason. These minerals—prolectite, chond- 
rodite, humite, and clino-humite—were complex 
magnesia silicates, differing in composition from 
one another by the increment Mg, Si0,. This in- 
crement was itself known as the mineral forsterite, 
and the sum of -the valencies of the elements con- 
tained in this compound was W = 22; the W of 
prolectite was 22, and those of the other members 
were 38 [= 22 + 16], 54, 70. The ratio a/b was 
almost exactly the same in all these minerals—viz., 
1.08 ; the c/b ratio changed, the c increasing in the 
stated order, and if the respective W were divided 
by the c/b, the resulting quotients were 11.7, 12.1, 
12.3, 12.4, 12.7. Thus the relative dimension c/b 
was roughly proportional to the sum of the valencies. 
The comparison could be made more accurate by 
including both the a/b and c/b in the consideration, 
and by referring to the ‘‘equivalence parameters ;” 
that is to say, the rectangular dimensions «x y z of 
a rectangular block having the volume W and the 
axial ratio a:b:c. The parameters x and y re- 
mained almost. constant in the series, while the z 
increased by about 2.86, the increment varying 
between 2.85 and 2.88. The yg eye A of these 
relations was strikingly illustrated by the lecturer 
with the aid of a number of rectangular blocks. 
One block of dimensions x yz represented the for- 
sterite, another the prolectite, and by piling one, 
two, and three forsterite blocks on to the prolectite, 
the other minerals were built up. 

The final set of observations to which Professor 
Pope referred were of an entirely different kind. 
The molecular volumes of a long series of hydro- 
carbons of the normal paraffin group had been 
determined in the liquid state, and at correspond- 
ing temperatures—that is, at temperatures at which 
they were at physically similar conditions. The 
first of these paraffins had the formula C,, H.,, and 
the formulz rose by increments of CH, to C,, 
the W increased from 68 to 212, the melting-points 
from — 26.5 to + 74.7 deg. Cent., and the mole- 
cular volumes from 201.4 to 629.5. Since now 
the valency of hydrogen was 1 and that of carbon 4, 
each carbon atom should appropriate four times as 
much space for occupation as each hydrogen atom, 
and the quotient of the molecular volume by the W 
should give a constant figure S for these compounds, 
which were all imagined to be built up on a similar 
model. That S should be 2.87, and the agreement 
with the experimental observations was, indeed, 
surprisingly good, the product WS being 201.6 in- 
stead of 201.4, and 629.64 instead of 629.5 in the two 
extreme cases which we have picked out. Thus the 
law of valency volumes, based upon crystallographic 
researches, seemed to hold for liquid substances. 

Professor Pope concluded his discourse by 4 
statement, the interesting —— of which 
requires a little explanation. He stated that Pro- 
fessor Liveing had, nineteen years ago, also at the 
Royal Institution, suggested that crystalline forms 
were the outcome of the accepted principles of 
mechanics, and the aid of these principles had alone 
been invoked to show that crystalline structures 
resulted from the equilibrium of the attractive and 
repulsive forces radiating from the atomic centres. 

t Professor Pope did not say was that he is at 
Cambridge the successor of Professor Liveing ; he 
took up these remarkable researches when teaching 
at the Newteder School of Technology, however, 
long before his call to Cambridge. 
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THE NEW SOUTH WALES RAILW AY 8. 

Tue report of the Chief Commissioner 0! oe 
New South Wales Government Railways be 
Tramways for the year ending June 30, 1‘, 
shows a much smaller contribution to the States 
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Consolidated Revenue Fund, as the net result of 
the working for the year 1908-9, than has been 
handed over since 1906. This is the combined 
outcome of a number of influences, some of which 
only are within the control of the railway authori- 
ties. ‘The influences at work have included large 
reductions in rates and fares, which, together with 
unfortunate decreases in some classes of traffic, 
have combined to reduce the receipts, while, on 
the other hand, a large development of the pas- 
senger and certain other traffic has, to some 
extent, tended to equalise matters. During 
recent years the Consolidated Revenue Fund has 
benefited from the railways’ working in a very 
substantial measure. Thus, in the year 1905-6 the 
Commission converted a deficit of 36,6981. on the 
working of the railways and tramways, after paying 
interest charges, into a surplus of 440,940). In 
the next year the surplus realised was 659,9161., 
while in 1907-8 it amounted to 648,3561. Although 
in the last year it was a matter of no more than 
468,0661., it wiil be seen that in the last four years 
the State has profited by nearly 2} millions sterling, 
which fact will go far towards rehabilitating the 
credit of the railways, after a rather chequered 
career, regarding the net results of which, the 
published records are silent. 

The net surplus of 468,066/. for the year 1908-9 
is made up of profits, amounting to 388,8921., 
derived from the working of the railways, and of 
79,1741. surplus from the tramways. The railway 
surplus profits are little better than those realised 
in 1906, while the intervening years have shown 
much higher figures—viz., 610,955/. in 1907 and 
579,931/. in 1908. The surplus of 1906 having 
been considered sufficiently large to warrant them, 
large reductions in rates and fares were made in 
the latter part of that year and the early part of 
1907. These were equivalent to about 288,000/. 
per annum, yet in that same twelve months the 
surplus increased to 610,955/. At the beginning 
of 1907-8 further reductions, estimated as equiva- 
lent to 124,000/. per annum, were made, but, the 
business of the State continuing to prosper, the 
surplus was only reduced thereby to 579,9311. No 
additional reductions have been made during the 
year covered by the last report. 

The railways of New South Wales, showing as 
they do such a surplus, are a very fair example of 
what may be done with carefully-adjusted rates. 
The complete railway system open for traffic has an 
extent of 3623} miles, and it is an interesting fact 
that, although only a little more than half the total 
length of the system brings in a revenue sufficient 
to cover the working expenses and interest charges, 
it shows, as a whole, such substantial net profits 
to the State as those indicated above. nder 
any system of so-called equitable rates, or rates 
based purely on services rendered, this would be 
impossible as things are, and such rates would prob- 
ably result in the failure of the whole system to 
meet its interest charges. The present position, by 
which surpluses are shown, has been reached simply 
by making the traffic in the more densely populated 
and older settled portions of the State more than 
pay for the deficiencies shown on the lines where 
traffic is light, and will so continue for some time. 
The lines on which a net loss is not realised are 
practically confined to the main trunk lines reaching 
out from Sydney in the south-westerly, north- 
westerly, and northern directions respectively. The 
most distant sections even of some of these, and the 
majority of the ramifications of the system, large 
and small, are on the black-list of non-paying lines, 
which have an aggregate length of 16904 miles. 

_The inference may be fairly drawn that the long- 
distance traffic to many outlying districts does not 
pay, being comparatively light and unable to bear 
very heavy rates, and that to meet deficits so pro- 
duced the rating of the shorter-distance traffic must 
be proportionately high. Such short-distance traftic 
includes coal, for which the average haul per ton is 
only 21.96 miles, and several other classes of goods 
and general merchandise, which also show very small 
averaze hauls per ton; while wool, live-stock, and 
grain, flour, &c. (up country), general goods in 
truck-loads, show lengths of haul ranging between 
238 and 350 miles per ton. While, therefore, such 
classes as wool, live-stock, &c., are called upon to 
contribute to revenue only so much as may be con- 
sidered no hindrance to developmnnt in some of 
the distant districts, other traffic not only levels 
matters up, but even provides a surplus. This, of 
course, is no more than the common basis of rail- 


way working, but it is a case in which the burden 








is probably more than usually unequally distributed. 
It is, however, the only method open to the Com- 
missioners and is merely an heritage bequeathed to 
the people of the State as a result of extensive rail- 
way-building programmes in earlier years. Having 
chosen a line of action, the State must abide by the 
result, which now means that large yearly deficits, 
as, for instance, that of 325,912/. in all, on unre- 
munerative lines in 1908-9, have to be wiped off 
before any surplus at all can be shown. 

It is perhaps idle now to speculate as to what 
might have been the outcome of a different style of 

rogramme, but it seems not improbable that, 
ooking at the matter from the railway point of 
view, rather more cautious extension would have 
been accompanied by denser traffic, when lower 
rates would have been possible, greatly to the 
benefit of the ulation. Development of the 
country as a wae would have proceeded rather 
more slowly, but that the prosperity in the aggre- 
gate would have been no less is quite likely. 
Already at the present time some sections of the 
+ age are severely taxed to deal efficiently with 
the tonnage handled, and duplication of busy sec- 
tions of the trunk lines is said to be of pressing 
importance. If this be the case, it is evident that 
improvements should take the place of extensions, 
for it is no use for a railway to strain after additional 
traffic from remote non-paying districts, if parts of 
the system over which such traffic must pass are 
already congested. As the system is State-owned, 
of course, other matters than those relating purely 
to railway economics are brought to bear upon the 
construction policy. Under these conditions there 
is always a tendency for the desire to open up pro- 
mising tracts of country rapidly to be given prece- 
dence over sound railway principles. 

Between 1881-1889, years in which the State’s 
revenue was steadily increasing, a great deal of con- 
struction work was undertaken. At the commence- 
ment of 1881 the system was 849 miles in length, 
while at the close of 1889 its length was over 2171 
miles. Thus 1322 miles of line were constructed 
during this period, and of these no less than 870 are 
unremunerative to this day. This great activity, 
during which lines were constructed on what would 
now be considered in the State as a fairly expensive 
scale, was followed naturally by a series of years 
showing small returns on capital, and construction 
was curtailed. It has lately revived, over 534 
miles having been built since 1900, but work of 
the latter period has been conducted upon lines 
sufficiently economical to reduce, if not to remove, 
some possible objections to the undertakings, as 
the interest charges to be borne will be fairly light 
during the years of small traffic. 

How uncertain is the promise of early return 
on pioneer lines is exemplified in last year’s 
report by the reintroduction, into the black- 
list of non-paying sections, of two lengths of the 
system which in the previous year showed small, 
though material, surpluses. One of these—from 
Parkes to Condobolin, a length of 58} miles—is an 
extension, constructed in 1896-8, of the main line 
running due west of Orange, which is almost due 
west of Sydney. The other is a 63-mile branch off the 
main trunk line which runs in a north-westerly direc- 
tion. This branch taps a promising sheep-farming 
district, but traffic on it, of both wool and live stock, 
was much smaller in 1908-9 than in the previous 
year, a surplus of 44691. being now turned into a loss 
of 10971. e new lines opened in the year covered 
by the last report naturally add temporarily to 
the list of non-paying sections. In this period 
150 miles of line have been opened, and the sum of 
603,3041. has been expended on their construction. 

Altogether the capital cost of the railways was 
increased by nearly two millions sterling during 
the twelve months, no less than 869,641/. having 
been spent in increasing the rolling-stock by 94 new 
locomotives, 104 passenger vehicles, and 1064 
goods vehicles. The capital invested now amounts 
to 47,612,6661., on which the interest charges reach 
the sum of 1,686,7341. Capital is likely to increase 
considerably during the current and the coming 
year, for construction is at present in hand on 
2334 miles of line, and a further 298 miles are 
sanctioned. The work in hand includes four 
branches, the extension of an existing small trunk- 
line, and the construction of two sections, together 
of 763 miles in length, of the North Coast Rail- 
way. Of the construction sanctioned, 2 miles 
also pertain to this railway, which, t ing its 
way through rich dairying districts, should, in a 
few years’ time, not only prove remunerative, but 
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should also assist the now isolated little line 
running from Grafton to Lismore and Mur- 


willumbah, which continues to show yearly deficits. 

It has been stated above that the surplus paid 
into the Consolidated stevenue Fund in the last year 
reported on was less than in some previous years. 
This is so, in spite of the fact. that the gross revenue 
of the system amounted te 5,028,450/., a sum 1.7 per 
cent. larger than the corresponding amount of the 
year before, and, in fact, a higher level than it 
has ever reached before. Unfortunately, this was 
accompanied by an increase in working expenses 
of 8.7 per cent., so that the ratio of working ex- 

mses to revenue has risen from the 54.91 per cent. 
in 1907-8 to 58.72 per cent. in 1908-9. The in- 
crease of revenue is accounted for by a large develop- 
ment of the passenger service, from which receipts 
have grown by 141,0711. in the year, and by a sub- 
stantial growth of receipts from grain and flour, &c., 
which class of traffic showed an increase of 72,856/. 
With other classes, the traffic showing develop- 
ment was responsible for increased receipts amount- 
ing to 250,432/., but this was offset by decreases 
to the extent of 166,116/. General merchandise 
and live stock are each responsible for drops of 
about 34,000/., while the falling off in coal traffic 
to the extent of 985,181 tons, meant 85,227/. less 
in receipts. This large shrinkage in coal tonnage, 
equivalent to about eight weeks’ traftic at the rate 
attained in 1908, was probably due to the fact 
that in April and May a strike of wharf-labourers 
occurred. This strike affected the whole coal in- 
dustry, including the export and bunkering busi- 
ness. It lasted some six weeks or so, which tallies 
fairly well with the figures given above. Though 
not actually occurring within the year covered by 
the report, it is probable that its effect was carried 
over into that year, owing to accumulations of 
coal at the ports, &c., which would have to be dis- 
posed of before fresh traffic could be handled. No 
explanation of the shrinkage of coal traffic is offered 
in the report, which we think is to be regretted. 
Railway working is so intimately involved in the 
life of a community that only by a consideration 
of condition as a whole can any true estimate of 
railway operations be obtained, and the interest of 
the reports would be enhanced if slight explanatory 
references were more frequently forthcoming. 

It is to be noticed that the passenger traflic on 
both the railways and tramways has increased. 
Again, no explanation is vouchsafed in the Railway 
Report, but a hint is given in the Tramway Report 
giving a clue to this considerable increase. The 
development was undoubtedly due to the visit in 
September, 1908, of the United States Fleet. to 
Sydney. This was the oceasion of unprecedented 
demonstrations, and both the railways and tram- 
ways profited thereby. During the year the passen- 
gers travelling on the railways increased by 44 mil- 
lions. The number of suburban passengers on the 
railways increased in that period by about 4 millions, 
and on the tramways the increase of passenger 
journeys was as much as 14 millions. The sub- 
urban traffic on the railways, however, was only 
responsible for increased receipts of 42,0001. out of 
the 141,0711. shown, leaving roughly about 100,000/. 
revenue from the additional half million of country 
passengers, supposing the average receipts per pas- 
senger to have remained about the same as formerly. 

The earnin r train-mile amounted last year 
to 6s. 8d., or Sid. less than in the year before, and 
the working expenses to 3s. 1ld., or 1}d. more 
than in 1907-8. The train-miles have increased in 
the year by 5.77 per cent., and the working ex- 
penses per train-mile by 3.66 per cent., largely 
due to the increase under the heading of ‘‘ Loco- 
motive Power,” of 1.13d. per train-mile, or 6.5 per 
cent. The only expenses showing any material 
decrease per mile are those for maintenance of way, 
&c., which have continued to fall since the year 
1904-5. These expenses are now being brought 
down to little above the low level of the years 
1896 to 1899, a period which was followed by a 
sharp rise ; and it will be interesting to note, in 
future years, whether or not the present figure is 
below the economic mean, Too severe economies 
must always be followed by periods of heavy ex- 
penses. e ability of an engineer, if he be free 
to act as his knowledge prompts him, is displayed, 
with regard to maintenance, in a fair uniformity in 
costs. It is within the ability of anyone to cut 
down expenses until the work for which he is 
responsible is hopelessly out of repair, and then 
spend at a high rate to put it right. The chief 
disturbing cause, in New South Wales, in the work 
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of this department, arises from the low capital cost 


at which new lines are being laid down. Though, 
as pointed out above, this low cost means a light 
burden for interest charges at present, while the 
traffic on them is scarce, and is believed to be 
within the economical limits, it must, undoubtedly, 
later on involve betterments, or increased mainten- 
ance expenses, and the soundness of the present 
policy will then become more plainly evident. 








IMPORTANT POINT IN WORK- 
MEN’S COMPENSATION LAW. 

A casE of great interest to large employers, and 
especially to colliery owners, came up from the 
Court of Appeal to the House of Lords on January 27 
last, when judgment was reserved. On March 3 
their lordships were unanimously agreed, and the 
Lord Chancellor, in delivering judgment, exploded 
a false interpretation of the clause relating to 
dependency. The facts of the case have been pre- 
viously stated in these columns, but we may briefly 
remind our readers of the claim of Mrs. Hodgson 
against the West Stanley Collieries for compensation 
in respect of her husband and her two sons, who 
were killed together in an accident in the mine on 
February 16, 1909. Mrs. Hodgson has six young 
children, and she and they were dependent on the 
common housekeeping fund contributed by the 
three deceased workmen in about equal amounts— 
in all over 61. a week. 

In the Durham County Court, the arbitrator, 
Judge O'Connor, proposed to award her compen- 
sation for all three, but he made it subject to the 
Court of Appeal, as he felt bound by previous 
decisions in the Court of Appeal. The case went 
to the Court of Appeal on July 21, 1909, from 
whence it went to the House of Lords. The House 
of Lords has agreed with the judgment of the 
County Court Judge, and reversed the-judgment of 
the Court of Appeal. 

In repeated cases the Court of Appeal has pre- 
sumed that a wife is, in law, wholly dependent on her 
husband. The House of Lords has upset this pre- 
sumption of total dependence. In certain cases it 
is fair, but in each case the point turns upon a 
matter of fact, and not of law. Because the facts in 
a certain case proveconclusively that a wife was solely 
dependent on her husband’s earnings, it is a mistake 
to follow this ruling of the Court of Appeal in all 
cases where a widow's application is concerned, as 
if the law provided that a widow’s compensation is 
in every case limited by law to her claim in 
respect of her husband. It is rather curious that a 
narrow and false logic should have misled so many 
great judges, who appear to have misunderstood a 
ruling of the ex-Lord Chancellor in an earlier case, 
from which it was inferred that a wife who was 
a dependant of her husband could not also bea 
partial dependant of her sons. ‘‘It was clear,” 
said Lord Justice Farwell, ‘‘that an applicant 
could not be at one and the same time wholly 
dependent on A and partially dependent on B and 
Cc.” There are a few cases, however, like this of 
the three West Stanley Colliery men, where the 
widow and family were not wholly dependent on 
any one workman, but on the common fund which 
three together contributed for the maintenance of 
the family. 

There is nothing in the Act that justifies the sug- 
gestion that the applicant cannot recover more for 
three deaths than the maximum provided in the 
schedule in respect of one workman’s death. 
The Act does not say that a dependant cannot 
receive more than the maximum for one death, but 
only that an employer shall not be required to pay 
more than the maximum in respect of one work- 
man’s death. As» the Lord Chancellor asked, 
‘“Why should it limit the employer's liability 
whether the number of deaths be one, two, or 
three ?” 

The point in the colliery owners’ defence was 
that the mother is, in the eye of the law, wholly 
dependent on her husband, and cannot therefore be 
in any degree dependent on her sons, for that is a 
logical contradiction. This argument was presented 
by counsel as inexorable law, whereas it was not a 
matter of law at all, but a statement of fact which 
might be rebutted, and in this case it was rebutted, 
since the mother was, -as a matter of fact, dependent 
at the same time on her husband and sons all 
together. The Lord Chancellor, in his judg- 
ment, said, ‘‘so far as the oo subject is 
concerned, the provisions of the Act are simple 
enough. If a workman is killed in an accident, 
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all who are dependent upon him (within the 
prescribed limits of kinship) may claim compen- 
sation from the employer. If two workmen are 
killed, the dependants may twice claim, and so on 
according to the workmen killed.”’ 

This ruling of the House of Lords may appear 
hard to the colliery-owners, but is in accordance 
with the spirit of the Act, which scems to contem- 
plate compensation according tothe income which the 
dependants have lost. If there is only one bread- 
winner, the maximum due to his dependants is 
3001. This is not alone because of any presumption 
in law that a wife is solely dependent on her 
husband. She may have other sources, such as 
her sons’ earnings, and these sources must also be 
taken into account. The Act gives a maximum 
compensation to any dependant in respect of the 
death of a workman on whose earnings the depen- 
dant either wholly or in part relied. In this case 
the mother and her six young children were de- 
wee not on the earnings of the applicant’s 

ushand alone, but on the common housekeeping 
fund of the three workmen. They were not 
partially dependent on any one of the deceased 
men, but were solely dependent on the common 
fund. 

This appears to be common-sense. There is no 
legal fiction to confuse such claims. The Act is 
perfectly clear on this point, and the misfortune 
of the lawyers presenting as fixed law what was a 
fair decision upon certain facts, threw the Court 
of Appeal into a misunderstanding until it was left 
to the House of Lords to make it plain that it is 
wrong to say a workman’s wife is necessarily de- 

ndent solely on his earnings, or that her claim 
or compensation is necessarily limited to the 
maximum payable in respect of his death. It seems 
obviously just that where there is not only one 
breadwinner, but three, the dependant’s compensa- 
should be awarded accordingly. 








‘* Der EIsenBAvU.”—This is the title of a new German 
monthly journal, of quarto size, which is published by 
Wilhelm Engelmann, Leipzig, at the price of 20 marks 
annually. Each issue contains over forty pages of subject 
matter, and is carefully got up. The January number 
gives articles on the construction of structural frame- 
work, on the Knutson corrugated sheets, on the frame- 
work for factories and bridges, &c.; the February and 
March issues have several articles of the same class, an 
interesting one in the latter issue dealing with the con- 
struction of the building for the construction of Zeppelin 
air-ships at Friedrichshafen. 


Tur MessinA EartTuquakk.—In our issue of Feb- 
ruary 18 last, page 197, we published an article entitled 
**Note on the Messina Earthquake,” in which special 
reference was made to the researches of Professor 
Omori, of the Tokyo Observatory, on teleseismic move- 
ments. -This article evoked a letter from Mr. G 
Carley, which appeared on page 242 of our issue of 
February 25, and in which objection was taken to 
certain Of Professor Omori’s conclusions, special re- 
ference being made to the earthquake at Messina in 
rogy 1787, recorded by Giéethe. In a note appended 
to Mr. Carley’s letter, the writer of our aoe above 
named prowised to communicate with Professor Omori 
on the subject. This he did, and on the question 
of a district that has suffered from earthquake shock 
being immune from further calamities, the Pro- 
fessor writes, under date of March 28, as follows :— 
‘*T have read with interest the note of Mr. G. Carley. 
In 1787, however, there was no destructive earthquake in 
Messina, or in any other part of Italy. The letter of 
Goethe, under date May 11, 1787, refers to a terrible seismic 
calamity, but does not prove that the latter took place in 
the year 1787. I believe the earthquake mentioned in 
Giéethe’s letter was the great Calabrian earthquake of the 
year 1783, in which were lost 30,000 lives, in addition to 
18,000 lives lost from disease which devastated the shaken 
country after the catastrophe. On the occasion of this 
earthquake five hundred persons were killed in the 
city of Messina, which amount of mortality may be 
regarded as being a trifle for an Italian earthquake. For 
the future seismic disturbance of such an intensity, 
which may affect Messina, a certain precaution taken in 
the building of houses would be sufficient to completely 
cee the disastrous effects of the shock. This is what 

mean when I said in my preliminary report... . . 
om from the danger of a future seismic catastrophe). 

“ven in the case of a great earthquake occurring a!ong 
the seismic zone, the intensity of motion at these two 
cities would, on account of the distance from the centre, 
not be so very strong, and a certain precaution taken in 
the construction of houses would be sufficient to prevent 
the loss of lifeand property.” Itis, then, evident that Pro- 
fessor Omori regards the injuries done to Messina in 1783 
as accidental and resulting from a profound disturbance 
at a comparatively remote epicentre. He suggests, 
apparently, that while no earthquake will originate from 
either the 1783 or the 1908 centres, both districts are 
liable to suffer slightly from the effects of violent dis- 
turbances produced in more or less neighbouring districts, 
where immunity has not been secured by past disasters, 
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BritIsH AND JAPANESE ENGINEERS AT Tokyo 
UNIVERSITY. 

TxeERE has ever been close association between 
the British and Japanese at the Tokyo Imperial 
University since it was founded, and it is pleasant 
to record a further strengthening of the bond in 
the commemoration of the services which the late 
Professor Charles Dickinson West rendered to the 
University, and to the development of engineering 
science in Japan during the twenty-five years 
he spent at the University, teaching mechanical 
and marine engineering at the engineering college 
there, and, prior to the foundation of the University, 
at the College of Engineering (Kobu Daigakko), 
Before his death in January, 1908, a movement 
was instituted to mark the appreciation of the 
engineering profession in Japan for Professor 
West and his work. After he died it was de- 
cided to extend the scheme in order to erect a 
monument ; and Professor West’s family, with the 
idea of reciprocating the kindness shown, pro- 

sed to provide some form of endowment for the 

JIniversity. The monument was unveiled on 
March 19 in the presence of His Excellency Sir 
Claude Macdonald, the President, Baron Hamao, 
and other representatives of the University, and a 
large number of friends of both hemispheres. The 
monument, which stands immediately in front of 
the principal buildings of the college, consists of a 
bronze bust, nearly double life-size, and is regarded 
as particularly happy in its personification of the 
late professor. The bust is the work of a young 
Japanese, Mr. Numata, while the pedestal, which 
has panels illustrative of the subjects he taught, 
was the conception of Emeritus Professor Conder, 
In addition to this, a sum of 1000/. has been pro- 
vided by Mrs. Dowden, of Dublin, a sister of the 
late Professor, as an endowment for a ‘‘ West” 
scholarship, for the benefit of students of the sub- 
jects he was particularly engaged in teaching. 


Tue Brussets INTERNATIONAL EXHIBITION. 

The Brussels International Exhibition, of which 
we gave a general description in one of our 
recent issues (see page 401 ante) is to be officially 
opened to-morrow—that is to say, punctually upon 
the date fixed several months ago. Although there 
are still a number of installations to be completed, 
and many finishing touches to give, the buildings, 
pavilions, and their contents are far from being in 
the backward state which ruled at the opening of 
the 1897 Brussels Exhibition, held in the Pare du 
Cinquantenaire. Matters, indeed, are so far for- 
ward that the Exhibition may be said to be ready 
to receive the visitors. The holding of an Exhibi- 
tion, especially an international one, the essential 


-| feature of which is to illustrate manufactures and 


emer coming from all parts of the world, is no 
ight undertaking. The management of the various 
sections is very generally placed in the hands of 
officials—in this particular case engineers and 
members of the staff of the different Belgian 
Government offices—who still have a large portion 
of their every-day duties to attend to. From the 
time the Exhibition is first decided upon down 
to the opening—and later still in many instances 
—they have numerous conflicting interests to 
meet and to settle finally in a way satisfactory 
to all parties; they have to foresee delays in 
matters of detail of all kinds, and to guard against 
them ; all these, and many otker problems, re- 
quire on their part a most active supervision and 
ready decision. The Brussels management com- 
mittee appear to have most satisfactorily carried 
out their difficult task, and we take this oppor- 
tunity to compliment them. The display made by 
Great Britain will. be found to be well repre- 
sentative of this country’s industry. The task of 
British exhibitors has been greatly facilitated by 
the valuable aid which has been afforded them by 
the Exhibitions Branch of the Board of Trade. 
We again welcome the formation of this depart- 
ment. 


EXPERIMENTING WITH THE Arp or Sotar HEAt. 


The modern development of means for producing 
high temperatures has led to a complete disregard 
of the burning-glasses and burning-mirrors, which 
afforded valuable aid to the scientists of past cen- 
turies. Averami and Taglioni proved the combus- 
tibility of diamonds by these means at Florence in 
1695, and recent experiments made by A. Stock 
and H. Heynemann, in the Chemical Institute of 
the University of Berlin, demonstrate that solar 
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furnaces, if that term be permissive, offer certain 
advantages over gas and electric furnaces, and are, 
moreover, very simple. If the electric current is 
directly introduced into the substance, contamina- 
tion with the electrodes is difficult to avoid ; if the 
furnace is heated from outside, the crucible or tube 
has to bear the maximum heat, and the operation 
cannot easily be watched. The burning-glass con- 
centrates the solar heat on the substance itself, and 
if the substance is placed in a vacuum, very high 
temperatures can be realised and reactions can be 
studied without danger of contamination by other 
bodies or gases. Intheir preliminary experiments, 
described in the Berichte der Deutschen mischen 
(fesellschaft last year, Stock and Heynemann made 
use of a lens of common green glass, not free from 
strive, 16 in. in diameter, 20 in. focal distance. The 
lens was mounted in a wooden frame, which was 
turned by hand, and an iron cage, attached to the 
frame, held the glass bulb, in which the substance 
was placed on a support or ina crucible of magnesia ; 
the bulb was connected with an air-pump. The 
solar rays penetrate the glass of the bulb in a 
convergent beam, which does not heat the glass 
much, because glass has a low absorbing power for 
heat rays. Within the bulb little heat is lost, since 
the vacuum is a bad conductor of heat, as is exem- 
plified by the many applications of Dewar vacuum 
jackets, which, by the way, used to be known as 
Veinhold jackets in Germany. The reaction can 
be watched, gases or vapours can be admitted or 
drawn off, and melting points can be determined in 
the vacuum or in differentatmospheres. Very high 
temperatures would require large lenses or mirrors. 
That would not matter much for astro-physical 
laboratories, for instance, in which, we fancy, the 
solar furnace might become a useful instrument. 
The solar furnace can, of course, only be used when 
the sun is shining. But the actual experiments 
take only a few seconds, and everything can be 
got ready in time for the moment when the sun is 
clear. The experimenters melted silicon in a few 
seconds ; the melting point of silicon is supposed 
to be 1450 deg. Cent. Pieces of copper and of cast 
iron were liquefied almost instantaneously, and 
manganese evaporated so quickly that the inside of 
the vessel became coated with a manganese mirror. 
Temperature measurements yielded in one in- 
stance a temperature of 1030 deg. Cent. in the 
vacuum and of 670 deg. Cent. only afterwards on 
admitting air into the bulb. An arc-lamp might 
— be substituted for the sun as source of 
eat. 


Cuatns FoR Power TRANSMISSION. 


In an interesting paper read by Mr. A. S. Hill 
before the Incorporated Institution of Automobile 
Engineers on Wednesday, the 13th inst., on the 
above subject, the author gives the history-of 
the different kinds of chains now used for driving 
purposes, with a description of the methods adopted 
in their manufacture. As is well known, great 
advances have been made during the last few years 
in the design and workmanship of these appliances. 
Ewart’s type of detachable malleable iron chain for 
conveyors and similar purposes has for long been 
known, and has had a very wide application ; but 
it is probable that the production of a really 
satisfactory chain for driving purposes has been 
due to the demands of the cycle trade, perhaps the 
rag advance in this line being made by Mr. 

ans Renold, who introduced his roller-chain in 
1880. This was, of course, but the commencement ; 
but from it the present excellent chains of this class 
may be traced. A standard }-in. pitch roller-chain 
of to-day weighs only from 3 oz. to 4 oz. per foot, has 
4 breaking strength of 2000 1b., and will run up to 
a speed of 800 ft. per minute, at least, with satis- 
factory results, The accuracy of these chains is 
remarkable, as may be realised when we consider 
that one of them, 56 in. long, contains 560 dif- 
ferent parts and 112 joints; a limit of gy in, is 
guaranteed in the length, or an average limit of 
0.0003 in. per joint. The roller chain has now 
largely superseded the block-chain, which used to 
be applied to all bicycles and which gave satisfac- 
tory results for speeds up to 600 ft. per minute. 
In the early days of motor-cars the block-chain was 
universally used as a means of transmitting the 
drive to the wheel. It was, however, afterwards 
replaced by the roller-chain. Single roller-chains 
have a remarkable wearing power, as is proved by the 
fact that they have lasted remarkably well on auto- 
mobiles working under very unfavourable conditions. 


been replaced by the use of the live axle, which 
forms a clean, well-housed piece of mechanism, 
there is still something to be said in their favour. 
They have a higher efficiency for transmitting 
power than high-reduction bevel or worm gears, 
and also possess more flexibility. They are also 
fairly accessible even when enclosed in cases. 
Another advantage claimed for them is that they 
do not place so much weight on the parts not 
supported by springs as do live axles. The 
inverted tooth type of chain has in many cases 
taken the place of the roller-chain, particularly 
where large powers have to be transmitted. It 
was originally designed to transmit higher powers 
than the roller-chain, and has become very popular, 
and is now much used in connection oui water 
drives and high-speed engines. Its great advan- 
tage is that its links take a bearing on the face of 
every tooth with which the chain engages; and as 
the pitch of the chain increases, due to wear, the 
chain ascends the angular faces of the teeth, and 
assumes automatically an increased pitch circle 
and accommodates itself to the wheel. All the 
teeth also in the arc of contact transmit the same 
power independently of any increase in the pitch 
due to wear. The author states that there is now 
a chain of this type being manufactured which is 
18 in. wide, with a pitch of 2} in., and will trans- 
mit 350 horse-power. The chief advantages of a 
chain-drive are : that the drive is positive ; it has a 
high efficiency ; tension is not necessary to make 
the chain grip the wheel, as is the case with belts; 
there is a minimum of journal friction, and, in the 
case of inverted teeth, compared with other forms 
of tooth-gearing, the drive is very noiseless. These, 
no doubt, are advantages well worth consideration. 


Tue LIBERATION OF ELECTRONS DURING CHEMICAL 
REACTIONS. 


Those who retain their doubts as to the real 
existence of electrons may be interested in the 
account of some experiments by F. Haber, G. Just, 
and F. W. Robinson, of Karlsruhe, described in 
the Zeitschrift fiir Electrochemie of April 15, Metals 
are sup to be rich in electrons (negative 
particles) which are credited with playing an 
important part in the conduction of electricity 
through the metals, while metallic oxides are said 
to be devoid of electrons. The electrons might, 
therefore, be lost during chemical reactions between 
metals and other elements ; and if the other element 
were a gas, that gas should assume a negative charge, 
and the current of gas should, so to say, blow the 
escaping electrons away from the surface of the 
metal. It occurred to Haber to study this pheno- 
menon with the easily-oxidised alkali metals, which 
were applied in the experimentally more convenient 
form of amalgams. wee tegate Anam amalgam was 
made to drip from a glass funnel, the concentration 
of the amalgam (which will be more or less liquid 
according to its percentage of mercury) being such 
that about four drops fell per minute. The drops fell 
withinacylinderof platinum gauze which was charged 
from a battery, as a rule, to 22.5 volts. A current of 
gas was passed through the cylinder, and the whole 
apparatus enclosed in a black box to shut out all 
light which would itself have an ionising effect. In 
spite of all precautions the platinum gauze slowly 
lost its charge owing to the difficulties of maintain- 
ing perfect insulation ; a loss of 1.5 volts took about 
4 minutes with a positive charge of the gauze, and 
6 minutes with a negative charge, in a chemically 
indifferent atmosphere of pure nitrogen or hydrogen. 
When the atmosphere contained gases which would 
react with the alkali metal—viz., oxygen, iodine, 
&c.—the loss was much more rapid, taking a few 
seconds. The loss of the charge was, therefore, not 
merely an effect of frictional electricity ; there was 
friction between the gas current and the metallic 
surface. It was, moreover, observed—and this is 
the chief point—that only the positively-charged 
gauze cylinder was discharged, not the negatively- 
charged, so that the particles concerned must be 
electrically negative particles. The experiments 
were made first with indifferent gases, and then 
with gases containing also water vapour, oxygen, 
and other constituents, such as would react with 
the alkali metal. The complete drying of a gas is, 
of course, an exceedingly difficult operation, and in 
view of the researches of Brereton Baker, which 
we noticed in our issue of March 18*, it would 
be most interesting to ascertain whether any libera- 
tion of ions and reaction would result in a perfectly 





Mr. Hill considers that although they have largely 





* See ENGINEERING, page 350 antec. 


dry atmosphere ; that was impossible, however, 
with the somewhat complicated apparatus. But 
the observations of Haber were checked in various 
ways. When the nitrogen or hydrogen was pure, 
the surface of the amalgam remained bright ; in the 
presence of water vapour or oxygen it became dull, 
owing to the formation of an oxide film, and in that 
case the rapid discharge was always noticed. Inter- 
ference colours—yellow, red, green, depending 
upon the thickness of the film—were also observed ; 
and light likewise produced a discharge. Among 
the active gases tested were hydrochloric acid, 
iodine vapour (which was inactive at —79 deg 
Cent., when any vapour originally admitted into the 
tube system would be condensed again before reach- 
ing the amalgam), thionylchloride (also inactive at 
low temperature), sony osgen. Thus the conclu- 
sion appears to be justified that a current of chemi- 
cally active gas liberates electrons which produce 
a loss of a positive, but not of a negative, charge. 
This conclusion is not in accord with similar experi- 
ments of G. Reboul, first brought before the Paris 
Academy of Sciences in 1908 ; the experiments of 
Haber began later. Reboul observed a loss of 
both positive and negative electric charges during 
certain chemical reactions. But it would appear 
that he did not take particular pains to start with 
pure metallic surfaces, and that he would thus 
overlook the unipolar character of the phenomena 
occurring during the tirst stages of his experiments. 





Pic in Germany.—The production of pig in Germany 
and the Luxembourg in the first quarter of this year was 
3,519, 109 tons, or at the rate of 14,076,436 tons per annum. 
The production for the whole of 1909 was 12,917,653 tons; 
for the whole of 1908, 11,813,511 tons; for the whole of 
1907, 13,045,760 tons; and for the whole of 1906, 12,475,267 
tons. It will be seen that the current year has made a 
good start. 





ConTracts.—Messrs. Thomas Robinson and Son, 
Limited, of Rochdale, have secured the whole of the 
large order for wood-working machinery uired in 
connection with the erection and equipment of the new 
large railway workshops now ing at Shakako, 
near Dairen, in South Manchuria. The order consists 
of three distinct plants—viz., the wood-mill plant for 
breaking down timber from the logs into boards and 
scantlings, and preparing and manufacturing the heavier 
timbers of railway-carriages and wagons; a plant for the 
lighter wood and interior fittings ; and a pattern-shop 
equipment. In addition, a shavings and sawdust-collect- 
ing installation is to be placed in each department. 
Everything conducive to efficiency has been provided for, 
both in the plans, the design of the machines, and the 


accessories. Electric motors provide the motive power. 





PERSONAL.—The executive committee of the National 
Physical Laboratory have appointed Mr. J. E. rs, 
M.A., to take charge of the work of the Metrol Divi- 
sion of the Laboratory in the place of Mr. H. Homan 
Jeffcott, who has recently been nominated to the pro- 
fessorship of engineering in the Royal College of Science, 
Dublin. Mr. Sears, who was formerly at St. John’s 
College, Cambridge, graduated with first-class honours in 
mathematics and engineering, and is an associate member 
of the Institution of Civil Engineers.—We understand 
that Mr. J. D. Twinberrow retires in June next from the 

ition of chief of the Carriage and Wagon Drawing 
Biffice of the North-Eastern Railway, which he has occu- 
ied since 1904. Mr. Twinberrow has, under Mr. Wilson 
orsdell, been responsible for the design of the Kast 
Coast Joint Stock Royal Saloons, and a great deal of 
standard and special stock on the North-Eastern Railway. 
Mr. Twinberrow’s name, of course, is associated with that 
of Mr. Sheffield in connection with patents covering 
certain system of construction of steel wagons, &c. 





Cross-CHANNEL Service To Ostenp.—The Belgian 
Government have had two new turbine steamers put in 
hand by the Société John Cockerill, Antwerp, for service 
between Dover and Ostend. The first of these two new 
béats, the Jan Breydel, went through a course of trials 
on the Clyde on the 12th inst., when she attained an 
average speed of 24.9 knots over the measured mile. This 
steamer has an over-all length of 361 ft., a beam of 40 ft., 
and a depth of 23 ft. The arrangements for ngers 
are second to none in the Channel service, and the decora- 
tions are of a highly artistic character. The machinery 
consists of one high-pressure and two low-pressure tur- 
bines on the Parsons system, each driving its own line of 
shafting and ropeller. The condensers are of Messrs. 
Weir's “ Uniflux” type, and on trials gave a very high 
vacuum, thereby conducing to the speed attained. The 
air-pumps, of the “ Dual” type, circulating-pumps, feed- 
pumps, and all service and auxiliary pumps are of 
Messrs. Weir's latest design and make. The boilers, 
eight in number, are of the Scotch type, and work 
under Howden’s forced draught, and the electrically- 
driven fans and fittings were supplied by Messrr. 
Howden, of Glasgow. ‘Ihe vessel be worked in cor - 


junction with the turbine steamer Princesse Elizabeth, 
on the same service, and the Pieter de Coninck, the 
aes of the new steamers, which will soon undergo her 
trials, 
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NOTES FROM THE UNITED STATES. 
; PHILADELPHIA, April 14. 

Tue latest authentic reports from all the greater 
steel centres confirm the statements heretofore made, 
that a further and general enlargement of steel-making 
capacity is contemplated, in addition to expansions 
determined upon last January. A survey of the steel 
situation justifies the conclusion that the steel-manu- 
facturers are assured of a very heavy increase in 
demand within the next few years, and they are taking 
time by the forelock to be ready for it. The great 
works at Gary are the ideal works which are furnish- 
ing suggestions for many of the expansions determined 
upon. That plant has solved the problem of the most 
economic methods of production, and has established 
a high standard of facilities. Some of the new plants 
to be erected will be equipped with specially-devised 
machinery, suggested by past experience. One of the 
things kept in sight is the more expeditious —e 
of materials from ore to the shipment of the finish 
product. The very newest plants now under construc- 
tion will represent the embodiment of the highest 
metallurgical skill and the highest constructive and 
adaptive ability, The railway systems are swinging 
into line, as is evidenced by the demand during Mare 
for 40,000 cars and over 1000 locomotives. uch of 
the present demand arises out of the purchase of 
better and more efficient equipment than that now in 
use. The cost of locomotives is now averaging closer 
to 20,000 dols. each than 10,000 dols. or 15, dols. a 
few years ago. The old-time standard of 56-lb.: sec- 
tions is supplanted by rails of 70-lb., 80-lb., and 90-1b. 
sections. ‘The old-time wooden bridges are ol 
ing rapidly for superb steel structures, and old-time 
wooden cars are being replaced by steel cars of 40 to 80 
tons capacity, and in some cases 100 tons capacity. The 
carrying capacity for a mile of track is being markedly 
increased, and the entire railway system is being 
placed upon a more permanent and decidedly higher 
andend of efficiency. 





ROYAL METEOROLOGICAL SOCIETY. 

THE monthly meeting of this Society was held on 
Wednesday evening, the 20th inst., at the Institution of 
Civil Engineers, Great George-street, Westminster, 
Mr. H. Mellish, F.R.G.S., president, in the chair. 

A paper by Mr. R. G. K. Lempfert and Mr. R 
Corless, on ‘‘ Line-Squalls and A lated Phe oe 
which had been at the Society’s meeting at Man- 
chester on February 23, was brought forward on the 
present occasion for discussion. A line-squall is usually 
associated with the displacement of an air-current moving 
from south west by a colder current from north west. 
The authors investigated the phenomena associated with 
several well-marked line-squalls, and showed by ma) 
with isochronous lines, the direction of front, and the 
rate of advance of the various storms across the country. 

A paper by Mr. W. C. Nash was also read on the 
** Daily Rainfall at the Royal Observatory, Greenwich, 
1841-1903.” From the statistics given in this pee it 
was shown that the average annual rainfall for the sixty- 
three years was 24.19 in., with 157 rain-days. The day 
with the maximum number of rain-days to its credit is 
December 5, while the days with the least number of 
rain-days are April 18 and 19, June 27, and September 13. 
There were ninety-four occasions during the whole period 
on which the rainfall exceeded 1 in. in the day. The 
greatest fall was 3.67 in., on July 26, 1867. 








REINFORCED CONCRETE ON THE 
WABASH RAILWAY. 

Ar the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, the 19th inst., Mr. J. C. 
Inglis, President, in the chair, the paper read was ‘‘ The 
Use of Reinforced Concrete on the Wabash Railway, 
U.S.A.,” by Mr. E. R. Matthews, Assoc. M. Inst. C.E., 
and Mr. A. O. Cunningham, M. Am. Soc. C.E. The 
following is an abstract of the paper :— 

This paper describes the methods of design and con- 
struction employed in the use of reinforced concrete for 
various structures on the Wabash Railroad in the United 
States, and the paper is presented in the hope that it 
may elicit the experience of other engineers who have 
carried out work of a similar character. Railway engi- 
neers, it is stated, were among the first in the United 
States to recognise the advantages of using reinforced 
concrete in engineering construction, and this material 
has now been used extensively on the railways there, 
more particularly in the building of bridges, culverts, 
subways, and retaining: walls, 

The Wabash Railroad Company was one of the pioneers 
in such construction, having commen its use as early 
as 1902. This railway is one of the leading lines in the 
Middle West, and has a total length of 2500 miles. Its 
head-quarters are at St. Louis, and it extends to the 
sities of Chicago, Detroit, Toledo, and Buffalo on the east 
of the om om River, and to Kansas City, Des Moines, 
eee ~oaem pay 

n this paper, examples of bridges, culverts, and pi 
in reiuforsed eonerete are described. oe 

In designing the structures referred to the live load 
was.assumed to be equivalent to two coupled ‘‘ Consoli- 
dation” ogee, and tenders, followed by a uniform 
train-load, P so as to give the greatest stress in the 
structure. Impact stresses, which are taken as equal to 
the square of the maximum live-load stress divided by 





the sum of the dead and live-load stresses, are allowed for; 
and the working stresses are obtained by combining the 
maximum dead-load, live-load, and impact stresses. The 
unit stresses allowed are :— 


Lb. per Sq. In. 

Steel, tension on net section of rod 18,000 
Steel, bond on deformed bars __.... 100 
Concrete, compression in cross- 

bending __... ps ok sae 800 
Concrete, direct compression _... 600 
Concrete, shear (diagonal tension) 

in plain concrete ... wif “ 30 
Concrete, shear (diagonal tension) 

when web is properly reinforced 100 


the steel bars being specified to have an elastic limit of 
55,000 lb. to 65,000 Ib. (24.5 to 29 tons) per square inch, 
and the concrete to consist of one part of Portland cement, 
two of sand, and four of stone or gravel. In proportioning 
the concrete and steel the formule devised by Professor 
Talbot, of the University of Illinois, were employed. 
Most of the reinforcement used in the structures referred 
to in this paper consists of corrugated bars in the form 
invented by Mr. A. L. Johnson. These bars are square 
in section, with corrugations on all four sides, the sides of 
the ribs being practically at right angles to the axis of the 
bar. The bars are rolled from high-carbon steel, with a 
breaking stress of about 105,000 lb. (47 tons) per square 
aah and an elastic limit of 66,600 lb. (30 tons) per square 
inch. 

Theconcrete was what might be termed a wet mixture, it 
being the usual practice in the United States in reinforced- 
concrete work to put in the concrete in this manner. The 
advantages of so doing are, first, that a more dense and 
homogeneous concrete is obtained ; and, secondly, that 
the reinforcement vecomes better embedded, every portion 
of it my 4 well covered by the cement; rusting of the 
metal is thus prevented. 

The authors state that any fear as to the excess of water 
weakening the concrete has been proved to be groundless 


by the experiments carried out by Mr. G. W. Rafter for 
the State Engineer's office of New York. 

Among the bridges described in the paper are the 
—— River Bridge, and a bridge in Forest Park, 
St. is, 


The Sangamon Bridge is a double-line, four-arched 
skew bridge, with abutments and arches of reinfo’ 
concrete, and piers of solid concrete, reinforced at the 
base and toes. Each pier is carried on timber piles driven 
into very stiff clay. The angle of skew is 45 deg.; eac 
arch has a semicircular square span of 61 ft. in the 
clear, and a skew span a 100 ft. between centres of 
piers. The arch-rings are heavily reinforced with upper 
and lower ribs of 1-in. — rods, 12 in. apart, crossed 
by 1-in. square rods, about 4 ft. apart, laid parallel 
with the piers. The joints in the ribs are formed by 
overlapping the rods. @ minimum cover over the 
reinforcement is 2 in., and the thickness of the concrete 
below the ribs in the arches varies from 6 in. at the 
crown to 24 in. at the springing. The features of par- 
ticular interest in this bridge are the abutments and the 
method of providing square bearings for the arch-ribs at 
the skew-backs. he abutments are practically boxes 
divided by horizontal and vertical partitions into four 
compartments. The slab for carrying the road-bed is 
reinforced with longitudinal s 24 in., and transverse 
rods 4 in., apart, the ends of alternate rods being bent up 
at an angle of 45 deg. Thecost of this bridge was 25,100/. 

The Forest Park bridge consists of concrete abutments 
carrying an 80-ft. double-line through-girder bridge. The 
abutments are of the hollow type—namely, thin rein- 
forced face-walls supported by counterforts resting on 
slab foundations, e principal features are the curved 
wing-walls, the concrete facia and balustrade carried by 
the outside girders, and the other ornamental concrete 
work. The counterforts not only carry the girders, but 
also act as ties to hold the face-wall of the abutments. 
The reinforcement in the abutments consist of 3-in. 
square corrugated rods. The bridge floor is of concrete 
8 in. thick, and is reinforced in both faces with 4-in. rods. 
This floor slab is carried on 15-in. steel I-beams, which 
afe riveted by connecting angles to the webs of the 
girders, and are spaced 18 in. apart between centres. 

This substructure and the ornamental work were con- 
structed by contract, but the railway company erected 
the steelwork themselves. The cost was 4565/., but this 
included the removal of an old bridge and its stone sub- 
structure ; also a large amount of excavation on account 
of increasing the width of the opening, and the necessary 
temporary bridging to provide for the traffic. As this 
bridge was built during the St. Louis World’s Fair, and 
as more than 300 trains crossed it per day, it was impos- 
sible to remove the extra earth and the old bridge with 
trains, so that it was necessary to do this work with 
teams, at a higher cost. 

Illustrations are given of alternative arrangements of 
solid reinforced-concrete floors for various types of bridges, 
the cost of which varies between 16s. and SOs. per lineal 
foot of floor 13 ft. wide. Where it is necessary to have 
a water-tight floor a mixture of 1 part of cement and 
3 parts of coarse sand is used, but where water-tight- 
ness is not necessary—e.g., where the bridge crosses a 
stream, the slab is made of the normal 1 : 2 : 4 concrete. 
In connection with the waterproofing of reinforced- 
concrete structures, allusion is made to a bridge built 
two years ago over Junction Avenue, an im 


portant 
street in Detroit. This is a solid-floor plate-girder 


which it was necessary to make absolutely 
water-tight ; and the waterproofing on the top of the 
main floor was specified to consist of a 1-in. coating of 
Wunner bitumen emulsion, cement, and sand. This was 





not done, however, the bitumen emulsion be mixed 
directly in the main body of the concrete, ates this 


leaks have occurred since the bridge was erected. The 
ees * gugcs girders are each 72 in. deep and 61 ft. 7 in. in 
length over all, and between them are 12-in. steel 
I-girders, on which the floor system is carried. The 
floor-beams are surrounded by concrete, which is rein. 
forced with 4-in. square longitudinal and transverse 

The upper surface of the concrete is covered with 
a 1-to-3 bitumen mortar, which consists of 2 Ib. of bitu- 
men emulsion to every sack of cement (90 lb.) and 300 Ib. 
= sand. The cost of this floor was 2. 14s. 5d. per lineal 
‘oot. 

Standard designs are adopted for reinforced-concrete 
box culverts for spans ranging from 4 ft. to 20ft., and 
illustrations are given of the reinforcement adopted 
in the 10-ft, and 20-ft. culverts. In the larger sizes the 
reinforcement in the Sy 4 and bottom slabs and the side 
walls is supplemented by diagonal reinforcement at the 
four les of the section. 

Reinforced-concrete_pi are made in 3-ft. sections 
with a diameter varying from 2 ft. to 4ft. The reinforce. 
ment consists of woven-wire fencing, supplemented by 
}-in. longitudinal bars. In the construction of the pipes 
inside and outside forms are used, the casing being 2-in. 
in thickness, and lined with No. 20-gauge galvanised 
iron. The 4-ft. pipes are 4 in. in thickness, the inside 
and outside reinforcement having a 1-in. covering of 
concrete, 

‘The cost for a 3-ft. length is approximately :— 

, s. d. 

2ft.indiameter ... = re Pn 13 6 

S « e, i! ies «eed ee ee a 

> cna ~ ae 23 8 


and the form is estimated to cost 4/. 1s. 8d. 

It was formerly the custom to use pipes 8 ft. in length, 
but in order to make them of this length it was found 
necessary to use derricks in handling the forms, and plat- 
forms to do the pouring from. Further, in shipping 8-ft. 
lengths. it was necessary to pay particular attention to 
blocking, so that the pipes would not roll and break 
themselves to pieces. Por these reasons it was decided 
to build a pipe of such length that the forms could be 
handled by two men, and could be filled from the ground 
without the use of platforms. It is still found necessary 
to load the pipes by means of derricks, but they can be 
ae on end and unloaded and placed in position 
without machinery. 

No special test-loads are used to test a structure after 
it is completed, as this is considered unnecessary. 


n- 
h | spections are made on all bridges on the Wabash Rail- 


way, including, of course, reinforced-concrete structures, 
by a competent inspector once every month. The engi- 
neers in charge of the divisions on which the bridges are 
situated also inspect them each half-year. 

The authors state that none of the many reinforced- 
concrete structures on this railway have needed any 
repairs since they were built. They are very rigid under 
loads, and their appearance indicates that they will out- 
last any other kind of structure, and require no mainte- 
nance. <A great many have now been in the track more 
than five years, carrying loads very nearly as heavy as 
the live load used in designing them. Attempts have 
been made to determine the defiection in reinforced-con- 
crete structures due to train-loads, but none can be de- 
tected under ordinary measurements. 

It is considered that-sufficient time has now ela to 
demonstrate the fact that reinforced concrete is reliable ; 
it is undoubtedly permanent, and as good, if not better, 
than cut-stone for the construction of bridges, culverts, 
and similar work; it is certainly cheaper. Compared 
with steel, reinforced concrete is altogether superior, as 
it requires no maintenance. It is thus in most cases . 
ferable to other kinds of construction, and is used where 
possible on the Wabash Railroad. 

The works described in the paper have been designed 
and carried out by Mr. A. O. Cunningham, chief engineer 
to the company. 





A Prosrctep Voitca-Don Canat.—A canal from 
Zarizyn to Kolatsch, connecting the Volga with the Don, 
is at present under consideration. The canal is pro 
to have a breadth of 120 ft. and a depth of 9 ft.; the 
through capacity is estimated at 500,000,000 poods per 
annum, and the freight would be 3 men per 
The cost is very heavy—100,000,000 roubles—in spite of 
which, however, there is every likelihood of the scheme 
being realised, as the conditions seem very favourable. 
The promoters do not ask for any Government guarantee, 
and the necessary capital is understood to be available. 


Tue INSTITUTION OF MevaaNicaL Enornrers.—The 
annual dinner of the Institution of Mechanical Engineers 
was held at: the Hotel Cecil on the 14th inst., the chair 
being taken by the President, Mr. J. A. F. Aspinall. 
Some 220 members and friends were present. After the 
usual loyal toasts, ‘‘ The Imperial Forces ” were proposed 
by Mr. J. Rossiter Hoyle, and acknowledged by Mr. 

rge Lambert, M.P., and Colonel H. C. L. Holden. 
The toast of the Institution was pro ed by Mr. John 
L. Griffiths, Consul-General for the United States, and 
replied to by the President ; after which ‘‘ The Guests 
were in the absence through illness of Mr. E. B. Ellington, 
roposed by the President and replied to by the Hon. 
Bir John W. Taverner, Agent-General for Victoria, and 
Mr. A. H. D. R. Steel-Maitland, M.P. Among the 
guests t were, in addition to those mentioned 
above, Sir Archibald Geikie; Mr. Whitaker Thomp* ms 
Chairman of the London County Council; Sir David ‘ — 
Mr. Ebenezer Parkes, M.P.; Dr. Glazebrook ; Sir Alired 
h, K.C.B.; Lieut.-Colonel Yorke ; Mr. Frank Ree ; 
Sir Gerald Muntz; Captain A. G. H. W. Moore, C.V. i: 
Canon Hensley Henson; Councillor the Rev. F. H. 


particular work rather expensive, but satisfactory, as no | Hillersdon, Mayor of Westminster ; and others. 
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CONTINUOUS-CURRENT ARMATURE FOR TURBO-GENERATOR; BRUSSELS EXHIBITION. 


CONSTRUCTED BY MESSRS. C. A. PARSONS AND CO., HEATON WORKS, NEWCASTLE-ON-TYNE, 








Messrs. C. A. Parsons Anp Co., Heaton Works, 

Newcastle-on-Tyne, exhibit at the Brussels Exhibi- 
tion the principal portion of a continuous-current 
dynamo suitable for driving by a steam-turbine, as 
illustrated on this page. The normal output of this 
machine is 1000 kilowatts at 550 volts, and it is de- 
signed to run at a speed of 1800 revolutions per 
minute. In order that the construction of the arma- 
ture, illustrated above, may be better examined, it is 
shown separately from the machine. The method of 
winding is patented by Messrs. C. A. Parsons and Co. ; 
it consists of solid conductors firmly locked into dove- 
tailed slots in the core, a portion of the conductor 
being external to the core and a portion being em- 
bedded into it. This gives a particularly satisfactory 
cooling of the windings and commutation. A part of 
the magnet system is also exhibited, including Messrs. 
Parsons’ patented compensating winding. This winding 
is fitted to the pole-pieces of field-magnets having de- 
finite poles. Itis wound round the axis at right angles 
to the ordinary polar axis carrying the ordinary field 
windings, and is usually so designed as to have about 
twice the number of ampere-turns that there are in the 
armature winding. No commutating-pole is used, nor 
is there any ion Raheem the pole-pieces ; it is claimed 
that this gives very great advantages and yields a 
machine capable of Selb without special adjustment 
over a very wide range of voltage, obviating also the 
necessity of great accuracy in setting the brushes. 
With a continuous-current dynamo fitted with this 
compensating winding, it is quite easy to rock the 
brushes backwards and forwards through a very con- 
siderable arc without producing serious sparking, 
even when the machine is carrying currents con- 
siderably in excess of the full load. This type of 
compensating winding works exceedingly well when the 
machines are fitted with carbon brushes. Satisfactory 
commutation is obtained at all voltages between 440 
and 600 without any adjustments. An overload of 
50 per cent. can be carried for short periods, and 
25 per cent. for one hour. The brush-gear of the 
plant is also displayed. 
_ Messrs. C. A. Parsons and Co. also exhibit a work- 
ing model illustrating the alternator compounding 
patented and fitted by them to their turbo-alternators, 
for the purpose of keeping the voltage steady even 
when the load is subject to great fluctuations. The 
action of this compounding is extremely rapid, and the 
plants can be compounded for constant voltage with 
any desired power-factor, or can be arranged so that 
the voltage rises when the load comes on. The parallel 
operation of alternators compounded in this manner 
is entirely satisfactory. 








Tur Suez Canat.—The transit revenue of the Suez 


Canal Company in the first three months of this year was 
1,407,600/., as compared with 1,187,600/. in the first quarter 
of 1909, and 1,096,000, in the first quarter of 1908. The 
number of ships which passed through the canal to 
vs 31 of this year was 1279, as compared with 1052 and 

%, 
ae foRY OF FRENCH MANUFACTURERS OF RaILWaY 
ene Ls —We have received a copy of this directory for 
Con the title of which is Annuaire des Fabricants et des 
ty ucteurs de Materiel pour Chemins de Fer et Tram- 
fi - It is published by the Chambre Syndicale, formed 
Of these m inufacturers, 63, Boulevard Haussmann, at the 
Pra, cancs. It gives the share capital, address, names 
a rs, and specialities of the principal French works 
for c _ ‘facture rolling-stock and permanent-way plant 
penn “ 3 and tramways. An interesting section is that 
ening he specifications of French railways for the 
~ _ nd testing of material. The French labour 
S form the -subject of another section. The book 


measures 5} in. by 5} in., and has over 600 pages. 





| trade continued bad 





INDUSTRIAL NOTES. | 


Tue last report of the Labour Department of the 
Board of Trade on the general state of employment is 
based on the following extensive and reliable returns 
from official and other sources :— 

In addition to the 2905 employment returns from 
trade unions used for the chart, 3755 were received 
from employers relating to 1,100,708 workpeople em- | 
ployed in coal and iron-mining, the cotton, woollen, | 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6660 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 
The facts and figures of those returns show that em- 
ployment continued to improve. The engineering, 
shipbuilding, and textile trades showed increased 
activity ; and there was a seasonal improvement in 
the building, wood-working, and tailoring trades. As 
compared with a year ago, employment in all the 
principal industries, except cotton, showed a con- 
siderable improvement. 

The 416 trade unions making returns had a net 
membership of 701,766, of whom 36,543, or 5.2 per 
cent., were reported as unemployed, compared with 
5.7 per cent. in previous month and 8.2 per cent. in 
same month a year ago. 








Employment in coal-mining continued good, and was 
better than a year ago. The average number of days 
worked at the pits was 5.49, as compared with 5.54 a 
month ago and 5.29 a year ago. 

Employment in iron-mining was good, and better on 
the whole than a month ago, owing to a marked im- 
provement in the Cleveland district ; employment 
also showed some improvement compared with a year 
ago. The average number of days worked per week 
at all mines and open works included in the returns 
was 5.90, as compared with 5.77 a month ago, and 
5.82 a year ago. 





ployment was also bad, and much waiting for warps 
was reported. In both branches there was some im- 

rovement on a month ago, but a considerable decline 
ona year ago. Returns from firms employing 123,836 
workpeople showed an increase of 3 per cent. in the 
amount of wages paid as compared with a month ago, 
and a decrease of 8.4 per cent. as compared with a year 


In the woollen trade employment was good, and 
better than a month ago ; it was much better than a 
year ago. Returns from firms employing 29,308 work- 
ae pe showed an increase of 2 per cent. in the wages 
paid compared with a month ago, and of 14.8 per cent. 
compared with a year ago. 

Employment in the worsted trade continued good, 
and was much better than a year ago. Returns from 
firms employing 47,600 workpeople Teves an increase 
of 0.8 per cent. in the amount of wages paid compared 
with a month ago, and of 9 per cent. compared with a 
year ago. 

The linen trade continued good, and was much better 
than a year ago. Returns from firms employing 48,412 
workpeople showed an increase of 1.7 per cent. in the 
amount of wages paid compared with a month ago, 
and of 10 per cent. compared with a year ago. 

Employment in the jute trade continued good, and 
was better than a year ago. Returns from firms 
employing 18,776 workpeople showed an increase of 
0.3 per cent. in the amount of wages paid compared 
with a month ago, and of 7.7 per cent. compared with 
@ year ago. 

n the lace trade employment continued fair and 
was better than a year ago. Returns from firms em- 
ploying 7869 workpeople showed an increase of 0.5 per 
cent. in the amount or wages paid as conipared with 
a month ago and of 4.6 per cent. as compared with a 
year ago. 

Employment in the hosiery trade was good, and 
better than a month ago; it was much better than a 
yearago. Returns from firms employing 19,622 work- 
people showed an increase of 1.5 per cent. in the 
amount of wages paid compared with a month ago, 





In the pig-iron industry employment continued 
moderate. It was better than a year ago. 
received relating to the works of 108 ironmasters, 
employing 22,600 workpeople, showed 303 furnaces in 
blast, as compared with 305 a month ago and 287 a 
year ago. 

Employment in iron and steel works again showed 
an improvement on a month ago, and was much better | 
than a year ago. The volume of employment (i.c., 
number employed multiplied by the number of shifts | 
worked) at the works from which returns were 
received showed an increase of 1.3 per cent. on a 
month ago, and of 11 per cent. on a year ago. 

In the tinplate and steel-sheet industry employment 
continued very good, and was much better than a 
year ago. The number of tinplate and steel-sheet 
mills working was 479, as compared with 475 a month 
ago and 445 a year ago. 

The engineering trades continued to improve, and 
were som better than a year ago. Trade unions with 
a membership of 169,336 reported 7.1 per-eent. unem- 
ployed, as compared with 7.3 per cent. a month ago 
and 12.6 per cent. a year ago. 

The shipbuilding trades continued to improve, and | 
were much better than a year ago. Branehes of trade | 
unions with 57,282 members reported 13.2 per cent. 


| unemployed, as compared with 14.6 per cent. a month | 


ago and 22.2 per cent. a year ago. 








Employment in the spinning branch of the cotton | 
Organised short time to the | 
was worked in mills spin- 


tent of 154 h eekl 
ar keen eaten a the weaving branch em-! 


ning American cotton. 


Returns | 


and of 12.3 per cent. compared with a year ago. 
In the silk trade employment was fairly good, and 
| was better than a month ago and much better than a 
year ago. Returns from firms employing 8328 work- 
people showed an increase in the amount of wages paid 
of 1.8 per cent. emapan with a month ago, and of 
13 per cent. compared with a year ago. 
Employment in the boot and shoe trade was fairly 
ood, and better than a month ago and a year ago. 

turns from firms employing 65,018 work people 
showed an increase of 2.5 per cent. in the amount of 
wages paid compared with a month ago, and of 8.6 
per cent. compared with a year ago. 

In the other leather trades employment continued 
fair on the whole, and was better than a year ago. 
Trade unions with 3178 members reported 4.9 per cent. 
unemployed, as compared with 4.7 per cent. a month 
ago and 7.1 per cent. a year ago. 





Employment in the paper-making trades continued 
good, and was better than a year ago. 

Employment in the printing ond tated trades 
was moderate with printers and slack with book- 
binders. It was slightly better, on the whole, than a 
month ago, but worse than a year ago. Trade unions 
in Ses trades with a membership of 50,666 
reported 5 per cent. unemployed, as compared with 
5.4 a month ago and 4.6 a year ago. In the book- 
binding trades the corresponding percentages were 
7.1, 5.9, and 7.8. 





The building trades, though still slack generally, 
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were better than both a month ago and a year ago. 
The percentage of unemployed among trade-union car- 
penters and plumbers was 8.9, as compared with 10.6 
a month ago, and 13.3 a year ago. 

Employment in the furnishing and woodworking 
trades was on the whole quiet, except with coach- 
builders and brushmakers, with whom it was good. It 
showed an improvement compared with both a month 
ago and a yearago. Trade unions with a membership 
of 34,319 apes 5.3 per cent. of their membershi 
unemployed, as compared with 7.2 per cent. a eith 
ago-and 7 per cent. a year ago. 


In the glass trades employment was moderate on the 
whole, and better than a month ago ; it was about the 
same as a year ago. Returns received from firms 
employing 8101 workpeople, showed an increase of 8.1 

r cent. in the amount of wages paid as compared 
with a month ago, and of 1.4 per cent. as compared 
with a year ago. 

Employment was still slack on the whole in the 
pottery and brick and tile trades, but there was an 
improvement as compared with a month ago. A good 
deal of short time was worked. 


Employment of dock and riverside labour in London 
was fair generally, slightly better than a month ago, 
and better than a year ago. At Liverpool and the 
other principal ports employment on the whole was 
moderate, and showed little change compared with 
the aabp month. The average number of labourers 
employed daily at the docks and principal wharves in 
London (exclusive of Tilbury) was 12,916, an increase 
of 0.4 per cent. as compared with a month ago, and 
of 2.9 per cent. as compared with a year ago. 


Thirty-two disputes began in the month, as com- 
pared with 20 in the previous month, and 17 in the same 
month a year ago. The total number of workpeople 
involved in disputes which began or were in progress 
was 42,366, or 6848 more than in the previous month, 
and 34,688 more than in the same month a year ago. 
The aggregate duration of all the disputes of the 
month, new and old, amounted to 627,000 workin 
days, or 88,200 more than in last month, and 525, 
more than in the same month a year ago. Definite 
results were reported in the case of 25 disputes, new 
and old, directly involving 11,877 persons. Of these 
25 disputes, five were decided in favour of the work- 
people, eight in favour of the employers, and 12 were 
compromised. 

The changes in rates of wages taking effect affected 
211,700 workpeople, of whom 207,700 received in- 
creases and 4000 sustained decreases. Amongst those 
whose wages were increased were 190,000 coal-miners 
in South Wales, 3000 iron-workers in the West of 
Scotland, and 7000 wool-combers, &c., at Bradford. 
The number whose wages were reduced included 3400 
iron-puddlers and millmen in the North of England. 
The total computed effect of all the changes reported 
was a net increase of over 5000/. per week. 


The result of the General Election in the Australian 
Commonwealth is a great surprise generally, because 
of the complete rout of the Fusionists—a combine in- 
tended to extinguish the Socialist movement in the 
several Federal States. Labour has captured not only 
the Assembly, but the Senate, so that a Labour 
Ministry is the inevitable result. In several States 
the Labour Party made a clean sweep, several impor- 
tant Members of the Government being defeated. 
Mr. Deakin, the Premier, was only re-elected by a 
small majority, and it is reported that he will retire 
from political life when the new Government is con- 
stituted. This will be regretted by opponents as well 
as friends, for he has been found to i an upright 
public servant to the State. One of the chief reasons 
of the change in public opinion was the severity 
with which the Labour leaders were treated in con- 
nection with the coal strike; one of them was 
sentenced to ten years’ penal servitude. Even out- 
side the ranks of Labour—by tradesmen and others 
—the action of the Government was regarded as unduly 
severe. They rightfully condemned the strike while it 
was on, but undue severity was resented in the case of 
the leaders. Much will now depend upon the policy of 
the new Labour Ministry. 't is semi-officially stated that 
the Labour Government will not attempt to deal very 
broadly with new labour problems. That was the cause 
of the defeat of the previous Labour Ministry. 


The great lock-out in the building trades in Ger- 
many began on Saturday last, and bids fair to be the 
largest on record. It is estimated that from 150,000 
to 200,000 workers will be directly affected, in addi- 
tion to which there will be tens of thousands indirectly 
affected by the stop It is stated that the em- 
ployers’ league consists of 22,000 firms in the area 
affected, which does not include Berlin, Hamburg, and 
the Altona districts. In Saxony, it is said that the 
employers are divided in opinion as to the policy of 
the lock-out, so that it is possible that the stoppage 
will be only partial inSaxony. It is estimated that as 





many as 400,000 will be affected on the whole, inclusive 
of women and children. The loss in wages is esti- 
mated at 60,000. per day. The war chest of the men 
is about 550,000/. ; this is a small amount to be divided 
among so many. But, then, there are the levies up to 
9d. per man per day of those who are at work, inclu- 
sive of Berlin, Hamburg, Altona, and parts of Saxony. 
Nostrike pay is to be given for the first fourteen days of 
the lock-out, so that the loss to the strikers or those 
locked out will amount to a total of 800,000/. The 
Berlin men are contributing one mark (1s.) daily to 
the fund. This, of course, will stop if Berlin should 
join the lock-out. The builders’ merchants have, 
it is stated, joined in the fray by agreeing not to 
supply firms with materials that do not join the 
lock-out. Of course both sides accuse each other of 
obstinacy in refusing concessions ; it so happened that 
both sides were equally obstinate in refusing to submit 
the whole dispute to arbitration, as suggested by the 
Government. 


At a Profit-Sharing Conference held last week a 
feeling was expressed that the hitch in the arrange- 
ments with Sir Christopher Furness, M.P., and his 
co-partnership members of the workmen would be got 
over. Sir Christopher himself alluded to ible con- 
cessions or new arrangements. Mr. H. Vivian, M.P., 
closely identified with profit-sharing schemes, spoke of 
the rapid progress it was making, and Mr. F. Maddi- 
son, ex-member for Burnley, spoke highly of the 
results in a number of firms where the me on was in 
operation. During the last forty years the scheme has 
had its ups and downs, but no very serious results 
have followed its failures. It does not fit all kinds of 
trades, and the men in some cases are scarcely fit to be 
its pioneers. They have not the self-respect or self- 
reliance that is necessary. It will be a great pity if 
the Furness scheme fails. 


Although the Welsh dispute in the coal trade is 
nominally and even practically settled, it is stated 
that at the end of last week some 1400 men were still 
idle in the anthracite collieries. In the Clifton col- 
lieries, Notts, an arrangement was made to confer on 
the matters in dispute, and it is expected that arbitra- 
tion will be resorted to if negotiations fail. In Durham 
things appear to have settled down; whatever differ- 
ences exist are kept quiet, at least for the present. 
In Setinavedenl the dispute is practically settled, 
but there is a chance of a further expression of dissent 
when the expected General Election comes, as the 
Association is bound to run Labour candidates under 
the rules of the National Federation, to which it is 
affiliated. At thesame time, Messrs. Burt and Fenwick 
will run as Labour and Liberal candidates, as they did 
at the recent General Election. 


Judge Parry last week gave judgment in a very 
important case between the Amalgamated Society of 
Engineers and one of its members, who demanded to be 
put upon the superannuation list. The Judge’s deci- 
sion amounts to this, that no member can be placed on 
the list without the consent of the executive council. 
The members, under the rules, are not absolutely 
entitled to compensation. Judgment was therefore 
given for the Society against the member, but without 
costs. 


The men employed at the Cumberland limestone 
quarries have been granted an advance of from 4 to 
5 per cent. in wages. The advance was made by the 
Conciliation Board, at the suggestion of the neutral 
chairman. The wages generally are regulated by the 
price of pig iron in the Glasgow market. The rates 
now will be 22.35 per cent. aoe the standard tixed 
in 1894. The fact of the advance indicates that the 
iron trade is improving, and is expected to improve as 
the spring advances. . The workmen’s union is trying 
to get the ‘‘ niddsmen ” included under the regulations 
of the Conciliation Board. 


The Bill to amend the Trade Union Acts by the 
Labour Party has been issued ; it is very short—only 
two clauses. It rules to give legal por” fe to the 
union to enforce a levy upon its members in support 
of Parliamentary representation, and also upon the 
county, district, and local councils, and other public 
bodies. Whether the Bill as drafted will effect its 
purpose, if carried, may be open to doubt. There 
will be plenty of criticism on the Bill before it can 
become law. 








New Brunswick M1NERALS.—Iron-mines have been 
recently ane | in Gloucester county, New Brunswick. 
The Drummond Company has uncovered 500,000 tons of 
iron ore, and is making arrangements for raising 2000 tons 

r day. A branch connecting with the Intercolonial 
Railway, and 17 miles in length, is approaching com- 
pletion. Shipments of ore will be made from Newcastle, 
on the Miramichi, until proper facilities are provided in 
Bathurst Harbour, near the mines. A deposit of good 
coal has also been discovered at St. Isodore, near the iron- 
mines; this is, of course, of considerable importance in 
connection with the smelting industry. 





RESEARCH ON THE HARDENING OF 
CARBON AND LOW-TUNGSTEN TOOL.- 
STEELS.* 

By Suretry N. BraysHaw, of Manchester. 

THIs paper deals exclusively with results obtained from 
two kinds of carbon tool-steel which, except for accidental] 
variations, differed only in the fact that one of them con. 
tained about 0.5 per cent. of tungsten. The whole of the 
work has been devoted to questions directly connected 
with workshop hardening, in order to throw light on the 
many problems which are met with in daily practice. 

After many experiments in various directions it was 
manifest that no method of heating would, or could 
answer the author’s requirements except that of immer. 
sion in a hot liquid. The mixture finally adopted was a 
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patent“melt mainly composed of the chlorides of sodium 
and potassium. ‘The melt was used in special patent 
furnaces, which are briefly described as follows :— p 

In the centre of a furnace (Figs. 1 and 14) was a pot *, 
14 in. in diameter inside and 20 in. deep, contaiming about 
130 lb. of fusible melt, which was within 2 in. or 3 ™. 
of the topof the pot. This melt was as fluid as wate = 
temperature of 680 deg. Cent. (1256 deg. Fahr.), pee 
lower than is ever required for the hardening of car ; n 
steel. The pot was much larger than was necessary or 
the test-bars in question, but incidentally the large 


ia es Ate 2 oe . , 

* Abstract of paper read before the Institution © 
Mechamcal am on the 15th inst. This paper 4 
reproduced in abridged form. Some of the eS 
tables are omitted, and the letter-press 1s, 1n plact + a 


siderably condensed. 
nivel as far as possible, though tables covert 
figures reproduced have been omitted, and vice '* ree “A 
The author’s reference numbers to tables and figures & 
retained, to avoid confusion.—ED. 
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size of the furnaces was a distinct advantage for the 
special scientific work under review, because the great 
mass made it easy to maintain constant temperatures for 
long periods. The pot was surrounded by a fire-brick 
body, which stood clear from it, as shown, and was heated 
by Bunsen burners or by blast-burners. These were used 
as alternatives, the blast for rapidly raising the tempera- 
ture and the Bunsen burners for maintaining a steady 
heat. In either case the products of combustion rose to 
the chamber C, so that the pot and its contents were 
heated from above as well as from the sides and the 
ttom. 
“on was a vertically sliding-door (not shown), in the 
front of the furnace, opening into the chamber C, so that 
the work might be readil Wg oy on to the perforated 
tray ‘I’, which was Aeonvom | by two rods R, R. These 
rods passed through the cover of the furnace, and by 
means of them the'tray with the work upon it was lowered 
into the melt to its bottom position T!. The tray when 
out of the melt was still inside the chamber C, which 
was really the upper part of the furnace, and at about the 
same temperature as the lower part. The tray might, 
therefore, be raised out of the pot and lowered again 
repeatedly without reducing the temperature of the melt. 
The pyrometer, Py, hung through an opening in the 
cover, and passed clear through a hole in the back of the 
tray, so that it was always in one fixed position with 
the lower end immersed in the melt, and it did not rise 
and fall with the tray. It will be se2n at once that this 
arrangement lent itself to extreme precision of work- 
ing, for it is unquestionable that if the tray were so 


Figs 3&4 HEATING ANDCOOLING CURVES OF PIECES SIMILAR IN ANALY SIS TO STEEL W3.(TableL) 
Maaimum Temperatures 777°C8178 C. 
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frequently raised and lowered as to keep the contents 
of the pot in circulation, the work and the fire end of the 
pyrometer must have speedily acquired the same tem- 

rature. Furthermore, the work reached one uniform 
eat throughout, and no portion of it could ever be 
hotter than the melt in which it was immersed. 

Two salt-bath furnaces were used for the work de- 
scribed in this paper, both of which were fitted with 
electrical resistance pyrometers. The pyrometer of one 
furnace was connected to a Whipple indicator giving 
direct Centigrade readings, and the range from 750 deg. 
to 850 deg. Cent. (1882 deg. to 1562 deg. Fahr.) was 
represented by a length on the scale of about 17 in., thus 
each Centigrade degree was shown by a division nearly 
fr in. long, and it was as easy to estimate half or quarter- 
degrees on the indicator as to estimate half or quarter- 
thousandths on a micrometer. The pyrometer of the 
other furnace was connected to a Callendar recorder, 
which gave readings on the platinum scale, so that 
corrections had to be applied to obtain the Centigrade or 
Fahrenheit equivalents. On the recorder sheets the 
range from 750 deg. to 850 deg. Cent. (1382 dog. to 
1562 deg. Fahr.) was represented by a length of 54 in., 


thus allowing a space of nearly ,', in. to indicate each 
Centigrade 3 
At the time when this research was commenced, the 


author was well acquainted with a certain steel, which, 
8o far 4s its composition went (Analysis W3, Table I.) was 
& regular carbon tool-steel with low tungsten. It was 
very soon noticed that the hardening-point of this par- 
ticular steel was sharply defined, occurring within one 
Centigrade degree of 738 deg. Cent. (1360 deg. Fahr.). 
Later on another change-point, more gradual, but unmis- 
takable, was found at about the temperature of 880 deg. 
Cent. (1616 deg. Fahr.). 

The consideration of the sharply-defined hardening- 
point is helped by a study of the heating and cooling 


curves in Figs. 3 to 6, herewith. In these diagrams time 


is represented by the abscisse, and temperature by the 
ordinates, 





J to L ; then the supply of heat was cut off, and the fur- 
nace was allowed to cool from L to N. 


TABLE I.—Analyses of Steel referred to. 




















wi we ws |w4| Al ‘ 
_ per per per per ~ 
| per Cent | Cent. Cent. cent.| Cent, | Pe Cent. 
Carbon o 1.18 | 1.16 1.19 1.15 1.16 1.14 
Silicon } 018 | 0.10 0.23 0.21 0.07 0.09 
Manganese 0.42 | 0.37 0.28 | 0.31 0.37 0.40 
Tungsten ..| 0.47 (0.48 0.57 | 0.50 0 0 
| f about ) | about. about | about 
Sulphur | 0.023 }| 0.028 {ovor2 robes } 0.018 
about | about about | about 
Phosphorus | { O14 j | 0-014 {oon 0.011| 0.014 } 0.014 
Bar Nos. ..| 1-47 48-111 oe | 1LA-47A 48A-108A 


The pieces of steel used for the curves were about as 
shown in Fig. 2, and the analysis was similar to W 3, 
Table I. The curve in Fig. 5 was taken by the Cam- 
bridge Scientific Instrument Company by means of an 
electric furnace, and the curves in Figs. 3, 4, and 6 were 
taken by the author with a gas-furnace fitted with a 
suitably designed poe | block. The instruments used 
were a Callendar recorder and a resistance pyrometer 
fitted with a porcelain tube jj in. outside diameter and 
zs in. thick. The influence of lag caused by the porce- 

in protecting-tube was not likely to affect the ultimate 
results, since the halts in the cases under consideration 








Heat was applied uniformly to the steel from | 


were sufficiently prolonged to permit of the true tempera- 


Fig. 686. 


IN ANALYSIS TO STEEL WS. (TableL) 
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ture being recorded. In every case there was a halt on 
the heating curve at the point K at the temperature of 
about 738 deg. Cent. (1360 deg. Fahr.). It was poorly 
defined in Fig. 6, because the temperature of the furnace 
rose too rapidly past this change-point. This is the well- 
known halt Ac 1, 2, 3, consequent upon the change that 
brings about the hardening of the steel. The fact already 
noted above, that the hardening-point of a steel similar 
to that used for these curves might be accurately located 
within a degree of 738 deg. Cent. (1360 deg. Fahr.) 
is clearly in close accord with these curves. It will subse- 
quently be shown that this point is unaffected by the 
rate of heating, and the change As 1, 2, 3 does not take 

lace in the steel if it be heated to a point only 2 deg. or 
5 deg. Cent. short of the required temperature, even 
though it should be subjected to that heat for two hours 
at a time. 

In each of the four curves under consideration the halt 
Ar 3, 2, 1 was very well defined at M; indeed, it was fol- 
lowed by an actual rise in the temperature of the steel 
amounting in Figs. 5 and 6 to about 3 Centigrade degrees 
(5 Fahrenheit degrees). 

The recalescence in Fig. 3 was higher by 2 Centigrade 
degrees than in Fig. 4, although the maximum tempera- 
ture was almost the same in the two cases. 

For the curve in Fig. 4 the heating was rather too rapid, 
so that the surface of the clay-work surrounding the steel 
was unduly heated, and thus for a short time interfered 
with the cooling after the gas had been turned off. The 
natural cooling may therefore be considered as beginnin, 


at the point Z, after which the action was reversed an 
the cooling proceeded too rapidly, because the clay-work 
had not m thoroughly heated through. This rapid 


cooling did not give the steel time for a — change 
and so lowered the recalescence point. An early indica- 
tion of the change Ar 3, 2, 1 occurred in both cases, 
Figs. 3and 4, with a distinct retardation in the rate of 
cooling at the point X, and in Fig. 3 with the slower 
cooling there was also some sign of retardation at Y. It 
would appear that the change Ar 3, 2, 1 begins very early, 


| probably at about the same temperature as the halt Ac 1, 
| 2, 3, and it will be shown later that the rate of cooling has 
| an important influence upon the lescence. 

In Fig. 5 the maximum temperature was 834 deg. Cent. 
(1533 deg. Fahr.). Apparently there was quite a notice- 
able retardation in the rate of cooling at the point X, 
which, curiously enough, was higherthan the point K 

|(Ac1, 2,3). The point of recalescence M was 713 deg. 
Cent. (1315deg. Fahr.), which is slightly lower tuan that 
shown in Figs. 3 and 4, when the maximum temperature 
was about 778 deg, Cent. (1432 deg. Fahr.). This lower- 
ing of’ point M may have been due to the higher maximum 
| temperature which had been reached, but it is not un- 
unlikely that the longer time during which the tempera- 
ture was above the point K (Ac 1, 2, 3) also contributed 
to the effect. If the steel had been raised only to 770 deg. 
or 780 deg. Cent., and maintained at that heat for half- 
|an-hour, and then. cooled at exactly the same rate as 
| shown in Fig. 5, the recalescence point might have been 
| lowered almost as much as it actually was in the case 
| under consideration. 

In Fig. 6 a curve is shown in which the maximum 

temperature was 966 deg. Cent. (1771 deg. weer} 
| Attention has already been drawn to a change whic 
takes place at about the temperature of 880 deg. Cent. 
| (1616 eg. Fahr.), and it is rather disappointing that 
| there was no trustworthy indication of that point on the 
| heating side of this curve. The slower rate of heating 
|as the curve rose was due no doubt to the fact that the 
| highest temperature to which the furnace could be raised 
| was being approached. On the cooling side there cer- 


HEATING AND COOLING CURVES OF PIECES SIMILAR 


Mascimum Temperatures 834.4966 C. 


tainly appeared to be some retardation about the point 
marked Y. There was also an apparent alteration in 
the rate of cooling at X, which, as in Fig. 5, was well 
above the point K (Ac 1, 2, 3), but little notice can be 
taken at this time of these ill-defined changes. The main 

int to notice in this curve is that the recalescence M 
Par 3,2, 1) was lowered to 709 deg. Cent. (1308 deg. Fahr.), 
which was 4 Cent. deg. (7 Fahr. deg.) below the similar 
point in Fig. 5. The author believes that in this instance 
the recalescence point was lowered because the tempera- 
ture of 880 deg. Cent. (1616 deg. Fahr.) had been ex- 
ceeded. Certainly that temperature was exceeded by a 
very great deal, but the result would probably have been 
similar if the steel had only been heated to 900 deg. Cent. 
| (1652 deg. Fahr.) for the same length of time. It appears 
| that if the temperature had been raised up to or beyond 
| 880 deg. Cent. (1616 deg. Fahr.) it is much more difficult 
for the steel to change into the post-recalescence condi- 
tion ; that is to say, that at about the temperature of 
| 880 deg. Cent. the point of subsequent lescence is 
| lowered and also rendered much less liable to alteration 
| by the rate of cooling. 





| Tue INFLUENCE OF THE MAXIMUM TEMPERATURE AND RATE 
oF COOLING UPON THE RECALESCENCE AR 3, 2, 1. 
| ‘Twoseries of experiments, Tables ITI. and IV., 526, 
| were carried out with steel bars of analysis W 4, Table aa 
| which differed but slightly from that used for the heating 
and cooling curves descri above. The bars were 4 in. 
by } in. in section and 3 in. long, with a hole in one end, 
| through which a wire was looped for handling them when 
hot. Many of the bars were heated in two furnaces, being 
rapidly transferred from the first to the second, so as to 
form a continuous heat, but at two temperatures. 
| The only tests that were applied were to ascertain the 
relative hardness of the bars. Before being tested they 
were machine-ground to a smooth finish on both sides for 
| sbout Zin. at the end that first entered the quenching 
rine. 
| avoid 


The grinding was carefully done with water to 
The amount removed was not 


damage by heating. 
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more than 0.025 in. nor less than 0.020 in. In the first| It will be seen that bars 16 X, 18 X, and 20 X had all; In addition to the bars referred to above there were 
lace a scleroscope was used. Subsequently:the Brinell | received a preliminary heating at 859 deg. Cent. (1578 deg. | four more in the second series, which are not shown in 
ll-test was applied with a single impression on each | Fahr.) for 10 minutes, and after 30 minutes in the second | Fig. 8. These four bars received a preliminary heating 
bar } in. from the end and equidistant from the twosides. | furnace at 725 deg. Cent. (1337 deg. Fahr.) the influence of | at 762 deg. Cent. (1404 deg. Fahr.) in the first furnace 
The scleroscope results are plotted out in Figs. 7 and 8 | the previous heat at 859 deg. Cent. (1578 deg. Fahr.) was | for the usual ten minutes, and the times in the second 
and the Brinell results in Figs. 9 and 10. apparent = oe ~ = After _ = 240 en ee and the — oe petra in Table V. For the 
: _my . _| minutes the effect of the previous heat was still evident, | sake of compari is 4 
oe By Ay os is Te Meee _ but in the opposite direction—namely, in lowering the| Bar 31 X after 10 minutes at 725 deg. Cent. (1337 deg. 
perature and Rate of Cooling w the Recalescence hardness below that of the bars with no previous heating. | Fahr.) gave a scleroscope figure of 64 deg., showing that 
‘Ar. 3,2,1 ~~ Bars 22 X, 26 X, and 24 X had been in the salt bath at the recalescence was taking place, but it was far from 
© esses ep Gene We Gent) a temperature of 890 deg. Cent. (1634 deg. Fahr.) for | complete. After 30 minutes at the same temperature the 
inese thi saath dintes Sil. Oh Ginter sent 10 minutes. After 30 minutes at 725 deg. Cent. (1337 escence was _" accomplished, for bar 6 X was even 
in sand after 20 minutes in the melt at 800 deg. Cent. (1472 deg. | 4¢8- Fahr.) the influence of the previous heat at 890 deg. | softer than bar 2X which had undergone an exactly 
Fahr.). Cent. (1634 deg. Fahr.) was sufficient for the steel toshow ‘similar treatment but without the previous heating above 
ScLERoscore Tests. 
Hardening. Hardness, Influence of the maximum temperature and rate of cooling upon the recalescence Ar 3, 2, 1. 
- ———— The analysis of the steel was W 4 (Table I.), and the hardening point was 738° C, (1360° F.). 
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(See Figs. 8 and 10).—Second Series of Ex- 
periments to Show the Influence of the Maximum Tem- 
perature and Rate of Cooling upon the Recalescence 
Ar 3, 2,1. 
ANALYsI8 OF SteEL W4. (Tasie L) 

Before the treatment shown below, the bars had undergone 
various treatments which are not noted, as they probably did 
not affect these results. 0 

795 > = | : Temperature ° C. 

725 240 | in first furnace. 

| ‘ x No previous heating. 2 X xX 10 X 
760° for 10 min. — _ - 
, a 302° 11 X 13 X 
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Mins. in second furnace at 725° C. (1387° F.) 
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Influence of the maximum temperature and rate of cooling upon the recalescence Ar 3, 2, 1. 
The analysis of the steel was W 4 (Table I.), and the hardening point was 738° C. (1360° F.). 


240 | | Fig. 9. FIRST SERIES Fig. 70. SECOND SERIES 


On a general consideration of the experiments, of 
i ag ay aan a igh in Figs. 7 —, 8, it is a 760°C (1400 °F) for 10Mins 
able that after 120 and 240 minutes’ ing at eg. 2 
Cent, (1348 deg. Fahr.) the bars which had been raised to eee et * F 
802 deg. Cent. (1476 deg. Fahr.) were softer than those 93°C(1639°F) » 
which Fad been raised only to 760 deg. Cent. (1400 deg. 

‘ahr.). 

After 30 minutes’ soaking at 731 deg. Cent. (1348 deg. 
Fahr.) the bars which had been heated to 862 deg. and 
893 deg. Cent. (1584 deg. and 1639 deg. Fahr.) were inferior 
to those which had m heated only to 760 deg. and 
802 deg. Cent. (1400 deg. and 1476 deg. Fahr.). This 
inferiority was only slight, but was no doubt due to the 
adverse influence of the higher temperatures continued 
for 10 minutes. 

The lasting effect produced when the temperature of 
880 deg. Cent. (1616 deg. Fahr.) has been exceeded, is 
shown by the results from bars, all of which were soaked 
for 240 minutes at 731 deg. Cent. (1348 o~. Fahr.) in the 
second furnace. These show that after this soaking the 
bars which had previously been heated to 760 deg. and 
862 deg. Cent. (1400 deg. and 1584 deg. Fahr.) ay od ee 802°C(1476°F ) | 
tically the same in hardness, but the bar which h re- for 10 Mins "No Previous Tienlixa~ 
viously been heated to 893 deg. Cent. (1639 deg. Fahr.) . 
was much harder (72 deg. against 54 deg. and 53 deg.).. 

It is evident from the foregoing that a previous heating 
for 10 minutes 2 any tem yang ay" 760 deg. nea 7169) E) 0 
deg. Cent. (1400 deg. to 1 eg. Fahr.) leaves its effect . 
u on the steel, so that the change of recalescence takes a © 
haved very slowly if the steel is subsequently maintained] 4, on x 3X No previous heating. 2X 4X 
ata temperature of 731 deg. Cent. (1348 deg. Fahr.) and Rare. x 9X 760° for 10min. = — 7 : 
four hours was insufficient to accomplish the recalescence| Tables III. 7 \ - : 802" ” 802° 11X 13 X = - 
of any of the bars. From the progressive softening of the] and IV. | 23 X 4 x = ” - | . 4 . . : 
steel with every increase in the period of soaking at this Mins. in second furnace at 731° C. (1348° F. ” Mins. in second furnace at 725° C. (1887° F.). 
tem ture, it appears probable that the escence 30 120 240 ‘ ° 
would mare Sane Senge ———— *' few rend 
hours had been allowed. In the case of the bars which | 4 scleroscope hardness of 82. In other words, the steel | the hardening point. It must also be noted that the 
had been heated to 893 deg. Cent. (1639 deg. Fahr.), the | was nearly as hard as an ordinary punch or die for cut- | hardness kept decreasing as the soaking was prolonged. 
recalescence was evidently ing accomplished at 731 deg. | ting me Even after 240 minutes the hardness figure| The influence of a temperature of 890 deg. Cent. 
Cent. (1348 deg. Fahr.), but mach more slowly ; yet even | was just higher than it would have been if the previous | (1634 deg. Fahr.) in retarding the change of recalescence 
here it appears likely that it would eventually have been | heat been omitted. is shown in the following table of bars, all of which were 
complete, though the time would have been much longer Tarte V soaked for 120 minutes at 725 deg. Cent. (1337 deg. Fehr.) 
than that required for bars whose maximum temperature ; ss (hm eneiedk feruaen. 
had not approached the change-point of 880 deg. Cent. eee Bar 8 X. 762° C. (1404° F.) in Ist fu | 81 deg. 
(1616 deg. Fahr.). : : ; Bar No. | Temperature of Time in Second Sclero- Bar 13 X. 802 G. (1476° F.) in Ist fu 31 dec. 

The second series of these experiments dealing with (Table IV.) First Furnace for | Furnace at 725 deg. | scope Bar 18 X. 859°C. (1578° F) in Ist aang 39 des 
the maximum temperature and rate of cooling upon the 10 Minutes. C. (1337 deg. F.). | Hardness. ys > GS by FEROS, we Ce: 
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: Mes ; | | raha . a °F.) furnace, 51 deg. 
int of recalescence was similar to the first series, which — : 2 Bar 26 X. 890° C. (1634° F.) in Ist J on jew. 
as been described at some length, except that the tem- as | 762 deg. 0. || a Bar 4X. No previous heating in Ist furnace, ote 
rature in the second furnace was 725 deg. Cent. 80X 1404 deg. F. )}/ 60 |, The above Table also shows that bar 4 X, which was 
1337 deg. Fahr.) instead of 731 deg. Cent. (1 deg. x a Se merely heated up to the temperature of 725 deg. Urnt. 
ahr.). The results of the second series are shown in |No previous heating 30  ,, (1337 deg. Fahr.) for 120 minutes, was harder than the 
Figs. 8 and 10, REE TM AS AEB EN TTES S ; three bars 8 X, 13 X, and 18 X, which had received pre- 
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cisely the same treatment, except that they had pre-| Ar 3, 2,1. If the steel is quenched from this condition, | ‘‘ Bending Test-Bars” further experiments are detailed 
viously been heated for 10 minutes to various tempera- | it is softer than the same steel which has been quenched | under the heading of ‘‘ Two-Furnace Heats,” which also 
tures above the hardening point. This softness of steel Fig.12 bears upon the question of the influence of the maximum 
which has been quenched from the post-recalescence| [1° * 9-13. BENDING-TEST BAR temperature and rate of cooling upon the recalescence 
condition is further shown by the following comparison Sco MT W-ees Ar 3, 2, 1. 
of some of the bars which were soaked for 240 minutes at round eax Benpine Txst-Bars. 
725 deg. Cent. (1337 deg. Fahr.) in the second furnace. ) - ee gs , 
nye ~ : 25r > a General Desoription.—After a large number of prelimi- 
ed = = = 2 (ies a - _ samen, = dee | 5} nary _ wale it was decided that the research should be 
Bar 10 X. No previous treatment in 1st furnace, 37 deg. 0-428. ° > anne ove 1s, to oeue ry ey | hg Tq 
Conclusions.—1. The recalescence of steel of analysis sé H and 54 in. long over-all, with the ends rounded, so that 
2 e . res st ee oye ors am ! 
48 A Figs.15 and 16. PARTS OF TEMPERATURE - RECORDER SHEETS. 
——. Fig.bs. 
Pg (Reproduced full sixe.) 
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7 4, 7 ble I., takes place gradually at a temperature 
(31 deg. Cent. (1348 deg. Fahr.) and more readily 


a leg. Cent. (1337 deg. Fahr.), and further, the 
os pan ce at either of the above temperatures is very 


he irded if the steel is cooled from a maximum heat 

0 wo di *. Cent. (1634 deg. Fahr.). 

m There is a t-recalescence condition of steel, of 

th = W 4 (Table I.), reached by first heating above 
© halt Ac 1, 2, 3, and then immediately soaking at 





Sertain temperatures between the halts Ac 1, 2, 3, and 





the exact length might be measured to the nearest half- 


after merely soaking at the said temperature between the 
thousandth of an inch. Near one end there was a hole, 


halts Ac 1, 2, 3and Ar 3, 2, 1 without having undergone : ‘ : 

the previous higher heat. through which a piece of wire was loo for removing 
though experiments are not here detailed in proof! the bars when hot. At the other end a portion of the 

thereof, it ma Be added that at a tem ture of 720 deg. flat surface was smooth-ground for the Brinell ball-test. 

Cent. (1328 deg. Fahr.) the effects of a maximum heat | A complete list of these bars, together with all particulars, 

of 880 deg. Cent. (1616 deg. Fahr.) are still sufficient to | is given in the paper.* 

prolong the period of escence venz opusinanesa, but | Altogether there were 111 bars of low tungsten steel, 

at about 717 deg. or 718 deg. Cent. (1323 deg. or 1324 deg. — 

Fahr.) the change is much more rapid. In the section on | * These tables are not published in this abstract. 
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and 108 of carbon steel. The following general observa- 
tions are noted :— 

The steel for bars 1 to 25 and 1 A to 25 A (see Table I.) 
inclusive was hot-rolled to about the finished size, the 
actual black dimensions being as follows:—Maximum, 
0.78 in. by 0.60 in. ; minimum, 0.73 in. by 0.56 in. Those 
bars whieb were larger than phe by ¥% in. were machined 
down to the nominal sizes. All the bars from 26 and 26 A 
upwards were rolled large enough to allow them to be 
machined all over. The limits of inaccuracy allowed after 
machining were as follow:—Maximum, 0.750 in. by 
0.565 in.; minimum, 0.740 in. by 0.560 in. 

After the whole bars had been sawn into lengths, these 
lengths, before machining or any other operation, were 
annealed by soaking in the melt at a temperature of 
800 deg. Cent. (1472 deg. Fahr,) for 20 minutes and cool- 
ing out in ashes. Those bars which were machined under- 
went this pe gum g oy Oiky the preliminary 
annealing. In certain cases the bar, having undergone 
the preliminary annealing, was immersed in the melt at 
the desired temperature and for a certain time, and then 
cooled in ashes or sand. Every bar was measu for 
ane before and after the annealing, and also before 
and after the hardening. The change in length, if any, 
was thus ascertained. 
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The melt was stirred 


ularly during the hardening 
process by the usual maton isi i 


of raising and lowering the 


tray containing the bars. The temperature of the melt | 


was regulated with varying degrees of precision according 
to the requirements of each case. The annealing tem- 
peratures are usually shown in round figures, and may 
vary by 4 deg. or 5 deg. Cent. (7 deg. to 9 deg. Fahr.) 
from the temperatures shown by the instruments. The 
hardening temperatures were controlled more carefully. 
In some instances extreme accuracy was demanded --as, 
for example, when it was desired to show the effect of 
very slight variations of temperature, and Figs. 15 to 17 
give full-sized reproductions of portions of the Callendar 
recorder-sheets taken pg Ay most important of these 
processes. The record for bars 48 to 58 and 48 A to 58 A 
is shown in Fig. 15. Six of the heats were designed to 
differ from each other by only a single degree according to 


the platinum scale ; and on conversion to the Centigrade | 
air-scale it was necessary to give the equivalent tempera- | 


ture to the nearest quarter of a degree in order to main- 
tain the even steps. Thus these fractional figures repre- 
sent the temperatures at which it was intended to harden 
the bars, and the recorder sheet shows the amount of 
divergence from the intention. The most serious error 
arose with bars 53 and 53 A, when the temperature fell 
fully 2 platinum d too low, and then rose nearly 
1 deg. too high, followed by a quick fall and a recovery, 
so that by the end of the half hour it was nearly half a 
degree too high. 


mum temperature had ever been as high as for bar 52 


52, 


but the fact of falling in the early part of the heat a little | 


lower than bar 54 would not make much difference, and 
an examination of the record shows that, notwithstanding 
the slip, bar 53 must by the end of the time have reached 
a conditition approximately half-way between bars 52 
and 54. In Fig. 16 the record is shown for bars 59 to 68 
and 59 A to 68 A. Those bars which were soaked for 
me | erg 3 were sometimes half a degree too hot or too 
cold, but the average was very close to the intended tem- 
perature. Bars 63 and 63 A were done separately, and in 


Tig.19. 


both cases the temperature rose much too high, but was 
about right before the end of the heat. In Fig. 17 the 
record is shown for bars 84 to 95 and 84A to 954A, 
though in this series the exact temperature was not s0 
important, because the heats differed from each other 
by 4 platinum degrees or about 5 Centigrade degrees 
(9 Fahrenheit degrees). 

Some of the bars, more particularly those which were 
exposed to a high temperature for a long time, were found 
to be ‘‘ etched on the surface.” This refers to the surface 
having been affected due to the action of the melt, which 
at the time when these particular experiments were carried 
out, had not been adapted for high temperatures. Since 
that time the composition of the bath has been treated to 


Fic. 19.—Bending-Test Bars. 
Various Temperatures of Melt, for Hardening. 





Preliminary 


Sveatment. Hardening Treatment. 


Various; from 700° to 940° C. 





Temperature of melt 


was made on a portion of the bar specially ground smooth 
for the purpose, Fig. 13. This smooth grinding was done 
before the annealing (if any) and hardening, so that the 
ball-test was applied to the water or oil-hardened surface. 
The bars were sometimes harder than the balls. One har 
showed, on the untouched surface, ball figures varying 
from 713 to 444. The mere direction of dipping alone 
would oman be ges inadequate under ates con- 
ditions to explain the extraordinary divergence in these 
figures, but this detail assumes importance when it is 
pom that the bar in question had only been heated 
to 732 deg. Cent. (1350 ie. Fahr.), which was barely 
above the hardening point of the steel. One side of this 
bar was then ground down , in., and the extreme figures 
obtained from the surface which had been ground were 
555 and 460, which was a variation of 95, as compared 
with 269 on the unground side. It is significant that at 
the end which was quenched first the hardness on the 
unground portion was 713, whilst it was found to be only 
555 (a drop of 158) after ;, in. had been removed from 
the surface of the opposite side. Considering that the 
hardening point had only just been reached, it would not 
be expected that the hardness would penetrate to any 





(1292° to 1724° F.). 
30 mins. 
‘Brine at 15° to 24° C. (59° to 75° F.) 
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| avoid this difficulty, so that the later bars heated to Various Temperatures of Melt for Heating.—Fig. 19 
900 deg. Cent. (1652 deg. Fahr.) are unaffected in this way. | shows a series of bars all of which were soaked in the 
In some cases the bar was immersed in the melt in the | melt for 30 minutes, but at various temperatures from 
first furnace at a certain temperature for a definite time, | 700 deg. to 940 deg. Cent. (1292 deg. to 1724 deg. Fahr.). 
and was then quickly transferred whilst hot, by means of | The low-tungsten bars are shown in full lines, and the 
the wire provided to a second furnace about two yards | carbon bars in dotted lines. The elastic limit and maxi- 
away, the operation only occupying a second or two. | mum stress are dealt with in Fig. 19a. : 
For quenching, the bars were removed by the wire and| _ Of the low-tungsten bars, the elastic limit coincided with 
dipped endways into the oil or brine, in which they | the maximum stress at 760 deg. Cent. (1400 deg. Fabhr-.). 
received a moderate amount of stirring until cold. After this temperature was passed the elastic limit and 
Those bars which were tempered were immersed in oil | maximum stress were generally lowered by increases in 
at definite temperatures and for certain periods of time, | the temperature of the melt, especially at {00 deg. Cent. 
and were then allowed to cool out in the air. (1652 deg. Fahr.) and above. Of the carbon bars, the 
The bars were tested between supports 5} inches apart. | elastic limit and maximum stress were identical at 800 deg. 
In some cases they broke through the hole, due to harden- | Cent. (1472 deg. Fahr.), after which they generally fell 
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It would have been serious if the maxi- | 


| ing cracks, and then the test was carried out by placing | with increases of temperature up to 880 deg. Cent. 
| the supports closer together. Whenever this occurred the | (1616 deg. Fahr.), but beyond that point further icreases 
figures were corrected as for supports 5} inches apart. of temperature up to 940 deg. Cent. (1724 deg. Fahr.) had 
| The ‘“‘energy” calculated gave the number of kilo- | little effect. Thus the carbon bars were the better able 
| gramme-metres absorbed in the breaking of the bars. This | to stand temperatures above 880 deg. Cent. (1616 deg. 
|“‘energy” is not necessarily the direct arithmetical | Fahr.) without injury to the elastic limit and maximum 
ga of the breaking load and the deflection, but is a | 8 
| figure obtained in each case by Sir Robert A. Hadfield, - 
and may be relied upon as being the exact amount of | limit of the low-tungsten bars quenched at or below 
| energy necessary to break the bar, and these figures are of | 730 deg. Cent. (1346 deg. Fahr.) was negligible (about 
| value as apeening the toughness of the material. | 0.04 millimetre), but it amounted to about 0.3 millimetre 
| The modulus was obtained by Sir Robert A. Hadfield | for the similar carbon bars. 
| according to the following formula :— | Both low-tungsten and carbon bars quenched at 
|720 deg. Cent. (1328 deg. Fahr.) were unbroken with a 
E= We | big deflection, but at 740 deg. Cent. (1364 deg. Fahr.) the 
4bd®X | bending before breaking was reduced to 1.775 and 1.475 
when W = weight in pounds. millimetres respectively. The low-tungsten bars were 
X = deflection in inches produced by W. very ae affected at a temperature of 900 deg. Cent 
| b = breadth of beam in inches. (1652 deg. Fahr.), when the deflection was negligible, but 
| d = depth of beam in inches. | the carbon bars were little affected even at 940 deg. Cent. 
t = clear distance between supports in inches. 


(1724 deg. og a Fig. 19c shows that the energy re- 
quired to break both low-tungsten and carbon bars was 
| The hardness of the bars was determined by the Brinell | similar, except that the former became much worse after 
| ball-test, the diameter of the balls being 10 millimetres | 880 deg. Cent. (1616 deg. Fahr.) ; 
| and the pressure 3000 kilogrammes. The indentation| Fig. 19p shows that, according to the Brinell ball-test, 





tress, 
Fig. 198 shows that the deflection before the elastic 
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low-tungsten and carbon bars, which were quenched 
at or below 730 deg. Cent. (1346 deg. Fahr.), were very 
soft and all practically alike. All the bars at or above 
740 deg. Cent. (1364 deg. Fahr.) gave figures exceeding 


both 


0, 
Orig. 19 shows that the sclerosco; hardness of the 
low-tungsten bars jumped from 47 egrees at 730 deg. 
Cent. (1346 deg. Fahr.) to 100 d at 740 deg. Cent. 
(1364 deg. Fahr.), and afterwards the hardness fell regu- 
larly as the temperature of the melt rose until at 940 deg. 
Cent. (1724 Fahr.) the figure was only 83. The carbon 
bars behaved very similarly, except that the hardness 
did not begin to fall until 780 deg. Cent. (1486 deg. Fahr.) 
was reached, and throughout they were slightly harder 
than the corresponding low-tungsten bars. f 
Fig. 19F shows the change in length due to hardening. 
Of the low-tungsten series, the bar which was hardened 
at 700 deg. Cent. (1292 deg. Fahr.) shortened by 0.004 in., 
and, with some irregularities, the shortening increased 
as the temperature of the melt rose until at 860 deg. Cent. 
(1580 deg. Fahr.) it amounted to 0.015 in. At 880 deg. 
Cent. (1616 deg. Fahr.) the shortening was only 0.004 in., 
and with further increases of temperature the bars 
lengthened, at 900 deg. Cent. (1652 deg. Fahr.) by 
0.004 in., and at 920 deg. Cent. (1688 deg. Fahr.) by 
0.013 in. The carbon bars were fairly similar to the above, 
but the change-point +o? to be at a higher tem- 
perature. At 860 deg. Cen 
shortened by 0.016 in. At 920 deg. Cent. (1688 Fahr.) 
it was exactly the same length after hardening as before, 
and at 940 deg. Cent. (1724 deg. Fahr.) it lengthened by 
0.015 in. The carbon bars generally shortened more than 
the low-tungsten-bars. i 
Another series of bars was hardened at various tem- 
ratures very near together in the neighbourhood of the 
ae se point. The sudden rise in the elastic limit of 
the low-tungsten bars was shown in this series as follows :— 
Bar quenched at 722° C. (1332° F.) yielded at 550 kg. 
- 7 F Cc. (1347° F.) ” 1 ” 
i - 7344° C. (1354° F.) 3600 ,, 
The maximum stress also rose correspondingly, and at 
737 deg. Cent. (1359 deg. Fahr.) reached the high figure 
of 5909 kilogrammes, 
The carbon bars showed a similar sudden change, the 
elastic limit rising as follows :— 
728 deg. C. (1342 deg. F.) yielded at 500 kg. 
7344 (1354 ) 4 
The deflection before elastic limit of the low-tungsten 
bars rose as follows :— 
7304° C. (1347° F.) deflected before E.L. 0.50 mm. 
7344° C. (1354° F.) 1.55 
The total deflection fell as follows : — 
728° C. (1842° F.) deflected 13.6 mm., was not broken. 
732° C. (1350° F.) 2.9 mm, 


” 


” 


” ” ” ” 


” ” ” 


” 


The deflection of the carbon bars was similar to the | 


above. 

The energy expended in breaking the bars showed a 
sudden drop. In the low-tungsten series it was as 
follows :— 


728° C. (1342° F.) required 32.4 kg.-m., was not broken. 
732° C. (1850° F.), 7 kg.-m., 

There was a similar drop in the energy required for the 
carbon series. 

In the low-tungsten series the modulus rose as follows : 

729}° C. (1345° F.) modulus was 27 million pounds. 
737° C. (1359° F.) 44 

In the carbon series there was a similar rise in the 
modulus. 

The results of the Brinell test showed that for the low- 
tungsten bars the hardness rose as follows :— 

728 deg. C. (1342 deg. F.) ball-test figure 236. 

732 (1350 ) 400. 
733} (1352 ,, ) 580. 

74h Cw, (188A SC) exceeds 600. 

Thus at one point an increase in the temperature of the 
melt of only 1} Cent. deg. (2} Fahr. deg.) raised the Brinell 
figure by 189. The sudden transition from soft to hard 
was (juite as striking in the case of the carbon bars. 

The measurements for change of length due to hardening 
Showed that the low-tungsten bars shortened by xe'so in. 
Or ij5y In. just at the change-point, where the shorten- 
ing was slight ; indeed, it was negligible at 7344 deg. Cent. 
(1354 deg. Fahr.), at which temperature the change was 
just about complete. The carbon bars shortened more 
than the low-tungsten bars, and the shortening was but 
= influenced by the temperatures near the change- 

int. 

A review of these results shows that the change in the 
carbon steel occurred ata slightly lower temperature than 
in the low-tungsten steel, the difference ing two or 
three Centigrade degrees. 


(To be continued.) 
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7 c. New Steam-Yacut.—The new steam-yacht Doris, 
: ) tons Thames measurement, building for Mr. S. B. 
ee by Messrs. John Brown and Co., Clydebank, was 
oan on the 9th inst. The dimensions are :—228 ft. 

tween perpendiculars, with an over-all length of 270 ft.; 


breadth, 31 ft. The engines will consist of two sets of 
a machinery, each having four cranks, with 
ers If im, 


; 26 in., and (two) 30 in. in diameter by 


26 in. stroke, driving the twin screws. There will be two 


return-tube boilers. There will be a complete installa- 
on of electric lighting and refri 

yacht is being built from 

and Co., Glasgow, 


r rating machinery. The 
designs by Messrs. G. L. Watson 





t. (1580 deg. Fahr.) the bar | 


FOREIGN ENGINEERING PROJECTS. 


| Wk give below a list of colonial and foreign engineering 
| projects, for several of which tenders are asked. Further 
| data concerning the same can be obtained from the 
|Commercial Intelligence Branch, Board of Trade, 73, 
| Basinghall-street, E.C. 
| Canada: The Canada Gazette of March 26 contains a 
| notice to the effect that application will be made to the 
Parliament of Canada during the present session for an 
Act incorporating a com ny, under the name of the 
Alberta, Peace River ~~» {astern Railway Company, 
with power to construct a railway from a point on the 
Alberta Railway to Fort Churchill, Hudson Bay. e 
Company is to hav a capital of 1,000,000 dollars (about 
205,000/.), and its head office is to be at Ottawa. 
Quecnsland : The Board of Trade have received copies 
of Acts of the Legislature of Queensland, providing for 
the execution of the following works :—(1) Phe construc- 
tion of a railway, 164 miles long, from Port Alma to a 
point on the main line of railway from Rockhampton to 
Gladstone. (2) The construction of a railway, nearly 19 
miles long, from Warwick to Maryvale. (3) The extension 
of the McGregor Creek Tramway a distance of about 
2 miles towards Silent Grove, and of the Cattle Creek 
Tramway, a distance of 67 miles to the foot of the 
Eungella Range. 
Mexico: The Diario Oficial of March 18 publishes the 
text of a contract between the Mexican Government and 
Seftor Don Francisco Martinez Arauna, whereby the latter 
is empowered to utilise the waters of the River Tepeji, in 
| the State of Hidalgo, to an extent not exceeding 1500 
| litres per second, for the generation of electrical energy. 
The concession is for a period of twenty years. The con- 
| cessionnaire undertakes to begin operations within twenty- 
four months, and to complete the work within seven years, 
| from the date of promulgation of the contract. He is 
granted the right to import free of duty, once only, all 
the machinery necessary for the work, and is further 
authorised to construct any bridges, electric-power con- 
ductors, and telegraph and telephone lines, that may be 
required. According to the Mcxican Herald of March 23, 
a contract has been made between the State authorities of 
Aguascalientes and the *‘Compajiia Bancaria de Fomento 
y Bienes Raices de Mexico” for reas ay works in the 
town of Aguascalientes. The water is to be obtained from 
springs situated above the yn od The cost of the work is 
estimated at 1,000,000 dols. (about 102,000/. ). 

Morocco : With reference to the notices on page 514 of 
the Board of Trade Journal of December 16, and on 

14 and 15 of the issue of January 6, relative to calls 
or tenders for the construction of roads at Tangier, H.M. 
Consul-General at that place (Mr. H. E. White, C.M.G.) 
reports that the contracts have been awarded as follows:— 
(1) That for a road between the Terre-Plein and the Great 
Soko to the Sindicato Ibero-Africano, of Madrid, repre- 
| sented by DonJ. R. Carril, Bristol Hotel, Tangier ; (2) that 
for a road from the Custom House Gate to the Fahs Gate, 
| to Don Juan Moreno, of Tangier ; (3) that for a road from 
|the Fahs Gate to Legation Road, to M. Rinando, of 
Tangier, an Italian subject. Communications to the 
two first-named gentlemen should be in Spanish, and to 
the last in Italian or French. 

Spain: The Gaceta de Madrid, of April 4, contains Royal 

decrees inviting tenders for the construction of strategic 
railways: (1) from Badajoz to San Vicente de Alcantara 
—tenders-will be received up to November 7; (2) from 
Badajoz to Fregenal—tenders will be received up to 
February 6, 1911. The railways are to have a single track, 
with rails weighing not less than 30 kilogrammes per 
|metre. Means must be provided for the transport of 
artillery. Projects may be submitted providing for electric 
traction. These contracts are open to Spanish firms only, 
but it is probable that some of the material required will 
have to be purchased out of Spain. The Gaceta of April 5 
contains a notice authorising D. José Sanchez Pérez to 
make use of water from the River Armoya, at Louzd, 
Ayuntamiento de Allariz, to a maximum extent of 1200 
litres per second, for the generation of electrical energy. 
The Gaceta of April 9 contains a notice, issued by the 
municipal authorities of Salamanca, inviting tenders for 
the execution of water supply and sewage works, and for 
the provision of electric light for city purposes. The 
total estimated cost is placed at 3,334,844 pesetas (about 
123,000/.). To qualify any tender a deposit of 5 per 
cent. of this amount will be required, to be increased by 
the successful tenderer to 10 per cent. Three years are 
allowed for the completion of the work. Tenders should 
reach either the Direccién General de Administracién Local, 
Madrid, or the Alcaldia Constitucional de Salamanca, Sala- 
manca, not later than 1 p.m. on May 13. Local repre- 
sentation is necessary. ‘The same issue of the Guccta 
publishes a decree, issued by the Ministro de Fomento, 
granting to the Junta de Obras de Puertos del Estado 
(State Harbour Works Board) a sum of 7,650,000 pesetas 
(about 283,000/.) for the upkeep of Spanish harbours 
during 1910. 

Russia: With reference to the notice on 222 of the 
Board of Trade Journal of February 3 relative to a pro- 
ey loan for municipal works at Nicolaieff, the British 

ice-Consul at that town (Mr. P. Bagge) vee that the 
conditions of the loan were finally settled by the Town 
Council on March 20, and are now being submitted to 
the Imperial authorities at St. Petersburg. The matter 
should therefore be settled within a few weeks. The pro- 

public works for which the loan is to provide funds 
include :—(1) the construction of electric tramways ; (2) 
the establishment of a mechanical loading installation for 
grain throughout the port ; and (3) drainage works. One 
of the conditions, adds the Vice-Consul, for the grant of 
any of these contracts will be the use of Russian materials 
(see Board of Trade Journal of March 10, pase 503). The 
Journal de St. Petersbourg reports that the St. Peters- 





burg Tramways Commission, after duly discussing the 
question of urban tramway concessions, has decided in 
favour of a firm who will undertake to construct at once 
37 miles of tramway, paying to the city authorities, in 
consecutive periods of five years, 4, 6, 8, and 10 per cent. 


of the revenue. The municipality reserves the right 
to purchase the new lines at the end of twenty years. 
orway: With reference to the notice on pages 452 

and 453 of the Board of Trade Journal of December 9, 
relative to a competition of plans for quay and harbour 
works at Trondhjem, the British Vice-Consul at Bergen 
(Mr. E. F. Gray) has now forwarded a slightly amended 
schedule of conditions, &c., in this connection. This 
schedule may be seen by British firms at the Commercial 
Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, London, E.C. With reference to the fore- 
going, the Commercial Intelligence Branch of the Board 
of Trade are informed by the consulting engineer in 
Great Britain to the city of Trondhjem, that negotiations 
are at present proceeding, between the Trondhjem Har- 
bour Commission and the Railway Administration for an 
extension of the original programme to include the re- 
arrangement of the railway station, &c. These negotia- 
tions are now so far advanced that probably a combined 
harbour and railway project will be adopted. The neces- 
sary supplementary p mme may be expected to be 
issued in about six weeks’ time, when it will be sent to 
competitors, together with a statement as to an extension 
of time for sending in the revised proposals. 

Netherlands: Netherlands East Indies: H.M. Consul 
at Amsterdam (Mr. W. A. Churchill) reports that, accord - 
ing to the Staatscourant, an agreement has been made 
between the Ministerie van Waterstaat and the Betuwsche 
Stoomtramwegmaatschappij, of Elst, by which the com- 
pany agrees to lay and work steam tramways from Elder, 
near Arnhem, to the Waal, near pymcgen, via Huisser, 
Bemmel, and Lent, with branch lines ; from Huissen to 
Angeren and rnenburg, with a connection with the 
Pannerdenscheveer, and via Ghent to Bemmel; from 
Bemmel to Elst ; and from Elden to Lent via Elst. Public 
or private tenders may be called for, at the option of the 
Ministerie van Waterstaat.—The cost of the engineering 
works likely to be undertaken in the Netherlands and in 
the Dutch East Indian colonies during the next few years 
is estimated as follows :—- 


Netherlands : £ 
Electrification of light railways and 
extension of steam tramways 2,000,000 
Erection of about ten electric power- 
stations We Tf e: es 500,000 
Gas and water-works ... 1,250,000 
Total ... 3,750,000 
Colontes : 
Electric light and power works in 
twelve towns in Java; electric 
water power-stations in four towns 
in Java; electric high-tension 
transmission in three provinces in 
Java ; and two electric motor-bus 
services in Sourabaya and Sama- 
rang (Java) ... Re a ez 5,000,000 
Electrification of the Java State 
Railways on pas cae ... 18,000,000 
Railways and harbour works in 
Sumatra male iad ... 15,000,000 
Total for the Netherlands 
and Colonies an : 36,750,000 


Turkey: The British Vice-Consul at Adana (Mr. E. C. D. 
Rawlins) reports that the provincial authorities of Adana 
vilayet are considering the question of inviting tenders 
for the construction of the following roads—viz.:—Adana 
to Hadjin (about 108 miles), Kars to Osmanieh (about 24 
miles), and Ayas to Osmanieh (about 24 miles). The 
authorities have also under consideration the advisability 
of qusenting water-supply works at the town of Adana. 
Any British firms who might be interested in the above- 
mentioned matters, says the Vice-Consul, should send a 
representative to watch the course of affairs on the spot. 
The March number of the Journal of the British Chamber 
of Commerce of Turkey states that negotiations which 
have been in progress between the Minister of Public 
Works and various financial syndicates regarding the 
construction of 2000 kilometres of railway in Anatolia 
have been completed, and the contract has been sub- 
mitted to the Council of Ministers for approval. The 
lines to be constructed are as follow:—(1) A main line 
from Sivas via Diarbekir, Erghani, and Bitlis to Van ; 
(2) A branch from the main line in the direction of 
Yumurtalik to the Mediterranean; (3) A branch from 
the main line towards Suleimania, passing through Mosul 
and Guerghuk. The company with whom the contract 
is made must inform the vernment, within 16 months 
from the date of approval of the contract, whether it 
will construct these lines or not. 

Austria-Hungary : Acquanig, to a notice in the Oecster- 
reichischer Zentral-Anzeiger (Vienna) of April 7, the 
Landesbauamt (District Board of Works), of Kraina, 
have prepared three schemes for the installation of water 
works to supply the Karst District, Diirrenkrain, and 
Gottschee, with drinking water. The total cost of the 
work is estimated at 4,000,000 kronen (167,0007. ). 

Roumania ;: The Montteur des Intéréts Matériels (Brus- 
sels) of April 8 contains a notice to the effect that the 
municipal authorities of Vaslui invite tenders for the 
carrying out of water and sewage works, and for the ir- 
stallation of electric light. An estimate puts the cost for 
this work at 1,000,000 lei (40,000/.). Tenders, which will 
be opened on May 25, should be addressed to the Conseil 





Municipal, Vaslui, 
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THE PHYSICAL SOCIETY OF LONDON. 


Ar the meeting of the Physical Society of London, 
held on April 8, Professor it. L. Callendar, F.R.S., 
President, in the chair, a paper entitled ‘‘ Demonstration 
of Telephone Currents in Loaded and Unloaded Lines,” 
was read by Mr. B.S. Cohen. The demonstration showed 
the relationship between the sent and received currents 
in telephone lines under the various conditions which 
occur in practice. As mentioned by Professor Perry, in 
his paper read before the Society a few weeks ago, it is of 
little or no practical value to make calculations on the 
current attenuation in lines of infinite length and with 
the terminal conditions neglected. The effects of the 
line length and the terminal apparatus must be taken 
into account. By theaid of Professor Kennelly’s formule 
it is possible to calculate the relationship between the 
sent and received currents under any conditions met 
with in practice, and for some of the conditions used in 
the demonstration the calculated results had been ob- 
tained. Four essentials were necessary for the experi- 
ments shown :—1. A current comparable to the actual 
telephonic speech current. This was obtained from a 
vibrating wire interrupter giving a wave with a funda- 
mental of about 100 periods per second, with a damped 
oscillation of about 800 peri r second superimposed. 
2. A telephone-line with or without its load in the shape 
of inductance coils. 3. Terminal apparatus. The lines 
were terminated by receivers and induction coils as used 
in practice for what is known as local battery working. 
(4) Current measurers. For this purpose barretters 
arranged as alternating-current ammeters were used. 
The first experiment showed the relationship between the 
received a sent current for various lengths of standard 
cable unloaded. The second experiment illustrated the 
variation in the current sent when the receiving end was 
open or closed-circuited and the length of cable was 
varied. The third experiment showed the current distri- 
bution along the loaded cable by inserting a barretter at 
different points along the cable. The author pointed out 
that it is now possible to make both calculations and quan- 
titative telephonic tests which give mutual confirmation. 

Dr. A. Russell congratulated Mr. Cohen on the admir- 
able demonstration he had given of the effects of ‘‘load- 
ing” a telephone cable with Pupin coils. He pointed out 
that much of the success of the demonstration was due to 
the barretters and the vibrating-wire generator which 
Mr. Cohen had himself perfected. It was now well 
known that the effect of the loading coils was to improve 
both the volume of the sound and the clearness of the 
articulation. He asked whether the diminution in the 
value of the attenuation constant and the co. vent 
increase in the volume of the sound, or the equalising 
of the velocities of the damped trains of waves pro- 
ceeding along the wires was of the greater importance in 
practice. He asked also whether the Pupin coils were 
inserted in such a way that the going and return currents 
tended to magnetise the cores of the coils in the same 
direction. He suggested that the higher efficiency of the 
loaded cable might be partly due to the diminution in 
the value of the current and the consequent increase in 
the value of the potential at the sending end, the gain 
in efficiency due to this cause being due simply to the 
smaller expenditure of energy in heating the wires. 

Mr. A. Campbell asked what was the minimum current 
which would give reasonably clear speech, and what was 
the usual ratio between the current received and the 
current sent in good working conditions. Theauthor had 
used frequencies of 800 periods per second. If a line 
were loaded so as to transmit well at this frequency, 
would it transmit equally well at frequency 2000? 

Mr. Whalley remarked that the experiments shown 
did not quite conform with working conditions where 
constant currents were flowing. He asked whether the 
results would agree with those which would be obtained 
with constant currents flowing in the circuit. 

Dr. W. H. Eccles called attention to an apparent 
paradox which arose when the barretter at the receiving 
end was giving a larger reading than the similar instru- 
ment at the sending end of a cable. The barretter 
deflections were, of course, a measure of the power being 
spent in the instrument, and the paradox might be ex- 
p by saying that in the above circumstances the 
power indicated at the receiving end was greater 
than that indicated «t the sending end. The series 
of detached trains of oscillations — by the 
author’s vibrating wire interrupter led to difficulties 
in the mathematical discussion of cable problems, 
which were vastly greater than those met with in 
the sine-wave problem, for which alone the commonly 
used formule were correct. He asked how far experi- 
mental results obtained with damped trains di 
with the sine-wave formule. For practical pu 
damped trains used by the author were a better imitation 
of speech sounds than pure sine oscillations. He asked 
if the indication of a barret:er, when used with ordinary 
speech sounds or with damped trains, corresponded strictly 
with the volume of sound. 


The author, in reply to Dr. Russell’s remark about the | 
diminution of the attenuation constant, said that, by | 


loading, both advantages referred to were obtained. The 


limit was determined in practice by the volume of sound | 


transmitted, and not by articulation conditions. In reply 
to Mr. Campbell, he said he was working with an attenua- 
tion of 1.5 per cent., and the sending current was 3 or 4 
milliamperes. The apparatus would work quite well up to 
frequencies of 1500. In reply to Mr. Whalley, he said 
that increasing the current in the circuits a to 0.1 ampere 
would have no effect on the inductances. With regard 
the remarks of Dr. Eccles, he said that the barretters he 
was using were measuring current, and not energy. The 
current received was a most important factor in deter- 
mining the volume of sound transmitted. 


the | 


CATALOGUES. 

** Belfast”’ Roofs.—The Rex Roofing Company, Green- 
ville Street, Connswater, Belfast, have sent us a small 
booklet relating to their ‘‘ Belfast” roofs and illustrating 
several buildings on which they have been used. 


Steel Rolling-Shutters.—From Messrs. Arthur L. Gibson 
and Co., Radnor Works, Twickenham, we have received 
a pamphlet relating to Kinnear steel rolling-shutters. 
The pamphlet illustrates various applications of these 
shutters, and also describes and illustrates the method of 
operating them. 

Wrought-Iron Tubes.—From the Wellington Tube 
Works, Limited, Great Bridge, Tipton, Staffordshire, we 
have received a card on which te printed a table showing 
the net cost price of wrought-iron tubes at discounts 
varying from 35 to 90 per cent. off standard trade list. 
The prices refer to gas, steam, and water tubes from 
4 in. to6 in. internal diameter. 


Protective Devices for Telephone Installations.—Messrs. 
Siemens Brothers and Co., Limited, Caxton House, 
Westminster, S.W., have sent us a copy of their cata- 


arresters, line and safety-fuses, heat coils and other 
a for the complete protection of central station 
and subscriber’s instruments from high or low-tension 
currents. The catalogue is fully illustrated and prices are 
stated. 

Electrical Machinery and Installation Materials.— 
The A.E.G. Electric Company, Limited, 121-125, Charing 
Cross-road, W.C., have issued an abridged price-list of 
electrical machinery. The list deals with continuous and 
alternating-current motors and starters, fans, cables, and 
wiring accessories ; measuring instruments; arc, Nernst, 
and incandescent lamps, and other apparatus. Several 
pages at the end of the list are devoted to the explanation 
of the technical terms used. 


Wood-Working Machinery.—Messrs. Rud. Leonhardt 
and Co., of Leipzig-Plagwitz, Germany, have sent us a 
catalogue, with a separate price-list, of wood-working 
machinery. It deals with vertical and horizontal frame- 
saws, circular-saw benches, pendulum and band-saws, 
planing, thicknessing, and moulding-machines, rounding- 
machines, lathes and copying lathes, and also saw-sharp- 
ening and knife-grinding machines. The catalogue, which 
is fully illustrated by means of wood engravings, is printed 
in German. 

Alternators.—We have received from Messrs. Bruce 
Peebles and Co., Limited, Edinburgh, a copy of their 
pamplet No. 13 A, dealing with standard alternating- 
current generators. The pamphlet contains a general 
specification of the machines, and gives full particulars, 
including weights and dimensions, of two and three-phase 
alternators for outputs of 50 to 1250 kilovolt-amperes at 
50 cycles, and of 25-cycle machines for outputs of 50 to 
1000 kilovolt-amperes, the pressure ranging, in each case, 
from 200 to 6600 volts. 

Pumping-Machinery.—A catalogue of pumping-machi- 
nery for water or sewage has been issued by Messrs. 
Hathorn, Davey, and Co., Limited, Sun Foundry, Leeds. 
Among the examples illustrated are large vertical triple- 
expansion rotative pumping-engines, horizontal differen- 
tial pumping-engines for wells and bore-holes, steam and 
electrically-driven centrifugal and reciprocating pumps, 
and also pumps driven b eee A power. A portable 
centrifugal pump driven by a petrol-motor, and used for 
fire-extinguishing or drainage purposes, is alse illustrated. 

Industrial Motor Vehicles.—We have received from the 
Ryknield Motor Company, Limited, Burton-on-Trent, a 
catalogue of Ryknield industrial motor vehicles. These are 
made in three types, for loads of 14, 3, and 5 tons respec- 
tively. Thecatalogue contains a specification and illustra- 
tion of each of the three chassis, and also shows them fitted 
with various bodies ; prices are stated in each case. The 
vehicles illustrated include tradesmen’s delivery-vans, 
lorries, omnibuses, and chars-a-bancs, and tower- 
wagons for repairing the overhead lines of electric tram- 
way systems. 


Impulse Water- Wheels.—Mr. Percy Pitman, 3, Willcott- 
road, Acton, W., has issued a small booklet relating to 
these wheels, and illustrating, by means of reproductions 
from drawings and photographs, a number of wheels 
recently designed and manufactured by him ; Pitman’s 
—— governor is also dealt with. The pamphlet 

illustrates the ‘‘ Hector” water-motor. This is a 
small Pelton wheel driven by the domestic water suppl 
and intended to be used for driving light machinery of all 
kinds. It is also supplied with a special stop-valve to 
work on the hydraulic-power mains. 


** Pearlite” Steels.—A phlet, which has come to 
hand from the Pearlite Steel Company (1910), Limited, 
| Beeley Wood, Sheffield, gives some particulars of special 

cast steels they manufacture. The steels are treated by 
a special process, which, it is claimed, enables them to be 
| hardened equal to best crucible cast steel while still re- 
pee their toughness. Several different qualities are 
manufactured suitable for tools of all kinds, including 
dies and stamps. Welding and case-hardening steels, 
tools, and also finished drop-forgings for motor-car parts, 
&c., are also supplied. 

Expanded-Metal Lathing.—We have received from the 
Expanded Metal Company, Limited, York Mansion, 
York-street, Westminster, S.W., a pamphlet dealing 
with the use of expanded-metal lathing for plaster-work. 





to|The pamphlet clearly illustrates various methods of 


forming ceilings, partitions, and stairs, and encasing 
| girders and.columns, and also deals with the construction 
| of cottages, bungalows, and other structures with a light 
| metal or timber framework, and either hollow or solid 


logue dealing with carbon block and vacuum lightning- | 4 





wallsof cement or plaster, strengthened with the expanded- 
metal lathing. A number of illustrations of large bui!dings 
in which this material has been used are included in the 
pamphlet. 

Electric Candle-Lamps.—The Lux Candle Company 
Limited, 240, High Holborn, W.C., have issued a cata. 
logue illustrating and stating prices of “‘ Lux” electric 
candles. The lamp is made equal in length to the candle 
and has a carbon or metallic filament at one end. Over 
the lamp the candle, which consists of an opal tube with 
a tapered part of clear glass, is fitted, so that the whole 
resembles a wax-candle. Special lamps for adaptation 
to existing candle-fittings are also illustrated. 


Verity -Barlow Lift-Gears.—Messrs. Veritys, Limited 
31, King-street, Covent Garden, W.C., have sent us a 
pamphlet giving particulars of the Verity-Barlow lift- 
gears. These gears, which were descri in ovr issue 
of March 19, 1909, on pose 383, are suitable for goods or 
passenger-lifts. They have several practical advantages, 
among which we may mention that the motor starts 
under light load and always runs in the same direction, 
also the cage cannot be overwound ; the gears, however, 
can only be used to operate lifts working between two 
oors. Prices and particulars are given of gears and 
cages for goods-lifts for maximum loads ranging from 
4 cwt. to 30 cwt. 


Crank-Shajts.—Messrs. Barron and Bithell, 3, New- 
street, Birmingham, who are the sole agents for Messrs. 
Ambrose Shardlow and Co., Limited, of Sheffield, have 
sent us a catalogue of crank-shafts and other forgings 
manufactured by the latter firm. The crank-shafts are 
made in chrome-vanadium, nickel-chrome, and other 
steels, and are supplied finished, rough-machined, or in 
the rough. Those illustrated in the catalogue are suitable 
for motor-car and aeroplane engines, and alsu for gas 
and steam-engines. Other forgings, such as front axles, 
steering-arm stampings, and other parts for motor-cars, 
are illustrated, and the catalogue i calls attention to 
the firm’s anti-friction metals. 


Centrifugal Pumps.—The Gebauer Works and Engi- 
neering Company, Eldon-street House, Eldon-street, 

.C., have sent usa copy of their catalogue dealing chiefly 
with centrifugal pumps. Prices and full particulars, 
conveniently arranged in tabular form, are given of high- 
pressure multi-stage pumps for heads up to 400 ft. and 
capacities up to 2200 gallons per minute. Single-stage 
pumps for heads up to 165 ft., with a discharge of 3960 
gallons per minute, and low-pressure pumps for heads up 
to 82 ft. and discharges up to 4840 gallons per minute, 
are also listed. The catalogue also Sake with Gebauer 
ram-pumps, electrically-driven haulage plantsand winches, 
and the “ Paternoster ” lifts. 


Motors for Marine and Aerial Work.—The Wolseley 
Tool and Motor-Car Company, Limited, Adderley-park, 
Birmingham, have sent us a copy of a catalogue showing the 
range of petrol and paraffin engines they manufacture for 
marine and aerial work. The illustrations, which are 
above the average quality, show petrol marine en 
gines from 12 to 360 horse-power, paraffin engines of 
16 and 28 horse-power, and also a light 60-horse- 
power V-type motor for aeroplanes or hydroplanes. The 
catalogues gives specifications, dimensions, and prices of 
some of the engines and also states prices of complete 
launch sets. We ave also received a smaller illustrated 
booklet dealing with similar engines. 








Unitep States Sree, Corroration.—The quantity 
of iron ore mined by the United States Steel Corporation 
last year was 23,431,047 tons, as compared with 16,662,715 
tons in 1908. Coke was made last year to the extent of 
13,590,112 tons, as compared with 8,169,931 tons. Coal 
was mined to the extent of 3,089,021 tons, as compared 
with 3,008,870: tons, and limestone was quarried to the 
extent of 3,496,071 tons, as compared with 2,186,007 tons. 
The production of the company’s blast-furnaces last 

ear was 11,618,350 tons, as compared with 6,934,408 tons. 
Steel ingots were produced last year to the extent of 
13,355,189 tons, as compared with 7,838,713 tons. In 
last year’s production of steel ingots Bessemer ingots 
figured for 5,846,300 tons, and open hearth ingots for 
7,508,889 tons. 


Tue Execrrica, Drivine or A Leap-MILL.—Messrs. 
Foster, Blackett, and Wilson, lead-manufacturers, Heb- 
burn-on-Tyne, have equipped electrically the whole of 
their installation. The work was entrusted to Messrs. 
Charles Martin and Co,, Neweastle-on-Tyne, the wiring 
was ordered from Messrs Warren, Beattie, and Co., 
Middlesbrough, and the manufacture of the complete 
equipment of motors, auto-starters, and the controllers, 
to the British Westinghouse Electric and Manufacturing 
Company, Limited. The result of last year’s running 
has, we understand, fully justified the decision arrived at. 
Among the various machines which are now electricall 
driven may be mentioned the lead- mill, having rol 
about 20 in. in diameter and 8 ft. 3 in. long. Six live 
rolls, standing in series, facilitate the passing of the 
billets r wateen § the mill. The fiy-wheel, which weighs 
7 tons, and has a diameter of 19 ft., was retained tor 
equallising the load on the motor. The mill was originatly 
driven by a two-cylinder horizontal engine, of 200 indicated 
horse-power, and 4-ft. 5-in. stroke, working at 6” Ib. 
steam pressure. On conversion, the crank was repla ed 
by a gear-wheel, and the counter-shaft carrying the pinion 
engaging this wheel is now belt-driven by a #0-horse a 
slip-rmg motor. A pair of rolling-cutters at each side 0 
the bed trim the edges of the sheets when necessary, »nd 
also act as a guillotine for cutting the sheets into lengt!s, 
both of these being operated from the gearing of *he 
mill. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2145. F. W. Lanchester, Edgbaston. Internal- 
Combustion {1 Fig.) January 29, 1909.—This 
invention relates to valve-gear of the sleeve type for internal. 
«ombustion engines, and provides a variable cut-off. The inlet 
and exhaust ports J and H respectively are controlled in accord- 
ance with the Knight system by an inner sleeve D and an outer 
sleeve F driven by the connecting-rods E and G from two parallel 
crank-shafts L and K, which are caused to revolve at the same 
speed. The shafts L and K are mounted in a cylindrical con- 
tuiner P, which is mounted revolubly in apertures bored in the 
walls of the crank-case. A lever Q is provided, whereby the con- 
tainer may be rotated through a suitable angle, as indicated by 
the position of the lever Ql. The shaft K is mounted coaxially 











with the container, so that the position of the shaft K and the 
motion of the outer sleeve is unaffec by movements of the 
lever. The shaft L, on the other hand, receives motion of two 
kinds when the lever Q is operated : firstly, it is displaced bodily 
parallel to itself in such a manner that the duration of the period 
during which the inner sleeve ports are uncovered with respect 
to the cylinder head is varied, the timing of mean position or of 
the dead centre being substantially unaffected by this component 
of the motion ; and, secondly, it receives a rotary motion due to 
the epicyclic action of the gears, whereby the timing of mean 
position of the sleeve is also caused to vary. The variation of 
both the duration of the period and the timing of the opening 
and cut-off is thus simultaneous, being effected by the simple 
movement of the one lever Q. (Accepted February 2, 1910.) 


GUNS AND EXPLOSIVES. 


9215. E. Kay, and Cammell Laird and Co., Limited, 
Sheffield. Projectiles. (2 Figs.) April 19, 1909.—This in- 
vention relates to caps for armour-piercing projectiles. Accord- 
ing to this invention, the nose A of the cap is made of solid metal, 
as usual ; the remainder of the cap comprises a strip of metal 
coiled in a close spiral B round the nose C of the projectile. The 
narrow end of the coil is welded to the solid nose A, and the coil 
's Subjected to pressure, so that the adjacent faces of the coiled 
strip remain in close contact. The free end D of the coil Bis 
secured to the nose A by turning this end into a recess in the face 
of the projectile, and by brazing the adjacent surfaces of cap and 
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Projectile. A cap, according to this invention, is capable of ex- 
pansion, without destruction, to a sufficient degree to allow the 
“hole of the projectile passing through the target. So long as 
‘he coil is not actually melted, the resultant force of the pro- 
Jcctile passing through it will be mainly in the form of a tensile 
S'ress or strain in the coil, a form in which the material is able 

“st Co resist this force. In order to ensure the maximum amount 


of force exerted on the coil being transformed into a tensile strain 
ierein, the stri 

suns having ri 

Fi oruary 2, 191 .) 


is coiled left-handed] 


for projectiles used in 
t-handed rifling, an 


vice versd, (Accepted 





MACHINE AND OTHER TOOLS, SHAFTING, &c. 
8424. Smith and Coventry, _and T. 

, Drilling-Machines. [1 Fig.) April7, 
1909.—This invention relates to drilling-machines of the type in 
which the drill-spindle is rotated by keys adapted to permit of 
longitudinal movement of the spindle, and in which the drill is 
fed forward by a feed-sleeve actuated by a rack and pinion. The 
belt-pulley a is supported and guided at its upper and lower ends 
in ball-bearings b and ¢ respectively, carried by bracket-like arms 
d, e, forming part of the framework of the machine. A sleeve g, 
inl to permit of the’ is provided in the bracket d for the bear- 
ing b, to t of the ley @ being placed in and removed from 
iti indle f passes through, but has no bearing in, the 
but is rotated from the latter by keys or 
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their equivalent. By this arrangement the disadvantage atten- 
dant upon the present construction of drill-press, in which a 
sleeve supported jin the framework at one end only forms the 
entire bearing surface for the pulley a, and also the upper bearing 
for the spindle, is obviated. With the improved construction 
all the pull of the driving belt upon the pulley @ is borne by 
the framework of the machine, whilst the upper end of the 
— J is guided concentrically by an independent bearing é of 
the ball type provided in a recess in the lower bracket-like arm e. 
The feed-sleeve j for the drill-spindle f is formed with the usual 
rack thereon, and is provided at its lower end with a ball-bearing m 
for guiding the spindle concentrically with the sleeve j in addition 
to the usual ball-bearing & for receiving the thrust due to the 
feeding of the drill into its work. (Accepted February 2, 1910.) 


14,417. T. N. Bonser and W. H. Bartlett, Luton. 
Machine-Tools. [4 Figs.) June 19, 1909.—This invention 
relates to cutting-tool holders for turret-heads of the hexagon 
type. The turret head A of a lathe is arranged so that one of its 
faces, instead of being presen’ “‘square” to the work, is in- 
clined at an angle of 17} deg. This is effected by setting the hole 
Al, that appertains to the inclined face of the turret-head, to one 
side, so that when the turret-head is rotated, it is permitted to 
pass the “square” position and make an angle of 17} deg. to the 
work before its movement is arrested by a bolt entering the hole 
Al, A carrier B is mounted on the inclined face of the turret- 
head so as to be rotatable thereon. The carrier is in the form of 
a circular disc, and has a sleeve B! that enters a hole in the in- 
clined face of the turret-head, and is held therein by means of a 
ring-nut B’. The other side of the disc has a thickened portion 
C that extends partly round the circumference of the disc. The 
thickened portion C has three holes, C!, C?, C*, spaced equi- 
distantly and inclined at an angle of 17) deg. to the axis of the 
carrier ; each of these holes is adapted to ac late a cutting- 








tool holder. Slots E, E!, E2 are provided in the sleeve B!, and 
these are spaced equi-distantly around the sleeve and appertain to 
the holes C!, C2, C*. A spring-pressed bolt E4 is arranged on the 
turret-head and co-operates with the slots E, E!, E* to lock the 
carrier B in any of the three positions, so that either of the cutting- 
tool holders may be held in the operative position. It will be seen 
that, owing to the holes C!, C2, C% being inclined at an angle of 
174 deg. to the axis of the carrier, and the face of the turret-head 
A inclined at an angle of 17} deg. to the work, the axis of each of 
the holes Cl, C2, ©% will coincide with the axis of the lathe 
centres when the tool-holder carried thereby is in its operative 
position. Owing to the carrier B being rotatable on the inclined 
face of the turret-head A the cutting-tool holders carried thereby 
will be moved to or from the work as the latter is rotated. Thus 
the cutting-tool holders that are in an inoperative position are 
further from the work than the tool-holder, the cutting-tool of 
which is performing its function on the work, and consequently 
the inoperative tools are maintained clear of the work. (Accepted 
February 2, 1910.) 


RAILWAYS AND TRAMWAYS. 


13,393. G. B. Bowles, London. Wages Brakes. 
[4 Figs.) June 8, 1909.—According to this invention, automatic 
brake-adjusting gear apparatus is fitted with a locking arrange- 
ment w normally prevents forward movement or ——_ 
but is disen d by the initial movement of the operating device 


lever b connected to the piston-rod of the brake cylinder, is fitted 
with a ratchet quadrant ¢. The lever b, whi 
shaft, carries a weighted paw! e adapted to en . 
80 as to rotate the ratchet quadrant and the shaft during its 
upward movement. Above the ratchet quadrant is the 
controlling pawl] h, which is to scotch the ratchet device 
while h ng substantially vertical, as shown ; this allows for a 
considerable useful stroke of the brake gear before the automatic 
adjustment takes place. The locking arrangement consists of a 








link ¢ having a cross-pin j adapted to engage the ratchet quadrant 
at a point Gust beneath the lever b. e cross-pin is locked in 
en, ment with the ratchet quadrant so lon 
rem: in its “off” tion. Upon the lever 
tended to lift the pin j from engagement with the 
quadrant as soon as the lever ) moves w y. The pink 
bears upon the link ¢ and pushes it outwardly, thus removing the 
locking-pin from the ratchet quadrant. The brake gear is then 
free to operate in the ordinary manner, (Sealed April 7, 


1910.) 
A. 8. Nelson, Motherwell Tipping- 
(3 Figs.) May 5, 1909.—This invention re to 


as the lever 
is a pin &, in- 
ratchet 


10,625. 


Wagons. 

either-side tipping-wagons, to which the ordinary hand-tii 
arrangements are not Ay | ee, and it has for its p 

object to provide a tipping device, by means of which the wagon, 
when fully loaded, may easily be tipped to either side to empty it, 
and may be as easily returned to its normal tion. The body 
has side doors, and is carried on pivots C, supported on an 
underframe E of ordinary type. The tip) ing operation of the 
wagon is controlled by a screw-th spindle G, -located trans- 
versely below the centre of the underframe E, and carried by an 


1 hae ne 


ping 
mary 








inverted channel member which serves to protect it. Travers- 
ing the screw-threaded spindle G is a suitably guided nut I, shown 
particularly in Fig. 2, to which are attached chains J secured to 
the underside of the 9 J in such positions as to control its ti 
movement. A handle L is provided at each end of the spindle G, 
each handle being so arranged that when it is in working posi- 
tion a jawed part thereof en a square portion on the spindle 
G. When not in use the handles L automatically fall out of gear, 
so that when one handle is in use the other handle does not revolve 
wea) the spindle G, but hangs freely. (Sealed March 31, 
1910. 


1031. G. J. Conaty, Trucks. 


Birmingham. 
(7 Figs.] January 15, 1909.—This invention relates to the axle- 
boxes of electrically-propelled cars, and has particular reference 
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to those in which the axles are mounted to have a radial move- 
ment when the car is passing round a curve, and to 
their normal movement when car enters the straight. 1 is 








which applies the brakes. The rocking shaft a, operated by a 


the outer axle-box, and 2 is the inner axle-box of the same fur- 
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nished with the bearing 3, which rests on theaxle 4. 5 and 6 are 
respectively the lower and upper radial guides, along which the 
inner axle-box 2 moves as the axle moves radially when the car 
is ng round a curve, these top and bottom radial guides 5 and 
6 being carried by the top and bottom of the axle-box 1 in the 
usual manner. According to this invention, the radial e 6 
has two or more inclined surfaces at both sides of its central line 
X-X, these inclines being made to slope gone! a 
to the centre line X-X, all the inclines being of same angle, 
which is preferably about 1 in 40, and the top of the axle-box 2 
is correspondingly formed with two or more inclings at both sides 
of its centre line X-X sloping downwardly and upwardly, corre- 
sponding with the inclined under-surfaces of the guide6. 8, 9, 10, 
and 11 are the inclined under-surfaces of the guide 6, and it will 
be seen that the inclines 8 and 10 slope upwardly towards the 
centre line, whilst the guides 9 and 11 slope downwardly towards 
the centre line. The top of the axle-box 2 is made with four 
inclines, 12, 13, 14, and 15, the inclined upper surfaces 12 and 14 
of the axle-box 2 corresponding to the incl 8and 10, whilst the 
inclines 13 and 15 correspond to the inclines 9 and 11. It follows 
that with this arr t of incli when the axle-box 2 moves 
to one side or the other of the radial centre line X-X, its inclined 
upper surfaces will have a full and proper bearing on the under- 
side of the gu'de 6 at both sides of the axle 4. (Accepted 
January 19, 1910.) 
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Suchostawer Patents) Syndicate, 
Say London. Dcteaten 
{7 Figs.) January 26, 1909.—Ac- 
cording to this invention, tht pick-up magnet on the car is pro. 
vided with a side pole and an end pole, or poles, and the magnetic 
parts of each individual stud mechanism are so disposed that some 
of such parts can have their ——— polarity reversed without 
corresponding reversal of the polarity of the other rts thereof, 
the poles on the pick-up magnet being so dispo: as to effect 
this partial reversal as it s over the stud. The result of this 
mode of arrangement is that the residual magnetism of the studs, 
together with the attraction resulting therefrom, is destroyed, 
and magnetic repulsion is set up to assist the ‘‘ off’ movement. 
The central pole 1, side poles 2, 2, and end poles 3, 4, are all mag- 
netised by the same coil 5. This compound magnet is used wit 
a contact stud which has a surrounding iron framework 6, and 
which carries a fixed contact-stud 7 and a movable plunger 8, 


Fig. 1. 























late D,- and between it and the plate b, and this water, 
awl rapidly heated by the heat coming through the tube- 


plate D, circulates upward, as shown by the arrows, and pro- | 


duces an energetic vertical flow of water all over the tube-plate 
and around the front ends of the tubes, as well as throwing the 
whole body of water inside the boiler into energetic longitudinal 
i tion. The walls ¢ prevent side leakage and bring the water 
in the lowest part of the boiler into circulation, the water entering 
the chamber a at the opening beneath the lower edge of the plate, 
b, and flowing upward therein, and out at the top thereof. Some 
of the water also passes under the lower edges of the side-plates c 
in the part A}, and flows up 
understood that without the side-plates-the force of the circtila- 
tion might be impaired:by leakages into or from the chamber a at 
she sides thereof. (Accepted January 26, 1910.) 


2811. W. J. R. Wilcocks and J. C. Bourne, Ham- 
mersmith, and W. Tomlinson, Birc ton-on-Sea. 
Steam-Tra {1 Fig.| February 5, 1909.—This invention 
relates to apparatus to be used with steam-traps, and of the kind 
in which a reservoir is inte’ between the trap and the pipe 
to be drained, the reservoir being provided with an inlet, an outlet 
for the overflow, and a separate outlet for the main discharge. 
The invention consists in providing the overflow and main dis- 
ge outlets with valves, the overflow valve being adapted to 
be closed automatically when the main discharge-valve auto- 
matically opens. The reservoir a is provided near its upper part 
with an inlet 6 for water of condensation from a steam-pipe, and 
also with an overflow-valvec normally kept open by a light spring. 
The lower part of the reservoir a is provided with a discharge- 
valve 1, which is normally retained in its closed position by a 
spring of sufficient strength to maintain the valve tight upon its 


HHt-4 


seat when the reservoir is full of water. The overflow-valve c and 
the discharge-vaive / are both arranged to communicate with the 
steam trap by passages k and q. Under normal conditions, water 
of d tion collects in the reservoir until it reaches the level 
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the movement of which operatesa switch mechanism. With such 
arrangement, upon the end pole 3 or 4 passing over the stud 
(Fig. 3) the iron frame 6 and stud 7 adjacent to the magnet will have 
a north polarity by induction, while the under surface of the stud 
7 will consequently have a south —_-. The lower parts of the 
iron frame will have a south polarity, which will induce a north 
polarity in the lower part of the plunger, and quently the 
upper end of the ye will have a south Tages and during 
the whole travel of the magnet over the stud the polarity of the 
pl will be unchanged. I diately the central pole of the 
magnet advances over the stud 7 the polarity of the stud will be 
reversed, and the under surface thereof will have a north polarity, 
quently the plunger will be strongly attracted and moved to 
its ‘‘on” position (Fig. 2), and be there held until the end pole 4 

over the stud, When this occurs, while the polarity of the 
ron frame and the plunger 8 will not be disturbed, the polarity of 
the stud 7 will be reversed, and the plunger will be strongly 
repelled and caused to assume its ‘‘off” position. (Sealed 
April 7, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


24,587. Circulato: Limited, S. J. Ross, and H. 
Schofield, Si -Gen (5 Figs.) Nov- 














Cc 

London. Steam erators. 
ember 16, 1908.—According to this invention, a egg A en- 
closed space or chamber a, partitioned off inside the boiler by 
means of an extra or false tuve-plate b, is made of a cross- 
sectional area to permit ofa large volume of water flowing through 
it, sufficient, in fact, to allow all the water contained in the 
boiler to quickly circulate through it. The side walls ¢ of the 


to the invention, extended down 
into the part A! of the g around the furnace and reach 
nearly to the bottom thereof. At the top, the chamber a is pro- 
vi with hoods or deflectors d directed either forwardly or 
backwardly, and apertures are vided at the bottom of the 
b to admit water from the bottom of the cylindrical 

of the boiler. A vertical body of water is obtained in 
chamber @ immediately in front of the ordinary tube- 


chamber @ are also, accordin 





of the overflow-valve c. The latter being open, any excess of 
water of condensation overflows and s to the steam-trap. 
The steam-trap, being affected by this water, opens to discharge 
the same, and as a momentary drop in pressure occurs on the 
discharge side of the reservoir, the discharge-valve / opens and 
automatically empties the reservoir a, the accumulated water 
flowing to the steam-trap and maintaining the latter open at 
full bore until live steam ) Soa to escape and causes it to close. 
During the discharge from the reservoir, the overfiow-valve c is 
forced to its seat, but when the reservoir has been emptied the 
discharge-valve 1 closes, and the overflow-valve opens again and 
remains open until a further quantity of water has accumulated. 
(Sealed March 24, 1910.) 


1390, C. A. Parsons and A. Q. Carnegie, Newcastle- 
on-' Turbines. (5 /Figs.1 January 20, 1909.—This 
invention relates to the governing of turbines which are operat- 
able by fiuid of more than one pressure. One end of a Bourdon 
tube @ is fixed cpposite to a steam-pipe b connected to the hig ° 
pressure part of the turbine at or near the high-pressure inlet, 
and the other end is connected by suitable means--say a link c— 
to a d passing through a stuffing-box e in a steam-tight 
casing /, which 1 the Bourdon tube a. This casing / is 
connected with the turbine at or in front of the low-pressure 
inlet to the low-pressure element, thus subjecting the Bourdon 
tube to a pressure difference across all or a part of the high- 
pressure turbine. The rod d passing through the stuffing-box e 





| 2221, C.A. Parsons, Newcastle-on-Tyne. Turbiner. 
| (2 Figs ] January 29, 1909.—This invention provides for the heat- 
ing of the spindle of a ‘turbine in order that a predetermine 
| clearance may. be maintained during working in the labyrint! 
} kings of the gland and dummy piston carried by the spindl 
he end of the spindle a is provided with a hollow chamber //. 
which extends into the part of the spindle a surrounded by th: 
packing gland e. The packing gland is formed with a smal! 
annular c ber connected to a lantern space g supplied with 
steam. This annular chamb icates with the interior of 
| the spindle a by a number of radial holes in the spindle. It will be 





into the chamber a. It will be readily | 
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| understood that cn the inner side of the annular chamber suitable 

labyrinth packing is provided, and on the other side similar or 

Ramsbottom packings ; these packings are, however, not shown 

in the drawin The spindle a is provided with other radial 
| holes, preferably smaller than the first-mentioned holes, at a point 
near the inner end of the gland ¢, or at a part opening directly 
into the interior of the drum or balancing piston-chamber, so that 
steam passed from the lantern — g into the interior of the 
spindle a shall out through the second set of holes into the 
interior of the drum, which is at a lower pressure than the lantern 
space g of the glande, The chamber d inthe spindle a is closed. 
(Accepted February 2, 1910.) 


TEXTILE MACHINERY. 


1572. R. Craig, Ashton-under-Lyne. Yarn-Wind- 
ivg Machines. {3 Figs.) January 22, 1909.—This invention 
relates to yarn-winding machines, and has for its object to 
prevent the formation of fly and fluff, and to improve the 
condition of the yarn before it is wound-upon the cop. Accord- 
ing to the improvements, there is substituted for the ordinary 
drag or knee-boards, or there is employed in conjunction there- 
with, a flannel-covered conditioning-roller driven by frictional 
contact with a rotating roller, which furnishes it with water 
contained in a trough, and is itself driven by any suitable 
arrangement of gearing. The yarns pass over the conditioning- 
roller on their way to the winding-on cops or bobbins, and this 
roller imparts the requisite moisture, and also applies the 
necessary drag or tension, either alone or in conjunction with 
drag or knee-lboards. @ designates the conditioning-roller, ¢ a 
| trough containing water, da roller which rotates in the trough 
and drives the conditioning-roller @ by frictional contact, ard 
furnishes it with the required moisture. The roller d is power- 
ériven. The yarns f pass from the cops g to and over the 
conditioning-roller a, and, according to another part of the 





| 


is connected to the end of a lever g which acts upon the | 


governor h. This lever is provided with a hand-regulating 























spring ¢ in order to vary at will the loading of the governor 
h. In operation, the difference of pressure across the high- 
pressure element when high-pressure fiuid is being admitted 
to it will cause the curvature of the tube a to change, and 
consequently the lever g, which acts upon the governor A, 
will be moved so as to shift the governor-collar j. Where, 
as shown, a ball-governor is used in which, with reduced speed, 
the balls approach each other and raise the governor collar 
to open the valve, the Bourdon tube a will, through the operating 
lever g, press in an upward direction on the governor-collar ), 
and thus bring the balls of the governor together faster than 
they would come together under ordinary circumstances by the 
action of the spring *, thus causing the steam-supply valve to be 
opened quicker than the governor by itself would effect. The 
result of this is that the duration and amplitude of the speed 
variation are both reduced. (Sealed April 7, 1910.) 
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improvements, are led under a series of lass hooks i and over 
a glass rod j on their way to the winding-on cops m. Each 
glass hook i has its shank secured in a rail n, which is guided by 
a series of guide-rods n! which are fitted to slide through « 
bracket 0, which supports the rail n with the glass hooks when 
| the ordinary lifting-rail k is at about mid-stroke. The glass rod 
| j is carried on the lifting-rail k, to which are bolted angle-brackets 
p, each formed with a socket to act as a guide for one of the rods 
nl secured to the rail n. In action the lifting-rail k at a certain 
| point in its upward travel comes under the rail n carrying the 
| guide-hooks i, and lifts the rail with the guide-hooks for the 
rest of its stroke, so that the angle between the guide-hooks + 
| and the glass rod j remains constant for this yo of the trav el. 
| On the downward movement of the lifting rail k the guide-hooks ° 
| are lowered until their rail » meets the bracket 0, which supports 
| it, while the lifting rail k completes its downward travel to its 
| lowest position, pow | consequently for this part of the stroke the 
| angle between the top of the conditioning-roller a and the guide 
hooks ¢ remains unaltered. In this way practically uniform ten- 
sion or drag is maintained on all the ends of the yarn tf whils 
being wound on to the cops or bobbins m. (Sea’ed March 24, 
1910.) 
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THE GLASGOW MAIN-DRAINAGE 
WORKS. 

On Monday next there will be formally inaugu- 
rated by the Lord Provost of Glasgow, Mr. A. 
Mclnnes Shaw, the last of the works involved in 
the comprehensive scheme undertaken by the 
Glasgow Corporation for. the purification of the 
sewage of the city, so that it may be passed into 
the River Clyde not only as an innocuous, but a 
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One of these, then approved, provided for the 
collection of the sewage at se te stations on each 
side of the River Clyde—the northern and southern 
districts of the city—and the of it to a con- 
venient point to the west, and therefore seaward, of 
the city, where, after purification, the effluent was 
to be discha: into the river. Dalmuir, 7 miles 
west of the city, was chosen as the most suitable 
location for such works on the north side, and a 
corresponding position about 5 miles west on the 








made between the Corporation and the railway 
company, under which the former withdrew their 
opposition to the railway on the condition that the, 
railway would construct a new main drain to inter- 
cept the old sewers and convey their contents to a 
new purification station at marnock, which the 
corporation were to construct. Under the guidance 
of the late Mr. John Carrick, master of works and 
city architect, in association with the late Sir Joseph 
Bazalgette, Past-President of the Institution of 
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Fic. 1. Map showrnc New Main 


clarified effluent. Such a result has been the 
ambition of the citizens and their rulers for two or 
three generations—indeed, ever since it was realised 
that the soil products from the dwellings and the 
chemical and other refuse from factories poisoned 
the waters of the river, rendering them not only 
putrid, but evil-smelling. This aim has now been 
realised at a cost to the city of close upon 2} millions 
sterling. The net result will be that so far as the 
city of Glasgow is concerned there will be no 
longer any reproach as to impurities in the water 
of the Clyde. Some of the other burghs on the 
river, however, have yet to fall into line; but 
as the greatest sinners have seen the error of their 
ways, and repented, there is hope for the others. 
(he proposal for the purification of the river was 


first entertained when, over fifty years ago, the 
water supply was introduced from cod trine. 
Three alternative schemes were made in 1878, by 


the late Mr. J. F. Bateman, Past-President of the 
Institution of Civil Engineers, who was the chief 
engineer of the Loch Katrine water-supply works. 


Sewers. 


south side. A site at Dal- 
muir was actually purchased, 
but no further action was 
taken, the cost involved 
being regarded as too high 
a price to pay. The need 
for some radical measure 
was realised time and again, 
and when it was pro 

to construct the Glasgow 
Central Railway* under 
several of the thoroughfares 
of the city, parallel with 
the River Clyde, the op- 
portunity presented itself of 















undertaking the first stage 

of the purification scheme. The railway tunnels 
had to be constructed under streets which the old 
sewers crossed on their way to discharge their 
contents into the river, and an agreement was 








* See ENGINEERING, vol. liii., page 641. 


Civil Engineers, who showed such prescience in the 
scheming of the London drainage system, a scheme 
was thus evolved to include the whole of the 
eastern and north-eastern portions of the City of 
Glasgow. 
main-drainage system included 3796 acres, with a 


The area thus embraced in the new 
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population of about 300,000. The works at Dal- 
marnock, capable of dealing with about one-quarter 
of the sewage of the city, were constructed under the 
guidance of the late Mr. G. V. Alsing, and occupy a 
site which was a part of the city water works in the 
days when the river was the main source of supply. 
The Dalmarnock scheme,* as it was called, was 
completed at a cost to the Corporation of less than 
100,000/., but this did not include the sewers, the 
cost of which—something like a quarter of a million 
sterling—was borne by the railway company. The 
Dalmarnock works have since been modified, in ac- 
cordance with experience, under the direction of the 
city engineer, Mr. A. B. Macdonald, M. Inst. C.E., 
with the assistance of Mr. Thomas Melvin, the 
general manager of the sewage department, and 
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Dalmarnock works, the extension of the city, and 
the construction in the interval of railways, subways, 
and other obstacles on the line of the main sewers. 
The Act authorising the north-western works was 
passed in 1896, and that for the southern works in 
1898. Each of these schemes will have cost about 
the same sum when in working order—over one 
million sterling. The works on the north-western 
section will involve an expenditure of about 100,000. 
more than those for the southern section ; this dif- 
ference is represented by the price of surplus lands 
at Dalmuir, the land purchased there, about thirty 
years ago, being considerably in excess of that now 
used for the sewage works. The total cost of the 
whole undertaking will thus amount to approxi- 
mately 2,310,0001. 





Horvzantal Scale. 
600 


mains, which deliver the contents to the puritica- 
tion works at Dalmuir for the north-western, and 
at Shieldhall for the southern sections. There are, 
as shown on the map, about 15 miles of main 
sewer on each side of the river, and in addition 
there is about a corresponding length of subsidiary 
sewers and drains, so that the total length of sewers 
constructed on the two sections is approximately 
60 miles, excluding, of course, those in the eastern 
part of the city for discharging into the Dalmar- 
nock works. The chemical system of sewage treat- 
ment is adopted at all the three stations—Dal- 
marnock, Dalmuir, and Shieldhall, the chemicals 
used being lime, which is in solution, and salts 
of iron oxidised to the ferric state by McCulloch's 
patent process. Originally alumina was used at 
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Fic. 2. Lonairuprnat Section or Partick Sewer, ILtustRATING VARIETY OF SysTEMS oF LINING. 


Fic. 3. View or Brick Linina. 


their total cost to the Corporation has thus been 
increased to over 140,9001I. 

The Dalmarnock works were put into operation 
in 1894, and their success induced the Corporation 
to tackle in earnest the greater task of similarly 
dealing with the sewage of the whole of the city. 
The large scheme now completed is divided into 
two portions, one of which embraces the western 
area to the north of the Clyde, which extends to 
about 15 square miles, and measures from east to 
west about 8 miles; while the other compasses 
the whole of the southera part of the city and 
neighbouring burghs and part of the counties of 
Renfrew and Lanark. The area in this case is 
about the same, so that the three sections—north- 
eastern, north-western, and southern—include an 
area of about 42 square miles, with a length from 
east to west of 15 miles, and the works are de- 
signed to deal ultimately with 250 million gallons 
of sewage and rainfall per day of 24 hours. The map, 
Fig. 1, on the preceding page, shows the general 
scheme, and it may be said to follow generally the 
lines laid down by Mr. Bateman in 1878, with the 
necessary alterations due to the construction of the 





* See ENcingenine, vol. lx., page 208. 





Fic. 4, 


The construction of the north-western section 
was commenced in May, 1899, and completed in 
May, 1904; work on the southern section was 
begun about this latter date, and the formal 
inauguration of the Shieldhall station on Monday 
next will mark the completion of the whole under- 
taking. The work comprised in the north-western 
and southern sections was designed and constructed 
under the general direction of Mr. A. B. Macdonald, 
M. Inst. C.E., city engineer, with the late Mr. 
Santo Crimp, M. Inst. C.E., as consulting engi- 
neer, and, after his death, his partner, Mr. G. 
ey Taylor, F.C.S., M. Inst. C.E., and with 
Mr. W. C. Easton, B.Sc., M. Inst. C.E., as resi- 
dent engineer and latterly engineer on construc- 
tion. 

As shown in Fig. 1, the new main sewers on each 
side of the river are divided into high-level and 
low-level systems, because there are several hills 
north of the city ; the citizens are pleased to think 
of Glasgow as a city of seven hills. The contents 
of the low-level sewers are dealt with at pump- 
ing-stations, that for the north-western district 
being located at Partick, and the other, for the 
southern district, at Kinning Park. The pumps 
discharge the contents into the high-level drainage 








View oF Cast Iron SecmMentat LINING. 


Dalmarnock, but was discarded. The method of 
sludge disposal at the north-western and southern 
systems is different from that at Dalmarnock. As 
the river is not there navigable, it was con- 
sidered desirable to adopt filter presses and to 
dispose of the sludge in the form of pressed cakes. 
At Dalmuir and Shieldhall, where the river 1s 
navigable, the sludge, as it comes from the pre- 
cipitation tanks, is delivered into hopper sludge 
vessels. Two have been built by Messrs. William 
Beardmore and Co., Limited, Dalmuir, the one 
capable of carrying 1100 tons, and the other 1500 
tons. These vessels convey the sludge down the 
Firth of Clyde for a distance of about 40 miles, 
depositing it in the estuary beyond the Isle of Bute, 
at a point where no nuisance can result. _ 

Before entering upon details, it may be said that, 
in 1898, the Corporation appointed Mr. D. Home 
Morton, M. Inst. C.E., consulting mechanical engi- 
neer for the north-western works, and he was 
responsible for the general arrangement of Partick 
Pumping Station, the detail design of the founda- 
tion works, and for the machinery equipment. 
Later he was appointed to design and superinten® 
the erection of the machinery buildings, founca- 
tions, sewer connections, buildings for sludge 
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storage-tanks, workshops, and offices, within the 
Dalmuir Sewage Puritication Works, in addition to 
the mechanical plant. In arranging the Dalmuir 
buildings and plant he had the benefit of the advice 
and assistance of Mr. Thomas Melvin, general 
manager of the Sewage Department, and full 
advantage was taken of his valuable experience 
gained in the pioneer works at Dalmarnock. In 
1902 the Corporation appointed Mr. Home Morton 
to design and superintend the construction of the 
machinery plant for the Southern Pumping-Station 
at Kinning Park. This involved the general internal 
design of the station, and, owing to the foreseen 
difficulties in building the foundations, to be dealt 
with later, many preliminary designs were pre- 
pared for approval before the plans, now success- 
fully realised, were allowed to pass. Mr, W. D. 
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SECTION A.B. 


be understood that the area embraced extends to 
the east and north of the map reproduced. Much 
might be written regarding the extensive length 
.of underground works involved. The varying 
character of the subsoil made it n to 
| exercise continuous care and vigilance, in order to 
| change the system of driving, and of lining at the 
first, suggestion of change of material, especially 
on approaching treacherous ground. On the north 
side of the river about 59 per cent. cf the work was 
|carried out by tunnelling, and on the south side 
about 74 per cent. Owing to pressure on our 
space, we are not able to give a complete section 
of the sewers, but we reproduce in Fig. 2 a sec- 
tion of the Partick intercepting -sewer, which 
connects with the Partick Fumptig Sunten, in 
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order to show the many changes necessary in the 





4 
o, 
fi 4 
os fs 
te 4s 












wanes 


















BELLMOUTH 


WEST ST. 





ptt ne ne oe ee ee eee 
















was experienced ; the air-pressure at no time ex- 
ceeded 7 lb. per square inch. There were other 
cases of 300 ft. to 400 ft. of continuous length 
driven under compressed air. In many cases on 
the southern main sewer old coal-workings were 
met with, which necessitated a largo amount of 
extra, and in some cases very troublesome, work. 
The main sewer on the north-western system is 
6.83 miles long, and varies in diameter from 
5 ft. 9 in. to 8 ft. 6in. The Clydebank intercept- 
ing low-level sewer is 2.2 miles long, and varies in 
diameter from 6 ft. to 4 ft. 6 in. The Partick inter- 
cepting-sewer, of which the longitudinal section is 
given in Fig. 2, is 2.02 miles in length, and varies in 
diameter from 5 ft. to 3 ft. 6 in., while the Glasgow 
intercepting low-level sewer—which also discharges 
into the Partick Pumping-Station—is 3 miles long, 
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ENLARGED SECTION K.L. 
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Fig.8. section C.0. 





















































Fics. 5 to 12, Ovurratt or THE Storm-WaTEeR OveRFLOW-SEWER AT WEstT-STREET. 


Hamilton, M.I. Mech. E., was appointed by the | 


Corporation to design and supervise the construc- 
tion of the machinery buildings and mechanical 
plant at the Southern Purification Works, Shield- 
hall, these being on lines generally similar to the 
corresponding installation at Dalmuir for the north- 
western works. 

For descriptive purposes, the works naturally 
divide themselves into three sections: the main 
sewers, the pumping-stations at Partick and Kin- 
ning Park, and the purification works at Dalmuir 
and Shieldhall. We give this week drawings illus- 
trative of some of the interesting works involved 
in the laying of the main sewers, and hope in subse- 
{uent articles to deal with the two other sections of 
the work named. 

— total length of sewers laid on the north side 
oF the river, and constituting now the north-western 
ss was 24,8823 lineal yards, and on the south 
Issne tte Fiver 25,649 lineal yards, of which 

80; yards is due to an overflow drain. The map, 
these sewers. It will 


Fig. 1, shows the position of 


system of construction. It was originally antici- 
pated that brick lining, strengthened where the 
material was soft, with concrete at the foundations 
and haunching, would be adopted for the greater 
part of the length of the sewer. Fig. 3 is a per- 
spective view of a brick-lined sewer. 

Where the substrata were found unsatisfactory 
iron segmental lining was used, as shown in the 
view, Fig. 4. As in the construction of deep- 
tunnel tube railways, experience again established 
that there is little difference in the final cost of 
such iron lining and that of brickwork, especially 
where the ground is likely to give any anxiety. On 
the north of the river compressed air in association 
with the Greathead shield was used in several 
lengths, the longest continuous — being for 
nearly 600 yards on the sewer marked No. 1 on the 
map, and for nearly 400 ft. on the Clydebank inter- 
cepting-sewer. On the south of the river a difficult 
piece of work had to be thus undertaken for a length 
of over 2400 yards between the Kingston Dock and 
the Kinning Park Pumping-Station, but no trouble 


























and varies in diameter from 6 ft. to 4ft. The 
southern main outfall sewer (which is marked No. 1 
on the map) is 7.9 miles long, and has a diameter 
varying from 9ft. to 3 ft. 6in.; but towards the 
Shieldhall Purification Station considerations of 
level suggested the division of the sewer into two 
parallel Dees, measuring 6 ft. by 7 ft. On the 
south side there is one low-level sewer running 
liel with the river, and discharging into the 
inning Park Pumping-Station. This sewer is 
2} miles long, and varies in diameter from 7 ft. 6 in. 
to 2 ft.6in. The rising main from the pumping- 
station to the main-outfall sewer is three-eighths 
of a mile in length and 3 ft. and 4 ft. in diameter. 
On the south of the river there was considerably 
'more work involved in connection with crossing 
j under railways, because of the two main lines to 
ithe south—the Caledonian, which is allied to the 
| London and North-Western, and the Glasgow and 
South-Western, allied to the Midland. The cross- 
| ing, in one or two instances, involved very careful 
work, as shall presently be shown. 
| The overflow-sewer, illustrated partly on this and 
partly on the next page, was designed of special 
strength, and with very flat curves, in anticipation 
of the possibility that, after very heavy rainfalls, 
the flow might for short periods of maximum 
volume with a velocity of 10 ft. per second. All 
the inner rings were built of the best quality of Staf- 
fordshire brick, with specially tight joints, and with 
bull-nosed rings in the arrises of all manholes, &c., 
facing the flow. The details of the work at the out- 
flow are shown in the plans and sections in Figs. 5 
to12. It was intended to enclose by sheet piling 
the area to the rear of the quay-wall, which is of the 
triune cylinder construction, extensively adopted 
at Glasgow Harbour. Aftera few of the timber 
piles had been driven, it was seen that the con- 








sequent displacement tended to force out the wall, 
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In order to get the required ———_ with the | general form of the iron segmental construction and | intercepting-sewer. The details of the chambers 
minimum displacement, it was decided to adopt the brick lining, as well as special details. are so clearly shown on the drawings reproduced 
Figs. 13 to 16, subjoined, show a typical junc-|that no description is here necessary. e prin- 
tion and overflow-chamber. Those illustrated were | ciple is very simple—viz., a restricted outlet |oad- 
flanges to form grooves for the steel plates, stiffened | built in the vicinity of the storm-water overflow- | ing to the intercepting-sewer, with a disc-valve or 
with tees, ‘which formed the closing length. Each | sewer, but have no connection with it. The con- | penstock, which can shut when required, and 
bay formed a length of 2 ft. 10in. The H-beams | struction of the storm-water sewer entailed serious | another outlet, protected by tide-valves, leading to 
| the river, to come into operation when rain comes 
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a simple form of steel-sheet piling, consisting of 
H-beams, with a pair of angles on the outer | 


were 9 in. by 7 in. by 53.9 1b. per foot ; the angles interference with the existing drainage in West- 


Fig.15. 


Fig. 13. 
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fixed to them to form the grooves were 3 in. by 3 in. 
by 4 in.; the plates were § in. thick, and the 
stiffening tees 5 in. by 3 in. y $in. This piling 
proved very efticient, and had the additional advan- 
tage that it was not ey. and could easily be 
got at short notice. The general construction of 
the sewer, with its bell-mouth, is clearly shown on 
the plan and sections. At the approach to 
the bell-mouth the sewer is 5 ft. 6 in., widened 
out to 8 ft., and ultimately discharging into 
two channels, 6 ft. 6in. by 6ft. 6in., widening to 
14 ft. 6 in. at the point of outflow to the river. 
An interesting feature is the formation of a grating 
over the outflow with a view of preventing damage 
by logs washed in from the river. This grating is 
shown in Figs. 10, 11, and 12. It is made up 
of old rails, carrying the grids, which are remov- 
able, to facilitate renewal when damaged or worn. 
Manholes are provided at the various points near 
to the outlet. 

On the present are reproduced several draw- 
ings, which, although referring mostly to the storm- 
water overflow-sewer along West-street—an impor- 
tant thoroughfare—are nevertheless illustrative of 
the general character of the works. These show the 
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street, along which it had to be constructed. A new 
sewer was thus necessitated for practically the whole 
length of the thoroughfare on its eastern side, and 
for some distance on the western side. These new 
diversion sewers intercept all the drainage from their 
respective sides of the thoroughfare, and carry it 
down to a point where it is by a junction 
and overflow-chamber, illustrated, to the low-level 


BRIDGE. 


on and the level of the water in the chamber rises 
to the sill. Of course, in an emergency all connec- 
tions leading to the intercepting-sewer can be shut 
and the whole contents passed to the river. ‘This 
will, of course, be a rare contingency, — 

A part of the work of considerable interest \"» 
the construction of the overflow-sewer under t ie 
tramway track, which is at right angles to West- 
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street. This line is one of the most important in 
the City of Glasgow tramway system, and as a con- 
sequence the traffic is exceptionally heavy. The 
top of the sewer was only 7 ft. below the rail-level, 
and the ground was not of the best, so that it was 
decided not to use the cut-and-cover system, adopted 
in other parts, but to drive a tunnel in cast-iron 
segments. Plans and sections are shown in Figs. 17 
to 19, page 536. The cross-section may be regarded 
as more or less typical of such work in the north- 
western and southern systems. At another similar 
crossing along West-street the main sewer had to 
pass over the low-level intercepting-sewer and 
under a 27-in. water-main, where there was just 
room without seriously affecting the levels, the 
clearance being under 2 in. 

Fig. 20 shows the construction of the sewer along 
West-street, at a point where it is spanned by the 
main line of the Glasgow and South-Western Rail- 
way. The bridge carries the greater part of the 
traffic out of and into St. Enoch’s Station, the termi- 
nus of the railway, and it was important that there 
should be no interruption of the traffic. The 
bridge there is carried on two rows of columns, 
with piers at one end, and the sewer had to be 
constructed between the two lines of columns. The 
bottom was at a much greater depth than the foun- 
dations of thecolumns. Near the surface the strata 
were of stiff clay overlaying mud and softer mate- 
rial. It was therefore decided to increase the dia- 
meter of the sewer to 6 ft. 6 in. for a considerable 
length above the bridge, and to flatten the gradient 
so as to bring the extrados of the sewer hard 
against the roadway, to keep the works as far as 
possible in the better strata. This was the more 
feasible as there were no street-crossings above the 
bridge; but the sewer had to be sharply dipped 
immediately below the bridge, in order to allow for 
the accommodation above the sewer of ee 
laid along the streets crossed. The work of building 
the sewer under the bridge had to be very care- 
fully executed. The first procedure was to divert 
one existing sewer to the inside of the columns on 
the western side. Side walls, 3 ft. 6 in. thick, were 
successively built in timbered trenches on each side 
of the proposed storm-water overflow sewer, in 
order to protect the piers and pillars of the rail- 
way bridge. A cast-iron pipe, 24 in. in diameter, 
was constructed within the base of the eastern wall 
to form the diversion of the sewer on the east side. 
The procedure in building the walls corresponded 
generally with that for underpinning, and was done 
in 3-ft. 6-in. lengths, but no two lengths were built 
consecutively, a space of 3 ft. 6 in. long being left 
between successive lengths, to ensure the maximum 
support for the bridge piers. As the excavation for 
these sections proceeded, the trench was securely 
timbered to the bottom, and the excavation of the 
3-ft. 6-in. length at once and quickly filled with 
cement concrete to a level of about 6 in. above the 
top of the 24-in. pipe, and for the remainder of the 
height in brickwork. Care was taken to wedge the 
walls against the pee of the bridge in the same 
manner as vertical wedging is carried out in the 
underpinning of buildings. Bogee pi were left 
in the sections of the protective walls, by means 
of which lime was injected in the usual manner 
with a bogee engine, in order that there should 
not be the slightest possible chance of any creep- 
ing of the column foundations towards the work. 
To accommodate a 9-in. water-pipe, which passed 
along the street, the top of the eastern protective 
wall was formed with a recess, so as to allow 6 in. 
clear all round the pipe, and 12 in. all round for 
a length of 3 ft. at the sockets. After both the 
side walls had been completed and set, the con- 
struction of the storm-water overflow-sewer was 
proceeded with between the walls. This was 
carried out in lengths not exceeding 9 ft. The side 
walls, although formed of concrete and brickwork, 
are, as shown, supported as if they were timbered 
polings and strongly strutted, top and bottom, 
ag pitch-pine walings and struts, the former not 
ess than 12 in. by 6 in., and the latter 12 in. by 


12 in., properly wedged up. 
— ‘ were also candtinetiile complications in 
a - ‘nstruction of the overflow-sewer owing to the 


of water, gas, and electric mains passin 
a ‘he centre of the street in the space requir 
= the sewer. Many of these had to be diverted 
— sides of the street, and in some cases care 


buil ag be exercised to obviate interference with 
ullding foundations, &e. The overflow-sewer also 
passes through the Tradeston gas works of the Cor- 
and here the work was in tunnel with 


poration, 








brick lining, except underneath the railway sidings, 


where iron tunnel was the normal diameter 
being increased by 1 ft. to enable two rings of brick- 
work to be built inside the flanges. 


(To be continued. ) 





RECENT TRIALS OF UNITED 
STATES WARSHIPS. 

Tue Engineering Bureau of the United States 
Navy has recently been directing special attention 
to the accumulation of comparative data regarding 
the performance of the propelling machinery of 
warships, with a view to arriving generally at some 
definite deduction as to the relative efficiency of 
different types of engines, and particularly as to 
the suitability of the Curtis and the Parsons turbine 
systems. The first installation of the Curtis system 
in American warships was in the scout-cruiser 
Salem ; two sister-ships—the Chester and Bir- 
mingham—were fitted respectively with the Parsons 
turbine, and with four-cylinder triple-expansion 
reciprocating engines. The installations of these 
respective cruisers have been fully described in 
ENGINEERING, and drawings have also been pub- 
lished of the turbine installations, so that we do 
not propose to recapitulate the details. The 
Curtis system, no doubt, suffered from the lack of 
previous experience, and it is possible that later 
installations will show an improvement. In the 
Parsons system the usual arrangement of cruising 
turbines in series was adopted, there being on 
each side of the centre line of the ship a high- 
pressure and low-pressure cruising turbine, and in 





sure cruising turbine was put out of action, with a 
very considerable reduction in the e of expan- 
sion, the consumption went up to 40.95 lb., while 
without any cruising turbines in use the consump- 
tion was 44.9 Ib. en, however, the speed was 
increased from 10 to 18 knots, with all the tur- 
bines in use, the aaah nig ca was only 16.5 lb. 
Perhaps the most surprising figure is the steam con- 
sumption of 12.79 lb. with the vessel running at 
22.62 knots, when the high- pressure cruising turbine 
was out of gear. This would indicate that the range 
of expansion achieved on this particular trial was 
better suited to the revolutions per minute than in 
any other of the trials. 

n view of these results it is not, perhaps, sur- 
prising that the United States have decided to con- 
tinue the practice of fitting separate cruising tur- 
bines in the Parsons installations in their latest 
battleships, although the British Admiralty have 
adopted the procedure of dispensing with the sepa- 
rate cruising turbines, and extending the ordinary 
high-pressure turbine at the high-pressure end, in 
order to give the required range of expansion. At 
the higher powers steam is admitted through a 
wa to an intermediate stage in the length of 
such high-pressure turbine. The proposal is now 
made to utilise the partial-admission turbine, 
which Mr. Parsons has invented in order to give 
higher economy at low powers, a subject of which 
we hope to give details later. On the Continent, 
on the other hand, there is being tried a combina- 
tion of the impulse velocity compound system for 
the first stage, with all the su uent stages on 
the Parsons reaction principle, the drum construc- 


TABLE I.—Resvutts 1n Service or SuHips witH Parsons aNnp Curtis TURBINES AND Piston ENGINES. 
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“* CHESTER.” * BIRMINGHAM,’ 
aie = Ca pat a Six | Five | Four Two prelbin tain 
Item \ Turbines. Turbines. Turbines | Turbines. Two Engines. 
nsnceenasnpeatiiihiieaiakedi ds = insdeatina ae 
Parsons Tur. | arso 
ant La hae am without Parse “ _ Two! ourtis Ly linder 
Type of engines and number of turbines in use | and NO ety | — land Two ee — clon Vertieal. 
diate-Pressure ; Tur- Inverted 
Cruising en Tur- } bines. Shafte, Engines. 
| Turbine. 5 
Number of shafts Four Four Four Two cs) 
Rnote (speed)... 10.15 10.48 10.15 10.01 10,08 * 
volutions per minute 206.3 212.2 206.8 139.3 74.8 
Shaft-horse-power_ . - ue ~ ‘ ; 908 828.5 746.6 719.6 1050 L.H.P. 
Pounds of water per horse-power per hour (main engines only)| 28.1 40.95 44.9 42 20.94 
Pounds of water per horse-power hour (for all purposes) .. 53.28 58.39 63.87 62.73 32,44 
Total water per hour (for main engines only) .. a ov 25,492 33,927 33,539 80,182 21,988 
Total water per hour (for all purposes) .. és én ~ 43,761 48,380 47,690 45,144 34,069 
Speed (knots) .. - es ee - es ee “| 18.03 22.62 24.67 26.12 24.15 
Revolutions per minu * o oi $s ‘9 “ 379 481.4 642.5 369.8 191.5 
— horse-power .. mm on “a Scot. + ‘oe --| 5699 12,467 18,644 18,070 | 14,548 L.H..-P. 
ounds of water per horse-power per hour (main engines only)! 16.5 12.79 13.7 16.2 17.42 
Pounds of water per horse-power hour (for all purposes) ..| 20.26 15.07 15.96 18.89 20.44 
Total water per hour (for main engines only) .. + “< 94,082 159,435 253,662 292,751 258,372 
Total water per hour (for all purposes) .. a : 115,458 187,983 296,064 341,486 297,300 


addition a high-pressure and low-pressure ordinary 
turbine, as well as reversing turbines. The official 
contract trials showed an advantage in favour of both 
turbine ~~ over reciprocating engines of 11 per 
cent. at 12 knots speed, while at 22} knots speed the 
Parsons engined ship got a quarter of a mile per 
hour more speed for 2.3 per cent. less coal con- 
sumption than the Curtis-engined ship, and at full 
power 0.56 nautical mile per hour more, with 
practically the same total coal consumption. The 
speeds at full power were: for the reciprocating- 
engined ship, the Birmingham, 24.325 knots; for the 
Curtis-engined ship, 25.947 knots; and for the 
Parsons-engined s ip, the Chester, 26.52 knots. 
Since then several trials have been conducted, and 
we are indebted to the Engineer-in-Chief of the 
United States Navy, Admiral H. J. Cone, for the 
suggestive results, which show that the Parsons 
system still achieves superiority, since, at about 
the same speed—24 to 25 knots—the comparative 
water consumption per shaft horse-power for the 
main engines only was 13.7 lb., for the Curtis- 
turbined ship 16.2 lb., and for the piston-engined 
ship 17.421b. The resultsare set forth in Table L., 
on this page. 

An interesting point about the details here pub- 
lished is the economy resulting from the use of the 
cruising turbines at low power. It will be seen 
that at 10 knots s the reciprocating engine 
requires only 20.94 Ib. of water per indicated horse- 
power per hour, excluding that used for auxiliary 
machinery, whereas the bout result for the Par- 
sons system is 28.1 lb., and for the Curtis system 
42 lb. This result in the Parsons system was got 
with all the turbines, both cruising and ordinary, 
working in series, When, however, the high-pres- 








tion, with its many advantages, being retained. 
With regard to this also we prefer to delay further 
comment. 

The Curtis turbine has also been fitted to the 
battleship North Dakota. Here, however, certain 
modifications were made in the design as com 
with the earlier practice. Thus, instead of the ahead 
turbines having seven stages, they have nine pres- 
sure stages, and the first five are on separate wheels, 
while the subsequent four stages are on a single 
drum. Steam can be supplied to the first stage 
through twenty nozzles, which take up only one 
quarter of the whole periphery, and all but two 
are arranged so that they may be separately closed 
for lower powers by sliding-valves operated through 
bevel-gear by handles on the outside of the casing. 
In the other stages such closing valves are dis- 
pensed with, as it has been found in practice 
that a satisfactory economy at considerable ranges 
in s can be achieved by the regulation of the 
number of nozzles in use in the first expansion, 
There are two turbines in the ship, mounted on 
separate shafts, so that the machinery is of the 
twin-screw type. ‘The turbines are 144 in. in 
diameter, and at 245 revolutions develop 12,500 
shaft horse-power, the working pressure of the 
steam being lb., with 50 degrees of superheat. 
The rotor wheels and the drums are of the built-up 
type, with steel plate webs secured to a cast-steel 
spider hub and a cast-steel rim. These are forced 
on the shaft in succession ore pressure, and 
subsequently keyed on. e diaphragms between 
the main high-pressure each consist of a cast- 
steel rim with forged-steel hub secured to steel plates 
pressed when hot into a spherical shape. A lip is 
machined on the outside of the rim, and fits into 
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& groove on the inner circumference of the turbine 
shell, The composition bushing inside the hub has 
machined on its inner surface a V thread, } in. 
deep, plugged at each end. This threaded surface, 
together with the shape of the bushing, reduces 
steam leakage between the stages. In the drum 
stages the inner circumference of the nozzle seg- 
ments is also serrated. The casings are of cast iron, 
in six parts, with one horizontal and two circum- 
ferential joints. Table II. is taken from an article 
in the Journal of the American Society of Naval 
Engineers, by Mr. Charles B. Edwards, Superin- 
tendent of Machinery of the Fore River Shipbuild- 
ing Company, who manufactured the turbines, and 
gives the turbine nozzle and bucket data. 

The Delaware, a battleship of the same design, 
was fitted with reciprocating engines, so that we 
have the possibility of direct comparison so far as 
the machinery results are concerned. The machi- 
nery of the Delaware was, like the ship itself, built 
by the Newport News Shipbuilding Company. In 
this case the high-pressure cylinder was 36 in. in 
diameter, the intermediate cylinder 57 in., and the 
two low-pressure cylinders each 76 in., the stroke 
being 48 in. The boilers are the same in both 
cases—fourteen of the Babcock and Wilcox type, 
with 1439 square feet of grate area, and 61,943 
square feet of heating surface. 

Similarly the ships were of corresponding design. 
The length on the normal load water-line was 
510 ft. 2} in.; the length over all, 518 ft. 11} in.; 
breadth, moulded, 84 ft. 10} in.; breadth, extreme, 
85 ft. Ff in.; trial displacement, 20,000 tons at 
26 ft. 10} in. draught. The block coefficient of 
fineness was 0.60, and the displacement per inch of 
immersion at normal draught 71.81 tons. 

These battleships were required to make the 
following tests :— 





1. Standardisation runs over the measured nautical mile 
at various speeds from 10 knots up to, or exceeding, 
guaranteed speed. 

2. A four hours’ run at or above guaranteed s , using | 
only such auxiliaries as are necessary for propulsion. 

3. A 24 hours’ run at or about 19 knots s , with all 
auxiliaries in use as in ordinary service, including evapo- 
rators for make-up feed and general ship use. 

4. A 24 hours’ run at about 12 knots speed, with all 
auxiliaries in use as in ordinary service, including evapo- 
rators for make-up feed and general ship use. 

Water used for main engines and engineer’s auxiliaries 
to be measured during Trials 2, 3, and 4, consumptions at 
these speeds being guaranteed. 





TABLE IV.—RESULTS OF TRIALS OF SOME RECENT UNITED STATES TORPEDO-BOAT DESTROYERS. 


Name of destroyer ‘“* SMITH.” 
Builders 

Boilers 

Grate area we 
Heating surface .. 


Turbines in use .. 


Four Moscher 


bines 
Parsons | 


bines 
Engine (type) Parsons | 
Turbines in use : | 
High-pressure (cruising) 
Intermediate-pressure (cru 
High-pressure (main) 
Low-pressure 
Number of shafts aa be ~ 
Shaft horse-power (main engines) .. 
Revolutions , ‘> - 


ising) re 


os <b ay oe - 24.696 
yater per shaft horse-power of main. 
Le peed - ee es os Ib. 18,84 

Total water per hour for all porns 

Ib. 


29.27 16.45 


33,570 91,712 





The trial results, as supplied by Admiral Cone, 
are given in Table IIT. 

Six destroyers have recently been tried, all of 
them fitted with the Parsons turbine, and the 
results are set out in Table IV. The Flusser and 
Reid may be accepted as more or less typical of 
these ships and their machinery. The dimensions 
are :— 

Length between perpendiculars 
faa over all... K cas 
Breadth, moulded 
Breadth, extreme 
Depth, moulded 
Draught, normal 
Displacement. ... 
Displacement per i 
draught vad obs 
Ratio of length to beam 
Area of immersed midship sec 
Block coefficient of fineness ... 
Total oil-tank capacity be 
Full endurance at 10 knots ... “te 

The turbines are arranged to drive three shafts. 
The middle shaft has the main high-pressure tur- 
bine, while each wing shaft has one low-pressure 


289 ft. 
293 ft. 104 in. 


” 
” 
” 


” 


neh at designed 


tion... 





.. The Wm. Cramp and Sons Co. } 


. Five tur-|Four tur-/Three tur- 
i bines 
Parsons 


3 
10,362 
723.78 

28.35 


195,190 | 


turbine for ahead and one for astern driving, the 
ahead and astern turbines being, in accordance with 
recent practice, within the same casing. The high- 
pressure cruising turbine is on the port shaft, and 
the low-pressure cruising turbine on the starboard 
shaft. 

The trials specified were :— 

1. Standardisation runs over the measured mile at 
various speeds from 12 knots up to or exceeding gua- 
ranteed speed. 





TaBLe II.—Turpine Nozzig AND Bucket Dimensions or Cu 
BatriesHip ‘‘ NortH Dakora. 


horse-power per hour, averaging 27.54 lb. On the 
twelve hours’ trial, at not less than 25 knots, the 
high-pressure cruising turbine was not used, and in 
this case the steam consumption averaged only 
15.5 lb. per horse-power hour, whereas at full 
power both cruising turbines were disconnected, 
running in vacuo, and then the consumption averaged 
practically the same—15.65 lb. —although the 
average speed had increased to 29.67 knots. Thus 
within the range of 5 knots the consumption is the 


RTIS TURBINES IN UNITED States 
” 


Ahead. Astern. 





Stage - oe 

Pitch diameter .. = 

Number of nozzle openings .. ne 

Radial height of nozzle-mouth in. | 

Number of rows of moving buckets . .| 
a Ps stationary buckets 

Height of buckets in inches :— | 
First row, moving 

Second stationary 

Third moving 

stationary 

moving 

stationary 

movin 


in.| 


” 


| Seren oee 
' S8SRR8B 


Seventh ,, 
Eighth ,, stationary 
Ninth ,, moving 
Number of buckets per row : 
First row, moving 
Second ,, stationary 
hird moving 
stationary 
moving 
stationary 
moving 
stationary 
moving 


Fourth 
Fifth 

Sixth ,, 
Seventh ,, 
Eighth ,, 
Ninth 


” 
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III.—Comparison or TRIAL RESULTS OF THE ‘*-DELAWARE,” WITH PISTON ENGINES, AND 
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**Norta Dakota,” with CurTIS TURBINES. 





** Delaware.” 


| 
“North 
Dakota.” 
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“ North 
Dakota.” | 


‘North 


“ u ” 
Delaware. Dakota.” 


** Delaware.” 





12 
12.24 


.. knots 


Required speed .. 
Actual speed 


Water per indicated horse-power per hour, main engines 
only ee oe oe os éa + << a 15.48 
Water per indicated horse-power per hour for all pur- 
poses... ‘ oe “3 - = oa Ib. 21.05 
Total water per hour for main engines only 55,000 
all purposes 83,463 


” ” 


** LAMSON,” * PRESTON.” 


Four Thornycroft. 
333 sq. ft. 
15,200 
Five tur- 
bines 
Parsons 


Four Moscher 


” 
Four tur- Three tur- 
bines bines 
Parsons Parsons 


Five tur- 
bines 
Parsons 


bines bines 


Parsons 


‘1 
Z 
5549 


612.45 | 
24,144 


3 
10,597 
745.48 

23.605 


3 
1159 
373.5 


15.86 


616.14 


24.804 16.135 


31.05 M4 15.30 23.76 15.79 


35,989 80,349 162,173 32,219 87,606 160,508 


* Includes about 7500 lb, of make-up feed. 


The Wm. Cramp and Sons Co. |The New York Shipbuilding Co. 


Four tur- Three tur- 


Parsons 


19 


19.225 


19 21 
19.245 21.64 (3hrs 
only) 


21 
21,563 


12 
12.1 


20.6 12.7 14.25 12.9 13.8 


23.94 
76,000 


14.408 
349,000 
450,965 


14.8 
312,000 
422,931 


15.92 | 
238,000 | 
266,711 


14.52 
205,000 
250,549" 
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‘*FLUSSER.” 


Bath Iron Works. 
Four Normand 
347 sq. ft. 
16,177 
Five tur- | Four tur- ‘Three tur- 
bines bines bines 
Parsons | Parsons Parsons 


Bath Iron Works 
Four Normand 
347 sq. ft. 
M7 » 
Five Four tur- Three tur- 
turbines, bines bines 
Parsons, Parsons | Parsons 


” 


i 

9 
12,421 
842.63 
31.82 


5413 
600.72 


24.72 


| 3 
7 | 115413 
64 801.33 
24.55 | 30.41 


1174.5 
372.07 
16.26 


5243. 
593. 


27.46 14.64 26.16 15.24 14.76 


32,244 168,984 30,342 82,520 183,371 








2. A four hours’ trial at the highest speed attainable, | 
with only necessary engineer's auxiliaries in use. 

3. A twelve hours’ trial at not less than 25 knots speed, | 
with all auxiliaries in operation required under service 
cruising conditions, including evaporators for necessary 
make-up feed and general ship use. 

4. A twenty-four hours’ trial at as nearly 16 knots 
speed as possible. This trial, as in No. 3, to be atas nearly 
service conditions as possible. 

In trials 2, 3, and 4, careful determinations of fuel oil 
and water consumption to be made. The amounts of 
the latter to be guaranteed. 

The results of the trials show a considerable 
range in efficiency, the water consumption per 
shaft horse-power, for the main engines only, at 
full power, varying from 14.64 lb. to 18.84 lb.; but 
this latter is exceptional, the next rate being | 
15.3 1b. It would appear as if 14.7 lb. to 15 |b. | 
was a fair average. Again, particular interest may 
be taken in the effect of the cruising turbines on | 
the steam consumption at various speeds. It will | 
be seen that, when running on the low-power | 
trial at as near 16 knots as ible, the cruising | 
turbines worked in series, and the steam consump- 
tion ranged from 26.16 lb. to 31.05 lb. per shaft- 


| 





same. It remains to be seen whether the same 
high economy can be realised at low powers with 
partial-admission Parsons turbines, a subject on 
which we hope to have some more definite informa- 
tion at an early date. 








FOUNDRY PLANT AND MACHINERY. 
No. VIII. 
By JoserpH Horner. 

A cupo.a which is designed in order to utilise as 
fully as possible the combustible gases above the 
melting zone is made by the Laissle Maschinen- 
fabrik und Giesserei, G.m.b.H., of Reutlingen, and 
is shown by Figs. 92 to 95, page 539. It comprises 
three rows of tuyeres, but the upper row supplies 
air to the fuel well above the melting zone, where 
in the ordinary cupolas all the CO present passes 
away as CO, with a consequent loss of heat units. 
The fitting of three rows of tuyeres In cise 
proximity has been tried and abandoned, because 
the upper zone of air exercises too chilling an 
effect. When two rows are employed, the openings 
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Fics. 92 to 95. Cuprota with THREE ZONES OF 
Tuvyeres ; THE Laisste MAsCHINENFABRIK UND 
GressEREI G.M.B.H., REUTLINGEN. 


Laissle cupola, the third row being situated very 
high up, cannot exercise any chilling influence on 
the charges, but it must increase the temperature 
by supplying oxygen to convert the CO into CO,, 
thus Coaliog the coke and iron as it descends into 
the melting zone. The second row of tuyeres is 
directed downwards on to the bath of metal, to 
maintain its fluidity. ; : 

Figs. 93 to 95, annexed, show sections of this 
cupola. As seen in these views, the pipes are 
surrounded by the sand which occupies the space 
between the casing and the brickwork, thus 
preventing the chilling effect of outside air against 
the pipes. The shaft tapers downwards to the 
boshes, so lessening risk of the occurrence of 
hanging, while the boshes afford some support 
to the charge. The drop-bottom of the cupola 
is held up by a bar (see Fig. 92), which, when 
| knocked away, allows the hinged doors to fall apart 
and discharge the contents of the cupola. Figs. 
196 to 98 show an installation of two cupolas. In 
Fig. 97 an hydraulic hoist is seen, for raising the 
materials to the charging-platform yey the two 
cupolas. A spark-catcher is placed at the top of 
the chimney, Fig. 97. This chimney forms a con- 
tinuation of the cupolas, and the floor surrounding 
the cupola (compare with Fig. 96) receives the 
falling ashes, which are periodically removed. 

An apparatus, made by Messrs. H. Hammelrath 
G.m.b.H., of Cologne, provides a fine 
from a pipe led vertically into the 
This spray catches the 
flame. There is, there- 
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SECTION ©.C. 

of the upper row, as already mentioned, are made | 
capable of reduction, The Greiner and Erpf design, | 
with a spiral row of tuyeres, has a good recard, due |and Co., 


doubtless to the fact that the air is brought in at | water-spray 


various heights, the volume being small at any | mouth of the cupola c: 
height, down the 


while the total volume is large. In the ' sparks and keeps 


|fore, no need to narrow the opening at the top, 
}and a spark-catching hood is unnecessary. The 
| water is forced up 3 a small pump, or if a pres- 
| sure supply is available, the pump may be dis- 
pensed with. 

| The foregoing is sufficient to indicate the lines 
on which improvements have been devised. Yet, 
|in spite of all, the old-fashioned cupolas still hold 
| their own by virtue of their very simplicity of con- 
| struction and ease of working. The main points in 
|economical working are proper density and dis- 
tribution of blast, suitable proportions of fuel, iron, 
and flux, and complete combustion. Hence the 
vital importance of the tuyere arrangements. 

| The question often has to be answered, How best 
to select cupolas by dimensions ? Most foundries— 
the smallest excepted—must have two cupolas, 
smaller and larger respectively. Many have three or 
more. The reason of this is the fluctuating character 
of the volume of daily work, which will sometimes 
demand the full capacity of the larger furnace, 
while on some days the smaller will be ample for 
all the requirements. When specially heavy and 
prolonged casts have to be made, both cupolas 
may be requisitioned. Also a cast which doult be 
short—of two or three hours’ duration only—if 
made in the larger cupola can be prolonged if 
made in the wanes and vice versd, to suit the 
work which lies on the floor or in progress. It 
may happen that all the work may be finished and 
ready to pour off quickly ; or some jobs may be 
delaying the pouring, and it is then desirable to 
delay the coming down of the metal. 

Another reason for differences in the sizes of 
cupolas is that different mixtures of metals are often 
wanted simultaneously ; one suitable, say, for a 
heavy grade of castings, the other for a lighter grade. 
Such a condition of affairs would occur chiefly in 
foundries where the work is sufficiently special- 
ised to require regular and uniform differences in 
the mixtures. In the jobbing foundry the case 
of different grades is fully met by putting them 
in different charges into the same cupola, with a 
charge of coke intervening. They do not intermix 
to any extent, though separated only by a thickness 
of 12 in. or so of coke, because fusion does not 
take place until the metal reaches the melting zone, 
and it takes place so rapidly that the lower body 
of metal is running down before the upper gets 
into the zone. 

But there is a considerable amount of work done 
for which special cupolas are required and used. 
Railway-chair making is one of the most familiar. 
The employment of moulding-machines doing highly 
repetitive classes of work which require snttal quate’ 
within narrow limits, and often by analysis, gene- 
rally entails the use of a cupola which is reserved for 
melting the metal for that work exclusively. The 
increasing demand for tests often results in the in- 
stallation of a cupola for one class of work alone, and 
also for experimental and educational work. Even 
in big foundries a very small cupola having a melt- 
ing capacity ranging, say, anywhere between 5 cwt. 
and 1 ton, is often kept in reserve for melting metal 
at any time, in the case of breakdowns or other 
unforeseen demands. Numerous small cupolas have 
been built to meet such requirements, mostly fixed, 
a few portable. 

A small cupola is often reserved for special casts 
of light and urgent work, which would not pay for 
the lighting up of the larger cupolas, or which are 
wanted in great haste, and also for the casting of 
test-bars for special and experimental mixtures of 
iron. It may be furnished with an independent 
tuyere of its own, or a temporary pipe can he 
carried from one of the tuyeres belonging to one 
of the other cupolas. It is exceedingly handy in 
any foundry and should be regarded as indispens- 
able. 

As small cupolas cannot be entered by the 
furnacemen for re-lining, they are built in sections— 
two or more—provided with flanges of angle section 
for bolting together. They are taken apart, lined 
with ganister rammed round a wooden model, 
bolted together with a fireclay ae between, and 
then dried over a slow fire. Small cupolas’ have 
no charging-door, but the materials are thrown in 
at the top. Some of these are made bell-mouthed 
there. The Badische Maschinenfabrik fit air-belts 
to very small cupolas, of only 12 in. in diameter, 
with a melting capacity of 7 cwt. per hour. 

The dwarf cupola by Messrs. Thwaites Brothers, 
Limited, is illustrated by Figs. 99 to 102, page 541. 
The shaft is 7 ft. 7 in. in height, and the internal 





diameter is 1 ft. 6in. It melts 5cwt. in from 
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fifteen to twenty minutes. It is made to tilt for 
lining and cleaning. ; 

The shell is com of two cylindrical pieces 
united with angle-rings at the centre. It is sup- 

rted in bearings in triangular pedestals. The 
Piast enters through the valve in the base of one of 
the pedestals. The pedestals are hollow, the spaces 
being in communication through the pipe, which 
also serves as a distance-piece. ‘I'he blast enters the 
hollow trunnions bolted to the cupola, on which the 
cupola swings, and each trunnion is provided with a 
peep-hole, which is also used for barring the tuyeres 
through. The cupola is locked in the vertical posi- 
tion by a bar, pivoting at one end on the frame, and 
secured to the cupola at the other by two set-screws. 
When brought into the horizontal position for lining, 
the cupola is supported by a crutch hinged near the 
top. A handle on the other side is used to pull the 
cupola upright. A drop-bottom is fitted, and also 
tapping-spout and slag-hole. 


Fig 96. 





wash of fireclay, such as is mostly employed in 
ordinary cupola practice. After the first melting 
the surface of the bricks will be roughened suffi- 
ciently to take and retain the ganister. The bottom 
is lined with sand or loam, sloping either to the 
tapping-hole, or to the receiver, to the extent of 
about 1 in 6. The bottom of the receiver is simi- 
larly lined, but with a slope of lin 12. The bed) 
charge is laid in, and some large lumps of coke are | 
placed in front of the hole which leads to the 
receiver, to prevent small coke from being blown | 
through. After making good the fettling-door of 
the furnace and the spout of the receiver the fur- 
nace is charged. The bed charge of coke extends | 
to about 18 in. or 20 in. above the top of the 
tuyeres, after which the charges of iron and coke 
alternate. The tap-hole is formed by making a) 
paste of moulding sand and fireclay and ramming it | 
round a tapered bar, which gives a circular hole 





for tapping. A fire ‘is lit on the sand bottum 


Fig. 97 











sink down in melting. Coke may be either 
weighed, or measured in bushel baskets. A ton of 
furnace coke occupies about 80 cubic feet. Layers 
of fuel, iron, and limestone alternate, the latter 
being the material commonly used for fluxing off 
the refractory matters associated with the pig. If 
a long heat is wanted, it is necessary to use a larger 

reentage of flux in order to keep the cupola free 
rom accumulations of slag. Soon after dinner, if 
the cupola is of heavy capacity, the breast-plate 
will be lined with sand and wedged up and the 
joint luted with sand. A gentle blast is then put 
on for from five to ten minutes. This will have the 
immediate effect of drying and hardening the tap- 
hole, when that also will be closed with a daub of 
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Fias. 96 to 98. Curota InstaLLation ; THe LatssLE MASCHINENFABRIK UND 


Gresserer G.m.B.H , 


Some observations on the operation of cupolas 
may now conclude this section. 

As a rule the foundry foreman does not interfere 
with the furnaceman except to give orders as to 
mixtures, quantities, and times for casting. As 
in large foundries there are two, three, or more 
cupolas, generally of different capacities, the size 
or number of these in use on any icular day 
will depend upon the weight of metal which has to 
be run down. The duties of the furnaceman com- 
mence in the early morning with the clearing away 
of the slag and cinders raed out on the previous 
evening, or dumped through the bottom, which 
have had time to cool during the night on the 
ground. The bricks within the cupola are still 
warm, but the furnaceman himself, or his assistant, 
has to go inside with a chipping hammer and re- 
move the incrustations of slag and clinker which 
have adhered to the lining from the previous cast. 
Sometimes it is n to cool the interior with 
water from a hose-pipe, but this is avoided if pos- 
sible, because the bricks are liable to crack. The 
interior has to be made good by re-lining it, either 
with loamy sand, fireclay, or ganister, to a thick- 
ness of from 1 in. to 2 in: rammed on the bricks. 
When a new cupola is erected, the first melting 
must be made without the ganister, using a 
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with shavings, wood, and coke, and allowed to 
burn up gradually, all openings in the cupola 
| being left open. if the casting is to be done in 
the afternoon, as is usually the case, the cupola 
‘should be ready for lighting by about 11 o’clock, 
|and the fire will have burnt up and warmed the 
‘cupola thoroughly by dinner-time. The reason 
why the ignition of the bed charge should take 
place two or three hours before the blast is put 
on is that it may become properly lit, and the suc- 
cessive c of iron and coke laid on top, and 
the whole brickwork and lining, well warmed up 
before putting on the blast. It is not allowed to 
burn away at all, but merely to light up well before 
the first charge of iron is laid. 

The metal is broken up fairly small. Large lumps 
are troublesome to melt, and the heat passes up 
around them too readily. When an ot ieces have to 
be melted, extra fuel must be placed below and above 
them, so that the action of the heat shall be suffi- 
ciently prolonged. The pigs are broken into from 
four to six pieces each, the smaller for small cupolas, 
the larger _ for larger ones. The first v tered 
of pig should be dropped as lightly as possible in 
order not to break up the coke too much. The 
layers of pig and coke must be laid as level as pos- 








sible, so that they shall not intermix as they 














clay stuck on the blunt end of the bot-stick, which 
‘“*stick” is an iron rod of about j-in. diameter, 
blunt, and rounded at the ends for closing the hole 
withclay. By this time the charging-up is finished 
and the blast is put full on. Everything has already 
been thoroughly warmed, the expansion of the parts 
is regular, and the metal soon begins to run down, 
or within from fifteen to twenty minutes. The 
furnaceman is aware, by observation at the sight- 
hole, when the metal has accumulated nearly to the 
level of the tuyeres, and at once taps out by driving 
the —— end of the tapping-bar through the clay 
of the tap-hole. : 

In foundry work three conditions may exist, en- 
tailing corresponding modifications in the way of 
working the furnace. The metal may be of one 
only or of several qualities. It may be required 
for a succession of light casts or for a single heavy 
casting only. When metal of one grade is wanted 
all through the day, the charging simply goes on in 
alternate layers of fuel, iron, and flux, as the mass 
sinks down in the furnace. When two or three 
different qualities of iron are wanted in succession, 
as is commonly the case’ in a jobbing foundry, the 
different charges are separated by the interposition 
of an extra thick layer of fuel between them, so 
that one charge has time to run down before the 
other is melted, and the furnaceman can see when 
the upper charge begins to appear at the tuyere 
holes. Again, in charging a cupola regard should 
be had to the relative fusibility of the different 
kinds of metal. Hard irons take longer to melt 
than grey, and pig than scrap; therefore this 
should determine the order in which these «re 
charged. The hard pig is put in first, then the soft, 
and finally the scrap. If otherwise, a proper mix- 
ture will not be secured, but the metal first melted 
will come down to the tap-hole before the 
other. : 

When the metal is required for a succession of 
light casts, itis taken away in the hand or shan! - 
ladles as rapidly as it is tapped; but when wanted 
fora single large casting it is tapped out in separate 
portions, which is preferable to allowing }' ‘ 
accumulate in the cupola, with corresponding '1- 
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crease of liquid pressure. The capacity of the 
cupola is limited to the height of the tuyere holes, 
and a large portion of this space is already occupied 
with fuel. But iron will retain its heat during 
a very long time in a ladle if its surface is covered 
with a layer of smith’s blowings, or charcoal dust, 
while the separation of the scum from the metal also 
thickens the protective coating. Thus a 6-ton or a 
10-ton ladle can be filled in two or three tappings, 
depending on the capacity of the furnace, and an 
interval of as much as an hour may ela between 
successive tappings. If the cast is so heavy that a 
single cupola and a single ladle will not suftice, two 
or more cupolas and ladles are brought into requisi- 
tion. Further, as it is never usual to cast heavy 













LOCKING 
BAR 


quantity of metal can be run down in a given time 
by free slagging than can be run without it. 

Slag forms at all heights in the cupola which is 
occupied by fuel, and trickles downwards. Some 
portions, as they reach the area of the tuyeres, 
come under the influence of the cold in-coming air, 
and become chilled. Iron drops on these and 
becomes cemented to lumps of fuel, and unless the 
obstruction is promptly barred away, it chokes 
up the tuyeres, limiting or preventing the access 
of the blast. The iron is melted imperfectly 
and in insufficient quantity, and finally ceases to 
melt at all, and the cupola is bunged up. Some- 
times the first indication that choking is occurring 
is afforded by the coldness of the iron running 
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work with hot metal, as that would be productive 
of saud-burnt and, probably, unsound castings, no 
loss of time or injurious effect follows by allowing 
the metal to go “*dead” in the ladle. It would 
have to go dull in any case for heavy casts, either 
by standing awhile or by the throwing-in of runner 
and riser-heads. The storage of metal is the 
principal advantage afforded by the receiver 
Vuring the running-down of the iron the charges 
of iron tuel, and flux have to be maintained accord- 
ing to the requirements of the foundry. The metal 
and cujx ila have to be kept clear of slag by opening 
the slagging-hole from time to time, and letting it 
remain open for a few minutes, or as long as slag 
saminves to run. The cleaner the pig or scrap the 
wer lsezing is required. With burnt iron theslag- 
ars e ee some most of the time. The 
ical working of a cupola is largely dependent 
on the regularity and pte 0 with which the 





ng-out is done, so that a very much larger 
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Dwarr Cupota ; Messrs. Towarres Bros., Limrrep, Braprorp, Yorks. 


into the ladle, and the unreasonable length of time 
which a given quantity takes to run down. 
quantity of iron that is lost in the slag amounts to 
from 4 to about 7 per cent. If slagging is not done 
efficiently, the quality of the iron is deteriorated by 
contact with the foreign substances that should be 
carried away by theslag. Efficient slagging keeps 
the interior of the melting zone clear and lessens 
risk of choking by permitting free diffusion of 
the blast. The substances used for fluxing are 
limestones, oyster-shells, or marble chips. From 
50 lb. to 60 Ib. of limestone per ton of iron is a 
suitable average to use. 

The round of duties goes on until all the metal 
wanted has been taken away. Then, if the cupola 
has been charged judiciously, there will be little 
iron left in it. Should any remain, it must be 
melted down and run out, leaving the cupola to 
cool down in readiness for the morning’s work. 


The | 


|should happen to the fan or blower, or its belt, 
or the engine which drives it, and the accident 
is of such a nature that it cannot be remedied in 
a reasonable time, the occurrence may ve of 
a grave character, resulting in the formation of a 
salamander, or the solidification of the fused metal 
in the cupola in a mass with the fuel. When 
things come to this pass, the entire brickwork 
lining may have to be destroyed to remove the 
obstruction. To prevent this the metal should not 
be allowed to set, but be promptly tapped out and 
the fuel raked away and the furnace cleared of its 
|contents, precisely as though the cast had come 
| to a legitimate termination. 

| The choking of a cupola, which generally neces- 
|sitates the rapid drawing of the fire in order to 
|save the brick lining, is due to lack of sufficient 
| heat in certain localities. The blast, being always 
used cold, chills the fuel and metal in the vicinity 
| of the tuyeres and in the central part of the cupola 
also, if of large diameter and if the blast is feeble and 
| too localised in its action. Large cupolas are fre- 
| quently made smaller in diameter at the lining in 
the vicinity of the tuyeres than higher up. _ This 
diminishes the bed charge and was su to 
diminish the risk of bunging up. But this casualty 
depends more on the furnaceman and his control 
of the blast that on any special construction of 
cupola. Unless frequent observation is made through 
the sight-holes, and any hard masses which begin 
to gather are promptly barred or poked away, 
choking is most likely to happen. Frequent 
slagging also tends to prevent oe because 
if slag accumulates and rises, it may get nearly or 
quite to the level of the metal, and if the heat is 
insufficient, it will form a conglomerate with metal 
and fuel. When the slay rises it comes within the 
action of the blast, which chills and partly solidifies 
it. Hence if slagging is not done as often as 
| necessary, any cupola, however well designed, 
must become choked up. 

The blast pressure in a cupola must vary with 
circumstances ; 1 lb. pressure per square inch is 
equivalent to 2 in. of mercury, or 28 in. of water. 
The normal pressure may be taken at from } lb. to 
1 lb. per square inch—21 in. to 28 in, of water. 
The blast must supply about 650 cubic feet of air 
per minute per ton of iron at these pressures, or 
from 30,000 to 40,000 cubic feet per ton of iron per 
hour. Blast-gauges are fitted to most modern 
cupolas. From 3} to 4 brake horse-power are 
required per ton melted per hour. 

A good deal of exaggeration and misconception 
has occurred with regard to the melting ratio, or 
the quantity of coke used to melt a given quantity 
of iron. Comparisons have often been made to the 
dis ement of cupolas and of foundry managers, 
and many statements have been put forth which 
are not reliable. A statement of the melting ratio 
alone is-of no value unless the circumstances and 
results are also fully known. These include the 
character of the blast and fuel, the nature of the 
castings produced, the proportion of wasters, and 
the duration of the cast. A coke poor in carbon 
will be more wasteful than a richer coke. Castings 
may be light or heavy. If light they must be 
poured with iron more fluid and Setter than heavy 
castings, and the latter, therefore, require less 
melting and less coke. Badly-melted iron will 
produce more wasters than hot iron. A short cast 
will use more coke pro rata than a long one, because 
the same bed charge is necessary for each, and 
rather less coke will be required for 7. heats 
after the cupola has become thoroughly hot. Varia- 
tiuns in the character of the iron melted in a single 
cupola and in the work done are less favourable to 
economy than uniformity in both. In the jobbing 
foundry it is not at all unusual to find an average of 
4 cwt. of coke being used per ton of iron, while in 
foundries producing specialities and heavy work 
only half this quantity may be used. From 2 ewt. 
to 3 cwt. represents good and satisfactory practice, 
while anything less than 2 cwt. is exceptional. 

The melting ratio’of a cupola is differently stated 
by different foundry managers, and little argument 
is required to show that such must be the case. 
Theoretical considerations hardly count at all. At 
the temperature produced by reducing carbon 
(coke) to CO, about 3 lb. of carbon would be 
required to melt 100 Ib. of iron ; but as this would 
largely oxidise the metal, from 8 lb. to 10 lb. of 
coke is required. Or, put in other figures, 2 cwt. 
of coke per ton of iron is considered a good overage 
melting ratio. But it often runs up to nearly 




















If, as will happen occasionally, an accident 


double, or 3 cwt. or 3} cwt, to the ton. Record 
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me)tings are of little value by comparison with the 
regular work of the foundry done under varied 
conditions. 

The amount of metal lost in melting in a cupola 
varies. In an extreme case—that of burnt iron, 
often used for kentledge and for fire-bars, with a 
slight admixture of grey-—the loss has been as much 
as 25 per cent., much of the stuff running away 
through the slagging-hole being kept open most of 
the time ; rusty scrap will lose 10 per cent. Soft 
irons lose more than hard irons ; irons high in 
silicon lose heavily. Taking average mixtures, the 
losses will range from 3 to 7 per cent. Graphite 
and silicon are readily oxidised, and these irons 
will show more loss than the strong mottled irons. 








‘RESEARCH ON THE HARDENING OF 
CARBON AND LOW-TUNGSTEN TOOL 
STEELS.” 

To THE Eprror or ENGINEERING. 

Srr,--In your report of the discussion on Mr. 5. N. 
Brayshaw’s *‘ Research on the Hardening of Carbon and 
Low-Tung:t2n Tool Stzels,” which took place at the Ir- 
stitution of Mechanical Engineers on April 15, I not> 
that Professor J. Arnold referred to the heating and c30!- 
ing curves illustrated by the author as if they had been 
tek2n in the labcratory at Sir Robert Hadfield’s Works at 
Shetfield. 

I beg to point out that, whilst some valuable testing 
was done by Sir Robert Hadfield, especially in connection 
with the bending and tensile test-bars, the heating and 
cooling curves were taken by Mr. 8S. N. Brayshaw him- 
self, at his own ‘works in Manchester. In fact, Mr. 
Brayshaw regularly takes these curves for his clients 
in the ordinary course of business, and his works are 
equipped with special apparatus for this purpose. 

{t is highly gratifying that the results obtained in the 
author’s works, with the Callendar recorder, should coin- 
cide within 1 deg. Cent. with the results obtained by 
such an authority as Professor Arnold, using the Osmond 
Le Chatelier equipment at Sheffield University. 

Yours truly, 
KE. Russet, BraysHaw. 

lancheste:, April 25, 1910, 





AGRICULTURAL-MOTOR TRIALS AT THE 
WINNIPEG EXHIBITION. 
To tHe Epiror oF ENGINEERING. 

Srr,—Some questions have arisen since the issuing of 
our programme in connection with the Motor Contest, 
to be held in July next, which makes us feel that we 
should give the following information for the guidance 
of the several manufacturers who may enter the contest :— 

No. 1. Will engines be classified according to indicated 
horss-power, rated brake horse-power, or the brake horse- 

power actually developed in the contest? If the latter, 
will the rating be estimated on the two-hour economy test 
or the half-hour maximum test ? 

A. —Engines will be rated pyreeliing 
power developed in the maximum half-hour test. The 
engines during this time will be carefully watched by the 
judges to see that everything possible is ing done to get 
the utmost power out of the engine. The judges will also 
take careful measurements of the engine, calculating there- 
from its horse-power, which will serve as a check on any 
manufacturer trying to hold his engine down in order to 
get into a lower class. 

o. 2. 
under 21 brake horse- 
horse-power cluss. 
as a 

No. 3. The fuel consumption will be based on the cost 
of fuel consumed. This will be the price of fuel in 
Winnipeg at the time of the contest. 

No. 4. No other fuel will be allowed to be used except 
that furnished by the Association. In explanation of 
this we might say that in the case of the internal-com- 
bustion engines either kerosene or gasoline may be used, 
this being left to the discretion of Ps manufacturer. 

No. 5. The ploughing will take place in good tough 
umbo cod on a nice level piece of ground. In all proba- 
»ility the furrows will be one mile in length, and each 

engine must make one round per hour, and must have 
sutticient fuel and water capacity to last for that length of 
time. The idea is to replenish at the end of each round. 

No. 6. Will economy of fuel and water be considered 
in the maximum brake test, or only in the two-hour test ? 

A.—Fuel and water will be measured, but will not form 
a part of the score. It will, however, serve as a check to 
determine whether or not the, engine is working up to 
its full capacity. . 

No. 7. It is contemplated, if possible, to arrange for a 
mile course in the hauling competition. You will readily 
recognise in a competition of this kind, and in a city that 
is growing so rapidly as Winnipeg, that it is not con- 
venient to secure a course in which the first engines 
competing in the whole competition have not a slight 
advantage. However, we are trying to arrange our 
course in such a way this year that the last engine will 
have practically the same kind of track as the first engine. 

No. 8. As regards penalties. These will consist mainly 
in the losses of time occasioned by sto’ However, an 

engine that has a breakdown through faulty i 
&c., will, in addition to the loss of time, receive the re- 
quisite demerit marks in addition to those for loss of time. 
You can readily understand that so many unforeseen 
things may happen to an engine that it would be impo;- 
sible to provide defizite penaltics that would cover cach 


to the brake horse- 


ower will be paced in the 21-brake- 
is will apply to the other classes 


Engines developing over 20 horse-power and | 


construction, | 


and every one of them; consequently this must be left 
| somewhat to the discretion of the judges. 
| No. 9. In the ploughing contest the cost of fuel will be 
| reduced to a basis of dollars and cents. Labour will not 
be taken into account. You can readily understand that 
in a competition of this kind every plough-manufac- 
turer who attaches his plough behind an engine is going 
to provide sufficient help so that he can make his ploughs 
do the best possible work. He will therefore oftentimes 
provide two men for the ploughs, where the average 
farmer would not have more than one and be satisfied 
with asomewhat inferior job. If the steam and gasoline- 
engines were all in the one class, there might be more 
reason for taking the cost of labour into consideration ; 
but as each is in a class by itself, this cost of labour does 
not enter into the proposition to the same extent. A 
careful account will, however, be kept of the cost of 
labour, due consideration being paid to just how much of 
this labour the farmer will employ on his farm. This 
will be done for the benefit of the manufacturers, but will 
not in any way form a part of the score. 

No. 10. The quality of work done in ploughing will to 
a certain extent be taken into consideration, but only in 
so far as the engine is responsible—for example, straight- 
—_ of furrow, evenness of depth, and finishing at the 
ends. 

No. 11. Careful score will be taken of the amount of 
water consumed in the ploughing contest, as the water 
problem is a vita! one to the farmer who uses a ploughing- 
engine. 

No. 12. The pressures allowed will in all probability be 
those determined by the Alberta law for pressures, which 
is now in force. This has, however, not been thoroughly 
decided upon, but will be in a very short time. 
| No. 13. The Association has secured a half section of 
| land for this competition in close proximity to Winnipeg, 
| and as we have to guarantee the ploughing of the entire 
| amount of land, it is the intention of the committee to 
give each engine a certain amount of land to be ploughed, 
jand this will be one of the conditions of entry that the 
| contestant must complete his work. Just what amount 
of land will be given to each contestant cannot be definitely 
determined until all the entries are in. The ploughing 
| test will doubtless not extend over a less period than six 
| hours for each engine, and may run more than that, thus 
| giving each contestant an excellent opportunity todemon- 
| strate just what his engine can do. ‘The land allotted to 
| each engine will be in proportion to its horse-power. 

No. 14. We are also arranging for a four-horse team to 
do one or two days’ work on the ploughing contest field. 
This forms no part of the competition, but is simply 

rovided to furnish the manufacturer with a comparison 
xetween horse and mechanical ploughing, working under 
}exactly the same conditions. You will readily under- 
| stand the great advertising value this comparison would 
| be to the various manufacturers competing in the com- 
| petition. 

Steam engine classification is :— 

1. Up to 60 brako horse-povwer. 
2. 60 to 90 i 
3. Over 90 i me 
providing there are three or more engines entered n their 
respective class. 

In all sections entries are limited to one from a firm. 

The entry fee for each engine entered is 25 dols. 
ours very truly, 
A. W. BELL. 

Winnipeg Industrial Exhibition Association, 

Union Bank Buildings, Winnipeg, 
Canada, April 15, 1910. 


” 





THE CHANCES OF ENGINEERS IN 
CANADA. 
To THk Evitor OF ENGINEERING. 
Srr,—The following paragraph appears in this morn- 
ing’s issue of the Globe newspaper, published in this city :— 
“*In presenting certificates to the students of the 
Crystal Palace Engineering School, Sir Charles 
Rivers Wilson said that there was room for 
thousands of competent engineers in Canada.” 
|__Coming from a man so eminent as Sir Charles Rivers 
| Wilson, this statement is likely to attract the attention of 
‘a large number of engineering students, and may lead 
many of them to come out to this country in the hopes of 
obtaining a good position with little difficulty, hopes 
which are not in the least likely to be fulfilled. It cannot 
be too strongly impressed on young home engineers that 
Canada has a number of excellent universities which 
have all got very strong engineering faculties, and these 
are turning out each year men who are well equipped 
technically in the four or five years’ course through woh 
“ have to go to obtain their degree. 
hese men do not all find positions in Canada, and, as 
|at home, some have to turn to other channels to obtain 
a livelihood owing to the profession being already over- 
crowded. There is, of course, room for the machinist 
| and fitter, and for any man who can use his tools skilfully, 
| but the purely technical man is ‘“‘ out of it” in competi- 
tion with the locally-trained man, who has the knowledge 
_ of the conditions of the country in his favour. 
By starting at the foot of the ladder, and working up 
through. the shops, and thus getting an intimate know- 
| ledge of the conditions obtaining in this country, it is 
| possible for a man to rise; but he has got to take his 
, chance with the local man. 
To all young men who are thinking of coming out to 
this land to make their way in life, I would strongly 
give this advice—give up all thoughts of engineering, and 





turn to the land, where, in farming, a man can now make |. 


a very comfortable living, and can save sufficient in a few 
years te make him independent. In this way he will 





succeed in making a home for himself quicker than in any 
other occupation, and have something to show for his 
work at the end of ten years. In the towns and cities 
the cost of living is now very high, while salaries are 
not so much higher than at home to compensate for this 
increased cost of living. 

Apologising for trespassing on your time and spice to 
this extent, and trusting you will publish this caution, 

I am, Sir, yours very truly, 


Francis C. E. Borer. 
Toronto, April 13, 1910. 








THE INDUSTRIAL APPLICATION OF 
LIQUID FUEL. 
To THE EpiToR oF ENGINEERING. 

Sir, —In the many articles and letters that have 
appeared in the Press on the subject of oil and the con- 
sumption of Astatki, Mazoot, and other crude mineral 
oils, every attention has been ‘given to the application of 
liquid fuel to steam-generation in the Navy and mercantile 
marine, but little or no allusion has been made to the im- 
portance of the application of the fuel to industrial pro- 
cesses ashore. 

In the first placo, the writer wishes to avoid over- 
stating the case by advocating the claims of oil-fuel, as 
opposed to coal, for steam-generation ashore, where cheap 
hard coal can be obtained and consumed, and where the 
emission of smoke is not of very much account ; but there 
are many cases where liquid fuel can be applied with 
great and obvious advantages. In thickly -populated 
residential districts manufacturers are continually coming 
into contact with local authorities oa the question of 
smoke emission, to avoid which some of them are com- 
pelled to use the very best quality of Welsh steam-coal ; 
and it is to boiler installations such as these that, given 
an efficient burner, oil fuel can be satisfactorily and 
efficiently applied. 

The enormous saving of labour in stoking —for one man 
can do the work of six in boiler-firing, the absence of 
clinker and furnace refuse, the extreme cleanliness of 
the installation, the abolition of smoke—all these indu- 
bitable improvements—should render the adoption of 
liquid fuel by many large steam-users a certainty in the 
future. 

Where, as is often the case, an establishment is under- 
boilered, owing to shortness of room, the adoption of 
liquid fuel will increase the output of the existing battery 
of boilers by at least one-half, and thus save putting down 
an additional boiler at a very heavy capitaloutlay. Again, 
in electrical generating stations there is often the ques- 
tion of what is technically known as ‘‘peak load”—c.g., 
a dense black fog comes along, and every consumer 
switches on the light simultaneously—the generating 
station finds its capacity suddenly taxed to the utmost ; 
but if the boilers were fitted with an auxiliary oil-burning 
sem, as a booster, their evaporative efficiency couli 

so increased as to easily cope with the emergency. 

There are many industries, however, apart from steam- 
raising, in which fuel oil can be employed to great advan- 
tage, and it is to this outlet for the product that the 
writer looks for a great development in the industry. 
Nearly seven years ago he started experimenting at these 
works with liquid fuel for the purpose of melting glass. 
Only those who are connected with a manufacturing busi- 
ness can realise the costliness of such work, and the 
number of abortive trials encountered. ; 

The pulling down and re-erection of furnaces, the dis- 
couragement of the workmen, the endless drain of capital, 
almost compelled us to relinquish the idea in despair, 
besides which we were faced with the problem—now 
happily solved—of precarious supplies and fluctuating 
prices. We tried very many burners and systems. When 
we did not get dense volumes of greasy, black smoke, the 
burners carbonised, and had to be taken off and cleaned 
every hour or so. There was also the question of back- 
firing, the writer himself—as he told the Institution of 
Mechanical Engineers some time ago—once met with a 
mishap entailing no more serious consequences than the 
loss of his moustache. 

Despite all these rebuffs we persevered, and eventually 
evolved and patented the ‘‘Carbogen” burner, which has 
now been working for three years with highly satisfactory 
results. Here, in the midst of a thickly-populated resi- 
dential district, we are burning from 20 to 25 tons of oil 
fuel per week (say 4000 to 5000 gallons), and this with per- 
fect combustion, and a consequent total absence of smoke. 

The temperatures obtained range from that of a baker's 
oven or tea-drying kiln to the intense flame required for 
melting crucible steel. The use of petroleum has none of 
the well-known disadvantages of producer-gas, it is the 
ideal fuel for ali metallurgical and ceramic processes 
requiring high temperatures with absolutely pure combus- 
tion, cal in which dust and dirt are bétes noir. The 
temperature can be more easily ees than with any 
other fuel, and there is no type of furnace-firing which 
gives so wide a range of heat, and which is so easily con- 
trolled. ¥ 

The following are a few industries to which the buraer 
has been successfully applied :— ‘ 

Petroleum distillation, crucible steel melting, rotary 
melting furnaces, art tile-glazing kilns, muftles for enamel 
ware, rivet-heating furnaces, electric-light filament car- 
bonising, glass-melting and annealing, singeing furnaces 
for *“‘ topping ” fabrics for dyers of Manchester goods, Xc. 

There is also, in our opinion, a very big field for liquid 
fuel in its adaptation to steam-road traction. It is im- 
possible in the s of a single letter to point out _ 
many outlets for liquid fuel—its advantages can only be 

ised by seeing it in actual use. ‘ Se 

Sir W. B. Richmond and his fellow enthusiasts 1n the 
abatement of the smoke nuisance would be well adv ised to 
pay a visit toa manufactory such as ours ; he wou! 1 have 
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ocular proof that the smoke problem has been success- 
fully dealt with. To all those who are really interested 
in the future of the petroleum industry we cordially 
extend an invitation to come and see liquid fuel consumed 
on a large commercial scale at these works. The writer 
will be pleased to make an appointment personally to 
explain the system. ie. ; 

There are at present two big distriluting companies 
with extensive facilities for handling oil-fuel. One of 
these—the British Petroleum Company, 22, Fenchurch- 
street- has erected huge tankage depots at most of the 
leading ports, and has issued a pamphlet on the subject 
which is well worth perusal ; the Anglo-American Com- 
pany are also dealing with the product on a large scale, 
and future supplies are well assured. | 

The outlook is distinctly encouraging, the demand for 
liquid fuel—giving a suitable apparatus for burning it— 
must of necessity increase by leaps and bounds, and if 
the exploitation of petroleum is scientifically dealt with, 
it is likely to be imported in huge and ever-increasing 
quantities for consumption in the manufactures of this 
ountry. 
: There are other aspects of the freightage, handling, and 
combustion of mineral hydrocarbons, upon which we 
should like to make some comment. We trust, however, 
that as experts dealing with a highly technical subject, 
we have made this communication interesting to the 
general body of your readers. Our excuse for writing 
this letter is the fact that oil is being discussed in financial 
even more than in technical circles just at present, and 
we hope that no undue spirit of gambling speculation 
may retard the steady progress of an industry with a 
great and ever-increasing vista of prosperity before it. 

Yours truly, 
For J. A. Curte, Limtrep. 
S. F. Stackakp, Joint Managing Director. 
Perseverance Glass Works, Homer-rvad, 
South Hackney, April 26, 1910. 








‘*HEREDITY IN INDUSTRY.” 
To THE EpiToR OF ENGINEERING. 

Sir, —Your leading article of the 15th inst. must appeal 
strongly to all students of history and economics; the 
clear and statesmanlike presentment of the broader issues 
of national welfare inextricably linked with modern indus- 
trial problems deserves fuller consideration than is usually 
given to questions of economics. Guizot (‘‘ Hist. de la 
Civilisation”) says :— 

“Tous les evenements historiques ont en quelque sorte 
une carri¢re déterminée ; leurs conséquences se prolongent 
alinfini; ils tiennent 4 tout le passé, 4 tout l’avenir ; mais 
il n’en est pas moins vrai qu’ils ont une existence propre 
et limitée, qu’ils naissent, grandissent, remplissent de 
leur développement une certaine portion de la durée puis 
décroissent et se retirent de la scéne pour faire place a 
quelque événement nouveau.” 

If we accept this statement as correct, we shall be 
justified in speculating as to what Macaulay’s New 
Zealander will think of the factory system when he 
unearths fragmentary records, and tries to reconstruct 
and reanimate the by-gone people of the *‘ Factory Age.” 

It is strange to think that several of the men best quali- 
fied to speak with authority on matters educational have 
failed to be impressed with the overwhelming advan- 
tages of ‘“‘Public” School and University training :— 
Adam Smith refers to the ‘‘ sanctuaries” in which exploded 
systems and obsolete prejudices found shelter. 

Herbert Spencer (‘‘ Education ”) declares that :— 

“Had there been no teaching but such as goes on in 
our public schools, England would now be what it was in 
feudal times ;” and then :—‘‘ Instead of being an aid to 
human progress, the culture of our public schools tends to 
fit them (boys) for a lower state of society than that 
which exists.” 

Professor Ray Lankester, in his presidential address to 
the British Association (York, 1908), expressed similar 
views, but possibly in stronger language. 

Yours truly, 
A. WILLIAMS PRICE. 





‘““SHIP RESISTANCE.” 
To THE Eprror or ENGINEERING. 

Six, In connection with my paper on ‘‘Ship Resist- 
ance,” read before the University of Durham Philo- 
sophical Society, may I reply to Mr. Johns’ letter on 
page 481 of your issue of April 15 ? 

Mr. Johns suggests the use of a formula Ac + Be? + 
Co} + Det + Ec’, where cis V/./L. I had no wish to 
add to the present collection of formule of this type, 
although they may be of use in certain ways; not only 
are they quite empirical, but they have m proved 
Inadequate to represent the resistance over any con- 
siderable range of values of ¢, and are specially inaccu- 
rate when extended to high values. 

My formula was ‘put forward as in some measure an 
expression of certain theoretical views ; one could only 
decide whether these are adequate after a comparative 
study of different types of model. In the particular 
example IT gave, the values of the coefficients were 
assigned as stated in the paper. The result was not only 
agreeinent at isolated points, but a very close following 
of the experimental curve of resistance throughout its 
range, except for values of ¢ less than about 0.7, and for 
these the formula is professedly incomplete. 
an erning Mr. Johns’ statement of the effect of 

sallow water, probably it depends upon the individual 
circumstances whether the total horse-power just after a 
— speed in shallow water is greater or less than at 
the same speed in deep water. In any case I think that 
% Teasonable theoretical basis for the modifications which 

© vecur with given finite depth is to be found in the 


existence of a critical wave-velocity, beyond which the 
group velocity is zero. 
Yours truly, 
T. H. Havevock. 
Armstrong College, Newcastle-upon-Tyne, 
April 25, 1910, 








*““ELECTRICITY ON SHIPBOARD.” 
To THe Eprror or ENGINEERING. 

Sir, —A most thoughtful and well-reasoned article, and 
one most stimulating to electrical engineers, sums up the 
opinion of your last week’s contribution on electricity on 
shipboard, page 481. 

Leaving to better-informed engineers the question of 
electrical ship-propulsion, I should like to raise the 
question of electrical driving of deck machinery. 

Your contributor sets out the superiority of an electric 
cable network over a steam-pipe system, both as regards 
economy and reliability, so there can be no doubt of the 
advantages of electricity over steam from the distribu- 
tion point of view. 

He then pa to point out that the one point 
where the electric-drive fails to reach the steam-drive 
standard, is in its control. 

He takes as an example a heavy cargo-winch, and 
points out that ‘‘it is an every-day feature in the use of 
such machines to be overloaded until they stop. Steam- 
engines are able to mect this condition, and simply come 
to rest with pressure behind the pistons waiting for the 
load to go off sutficiently to enable them to start. With 
the ordinary electrical arrangements, no such conditions 
are possible, and if the machine is pulled up under load, 
it must either burn out or the circuit-breaker must 
operate. The continual blowing of the circuit-breaker is 
a condition which would certainly not be tolerated by 
the stevedores or deck hands, &c.” 

The weakness of the electrical drive, then, is in its 
control, and I must remark here that it has always been 
a wonder to me that shipbuilders and even electric motor- 
builders do not avail themselves more of the services and 
apparatus of the expert electrical control manufacturers— 
experts who devote the whole of their energies and re- 
sources to control problems, and who can usually evolve a 
satisfactory controller for nearly any services, given a full 
and correct statement of the problem to be f. R 

Now, sir, one firm of electrical control manufacturers 
(whose name I enclose for your information) make a 
cargo-hoist controller which enables the electric motor to 
reproduce the characteristics of the steam-drive, and 
which also improves, in my opinion, on the steam-engine 
in respect to safety of the cargo hands. 

Further, the same firm have designed a controller for 
use with a capstan, which will again reproduce the steam- 
drive, the utility of this controller being particularly 
shown in warping and such-like duties. 

I cannot give here technical information of these con- 
trollers, but my object in writing you is to point out that 
electrical controller science has reached a higher point 
than your contributor supposed, and to call attention to 
the desirability of closer co-operation between the ship- 
builders and the electric control manufacturers. 

Yours truly, 
F. Norman Pickett. 

12, Dukes-road, Tavistock-square, W.C. 

April 18, 1910. 








‘““STRESS-LINES AND STREAM-LINES.” 
To tHE Epitror or ENGINEERING. 
Srr,—With regard to your note of the 22nd inst., the 
relation 


2" dv 
u _ dz 
2 dw 
i= Se 
ue dz 


which appears necessary for the coincidence of the dis- 
placement lines and stress-lines is of such a broad cha- 
dU and F; ” being partial differential coefficients 

xr x 
as to be satisfied by a very large number of relations 
between wu and t. ; 

For the straight bar uniformly loaded v = 0 at all 
points, and the condition is satisfied. 

If we assume that v and wu are functions of x only, then 
the solution becomes that given by you— 

w=Cr - 1%, 
and the supers failure of this result when applied to a 
point on the boundary at the extremity of the middle 
section, shows, I think, not that the original relation is 
unsatisfied, but that the assumption is wrong, as appears 
also from the fact that 
w=rv.f(y)- 

ives a whole range of possible solutions, f(y) being any 
unction of y. I do not think that the above differential 
equation implies that for coincidence of the stress-lines 
and displacement lines the displacement must reduce to a 
function of one variable, or even that it is consistent with 
this limitation. 


racter 


Yours faithfully, 
J. SMITH. 

132, Coleraine-road, Blackheath, 8S. E. 

[We are not quite certain that we quite grasp Mr. 
Smith’s point. e is quite correct in pointing out that 
C may be a function of y, and not an absolute constant. 
Nevertheless, the equation shows that uv and v (if functions 
of both z and y) will still vanish together. Hence, if at 
any point v = 0, so also must w, and it does not seem to 
us that this condition is satisfied in the cases considered 
by Mr. Smith.—Ep. E.] 








CATALOGUES. 


The ‘* Cine-Converter.”—-The Phenix Dynamo Manv- 
facturing Company, Limited, Thornbury Works, Brad- 
ford, have sent us some particulars of a special machine 
called a ‘‘cine-converter.” The machine is a rotary trans- 
former, intended to run from 440-volt direct-current mains, 
and to supply current at a pressure of 60 to 70 volts for 
the large arc-lamps used in cinematographs and other 
theatrical work. It is designed so as to require the 
minimum of attention, and is made in nine different 
sizes, prices and particulars of three of which, having out- 
puts of 55, 80, and 132 amperes, are given in the pamphlet ; 
the largest size has an efficiency of 81 percent. Machines 
to run from 220-volt mains can also be supplied. 


Tron and Steel Plates and Bars.—A catalogue of iron 
and steel plates and bars kept in stock by Messrs. 
Buck and Hickman, Limited, 2 and 4, Whitechapel- 
road, E., has reached us from that firm. Dimensions are 
given of mild steel plates and sheets, boiler and ship- 
plates, chequered floor-plates, galvanised flat and corru- 
gated sheets, round oa flat bar-iron and steel, angles, 
tees, channels, and other sections. Particulars are also 
given of iron and mild steel hoops, bright steel of round, 
square, and hexagon sections, round and square spring and 

mer steel, and also flats, rounds, squares, and other 
sections of cast and double-shear steel. The catalogue 
also contains tables showing the weight per foot of bars 
for various sections and others giving the number of feet 
per hundredweight of iron and steel hoops. 


Marine and Stationary Motors.—We have received from 
the Parsons Motor Company, Limited, Town Quay, South- 
ampton, an illustrated catalogue and price list of marine 
and stationary motors. The catalogue describes the 
construction of the engines, to which a number of im- 
portant improvements have recently been made, and also 
illustrates engines from 7 to 120 horse-power. Prices are 
stated for the engines alone and also for complete marine 
sets, including clutch, reversing gear, &c. For petrol and 
paraftin, separate engines, specially designed for each fuel, 
are supplied. The catalogue illustrates a number of 
schooners, launches, and other ;vessels to which Parsons’s 
motors have been fitted for main or auxiliary power, and 
also shows the engines coupled to dynames and other 
machinery for stationary work. 








Tue Institution oF Civit Encinrers.—At the annual 

meral meeting of the Institution of Civil Engineers, 
eld on Tuesday evening, April 26, the result of the 
ballot for the election of officers was declared as follows:— 
President: Mr. Alexander Siemens; Vice-Presidents: 
Dr. W. C. Unwin, Mr. R. Elliott-Cooper, Mr. Anthony 
G. Lyster, and Mr. Cuthbert A. Brereton. Other mem- 
bers of Council: Mr. John A. F. Aspinall (Liverpool), 
Mr. B. Hall Blyth (Edinburgh), Mr. John A. Brodie 
(Liverpool), Mr. William B. Bryan, Colonel R. E. B. 
Crompton, C.B., Mr. William vidson (Australasian), 
Mr. E. B. Ellington, Mr. Maurice Fitzmaurice, C.M.G., 
Mr. J. P. Griffith (Ireland), Sir Robert A. Hadfield 
(Sheffield), Dr. Charles A. Harrison (Newcastle-on-Tyne), 
Mr. Walter Hunter, Mr. G. R. Jebb (Birmingham), Mr. 
Harry E. Jones, Sir William Thomas wis, Bart., 
K.C.V.O. (Aberdare), Mr. Hugh D. Lumsden (Canada), 
Sir Thomas Matthews, Hon. Charles A. Parsons, C.B. 
(Wylam-on-Tyne), Mr. Alexander Ross, Mr. J. W. Shores, 
O.M.G. (South Africa), Mr. Francis J. E. Spring, C.1.K. 
(India), Mr. John Strain (Glasgow), Sir Frederick R. 
Upcott, K.C.V.O., C.8.1., Sir Philip Watts, K.C.B., 
Mr. W. B. Worthington (Dest) and Mr. A. F. Yarrow 
Glasgow). This Council will take office on the first 

uesday in November, 1910. 


Tue Farapay Socirty.—The Faraday Society dined 
last Wednesday at the Trocadero. Mr. James Swinburne, 
F.R.S., President of the Society, was in the chair, and he 
was supported by Mr. Bertram Blount, M. Inst. C.E., 
Dr. Moliwo Perkin, and Mr. W. R. Cooper, M.A. It 
was the first time, as Dr. T. M. Lowry, in proposing the 
toast of ‘‘The Allied Societies,” put it, that “the young 
child of seven years (the Society was founded in 1903) 
was allowed to come in for dinner,” and the occasion 
followed the fiftieth meeting of the Society, held on the 

revious evening, when the ‘‘ Constitution of Water” had 
been discussed. Other apposite allusions to these facts 
were made in the course of the most pleasant evening. 
Professor Paul Walden, of Riga, responded in very 
impressive and sympathetic words to the health of the 
foreign guests, proposed by Mr. W.R. Boustield, K.C. 
An Englishchemist—J ames Frencham—Professor Walden 
said, had introduced chemical science into Russia, when 
he came to Moscow, in 1581, with an embassy from 
Queen Elizabeth to Czar Ivan the Terrible.* England 
was a water Power. Association preceded dissociation 
in electrolytic problems, and the scientists who asso- 
ciated at international gatherings dissociated again, to 
return each to his country and to work in his own 
way. Professor P. A. Guye, of Geneva, the other foreign 
guest, was not less happy in his reference to Faraday, 
whose genius had been discovered at Geneva by Gaspard 
de la Rive, when Faraday accompanied Humphry Davy 
to Switzerland, more as an attendant than as an assistant. 
Dr. C. Chree, F.R.S., also struck the right note in wish- 
ing prosperity to the Faraday Society. Mr. Swinburne 
exp his thanks in his humourous manner. 





* The first English sailors and traders had reached 
Moscow nearly thirty years previous—in 1553—ria the 
White Sea and Archangelsk, under Richard Chancellor, 
when trying to discover the north-east route to China 





and India. 
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_Os this and the opposite pages and on page 548 we 
give illustrations of three double-acting large gas- 
engines supplied to the Barrow Steel Works by 
Me srs. Richardsons, Westgarth, and Co., Limited, of 
Middlesbrough. Two of these engines are rated each 
at 7") brake horse-power, whilst the third is larger, 
bei capable of developing 1250 brake horse-power 
wher running at 100 revolutions per minute on blast- 
furnece gas, The engines are all coupled to electric 
generators, and run, as stated, on blast-furnace gas, 
whi 's cooled and cleaned before it enters the cylin- 
ders, ‘y passing it through Theisen washers, which 
wel: also supplied by the builders of the engines (see 
Vol \<xviii., pages 78 and 383). 

“. slevation and plan of the larger engine appear 
as) us. 1 and 2, page 544, and these show clearly its 
general arrangement, which conforms to the builders’ 
Stanciard Cockerill-Westgarth pattern. There are, it 
Will be seen, two cylinders arranged tandem fashion, 
- iameter pope 394 in. and the stroke 43} in. 
A special feature of the construction is the arrange- 
em vf the bed-plate. This consists of heavy main 
— securely bolted to the foundations and to each 
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These carry the main crank-shaft bearings and 
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GAS-ENGINE USING BLAST-FURNACE GAS AT THE BARROW STEEL WORKS. 


CONSTRUCTED BY MESSRS. RICHARDSONS, WESTGARTH, AND CO., LIMITED, MIDDLESBROUGH. 
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| the front guides, being 
bolted at the rear by 
means of substantial 
flanges to side frames, 
between which the cy- 
linders lie, as is best 
shown in the sectional 
views, Figs. 3 to 6, 
above. “hese side 
frames are not connec- 
ted direct to the foun- 
dations, but merely rest 
on base-plates provided 
i near the centre of each 
cylinder, as best seen in 
Fig. 4. These side 
frames are thus free to 
expand and contract 
longitudinally. The cylinders, moreover, are bolted 
to the side frames by bolts fitted in oval holes. 
These bolts, though holding the cylinder down, 
and preventing lateral motion, do not check its 
longitudinal expansion, whilst longitudinal motion of 
the cylinder, as a whole, is sto by fixing it at one 
end by wedge-keys. Intermediate guides are, it will 
be seen, provided for a crosshead between the cylinders; 
and as.the end of the tail-rod is also supported by a 
guide, the cylinders and glands are relieved from the 
weight of the pistons and piston-rods. ar 

Details of the valve-gear are illustrated in Figs. 3 
to 6, above. All the valves, both admission and ex- 
haust, are positively opened by means of cams keyed 
to and rotating with the side shaft, the arrangement 
being clearly indicated in Fig. 3. The inlet valve (see 
Figs. 3 and 5) is in reality double. 

There is in the first place a pot-lid valve, through 
which the mixture finally enters the cylinder. On the 
same spindle there is, however, & sliding throttle-valve, 
which, when the pot-lid valve is closed, covers a series 
of ports between the central core of the casing and an 
annular chamber, through which is admit the air 
required by the charge. The gas-valve, which is also 

















| in Fig. 6, 





, has a hollow spindle, through which 
The latter can 


of the pot-lid ty 
passes the spindle of the main valve. 
be opened without opening the gas-valve, since the 


latter can only open when the tail of its lever (see 
Fig. 5) is released by the governor. To make matters 
clearer, the governor gear has been omitted in Fig. 3, 
and the main valve-link and cam in Fig. 5. Referring 
to the latter, it will be seen that normally the gas- 
valve is kept closed by a spring and locked in this 
ition by a catch over the tail of its lever. On this 
ever is a dashpot, the plunger of which is coupled to 
the outer arm of the lever operating the main valve. As 
the latter is opened a vacuum is simultaneously created 
under the plunger of the gas-valve dashpot, and the 
production of this vacuum tends to force down the gas- 
valve against the pressure of its spring. Such a motion 
cannot, however, occur until the governor releases 
the tail of the gas-valve lever. As the load on the 
engine varies, the governor effects this release corre- 
spondingly sooner or later, and in this way the rich- 
ness of the charge drawn into the cylinder is varied. It 
will be seen that at the outset pure air alone enters the 
cylinder, the gas not being admitted till later. As a 
consequence, even at light loads the mixture near the 
oytinder-hend is always fairly rich, although the layer 
next the piston may, in such circumstances, be nearly 
ure air. The rich mixture near the cylinder-cover 
is readily ignited, Lodge high-tension coils being used 
for this purpose ; and to ensure complete and instan- 
taneous combustion, two sparking-plugs are used so as 
to ignite the mixture at two points, instead of at one 
only. Provision is made for retarding or advancing 
the moment of ignition, as may be required. 

The exhaust-valves, as well as the cylinder-covers, 
pistons, and rods, are all thoroughly water-jacketed. 
A section through one of the exhaust-valves, showing 
the water supply to the casing and to the valve itself, 
is given in Fig. 4. The inlet-valves, being cooled by 
the in-flowing charge, do not require water-jacketing. 

Comp’ air is used for starting the engines, 
special admission-valves being fitted, as represented 
Once the engine is under way, the starting- 
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valve is thrown out of gear by shifting its roller along 
so as to clear the cam. The large engine is fitted with 
a complete system of ‘ Flush” lubrication, the oil 
being circulated through the bearings by a small 
pump driven from the side shaft, and, after being 
filtered, is used over and over again. In the case of 
engines the main bearings are lubricated by revolving 
oil-rings. 

Fig. 7, page 548, is a view of the interior of the 
power-station showing these smaller engines in place. 
These have cylinders 294 in. in diameter by 35 in. 
stroke, and are designed to run at 120 revolutions od 
minute. All the engines are fitted with electrically- 
operated barring-gear, as shown in Fig. 2. The 
ere motor drives, through worm gearing, a small 
pinion, which can be brought into engagement with 
teeth cast on the rim of the fly-wheel. The disen- 
gaging lever not only withdraws the pinion out of 
gear, but then locks it positively clear of the fly- 
wheel. 

The installation described was built to the order of 
Mr. J. M. While, director of the Barrow Hematite 
Company, and was built under the supervision of 
Mr. A. While, the engineer to the works. The 
engines have been running for a considerable time 
with complete success, 








THE SOUTH AFRICAN MAIL STEAMER 
‘*BALMORAL CASTLE.” 
(Concluded from page 478.) 

THE main propelling machinery consists of a twin set 
of quadruple-expansion four-crank balanced engines, 
and these are illustrated on the two-page plate accom- 

anying this issue. Each set has cylinders of the 
ollowing dimensions :—High pressure, 32 in. in dia- 
meter ; first intermediate pressure, 46 in. in diameter ; 
second intermediate pressure, 664 in. in diameter ; 
and low pressure, 96 in. in diameter, all arranged for 
a stroke of 5ft. The high-pressure and first inter- 
mediate pressure cylinders are each fitted with a piston 
slide-valve, and the second intermediate-pressure and 
low-pressure cylinders each with a double-ported flat 
slide-valve, all operated by eccentrics on the crank- 
shaft through valve-gear of the double-bar Stephenson 
link-motion type. 

The propellers are three-bladed, of the built type, 
having blades of manganese-bronze fitted on bosses of 
cast steel. 

Separate twin-cylinder steam-engines for reversin 
are fitted to each set of main engines, having gear o 
the aJl-round type, and in a position convenient to the 
starting platform. There are also two cylinder engines 
for turning the main engines (Fig. 19). 

The main condensers are separate, elliptical in sec- 
tion, and built of steel plates. They are supported 
on brackets on two of the back columns (Fig. 20). 
Circulating water is supplied to each condenser by a 
large steam-driven centrifugal pump, while the vacuum 
is maintained by air-pumps driven by levers off the 
second intermediate-pressure piston-rod cross-heads, 
each set of levers also driving two bilge-pumps and 
two double-acting salt-water pumps (Fig. 20). For 
use in port a separate auxiliary condenser is fitted, with 
an independent steam-driven centrifugal pump for 
circulating the cooling water through it. 

There are two twin sets of Weir's feed-pumps auto- 
matically controlled by a float-tank, each set being 
capable of supplying the full power of the propelling 
machinery. ‘lhe pumps draw the feed-water from the 
hot-wells through filters of the List and Munn type, 
and discharge it through the feed-water heater to the 
boilers. A separate Weir pump is fitted for feeding 
the boilers when supplying auxiliary steam in port. 

The heater is of the exhaust type, and has been 
specially designed with a view to securing the utmost 
economy in nee by utilising all sources 
of waste heat. The exhaust steam from all the 
auxiliary engines and pumps, electric engines, refrige- 
rators, steering-engines, winches, and the drains from 
the steam-heating system and galleys, enter the 
heater at the top, and drain through a spring-loaded 
control-valve at the bottom. The pressure at which 
the valve lifts can be regulated for working on the main 
condensers under vacuum at sea, or to the auxiliary 
condenser when the ship is ip port, or through non- 
return regulating valves direct to the float-tanks. 

The distilling machinery consists of two sets of 
evaporators om distillers, each set being capable of 
producing, from sea-water, 40 tons of pure fresh water 
per day. 

In the after-end of the engine-room are situated 
three electric-light engines by Messrs. W. H. Allen, 
Son, and Co., and a large refrigerating installation 
by Messrs. J. and E. Hall, Limited. 

Besides the foregoing machinery, all situated in the 
engine-room, there are also fitted three pumps for 
general service, a large ballast-pump, a duplex pump 
for supplying water under pressure to the ash-ejectors, 
and a fresh-water pump. These pumps are all inde- 
pendent and steam-driven. The tresh-water pump is 
fitted with an automatic float-control tank, which 





regulates the steam, so that when the service tank on 
deck is full, the pump is stopped, and is re-started 
again when the water in the service tank falls to a 
certain level. 

In connection with the engine-room telegraphs, a 
safety device has been introduced. Lamps in circuit 
with the reversing-shafts and telegraphs in the 
engine-room are so arranged that if an order from the 
bridge for ahead or astern is incorrectly interpreted 
in the engine-room, a red lamp in a prominent position 
on the starting-platform continues to glow until the 
mistake is rectified. 

Steam is supplied to the propelling engines by six 
double-ended and four single-ended cylindrical boilers 
designed for a working pressure of 220 lb. per square 
inch. The ten boilers are situated in two separate 
—— compartments, and arranged so as to form 
two double and two single stokeholds. This arrange- 
ment is shown in the plan, Fig. 17, on the two-page 
plate accompanying our issue of the 15th inst. There 
are two funnels, elliptical in section. Provision for 
the dis 1 of ashes has been made by fitting in each 
of the double stokeholds two See’s ash-ejectors. It is 
found that there is considerable wear and tear due to 
the shock on the ash-ejector pump when the pump is 
at work, and the control-cock at the ash-ejector is 
closed ; to obviate this a special control-valve has been 
designed by Mr. List, to be operated by a lever which 
directs the water through the ejector or overboard by 
a small separate discharge-valve as required. During 
the steam trials tests were carried out, when it was 
found to work admirably, there being an entire absence 
of shock on the pump when the control-cock at the 
ejector was suddenly closed. 

In view of the fact that the vessel crosses the equator 
on each voyage, special attention and care has been 
bestowed on the ventilation of the machinery com- 

rtments, the ventilating-trunks and their cowls 

ing made exceptionally large, while for ventilating 
the recess at the aft end of the engine-room, in which 
are situated the electric-light engines and the refri- 
gerating plant, a large motor-driven ventilating-fan 
has been fitted in the engine hatch for discharging 
cold air through trunks to this recess. 

Particular attention has been given not only to 
ensuring that all sources of waste heat in exhaust 
steam and drains are taken advantage of in heating 
the feed-water as already described, but particular care 
has been bestowed also on the lagging to ensure that 
radiation losses are reduced to a minimum. Special 
casings have been fitted over the cylinder-covers, en- 
closing thick mattresses of asbestos. The lagging over 
the steam, exhaust, and feed-pipes is of extra thick- 
ness, and all flanges, valves, or expansion-pieces are 
carefully covered with asbestos mats. 

The results of the steam trials carried out on the 
Firth of Clyde, have amply justified the care bestowed 
on minimising all sources of waste heat, the coal con- 
sumption being remarkably low and extremely grati- 
fying to both builders and owners. 








Municipal AND HEALTH EXuIBITION.—It is intended 
to hold the second Municipal and Health Exhibition in the 
Royal Agricultural Hall, London, N., from May 7 to 14 
inclusive. It will be remembered that the first of these 
exhibitions was held in 1908. The exhibition will embrace 
industrial ——- of every description which are 
— to the building and fitting of town halls, — 
libraries, hospitals, schools, asylums, workmen’s dwell- 
ings, markets, cemeteries, &c. It will also include a great 
variety of articles relating to public works. 


PERSONAL. —We are informed that Messrs. David 
Brown and Son, Limited, of Huddersfield, are trans- 
ferring their East Parade Pattern Works to Lockwood, 
where new shops, covering an area of 14,000 square feet, are 
being erected alongside their foundry and gear works. 
We understand that in their pattern-making department 
the firm is very busy on all f mcen of work from motors 
to large marine turbines.—We are asked to state that 
Messrs. Ronald Johnstone and Son, mining and consultin 
engineers, 190, West George-street, Glasgow, have opene 
a London office at 60, London Wall, E.C. 


Messrs. JOHN I. THornycrort AND Co., LimiTEp.— 
In the past year this company had a trading profit of 
40,6722. 17s., and after deducting for depreciation on 
buildings, plant, machinery, patterns, drawings, &c., 
14,2152. 13s. ; for directors’ fees, 800/. ; and for debenture 
interest, 13,500/. ; there is declared a dividend of 6 per 
cent. on the preference shares, leaving a balance to be 
carried forward to the revenue account of next year of 
19601. 1s. 2d. In addition to the same depreciation as in 
the previous years, the year’s profits have borne the whole 
cost of the transfer of the plant, stock, &c., from Chis- 
wick toSouthampton and Basingstoke respectively. The 
motor vehicle and marine motor sales showed an increase 
over the previous year. Work at Southampton has been 
carried on profita Vv during the year. H.M.S. Nubian, 
the third of the 33-knot destroyers, was delivered nearly 
two months before the contract date for delivery. Deli- 
veries have also been effected of seven river steamers, 
two steam-yachts, and various small vessels. The con- 
tracts at present in progress include five ocean-going 
destroyers, a mine-laying steamer for a foreign govern- 
ment, and a number of smaller vessels. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a weak tone, and Cleveland 
warrants became easier. The business consisted of (00 
tons at 503s. 64d. and 503. 5$d. cash, 50s. 64d. seven days, 
51s. 24d. and 51s. 1}d. June 23, and 51s. 54d. three months, 
and the session closed with sellers at 50s. 6d. cash, 50s. 10d. 
one month, and 51s. 54d. three months. Hematite was 
quoted at 67s. 6d. cash sellers. In the afternoon the 
market was quiet, but a better tone prevailed, and 1500 
tons of Cleveland warrants changed hands at 503. 10d. 
twenty-six days, and 50s. 10d. and 50s. 10}d. one month, 
Closing sellers quoted 50s. 7d. cash, 50s. wold. one month, 
and 51s. 64d. three months. Sellers of hematite quoted 
67s. 6d. cash, and 67s. 10d. one month. On Friday morn- 
ing the tone was firm, and 2000 tons of Cleveland warrants 
were dealt in at 503, 74d. cash and 50s. 8d. seven days, 
and at the close sellers’ quotations were 503. 74d. cash, 
50s. 114d. one month, and 51s. 7d. three months. (Quiet- 
ness was again the feature in the afternoon, when the 
turnover was only about 500 tons of Cleveland warrants 
at 51s. 3d. June 24. Closing sellers quoted 50s. sd. 
cash, 50s. 114d. one month, and 51s. 74d. three months, 
Hematite was unchanged at 67s. 6d. cash sellers. On 
Monday morning the market was fairly active, and 
10,500 tons of Cleveland warrants were put through 
at 50s. 74d. four days, 50s. 7d. sixteen days, 50s. 84d. 
twenty-five days, 50s. 94d. one month, and 5ls. 54d, 
and 51s. 63d. three months. The closing quota- 
tions were just the turn easier at 50s. 74d. cash, 
50s. 11d. one month, and 51s. 7d. three months sellers, 
In the afternoon Cleveland warrants were done at 
50s. 7d. and 50s. 64d. four days, 50s. 10d. one month, 
and 51s. 7d. and 51s. 6d. three months. The turnover was 
7000 tons, and closing sellers quoted 503. 64d. cash, 50s. 104d. 
one month, and 51s. 6d. three months. On Tuesday 
ye me the market was weak, and Cleveland warrants 
declined in price. A good business of 11,000 tons was 
done at 50s. 44d. and 50s. 4d. cash, 50s. 4d. six days, 
50s. 7d. twenty-four days, 50s. 74d. one month, and at 
51s. 34d. and 51s. 3d. three months, and the session closed 
with sellers at 50s. 4d. cash, 50s. 8d. one month, and 
51s. 34d. three months. An easier tone again prevailed 
in the afternoon, when 5000 tons of Cleveland warrants 
changed hands at 50s. 2d. cash, 50s. 104d. July 4, 50s. 6d. 
one month, and 51s. 24d., 51s. 3d., and 51s. 2d. three 
months. Sellers’ closing prices were 50s. 3d. cash, 
50s. 7d. one month, and 5ls, 3d. three months. When 
the market opened to-day (Wednesday) the tone was 
steady, and about 3500 tons of Cleveland warrants 
were dealt in at 50s. 34d. cash, 50s. 104d. June 27, 
and 5ls. Id. July 14. At the close there were sellers 
at 50s. 34d. cash, 50s. 7d. one month, and 5ls. 3d. 
three months. Sellers of hematite quoted 67s. 3d. one 
month. In the afternoon there was little change in the 
market, and between 4000 and 5000 tons of Cleveland 
warrants were done at 50s. 3d. cash, 50s. 7d. one month, 
and 51s. 23, three months. Closing sellers quoted 50s. 34d. 
cash, 50s. 7d. one month, and 51s. 24d. three months. 
Hematite was easier at 67s. 14d. one month sellers. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 63s.; Calder and Gartsherrie, 63s. 6d.; 
Langloan, 64s.; Summerlee, 66s.; and Coltness, 85s. (all 
shipped at Glasgow) ; Glengarnock (at Ardrossan), 65s. ; 
Shotts (at Leith), 63s. 6d.; and Carron (at Grangemouth), 
66s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is dull and movement is limited. The current 

uotation is from 12/. 23. 6d. to 12/. 5s. per ton for prompt 
deleucy Glasgow or Leith. The amount shipped from 
Leith Harbour last week was 3189 tons. 


Scotch Steel Trade.—Some time ago it was intimated 
that Messrs. William Beardmore and Co., Limited, had 
decided to withdraw from membership of the Scotch 
Steel-Makers’ Association, as under the existing condi- 
tions they were precluded from aes material to 
their friends, Messrs. Vickers Sons and Maxim, Limited, 
Barrow, with whom they have a close business relation- 
ship. About a month ago they gave the necessary two 
months’ notice of their intention to retire from the asso- 
ciation, and now a similar notice has been lodged by 
another of the associated firms, Messrs. Stewarts and 
Lloyds, Limited. This second resignation following so 
fast after that of Messrs. Beardmore has given the matter 
much publicity, and has caused a good deal of discussion in 
business circles. A meeting of the association was held in 
Glasgow yesterday (Tuesday), when the position was fully 
considered, and an adjournment until next Tuesday was 
agreed to. The Scotch Steel-Makers’ Association consists 
of the eight large firms of steel producers in the West of 
Scotland: and much good has been the outcome since its 
formation about six years ago. The fixing of the minimum 
selling prices of ceded motets was one of its functions, and 
all matters of interest to the trade were freely discussed. 
An arrangement was entered into with the North- 
East of England Steel-Makers’ Association, limiting the 
areas in which the members of each association could do 
business. It is understood that the present position in 
Scotland will come before the latter association this week, 
and that something definite may be the outcome of next 
Tuesday’s meeting in Glasgow. In the meantime some 
buyers are of opinion that the above resignations 18) 
lead to a dissolution of the Scotch Association, and as a 
consequence they are holding back orders in the hope of 
a reduction of prices. Makers, however, do not ae 

te any fall in prices, even although the worst shoul 

appen. They are all fairly busy in plates, both =~ 
and boiler, but angles are, perhaps, a little easier. Light 
material and structural sections are all in active request. 
ard the demand for the latter is especially urgent. Prices 
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Fic. 19. Front View or BoTH ENGINES. 
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Fic. 20. Rear View or Port ENGINE. 
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all round continue firm, and in some instances several 
shillings per ton of an advance are being asked for and 
paid. 

Malleable-Iron Trade.—Rather a better feeling exists 
in the malleable-iron trade of the West of Scotland this 
week, and a fair amount of material has lately been 
booked. Most of these orders are for export, the home 
trade continuing very quiet. 

Scotch Pig-Iron Trade.—No change has taken place in 
the Scotch pig-iron trade since last report, and makers 
are all busy on recently-made contracts. The demand 
for fresh lots of the ordinary qualities is not of large 
dimensions, but nevertheless prices are fairly well main- 
tained. Hematite continues quiet, but producers are all 
well sold in the meantime. 








THE LATE Mr. Hans RicutTer.—We regret to announce 
the death of Mr. Hans Richter, which took place at Kiel 
on the 6th inst., after a short illness, at the early age of 
forty-two. Mr. Richter was, it is said, the originator of the 
four-cycle double-acting gas-engine, the first of which he 
constructed at Nurnburg, though later these engines were 
manufactured at the new works of Messrs. Thyssen and 
Co., of Mulheim. He early foresaw the great future of 
the modern gas-engine, and he applied his talents as an 
engineer to good use in his efforts towards perfecting this 
machine. 





ConTrAcTs.—We have been requested by the Appleby 
Crane and Transporter Company, Limited, to state that 
among recent orders they have received are five 63-ft. 
portable Temperley transporters for the Cadeby Colliery 
Company; two 60-ft. similar transporters for Messrs. 
Vickers Sons and Maxim; two of 55-ft., with 10-in. 
by 10-in. engines, for the Chilian Naval Commission ; and 
four of 60-ft. for the Denaby Coal Company, all of 
which are for coal-handling. In addition, the firm have 
on hand a large gantry coaling crane for South America, 
as well as a number of large-power overhead travellers. 
A 25-ton travelling gantry crane, with a radius of 90 ft., 
which the firm are building for the Avonmouth Dock, 
Bristol, is now nearing completion. It is one of the 
largest cranes of the tyre in this country.—The Yorkshire 
Boiler Company, of Standard-buildings,, City-square, 
Leeds, inform us that thirty ‘‘ Yorkshire ” boilers are 
now under steam or under construction, and that, asa 
result of the evidence attained of the efficiency, they are 
prepared to iseue licences for their marufacture. 





Tue American S§ocrety OF MECHANICAL ENGINEERS. 
—The spring meeting of the American Society of Mecha- 
nical Engineers will be held at Atlantic City, N.J., May 31 
to June 3, 1910, with head-quarters at the Marlborough- 
Blenheim Hotel. In addition to professional sessions, 
honorary membership will be conferred upon Rear- 
Admiral George W. Melville, U.S.N., Ret., Past Presi- 
dent of the Society, on Thursday evening, June 2, when 
an address will be made by Admiral Melville. The pro- 
fessional sessions will include a meeting on machine con- 
struction and operation, with papers on ‘‘Shockless 
Jarring Moulding-Machines,” ‘‘Engine-Lathe Propor- 
tions,” ‘Punch and Shear Frames,” and ‘‘ Improved 
Methods of Finishing Stay-Bolts ;” a miscellaneous ses- 
sion, on ‘‘ The Mechanical Engineer and the Textile 
Industry,” “‘ The Elastic Limit of Bronzes,” and “The 
Hydrostatic Chord ;’ a gas-power session, at which 
reports will be discussed and papers presented on ‘‘ Gas- 
Engine Generators,” ‘‘A Regenerator Cycle for Gas- 
Engines Using Sub-Adiabatic Expansion,” and ‘‘Some 
Operating Experiences with a Blast-Furnace-Gas Power 
Plant ;* and a power-transmission meeting, with papers 
on ** Improvements in Line-Shaft Hangers and Bearings,” 
‘Friction - Clutch Couplings,” ‘‘ Absorption Dynamo- 
meter,” and ‘‘ Critical Speed Calculations.” On Wed- 
nesday evening, June 1, an illustrated lecture will be 
delivered on ‘‘ The Effect of Fire on Concrete Construc- 
tion. 





Tur JUBILEE MERTING OF THE INSTITUTION OF NAVAL 
AncHITEcTs.—There is every promise.of a brilliant 
success for the International Congress in naval architec- 
ture and marine engineering, which is to be held in London 
curing the week beginning with July 4, in celebration of 
the Jubilee of the Institution of Naval Architects. . The 
preliminary programme, just issued, shows that the first 
function will be a reception at the Royal United Service 
Institution on the Monday evening, on the following 
morning the con will opened, in the Connaught 
Rooms of the Freemasons’ Tavern, by the Prince of 
Wales ; in the afternoon an official visit will be paid to 
the Japan - British Exhibition, and in the evening the 
ord Mayor will give a reception at the Guildhall.. The 
serious work of the Congress will begin on Wednes- 
day. On this and the two succeeding days meet- 
ings will be held at the Institution of Civil Engineers 
and the Institution of Mechanical Engineers, for the 
‘eading and discussion of papers, which are to con- 
ributed by Admiral Sir Cyprian Bridge, G.C.B.; Sir 
\ndrew Noble, Rart.. K.C.B.; Sir William H. White, 
..C.B.; Sir Philip Watts, K.C.B.; the Hon. C. A. 
arsons, C.B.; Mr. 8. J. P. Thearle; and Mr. C. E. Ellis 
representing Britain); Colonel G. Russo (Italy) ; Ad- 
oiral Kondo, I.J.N., Mr. Uchida, Count Shiba, and Pro- 
fessor Terano (Japan); Konsul Dr. O. Schlick and 
(ceheimrat Professcr Flamm (Germany) ;- Professor A. 
Rateau and M. G. Hart (France); and Mr. J. Johnson 
(Sweden). On Wednesday evening there is to be a grand 
festival concert in the Queen’s Hall; on Thursday after- 
noon a visit to the Empire Festival and Pageant of 
London at the Crystal Palace, and in the evening a 


os 


banquet ; and on Friday afternoon a river trip down the 
Thames to visit the doc 


and shipping. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The File Trade.—Reports from various quarters testify 
to a gradually improving condition of the file trade. The 
experience of one Sheffield firm affords striking proof of 
this, and from it a generalisation might be made in regard 
to the state of that industry locally. The firm in ques- 
tion is one of the largest and best-known file-makers in 
the city, and the fact that they are full up of orders must 
be indicative of a demand. From the beginning up 
to the middle of this month they were booking orders at 
the rate of 1000 dozen a day. Of saw-files and pit-saw 
files they turned out during the last three months 37,000 
dozen, and in one week this month they produced 3680 
dozen, including 1359 dozen of engineers’ files. The 
re pies department of the same firm is also working 
ull time, 


Edgar Allen’s New Venture.—An extensive and up-to- 
date plant is being laid down by Messrs. Edgar Allen 
and Co., Limited, of the Imperial Steel Works, Shef- 
field, at Chicago, in order more effectively to cope with 
the growing American demand for the firm’s *‘Stag” 
brand of manganese steel, especially their railroad frogs 
and a. The new branch has m incorporated 
at Springfield, Illinois, under the name of Edgar Allen 
Manganese Steel Company, with a capital stock of 
300,000 dols. 


Iron and Steel.—Buyers of pig iron are not showing any 
haste to enter into fresh contracts, and their attitude of 
aloofness is responsible for a‘lull. Prices have a good 
deal to do with the position, for the requirements of steel 
manufacturers are on the increase. Quotations for raw 
material maintain their firmness, and up to 75s. (subject) 
is asked for East Coast hematites delivered in the district. 
The weight of business in Lincolnshire and Derbyshire 
common irons shows little change. Basic billets are 
firm, and selling well in response to a good inquiry. 
A slightly lower figure is being accepted for old rails. 
Official returns of employment continue to show a 
steadily improving condition of trade. In spite of the 
fact that armour - plate and tool - steel are regarded 
as the only obvious evidence of this, there is in many 
branches much more activity. The engineering trades 
are moving slowly to a better position, producing a 
quietly-growing volume of orders. Generally prospects 
are better, and things are beginning to assume something 
of the aspect they wore four years ago. In some special- 
ised work even there is pressure, and file manufacturers 
are experiencing a busy time. Exports are going up, 
with satisfactory colonial orders, especially South African, 
with which dependency trade has grown to a steady 
prosperity, Sheffield doing more business there in 
mining-tools and machinery than has been done for years. 
American trade keeps satisfactory, with a good demand 
for high-speed steel products. The home market, too, is 
improving, and tools are in good request owing to the 
revival in the building trade. Sheffield saws are selling 
much better. 


South Yorkshire Coal Trade.—The coal trade in the dis- 
trict is extremely busy. Huge tonnages are being swal- 
lowed up by the demand as soon as produced, and there 
is every evidence of a continuance of these conditions. 
Requirements for export are on a very large scale, the 
Baltic ports taking big quantities. The industrial 
outlook is equally promising, the volume of inquiries from 
manufacturers being very considerable. In spite of the 
general large demand, there have not been any big jumps 
in | pr ta but at the same time values are particularly firm 
and ad vances are quoted for forward deliveries. B2st South 
Yorkshire hards are selling at pits at from 9s. 3d. to 93. 9d. 
per ton, and second quality 8s. 3d. to 8s. 6d. Gas coal is 
in a strong position and for contract renewals coal-owners 
hold out on the 1s. per ton advance. There is plenty of 
inquiry for slacks and a fairly large production of coke 
with an easing of prices. A considerable diminution in 
house-coal trade is noticeable. With the exception of a 
pretty good market for best Barnsley softs, little is doing 
and stocks are accumulating at collieries, Prices for the 
best qualities are fairly firm, but for other sorts they are 
irregular. Several collieries have made reductions, but 
some are ae: to maintain original quotations. 
Pit prices are :—Best house, 93. 9d. to 103. 3d. ; seconds, 
7s. 9d. to 8s. 6d. ; cheap, 5s. Gd. to 6s. per ton. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBRovGH, Wednesday. 

The Cleveland Iron Trade.—Very little business is 
ing in pig iron just now. Notwithstanding the more 
avourable statistical situation buyers act with extreme 
caution, and are placing orders to meet only early requir- 
ments. On the other hand, producers of pig are well off 
for work, and consequently not necessitated to seek new 
contracts just at present. The transactions that are 
recorded are mostly sales by merchants. Values of No. 3 
Cleveland and hematite iron are weak, but prices of other 
descriptions are comparatively strong. 1s is accounted 
for by the fact that second hands hold little iron other 
than No. 3 Cleveland and hematite. No. 1 Cleveland is 
particularly scarce just now. Many traders continue to 
speak hopefully of the future, but at present there is a 
marked feeling of depression, which is to some extent 
due to the less satisfactory reports from the United 
States. Hope of sales to any extent to America has 
been abandoned, and, in fact, competition from the 
States is threatened, especially in the Canadian market. 
No. 3 g.m.b. Choveleadl - pig is 50s. 6d. f.o.b., whilst 
No. 1 is 53s.; No. 4 foundry and No. 4 forge, each 50s. ; 
and mottled and white, each 493. 6d.—all for early de- 
livery. 








Mixed numbers of East Coast hematite pig are 





obtainable from makers, as well as merchants, at 66s. 6d., 
delivered to the end of June, and some second hand» will 
take as low as 663. for small odd lots. Foreign ore 
maintains its value on the basis of 20s. Gd. ex-ship Tees 
for Rubio of 50 per cent. quality, but there have been no 
transactions of any moment for some time past. 


Manufactured Iron and Stecl.—The various branches of 
the manufactured iron and steel trades present few new 
features of moment. Some improvement in the former is 
noticeable, and steel-producers generally are busily em- 
ployed. Makers of railway material and sheets are turn- 
ing out a lot of work, and producers of shipbuilding 
material are better employed. Common iron bars are 71. ; 
best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing iron, 
5. 5s. ; iron ship-plates, 67. 10s.; iron ship-angles, 7/. ; iron 
ship-rivets, 7/. 5s. to 7/. 7s. 6d. ; steel bars, 6/. 5s. ; steel 
ship-plates, 62. 10s. ; steel ship-angles, 6/. 2s. 6d. ; steel 
— Gl. 10s.; steel hoops, 6/. 12s. 6d. ; steel joists, 
6. 6d. ; cast-iron railway chairs, 3/. 10s. ; light iron 
rails, 62. 10s.; heavy steel rails, 5/. 10s.; steel railway 
sleepers, 6/. 12s. 6d. ; and iron or steel galvanised corru- 
gated sheets, 24 gauge, in bundles, 11/. 10s.—sheets less 
4 per cent. f.o.b., railway material net cash at works, 
and all other descriptions less 24 per cent. discount. 


Cleveland Miners’ Wages.—The meeting of the Cleve- 
land Ironstone Mine-Owners’ Association, which was ad- 
oe from April 11, was held on Monday afterncon 
ast at the Association’s offices in Middlesbrough, Sir 
Hugh Bell, Bart., occupying the chair. A vettlement of 
the wages question for the ensuing quarter was effected 
at an advance of 1} per cent., as compared with the 
wages paid for the first quarter of the year. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown rather more 
activity, but for immediate shipment sellers still show a 
disposition to make slight concessions. The best large 
steam coal has made 16s. to 16s. 3d. per ton, while 
secondary” qualities have ranged from 14s. 9d. to 16s. per 
ton. The best ordinary smalls have been quoted at 8s. 
to 8s. 3d. per ton. House coal has exhibited a quiet tone, 
the best ordinary descriptions having been quoted at 
lds. 6d. to 16s. 6d. per ton; No. 3 Rhondda large has 
made 17s, to 17s. 6d.; smalls, 9s. 9d. to 10s. 3d. per ton. 
No. 2 Rhondda large has brought 13s. to 13s. 6d.; smalls, 
7s. 3d. to 7s. 9d. per ton. Foundry coke has been 
quoted at 19s. to 20s., and furnace ditto at 17s. to 17s. 6d. 
per ton. As regards iron ore, Rubio has realised 19s. 9d. 
to 20s. 6d. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 


Llancliy.-—There has been a heavy output of tin-plates, 
additional mills having been rtevet & brought into opera- 
tion. Most of the local collieries are active, and coal 
shipments have improved. 


Dowlais.—General activity prevails, the production of 
pig in the Bessemer department having been above the 
average. The Goat Mill has also had a full ordinary out- 

ut of tin bar, rails, and metallic sleepers, while the Big 
(ill has been busily employed upon light rails, colliery 
steel pit-props, &c. 

Welsh Railway Traffic.—The receipts of the three prin- 
cipal Welsh railways thus far this half-year were as 
follows:—Barry, 214,258/.; Rhymney, 102,186/.; and 
Taff Vale, 277,303/. The corresponding receipts in the 
corresponding period of 1909 were:—Barry, 223,703/. ; 
Rhymney, 103,092/. ; and Taff Vale, 301,3027. Labour 
difficulties explain the decreases observable this year. 








Tar Institution oF Civin ENGINEERS: Stupex Ts’ 
Meetines.—At the students’ meeting, held at the Insti- 
tution, on Friday, April 22, at 8 p.m., Mr. G. N. Aber- 
nethy, M. Inst. C.E., in the chair, Mr. H.C. A. Thieme, 
B.Sc., Stud. Inst. C.E., read a paper entitled ‘‘ The 
History and Present Method of Quay- Wall Construction at 
the Port of Rotterdam.” Theauthor dealt at length with 
the earlier methods of quay construction and described in 
detail the reinfcrced-concrete type adopted at the present 
time. The paper was illustrated by several diagrams 
and numerous lantern slides. In the discussion which 
followed Messrs. G. F. Walton, A. J. Hart, and Mr. 
H. V. Hutt took part. At the conclusion of the meeting 
it was announced that Messrs. E. F. Chappell, F. W. 
Cockshott, M.A., A. Eastmond, A. J. Hart, FE. S. Hoare, 
G. Lacey, B.Sc., E. G. L. Lovegrove, M. W. Pretyman, 
R. J. Samuel, B.Sc., and G. C. Shadwell, had been 
elected to form the London students’ committee for the 
ensuing year. 





Strone-Lioyp System or ConTrRoLiinc Surp’s WaTeErR- 
Ticht BuLkHEAD Doors.—The control of water-tight 
doors on the larger-size vessels by means of hydraulic 
power is becoming more widely es the absence of 
expense for upkeep and repair having increased the 
popularity of such installations. The best known of 
these systems—the Stone-Lloyd, which has been illus- 
trated in ENGINEERING—is, we learn, to be adopted in 
the large trans-Atlantic steamer La France, and in the 
new Dreadnought nage now building at Yokosuka 
for the Japanese Navy. This latter vessel has 22 doors. 
The Japanese authorities, who are always quick to appre- 
ciate modern improvements and to take advantage of 
every advance in marine construction, would appear to 
accept the contention of the owners of the Stone-Lloyd 
system that hydraulic power alone can relied upon to 
work satisfactorily in the damp and dirt of stokeholds, 
that steam is dangerous, and electricity liable to fail at 
the critical moment, and dangerous where there is a 
possibility of fire-damp. 
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CO-OPERATION IN WORKS 
MANAGEMENT. 

THE spread, in spite of occasional checks, of move- 
ments whose purpose it is to. give opportunity and 
encouragement to the worker, to take a greater 
interest in his daily task, is so noticeable a feature 
of modern industrial life that it must command the 


549 | deferential attention of all who professedly concern 
560 | themselves with the welfare-of our country. The 


movement is no longer backed by werely the 
idealist. Men of all shades of political and social 
creeds meet on the platform from which the cause 
is advocated. Although the subject is approached 
from diverse quarters, and widely different motives, 
curiously—but, we may add, happily—enovgh, 
attention is centred on one goal—the promotion of 
industrial peace and the well-being of the worker. 

On the one hand we have the strictly co-opera- 
tive or co-partnership businesses, formed and 
of baer by the working classes, with a just sense 
of pride in their ownership. ; On the other hand 
we find such schemes as the profit-sharing system 
developed by Mr. Lever at Port Sunlight, which, 
as some of our readers who had an opportunity 
last year of examining that interesting social experi- 
ment, during the Liverpool meeting of the Insti- 
tution of Mechanical "Rigeoem will doubtless 
remember, has been introduced from purely busi- 











ness motives, Mr, Lever, speaking on the occa- 


sion above referred to, was quite frank on this 
point, saying that philanthropy did not enter into 
the matter at all; it was wholly put forward by 
him as a business proposition. Again, we find the 
movement advocated and practically applied by 
such men as Mr. T. C. Taylor, M.P., of Batley, who, 
while disclaiming to be a fanatic or idealist, yet 
represents a firm which has apparently adopted 
the principle from the conscientious’ conviction 
that it is the right thing to do by the employees. 
Mr. Taylor, in fact, at the annual meeting of the 
Labour Co- Partnership Association, held on the 
15th inst. at the Mansion House, went rather 
further than this. He avowed as his opinion that 
the principle to be successfully applied in practice 
must be backed by an appreciable measure of 
altruism on the part of the promoter. To the 
onlooker these several attitudes, together with all 
the shades of difference possible between them, might 

cause for cynical remark, were it not for the 
fact that success has attended well-directed efforts 
in each of the above categories. There is:in reality 
a greater extent of common ground than might at 
first sight appear. The end is the healthy develop- 
ment of personal interest, on the partof the worker, in 
the welfare of the firm by which he is employed. The 
Labour Co-Partnership Association, whose annual 
meeting was, as we have stated, held recently at the 
Mansion House, exists with the object of. fostering 
this movement. Spreading wide its net, it gathers 
in all and sundry, and boasts of the support of men 
of all opinions. The object of the Association is to 
encourage the organisation of labour on the prin- 
ciple that those engaged shall share in the profits, 
capital, control, and re cae This, after all, 
is the gist of the whole matter on which all are 
agreed ; though, when it comes to working any 
scheme out in practice, difficulties, at times ap — 
rently insuperable, may and do arise owing to differ- 
ence of opinion as to the relative values to be given 
to each of the four sections just cited, with which 
the scheme concerns itself. 

Treading as it did close on the heels of the 
apparent sallue, after its year of trial, of the 
Furness co nership scheme—which, however, 
in the words of its report, ‘‘ contained features 
which this Association would not have advised ’— 
the annual meeting of the Labour Co-Partnership 
Association was vested with more than usual interest. 
That interest in the general subject of me ey 
ship is very much alive was evident from the large 
attendance, though the programme was less attrac- 
tive than that which drew so many people to the 
meeting held in December, 1908, when Mr. A. J. 
Balfour and Sir Christopher Funness were the 
principal speakers. The recent meeting was 
inevitably less fortunate, for the engagements 
of the Association’s President, Mr. D. J. Shackle- 
ton, M.P., prevented him from being present to 
deliver his annual address. In his unavoidable 
absence, however, a letter was read from Mr. 
Shackleton, which, in a very concise way, summed 
up the situation. 

In Mr. Shackleton’s opinion co-partnership has 
three outstanding advantages. In the first place it 
should lead to a better understanding between em- 
ployers and employed. Secondly, it should tend to 
a clearer view of the necessary relations between 
capital and labour ; and, thirdly, it should create a 

rsonal interest in the daily work of the aes 
Having made his statement of belief, Mr. Shackle- 
ton proceeded to back his opinions with reasons 
which cannot but commend themselves to thought- 
ful consideration, though in some quarters they 
may not be assented to. For the successsof the 
movement it is evident that it must have the spon- 
taneous and whole-hearted support of the workers, 
and any authoritative statement favouring the prin- 
ciple, on the part of a man of Mr. Shackleton’s 
position, is therefore to be welcomed as ane 
offset the widely-circulated opinions of certain others 
who see no hope of, neither have any desire for, an 
alliance or friendly understanding between capital 
and labour. 

It is apparently partly for its educational value 
that Mr. Shackleton approves the principle of co- 
partnery. The seineighe when put into operation 
often—though not always—carries with it repre- 
sentation on the management, a works council, 
or similar body, forming an essential feature of 
many of the schemes tried. In some cases repre- 
sentation of the workers on the Board has formed 
part of the scheme, while in others it has been re- 
stricted to participation in works councils or Round 





Table conferences at which employers and em- 
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loyed meet to discuss matters relating to the 
internal affairs of the works. In the Furness 
scheme there was such a council, and apparently 
it has worked well, good feeling in the yards 
affected by the scheme having been distinctly 
in evidence during the past year. If properly 
conducted, with a sincere desire to promote har- 
monious working, it would seem that repre- 
sentation on such a works council could not fail 
in time to lead to good results. It would inevit- 
ably lead to a better appreciation of the respective 
attitudes of employers and workers, and it would 
tend to educate the latter by placing at their dis- 
posal information which they at present receive 
only too often with suspicion, as it has to be accepted 
on the unsupported word of the employer. 

The spirit of distrust fostered by interested 
parties is now so widespread that this form of 
education seems to be one of the only ways of deal- 
ing with it. The ‘‘glib-tongued but one-sided 
advocate”’ would, according to Mr. Shackleton, 
receive a check by representation carrying with it 
education of the kind we are now dealing with. 
Ignorance or misunderstanding has been the root of 
many a trouble in the past, and a wider knowledge 
would undoubtedly have rendered impossible many 
a dispute. For the workers to be convinced, infor- 
mation must reach them through men they can 
trust—their own accredited representatives. For 
many years a great deal has been spent in educat- 
ing the working classes of this country, in the hope 
of some day bringing them up to some imaginary 
standard attained in Germany or elsewhere. It is 
not our purpose here to enter upon any argument 
as to the success or failure of these efforts. One 
result, however, from this movement is certainly 
now becoming increasingly evident, and it is that 
only part of the education has been accomplished. 
It is, if anything, of more material importance to 
the country that the working classes should have 
some ideas as to the reasons why some of their 
demands are incompatible with national prosperity 
than that they should be good mathematicians or 
understand thermodynamics. A worker who can, 
from having a seat on a works council, explain the 
impossibility of a firm making some concession to 
its employees, will probably be a great deal more 
valuable to both the firm and his fellow-workmen 
than one who can conduct evening classes on tech- 
nical subjects. 

In 1908 Mr. Balfour gave it as his opinion that 
‘*the more they could get the workman to under- 
stand the difticulties of the employer, the more they 
were likely to produce a class of workman in this 
country who would be fit to deal with all questions, 
whether industrial, political, or social,” and, 
proceeding, he laid stress on the advantages likely 
to accrue from the employees’ greater ‘‘ knowledge 
of business methods, difficulties, and risks, as 
well as business profits.” Similarly, Mr. Shackleton 
also speaks of representation as likely to ‘‘ educate 
the worker as a business man.” The skill of our 
workers places them first in the world in many 
trades, and for the country to benefit to the greatest 
possible extent by this valuable rational asset, 
surely it would be well to make such arrangements 
as would ensure its employment to the best advan- 
tage. In the words of Mr. Shackleton, we have 
educated the working man to think, but now deny 
the opportunity of using the powers we have de- 
veloped at great expense. We have, so to speak, 
made him lop-sided from the educational point of 
view. A little business knowledge would be a 
healthy antidote to some of the noxious growths 
which, as weeds, have sprung - alongside the valu- 
able plants we have tried to cultivate. Such know- 
ledge cannot be acquired except through actual 
contact with the oul business affairs, and it is 
reasonable to suppose that at least one effect of 
representation would be the gradual dissemination 
among the workers of knowledge of conditions on 
which at present they have no enlightenment what- 
ever, except such as reaches them from what are 
often tainted sources. 

We may conclude by quoting Mr. Shackleton’s 
letter on this point: ‘‘ The state of the market, the 
cost of raw materials, and the selling price of the 
finished article, are matters of which the average 
workman thinks little and reads less, but they are 
factors which decide the amount of profit, the rate 
of wages, or whether the factory should run or 
stop.” To place this knowledge at the workman’s 
disposal, and to help him to realise what it all 
means, should be one of the surest possible ways 
of avoiding disputes. In many places the men have 





seemingly shown themselves anxious to profit by | 
education of this kind. Whether representation 
should be restricted to participation in delibera- 
tions affecting the internal conditions of works, 
or should extend to the whole management of a 
business, is not our concern at the moment. Re- | 
presentation on the board has been found to answer | 
excellently in certain cases, and there is no reason | 
why it should not, provided the interests of capital 
are safe-guarded by suitable regulations pon =e 
the working of the scheme. Our remarks above, 
however, have reference rather to matters affecting 
the internal management of works. Works com- 
mittees are fairly common at the present time 
in some countries. They provide the manager 
with a means of keeping in touch with his fore- | 
men, and through them with matters of live in- 
terest in the works. There is no apparent reason 
why, provided the men accept through co-partner- 
ship some measure of responsibility, such com- 
mittees should not cover wider ground and include 
representatives of the workers. Neither does such 
representation hang wholly on a 
though it will be admitted that a share in the 
interests and responsibilities of a business entitle | 
a worker to a greatcr claim for representation of | 
this kind than can be advanced by a man whose | 
relation to his employer is simply that of wage- | 
drawer to wage-payer. 








THE NEED FOR TECHNICAL 
EDUCATION. 

THERE isa fairly general agreement that the pro- 
vision of facilities for a sound technical education 
may be of considerable service to the national indus- 
tries, but differences of opinion arise as to what | 
classes of the community it will be most advanta- 
geous to train in this way. The politicians gene- 
rally, both municipal and national, appear to attach 
especial importance to providing the workman with 
opportunities of gaining theoretical knowledge. Our 
own opinion is that, in the engineering trades at any 
rate, such knowledge is of value to but an exceedingly 
small percentage of our skilled craftsmen. The latter, 
as a body, are probably the ablest in the world. In 
shipbuilding, for instance, their skill is such that with 
relatively little in the way of plant they attain results 
which elsewhere are only secured by a most lavish 
capital expenditure on special tools. That a certain 
danger rests in this condition of affairs can hardly be 
denied. The best hand-work is undoubtedly superior 
to the best machine-work in many departments of | 
human activity, but in one branch of industry 
after another it has been proved that good machine- | 
work finally becomes equal to and much cheaper | 
than average hand-work, so that what may be called 
the second-class trade, constituting probably 95 per | 
cent. of the total trade of the world, tends to gravi- 
tate more and more into the region in which reigns | 
supreme the machine, controlled and directed | 
by relatively unskilled labour. It is possible that | 
this very circumstance may prove an argument for 
the extension of trade schools, since the demand for | 
skill being reduced, it becomes less unreasonable to 
believe that the qualifications necessary for the | 
average workman may be acquired in teaching | 
establishments as distinct from the workshop, and | 
this view would seem to be in accord with recent | 
statements by boot-manufacturers, a trade in which | 
machinery, during the past few years, has wrought 
little less than a revolution. In the engineering | 
trades, however, the real trouble experienced, so far, | 
in connection with technical training in this country | 
lies in the fact that the proprietors and responsible | 
heads of manufacturing establishments are often | 
deficient in theoretical leases: The first need | 
of a manufacturing establishment is, no doubt, a| 
good organiser and business man. The second | 
essential is a manager or drawing-oflice chief | 
thoroughly competent on all points of shop practice | 
and mechanical design. The field for the activity 
of these two classes Tice, however, in the immediate | 
present, and provision is also necessary for the due | 
sowing of the seed which is to provide the harvest 
of the future. Here British industrial establish- 
ments are in many cases seriously wanting, save for 
the fortunate exceptions in which the principal 
partner or proprietor is himself a man of scientific 
tastes. 

There would seem to be lacking in many cases 
an advisory staff capable of forming a just esti- 
mate in its infancy of the possibilities of a really 
novel departure in mechanics. As we write we 
learn that there is no small possibility of the 





control of one of the most promising of recent 
British contrivances passing wholly into Continental 
hands. British firms send down, perhaps, a head 
draughtsman or a works manager to see some 
new device. This gentleman is often exceedingly 
capable in his own speciality. If a locomotive 
man, for example, he may know his work from 
head-light to draw-bar. Under his direction, the 
drawing - office may get out designs for engines 
at once economical to build and highly satisfac- 
tory in service, yet he may at the same time 
be quite incapable of appreciating the possibi- 


| lities of, say, a turbine air-compressor, and know- 


ing himself deficient in this regard, plays for 
safety, and advises his firm not to risk a copper 
penny on the possibilities of possibly a most 
promising development. This attitude in those 
in responsible positions in Dritish engineciing 
firms has become almost traditional. Every im- 
portant improvement made has had, in general, to 
be worked out by the inventor himself, often against 
the advice and opposition of the merely shop-trained 
experts. The names of Bessemer and Parsons will 
occur to all. In other cases where the pioneer has 
not had the resources necessary to fight down this 
opposition unaided, he has had, asin the case of the 
application of blast-furnace gases for the production 
of power, to suffer the disappointment of secing 


| his idea taken up abroad, the difficulties overcome 


by a little persistence, and the finished product re- 
introduced as the outcome of the application of 
Continental science to practical engineering pro- 
blems. It may be quite true that in many cases the 
so-called finished product has in reality been merely a 
proof that the objective aimed was possible of achieve- 
ment, rather than a true mechanical solution of the 
problem to be solved. This, however, is pretty 
frequently the case with novel mechanical concep- 
tions. The amateur and the instrument-maker 
showed that it was possible to build an electric gene- 
rator, and then the engineer took the matter up, 
and showed how such generators should be built. 
Indeed, the class of man from whom are drawn the 
bulk of the technical heads of our different factories 
is pre-eminently capable of ‘‘ practicalising ” such 
devices, when the inherent difficulties of the pro- 
blem have been overcome, possibly in some make- 
shift manner, by the less experienced but better- 
informed pioneer. 

Undoubtedly it is possible to over-emphasize the 
scientific department of a works. One leading 
German manufacturer, taking his English visitors 
through his establishment, remarked as they passed 
the laboratories, ‘‘ This is the place in which most 
of our gross profits on working disappear.” This 
danger is, med wren greatest in the case of mecha- 
nical engineering proper, which is essentially an 
art, and not a science. In certain subdivisions of 
the trade, however, matters stand on a different 
footing, and the quantities of large steel castings, 
heavy forgings, and the like imported here are, we 
believe, largely attributable to the greater relative 


|importance attached abroad to the laboratory and 


its staff of technically-trained assistants. The ditli- 
culties which arise in the production of such articles 
are largely chemical and physical, and, accordingly, 
the research laboratory is more directly concerned 
than it is ever likely to be in mechanical engineer- 
ing pure and simple. 
In the latter industry the provision of a technic- 
ally-trained staff is therefore less immediately 
reflected in the costs account, or may, indeed, be 
visible here in the wrong direction. Unless, however, 
our people are content to be ‘‘ mere hewers of wood 
and drawers of water,” base mechanics in the 
worst sense, it does seem important that the future 
development of mechanical engincering shall not be 
left too exclusively to the chance that the man with 
ideas shall also be the man with means and 
organising ability. There is a stage between the 
sealing of a patent and its final establishment on 4 
manufacturing basis, in which the assistance of a 
technical staff, trained in principles rather than 
merely experienced in some one department of 
engineering, may be extremely valuable. It is, 


| however, acommon practice for manufacturing firms 


to make no such provision, and to refer every matter 
which may arise outside of their ordinary routi:e¢ 
to a consultant. We have, indeed, known a case in 
which a firm making ventilating-fans had not a 
single draughtsman capable of predetermining the 
proportions needed for any new size they got ou, 
though the office records, giving the results of tria!s 
of dozens of different sizes, were available. For eac! 
design, accordingly, outside assictance’ was called 
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in, the drawing-oftice being responsible merely for 
mechanical details. 

Fortunately, we have never, as a nation, been 
lacking in engineers of the first rank. Such men are, 
in fact, produced neither by the shops nor by the 
technical college, being, like the traditional poet, 
born rather than made. Owing to the absence of 
an adequate supply of trained men of the second 
rank, however, they have always had to concern 
themselves with much detail which should have 
been quite within the competence of their assistants. 

In this connection technical education of the 
workmen as a body will be of little or no 
service, but our system of evening classes does 
provide the means of sorting out those ap- 
prentices to whom it may be socially advantage- 
ous to give a further training. Such classes are, 
however, strongly objected to by teachers who 
prefer to do their work in the day-time, and their 
view has been adopted by Dr. Robert Pohl in a 
paper recently read at Leeds before the Association 
of Teachers of Technical Institutions. Dr. Pohl, 
whilst admitting the ‘* magnificent work ” now done 
in evening schools, and ‘‘the most valuable and 
unique features of the system,” expresses his com- 
plete agreement with those who propose to abolish 
them. Like most of the other objectors, though, 
we fancy that Dr. Pohl has had no experience, as a 
student, of the system he condemns, he advocates 
a gradual extension of the half-time system, which, 
in our opinion, should be the privilege of the few 
who show themselves fit to take full advantage of 
the concession. The vast majority who, from natural 
limitations, will remain craftsmen throughout their 
career, will, we believe, benefit little, or, indeed, 
stand to lose by a general adoption of the half-time 
proposal. No foreman will put an apprentice on to 
‘a good job” if he cannot rely on his services for 
the full working day, and the result will be that a 
lad will really start to learn his trade some years 
later than he does at present. In addition to the 
immediately obvious disadvantages of this, there is 
the further one, based on the admitted fact that 
lads of 15 to 16 or so have peculiarly deft fingers. 
To interrupt their training in craftsmanship at 
the period at which they are particularly teachable 
may, accordingly, well prove a dis-service to those 
who are to form our skilled workmen of the future. 
Those whose abilities are mental rather than 
manual can, we believe, be sorted out by the 
present system of evening classes, and for these, 
but for these only, the half-time system may have 
great advantages. 

Dr. Pohl, it is interesting to note, is strongly 
opposed to a Prussianising of our system of 
technical education, at least in its lower grades. 
He states that practically no provision is made in 
Germany by which those whose ability is greater 
than their means can obtain a college training, 
the scholarships open being very few, so that the 
trade schools are attended almost exclusively by 
students drawn from the middle classes. Whilst 
we do not agree with Dr. Pohl in his desire for 
the abolition of our system of evening classes, to 
which many of us are deeply indebted, we are in 
full agreement with his support of the British 
system of providing scholarships to facilitate the 
training of really able students. We also agree 
that these scholarships should be the reward of 
merit alone, without regard to the economic posi- 
tion of the parents of the successful student. Of 
late there has been a demand that such scholarships 
shall be the guerdon of poverty, and not of ability ; 
in short, that a poor man of second-rate capacity 
should be given a preference over an abler, but 
more well-to do, competitor. 

Dr. Pohl proposes that the existing technical 
colleges shou!d be compulsorily amalgamated into 
‘smal! number of technical universities. This 


would enable each college to specialise in its third- 
year course, The difficulty then likely to arise is 
that this special course might not suit the needs of 
Some particular student who could ill afford to 
mgracc to some other district in which he would 
find a ‘lege to suit his needs. This difficulty, he 
Suggests, might be got over by a liberal provision 
of sch iurships—say 250 in each year, each of a 
— ot 75!. per annum, and tenable for four years. 

he te in during which it is proposed that the 
scholarship should be keld is, perhaps, excessive. 
All the colleges would have the first two years’ 
ae the same, so that the necessity for migra- 


and the consequent increase of expenses, 
— not arise till the third year. It would thus 
Probably be preferable to divide the scholarships 





into two classes, a greater number of lesser value 
being given for the first two years’ course, on the 
results of which a smaller number of more valuable 
ones would be awarded, to enable those of special 
ability to take an additional two years at a selected 
institution. 





THE TELEGRAPHY OF PHOTOGRAPHS, 
WIRELESS AND BY WIRE. 

In the Royal Institution discourse of Friday last, 
Mr. T. Thorne Baker, F.C.S., A.I.E.E., explained 
the transmission of photographs and pictures by 
telegraphy on his system, which has been used by 
the Daily Mirror on the lines Paris-London and 
Manchester-London since July, 1909, and referred 
to experiments which justify the hope that the radio- 
telegraphy of photographs will soon be successfully 
we aa Mr. Baker also described the system of 

rofessor Korn, which the Daily Mirror adopted 
in November, 1907. As we explained the Korn 
system in our issue of April 10, 1908, and noticed 
the researches of Mr. T. Baker some weeks after- 
wards,* and as the Baker system may be charac- 
terised as a simplification of the Korn system, 
which in its turn embodied features that had been 
tried by other investigators of this old problem, we 
will begin our account of Mr. Baker’s lecture with his 
description of the Korn system. The latter has by 
no means been given up, and in his experiments on 
radiotelegraphic transmission of pictures Mr, Baker, 
indeed, moves again on parallel lines to Professor 
Korn, as will be seen. 

The diagram, Fig. 1, illustrates the selenium cell 
system of Professor A. Korn, of Munich. The 
transparent photograph to be transmitted is printed 
on celluloid and fixed round a revolving glass 
cylinder. The beam of a Nernst lamp N, traverses 
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the film, and the light which penetrates through 
the picture is reflected by the prism P, mounted 
inside the cylinder on to the selenium cell of the 
line circuit. The cylinder is driven by an electric 
motor on a screw shaft, as in a phonograph, and 
describes a helix, so that every portion of the photo- 
graph sends its transmitted light in turn to the 
selenium cell, the intensity of the line currents 
varying with the intensity of the rays falling on the 
selenium. Across the circuit is shunted an Eint- 
hoven chord galvanometer, but instead of the 
ordinary one wire, two parallel fine silver wires A B 
are stretched in the strong field of the electro- 
magnet MM; the strings hold a very small alu- 
minium shutter,+ which, when at rest, closes the 
window or slit D, so that the light of the Nernst 
lamp N, does not enter the window, and hides also 
the prism P,. When a bright part of the photo- 
graph admits of light falling on the cell, current 
flows through A B, the shutter is moved aside by 
the field, and the light enters the prism P,, which 
reflects it to the second selenium cell SS. The 
lines connecting the two instruments go direct 
to the wires of a similar galvanometer which is in 
series with the galvanometer of the transmitting 
instrument. If this galvanometer be similar to 
MYM, the light es through the window on to 
the receiving photographic film attached to the 
drum C,, which moves in synchronism with C,. 
The chief difficulty with the selenium cells is 
their time-lag. The resistance of the selenium does 
not instantaneously respond to variations in the 
light intensity. Professor Korn has minimised this 
trouble by combining in the transmitter two selenium 
cells, as indicated in the diagram, which he distin- 
uishes as the feeler cell and the compensator cell. 
The cells, Mr. Baker explained, were of opposite 
characteristics ; the one had great inertia and small 
sensitiveness, the other low inertia and great sensi- 
* See ENGINEERING, vol. lxxxv., pages 472 and 557. 
+ Mr. Thorné Baker did not mention this aluminium 
shutter until the end of his lecture, when speaking of 
radiotelegraphie apparatus. 





tiveness. The cells, he said, were placed on opposite 
sides of a Wheatstone bridge, and the battery divided 
into two parts for the other sides ; the galvanometer 
deflections then became very rapid. Mr. Baker 
demonstrated how successfully Professor Korn had 
overcome the time-lag of selenium in this way, and 
explained that this compensation was valuable for 
various physical and optical measurements—e.g., 
of the beam of heterogeneous rays from an X-ray 
tube. It will be remembered that Korn origin- 
ally used a vacuum-tube as receiver. The time of 
exposure, Mr. Baker said, had to be determined 
anew whenever a new tube was to be used, and he 
had devised a simple apparatus for this purpose. 
He let the rays fall on a fluorescent screen of 
barium-platino-cyanide which emitted yellow-green 
rays ; close to the screen was placed a selenium cell 
of 350,000 ohms, the two being of the same size ; 
the cell was joined to a 100-volt battery. The 
deflections of a galvanometer in circuit with the 
cell, utilised for marking comparative exposures, 
would depend upon the distance between the anti- 
cathode of. the X-ray tube and the screen, and 
upon the distance between the screen and the cell. 
The illumination which the rays of the anti-cathode 
produced on the fluorescent screen did not neces- 
sarily diminish with the square of the distance, and 
it had been found that the effect of the rays on the 
screen, as estimated by the selenium cell, differed 
less with increasing distance the further the anti- 
cathode was from it. 

We proceed to the description of the ‘ Telectro- 
graph ” of Mr. Thorne Baker, as applied in regular 
work between Paris and London and Manchester 
and London. There are no selenium cells, the 
records are printed electrochemically, and the ap- 
a otherwise similar to that of Korn, it will 

seen, is simpler. At the sending station, Mr. 
Baker stated, a metal drum revolved under a style 
of iridium, the half-tone photograph to be trans- 
mitted being printed in fish-glue on lead-foil and 
attached to the drum. The print is exposed to 
light in the usual way, and the parts not acted 
upon are washed away. Current flowed through 
the image to the line and hence to the receiver (a 
telephone trunk wire is used), The receiver con- 
sisted of a similar revolving metal drum, over 
which a platinum style traced a helical line 
on a paper impregnated with some colourless 
electrolyte ; the nature of the electrolyte was not 
revealed. Every time the transmitter style came 
in contact with a clear part of the metal-foil, cur- 
rent flowed to the receiver, and a black or brown 
dot or mark appeared on the chemical paper. The 
transmitting instrument is shown on the left of 
Fig. 2, the receiver on the right. The metal 
drum, he explained, made about two revolutions a 
minute ; the half-tone photograph was broken up 
in thin and thick lines, with spaces intervening. 
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The style S, came into contact with the lead base 
or with the fish-glue lines, and the time of contact 
depended upon the width of the line. It was thus 
the width of the lines which determined the periods 
of the line currents. But the capacity of the line 
interfered, and instead of short, separate marks the 
receiver marked long, tapering dashes, which were 
apt to run into one another on long transmission 
lines. If the circuit were closed by a Morse key, 
the time of contact being, as usual, about } second, 
the discharge from the line would continue for a 
longer period, and it would then be impossible -to 
send signals at the rate of 175 per second, as they 
did. This trouble had been overcome by the 
balancer, which wi out the residuary currents 
from the line in the way frequently made use of 
in duplex telegraphy, and in that manner the old 
electrolytic method would record as many as 300 
sharply-defined marks per second. 

Returning to the diagram, Fig. 2, Mr. Baker 
pointed out that the transmission telephone line 
was closed by the two styles 8, and 8,, the two 
batteries B, and B,, and the split resistance W,,W, 
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of 1000 ohms in shunt. The variable condenser 
K was shunted across the variable contacts of the 
resistances, and the currents used to sweep out the 
residuary charges were regulated with the aid of 
the resistances W,, W,. These line currents would, 
of course, flow through the chemical paper on the 
drum, but the pole of battery B,, connected to the 
style S,, was of opposite sign to that of the line 
unit connected to it. . When the leakage on the 
line was great and evenly distributed, less reverse 
current was required from the balancer, quite in 
accordance with Heaviside’s formula for telephony 
over lines with capacity and inductance. It was also 
interesting to know that by increasing the voltage 
of the reverse batteries B, and B, considerably 
eater contrasts could be obtained in the pictures. 
he finer the half-tone screen employed in splitting 
up the photograph into lines, the higher the vol- 
tages had to be raised. 
he synchronism of the two drums was secured 
as in the system of Korn, whose arrangement had 
practically been adopted by all the other designers 
of such instruments. The motors, Mr. Baker ex- 
plained, were driven from accumulators at about 
3000 revolutions per minute and geared down for 
the drums to 30 revolutions. The speed of each 
motor was regulated by resistance in series to the 
field, and the speeds were observed with the aid of 
vibrating reed frequency-meters. A set of turned 
steel tongues was fixed in front of a magnet which 
was fed with alternating currents from slip-rings 
on the motor. Each tongue had a different period 
of vibration, and when the alternations in magneti- 
sation corresponded with the period of one tongue, 
that tongue would vibrate. Now the receiving 
drum was driven a little quicker than the trans- 
mitting drum, and therefore. completed its revo- 
lution a little before the transmitter; it was 
then stopped by a steel check. When the trans- 
mitting drum had completed its turn, a fleeting 
contact came into play; a reverse current was 
sent to the receiver, which flowed into a relay 
actuating the electro-magnet which removed the 
check (see Fig. 2). Thus, however much the 
drums got out of step with one another, the fault 
was limited to one revolution, and the drums re- 
started in unison. Mr. Baker had found that when 
each operator endeavoured to keep his motor 
running according to the fluctuations indicated 
by the frequency-meter, the personal element 
made itself visible ; synchronism was not good, and 
straight lines became wavy. He had therefore 
calibrated the motors by timing, and had arranged 
that, once started, the motors should not be touched ; 
if both motors were run from batteries of the same 
ampere-hour capacity, the gains in speed were 
approximately the same, and the best synchronism 
was thus obtained. 

The great advantage of his system, Mr. Baker 
proceeded, was that the whole operation—as he 
demonstrated—was in full view; he had not to 
wait for developing the picture before he could 
discover whether anything was wrong. His operator 
kept his hand on the sliding contact of the resist- 
ances, and merely adjusted them according to the 
condition of the electrolytic marks during the first 
two or three seconds. The transmitting cylinder 
could be used as a receiving cylinder, and he had 
designed a portable machine, which Mr. Sanger A. 
Shepherd had just completed, suitable for line 
work and for -wireless work. These apparatus 
were shown, and they looked indeed promising 
for occasional general work, and particularly for 
military and naval service. The ordinary two- 
station instruments, which were used for the de- 
monstrations, fitted into two boxes of moderate size. 
The portable apparatus was much smaller, and Mr. 
Baker was apparently justified in claiming that an 
operator might carry his box to a place where an 
important function was t» take place, prepare his 
pictures, telegraph them on, and return to his 
centre. In transmitting pians, positions of troops, 
ships, &c., little preparation would be required, 
and the portable instrument would be of value also 
for criminal investigations. Mr. Baker acknow- 
ledged in this connection the courtesy shown to 
him by the Postmaster -General and by Major 
O'Meara, engineer-in-chief. The telautograph which 
Korn had brought out late in 1908, the lecturer con- 
tinued, had been provided with a Caselli trans- 
mitter, as used in the telectrograph. 

Passing then to transmission of. pictures by radia- 
tions, the lecturer showed a simple experiment. A 
small glow-lamp was coupled with the local side of 
a relay and battery, the relay being actuated by 


means of a coherer. A Morse key closed the 
primary of an induction coil; when the key was 
depressed, the lamp lighted up until the coherer 
was tapped, simply by shaking its stand. Now 
the taps could be controlled by the lines in a 
photograph or sketch, and the light of the lamp 
could be concentrated on a revolving photographic 
film. With the telectrograph this commercially- 
impracticable device had Sean made successful. A 
line picture was attached to the drum of the trans- 
mitter, and the intermittent current, ordinarily 
passed into the telephone line, went into the electro- 
magnet M, Fig. 3. The magnet M attracted the 
diaphragm Q, and brought the platinum contacts 
P Q together ; when they were in contact, the 
primary of a transformer was closed, and the 
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spark-gap of the secondary, inductively coupled 
to the aerial and to earth, sent out oscillations. 
Thus the difference from ordinary telegraphy was 
that the length of the signals and their distance 
apart was regulated by the lines composing the 
photograph or sketch. 

When working with currents of 110 volts, arcing 
had to be prevented, and that was done with the 
aid of a mercury interrupter. The receiving appa- 
ratus was simple, and depended, for short-distance 
work, on a coherer cymoscope of peculiar character. 
Every time an oscillation passed to the antenna the 
coherer became conductive, and a relay was actuated, 
the relay starting a vibrating hammer. But that 
hammer must strike once only for each signal, and 
the arrangement indicated in Fig. 4 fulfilled this 
condition. The relay Ractuated the electro-magnet 
EE, which attracted the armature MN; that 
motion brought the resilient hammer H, fitted 
with the platinum contact P, against the contact- 











in fixed to the collar F of the coherer A B. The 
oeal circuit was thereby closed, and a black mark 
appeared on the chemical paper. Successive marks 
could be obtained at intervals of 0.017 second—a 
creditable performance for decoherers. So far 
this device could only be used for line-sketches. 
But even a portrait sketch in lines was recognis- 
able, and the portable apparatus above mentioned 
would be sufficient for the transmission of sketches 
and plans, &c. The plans would be drawn in 
shellac ink on a slip of metallic foil, placed upon a 
portable machine coupled to a military wireless set, 
and communications could thus be exchanged 
between various sections of the army or navy. 
Such communications could not be tapped, more- 
over. Evenif the ‘‘enemy”’ were in possession of an 
exactly similar instrument of the same dimensions 


and screw -thread, the — received would be quite | ? 


confused if the rate of running were altered by 5 or 
10 per cent., according to prearranged signals. 

e synchronising in these apparatus would have 
to be very accurate, and it was advisable to drive both 
cylinders ‘‘ too fast,” so to say—that is, to make 
them revolve in 4} seconds instead of nominally 
5 seconds. A check came into play at the end of 
the revolution, and the cylinder was stopped for 
the rest of the fifth second, the motor meanwhile 
working against the friction-clutch. A clock device, 
designed for this purpose, a chronometric synchro- 
niser, consisted of a special clock, whose seconds hand 
projected beyond the face by about 1 in. (Fig. 5). A 








brush of exceedingly fine silver wire was attached to 





the end of the hand, and this brush rubbed against 
twelve contact-pins of platinum grouped round the 
dial at intervals of five seconds. Each of these 
pins was connected to the one terminal of a battery: 
the other terminal of which was joined to a relay 
and to the centre of the seconds hand. The brush 
closed a circuit which pulled away the check stop- 
ping the cylinder, so that the two cylinders restarted 
simultaneously. Well-calibrated clocks of this kind 
kept good time for the period taken to transmit a 
picture ; the one would gain upon the other by an 
inappreciable amount, depending upon the brush 
friction. Synchronising could also be effected by 
means of electro-magnetic oscillations with the aid 
of a cymoscope acting as a relay, of a continuously 
running cylinder and of a fleeting contact to send 
out a synchronising wave. That, however, was out 
of question, except for short distances, and Mr, 
Thorne Baker so far relied on his chronometric 
synchroniser. He mentioned his indebtedness 
to the Marconi Company for assistance in this 








research. The form of the Einthoven galvano- 
meter which he was going to use for working 
the relay had a very intense magnetic field, 
and the silver wire was replaced by a silvered 
quartz fibre, ;s5 in. in thickness. This galvano- 
meter was combined with the valve-receiver for de- 
tecting wireless osctilations, recently described by 
Professor Fleming. When the rectified currents, 
which in ordinary radiotelegraphy made the tele- 
phone sound, were sent through the silvered quartz- 
fibre, the string was shifted. The shadow of the 
string was lying over a fine slit, which would thus 
be opened by the oscillations, as in Korn’s telauto- 
graph. In order to be able to use a wider slit, Mr. 
Sanger Shepherd had fitted the apparatus with a 
fine shutter, and in that case the receiver could be 
modified. The beam of light was then directed 
through the tunnelled poles of the electro-magnet, 
and a pair of narrow compensated selenium cells 
was placed behind the slit, a positive lens being 
interposed. Any dot received shifted the fibre 
laterally, light fell on the selenium cells, and their 
reduced resistance allowed a battery to actuate a 
relay ; this relay threw the telectrograph-receiver 
into circuit. ; 

After concluding his very interesting discourse, 
Mr. Thorne Baker had the photograph of a lady 
transmitted from Manchester. This demonstration 
took seven minutes ; the reproduction seemed to be 
excellent. 








ENERGY LOSSES IN STEAM-TURBINE 
BUCKETS. 

In recent issues of the Zeitschrift des Vereines 
Deutscher Ingenieure (February 12 et sey) Dr. 
Nikolai Briling describes a series of exhaustive ex- 
periments made with the object of determining the 
conditions of minimum loss of energy in the buckets 
of an impulse steam-turbine. Taking into account 
disc friction, as well as bucket losses, he finally con- 
cludes that 30 deg. is about the best angle fora 
symmetrical bucket. Whatever the bucket angle, 
the best pitch, he finds, is given by the relation 


= where r is the radius of the inside curve 
2sina 


of the bucket and athe bucket angle. The larger 
the bucket the less the bucket losses, but with 
buckets 1 centimetre wide the ratio of velocity of 
steam out of, to velocity of steam into, the bucket 
may reach 80 per cent., but this figure becomes 
lower the less the steam speed. If y denotes 
this ratio of outlet to inlet speeds, it can, when 
the pitch has the best value, and when the entrnce 
and discharge angles are both 30 deg., be obta!: ed 
by the relation 
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— 0.08 (2.5—). 
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Here w denotes the velocity, in metres per second, | plate, the reaction of which was weighed. The 
of the steam taken relatively to the bucket at | two sets of figures were in fair agreement, as indi- 
entrance, whilst 6 denotes the width of the bucket | cated by the results as plotted in Fig. 9. Here 
in centimetres. In English measures this expres- | the abscisse denote the theoretical steam speed in 
sion becomes |metres per second, whilst the ratios of the actual 
| to the theoretical s are plotted as ordinates. 
_ The loss of velocity in passing through the buckets 

was obtained by comparing, on its discharge from 
. the buckets, the remanent velocity of the steam, 
where 1 is taken in feet per second and } in inches. as determined from its measured pressure on an 
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y = — 0.21(1 — bd), 
\ 1.44 + 
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_ The steam speed on entering the bucket ranged 
in the research from about 260 ft. up to 1300 ft. 
per second, and eight different patterns of buckets 
(see Figs. 1 to 7) were used, provision being made 
by which each set could be spaced to any desired 
pitch. The steam was directed on to these buckets 


22 


> 
—_ 


Coefficient 


through & converging nozzle, and the pressure 

exerted on an opposing plate by the out-flowing Sos 

Steam measured by means of a delicate balance. | * 

A preliminary series of experiments were made to S02 

a. the efficiency of the nozzle, which was » 
aped 


> 
~ 


as illustrated in Fig. 8. This efficiency 
Was mcasured in two ways. In the first place, by 
collecting and weighing the steam condensed in a 
given tine, and making the assumption that the 
Steam was fully expanded at the point of dis- 
ys Be. Its specific volume was therefore known 
as weil as the cross-section of the nozzle, so that 


2o0r 


45 


“05 +0 
Bucket Spacing 

opposing plate, with the velocity of discharge from 
the nozzle as deduced from Fig, 9.. The arrange- 
ment of the nozzle, buckets, and reaction-plate in 
these experiments is indicated diagrammatically in 


the speed of outflow could readily be calculated 
rom the measured weight of condensation. Another 
of the nozzle efficiency was obtained by 


f 
measure 


The first point to which attention was directed 


was the best spacing between the buckets. In 
these experiments the velocities at inlet ranged, as 
stated, from about 250 ft. up to 1300 ft. per second, 
but the value of the pitch giving the least loss was 
found to be independent of the steam speed, 
though the bucket efficiency rose as this speed in- 
creased. This is well shown by comparing Figs. 11 
and 12, the former showing the results obtained 
with a steam speed equal to 75 metres per second, 
and the other to a steam speed four times as Got. 
The buckets used were those represented in Figs. 
1, 2, 3, and 4, bein respectively 10, 15, 20, and 25 
millimetres wide. it will be seen that in all cases 
the efficiency was a maximum when the bucket 
spacing was equal to the radius of the bucket, 
which agrees with the formula already given—viz. : 
r 
P= 2sina * 

This formula was further tested with the buckets 
shown in Figs. 5, 6, and 7, with which the piteh 
corresponding to maximum efficiency was found to 
be in good agreement with calculation from the 
above expression. ‘. 

It will be noted from Figs. 11 and 12 how greatly 
the losses increased with an increase in the sharp- 
ness of the curvature of the bucket, although the 
actual area washed by the steam remained the same. 
The losses consequent on compelling the steam to 
flow round a curved path “pent to be by far the 
most important of any. © upper curves in 
Figs. 11 and 12 show the losses when the buckets 
were replaced by flat plates of equal length. It 
follows, accordingly, that the less the curvature 
of the buckets the less the loss of energy ; but a 
small total curvature means, of course, a large loss 
by carry-over. 

Dr. Briling finds that the value of ~ may be 
expressed in the form ' 

v =v — 0.000432. 04 


where yy) = varies between 0.90 and 0.97 when the 
bucket edges are rounded, and from 0.95 up to 
0.99 when they are sharp; whilst 6 denotes the 
total curvature of the bucket as measured in degrees. 





POINTS OF LAW RELATING TO 
EMPLOYERS AND EMPLOYEES. 

THE operation of the Workmen’s Compensation 
Act has within the past few years made the public 
familiar with the legal rights and responsibilities of 
master and servant relating to personal injuries. 
It will not be forgotten by our readers that some- 
times the injured workman is advised to seek a 
remedy against his employer by an actjon at 
common law, or under the Employers’ Liability 
Act. As we have already noted in these columns, 
the workman, if he fail in his action at law, is not 
necessarily precluded from recovering under the 
Workmen's Compensation Act, but he will be 
charged with the costs of the action at law, because 
he should have proceeded under the Workmen’s 
Compensation Act for arbitration. 

We have distinguished between the arbitration 
under the Act of 1906 and the action under the 
Workmen’s Liability Act and at common law, and 
now we would refer to the interesting points of 
general law affecting all contracts between em- 
ployers and employees not relating to personal 
injuries. It will be noted that the contract of 
service applies not only to workmen, but also to 
all employees in business, as clerks, managers, 
salesmen, travellers, &. As to the creation of the 
contract, it may be said that writing is not essential 
in every case. As, however, any kind of contract that 
is meant to endure longer than a year must be in 
writing, it follows that contracts of service, asa rule, 
are made in writing. If no time is specified, it will 
be interpreted as a hiring for one year certain ; and 
if one year is passed, the service is implied to goon 
for a second year, and so on, as long as the parties 
please, subject to a reasonable notice on either 
side, to expire at the current year of service. 
According to circumstances, in certain cases one 
month’s notice will be reckoned sufficient, and in 
all cases a quarter's notice is deemed reasonable, 
In a case in the High Court an agreement between 
a manufacturing firm and their traveller showed 
they had contracted for-one year certain, at, the 
end of which time either party was free to give 
three months’ notice to end it. 

The Court, however, held the legal effect of such 
contract was that at the end of twelve months 
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either party was free to end the contract without 
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giving any notice. The three months’ notice is 
really only required when the ‘‘ twelve months 
certain ” has been ed. 

The hiring of a domestic servant, whether verbal 
or written, is understood to be subject to a month’s 
notice or payment, or forfeiture of a month’s pay 
in lieu of notice on other side. 

Any indefinite engagement of a mercantile cm- 
ployee is an engagement for a year, terminable on 
three months’ notice. Asa matter of prudence all 
such contracts should be written, with all the con- 
ditions expressly stated. 

It may be mentioned that the place where the 
contract is made, and where it is to be performed, 
is sometimes of importance. In a recent case of 
summary dismissal of a London traveller by his 
employers, a Scotch firm of manufacturers, the 
plaintiff was erroneously advised that he could 
only sue for wrongful dismissal, which is a tort or 
personal wrong, in the place where the defendants 
resided —i.e., in Scotland. The tort, however, 
arose out of a breach of a contract to be performed 
in London ; the case was eventually heard in the 
High Court in London. ; ; 

An interesting case was recently decided in the 
High Court, where a firm of manufacturers em- 
ployed travellers abroad, and finding the foreign 
market dull, withdrew the plaintiff from his 
foreign journey, and employed him in their head- 
quarters. The plaintiff relied on the goodwill of 
his foreign connection, and as he was fast losing 
it he insisted on being restored to his journey and 
his old connection. He was also at some loss 
by reason of the stoppage of ‘‘traveller’s ex- 
penses.” The contract was to pay the traveller 5001. 
a year salary, and this salary the employers con- 
tinued. The Court held that, notwithstanding his 
loss, the plaintiff had noremedy against the employers, 
who did not repudiate their contract, which did not 
bind them to keep the plaintiff travelling, but only 
to pay him the agreed salary for the agreed time. 
The traveller’s action was unfounded, and the Court 
dismissed it. ; ‘ 

Another case may be quoted as illustrating the 
limit of the employers’ liability for their contract 
of hiring. The plaintiff was engaged at an agreed 
salary for four years as manufacturer’s representa- 
tive salesman, and the plaintiff agreed to devote his 
whole time to the defendants. The defendants, 
during the period of the contract, suddenly stopped 
it, and relicved the plaintiff of further services, but 
paid his salary to the end of his engagement. In 
this case the plaintiff suffered a grievance, but as 
the terms of the contract were literally fulfilled, 
and the employers were not bound to keep him in 
work, the plaintiff's case was dismissed. ' 

The dismissal of an employee is usually subject 
to the agreed notice, or the notice that is customary 
in a particular employment. Summary dismissal 
is only justified in cases of misconduct, and what 
is misconduct is a question of fact and degree to 
be determined by a jury. In a reported case an 
employee who held a responsible position was 
entrusted with the care of a valuable machine, 
and by his momentary forgetfulness caused it 
to be destroyed. The master instantly dismissed 
him, and the Court held the master was justified, 
as the employee’s carelessness amounted to miscon 
duct, considering the seriousness of the responsi- 
bility he had undertaken. 

It may be taken as a general rule that the facts 
of each individual case will determine what is mis- 
conduct such as will justify summary dismissal. 
It is conceivable that private misconduct in no 
way affects a servant's conduct in his business 
capacity. 








THE BRUSSELS INTERNATIONAL 
EXHIBITION. 

Tne Brussels International Exhibition was 
opened by the King and Queen of the Belgians 
on Saturday last, the 23rd inst. At 2 r.m. their 
Majesties were received at the Festive Hall—a 
magnificent building, decorated with paintings re- 
presenting various allegorical subjects and_with 
the arms of the nine Belgian provinces—by Baron 
Janssens, the President of the Executive Com- 
mittee of the Exhibition, and by M. Hubert, 
Ministre de ]'Industrie et du Travail. In his reply 
to their speeches His Te pe made a_ fitting 
reference to the work carried out by the late King, 
who had so actively promoted the development of 
Belgian commerce and industry, and who had 
greatly encouraged the holding of the present 





Exhibition. He added that the Belgians of the 
present day were the worthy successors of the 
artisans of former centuries who had tenaciously 
set themselves the task of transforming a barren 
land into a fruitful garden, and who, as early as 
the thirteenth century, were in the van of all 
nations in regard to arts and crafts. In declaring 
the Exhibition open, he addressed his thanks to 
the Commissioners of foreign countries who were 
participating in the Belgian World’s Fair, and to 
the executive committees, their architects, engi- 
neers, artists, and workmen, who had so ably 
collaborated together to make a complete success of 
their undertaking. 

Their Majesties and suite then walked through 
the Exhibition buildings and grounds, taking first 
the Belgian Section of Domestic Economy ; the 
Belgian reception - hall, a sumptuously - decorated 
room in the eighteenth century style ; thence into 
the adjoining British Section, where they were 
received by Sir Arthur Henry Hardinge, K.C.B., 
British Ambassador ; the Earl of Lytton, President 
of the British Committee; Mr. U. F. Wintour, 
Chief of the Exhibitions Branch, Board of Trade, 
and the statf of the British Committee. The British 
Section was greatly admired. We gave a brief de- 
scription of this in a former issue (see page 401 
ante); the various stands are now rapidly approach- 
ing completion, and under the awning of light blue 
fabric they present a most pleasing effect. Their 
Majesties thence proceeded to the French Industrial 
Section, where they were welcomed in the French 
Reception Hall—a small room tastefully decorated 
with Gobelins tapestry—by the French Reception 
Committee. The Italian, German, Dutch, and 
other halls and pavilions were then visited. The 
ceremony took four hours, and was witnessed by 
a very large concourse of people. 

It 1s difficult at the present stage to give more 
than a general description of the Exhibition, and 
we propose to refer to it more in detail in sub- 
sequent issues, according as particular displays 
appear to us to offer interest to our readers. We 
are glad to notice that the show made by the three 
hundred and forty British firms is a most com- 

rehensive one. Our ships’ models, which at 

russels are in the centre of the British section, 
and include the Invincible, Superb, Mauretania, 
and many others, never fail to impress the visitors. 
Close to these models are motor-cars of British 
manufacture, highly finished, which afford an ex- 
cellent illustration of our capabilities in regard to 
this comparatively new industry. An official cata- 
logue of the British exhibits has been prepared. It 
is in English and French, is sold at 5d. a copy. It 
has been printed by Messrs.Eyre and Spottiswoode. 

The best metallurgical exhibit, so far as we can 
judge at the present time, a that illus- 
trative of heavy metallurgy, is the display made by 
a group of twenty-five French works, whose stands 
occupy the French Industrial Hall close to the 
British Section. These stands cover an area of 
over 4000 square metres (43,057 square feet), the 
half of which is taken up by the exhibits formed 
of heavy metallurgical products. Among the ex- 
hibitors we may mention the Société des Hauts 
Fourneaux et Fonderies de Pont-a-Mousson, who 
have a portico, 18 metres (59 ft.) high, built up of 
samples of cast-iron pipes manufactured by the 
company, including pipes of 1.100 metres (43 in.) 
in diameter as supplied by them to the town of 
Prague on a recent contract. They also show sluice- 
valves up to 0.400 metre (15? in.) in diameter, 
different apparatus for water supply, railway chairs, 
tramway yokes, slag bricks, a | other specimens 
of their manufactures. The Etablissements Arbel 
have a pressed -steel car underframe, 22 metres 
(72 ft.) in length; two propeller-shafts for a torpedo- 
boat and a destroyer ; a crank-shaft, a rough forged 
steel rotor 1.800 metres (71 in.) in diameter for a 
battleship turbine ; a 12-in. gun-jacket machined 
complete ; a 2.96-in. gun-tube ; large pressed-steel 
pieces, including a steel galvanising bath 2 in. thick, 

iler end plates 2.5 and 3.2 metres (98 in. and 
126 in.) in diameter, automobile chassis and 
stampings. 

An interesting item in this section is a heavy 
shearing-machine, to cut, in their cold state, mild- 
steel plates 3.5 metres (138 in.) wide and 40 milli- 
metres (1.6 in.) maximum thickness. The machine 
is to be driven by a 22-horse-power electric motor, 
and it weighs 145tons. The fs distance between 
the uprights is 3.9 metres (154 in.); the cutting 
edges havea total length of 3.650 metres (144 in.); 
the upper edge has a 0.350-metre (14 in.) travel, and 





can give four cuts per minute. The Société Metal- 
lurgique d’Aubrives-Villerupt display also numer- 
ous castings for water distribution, permanent-way 
material, their’stand including a specimen of the 
cast-iron columns they supply to the Paris Metro- 
politan Railway, 9.5 metres (31 ft.) high, 800 milli- 
metres (31$ in.) in diameter at the base, and 600 
millimetres (235 in.) at the top, weighing 21 tons; 
a pipe 2 metres (6 ft. 6 in.) in diameter, for the 
Paris sewerage system, of cast iron, strengthened 
with stecl wire ; this specimen is 4 metres (13 ft.) 
in length ; the pipe is 22 millimetres (0.87 in.) 
thick. The Société Anonyme d’Escaut et Meuse 
have a fine display of mild-steel pieces welded 
together by the use of water-gas ; these include two 
mild-steel cylinders 1.600 metres (63 in.) in dia- 
meter, 6.2 metres (29 ft. 4 in.) long, and 23 milli- 
metres (0.9 in.) in thickness, to form steam and 
compressed-air receivers ; four pipes for conduits of 
water under pressure, the largest of which is 6.4 
metres (21 ft.) long, 1.080 metres (423 in.) in dia- 
meter, and 40 millimetres (1.6 in.) in thickness; a 
buoy weighing 2730 kilogrammes (2.5 tons): a 
galvanising bath, 3.560 metres (140 in.) long, 1.630 
metres (65 in.) deep, and 0.560 metre (22 in.) wide, 
weighing 3280 kilogrammes (3 tons) ; also several 
columns built up of oxygen and hydrogen-gas bottles 
of all dimensions. 

Messrs. Jules Munier and Co. show a series of 
fine models, manufactured by Messrs. Papault et 
Rouelle, of Paris, of complete pit-head gear, of a 
blast-furnace, and of a blast-furnace charging instal- 
lation. The Compagnie Francaise des Métaux have 
a portico built up of samples of tubes and other 
specimens in copper, brass, aluminium, &c., manu- 
factured by them. The other French works in this 
section exhibit samples of their various specialities, 
cast and rolled pieces, special and high-speed steels, 
the Forges and Aciéries de la Marine, and the 
Chatillon - Commentry Company having besides 
several tested armour-plates, guns, and projectiles. 

The metallurgical specimens in the French indus- 
trial section have a total weight of over 900 tons. 

The various halls forming the German industrial 
building are fittingly described by being tompared 
to an engineering works in the Ruhr district in full 
activity. There are ten buildings in all, which 
were designed by German architects and built by 
German contractors, who employed German work- 
men. The architectural treatment is, on the whole, 
somewhat severe, the buildings being constructed 
of iron and wood, with the outside columns painted 
black and the outside walls painted white. The 
roofs are covered with grey tiles. The internal 
decorations are no less severe than the external, 
and in the rolling-stock building, which adjoins the 
machinery hall, the circular roof is of unpainted 
wood. This building is open on the side towards 
the gardens, and is well lighted by windows in the 
wall opposite to that which forms the partition 
between it and the machinery hall. 

Although the German section is fast nearing 
completion, we must limit our present account to 
a reference to a few only of the metallurgical and 
engineering exhibits it contains. Among these, we 
may mention a series of highly-finished mounted 
axles, rolls, crank-shafts, propeller shafts, pistons 
and connecting-rods by Messrs. Henschel and Sohn, 
and some large anchors by the Union Dortmund. 
The firm of C. Heckmann, Duisburg, have a beauti- 
ful set of copper and bronze castings and pressed 
pieces, including a dished copper piece 3.650 metres 
(144 in.) in diameter, 1.275 metres (50 in.) in depth, 
20 millimetres (0.8 in.) in thickness, and weighing 
about 2 tons ; a locomotive copper fire-box 3.550 
metres (140 in.) long, 2.100 metres (82 in.) high, 
2.090 metres (82 in.) wide, 20 millimetres (0.8 in.) 
thick, weighing about3.6tons. A fine display of rolls, 
highly finished, is made by the firm Gustav Gonter- 
mann, Siegen. Th. Lammine, Mulheim (Rhein), has 
a good show of wrought-iron welded- receivers and 
baths. The section contains also admirable ex- 
hibits of earthenware pipes and other earthenware 
material, springs, rolling-stock, and permanent-way 
accessories. Among the models we may mention 
those of the trans-Atlantic liner Auguste- Victoria, 
of the yacht Hohenzollern, and the cruiser Schain- 
horst. There are besides several models of dredgers, 
of a floating-dock, hammer-head and other cranes. 
The German rolling-stock section contains the fvl- 
lowing carriages and wagons :—One dining-car on 
two six-wheel bogies, by the Gothaer Waggon- 
fabrik, A.G.,Gotha—wheel-base of bogie, 3.6 metres 
(11 ft. 9 in.), total length of car outside buffers, 20.409 
metres (67 ft.); a sleeping-car, by the Breslaucr 
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A.G. fiir Eisenbahnwagenbau und Maschinenbau 
Anstalt, of dimensions equal to the above dining- 
car; an automatic unloading wagon of 16 tons, by 
Gustav Talbot and Co., of Aachen ; a first and 
second composite carriage, by Van der Zypen and 
Charlier; a mail railway-car and a fourth-class 
railway carriage for the German railways. There 
are also ten steam locomotives by German manu- 
facturers, including express, shunting, and con- 
tractors’ engines. 

In the Machinery Hall there are several fine 
specimens of thrashing-machines and other classes 
of agricultural machinery, optical and surgical 
instruments, motor-cars, motor-omnibuses, and 
goods wagons, textile machinery, &c. The machine- 
tools are numerous, but are mostly of comparatively 
small type, as, for example, a double punching- 
machine for fish-plates ; a planing-machine to take 
work 6 metres (20 ft.) by 2 metres (6 ft. 6 in.) by 
175 metres (5 ft. 6 in.); tyre-turning lathes, and 
a number of smaller tools by E. Schiess, of Dussel- 
dorf; Ludwig Loewe, of Berlin; Billeter and 
Klunz, of Aschersleben; and J. H. Maffei, of 
Munich. There are but few specimens of wood- 
working machinery. 

As stated in our former article (see page 401 
ante), the German section is itcueed, There 
are several engine sets available for current for 
lighting and power, including a Bergmann turbine 
set, of 10,000 horse-power, coupled to a three-phase 
generator, and a smaller similar set of 2500 horse- 
power. Tho engine-room also contains a 1000 horse- 
power horizontal engine coupled direct to a dynamo, 
and a 6000 horse-power torpedo-boat engine. A 
catalogue of the German section has been pub- 
lished, but it is available in German only. Its 
price is 2s. 

The Belgian metallurgical exhibit is located in a 
series of buildings between the Avenue des Con- 
cessions and the Salle des Fétes. It contains a 
number of steam-hammer frames and other castings 
of moderate size, specimens of cold-drawn boiler- 
tubes, small steel castings, pressed-steel car-frames, 
dished plates, bolts and screws, &c. The Holland 
Pavilion, close to the German section, is at present 
close] for completion, as are also the Italian Sec- 
tion, adjoining the Belgian Machinery Hall, and 
many other national and private pavilions. 

The following engines are at present supplying 
current for power and lighting in the whole of the 
Exhibition, with the exc2ption of the German 
section. 

A Brown-Boveri 1250 horse-power turbine, having 
a speed of 2400 revolutions, coupled to a three- 
phase, 40-period, 420-volt generator, and connected 
toa transformer at the same stand. A horizontal 
330-horse-power engine, having a speed of 125 revo- 
lutions, and driving by a belt at 375 revolutions a 
dynamo lent by the Belgian State Railways. A 
horizontal 1500-horse-power engine, speed 107 revo- 
lutions, coupled to a three-phase, 50-period, 2000- 
volt generator, working in connection with a trans- 
former. A horizontal engine, driving a 440 to 
590-volt dynamo at a speed of 120 revolutions. A 
600-horse-power horizontal engine, running at a 
speed of 125 revolutions, coupled to a 440 to 500- 
volt dynamo. A similar type of engine of 550 
horse-power. A 650 to 900 horse-power engine, 
speed 125 revolutions, coupled to a 440 to 500-volt 
dynamo. A 350 to 400 horse-power horizontal 
engine, running at a speed of 100 revolutions, 
driving by belt transmission at 400 revolutions a 
449 to 500-volt dynamo lent by the Belgian State 
Railways. All the above engines, apart from the 
Brown-Boveri turbine set, are of Belgian construc- 
tion. The installation for light and power also 
contains a transformer set from 5000 iii to con- 
Unuous current at 449 to 500 volts. 

Near the entrance, and in a line with the Brown- 
Boveri turbine set, is a steam hauling-engine for 
& coa!-mine, built by the Ateliers du Thiriau, La 
Crozire, At the opposite end are the exhibits of 
the Cockerill Company, Seraing. These are to in- 
male : An old vertical steam-driven blowing-engine, 
r1ilt at Seraing in 1857, this being the first engine 
of the kind constructed by a Belgian firm. A four- 
ong 2500-horse-power side-by-side gas-engine, 
se for working: with producer-gas. A Brown- 

veri-Parsons 1750-kilowatt turbine set. Two 
cupolas, one armed with two 15-centimetre (5.9-in.) 
and one with two 7.5-centimetre (2.96-in. )guns. A 


— armour-plates, rolled sections, &c. 
7 ‘ere are, so far, no exhibits whatever in the 
gian Rolling-Stock Building, adjoining the Bel- 


four-throw crank-shaft, weighing 30 tons, a howitzer, 


Be 





gian Machinery Hall and boiler-house. This build- 
ing is at present used as a station for receiving 
trains bringing in exhibits. 








STRENGTH OF MATERIALS UNDER 
COMBINED STRESSES. 


By ArrHur Mor ey. 


Durine the past few years much—perhaps a 
great deal too much—has been written upon this 
subject, and in some cases very extraordinary 
statements have been made as to the conclusions 
to be drawn from the results of certain experi- 
ments. The purpose of this article is briefly to 
consider whether it is time to discard long- 
established rules used in the design of parts of 
machines subject to compound stress. 

Many experiments have been performed with a 
view to find what condition determines the elastic 
failure of ductile metals under statical loads 
for cases where there are only two principal 
stresses. Accepting in the main the experimental 
results, it appears that for certain ductile materials 
the condition of elastic failure is that the shear 
stress or the difference of the principal stresses 
should reach a certain valuc; for other ductile 
materials it ap that the condition does not 
hold. For brittle materials there is some evidence* 
that the magnitude of the maximum principal stress 
mainly or alone determines failure, and for mate- 
rials which are not classed as ductile or as brittle 
it is natural to suppose that some intermediate 
condition may hold. There are well-known, if 
arbitrary, standards of ductility, such as ultimate 
elongation on a given length and section ;.and it 
is unfortunate that these standards have rarely, if 
ever, been quoted for the materials which have 
been used in this connection, and referred to as 
** ductile.” 

It is one thing to succeed in discovering one or 
more materials which reach elastic failure when the 
principal stress-difference reaches a certain value, 
and quite a different matter to prove a similar 
general rule for ‘‘ ductile” materials, unless, indeed, 
ductile materials are to be defined as those which 
fail for a fixed stress-difference. 

The case of the crank-shaft is often quoted, but 
there is nothing to show that the materials which 
have been found to yield under a constant stress- 
difference arising from static loads are of anything 
like the quality of those used in crank-shafts, which 
are generally much less ductile than, say, rivet 
steel or annealed copper. 

Another point to which attention may be directed 
is the fact that design formule based on the 
magnitude of the maximum principal stress still 
generally limit that stress in this country to a 
certain fraction of the ultimate statical strength of 
the material, and not to the elastic strength, which 
for steel is liable to greater variation by differing 
mechanical and heat treatment. The fraction 
allowed is necessarily arbitrary, and depends upon 
many circumstances, and particularly upon the 
fluctuation of the stress whic mennrrem f experience 
and experiment show to have so great an influence 
both in causing fracture and upon the type of 
fracture. 

Now it is well known that under fluctuations, 
and particularly under reversals of stress, such 
materials as mild steel break without drawing out, 
in a manner resembling the fracture of brittle 
materials. If under fluctuating stress a ductile 
material behaves like a brittle material under static 
loads, there is at least a possibility, if not a prob- 
ability, that the chief factor determining failure 
under the actual conditions to which most machine 
parts are subjected is the magnitude of the greatest 
principal stress, 

In any case the evidence that the greatest shear 
stress in, say, a crank-shaft under ordinary running 
conditions determines its liability to fracture is at 
present almost nil, and is quite insufficient to 
warrant the replacement of dimensioning formule 
based on greatest principal stress by others based 
on maximum shear stress. 

Undoubtedly recent experiments on combined 
stresses have furnished some interesting informa- 
tion on the behaviour of materials under static loads ; 
but some hasty applications of this information 
are very unfortunate. A static determination 
of the tenacity of a material is easily made, and 
may serve as a useful index of quality, but it is 
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| by a geared pump. Cooling is effected partly by a 


well known that a simple stress of about one- 
quarter to. one-third of this amount will be 
sufficient to cause fracture if frequently reversed 
in direction. What the conditions of failure may 
be under combined stresses which fluctuate are, in 
the absence of experimental evidence, at present 
unknown ; but a safe load may as well be propor- 
tional to the static tenacity as to the static shear 
stress at elastic failure, and it is much too soon to 
speak of the entire revision of formule and prac- 
tice affected by accepted theories, or to hope that 
controversy concerning the design of crank-shafts 
is ended. Rather it would be correct to say that 
only the fringe of the question has been touched. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 20. 

Tue largest recent order for locomotives was placed 
a day or two ago by the Pennsylvania Rail Com- 
pany with the Baldwin Locomotive Works. All of 
the locomotive plants are crowded to the limit of 
their capacity, and those railroad companies who are 
equip to build their own engines are also working 
to their limit of capacity. 

The United States Steel Corporation has decided 
upon an advance in wages of about 6 per cent., which is 
to take effect on May 1, and will affect 225,000 men, and 
increase the pay-rolls 9,000,000 dols. per year. The 
same concern has decided upon giving a year’s test to 
a plan of assisting men who are injured in its employ, 
and the families of those killed while at work. The 
general plan followed by the Krupps will be adopted 
in this case. During temporary disablement single 
men will receive 35 per cent. of their wages, and married 
men 50 per cent., with an additional 5 per cent. for each 
child under sixteen years, and 2 per cent. for each year 
of service above five years. Payment begins for 
injuries after ten days where men are killed. Widows 
and children will receive one-and-a-half year’s wages, 
with an additional 10 per cent. for each child under 
sixteen years, and 3 per cent. for each year of service of 
the deceased above five years. The pension plan is 
tentative only, and may be modified as circumstances 
require. The average number of employees last year 
was 195,500, whose wages totalled 151°663,304 ols. 
Other steel-making corporations are said to be con- 
sidering the adoption of a similar policy. There is a 
disposition among large employers to create a feeling 
of security, as far as a pension system can do it, 
among employees. Several railroad companies have 
also taken time by the forelock, and have raised wages 
about 6 per cent. to cover a portion of the increased cost 
of living. Several large railway companies are consider- 
ing a like course of action by way of anticipating prob- 
able disturbance and establishing harmonious sikions 
with their employees. No additional car orders have 
been .placed and very few orders for steel rails, 
though it is well known to leaders in both industries 
that the placing of heavy orders is only a matter of 
time. One consumer of pig-iron is in the market for 
55,000 tons of southern pig, mostly for foundry pur- 

. A few days ago 1000 coke ovens were permitted 
to: go out of service. Throughout the entire country 
there is a disposition just at present to hold up 
orders. No explanation can be given for these 
— developments and they have no special 
significance. A dull market for several weeks would 
not be regarded as a serious matter. 





OIL-TRACTORS AT THE BRUSSELS 
EXHIBITION. 

Messrs. MArsHALL, Sons, anp Co., Limirep, 
Gainsborough, have a large stand at the Brussels Exhi- 
bition. They display thirteen exhibits, comprising 
several of their portable engines, traction engines, a 
road-roller, stationary engines, a gas-engine, and agri- 
cultural machinery. We illustrate in Fig. 1, page 556, 
their 60-brake-horse-power four-cylinder oil-tractor, 
which has been specially designed for a purposes. 
It has a water and foal caine sufficient for covering 
100 miles. This, they state, was the first internal 
combustion engined tractor to run 100 miles without 
an engine stop while hauling a gross load of over 9} tons. 
The 60 brake horse-power are developed at a wor of 
750 revolutions per minute. The four cylinders are 
cast separately, each with its water-jacket ; both 
the inlet and exhaust valves are on one side. The 
crank-casce is fitted with four inspection-doors. Forced 
lubrication is applied to all crank and connecting-rod 
bearings. 

Two tanks under the frame, between the hind 
wheels, contain 115 gallons of paraffin ; a small tank 
containing two gallons of petrol for starting is fitted 
to the dashboard. The paraftin vaporiser is of Messrs. 
Marrhall’s own manufacture. This is of very simple 
| design, works most satisfactorily, and can be supplied 
| for running with benzene, kerosene, pew or alcohol. 
| The cooling water is carried in a tank above the hind 
axle, and is circulated through the jackets and radiator 


| 
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OIL-TRACTORS AT THE BRUSSELS EXHIBITION. 


CONSTRUCTED BY MESSRS. 


MARSHALL, SONS, AND CO., LIMITED, ENGINEERS, ‘GAINSBOROUGH. 








Fie. 1 


fan and partly by the exhaust blast through the silencer ; | 


the latter is fitted on the top of the radiator-case. 

Power is transmitted to the gearing by a cone 
metal-to-metal clutch. Three speeds, of 2, 5,.and 7 
miles per hour, and a reverse, are provided, with bevel- 

ear transmission to the differential shaft, and a drive 
y spur-gear to both hind wheels. All the gearing, 
except the latter drive, is enclosed and runs in oil, 
the gear-box bearings being amply fed with lubricant 
umped from a drained sump, forced to a pressure- 
ea, and thence distributed by ducts to each bearing. 

The frame is built of steel channels 9 in. deep, 
braced and gusseted, provided with draw-lugs at both 
ends, and swivelling guide pulleys for leading the 
wire rope from the winding-drum for hauling up to a 
right angle at either side, or end, of the tractor. 

Fig. 2 illustrates one of Messrs. Marshall’s 12-horse- 
power ‘‘ Colonial ” oil-tractor, which is alsu exhibited ; 
this is capable of developing 30 to 35 horse-power ; it 
is provided with two speeds, has a winding-drum and 
a P rertemend ey and is suitable for ploughing, thrash- 
ing, hauling, or driving stationary machinery. The 
fuel may be — paratiin, kerosene, or alcohol, as in 
the case of the larger type, and sufficient supply can be 
carried for one day’s work. 

With some other engines and machines shown by 
Messrs. Marshall, Sons, and Co., Ltd., at the Brussels 
Exhibition we shall deal on a subsequent occasion. 








Encinerrs’ Society OF WESTERN PENNSYLVANIA.— 
We have been requested to announce that this Society 
has recently ch its address, and is now housed in 
the sixth wing of the twenty-fifth floor of the Oliver 
Building, Sixth-avenue and Smithfield-street, Pittsburg, 
the official address being ‘‘ Engineers’ Society of Western 
Penn~ylvania, 2511, Oliver Buildings, Pittsburg, Pa.” 
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Fic. 2. 12-Horse-Powsr ‘‘ CotonraL” O1i-TRACTOR, 
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AIR-COMPRESSORS AT THE BRUSSELS EXHIBITION. 


CONSTRUCTED BY MESSRS. REAVELL AND C©O., LIMITED, ENGINEERS, 





IPSWICH. 

















Fic. 1. Brtt-Driven QuaDRUPLEX COMPRESSOR. 











Fie. 2. Quapruretex Compressor Covptep To a 10-B.-H.-P, Moror. 





























Fic. 3. Compressor Driven sy Expioston Moror. 


pe - Reavett anp Co., Limrrep, Ipswich, | machine is most compact ; it is also easily portable ; 
a o full advantage of the opportunity offered | qualities which render it eminently suitable for the 
; y the I cussels International Exhibition, and display, | purpose for which it has been designed. 
Hall. oxcollemtay situated stand in the ocaney In Messrs. Reavell and Co.’s quadruplex compressors 
_ ot the British Section, several of their well-| the four compressing cylinders are arranged radially 
ii (uadruplex compressors, together with other | in an annular casing, which comprises a water-jacket, 
— ‘s ; ; the cylinders delivering their air into a belt cast 
— eature in their manufactures is a very com-|round the inside. Water thus surrounds both the 
dy ” ‘matically-operated mining-hoist, the engine | cylinder bodies and the air-delivery passage. The 


constructed on the quadruplex principle, cylinder heads and the valves are also in communica- 


— ‘9 that on which are built their compressors, | tion with the water-jacket, so that the whole machine 
tp : r cylinders, with pistons and connecting- is efficiently cooled, this leading to a considerable 
ng ‘ating @ common crank-pin. The engine | saving in the power for driving it. The four pistons 
fae bers y means of sun-and-planet wheels, a wind-| are trunk pistons. Air is admitted to the cylinders 
whole tebe ided with a suitable steel rope. The | through ports cut in the pistons and the connecting- 
suitable j. ee be mounted on a pillar or any | rod gudgeons ; the ports open and close with the axial 


venient space uw 


ion, and placed in an adit or any con- | motion of the — caused by the a _ 
he view, Fig. 1, shows a machine o 


nderground for hauling purposes. The | compressor. 


Fig. 4. 





**Sus-Sration ” Type Dirrect-Courtep 
SmaLi Compressor. 


this type, belt-driven, having a free air capacity of 
340 cubic feet per minute. A smaller machine, having 
a free air capacity of 45 cubic feet per minute, is also 
exhibited, in motion, morn Son ony to a 10-brake- 
horse-power 440-volt motor, built by the Lancashire 
Dynamo and Motor Company. This is illustrated in 
the view, Fig. 2. This, as will be seen, makes a very 
compact plant; it supplies at Brussels, at Messrs. 
Reavell’s stand, a complete series of pneumatic tools 
manufactured by the Globe Engineering Company, 
London. 

Another interesting set is that illustrated in Fig. 3. 
This consists of a 70-cubic-foot compressor, driven b 
internal gearing from one of Messrs. Reavell and Co,’s 
15-brake-horse-power oil-engines, working on the four- 
cycle principle, and using petrol, paraffin, kerosene, 
or other spirit fuel. The carburettor is of Messrs. 
Reavell and Co.’s own design; it perfectly vaporises 
the liquid fuel under all conditions of load. Governing 
is effected by a throttle-valve which controls the 
supply of vapour passing from the carburettor to the 
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engine. This particular set can be mounted on wheels 
suitable for running on a light railway, and is found 
a useful for prospecting work in mines, working 
rock-drills and other pneumatic tools, 

We illustrate in Fig. 4 a small direct-coupled elec- 
trically-driven compressor, which Messrs. Reavell and 
Co. term their ‘‘ Sub-Station” type, and which is used 
for blowing dust from armatures, switch-gear, and so 
forth, suitable rubber hose and nozzle being provided 
for the purpose, together with a length of flexible 
coupling fitted with a wall-plug. The machine consists 
of a small #-lorse-power motor, combined with a com- 
pressor, whose Senin parts consist of three pieces 
only, all turned in a lathe, and therefore extremely 
simple in desi The machine illustrated is fitted 
with two handles for carrying it from place to place ; 
it can also be mounted on wheels. 

The firm also exhibit one of their steam-engines 
coupled to a 10-brake-horse-power dynamo manu- 
factured by Messrs. Mawdsley’s, Limited, Dursley, 
Glos. The engine is splash lubricated ; speed regula- 
tion is effected by a sensitive crankshaft centrifugal 
governor operating the throttle-valve. Sets of this 
type are largely used for lighting on board ship. 





INDUSTRIAL NOTES. 

In May of last year (1909) the Labour Department 
of the Board of Trade published a synopsis of the 
returns of trade unions fae to the end of 1907. It 
has now issued a similar report for the year 1908, 
The returns give the figures for both registered and 
unregistered unions, so that the aggregate strength of 
the labour unions may be said to represented, 
There is, indeed, no other official statement that can 
be relied upon respecting labour organisations. At 
the end of 1908 the total number of trade unions known 
to the department, registered and unregistered, was 
1163, a on aggregate membership of 2,378,248, 
showing a decrease of 1.4 per cent., as compared with 
1907, but an increase of 12.3 per cent. over 1906. A 
table is given of membership in each year—1899 to 
1908. In the building trades there was a decline ; 
in mining and quarrying, an increase from 445,722 
to 717,998; in engineering and shipbuilding, from 
335,746 to 365,213; in railway service, from 75,883 
to 118,713; in other trades, 496,173 to 635,829. 
The aggregate stood thus: total in 1889, 1,849,999, 
increased to 2,378,248 at the close of 1908. The de- 
cline in the membership of the building trade unions 
continued for eight years in succession, greatly due to 
changes in construction, in the use of concrete, and 
to larger use of machinery. The unions of general 
labourers declined by 14,000 in 1908. In the ‘‘ other 
unions,” some of them new, there was an increase of 
8000. The increase of female members in 1908 was 
from 202,556 to 205,732. Mostof these are operatives 
in the cotton and other textile industries. Great 
efforts have been made in recent years to induce female 
workers to join trade unions ; but, as a rule, they are 
shy of such organisations, although encouraged by 
some clever ladies outside the ranks of labour. 

As in previous reports, 100 of the principal trade 
unions are selected for comparison, the aggregate mem- 
bership of which was, at the close 1908, 1,432,649. 
These include over 60 per cent of the aggregate 
unions in the United Kingdom. The total income 
of the 100 selected unions was 2,733,715/., or 
38s. 2d. per member per year. The expenditure in 
1908 amounted to 3,201,183/., or 44s. 8}d. per mem- 
ber. In spite of this the aggregate funds stood at 
5,170,193/., or 72s, 2d. per member. The income for 
1908 was the largest on record, the increase in the 
year being 10 per cent., while the expenditure in- 
creased by 56 per cent. It was indeed a most trying 
year for most of the larger unions. During the last 
ten years the selected unions have spent 19,400,000/ ; 
of which 2,100,000/., or 10.8 per cent., was spent 
in dispute pay ; 4,800,000/. on unemployed benefit, or 
42.7 per cent. ; and on other benefits and management, 
43 per cent. This includes sick, superannuation, 
accidents, &c. The cost of disputes was the greatest 
in the ten years covered by the table. The cost of 
disputes varied in the different groups of trades ; in 
the building trades it was, in 1908, 60,6841. ; mining, 
&c., 42,869/. ; engineering and shipbuilding groups, 
268,045/; all other trades, 33,028/. Another table 
gives the cost of unemployment of five of the principal 
groups in 1908 ; the engineering and shipbuilding, and 
other iron and steel using trades, head the list in 
amount, being 493,714/. ; the building trades follow 
with 164,416/.; the textile trades with 157,717/. The 
cost of sickness, accidents, superannuation, and funeral 
benefits has of late increased enormously in the aggre- 
gate, though the amount per member is but a small part 
of the total contributions. Statistics are also given of 
the various federations, trade councils, &c., in existence 
in 1908. Asa rule, all of these increased in member- 
ship in that year, and the tendency to federation is 
increasing, and also to amalgamation, or the absorption 
of the smaller unions in any one branch of a trade into 
the chief union of the industry. 

Up to a quarter of a century ago we in this country, 


and in Europe generally, had to depend upon the 
Labour Bureau of the United States for statistical and 
detailed information respecting the labour movement 
generally, and the development of trade unions and 
abour organisations ; now we possess the best infor- 
mation, dean from official and other reliable sources, 
both at home and abroad, and published monthly in 
the Labour Gazette, or in the annual reports issued from 
time to time, each in sequence to its predecessor. 
Later American reports do not seem to be quite up to 
the high-water mark of those formerly issued. Whether 
this is due to the selection of younger men as Commis- 
sioners, or from other causes, is by no means clear. 
The latest, just to hand, is a special report on remedies 
for strikes and lock-outs, prepared by the Special 
Commissioner for the Governor of California, and 
covering most of the great European countries and the 
British Colonies. Its starting-point may be said to be 
the dockers’ strike in 1889, and the movement after- 
wards, in 1890, to last year’s end. There is scarcely a 
reference to any work of organisation or labour legis- 
lation prior to 1890. The labour movement cannot be 
understood on such lines. The two great legal cases 
of modern times—the Taff Vale judgment and the 
recent judgment on Parliamentary levies—both de- 
nded on the Acts of 1871 and 1876, and the Labour 
ws of 1874. The divergence is by reason of the inter- 
retation given to sections of the Acts above-mentioned, 
ortified in a way by the common law. In neither 
case is the interpretation given general; it applies 
only to one set of men—those in labour organisations, 
trade unions, and the like. 

The several reports on the countries visited differ, 
of course, according to the conditions of employment 
and the status of the workers. The Commissioner 
appears to place the German in the foremost rank as 
a trained workman, by reason of his superior educa- 
tion and his training for the army during three years. 
Of course, many people differ on the latter point. In 
the concluding chapter the writer deals with remedies. 
Those recommended are conciliation and arbitration, 
mostly on voluntary lines. In the table of State 
interventions France stands first with 5874 disputes ; 
the State interfered in 1413, or 24.05 per cent. of the 
whole—that is the reason, perhaps, why strikes in 
France appear to collapse so suddenly. It is the same 
in Austria, where the percentage was 23.97 ; in Great 
Britain, only 3.11. In Germany and the Netherlands 
the proportion was about 12 per cent. each. The Com- 
missioner thinks too little has been done by the States 
generally—European and American—to encourage the 
reference of disputes to conciliation. He considers that 
the Australian labour legislation is the best ever 
devised, and yet it broke down with the coal strike, the 
leaders being sent to prison—one to penal servitude. 
He thinks that those laws restrain unscrupulous 
employers and crafty strike-promoters alike. We 
have yet to see what will happen under the new 
Labour Ministry, with good majorities in the Legisla- 
tive Assembly and in the Senate. What the Com- 
missioner deems essential in the Courts is the confi- 
dence of employer and theemployed. That given, any 
Court or Board can, of course, deal with labour ques- 
tions. It is the lack of confidence that is at the bottom 
of the mischief. Is that confidence growing or lessen- 
ing? In this country it appears to be growing, in the 
United States otherwise. There is no certainty of 
its growing in the other European States, as witness 
the struggle in Germany to-day in the building trades. 
In Sweden it did not restore peace, though the strikers 
behaved very well. 





The report of the Boilermakers and Shipbuilders for 
the present month shows a reduction in the funds from 
10,608/. to 9847/. The decline is in the list of unem- 
ployed and sick benefit, there being an increase of one 
on superannuation. The expenditure for the month 
was 6107/. 17s. 11d. ; previous month, 5900/. 5s. 4d.— 
increase 207/. 12s. 7d. There was a decrease of 28 
in membership after allowing for 378 new members ; 
but the loss by death was heavy—406. The members 
are called upon to elect two delegates to the next 
Trades Union Congress, the general secretary being 
ex-officio a delegate. The number of delegates was 
reduced on the grounds of economy. There were no 
changes of district delegates for the West of Scotland 
or Manchester, the old delegates being elected without 
opposition. The election a the executive takes place 
next month. In consequence of the House of Lords’ de- 
cision as to the Parliamentary levy, a vote of the mem- 
bers has to be taken as to the disposal of the balance 
(691/. 6s. 2d.) in hand. Two members of this union 
have been selected to contest Jarrow and Sunderland 
at the next General Election, subject to the approval 
of the Labour Party. Steps are being taken to collect 
a voluntary levy equal in amount to that imposed by 
the rules, now —— to be illegal—that is, 4d. per 
member per annum. The total collapse of the Brighton 
strike is shown by the report to have been due to the 
headstrong action of the men themselves. The execu- 
tive condemned the strike from the first, and they now 
deplore that the older members have not only lost their 








employment, but also their pensions in the firm, by 


their own conduct. The report, after an investigation 
heartily recommends the Labour Exchanges, but still 
urges the members to be on the look-out for vacancies 
in the districts in which they reside, so as to give the 
out-of-work members the first chance of employment, 
A full list of all the exchanges is given in the report 
up-to-date. If the employers and employed mutually 
use those exchanges, it may benefit the out-of-works 
by directing them to situations. 





The report of the Associated Blacksmiths and Iron- 
Workers notifies a further decrease of unemployed, 
and the prospects indicate further improvement in the 
near future. There was a further increase in mem. 
bership of twenty, making a total increase of forty- 


four in the present year. This return of membership 
shows that trade is reviving, for the members begin 
to pay up arrears, and so regain their position as 


regards benefits. The contributicns increased in the 
month, but did not reach their natural level. In 
expenditure there was a decrease for unemployed 
benefit, but there was an increase of thirteen on the 
superannuation fund. There was, however, a decrease 
in the sick benefit paid. There was a saving in the 
management expenses. A dispute at Port Glasgow 
ended by the discharge of the man who caused the 
trouble, as the firm discharged him for incompetency; 
The dispute is thought likely to lead to a complete 
revision of the wages rates in the Clyde districts 
by mutual consent, so that the rates shall be more 
uniform in all the shops in the blacksmiths’ trade. 
The men complain also of the piece-work system ; 
they paar. that they never know what their earnings 
are until pay-day. This they call ‘‘ blindman’s 
buff.” Improvement in trade is manifest in nearly 
all the Clyde districts, the orders having been pretty 
fairly distributed. The branches complain that 
the executive have taken steps to separate from the 
Labour Party without the consent of the members. 
They are asked to reconsider the position. The expla- 
nation given is that the necessary funds were not 
forthcoming at the time. Some of the branches still 
desire to escape the levy, whether compulsory or 
voluntary. 





The Trades and Labour Gazette for this month is 
in a criticising mood as regards Mr. Asquith. It 
appears to be its function to find fault, and the 
Prime Minister is as good a target as any other. 
The complaint against him just now is that he is 
not the leader, but a follower. Then the (azefte 
accuses the Independent Labour Party of hiding their 
Socialism, but at the same time it alleges that the 
workmen generally are becoming more and more 
socialistic. They do not quite show it, but the 
Gazette can extract Socialism from all sorts of material, 
or at least a mixture which they call by that name. 
The Indian Government is severely taken to task for 
its repression of what would appear to be an orga- 
nised or partially organised revolt in that great 
Empire. ft isnot necessary to discuss here the rights 
or wrongs of the action taken by the Government, 
but some action undoubtedly was required, and it 
was taken with the full concurrence of the Opposi- 
tion. The London Trades Council has had many 
questions under consideration of late; it is now 
taking up proportional representation. It is rather 
late, for the agitation was first started in 186, and a 
Bill was brought in by Walter Morison to establish the 
system. But he never could get a second reading for 
his Bill. The Council now wants free trams for all 
London Council scholars. We cannot have all things 
free unless we tax heavily, and everyone is against an 
increase of taxation, as witness the Budget agitation. 








Tue INstTiITUTION or CIVIL Enoingers.—It is an- 
nounced that the eighteenth ‘James Forrest” lecture 
will be delivered at the Institution on Wednesday, 


June 22, at 8p.m., by Sir John Gavey, C.B., M. Inst. 
C.E., his subject being “‘Recent Developments in Tele- 
graphy and Telephony.” 





SprctaL INDUSTRIAL NuMBER OF ‘‘ TIMBER AND WooD- 
WORKING Macuingry.”—We have received from the pro- 
prietors of Timber and Woodworking Machinery & 
special number of that publication, which has recently 
been issued. It contains an account of the chief ports of 
this country to which timber is shipped, and the various 
docks at which it is landed in the British Isles. One 
very interesting article, entitled ‘‘ A Holiday in Sweden, 


is devoted to a description of some of the great timber- 
exporting towns in Scandinavia, with a reference rt 
the forest districts and the picturesque people employ 

ig and Riga are also 


in the great timber industry. Dantzi 
described, enjoying, as they do, a wor : 
timber world. ere is also a chapter on the timber 
industry of Western Australia, more particularly hn 
regard to Jarrah. A section is devoted to wood wor ing 
machinery and methods, which will appeal, particulary 
to engineers. For those readers who are interest - 
economics there is a chapter devoted to the recen 
labour troubles in Sweden. The publication . 
well got up, and is profusely illustrated with half-ton 


d-wide fame in the 








engravings. 
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RESEARCH ON THE HARDENING OF 
CARBON AND LOW-TUNGSTEN TOOL- 
STEELS.* 

By Suretry N. BraysHaw, of Manchester. 
(Concluded from page 529.) 

Fic. 22, below, shows aseries of low-tungsten bars 
analogous to that shown in Fig. 19, page 528 ante, except 
that after these bars had been heated to various tempera- 
tures from 720 deg. to 941 deg. Cent. (1328 ~~ to 1726 deg. 
Fahr.), they were quenched in whale oil of an ordinary 
good quality. When the bars were plunged into the oil, an 
effect was produced such as could not occur when quench- 
ing in water or brine, for the melt from the salt-bath, 
which remained on the surface like a glaze, hardened on 
to them, forming a thin coating, which no doubt retarded 
the cooling, and so the effect was the same as if a thicker 
oil had been used on the bare steel. 
sequently conducted an experiment which showed that, 
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The foregoing experiments with various tenrperatures 
of the melt for heating, show the following facts in rela- 
tion to steel bars of the size used in this research :— 

1, The hardening point both of low-tungsten and 
carbon steel may be located with great accuracy, and the 
complete change from soft to hard is accomplished within 
a range of less than 6 Centigrade degrees (11 Fahren- 
heit degrees). The hardening point so ascertained coin- 
cides, of course, with the halt Ac 1, 2, 3 on a heating 
curve of the same steel. 

2. After the temperature has been raised more than 
20 deg. or 30 deg. Cent. above the hardening point, the 
hardness of the steel is lessened by further increases in 
the temperature, provided that the heat is sufficiently 
prolonged for the steel to acquire thoroughly the condi- 
tion (awe to the temperature. 

3. There is a change-point at about 880 deg. Cent. 
(1616 deg. Fahr.) in low-tungsten steel, and at a somewhat 
igher temperature in carbon steel. One of several indi- 
cations of this change-point is the shortening of bars 
hardened in water from temperatures below the point, 
whereas the bars lengthen if the temperature in question 
is exceeded at the time of quenching. 

4. Practically the same results are obtained, so far as 
the properties dealt with in this paper are concerned, by 
heating low-tungsten bars to any temperature from 
760 deg. to 940 deg. Cent. (1400 deg. to 1726 deg. Fahr.) 
and quenching in oil. 

Various Times in the Melt for Heating.—A series of 
experiments on low-tungsten bars was made to determine 
whether the hardening change necessarily takes place at 
a fixed point, or alles it can occur at a lower tempera- 
ture if the time be prolonged. A number of bars were 
soaked for various periods of time up to two hours, some 
at 732 deg. Cent. (1350 deg. Fahr.) and some at 729} deg. 
Cent. (1345 deg. Fahr.). 

This investigation proved that the hardening change in 
this low-tungsten steel was effected to a large extent by 
30 minutes’ soaking at a temperature of 732 deg. Cent. (1350 
deg. Fahr.), and the change proceeded somewhat further, 
ao was still far from complete, with 60 minutes’ soak- 
ing, but still longer periods in the melt did not seriously 
advance the change in any way. With 30 minutes’ soaking 
at 729} deg. Cent. (1345 deg. Fahr.) the hardening change 
had definitely begun, but had not advan very far. 
Further soaking, even up to 120 minutes, scarcely made 
any difference to the elastic limit, the maximum stress, 
or the hardness. 


Another series of carbon-steel bars was dealt with in| °¢ 


a manner exactly analogous to the tungsten-steel bars. 
The hardening point was rather lower in the carbon steel 
than in the low-tungsten steel, and the consequence was 
that at 732 deg. Cent. (1350 deg. Fahr.) the hardenin, 
change was approaching completion with 30 minutes 
soaking, and at 729} deg. Cent. (1345 deg. Fahr.) the 
change was well advanced. At both temperatures the 
steel continued to change when the soaking was pro- 
longed to 60 minutes, but the difference was not t, 
and the change was not advanced by still further ing. 

As a result of tests on bars soaked at temperatures 
between 810 deg. and 820 deg., the author thinks that 
it is —— that the length of time of soaking in the 
melt had an important influence upon the hardness, which 
was much reduced (more particularly in the low-tungsten 
bar) by soaking for 30 minutes. 

The foregoing experiments with various times in the 
melt for heating show the following facts in relation to 
low-tungsten and carbon-steel bars of the size used in this 
research :—1. Prolonged soaking up to 120 minutes, at tem- 
peratures at which the hardening change is in 30 minutes 
only half accomplished, does not suffice to complete the 
change. 2. Prolonged soaking for hardening at a tempera- 
ture about 760 deg. Cent. (1400 deg. Fahr.) has a yy 
injurious effect, but does not materially influence the - 
ness. 3. At a temperature of about 810 deg. Cent. 
(1490 deg. Fahr.) a great degree of hardness is attained 
with re time in the melt, and the hardness is im- 

ired with 30 minutes’ soaking. 4. Prolonged soaking 

or hardening at a temperature of about 880 deg. Cent. 
(1616 deg. Fahr.) has a seriously injurious effect upon the 
steel. It is not shown by the foregoing experiments, but 
the author has found that a specially great degree of hard- 
ness may be attained by means of soaking at a high tem- 
perature, such as 880 deg. Cent. (1616 deg. Fahr.), for a 
very short time, and even 74 minutes is long enough 
seriously to impair the hardness. . 

Various Temperatures of Brine for Quenching.—The 
effect of heating bars in the melt at 760 deg. Cent. (1400 


quicker quenching oil should have been used to counter- ; ing i 
act the retarding action of the coating of salt. The inte- —_ * 2 we dhna wceny | _ ace, "Cont. tal dew. 
- of the comparative results within the series, however, to 124d ahr.) was iaouaianbel The elastic limit was 
ains, " x : 
found to b highest for the bars quenched at the lowest 


Fig. 22 shows that in this series of oil-quenched low: 
tungsten bars the elastic limit and maximum stress were 


very little affected by the temperatures between 740 deg. 
and ‘41 deg. Cent. (1364 deg. and 1726 deg. Fahr.). The 
Similar brine-quenched series was shown in Fig. 19a 


(page 528 ante). Table XIV. assists in the comparison. 
Tapie XIV. 





Bars 27 to 37, 


; Bars 3 to 13, 
Oil-Quenched. 


Brine-Quenched. 





Elastic limit Varied between 2600 | Varied between 500 
a _kg. and 2950kg. | _ kg. and 4550 kg. 
aximum stress .. Varied between 4900 | Varied between 500 
kg. and 5600kg. | kg. and 4550 kg. 
(bars not broken) 
* [ A} 


Mecl, stract of paper read before the Institution of 

€chanical Engineers on the 15th inst. This paper is 
aeeedeced in abridged form. The author’s reference 
Rumbers to tables and figures are retained, to avoid con- 


fusion.—Ep. E.] 





temperature, and the difference was considerable. The 
total deflection increased considerably asthe temperature 
of the brine rose. The Brinell ball test showed that the 
bars quenched at 5 deg. and 24 — Cent. (41 deg. and 
75 deg. Fahr.) exceeded 600 in hardness, those quenched 
at 5 deg. Cent. being much the harder of the two sets, but 
the bars quenched at 51 deg: Cent. (124 deg. Fahr.) were 
comparatively soft. The scleroscope test was confirma- 
tory, as shown in Table XVI. 


TaBLE X VI.—Bars Heated to 760 Deg. Cent. (1400 Deg. 











Fahr.) for 30 Minutes. 
Scleroscope Hardness, 
Temperature of Brine. ——_- - — 
Low Tungsten. Carbon. 
5 deg. C. (41 deg. F.) 101 102 
24 deg. C. (75 deg. F.) 96 100 
51 deg. C. (124 deg. F.) 83 60 








Various Annealings.—The effect of various annealings 
was studied, the bars being at various tempera- 
tures for 30 minutes and cooled in sand, and afterwards 
all hardened exactly alike by soaking at 759 deg. or 760 
| Cent. (1398 deg. or 1400 deg. Fahr.) for 30 minutes 
and quenching in warm brine. For the low-tungsten 
bars the elastic limit and the maximum stress were 
highest for the bar that had been annealed at 800 deg. 
Cent. (1472 deg. Fahr)., in accordance with Table X VIII. 
Taste XVIII.—Hardened at 759 Deg. to 760 Deg. Cent. 

(1398 Deg. to 1400 Deg. Fahr.) for 30 Minutes. Low- 

Tungsten Bars. 


Temperature of Annealing. Elastic Limit. Maximum Stress. 


% 


5550 
3250 3800 





700 deg. C. (1292 deg. F.) 
800 deg. C. (1472 deg. F.) 
900 deg. OC. (1652 deg. F.) 


On the other hand, the elastic limit of the carbon bars 
was scarcely affected by the previous annealing. The 
scleroscope hardness of the low-tungsten bars fell fairly 
regularly with every increase in the temperature of 
annealing. 

In another series the temperature of the melt for 
hardening was 859 deg. or 860 deg. Cent. (1578 deg. or 
1580 deg. Fahr.). In Table XIX. a comparison is made 
between some of the results of these series of tests. 
Table XX. makes a comparison between the scleroscope 
hardness of the low-tungsten bars in the two series just 
mentioned. 


Tasies XIX. anD XX.—Jnjfluence of Various Annealing 











Temperatures. 
2 Pane xXX.— 
& | Scleroscope 
3 TasLe XIX.—Elastic Limit in Kg. Hardness of 
8 Low-Tung 
5 sten Bars. 
S Low-Tungsten Bars. Carbon Bars. 23 3 : 
Se | Hardening Hardening g | & 
Fe Temperature. Temperature. z o ra 
Sqpeqrseen "> 
2 759°C. | 859°C. | 760°C. | 860°O. Be B ” 
§ 1398" F.) | (1578° F.) | (1400° F.) (1580° F.) 32a: \d oa: 
& | = =x 
L Re | 
700 1292} 3600 2600 3000 8650 9 | 8 
750 1382) 3900 2600 3400 3900 90 | 88 
800 1472) 4200 2800 3200 3150 86 | 84 
860 1562 3300 2500 750 2800 84 | (88 
900 1652 3250 2700 3000 2650 83 | 89 
940 1724 2900 1800 3600 3000 79 88 


! | | | 


The effect of annealing for 120 minutes at temperatures 
of 700 deg. and 800 deg. Cent. (1292 deg. and 1472 deg. 
Fahr.) was also studied, the bars being hardened by pom 
ing at 1400 deg. Fahr. for 30 minutes and quenched in 
warm brine. 

The foregoing ay mare 4 with various annealings 
show the following facts with respect to bars of the size 
used in this research. Unless otherwise stated, it is 
assumed that the immersion in the melt for either harden- 
ing or annealing lasts for 30 minutes. 

1. Theelastic limit of low-tungsten bars hardened ateither 
760 deg. or 860 deg. Cent. (1400 deg. or 1580 deg. Fahr.) 
varies greatly according to the annealing they have under- 
—_ The elastic limit is high after annealing at 800 deg. 

‘ent. (1472 deg. Fahr.) for 30 minutes, or 700 deg. Cent. 
(1292 deg. Fahr.) for 120 minutes, but it is seriously im- 

ired by snneeias at 800 deg. Cent. (1472 deg. Fahr.) 
for 120 minutes. If low-tungsten bars are annealed at 
940 deg. Cent. (1724 deg. Fahr.) and hardened at 760 deg. 
Cent. (1400 deg. Fahr.), the elastic limit is inferior, and 
the adverse effect of the previous annealing is much more 

ronounced if the hardening is done at 860 deg. Cent, 
1580 deg. Fahr.). 

2. The elastic limit of carbon bars annealed at any tem- 
perature from 700 deg. to 940 deg. Cent. (1292 deg. to 
1724 deg. Fahr.), and hardened at either 760 deg. or 
860 deg. Cent. (1400 deg. or 1580 deg. Fahr.), does not 
vary by nearly such great amounts as the elastic limit of 
similar low-tungsten bars, and, furthermore, the highest 
annealing temperature given above is not injurious so far 
as the elastic limit is concerned. 

3. The hardness of low-tungsten bars hardened at 
760 deg. Cent. (1400 deg. Fahr.) decreases from a high 
scleroscope figure to a low one as the temperature of 
annealing increases from 700 deg. to 940 deg. Cent. 
(1292 deg. to 1724 deg. Fahr.). The hardness is increased 
by prolonging the annealing at the lower temperatures. 

4. Th henna of low-tungsten bars hardened at 
860 deg. Cent. (1580 deg. Fabr.) is fairly constant at a 
moderately high scleroscope figure whatever the tem- 
perature of annealing. 

Taste XXII.—Low-Tungsten Bars. 








First Second Elastic | One Elastic 
Furnace, Furnace, Limit and || Furnace Limit and 
Thirty Thirty Maximum | only, Thirty) Maximum 
Minutes. Minutes. Stress. Minutes. 
deg. Cent. | deg. Cent. kilogs. deg. Cent. kilogs. 
840 769 $300 840 2600 
860 760 2300 | 860 2860 
880 760 | 2100 8380 2176 
899 761 | 1300 900 1250 
921 760 1250 920 760 
941 763 1250 940 500 








Two-Furnace Heats.—In subsequent experiments the 
bars were heated in two furnaces, A series of bars were 
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soaked for 30 minutes at various temperatures from 
840 deg. to 941 deg. Cent. (1544 a. 1726 deg. Fahr.), 
followed immediately by a further 30 minutes’ soaking in 
in a second furnace at about 760 deg. Cent. (1400 deg. 
Fahr.). In Table XXII., on the previous page, is given 
the elastic limit and maximum stress of the low-tungsten 
bars, and these are compared with the corresponding 
results from some bars which had been heated in one 
furnace only. 

TasLe XXIII.—Carbon Bars. 


Elastic 
Limit and 


Maximum 
Stress. 


| Elastic | One 
| Limit and | Furnace 
| Maximum | only, Thirty 

Stress. § Minutes. 


Minutes. Minutes. 





kilogs. 
3850 
2600 
2150 
2350 
2400 
1800 


deg. Cent. deg. Cent. 
840 761 


860 760 
880 760 


2550 | 860 
2850 = | 880 
900 
920 
940 


kilogs. deg. Cent. 
3300 840 | 
| 


1320 
750 


760 
763 


921 
941 


The results for the carbon bars under similar treatment 
as the above are shown in Table XXIII. In the present 
case the carbon bars which had been heated to these high 
temperatures, followed immediately by further soaking 
at 760 deg. Cent. (1400 deg. Fahr.), were much worse for 
this second soaking. 

The results obtained by soaking for 30 minutes at a 
temperature of about 880 deg. Cent. (1616 deg. Fahr.), 
followed immediately by a further soaking for 30 minutes 
at either 722 deg. or 760 deg. Cent. (1332 deg. or 1400 deg. 
Fahr.) show that the low-tungsten bar which had been at 
722 deg. Cent. (1332 deg. Fahr.) in the second furnace 
had a much higher elastic limit and maximum stress 
than the similar bar which had been at 760 deg. Cent. 
(1400 deg. Fahr.), the figures being 3150 kilogrammes 
against 2100 kilogrammes. The elastic limit and maxi- 
mum stress of the carbon bar were but little affected by the 
variations in the temperature of the second furnace. 

The effect of soaking for two minutes at a temperature 
of 880 deg. Cent. (1616 deg. Fahr.), followed immediately 
by a further soaking for two minutes at various tem- 
peratures from 720 deg. to 760. deg. Cent. (1328 deg. to 
1400 deg. Fahr.), was also investigated. The total time 
from putting the cold bar into the melt to quenching it 
in brine was only four minutes, with the result that for 
low-tungsten and carbon bars the elastic limit was de- 
cidedly high and not very variable, while for both steels 
the scleroscope gave a high degree of hardness, the 
figures tending to diminish slightly as the temperature of 
the second furnace rose. 

An analogous series was carried out with eight minutes 
in the second furnace instead of two. This series showed 
that the elastic limit and maximum stress were so high 
as 4530 kilogrammes for the low-tungsten bar at 720 deg. 
Cent. (1328 deg. Fahr.), but they fell decidedly as the 
temperature in the second furnace rose. The scleroscope 
figures in this case were high both for low-tungsten and 
carbon bars, especially the former. 

In Table XXIV. a comparison is made between the 
bars of these last two series which were soaked at 720 deg. 
Cent. (1328 deg. Fahr.) in the second furnace. The four 
bars shown in the table were soaked at about 880 deg. 
Cent. (1616 deg. Fahr.) in the first furnace for 2 minutes, 
except carbon bar 106A, which had 24 minutes. The tem- 
erature of the second furnace was 720 deg. Cent. (1328 deg. 

‘ahr.), which was well below the hardening point. 


Taste XXIV. 


Low — Carbon Bars. 
106 106 A 
8384 880 | 884 | 830 
(1623) (1616) 
a 
720 | 
(1328) | 


No. of bar 102 | 102A 
First furnace, 
perature 
First furnace, time min. 2 

Sevond furnace, tem- » dg. C. 720 
perature 1G “. F.) (1828) 
Second furnace, time min, ] 
Elastic limit oo BB 4100 
Maximum stress ‘ P 4100 
Deflection before E.L. mm, 1.3 
total a) ee 


tem- ‘d r. Cc. } ) 
{( ig. F.) (1623) | (1616) | 

ae 9 
721 


(1330) 
8 


720 | 
(1828) 
S 
4530 


4530 
1.83 


3700 
3700 
1.1 

11 
203 | 
45 | 


3960 
3960 
1.43 
1.48 
2-83 
43 


2 | 
| 


1.3 1.83 
2.66 4.15 
4 


Energy .. se .. kgm 
Modulus, millions of BA. -», 
Scleroscope hardness .. 
Change in length 


3 41 
..| 104 103 | 102 100 
in. | + 0.0050 + 0.0000) - 0.0020 + 0,0085 

The effect of soaking for 8 minutes instead of 2 minutes 
in the second furnace was similar both for low-tungsten 
and carbon bars—namely, to increase the elastic limit 
and deflection a considerably without much reduction 
in the hardness. The longer soaking at 720 deg. Cent. 
(1328 deg. Fahr.) caused the lc w-tungsten bar to lengthen 
0.009 in. instead of 0.005 in. The carbon bar behaved 
similarly, for with 8 minutes’ soaking it lengthened 
0.0035 in., whereas with 2 minutes’ soaking it shortened by 
0.002 in. 

The foregoing experiments with two furnace heats show 
that with bars of the size under consideration :— 

1. Low-tungsten and carbon bars heated for half-an- 
hour to temperatures of 840 deg. to 900 deg. Cent. (1544 
deg. to 1652 deg. Fahr.) are not much affected, so far as 
their elastic limit and maximum stressis concerned, by a 
further immediate soaking for half-an-hour at 760 deg. 
Cent. (1400 deg. Fahr.). If, however, the temperature 
in the first furnace is 940 deg. Cent. (1724 deg. Fahr.), the 
low-tungsten steel is much improved by the further soak- 
ing at 760 deg. Cent. (1400 deg. Fahr.), but the carbon 
steel is much injured by the same treatment. y 

2. Bars of this low-tungsten steel, heated for 30 minutes 
to 880 deg. Cent. (1616 deg. Fahr.), and then soaked at 





722 deg. Cent. (1332 deg. Fahr.) for a further 30 minutes, 
ive a higher elastic limit and maximum stress, and are 
rder than if the second soaking were at a temperature 
of 760 deg. Cent. (1400 deg. Fahr.), but the carbon steel 
is little affected by these variations in the second furnace. 
The change in length of both low-tungsten and carbon- 
steel bars is much affected by the above variations in the 
temperature of the second furnace. 

3. Very good results as regards the elastic limit and 
maximum stress, and also as regards the hardness, are 
obtained by a very short soaking, first at a high tempera- 
ture (say deg. Cent., or 1616 deg. Fahr.) and then at 
a low one, and the results are best of all when the second 
temperature is near to, or a little below, the hardening 

int. 
re If the first furnace be at a sufficiently high tempera- 
ture, it is easy, either by variations in the temperatures of 
the two furnaces or by variations in the times therein, 
to arrive at a treatment by which the bars (both low- 
tungsten and carbon) neither lengthen nor shorten in 
hardening. Under the same treatment the carbon bars 
have a greater tendency to shorten than the low-tungsten 


rs. 

During the above investigations it was found that a 
low-tungsten bar heated to about 860 deg. Cent. (1580 deg. 
Fabr.) for 15 minutes and quenched in oil had a higher 
elastic limit and was harder than a carbon bar similarly 
treated. A low-tungsten bar heated for a short time to 
about 810 deg. Cent. (1490 deg. Fahr.) and soaked for a 
short time at 740 deg. Cent. (1364 deg. Fahr.), followed 
by quenching in brine, had a higher elastic limit and was 
eae than a carbon bar similarly treated. 

Change in Length Due to Annealing.—Table XXV. 
gives a summary of the change in length of the low- 
tungsten bars that were annealed after 30 minutes in the 
melt at various temperatures. Annealing at any tem- 
perature from 700 deg. to 800 deg. Cent, (1292 deg. to 
1472 deg. Fahr.) caused a very slight shortening of the 
bars. At 850 deg. Cent. (1562 deg. Fahr.) there was 
apparently a considerable shortening of about 0.01 in., 
but this may have been due to the action of the melt in 
etching the steel. 

Taste XX V.—Low-Tungsten Bars. 
Temperature of Melt Quantity 
for Annealing for of 
30 Minutes. Bars. 


. —s Average 
Extreme Variations. ‘Variation. 





| in. 

— 0.0002 
— 0.0007 
- 0.0008 
— 0.0005 
— 0.0097 
+0.0030 


deg. C. in. 
700 0 and - 0.0005 
— 0.0005 and - 0.0010 
0 and — 0.0015 
0 and - 0.0010 
— 0.0090 and - 0.0105 
+0.0030 


750 
760 
800 
850 
900 


Table XXVI. gives a summary of the carbon bars 
which were annealed after 30 minutes in the melt at 
various temperatures. It is analogous to Table XXV., 
which has been dealt with above. 

In comparing the two Tables XXV. and XXVI. the 
salient feature is that the carbon bars had rather more 
tendency to shorten than the low-tungsten bars. 


TaBLE XX VI.—Carbon Bars. 


Temperature of Melt 
for Annealing 
for 30 Minutes. 


| deg. F. 
1292 
1382 

| 1400 

| 1472 


Average 


Quantity 
Variation. 


of Bars. 


Extreme Variations. 


in. in. 
0 and — 0.0005 — 0.0002 
- 0.0015 - 0.0015 
— 0.0005 and - 0.0020, — 0.0012 
— 0.0010 — 0.0010 
- 0.0140 and - 0.0145 —- 0.0142 
+ 0.0080 + 0.0030 


deg. C. 
700 


-~ 
a En 


1562 
1652 


It is concluded that the annealing of bars of the size 
used for this research causes a slight shortening at tem- 
peratures of 800 deg. Cent. (1472 deg. Fahr.) or below, 
and this action is the more pronounced in the caseof the 
carbon bars. Annealing at a temperature of 900 deg. 
Cent. (1652 deg. Fahr.) causes both low-tungsten and 
carbon bars to lengthen. 

Hardening Cracks.—A number of the bars were noted 
as being cracked lengthways. Several of such cracks 
were caused by flaws left from the forging or rolling, and 
ae no notice is taken of any of these lengthwise 
cracks. The total number of low-tungsten bars that were 
cracked crossways was fourteen. They all showed a good 
fracture, and in some cases it was very good. 

One bar, No. 42, was very slightly cracked, and was 
exceptional in several ways. Of the other thirteen bars :— 

The lowest elastic limit was so high as 3150 kilogs. 
The lowest deflection before E.L. was 1.1 mm. 
The lowest modulus was 40 million pounds. 

The scleroscope hardness varied from 94 to 106 degrees. 

One bar, numbered 15, was first heated to 881 deg. Cent. 
(1618 deg. Fahr.) for 30 minutes, followed immediately by 
722 ie ° Cent. (1332 deg. Fahr.) for 30 minutes. In this 
case the bar cracked use the change at the eight- 
eighty point was so thoroughly accomplished that the 
steel could not reach the uniform condition proper to a 
second temperature of 722 deg. Cent. (1332 deg. Fahr.) in 
only 30 minutes. The bar would not have cracked if the 
time in the second furnace had been erg to 60 or 90 
minutes. Neither would it have cracked if the time had 
been kept at 30 minutes, but the temperature reduced to 
718 deg. or 719 deg. Cent. (1324 deg. or 1326 deg. Fahr.). 

The total number of carbon bars that were cracked 
crossways into or near the hole at one end was only four, 
and they all showed a very good fracture. Of the four 
cracked carbon bars, 





The lowest elastic limit was so high as 3500 kilogs, 
The lowest deflection before E.L. was 1.1 mm. 
The lowest modulus was 43 million pounds. 


The scleroscope hardness was 100 in all cases. The 
broken bars, both of low-tungsten and carbon steel, in- 
cluded those that shortened and those that lengthened in 
hardening. Also, with the slight exception of low-tungsten 
bar 42, there were none that had been hea a tem- 
perature of 900 deg. Cent. (1652 deg. Fahr.) or above 
either for annealing or hardening. : 

It is concluded that both for ar and carbon 
steel those treatments that produce the highest elastic 
limit, accompanied by the greatest hardness and the 
finest fracture, are frequently the most risky as regards 
hardening cracks. The risk of hardening cracks is reduced 
if the steel is heated for a sufficient length of time to a 
temperature of 900 deg. Cent. (1652 deg. Fahr.), or a 
little above. Low-tungsten steel is more liable to harden- 
ing cracks than carbon steel. 

a .—The effect of tempering was examined on 
bars which had been hardened by heating to 881 deg. Cent. 
(1618 deg. Fahr.) for 30 minutes, followed immediately 
by 722 deg. Cent. (1332 deg. Fahr.) for 30 minutes, and 
then quenching in brine. The tempering was done in 
oil at 150 deg. Cent. (302 deg. Fahr.) for 30 minutes. In 
the case of the low-tungsten bar, the elastic limit, the 
deflection under load, and the scleroscope hardness were 
all somewhat reduced. In the case of the carbon bar the 
elastic limit was very slightly increased and the de- 
flection was reduced, but the difference was little more 
than might be looked for as normal variations between 
bars which had been treated alike throughout. 

In Table XXVII. particulars are given of the effect of 
various temperings on low-tungsten bars which had been 
hardened by heating to about 810 deg. Cent. (1490 deg. 
Fahr.) for 24 minutes, followed immediately by about 
740 deg. Cent. (1364 deg. Fahr.) for 2} minutes, and then 
quenching in cold brine. This hardening treatment was 
adopted because the untempered bar 104, which had been 
hardened in this way, gave the best results of any un- 
tempered bar throughout the whole series. 


TaBLE XX VII.—Low-Tungsten Bars. 


Deflection 


Tempering. 
— Maximum 


Elastic Siresa. 


>| Limit. 


| Scleroscope 
Hardness. 


Temperature. | Time 





deg. C.|deg.F.| min. 
ed | 

15 

15 


60 


— 
S 88s 


f exceeds | 
{ 8000 

f exceeds 
1 6500 } 


% 
a 


15 





The tempering caused the bars to shorten, as shown in 
Table XXVIII. Although the hardening caused the 
bars to lengthen slightly, the tempering caused them to 
shorten so much that as a net ona tow were all shorter 
than before hardening, and those that had been highly 
tempered were considerably shorter. ; 

Conclusions.—(1) Experiments have been described in 
which little effect was produced by the tempering at 
150 deg. Cent. (302 deg. Fahr.) for 30 minutes of both low- 
tungsten and carbon-steel bars which had been hardened 
by acertain process. (2) The tempering at 250 deg. Cent. 

TaBLE XX VIII.—Low-Tungsten Bars. 


Change in : Change in 
| Change in trength Due to 
bay |Length Due to eciecingsnd 

i ar- | a ompering Tempering. 
\(Tempered Bar (Hardened and 
compared with| rempered Bar 
Hardened jcompared with 
Bar.) | Annealed Bar.) 


Tempering. 


with An- | 
nealed Bar.) 


Tempera- | 
ture. Time. 





“2..1° 8 
152 | 306 | 15 
202 | 396 15 + 0.0030 
198 | 388 | 60 | + 0.0035 | 
250 482 | 15 | + 0.0025 


min. 
— 0.0010 


~ 0,0025 
- 0.0025 
- 0.0045 


— 0.0035 

0.0055 
— 0.0060 
- 0.0070 


+ 0.0025 


110 
lll 





(482 deg. Fahr.) for 15 minutes of a well-hardened carbon- 
steel bar caused it to soften considerably and to shorten 
in length, but it was little affected otherwise. 

The following conclusions refer to bending test-bars of 
low-tungsten steel which have been well hardened by a 
rapid process. (3) The elastic limit was much increased 
by tempering up to a temperature of 250 deg. Cent. 
(482 deg. Fabr.) The maximum stress coincided with 
the elastic limit in the two hardened bars, one of which 
was untempered and the other tempered at about 150 deg. 
Cent. (302 deg. Fahr.) for 15 minutes, but it rose rapidly 
above that point with further Saneereng, (4) The de- 
flection due to a given load less than the elastic limit was 
greatest for the hardened untempered bar, and it <de- 
creased with the tempering — 198 deg. Cent. (388 deg. 
Fahr.) for 60 minutes. (5) The hardness, as measured 
by the scleroscope, was considerably reduced by temper- 
ing at 150 deg. Cent. (302 deg. Fahr.), and again by 
tempering at 200 deg. Cent. (392 deg. Fahr.), but was not 
so much affected by further tempering at 250 deg. Cent. 
(482 deg. Fahr.). (6) The length of the bars was reduced 
by tempering up to a temperature of 250 deg. Cent. 
(482 deg. Fehr.), and the higher the temperature ‘'1¢ 
greater the reduction in length. 

Tensitz Test-Bars. 

Preparation and Testing.—Some experiments with 
tensile test-bars with an area of + — inch were in- 
cluded: in the work with Sir R. A. Hadfield. The first 
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two bars were of the form shown in Fig. 44, below ; but sub- 
ding stresses, the design | 
Fig. 45 was adopted, and special holders were | 


sequently, in order to avoid 


a 
show ss shown in Fig. 46. With this design of bar and 
holder a perfectly straight pull was ensured. Com 
lists of tensile bars, together with the particulars of t 
are given in tables in the paper, not reproduced. The | 
following general observations are noted :— 

Bars 1 to 6 were all turned about 0.04 in. larger than 
the finished size, previous to annealing. After anneal- | 
ing and before hardening they were turned 0.02 in. | 
larger than the finished size. Bars 7 to 12 and 7A to/| 
12 A were annealed as soon as they had been sawn off 
and before any turning. After the “ preliminary anneal- 
ing ” the bars were turned 0.02 in. larger than the finished 
size, and in this condition they underwent the ‘‘ ordinary 
annealing” and the hardening. In all cases the armen | 
was performed by heating to the definite temperature an 
for definite time shown, and out in ashes or sand. 
Many of the bars passed through two furnaces, being 
quickly transferred from the first to the second. Those 


ig.44. DESIGN OF TENSILE TEST BARS Fig 46. HOLDERS 
Fig Nw I é2. FOR SPHERICALEMDED 
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bars which were tempered were immersed in oil and were 
then allowed to cool out in the air. After the several 
rocesses, the bars were tested between centres. After 
Caer and tempering (if any) the bars were accu- 
rately ground up, including the spherical ends, the 
diameter of the test portion being made not larger than 
0.5646 in. nor less than 0.5636 in. For fixing the extenso- 
meter two very small points were e with a centre 
punch on bars 1 and 2 before they were hardened, and 
the consequence was that one of them (bar No. 1) broke 
under the test through one of these points. The remainder 
of the bars were therefore coa near the necks with 
varnish sufficient to hold the extensometer. 


TensiLz Test-Bars or Low-TunGsTeN STEeEt. 

Hardened, but not Tempered.—Bars 1 to 6 were of low- 
~— steel (analysis W3, Table I.), of which the 
hardening point was about 738 deg. Cent. (1360 deg. 
Fahr.). Two bars were heated to a temperature of 
735 deg. Cent. (1355 deg. Fahr.), and two to a tempera- 
ture of 740 deg. Cent. (1364 deg. Fahr.) before being 

uenched in brine. No observation was taken of the 
elastic limit of these bars, but the permanent sets cer- 
tainly took place very early. The extension under load 
was very much greater in the bars quenched from the 
lower temperature, and the reduction of area, which 
amounted to 1.8 and 1.2 per cent. for these same bars, 
was practically nil for those which had been heated only 
5 Centigrade degrees hotter. 

Two bars were both heated to a temperature of about 
800 deg. Cent. (1472 deg. Fahr.). One was further soaked 
at 720 deg. Cent. (1328 deg. Fahr.) before being quenched, 
whereas the other was quenched out direct from the 
temperature of 800 deg. Cent. (1472 deg. Fahr.). The 
elastic limit of the soaked bar was certainly very low, 
whereas for the other it was approximately 32 tons per 
square inch. The maximum stress was nearly the same 
for the two bars. e extension under ms and still 
more the permanent extension, differed very widely 
between the two bars. 


Taste XXXII, 











No. of Bar .. = ; oes - os --| § 7 
Analysis (Table I.) .. -| Ws) We 
Maximum stress tons per sq. in.| 76 | 74 


in. | 0.0212) 0.0131 
in. | 0.0095) 0.0024 


Extension under load of 68 tons per 
Permanent extension due to 
Elongation in 2 in. 


8q. in. 
68 tons per sq. in. 


is r cent. |0.62 {0.16 
Reduction ofarea .. ..  .. np 1.40 | 4 
Scleroscope degrees of hardness .. ” 60 102 


In Table XXXII. a comparison is made between two 
rs, Nos. 5and 7. These two bars, although not of the 
same analysis, were very similar, both containing low 
fngrten. Bar 5 had been hardened by a prolo two- 
fermace treatment, in which the temperature of the second 
fernace was much below the hardening point, whereas 
t7 had undergone a rapid two-furnace process, which 
Gave it an intense hardness. 
he bars were almost the same as regards the maximum 
Stress. The elastic limit was not ascertained, but it was 
wy, low in both cases. Yet these bars differed very 
kta in other respects, and even after allowing for the 


lete | no indication of the general condition of the steel in ques- 


bars of the same steel may be hardened in various ways 
so as to pe them the same maximum stress under tensile 
tests, whilst they are altogether different in their other 
properties. The fact that the maximum stress is little or 


em, | tion is alsoshown by a comparison of other bars dealt 
with in this paper. 

| Altogether there were seven low-tungsten bars which 

were hardened, but not tempered, and of these the test 


bardness was produced by the shortest heating, thus one 
bar was hea for 25 minutes and another for only five 
minutes altogether. The resulting sclefoscope hardness 
was 96 and 102 respectively. 

Tensile Test-Bars of Low-Tungsten Steel Hardened and 
Tempered.—The bars used in this investigation were made 
of low-tungsten steel (analysis W 2, Table I.), of which the 
hardening point was between 730 deg. Cent. (1346 deg. 
Fahr.) and 735 deg. Cent. (1355 deg. Fahr.). They were 
all hardened by soaking for 24 minutes at a temperature 
of about 810 deg. Cent. (1490 deg. Fahr.) and then for 
another 24 minutes at about 740 deg. Cent. (1364 deg. 
Fahr.), followed by quenching in brine at about 10 deg. 
Cent. (50 deg. Fabr.\, 

Table XX XIII. shows that the hardness alone is of 
very little value as an indication of the general condition 


TaBLe XXXII. 


j | 


No. on Bar .. ee 4 | 10 
Analysis (Table I.) .. ws we 
Scleroscope hardness 88 


= - - 87 
Maximum stress .. ee .. tons per sq. in.| 66 | 894 
Extension under load of 64 tons per sq. in. .. in. /0.012 |0.010 
Permanent elongation due to 64 tons per sq. in. in. |0,0017 paw 





of the steel in question. Bar 4 had been hardened by 
raising it just above its hardening point, whereas bar 10, 
after an intense hardening, had been tempered consider- 
ably. The result was that the two bars were almost 
identical in scleroscope hardness; but even allowing for 
the slight difference in analysis, the divergencies in the 
maximum stress and extension showed that similar bars 
of this low-tungsten steel may be treated in various ways 
so as to give Son the same degree of hardness whilst 
they are altogether different in their other properties. 

It is, of course, easy to harden a bar partially and brin 
it to the same degree of hardness as another bar whic 
has been thoroughly hardened and tempered. Table 
XXXIII. shows the great difference that may exist 
between two such bars of identical hardness. e dif- 
ference would probably be much more striking if a well- 
hardened bar were tempered until it indicated a sclero- 
scope hardness of only 60 deg., and then contrasted with 
another bar which had only been hardened to show 60 
scleroscope degrees without tempering. 


TensILE Test-Bars oF CARBON STEEL. 


Hardened and Tempered.—Bars made of carbon steel 
(analysis A2, Table I.), of which the hardening point 
was between 730 deg. Cent. (1346 deg. Fahr.) and 735 deg. 
Cent. (1355 deg. Fahr. ), were all hardened alike, by soak- 
ing them for 2 minutes at a temperature of about 880 deg. 
Cent. (1616 deg. Fahr.), and then for 8 minutes at about 
735 deg. Cent. (1355 deg. Fahr.), followed by quenching 
in brine at about 10 deg. Cent. (50 deg. Fahr.). After 
this uniform hardening five of the bars were tempered at 
various temperatures and times. The results of these 
tests are summari low. 

General Remarks.—The comparisons between the low- 
tungsten bars and the carbon in these series must 
not be pushed too far, because the hardening treat- 
ment was not the same. A low-tungsten bar No. 7, 
which was hardened but not tempered, had a higher 
maximum stress and lower elastic limit than the similar 
carbon No. 7A, and these relative characteristics 
continued between all the corresponding low-tungsten 
and carbon bars. The highest temperature of tem- 
pering was 300 deg. Cent. (572 deg. Fahr.), which was 
prolonged for 15 minutes, and there was no clear indi- 
cation that the highest elastic limit and maximum stres: 

m reach either for low-tungsten or carbon- 
steel bars. The hardness was practically the same 
throughout in both bars of a pair, such as 7 and7 A, &c., 
up to 12 and 12A. The extension under load was very 
similar for the corresponding tungsten and carbon bars ; 
indeed, the ‘“‘under-load” curves were almost alike in 
every case, so much so that even on a large scale it was 
impossible to show clearly on the same diagram the stress- 
strain curves for both bars of a pair. The hardened, 
untempered, low-tungsten bar (No. 7) gave a pa 
permanent extension than the similar carbon bar (No. 7A) 
and the same relation was maintained after tempering. 

Bars that were only heated to a temperature below the 
hardening point and then quenched showed, of course, a 
considerable extension, both permanent and under-load. 
The extension of the hardened bars was very much less, 
and it was still further reduced when the hardened bars 
were tempered at any temperature up to 300 deg. Cent. 
(572 deg. Fahr.). If the tempering were carried far 
enough, a time must come when an annealing process 
would begin to result once more in an increased extension. 
It follows, therefore, that the tempering of a hardened 
bar up to a certain point modifies the stress-strain curve 
in the direction of decreasing the strain in a to 
the stress; but after further — Wr the curve will 
approximate again to the curve of the hardened un- 
tempered bar, and still further tempering will modify the 
curve in the direction of increasing the strain in om 
tion to the stress. Both for low-tungsten and car' 


bars the modulus was very constant throughout, always 
being about 31,000,000 lb. or 
Conclusions Arri 


rrived at 


32,000,000 Ib. 


om Tensile Tests.—The follow- 





t difference in analysis, they showed that similar 


of low-tungsten steel, but 


ing conclusions refer to 





there is no reason to doubt that they are also applicable 
to bars of carbon steel :—1. A variation in the hardening 
temperature of only 5 Centigrade degrees (9 Fahrenheit 
degrees), the extremes being respectively above and below 
the halt Ac 1, 2, 3, had a powerful influence upon the 
extension under-load and doubtless upon the permanent 
extension, but the maximum stress of the bars so treated 
did not differ much. 2. A very bar was produced 
by quenching from a temperature fully 60 Centigrade 
degrees (108 Fahrenheit degrees) above the halt Ac 1, 2, 3. 
3. A heat of only five minutes’ duration produced a harder 
bar than a heat of 25 cee, Oe maximum temperature 
in both cases being 800 deg. t. (1472 deg. Fahr.), or a 
little above. On the other hand, the bar which was 
heated for the shorter time gave a much lower elastic 
limit. 4. The maximum stress alone is not necessarily 
any indication of the general condition of the steel in 
question, or of the treatment to which it has been 
subjected. 5. The hardness alone is not necessarily any 
indication of the general condition of the steel in question, 
or of the treatment to which it has been subjected. 

The following conclusions refer to well- ened bars 
of both low-tungsten steel and of carbon steel :—6. Tem- 
pering up to 300 deg. Cent. (572 deg. Fahr.) greatly 
increased the maximum stress and the elastic limit, but 
there were some i ities which were not fully 
accounted for. 7. Tempering up to 300 deg. Cent. 
(572 deg. Fahr.) reduced (for a given stress) the extension 
under-load and the permanent extension. The ane 
effect was produced between the temperatures of deg. 
and 250 deg. Cent. (392 deg. and 482 deg. Fahr.). Little 
effect was produced on the extension by prolonging the 
tempering at 250 deg. Cent. (482 deg. Fahr.) from 
15 minutes to 60 minutes. 


CONCLUSION. 


In the previous pages it has been shown that the steel 
which has been treated of in this pe has a long range 
of quite 120 Centigrade degrees (216 Fahrenheit degrees) 
within which it vy by hardened to show a good fracture. 
The lower end of this range is very sharply defined, but 
the highest temperature allowable is difficult to deter- 
mine, and it may even be said that there is little evi- 
dence of bad work, so far as the appearance of the frac- 
ture is concerned, until the temperature of the hardening 

int has been exceeded by 150 Centigrade degrees (270 
Fahrenheit d ). So wide is the margin of allow- 
able variation for ae as inarily carried on, and 
tested by the appearance of the fracture, that a workman 
of average skill can easily keep within the limits, judging 
the temperature by sight alone; and, as a matter of fact, 
this is being done every day in the manufacture of such 
articles as pocket-knives and small] files, which are har- 
dened by thousands with practically no wasters. In the 
light of the ae recorded in this pros it cannot 
be supposed that most of the articles so ened reach 
anything like their maximum efficiency, for it has been 
shown that slight variations in the heat treatment pre- 
vious to quenching have a profound effect upon the condi- 
tion of the steel, and, furthermore, the previous treatment, 
by annealing or otherwise, to which the steel has n 
subjected may powerfully influence the final result. 

It has been demonstrated that, so far as bending tests 
are concerned, it = the one hand, easy to harden so as 
to produce a good bar, but, on thé other hand, the pro- 
duction of the best bar necessitates a d of accuracy 
beyond what can be attained yp Oy alone, and, further, 
it is important to notice that the difference between the 

bars and the best bars is very great. It must not 
supposed that the author is advocating that all wool- 
steel-hardening should be carried-on with the precision 
necessary to bring the steel into its best condition. Many 
tool-steel articles are perhaps good enough when the har- 
dening has been performed, as already suggested, within 
arange of 120 or even 150 Centigrade degrees (216 to 270 
Fahrenheit degrees). The work that they have to do may 
not demand that the utmost should be obtained from the 
steel, and possibly the users would never value the differ- 
ence due to improved hardening even though that differ- 
ence should be t. One example, however, may be 
iven in which the very best hardening is appreciated. 
fh the manufacture of razors it is, of course, very easy to 
produce that close-grained fine white fracture which is 
certainly indicative of good treatment, but which is some- 
times, though erroneously, sup to be a sure gua- 
rantee of the best treatment. In this case the require- 
ments of the instrument are sufficiently exacting to 
draw attention to variations, and there is a verv common 
feeling that there is a certain element of chance in 
the purchase of a razor. So long as it is possible 
for one razor to be selected as a particularly good 
one it is evident that the hardening, as carried out, fails 
to impart the maximum efficiency to the majority, The 
author believes that it is possible to harden every razor 
in a gross so that each one shall be truly a duplicate of 
the best. Whether it would pay to do so is a question 
which is outside his province. In the hardening of sur- 
gical instruments it is aeqgpaas to get the very best that 
the steel is capable of yielding. 

When complicated forms are considered, new difficulties 
present themselves; in particular the risk of 
arises, and the temptation is only too strong to rest content 
if the tool is hard and sound. As amatter of fact, such a 
tool may easily fail to reach 10 per cent. of its maximum 
efficiency. 

For some zone past the efforts of steel-makers have 
been mainly directed towards the discovery of new alloys, 
and in this direction splendid success has been achieved. 
There is, however, a field of discovery open to steel-users 
who do not yet realise the possibilities of the material 
which the sendy possess, It is of little avail that occa- 
sional tools show marvellous results unless the hardener 
can at any time reproduce those tools from the same 
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steel. The time will come when all the factors in the 
hardening of tool-steel will be controlled with accuracy 
within predetermined limits, and as failure will be 
investigated, and the blame apportioned with as much cer- 
tainty as if a mistake had been made in the machine-shop. 

The most obvious result will be the almost entire cessa- 
tion of losses by hardening cracks, but an even greater 
economic gain will accrue by the all-round increase of 
efficiency. 

Mention has already been made of the important con- 
tribution of Sir Robert A. Hadfield to this research. The 
author also pleasure in acknowledging his great in- 
debtedness to Mr. Percy Longmuir, B.Met., who has given 
invaluable assistance, and to Mr. E. Russell Brayshaw, 
Associate Member, who has ably participated in the work 
recorded in the paper, and, indeed, may justly be con- 
sidered as a joint author. 





Tue Raitway Year-Book, 1910.—This year-book is 

ublished at the office of the Railway Magazine, by the 

ailway Publishing Company, Limited, 30, Fetter-lane, 
Fleet-street, E>C., and now appears for the thirteenth year 
in succession. The book is now so well established as to 
need little in the way of commendation. It contains a 
large amount of general and directorial information. The 
bulk of the work is devoted to railway matter pertaining 
to Great Britain and Ireland, but other countries are by 
no means overlooked. In the volume may be found a 
chronologically-arranged list of events in the railway 
history, particulars of the Clearing House, Railway and 
Canal Commission, institutions, notices of Bills in Parlia- 
ment, notable railway accidents, mileage, and other infor- 
mation of railways at home, the fastest and longest runs 
of 1909 in this country and on the Continent, speed-tables, 
number of men —— and ranks, &c. There are also 
given particulars of the directorate and history of the 
chief lines in the country, with list of chief officials, rail- 
way statistics, particulars of foreign and colonial railways, 
and finally a biographical section devoted to the leading 
railway officials of the present day. The price of the 
book is 2s. 6d. net. 


Messrs. CAMMELL Larrp AND Co.’s EXHIBIT AT THE 
Buenos Arres INTERNATIONAL EXHIBITION. — Messrs. 
Cammell Laird and Co., Limited, have had a large business 
connection with South America for nearly fifty years, and 
in their exhibit at the forthcoming qubikisies in May 
next, chief prominence is given to groups of locomotive, 
carriage, and wagon tyres and axles, wheel centres, boiler 
and dome rings, various classes of springs (laminated, 
spiral, and volute), and buffers, with due regard to types 
mostly in use on the railways in Argentina. A special 
feature is made with three tested tyres of high-tensile 
quality. The firm also exhibit their celebrated tool, 
mining, and other steels. One remarkable test-piece is 
shown of their high-tenacity steel, manufactured specially 
for automobile work, giving a tensile strength of 72.14 tons 
per square inch, with an elastic limit of 66.1 tons per 
square inch and an elongation of 16 per cent. in 2 in. 
Torsional tests on this same material are also shown. 
Turnings taken from an 18-in. diameter nickel-steel shaft, 
of 0.388 per cent. carbon and 3.70 per cent. nickel, record 
the durability of their “ ae ” high-speed steel. The 
cutting speed under which these were taken was 20 ft. 
yer minute, the traverse } in., and depth of cut ,; in. 

he turnings were taken off after the tool had worked a 
distance of 8 ft. without re-grinding, the appearance of 
the tool at this stage showing no signs of falling down. 


THE LATE Proressor Knut J. Ancstrém.—In Knut 
Johan Angstrém, who died last month at Upsala, the 
bearer of an honoured name and a distinguished physicist 
and astro-physicist has away. To the general 
public the name of Angstrém is perhaps best known in 
connection with the Angstrém unit of wave-length, which 
is still largely used in spectroscopic measurements. That 
standard wave-length was, however, introduced in 1869 
by the father of Knut—Anders Jonas Angstrim—who 
died at Upsala in 1874, having been secretary of the Royal 
Swedish hociety of Sciences at Upsala for the last seven 
years of his life. Knut Angstrém was born at Upsala in 
1857, went to school and university there, became pro- 
fessor of physics at his university, and practically spent 
nis life there. His first noteworthy studies were those of 
the infra-red spectrum by means of the spectro-bolometer, 
and of the absorption bands of carbon monoxide and 
dioxide, of aqueous vapour, and ozone—all important for 
astronomers and for solar radiation—and, further, of ether, 
benzene, carbon bisulphide, both as liquidsand gases. The 
question of the absorptions of radiations by carbon dioxide 
involved him in a controversy with Professor Arrhenius, 
who su ted that the amount of carbon dioxide had 
materially increased since the Glacial Period, and that 
our climate had me mrch milder for this reason ; 
most other scientists agreed with Angstrém, who 
showed that the proportionality, upon which Arrhenius 
relied, between the total amount of carbon dioxide 
present and the absorption, holds only for small 
quantities of the carbon dioxide. Angstrom also investi- 
gated the influence of pressure on this absorption. He 
then turned his attention — to solar radiation, and 
his pyrheliometer was accep as a standard instru- 
ment, though it was later recognised that it was liable to 
certain systematicerrors. The instrument consists of two 
strips of platinum, blackened on the front surface, and 
carrying a thermo-junction at the back. One of these 
strips is exposed to the sun or the source of radiation to 
be examined ; the other is heated by an electric current 
until the two — are at the same temperature. The 
phenomena of radioactivity he investigated chiefly by 
means of calorimeter determinations of the heat set free 
by radium compounds, 





FOREIGN ENGINEERING PROJECTS. 


THE following is a list of colonial and foreign engineering 
rojects, for some of which tenders are asked. Further 
ata concerning the same can be obtained from the 

Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

British India: According to the Pioneer Mail (Allaha- 
bad), the East Indian Railway Company have prepa 
estimates for the doubling of the existing tracks over the 
bridges across the Jumna at Allahabad and Delhi. This 
will necessitate the provision of new girders. The cost of 
the work at the former place is estimated at 80,000/., and 
at the latter at 70,000/. The girders on the up-track of 
the Sone Bridge are to be renewed at a cost of 120,000/. 
On the North-Western Railway between Lahore and 
Umballa the girders of the various brid are to be 
replaced with girders of a new pattern, and the work will 
he continued to Ghaziabad when the doubling of the 
Umballa section is carried out. Over the Beas, Sutlej, 
and Jumna rivers entirely new bridges are to be built. 
The Railway Board have sanctioned the renewal of the 
up-track on the Kiul and Hullohur bridges at a cost of 
about 66,0007. The doubling of the line between Mirzapur 
and Karchana is to be proceeded with this year, the 
expenditure of a sum of 84,000/. for this purpose having 
been sanctioned.—The grant for work on the Itarsi- 
Nagpur Railway during the present financial year is 
266,600/. The estimates for the sections from Amlah to 
= and from Hirdagarh to the Pench Valley coal- 
fields are under preparation.—An allotment has been 
made in the Indian Budget for 1910-11 for the construc- 
tion of the hat-Katangi Railway (30 miles) in the 
Central Provinces. This line will havea gauge of 2ft. 6in. 
A siding 5} miles long is to be built to the Ramrana man- 
ganese properties. 

British India—Ceylon: With reference to the notice 
on pages 536-7 of the Board of Trade Journal, of De- 
cember 16, 1909, relative to the connection of Ceylon with 
the mainlaind, the Pioneer Mail (Allahabad) of March 25 
states that work is to be n this year on the Pampan 
viaduct and swing-bridge for connecting the Island of 
Rameswaram and Mandapam ; this work is expected to 
cost about 107,000. The provision of terminal arrange- 
ments at Dunishkoti is also to be taken in hand. In all 
about 133,000/. will be expended during the year 1910-11. 

Canada: H.M. Trade Commissioner for Canada (Mr. 
R. Grigg) reports that tenders are invited by the Depart- 
ment of Agriculture, Ottawa, for the construction, for the 
fresh-water quarantine service at Grosse Isle, Quebec, of 
a steel steamer of the following dimensions—viz. : ex- 
treme length, 113 ft. 3in.; beam, 23ft.; depth, 12 ft. 6 in. 
Tenders, marked ‘‘ Tender for a New Steel Steamer for 
the Quarantine Service,” will be received by the Assistant 
Deputy Minister and Secretary of Agriculture, Depart- 
ment of Agriculture, Ottawa, up to noon on May 31. A 
deposit of 10 per cent. of the value of the offer will be 

uired with each tender. Tenders will be considered 
only from bond fide shipbuilders owning shipyards. Speci- 
fications and plans may be obtained up to Aoril 30 from 
the Department of Agriculture, Ottawa. Copies may be 
seen by British shipbuilders at the Commercial Intelli- 
gence Branch of the Board of Trade, 73, Basinghall- 
street. London, E.C. 

Japan: The British Acting Vice-Consul at Dairen 
(Mr. G. P. Paton) reports that, according to the Manshu 
Shimpo, the Japanese Minister of Communications stated, 
at a committee meeting of the Imperial Diet of Japan, 
that the loan of 40,000,000 yen (4,083,000/.), to be floated 
by the South Manchuria Railway Company, was to be 
expended as follows :— 

i Yen. 


Rolling-stock on main line 11,400,000 
Workshops along main line... ti 3,500,000 
Improvements on main line... 2,300,000 
Reconstruction of Antung-Mukden 
line (see Board of Trade Jowrnal 
of March 11, 1909, page 485)... 
enw along Antung-Mukden 
- pas ke ee * 
Electric power-house at Dairen 
Pa tramway at Dairen % 
Pe light plant at various 
places ... a: rr om se 350,000 
Gas plants se - * Sa 350,000 
Harbour construction... x ids 2 700,000 
Equipment for shipping grain si 000, 


Wharf and harb 
Steamers... : ee y 
Mines... a j a y 


Public works... i sin 
Schools, hotels, hospitals, &c. 


Total : a 
Yen = 2s. 04d. 


Brazil: The Diario Official of March 20 contains the 
following decrees :—No. 7891, approving the plans for the 
construction of the section of line from Capivary to Cabo 
Frio, being part of the Leopoldina Railway system ; 
Nos. 7893 and 7894, opening a credit of 800,000 milreis 
(about 50,000/.) in favour of the Ministerio da Viacio e 
Obras Publicas, to meet expenses for the construction of 
a section of the Central Railway of Brazil from Sabara to 
Ferros, and in connection with work on the main line; 
No. 7905, approving the plans submitted by the Leo- 
poldina Railway mpany for the extension of their 
northern line to the docks at Rio de Janeiro, for the 

bling of the section of line comprised between the 


3,000,000 
200,000 
1,000,000 
500,000 


’ , 


, Coa. = 
our buildings 568 ,900, 


4,900, 
40,000,000 


doubli 

docks and Merity Station, and for various other works.— 
The Diario of March 22 contains decrees (1) approving the 
plans submitted by the Ministerio de Viacaéo e Obras 





Publicas, on behalf of the Victoria to Minas Railway 
Company, for the construction of the second section of the 
line from Curralinho to Diamantina ; and (2) establishing 
a credit of 400,000 milreis (25,000/.) in favour of the above- 
mentioned Ministerio for the construction of the Itacy- 
russa branch of the Central Railway of Brazil. 

Ecuador : With reference to the notice on 


page 362 of 
the Board of Trade Journal of November 25, i 


relative toa 


red | contract made, subject to the approval of the National 


Con between the Government of Ecuador and Mr, 
Paul Gozenbach, for the construction of a railway be- 
tween Manta and Santa Ana, and the erection of a wharf 
at meh ae of Manta, His Majesty’s Consul at Guayaquil 
(Mr. A. Cartwright) now reports that the contract has 
been confirmed. Work is to be begun within one year 
from January 11, 1910, and to be completed in two years, 

y: The Diario (Monte Video) of March 12 
publishes a notice granting to A. Seré a concession for 
the construction of a railway from San Juan to San 
Salvador (Departments of Colonia and Soriano). The 
Diario of March 20 publishes a notice approving the plans 
prepared by the Oficina Hidrogrdfica for repairs to the 
sea-wall at Punta del Este, for dredging operations, and 
for the lengthening of the wharf at the same spot. 

Russia: The following information is from the report 
by the British Vice-Consul at Baku (Mr. A. E. R, 
McDonell) on the trade of that district in 1909, which 
will shortly be issued :—The town of Baku having raised 
a loan of some 27,000,000 roubles, certain sums have been 
set apart for the following works :—The bringing of fresh 
water to the town (see Board of Trade Journal of Novem- 
ber 4, 1909, page 196), the building of an electric-power 
station and the —— of the town by electricity, the 
building of town slaughter-houses, the electrification of 
the tramways, the canalisation and drainage of the town. 
It is pro d to bring the water from the springs at 
Shollar, about 120 miles from Baku. There are three dis- 
tinct water strata, but it is proposed to tap only the lower 
ones. This water, which ios undergone natural filtra- 
tion, will be delivered unfiltered. The pumps required 
for the work will have to be imported, as Russia cannot 
supply them. All tenders should be made by people 
acquainted with the locality and the conditions of the 
surrounding country. British firms interested would 
do well to send out their representatives immediately. 
The slaughter-houses will probably be built by local 
contractors, but refrigerating plant will be required. 
In all probability the perce se and sewage works 
will be undertaken at the same time as the laying of 
the water-pipes. With regard to electric lighting and the 
electrification of tramways, it is intended to Fight the 
town with electricity, for which purpose 960 arc lamps 
will be required. At the time of writing, nothing de- 
finite had been settled as to whether the town shall build 
its own power-station or come to some arrangement with 
the existing power company. The electrification of the 
tramways 1s also unsettled, as it depends upon what 
arrangement is arrived at as regards the power-station. 
—The Bulletin Commercial (Brussels) of April 16 reports, 
on the authority of the Belgian Consul at Berdiansk, 
that the authorities of that town have prepared a scheme 
for deepening the harbour from 164 ft. to 22 ft., and for 
building new quays of a total length of 872 yards. It is 
also intended to increase the depth of the Kertch-Yeni- 
kale Channel from 24 ft. to 25 ft., so that steamers of 
5000 to 6000 tons may navigate the waterway. 

Switzerland : The Feuille Fédérale Suisse of April 13 
publishes a decree granting to a preliminary committee, 
represented by Messrs. Dufour Fréres, of Les Avants, an 
eighty years’ concession for the construction and working 
of an electric funicular railway from Les Avants to Son- 
_— Two years are allowed for the completion of the 
work, 

Roumania: The Revista Economica si Financiara 
(Bucharest) of April 14 contains a notice, issued by the 
Roumanian State Railways, inviting offers for the supply 
of 80 locomotives with detachable tenders. The contract 
is for the supply of the locomotives in three lots—viz., 
25 with 1665-millimetre wheels, 28 with 1350-millimetre 
wheels, and 27 also with 1350-millimetre wheels, and any 
or all of the lots may be tendered for. Tenders, which 
will be opened at 4 p.m. on May 12, should be addressed to 
Monsieur le Directeur Général, Chemins de Fer Roumains, 
Bucharest. It is understood that the above competition 
is limited to firms who may be invited to tender. 

Italy: The Gazzetta of April 14 publishes a decree 
granting to the Societaé Anonima per la Ferrovia Padova- 
Piazzola, domiciled at Padua, a concession for the con- 
struction and working of a standard-gauge railway from 
Padua to Piazzola sul Brenta. The cost of construction 
is estimated at 1,131,500 lire (45,260/.). The total length 
of the line is 104 miles. 








EvectricaL Trapes’ Directory AND Hanp-Book.— 
This directory, which is issued by the Electrician, and 1s 
published at the offices of our contemporary, at the price 
of 15s., enters with the 1910 edition into its twenty-eighth 
year. It contains a large amount of useful information 
on every subject connected with the generating and dis- 
tribution of electricity, on the rules and regulations in 
force in Great Britain and in foreign countries, with re- 
gard to current distribution and utilisation, and numerous 
data on existing companies, besides a directory of elec- 
trical engineers, and manufacturers whose speciality 13 
the supply of electrical machinery and accessory fittings 
and material. It contains also a colonial and continental 
section, and an Asiatic, an African, and an American 
division. A feature of the book is the biographical sec- 
tion ; this has been completed to date. The tables of 
electric lighting, power and traction undertakings of 
the United Kingdom, and of the principal colonial and 
foreign undertakings of the same class, also completed, 
form a useful compendium for reference. 
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the advertisement of the ance of a Complete Specification, 

ive notice at the Patent O, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


3191. A. H. Curtis and the Adams Manufacturiog 
Company, Limited, Bedford. Electrical Resistances. 
[15 Figs.] February 9, 1909.— According to the present invention, 
the resistance material consists of a thin, flat ribbon or strip, or 
of fine resistance wire braided or woven into the form of a flat 
tape, these tapes being arranged with their flat sides extending 
radially or substantially radially outwards. The resistance tapes E 


























are carried by a frame comprising a rod A, on the ends of which 
are mounted a pair of heads C, each head having an annular series 
of radial insulating arms, over which the resistance material is 
wound with one or more convolutions on each arm. One of said 
heads slides freely on the rod, and bears against a spring D, which 
is supported by an adjustable nut, and tends to force the heads 
apart and keeps the tapes taut. (Accepted February 9, 1910.) 


9094. J. A. Kennedy- McGregor, ham. 
Motor-Starters. (3 Figs.| April 17, 1909.—This invention 
relates to motor-starters and has for object to prevent too rapid a 
closure of the circuit. The piston a! of a dash-pot A is coupled to 
an arm B which is mounted upon the pivot C of the main and 
contact arms D, E of a motor-starter which are normally locked 
together. The arm Bis normally at approximately 90 deg. to the 
main and contact-arms when the starter is in the ‘‘ open ” posi- 
tion. The operating device upon the main arm D is pivoted and 
coupled with a spring plunger f which carries a roller f1, such 
roller being retained in contact with the arm B, the arrangement 
being such that upon a gradual movement being imparted to the 























T5053 - 
mala aru: D the dash-pot is closed by the spring-plunger, the 
— rer ‘ining stationary in relation tothe main arm. Should, 
pn er, the main arm be operated too rapidly, the spring 2 is 
DE ts y the dash-pot, and a detent which locks the arms 

’ M4 1e 


id her is operated and the arms disconnected. g,g! are 
- €s for the plunger, the upper one g constituting an abutment 


or the spring, while g8 is a collar on the plunger f. Both the 
D4 rg device and the detent are seevided with inclined faces, 
a nob 0 disengagement the main arm D may again be readily 
ene with the contact-arm E, and stops are provided at the 
Pivot of the arms, and so arranged that the dash-pot is opened 


the contact-arm returned upon the main arm being replaced 
to the open position. (Accepted y > Mende 16, 1910.) hie 


2287. A. L. Week |Fuse-S 
~ t witches. 
[3 Figs /anuary 30, 1909.—This invention relates to switches 








in which the current is caused to over fuses, forming part | controlled by one or more annular ported sleeves, to which motion 
thereof, and more particularly to switches in which the fuse is | is imparted from the crank-shaft of the engine. A represents the 
ge with switch-blades. In carrying out the invention, a | engine cylinder, B the ported sleeve, and C the sleeve seating. 
ever a is pivoted to a bracket 4 mounted upon an insulati: The end of the cylinder is formed with an annular, curved, or 
base c. Two brackets d, which receive the fuse k, are mounted | con'cal recess coaxial therewith. This recess constitutes the 
upon an insulating bridge e, pivotally mounted on the lever a. | sleeve seating ©, and extends into the path of the ports D and 
The fuse & is provided at its ends with blades /, and the blade at E, by which the motive fluid can to and from the engine 
one end may be passed through a slot in the respective bracket d, cylinder. The inner and outer walls of the recess converge to- 
wards its inner end to constitute a wedge-s! seating for the 
sleeve B, which is formed with correspondingly converging sur- 
faces. When the sleeve is inserted into the coating it is sup- 
ported by its inner and outer surfaces, and a space C! permits of 
the inward movement of the sleeve to take up wear. e sleeve 
is constructed in two rings b, bl, of which b! is formed with 

rts B), The ring } is screwed into the ring b!. The inner sur- 
ace of the ring } is adapted to engage with the outer periphery of 
a flanged ring F which projects into the recess in which the sleeve 
is mounted, and to form with the ring b! a balancing chamber 
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a collar m upon the fuse entering a recess in the bracket, whilst Bh N 
the other bracket d is formed as an open ring to receive the collar oN 
m upon that end of the'fuse, and is fitted with a set-screw n for UN 
securing it therein. The blades / upon the fuse are adapted aS 





to engage in spring contacts o mounted upon the base c; by 
arranging the brackets d upon the bridge ¢, which is relatively | 
movable to the lever a, a quick and approximately parallel break | 
may be obtained. (Accepted February 9, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


20,582. F. H. Livens, Lincoln. Interpal-Combus- 
tion Engines. [4 Figs.) September 8, 1909.—This invention | 
consists particularly in improved means for atomising the fuel as | that is in communication with the interior of the cylinder by one 
delivered into the vaporising or stion-chan _ The | or more passages a. This balancing chamber is formed of such 
atomising device is arranged on the vaporiser with its axis ver-| proportions as to counterbalance the excess of pressure exerted 
tical or inclined, and consists of a gland-shaped cover A bored out | upon the upper or outer surfaces of the ports B!,due to the 
to receive a delivery nozzle, an atomising cone BI, and a valve- | conical formation of the sleeve, and to cause a slight end pressure 
chamber B*, all of the said parts being kept in place by the | to be exerted upon the sleeve in a direction to enable it to auto- 
screw-plug C. The oil fuel passes into the annular chamber | matically adjust its position in relation to its seating in accordance 
B+, B4 and into a central cavity in the valve-chamber B®, which | with any wear that may take place upon such parts. The flanged 
communicates with an annular groove on the under side of the | ring F is secured in position between the end of the cylinder A and 
atomising cone Bl, A number of fine channels, which may be | a cover-plate A! that is bolted to the end of the cylinder, and is 
reduced in area towards their delivery ends, are cut on the cone | formed with an annular recess a! to receive the outer end of. the 
B! in a spiral or tangential form ; these divide the oil fuel into fine | sleeve and a light spring for keeping the sleeve upon its seat, 
jets, which are split up into a cone-shaped cloud of fine particles | when the pressure in the cylinder is equal to that of the atmo- 
sphere. e cover-plate, together with the adjacent portion of 
the cylinder, constitutes a casing for a worm G and worm-wheel 
| Gl, which forms a gear for imparting motion to the sleeve by 
suitable connections from the engine shaft. (Accepted February 16, 
1910.) 
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GUNS AND EXPLOSIVES. 


10,937. J. R. Hoyle, Ecclesall, and H. B. St: 2, 
Dore. Projectiles. {1 Fig.) May 8, 1909.—This invention 
provides a cap for armour-piercing projectiles which is suitable 
for use with casings employed to reduce the air resistance of the 
projectiles when in flight. The projectile has a pointed nose A! 
of ogival shape, with the curve conveniently struck. to a compara- 
tively small radius, so as to give the head that shape which is best 
suited for penetration. On the nose is mounted a cap B of rela- 
tively soft metal. The face of the cap is flat, or approximately so, 
and the principal mass of the metal B! is dis; around the 
point Al. A series of annular flanges are formed on, and integral 
with, the cap; of these flanges, one, C, is positioned around the 











of oil on issuing from the delivery nozzle. The opening in the 
delivery nozzle is controlled by a duplex check-valve B* hav ing a 
small spindle terminating in a cone at its lower end, and acylin- 
drical plug with a valve-seat above at its upper end, closing an 

opening to an overflow ; through this opening a tail-piece passes | 
to receive a head B19, on which rests a strong spring BY. The | 
check-valve B* therefore closes alternately either the nozzle or | 
the overflow opening. The spring B!! produces the resistance | 
against which the oil fuel is pumped, as well as keeping closed | 
the nozzle. When the parts are in the position shown, the oil 

leaks past the loose-fitting cylindrical body and tail-piece of the | 
valve B*, and escapes by the overflow. As soon as the fluid pres- 

sure is sufficient to overcome this resistance, the valve B* is 

lifted, closing the overflow, and allowing the oil fuel to pass 

through the nozzle, and the contrary when the pressure falls. | 
(Accepted February 9, 1910.) 


3003. T. Parker, Wednesfield. Vertical Retorts. | 
(2 Figs.) February 8, .—This invention relates to vertical | ane , 
oh om for the destructive distillation of coal. A battery of | age Se Thin — = oo ee of a oo 
vertical retorts is formed in a single and integral casting, and | festile t ther with th mn ene a ‘ odie sod, ae tee ‘Sither 
the individual retorts a, which are of small diameter, are formed | jec ‘cal a a ival i . t - the adi . rt owe a wei bei aod 
in two series, the individual retorts of the series alternating one | CO" gival in form, the radius of the ogival curve being 
with the other, and being united together and provided above large, so that the casing has the form best suited for affording the 
and below with common flanges bl, U2, The individual retorts least resistance to the air when the projectile isin flight. The 

tated flanges C, C!, and C* constitute supports for the casing D, and 
consequently obviate the necessity for undue thickness, (Sealed 








actual face B! of the cap, a second, C!, is positioned approxi- 
mately midway of the length, while a third, C2, lies at the extreme 
rear edge. rew-threads are cut in the peripheries of these 


















































Fig. 1. April 7, 1910.) 
1 
c b 2639. Pee rad Tarqate Werte Cy outh), 
| Limited, and F. W. Dodd, Weymouth. Automobile 
| Torpedoes, [4 Figs.) February 3, 1909.—According to the 
| present invention, there is combined with the propelling engines 
of automobile torpedoes with two co-axial propeller shafts of 
a : B 
[ A 
fF e2 7 
3 
c e 
# e e et 
“4 7 
y —_ 
are so formed that each retort communicates with the next ad- f? é tf! 
jacent to it towards the lower extremity, so that an intercom- 








municatin, 





this means, in case of the temporary choking of any one retort of 
-Com-_ parallel or wpe parallel to the axis of the torpedo a 


space c is formed at the lower end of the adjacent A = 
retorts, all the retorts being free to deliver their into a dis- 
263: - , 
the battery, an outlet is available for accumulating through 8 
one of the adjacent retorts. (Accepted February 16, 1910.) 
London. ternal 

September 1, 1909.—This in- | single rotary distributing valve which is formed with a central 

| supply- , the wall of which is led 


charge chamber at the upper end, common to the battery. By 
| the kind having a number of cylinders placed with their axes 
20,051. G. W. A. Brown, In 
ustion Engines. [10 Figs.) 
Pply -passage. surround: 
shell to form between it and the wall of the central 


vention relates to internal-combustion engines of the kind wherein 
the admission and exhaust to and from the engine cylinder is | 


by a casing or 
supply-passage 





564 


ENGINEERING. 


[APRIL 29, 1910 





an annular exhaust-space, the said valve being common to all the 
cylinders, and driven by one of the propeller shafts. A are the 
double-acting cylinders; B the pistons, The fluid pressure is 
distributed to the cylinders by a valve which is situated on the 
axis of the tor o and driven from the inner co-axial propeller 
shaft. The valve is formed with a central supply-passage'e, the 
wall el of which is surrounded 7 a casing ¢2, the annular space 
between the wall ¢! and the casing e? serving as the exhaust 
passag e p e is formed with two radial ports ¢, e4 
extending to the surface of the casing e%. The wall e! is formed 
with a prolongation E!, which is rotatably held in a stationary 
casing, by means of which the supply of motive fluid passes to the 
passage ¢ through ports formed in the prolongation E). As the valve 
rotates, the ports e* and e+ alternately register with the ports /, 
fi and f%, f* respectively in the ends of the cylinders. The ports 
e%, e4 are so arranged that the front side of one piston B and the 
rear side of the other are at the same time in communication with 
the motive. fluid. By this arrangement of the valve the -parts 
around the passage ¢ and the radial ports ¢*, e4, which are in 
contact with the entering motive fluid, are subjected to the 
greatest heat, the s between the e the casing e? 
forming the exhaust passage being at a comparatively low tem- 
perature. The distortion of the casing e? is thus reduced to a mini- 
mum. The exhaust from the cylinders away by means of 
ports e3*, e4* formed in the casing e%, the rear end of the annular 
exhaust passage being open to allow the gases to exhaust through 
the inner propeller-shaft, which is made hollow. (Accepted 
February 9, 1910.) 


MOTOR ROAD VEHICLES. 


752. Clayton and Shuttleworth, Limited, and 
J. W. Manday, Lincoln. Traction- (3 Figs.) 
October 16, 1909,—According to this invention, the two cy- 
linders in an engine of the compound type have their respective 
valve-chests at their outer sides, the rods of the valves being 
actuated—the one by link motion arranged approximately in line 
with it, and the other by link motion enungel out of line with it, 
but; connected to it by a rocking-shaft or equivalent—and the 
gear-wheels of the two speeds are fixed upon the crank-shaft— 
one between each of its bearings and the adjacent crank, whilst 
the horn-plates are straight and in line with the fire-box sides. 








a, @ are the cylinders, ¢ s the crank-shaft, and d the counter- 
shaft, having in sliding connection therewith two change-speed 
gear-wheels e and f. g and h are corresponding gear-wheels fixed 
upon the crank-shaft c; the smaller one, g, close to, but inside, 
the adjacent bearing i, and the larger one, h, between the other 
— jand adjacent crank, but with the eccentrics of the valve- 
gear of one cylinder between it and the bearing, as shown. The 
eccentrics of the valve-gear of the other cylinder are arranged 
between the cranks of the crank-shaft c, and the valve-gear is 
connected to its valve-rod by means of a rocking-shaft. z, z are 
the horn-plates, to which the bearings are bolted. (Accepted 
February 9, 1910.) 


SHIPS AND NAUTICAL APPLIANCES. 


29,719. Kelvin and James White, Limited, and F. 
W. Clark, G ow, andL. W. P. Che Mill 
Hill. Magnetic aipaasen, {4 Figs.) August 19, 1909. 
—This invention relates liquid com , an provides im- 
proved means for taking bs the expansion of the liquid and for 
compensating for contraction thereof due to variation in tem- 
perature? The bottom K! of the bowl K is made of flexible and 
transparent or translucent material, such, for instance, as skin, 
prepared parchment, waterproofed silk, or similar fabric, serving 





asa one and suitably secured tothe metallic portion of the 
box orchamber. The diaphragm is or may be supported centrally 
on the underside by means of a plate K* pressed upwardly by a 
spring K*, This arr t of expansion device affords a very 
considerable range of that motion required to save the chamber 
from strain caused by increase or decrease in volume of the con- 
tained liquid due to changes of temperature or other causes ; it 
will also be understood that a diaphragm of non-resisting material 
will not beliable to take a permanent set, as may be the case with 
metallic diaphragms. (Accepted February 9, 1910.) 


19,057. Kelvin and Jemes Whi Limited, and 
F. W. Clark, Glasgow, aud L. W. P. Chetwynd, Mill 











Hill. Magnetic (2 Figs. 
This invention relates to liquid compasses of the 





compass-card is formed so that it shall resist any tendency to rock- 
The under half of the float R is formed of bulb section—that is, 
approximately of the mid-ship section of a ship built to give a 
steady platform.’ In order to afford the maximum resistance to 
any tendency to rock the card out of its plane, a ring R! is fitted 
around the under half of the float, which ring serves the pape 
of ab keel. To prevent the card from being thrown off its 
pivot, is- prov a cup-like device R* serving as a guard 
which co-operates with a weight at the under extremity of the 
compass-card, and which is supported by means of a spring arm 
R® projecting from the side of the bowL e dl 
may be wholly enclosed within the float R, so that they shall be 
sheltered against the drag of the liquid when the vessel makes a 
rapid turning movement. Carried on the outer edge of the float 
is an annular rim, which forms the card index, and the outside 
diameter of the card so constituted is considerably less than that 
of the bowl; the card co-operating with the lubber point Ré4, 
which, as shown, is disposed in a horizontal plane for the purpose 
of obviating in reading the course. The _ object 
of arrangement is to obviate disturbance of 





this he card by the 
9 ~ of the liquid, which more or less adheres to, and is drawn 
round by the bowl when the ship alters course. (Accepted 
February 9, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


2625. A. W. Bennis, Bolton. Mechanical Stokers. 
(5 Figs.) February 3, 1909.—According to this invention, the 
shovel-arm or thrower is mounted in such a way on its operating 
shaft that it can be detached from the said shaft without the 
necessity of drawing the shaft out longitudinally. As will be seen 
from the drawings, the device is of the type in which fuel fed 
through the hopper z falls on to a floor y, which is extended for- 
wardly and lapped over the front of the shaft r which carries the 
tripper-cam « and the wave-camv. The cam v rocks a bell-crank 
lever w in well-known manner. The thrower bis attached to the 
forwardly bent portion of a of curved armsa,a, The arms a 
are bent outwardly to pass through slots in the side walls of the 
thrower-box and are then carried up at each side of these walls 
and attached to the shaft s. The attachment is such that the 
shovel with its arms can be drawn out from the thrower-box when 
the arms are detached from the shaft and when the door z has 


* 4 














been opened. The attachment may be effected by forming the 
shaft 8 with lugs ¢ into or against which the ends of the arms a 
are fitted and attached by means of bolts g. When the bolts are 
released and the door x is opened, whilst the thrower is in the 
retracted ition shown, it will be seen that the thrower with its 
arms can readily wn downwardly and rearwardly from the 
lugs e without the ity of displacing the shaft s. e tripper 
t, which is operated by the cam u, is also attached to the shaft s 
in such a way that it may be removed or replaced without dis- 
placing the rest of the mechanism. The tripper ¢ is fastened to 
the face of one of the lugs ¢, and is also fastened to a lug projecting 
from the shaft s. Beyond this latter connection the tripper ¢ is 
extended in the form of a lug p which acts as a crank in connec- 
tion with the rod g forming part of the combined spring and dash- 
pot — contained in the casing 0. (Accepted February 9, 
1910. 





27, W. Weir, Glasgow. Air- \1 Fig.) 
February 3, 1909.—According to this invention, the air-pump 
consists of two dry air-pumps 1, 2 and a wet pump 8 driven from. 
a crank-shaft 7 by an electric motor 4, the dry pumps being 
arran, one on each side of the wet pump. The wet pump is 
provided with a separate suction-chamber 12, and is of the usual 
marine type, with foot, bucket and head-valves, and draws water 
from the condenser 13, and discharges to a hot well in the usual 











(27094) 


manner. The dry pumps 1, 2 have separate suction-chambers 
15, 16, and draw air and vapour from the condenser 13 through 
a pipe 17 ted to the pipe 14 or to the condenser 
(as shown in dotted lines). Connections 21, 22 are provided upon 
the pipe 17 in proximity to the suction-chambers 15, 16 for the 
injecaion of costing wate. The discharge branches 23, 24 of the 
p Bn are connected through a non-return valve of any 

type to the barrel of the wet pump 3, at a point below the 
head-valves and above the bucket of said pump at the top of its 








stroke, whereby the contents of both dry pumps are disch ee 
into the wet pump and thence to the hot-well. (Accepted 
February 9, 1910.) 


James Howden and Co., Limited, ani 
H. Hume, Glasgow. Locomotive Furnaces. (5 /’ = 
December 28, 1908.—In a locomotive-boiler furnace em)jody. 
ing a forced-draught system and an induced-draught s\ stem 
there are vided, in combination with interconnected d) vices 
for controlling the forced and induced draught, mean: for 
and. at the same time, controlling the fire-door. |The forced. 
draught air-inlet valve A may be interlocked with the furnace. 
door B by a guard C attached to the operating lever D. and 
































a 


arranged to extend over or in front of the door-latch E, and the 
lever for operating the air-valve A is connected to a lever-arm of 
a cock or valve H on a live or exhaust-steam pipe, which, when 
the cock or valve is open, supplies steam to an induced-draught 
jet, or series of jets, located in the position usually occupied by 
the blast-pipe, or in the smoke-box of the boiler if desired. The 
valve-levers are so arranged and connected that when the forced- 
draught air-supply is ‘‘on” the steam supply is “off,” and vice 


versd, (Accepted February 9, 1910.) 
713. eselischaft Brown, Boveri, et Cie., 
Switzer Turbines. [5 Figs.) November 17, 
1909.—This invention relates to nozzles for turbines. The lower por- 
tion bcontaining the nozzle passages is provided with a sloping-plane 
¢, which rests on a sloping-plane d of the turbine casing. The lid 
J rests with its ground lower surface on the upper ground surface 


(24230) 





© (26713) 


of the lower portion 6, and is also provided with a sloping-plane 
i. The member k acts as a wedge, its sloping surfaces being 
pressed by means of screws on the sloping-surface i of the lid/, 
so that the lid is held in a steam-tight manner against the lower 
portion 6, and both together against the casing ¢ on account of 
the lower portion balso being wedge-shaped. (Accepted February 
16, 1910.) 


MISCELLANEOUS. 


12,628. Babcock and Wilcox, Limited, London. 
(The Babcock and Wilcox Company, New York, U.S.A.) Liquid- 
Fuel-Spra Devices. (3 Figs.) May 28, 1909.—This 
invention relates to liquid-fuel-spraying devices. The spraying 
device comprises the usual barrel A, into which 1) fuel is fed 
under pressure by a pipe connection B. The end of the barrel 
has formed in it a number of outlet orifices a, and is screw- 
threaded externally for engagement by an internally-threaded 
cap C formed with the usual spray orifice ; disposed within 4 
recess in the cap C, and bearing on the extreme end of the barrel 


i 


Yn 
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A, isa distributing plate D of the form shown in Fig. 2, having & 


central orifice d coaxial with central cavities c! and a) formed _ 
the cap © and barrel A respectively, and having also cut in! 
slots extending tangentially from the orifice d towar«'s 
periphery. When the parts of the sprayer are assembled with ~ 
distributing-plate D held by the cap C, the ends of the si on 
are over the orifices @ in the barrel end, and the liquid fuel w' - r 
ressure is forced from the barrel through the orifices a alon; poo 
ntial slots dl into the gyratory chamber formed b) oe 
cen orifice d and cavities cl and a1, and thence through ‘he 
spray orifice in the cap C. (Sealed April 14, 1910.) 
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PROPORTIONS OF CHAIN-RINGS. 
By T. Rosson, Assoc. M. Inst. C.E. 

Tx order that a ring may be proportional to the 
chain or sling to which it is attached, it must be 
sufticiently stiff to withstand the specified proof 
load of the chain or sling without deformation. The 
proof load specified by the Board of Trade causes 
the chain to elongate, and there is no practical ob- 
jection to this, as the stress always acts through the 
links in thesamedirection; but asa ring is liable tobe 
turned round, no alteration in shape can be allowed. 

It will be readily’ seen that for equal loads on 
rings made of the same diameter of iron, the bend- 
ing moment tending to cause deformation will in- 
crease as the mean diameter of the ring is increased 
—that is, the safe load varies inversely as the mean 
diameter of the ring. 

Again, as the resistance of a round bar to bend- 
ing varies as the cube of its diameter, the safe loads 
on rings of equal diameter will vary directly as 
the cubes of the diameters of the iron. 

Therefore, if 
W = load at which deformation commences ; 

D = mean diameter of ring ; 
d = diameter of iron in ring ; 


W will be proportional to ~3 


or 


W=m 4 


where m is a constant to be found by experiment. 
Ft 


¥ 





~~ 


Value of d*dinded by D 


8 
ab which 


Load tv 


TABLE I1.—Tests to Find Maximum Load Iron Rings will 


Withstand Without Collapsing. 





Load in Tons at 


Dimensions of Rings Tested. | 
Collapsing Point. 

















Approximate. Actual. 
——_—_—_— } 
Value of| | After 
’ ; | a | | Annealing 
Dia- (Internal) Dia- Mean | D° | Before and 
meter | Dia- | meter | Dia- | Annealing! Turned 
Iron.| meter. | of Iron.| meter. | | | Through 
| 90 Deg. 
in. in. > | in. | 
} lys | 0.490 | 1.95 | 0.060 1.75 | 
} 2¥, | 0.495 | 298 | 0.041 1 
j 33 0.495 | 3.89 | 0.031 0.75 | 
} 4 0.495 | 4.85 | 0.025 0.50 | 
é ys 0.850 | 3.41 | 0.180 3.75 3.90 
: 3s | 0.860) 445 | 0.143 | 3 
é 48 0.870 5.47 0.120 2.75 | 2.50 
4 54 0.870 6.35 0.104 | 2.10 | 2.05 
1} 37 1.220 4.76 0.380 7.75 7.70 
1} dy, | 1.230 - 5.82 | 0820| 650 | 636 
1 Stk | 1.230 | 690 | 0.270 4.75 4.80 
1j 6y, | 1.260 | 7.70 | 0.260 | 5 | 5 
ly 44+ | 1.580 | 625 | 0.630 | 1250 | 12.80 
1 by; | 1.68 7.20 | 0.600 | 11.50 11.44 
1g Gy; | 1.61 8.18 | 0.510 | 10.50 10.10 
i 7h 1.65 9.15 | 0.490 8.75 8.40 
: 6 1.98 8 0.970 | 18.25 18.30 
2 6H | 2 890 | 0.900 | 16.50 16.40 
E 7H | 2.08 9.84 | 0.850 | 15.25 15.12 
2 83 2.03 | 10.90 | 0.767 | 18 13.20 
25 11¢f | 244 | 1435 | 1010] 19.10 18.60 
24 Si | 248 | 11.30 | 1.350] 26 25.10 
24 10 247 | 12.50 | 1.205 | 28.50 23.50 
2 125 2.52 | 15.14 | 1060] 1850 18.70 
25 103 2.60 | 18 1.350 | 25.30 25 
" . . ~ : . te ; 
, The question of the stresses in chain-rings has 
een already fully treated from a mathematical 
point of view, but few practical experiments have 
been made, 

_ order more fully to determine the safe limit 
— ‘acing, @ series of tests on rings of various sizes 
- recently been made. The iron from. which 
ad rings were made was an ordinary quality of 
¢ = ve taken from stock in the ordinary manner, 
and at the time of manufacture it was not specified 
that the ri 


ngs were for trial purposes, as the object 





|was to test rings manufactured under - ordinary 
conditions. 

Prior to testing, the dimensions of the rings were 
very carefully taken, the iron from which they were 
made was measured in several places at opposite sides 
of the diameter of the ring, and the mean of the 
two diameters taken, the lowest mean value being 
used. The mean diameter of each ring was taken 
at several points, and the largest figure obtained 


3 
was used. From these dimensions the value of . 


was calculated for each ring. These results, together 
with the dimensions of the rings tested, are shown 
in Table I. The tests were carried out on a 60- 
ton Buckton machine, the load being applied vertic- 
ally, and the ring was measured for Scheomtion 
across its horizontal diameter, a smal] centre-punch 
mark being made on one side, and the other side 
chalked, and a line scribed with a fine-pointed 
trammel before applying the load. One of the 
strongest rings was tried first, and the load on 
the ring was increased by increments of one-tenth 
of aton. After each increment the load was taken 
off and the trammel tried. The load was increased 
in this manner till a point was reached when the 
trammel began to thicken the line already drawn, 
and this was taken as _ 
the load_ producing de- Fg.2. 
formation. 

The reason for test- 








‘rings first was that the 


ing one of the strongest 


Sate Working Load on Ring wv Tone. 


















increment of load would be a small percentage of 
the total, and therefore any error made in finding 
the first result would be small. 

Having tested the first ring in this manner, a 


3 
chart was constructed having values of non the 


vertical] scale, and load in tons on the horizontal 
scale ; the value obtained was then filled in, and a 
line drawn from it through the origin. The operator 
then had an approximate idea at what load distor- 
tion would commence in the other rings, and so 
avoided running the jockey-weight further back 
than was necessa 





ry. 
As the rings were not absolutely uniform in section 








atall places, a condition, of course, impossible unless 
they were machined, they were all annealed after 
being tested, and then re-tested in a similar manner, 
except that they were turned through a right angle, 
so that the previous horizontal diameter became the 
vertical one. All the results obtained were then 
plotted on squared paper, and a straight line drawn 
through the points ; from this line the relationship 
between the dimensions of the rings and the load 
at which deformation commences is shown to be 
os ds. 
W = 18.7 D* 
this is shown graphically in Fig. 1. 
Taking this as the proof load, and allowing the 
ring to be worked up to half the proof load, as is 


done in the case of chains, the safe load is equal to 
3 
9.35 > Now if different sizes of chain iron are 


taken, and corresponding diameters of ring for 
different working loads are calculated, a table will 
be obtained giving the dimensions of rings for 
different loads ; from this table a chart has been 

repared showing suitable sized rings for different 
7 s. This is shown in Fig. 2. 

As a ring is used as an end attachment for a 
chain, a more useful formula would be one showing 





<" WORKING LOADS 
ON IRON RINGS. 

















my 1 3 4 5 6 7 8 9 100 1 412 13 14 16 16 17 18 1920 21 22 
Internal Diameter of Ring tv es. 
TABLE ITI.—Proportions or Rines ror Dovusie-Lee Siinc-CHarns. 

¥e-IN. j-In. ye-IN. }-In. ye-Ix. | §-IN. $4-IN. }-IN. -In. 4-In. 19-IN. 1-In. | 1yy-IN. 14-Ix. 
Cuatx. Cuaty. | Cnarx. | Cua. | Cuan. | Cuary, | Crain, | CHAIN, HAIN. | CHAIN, | Cuatn, Cnary, | Cnar, | Onan, 
2 |— o 6 Piney ‘ r 

Proof Proof Proof Proof Proof | Proof Proof | Proof Proof Proof Proof Proof Proof Proot 
Load, Load, Load, | Load, | Load, | Load, Load, | I . I ‘ Load, Load, | Load, | Load, Load, 
2} Tons. 34 Tons. | 44 Tons. 6 Tons. | 74 Tons. | 9} Tons. |11} Tons, |134 Tons. |15¢ Tons. 18} Tons. | 21 Tons. | 24 Tons. | 27 Tons.|80} Tons. 

—_ — | | | 
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the relative dimensions of the chain and the ring 
attached to it. 

If C is the diameter of the iron in a short-link 
|chain, the proof load is equal to 12 C?; so if this 
expression is substituted for W in the first formula, 
the proportions of a ring are obtained that will be 
on the point of deformation when the chain to 
which it is attached is subjected to its full proof- 
load. The relationship is 0.64 C? = as 

Now, if for each size of chain we take different 
values of d, the corresponding values of D can be 








found and a table ee Similar tables can 
be prepared for two, three, and four-leg slings by 
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THE GLASGOW MAIN-DRAINAGE 
WORKS. 
(Continued from page 537.) 
We this week continue our series of illustrations of 
this important undertaking of the Glasgow City Cor- 

oration, which was formally completed on Monday 
fast by the Lord Provost, the Hon. A. McInnes Shaw, 
who inaugurated the Shieldhall Sewage Purification 
Works, the third of the series which deal respec- 
tively with 20 million, 49 million, and 47 million 
gallons of dry-weather sewage per day. But, as 
explained in our previous article, the sewers are 
designed to deal also with rainfall throughout the 
42 square miles embraced in the Glasgow drainage 
area, which compasses several adjacent burghs 
and urban districts of adjoining counties. Thus 
the total volume of combined sewage which may be 
purified before the effluent is discharged into the 
river at the three stations is about 100 million 
gallons per day. Glasgow had every reason to 
rejoice on Monday at the completion of this task, 
in view of its great influence on the purity of the 
waters of the river, and to look forward with hope 
to similar action being taken soon by the up-stream 
and down-stream riparian authorities, who at the 
present time pollute the waters outside the area of 
the Glasgow scheme. The Govan Burgh authorities 
have already in progress a main-drainage scheme to 
discharge into the Shieldhall purification station, 
the burgh surveyor, Mr. F. G. Holmes, being the 
engineer, and Mr. W. C. Easton, the engineer on 
construction of the Glasgow scheme, the consulting 
engineer. The Rivers Cart, Kelvin, and Leven are 
said to contaminate the waters of the Clyde, and 
action is being taken to induce the local authorities 
concerned to come into line. 

But, to resume our description of the pee 
details ; we illustrate on page 568 several typical 
details in connection with the sewers in the vicinity 
of the Partick Pumping-Station, where also the main 
outfall sewer is carried upon an aqueduct of lat- 
tice girder construction over the River Kelvin after 
crossing under Dumbarton-road—a main thorough- 
fare to the west. The aqueduct, as shown in the 
plan, Fig. 23, is parallel with the very fine cast-iron 
arched bridge for the main road over the River 
Kelvin, where the stream leaves the Kelvingrove 
Park, which, it will be remembered, was the site of 
the exhibitions held in Glasgow in 1888 and 1901, 
and is to be the locus also of the exhibition of next 
year. At the further extremity of the aqueduct is 
the Partick Pumping-Station. A perspective view 
of bridge and station is given in Fig. 21, on page 568. 

Drawings of the aqueduct are reproduced on 
Plate XX XVIII., accompanying thisissue. Fig. 24 
is an elevation, and Fig. 25a plan of the aqueduct. 
The Kelvin is here a shallow stream with a fairly 
good rock bottom, and, at the site of the bridge, 
there runs parallel with it a lade for the supply of 
water to the power plant at flour-mills further 
down the stream. As it was essential that there 
should be no interruption of the flow of water to 
the mill-wheel, it was considered desirable as a 
precautionary measure to build cofferdams for the 
construction of the aqueduct abutment and pier 
joining the mill-lade. The abutments and piers 
are of masonry, and of the latter an elevation is 
given in Fig. 31, on Plate XX XVIILI., and a cross- 
section in Fig. 32. The piers carry parallel lat- 
tice yirders, 124 ft. long, at 11-ft. 6-in. centres for 
the river span, and similar girders, 42 ft. long, 
across the mill-lade. The drawings reproduced on 
Plate XXXVIII. (Figs. 26 to 28) show the con- 
struction of the main girder, while the cross-section 
of the bottom boom is shown in Fig. 35. The cross- 
girders, of rolled steel joists, are 8 ft. 6 in. long, and 
are at 4-ft. centres, corresponding with the bays of 
the main lattice girders. The bottom wind-bracing 
iso: clagonal angles. The cross-girders carry stouls, 


on \\ och there rests the 5-ft. 9-in. cast-iron pipe con- 


veying the sewage. On the top boom there are at 
4-ft. cntres roof principals with timber roof, covered 
bo \. lead, as shown in detail in the cross-section 


3). The construction of the smaller girders 
‘he mill-lade corresponds almost exactly, 
ut-ough they are of lighter section in view of the 
Stic'er span. These girders are shown in Figs. 29 
anc ©J, with detail sections in Figs. 36 and 37. 

. 8 regards the sewer-pipe, it was intended that 
. sl uld have flanged joints with a rubber ring, 
om ‘ater it was decided to make it with machined 

‘ces, which were coated with red-lead paint before 
th pipes were bolted together. The dimensions 
pipe connections are clearly indicated in 


oV 
alt 


of the 








Fig. 38. As the main span is about 120 ft., three 
spigot and socket lead joints, as shown in the 
detail, Fig. 40, were fitted on the main span as 
a provision for expansion. A detail of the ex- 
pansion-joint, at the junction between the pipe 
and the brickwork or masonry on each abutment 
and pier, is shown in Fig. 39; a circumferential 
clearance of 1 in. was left between the metal and 
the brickwork, and an end clearance of } in., and 
these clearances were filled with bitumen. 

The Partick Pumping-Station, which adjoins the 
aqueduct, as shown in the plan, Fig. 23, is for rais- 
ing the sewage from low-level mains of Glasgow 
and Partick into the outfall sewer to Dalmuir, the 
lift being 37 ft. 6 in. The three pumps, of the 
plunger type, with a capacity of 11,250 gallons per 
minute, or 16 million gallons per day, are each 
driven by a set of triple-expansion engines of the 
marine type, supplied with steam at 160 lb. working 
pressure from four boilers. 

In the vicinity of the aqueduct and pumping- 
station there are several details of interest. At 
Dumbarton-road there is a junction between the 
existing sewer and the outfall sewer, and this is 
more or less typical of such accessory on this sec- 
tion ; a plan and sections of it are reproduced in 
Figs. 41 to 44, page 569. We stated the principle 
of these junctions in our previous article, and the 
drawings do not require further elucidation. 

Figs. 45 to 51, page 569, illustrate a form of over- 
flow and emergency outlet. In order to explain this 
it is necessary to be retrospective. The original main 
sewer, called the Pinkston Burn sewer, draining a 
considerable area of the north and north-eastern 

ortions of the city, passed along the bank of the 
‘elvin, and at one time terminated by discharging 
into the Kelvin at the outlet to which the channel 
marked ‘‘ overflow” on Fig. 23 now connects. In 
order to minimise the pollution of the Kelvin this 
sewer was ata later stage continued down the bank 
of the Kelvin to Bunhouse-road and thence to the 
River Clyde, about half a mile southward, the 
original outlet to the Kelvin being used as an over- 
flow. On the construction of the outfall sewer— 
that farthest away from the river bank, as shown 
on Fig. 23—an overflow chamber was formed at the 
point, and in the manner shown, to discharge 
automatically by means of a weir the excess flow 
due to rain into the Kelvin by way of the 
original termination of the Pinkston Burn sewer. 
To provide means by which the whole flow could be 
diverted from the outfall sewer in case of emer- 
gencies, the sewer to the Clyde, forming the ex- 
tension of the Pinkston Burn sewer, was made use 
of, and for the purpose a penstock and stop-plank 
chamber were constructed a few yards below the 
overflow chamber. Double stop-planks, which can 
be used singly or together, with clay between, are 
provided in the outfall sewer, and a penstock is 
provided to the Pinkston Burn sewer, the pen- 
stock being normally kept closed. As the Pinkston 
Burn sewer is again intercepted lower down by a 
chamber leading to the Glasgow intercepting 
sewer, it is obvious that it was undesirable, if it 
could be avoided, to connect the ordinary storm- 
water overflow to that sewer, as this would simply 
result in a large quantity of the excess from the 
outfall sewer coming through the pumps. Owing 
to the very favourable circumstances prevailing, the 
arrangements above described show how this is 
avoided ; at the same time, pollution of the Kelvin 
in case of emergencies is also avoided by utilising, 
in that case, the connection to the Clyde instead of 
the storm-water overflow to the river. 

The pumping-station at Kinning Park was de- 
signed to raise the sewage from the low-level sewer 
which intercepts the old lines of sewers, and deliver 
it through two rising mains, each about three-eighths 
of a mile in length, into the main outfall sewer, by 
which it is conveyed to the Shieldhall purification 
station. The sewage is raised 28 ft., and forced an 
additional height of 17 ft. up the rising main. The 
arrangement of the sewers is shown on the map 
published on page 533 ante. The most interesting 
work involved in the construction of this pumping- 
station was associated with the foundations. In- 
deed, the completion of the southern section of the 
drainage works was considerably delayed in the 
initial stages owing to the difficulties disclosed 
after the site at Kinning Park had been purchased. 
Difficulty was experienced in finding a location for 
the station with satisfactory substrata, and in 
August, 1907, it became clear that unless decisive 
action was taken the completion of the scheme 
would be seriously prejudiced, Notwithstanding the 


disadvantages of the site, Mr. Easton, then resident 
engineer, and subsequently engineer on construc- 
tion, devised, in collaboration with Mr. D. Home 
Morton, consulting mechanical engineer, and Mr. 
Thomas Melvin, general manager of the Sewage 
Department, plans for the station. These were at 
once approved of by the Sewage Committee, who, 
however, in view of the obvious difficulties in con- 
struction, made it plain that the responsibility of 
executing this work rested on Mr. Easton. In view 
of the risks involved, and the fact that it was conse- 
quently impossible to schedule the work, they also 
decided that the work should be done by the Cor- 
poration Main Drainage staff. 

The final borings had disclosed that for 19 ft. 
from the surface there was fine dry sand over- 
lying running silt extending for a depth of 44 ft. 
before boulder clay was reached. The level of the 
incoming sewer made it necessary to carry the ex- 
cavations to a depth of from 45 ft. to 514 ft. below 
the original surface level, or for two-thirds the depth 
of the running silt. The problem to be solved was 
to provide in this material a satisfactory foundation 
for pumps, which, notwithstanding their great 
height of 65 ft., must be maintained truly vertical, 
although subject to vibrating forces consequent on 
the nature of the substrata. The procedure, now 
to be described and illustrated, has proved most 
satisfactory. 

The difficulties of excavation were seriously in- 
creased, owing to the adjacence on one boundary 
of a five-storey building, over 70 ft. high, as shown 
in several of the views reproduced in Plates 
XXXIX. and XL. ; on another boundary, of a 
transformer station (Fig. 52), the maintenance of 
which intact was of the fullest importance, because 
a large mileage of the Glasgow Corporation electric 
tramway system was dependent on the machinery 
for the supply of electric current ; and, on the two 
remaining sides, of thoroughfares, forming together 
an important through route for the tramway system. 
The close proximity of the pumping-station to 
these thoroughfares is shown in the external view 
of the station as completed on Plate XLI. Thus 
on all four sides the engineer was hampered for 
room. He had to make his excavation to depths 
of from 45 ft. to 514 ft. from the surface without 
damaging the buildings, and, although this excava- 
tion encroached on the streets, without endanger- 
ing the traffic. Moreover, the area was over 100 ft. 
long, and from 50 ft. to 100 ft. wide. To engineer- 
ing readers there is no need to enlarge upon the 
achievement of constructing such a station in the 
middle of a 44-ft. bed of running silt. 

Work was commenced on November 1, 1907, and 
the building was finally handed over to the con- 
sulting mechanical engineer on July 1, 1909, the 
work of forming foundations, building the pump- 
wells, catch-pits, &c., and the engine-house, having 
been successfully accomplished without untoward 
event. Moreover, there were only two accidents of 
consequence to workmen : one was due to the catch 
of a mud-box being opened by striking an obstacle, 
and the released bottom knocking over one of the 
workmen, while on another occasion a man fell 
40 ft. by missing his footing on a stage where he 
had no right to be; but luckily he escaped with only 
slight injury. 

The first process in the construction of the works 
consisted in underpinning the buildings on two 
of the boundaries to a depth of 20 ft. from the 
surface ; in other words, just into the top surface 
of the silt. This work was carried out in the 
usual way, but with the addition of every con- 
ceivable safeguard which experience dictated. To 
guard the thoroughfares along the two other sides 
of the site, walls were built in trenches along the 
streets—in fact, partly under one line of the tram- 
way, traffic being conducted on a single line during 
the progress of the whole work. hus the area 
was enclosed by walls extending into the running 
silt. Onthe completion of this work timber sheet- 

iling was driven into the boulder clay around the 
our sides of the building line, the length of 
timbers used being from 45 ft. to 50ft.; their tops 
were thus about level with the surface of the silt 
bed. The piles were driven by two of Sykes’ patent 
quick-piling machines, specially built for this job, to 
work 4-ton hammefs, . b essrs Henry Sykes, 
Limited, and they en highly successful. The 
special reinforcing in the concrete of the outer walls 
of the station consisted of this firm’s patent 
indented steel bars. These were adopted on account 
of the very cram conditions under which the 





walls had to be bale which necessitated that the rc- 
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inforcing steel should be in the handiest possible 
form. The indented steel bars fulfilled their pur- 
pose admirably, as they had sufficient elasticity to 
enable them to be put into the work past the 
various obstructions. As the steel was bought in 
stock lengths of 30 ft. to various sections, there 
was no complication due to special pieces which 
would have been difficult to handle under the con- 
ditions in which the work was done. 

The photograph, Fig. 52, on Plate XXXIX., was 
taken on September 4, 1908, and shows the com- 
pletion of the sheet-piling round the area. This 
view shows the cranes used : one was a 7-ton Morgan 
—that nearest the buildings, and the other a 5-ton 
Butters. Both were all-steel, had 85-ft. jibs, and 
were electrically worked. It will be noted from 
the photograph that the work of driving the piles 
had shaken away the silt, which had dried imme- 
diately under the crane foundations, these being 
supported on concrete bases resting on stool-piling 
driven to the boulderclay. The foundation for the 
Butters crane was nearer to the piling operations 
than the other, and the substrata were therefore 
more disturbed than in the other case, and it was 
possible to stand under the concrete base. The 
Morgan crane was then also standing entirely on 
the piles. This engraving further shows the work 
of driving internal sheet-piling through the silt to 
the boulder clay, to subdivide the area into com- 
paratively small pockets. There were thirty-four of 
these pockets, and the system of struts and walings 
is well shown in the view, Fig. 54, Plate XL., 
this being prepared from a photograph taken on 
February 3, 1909. 

The material in the respective pockets was ex- 
cavated to a depth of from 45 ft. to 514 ft. from the 
top of the silt, or approximately from the top of the 
piling. The figures on Fig. 54 are the numbers 
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of the pockets. No. XI., seen on the piles next | passed through the silt into the clay. The excava 
to the five-storey building, coincides with the top of tion of the silt within the pockets was carrie 
the silt, and the underpinning extended to a trifle to a depth of from 26 ft. to 324 ft. into the silt, 
below the point thus marked, while the piles or from 45 ft. to 51} ft. from the original surface 
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level to suit the level of the incoming sewer. 
Vhis left from 18 ft. to 12 ft. of silt overlying the 
clay. It was consequently essential to first securely 
plug the bottom of each pocket. After that was 
done, and comparative safety gained—a condition 
illustrated by the view taken on February 3, 1909, 
reproduced in Fig. 54, on Plate XL.—a ferro-con- 
crete raft, reinforced with old rails, was constructed 
over the whole area, resting on the top of the piles 
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as cut. This concrete raft, which was 2 ft. deep, 
covered the whole of the area. As shown in the photo- 
graph of March 19, 1909, Fig. 53, on Plate xxkIx., 
the brickwork for the construction of these walls 
had commenced, and very rapid progress was made. 
The view shows the walls in process of construc- 
tion on the raft, with the patent indented steel 
bars in the external walls. This was the first 
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face, as hitherto it had been concealed by the in- 
ternal piling forming the pockets, as in Fig. 54. 
This piling was cut away in 3-ft. lengths, working 
from the bottom upwards, as the internal walls were 
built. The last set of walings and struts, and the 
topmost length of the piles, were removed before the 
taking of the photograph reproduced in Fig. 53. 

The brickwork was completed in a very short 
period of time, the surface level being reached on 
a 14, 1909, as shown in Fig. 56, on Plate XLI. 

e progress is shown by a comparison of the state 
of the work on February 3, March 19, and April 14, 
1909 (Figs. 54, 53, and 56 respectively). In the 
second of these three views work is proceeding at a 
depth of about 40 ft. from the surface, and the 
inlets into the pump-well are seen; in the third 
view the work has been carried to the surface level. 

Another view, taken also on April 14 (Fig. 55, on 
Plate XL.), shows a ~ of one of the pump-wells, 
and gives an idea of the character of the work. 
The beams shown are the bearers for the pumps, 
while the granite blocks are for the upper tier of 
beams—at the ground level—to carry the steam- 
engines. These wells, of which there are four, 
have a depth of 40 ft. below the surface level. 

The building, 110 ft. above the foundations, was 
completed on June 28, 1909. Thus from the time 
the excavation at foundation level had been plugged 
with concrete until the walls and roof were com- 

leted only five months had elapsed. Until the work 

reached this stage, the contractors for the 
pumping machinery were not permitted to tuke any 
action towards the erection of their machinery, so 
that the building was not handed over to them until 
July 1. Thus the whole of the work of constructing 
the pump-house was completed in twenty months, 
and nine months more sufficed for the erection of 
the extensive pumping plant. 

The pumping machinery was arranged with due 
consideration to the difficulties of the site and 
foundations, so that the deep excavation might be 
as far as possible from the high building adjoining, 
The wells were constructed on the cellular principle, 
with heavy transverse walls, which also carried the 
machinery. These wells extend 40 ft. below the 
original surface-level, and the invert of the catch- 
pit is 6 ft. lower. The sewage enters the catch-pit, 
which is 10 ft. deep, through a penstock 7 ft. 6 in. 
in diameter. A travelling grab- r removes the 








day on which the work could be seen on the sur- 
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the streets. Thence the sewage enters three screen- 
ing-channels at right angles to the catch-pit, these 
channels being fitted with penstocks, so that any or 
all may be closed. Each is also fitted with an open 
screen to stop larger floating bodies, and two fine 
screens of ? in. mesh, of the lift-gate type, to arrest 
smaller material. The spoil is raised from the catch- 
pit and screening-channels by elevators and is burned 
or carted away. As these chambers are under the 
yard area of the station, space is economised, and 
the work of removing the solids facilitated. 

All solids having been extracted, the sewage 
flows by distributing channels into the pump-wells. 
Four have been built, each entirely separate, and 
fitted with penstocks, so that any one may be put 
out of action for cleansing purposes. Three pumps 
have been erected, cach capable of raising 12,320 
gallons, or 58 tons of sewage, per minute, and it is 
calculated that two will suffice for the present wet- 
weather flow of sewage, so that the third is in re- 
serve. A fourth can be built when required. The 
bed-plates for this set are seen in the view of the 
station (Fig. 59, on Plate XLII.). 

The pumps, one of which is illustrated in Fig. 58, 
on Plate XLI, are of the triple-plunger type, and 
are bedded on heavy beams directly over the pump- 
wells, and therefore under the engine-room floor- 
level. They are not therefore seen in our view 
of the pumping-station on Plate XLII. The 
steam-engines driving the pumps are of the triple- 
expansion marine type, the piston-rods being 
connected directly to the pump-plungers. The 
net lift is about 39.5 ft., but the frictional 
resistance of the rising mains raises this to an 
equivalent of 46 ft. to 48 ft. There are on the 
engines Corliss valves on the top’ and bottom 
covers, actuated by slide-bar trip-gear. All cylin- 
ders are jacketed on the barrels, and there are two 
tubular re-heaters between them. Of the two fly- 
wheels fitted to each engine, one is provided with 
electric barring-gear, and the other has square holes 
cast in the rim for barring by hand. The pump- 
valves are hinged flaps of cast steel faced with 
leather. The pump-chambers consist of massive 
castings resting on cast-iron girders directly above 
the sump. There is an air vessel on the suction- 
pipe close up to the pump-chambers, and also on 
each of the pumps under the high-pressure and low- 
pressure cylinders. The discharge-branch is on the 
pump under the low-pressure cylinder, and the 
sewage passes wholly and directly through the tubes 
of a surface-condenser, and thence into the rising 
main. The air-pump is fixed to the air vessel of 
the centre main pump, and is operated by levers 
from the intermediate-pressure crosshead. Each 
set of engines and pumps runs up to 23 revolutions 
per minute. A sluice-valve enables any engine 
to be cut out at the delivery side, and connecting- 
pipes and sluices permit of any pipe ——s into 
any main. The pump-house is traversed by an 
overhead crane, the electric current for which, as 
well as for all auxiliary machinery in the station, 
is taken from the Corporation’s supply mains. 

Steam at 180 lb. working pressure is supplied 
from three boilers of the Babcock and Wilcox type, 
suited for a moderate degree of superheat, and 
provision is made for the addition of a fourth when 
the additional pumping-engine is required. Under- 
feed stokers, feed-water heater in the flue, and 
other accessories will reduce fuel consumption and 
obviate the issue of smoke from the chimney. 
Duplicate pumps are fitted for feeding the boilers 
from a feed-tank with oil-filter, while a reserve 
reservoir is erected in an elevated position, and the 
station is otherwise admirably equipped according 
to latest ideas. 

(To be continued. ) 








METHODS OF OBTAINING COOLING 
CURVES. 

ALL methods of thermal analysis are based upon the 
principle that chemical and physical transformations 
within a substance are, in general, accompanied by an 
absorption or an evolution of heat. These transforma- 
tions are most easily observed by taking cooling curves. 
Heating curves would be as good, and in some cases 
we ar le, if not alone useful, for instance, in trans- 

ormations involving loss of water of crystallisation or 
of other constituents’; but it is more difficult to main- 
tain a uniform rate of heating than of cooling. How- 
ever carefully taken, these curves cannot give any 
indication of transformations not involving evolution 
or absorption of heat. There may be change of 
volume without change of internal energy; of such 
changes, which Sahmen and Tammann determine 





with the aid of a dilatograph, thermal analysis would 
not tell us anything. 

Leaving these latter problems aside, we wish to deal 
with the various methods of taking cooling curves and 
with their interpretation and values. The availability 
of the various methods for special problems has been 
little discussed, in spite of the general acknowledgment 
of the importance of thermal analyses for metallurgical 
and chemical problems; and we wish to draw atten- 
tion toa memoir on ‘‘ Methods of Obtaining Cooling 
Curves,” published by Mr. George K. Burgess, associate 
physicist of the United States Bureau of Standards, 
Washington, in the Bulletin of this institution. 

In his researches Mr. Burgess has chiefly made 
use of thermo-couples for measuring temperatures. 
Thermo-couples occupy very small space, take up the 
temperature of the sample with great promptness, and 
are very durable when made of platinum metals. As 
regards sensitiveness, Mr. Burgess gives the following 
table for three kinds of couples, in which the one metal 
is platinum, and the other either platinum with 
10 per cent. of rhodium, or platinum with 10 per 
cent. of iridium, or nickel. The table states the 
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electromotive force in microvolts, and the d E/d T— 
that is, the change in the electromotive force per 
degree Centigrade—for the range 300 deg. to 1500 deg. 
Cent. 

















| | 
| Pt, 90 Pt-10 Rh, | Pt, 90 Pt-10 Ir. Pt, Ni. 
Tempera- —— re 
ture. | ELM.F. E.M.F. E.M.F. 
Micro- dE/dT.| Micro- dE/dT.| Micro- dEd/T. 
volts. | volts. | voits. 
deg. Cent. 
300.. ou|, - 2,200 9 | 4,080 15.9 7,940 11.8 
500... 4,160 9.7 7,300 16,7 10,510 14.4 
700.. 6,170 10,45; | 10,720 17.5 13,670 17.1 
900... --, 8,340 11.2 | 14,300 18.3 17,400 19.7 
1100.. .., 10,630 11.9 | 18,030 | 19.1 | 21,640 22.4 
1300.. .. 13,070 12.6 21,940 | 19.9 | 26,300 25 
1500... .. 15,600 13.35 | 26,010 20.7 





It will be seen that the Pt/Pt-Ir couple is nearly 
twice as sensitive as the Pt/Pt-Rh couple, and has a 
more linear curve. On the other hte the iridium 
alloy couple deteriorates more rapidly and is less con- 
stant than the couple of the rhodium alloy. The 
nickel couple ‘is very sensitive ; but the nickel turns 
brittle, and the couple is unreliable near the recales- 
cence point of Ni (about 375 deg. Cent.). For certain 
ranges, it should be stated, couples of baser metals may 
be quite suitable. 

As regards the methods of recording, Mr. Burgess 
points out that automatic records are, on the whole, 
desirable. The devices may be either photographic or 
autographic in general (i.¢., not photographic). The 
photographic device labours under the disadvantage 
that the observer does not know, with most arrange- 
ments, whether the experiment is progressing pro- 
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perly ; he has first to develop his plate. Autograp! 
methods, on the other hand, are unsuitable for stu: 
ing very rapid changes ; we can have different spe»! 
ranges for photographic devices, hardly for mechanic.:! 
devices. 

Coming to the character of the cooling curves, \ 
Burgess distinguishes three kinds of transformation: 

(a) The substance remains at a constant tempera 
ture throughout the transformation. 

(b) The substance cools at a reduced rate, which mi, 
or may not be constant over a portion of the trans- 
formation. 

(c) The substance undergoes an increase in tempera- 
ture during the first part of the transformation. 

Case (a), strictly isothermal transformation, is m + 
with in the freezing of chemically pure substances 
which do not undercool appreciably, in the formation 
i of eutectics, and occasionally in other instances. 

Case (b) is the most common. Case (c) is represented 
by the phenomena of recalescence and of undercooling 
preceding crystallisation. 

In case (a) heat is generated at the same rate as it is 
lost by convection, conduction, and radiation, and if 
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d6/dt 


the sample were alone concerned we should have 
dQidt=Msdé@/dt 


where M is the mass of the sample, s its specific heat, 
dQ/dt the rate of heat generation, d6/dt the rate of 
cooling which the body would have in passing through 
the temperature of transformation if there were no 
transformation. The heat generated in such a trans- 
formation lasting a finite time 4 ¢ is 

Q=Ms(dodt)At 
in which (d 6/d t) Atis a measure of the fall of tempera- 
| ture Aé@ which the substance would undergo if there 
were no evolution of heat during the time A¢ (during 
the transformation) ; hence 


Q=Ms.A0. .. 
| In the case (b) we have 
dQidt<Msdédt 


dQ/idt>Msdédt. 


In the diagram, Fig. 1, the upper horizontal row of 
figures refers to case (a), the mitidle row to case 
|the lower row to case (c); the ordinates are always 
temperatures 6 ; the absciss are marked and will be 
explained. Before discussing the curves we will 
describe the methods ; the Roman numbers of the 
sections refer to the numbers of the diagrams in Fig. !. 

I. Temperature-Time Curves, @ against d t.—The 
simplest cooling curves are based upon simultaneo.'s 
measurements of the temperature of the cooling body 
and of the time (diagrams I, I’, and I” of Fig. 1). Tic 
obvious defect of this method is that it does not (i: 
tinguish between phenomena proper to the substan 
studied and those due to outside conditions, acciden‘! 
fluctuations in the rate of cooling due to draug)h 


(a) 


(3) 





| and in case (c) 
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THE GLASGOW MAIN-DRAINAGE WORKS; KINNING PARK 
PUMPING-STATION. 


(For Description, see Page 567.) 
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&e. The experimenter has generally ta. choose, unless 
the arrangements be elaborate, when measurements 
over a considerable temperature range are to be 
taken continuously, between great sensibility over a 
small temperature range, or a relatively small sensi- 
bility over a large range. Yet, as the method re- 
quires merely a thermo-couple and a galvanometer, it 
is the oldest (first used by 

still the most common. hen a potentiometer and a 
sensitive galvanometer are used, sensibility and range 
can be widened, and the increment of temperature can 
be measured in terms of galvanometer deflection rather 
than by trying to balance the potentiometer exactly ; 
readings can taken every five seconds and within 
0.1 deg. Cent. at 1000 deg. Cent. The earliest suit- 
able photographie recorder was that of Roberts- Austen 
(of 1891), in which a photographic plate was allowed 
to descend vertically, either by clockwork or by sink- 
ing with a water-level at an adjustable rate. In later 
elaborate forms of Charpy and of Kurnakow the vertical 
plate was replaced by a rotating cylinder for five 
speeds, furnished in the latter case with an auxiliary 
telescope and a red light scale, so that the experiments 
could be controlled. C. L. A. Schmidt (1907) can also 
watch the experiment ; he shunts the sensitive photo- 
recording galvanometer G (Fig. 2) in series with the 
high-resistance R across a direct-reading milli-volt- 
meter V, and moves the photographic plate (as Roberts- 
Austen had also done) by means of a screw driven by 


rankenheim in 1836) and 


vanometer connected to the differenti: 
(giving (@- 6’) against ¢) may be highly sensitive in 
pendent of the @ against ¢ system. $ 

and 


—e ; for the rate of cooling 


many 


ut it is practically 
impossible to keep 6-6’ constant, 5 rg ! with rapid 

— 6 depends upon 
actors, the masses of the substances (sample and 


neutral body), their specific heats, conductivities, 


and the furnace. 


makes use for recording both the @ 


ferential thermo-couple, and a 


a mark on the paper. 


of sample an 


hotographically by 
903, 





and Halske, of Berlin. 
R 























| emissivities, and the heat capacities of the substances 


The autographic apparatus of which Mr. Burgess 
ainst ¢ and the 
(9-6') against ¢ curves simultaneously on the same 
sheet by the same galvanometer boom, comprises a 
Siemens and Halske millivoltmeter, a direct and a dif- 
polarised relay which 
will throw either of these into circuit and is actuated 
by the same battery which depresses the boom to make | 


It is sometimes of advantage, as was mentioned sensitive galvanometer 
already, to express 6 - 6’ (difference in the temperature 
of neutral body) directly in terms of 
6 (temperature of sample) independently of time, | allow of distinguishing between the rate of cooling or 
instead of re-plotting the curves. This was first done | heating in the substance and in the neutral body or 
Saladin (of the Creusot Works) in | the furnace. 
who obtains curves of the type IV. in Fig. 1. The 
simplest arrangement of the apparatus is due to H. Le | order to throw abnormalities of a cooling curve into pro- 
Chatelier, and made by Pellin, of Paris, and Siemens | minence, F. Osmond used, as early as 1886, the inverse 
Light from a source strikes 


| This method admits of great sensibility, since the gal-| with the aid of a stationary Bee me plate, on 
Lae noe wg produ 
e- 


which slit images were ced at intervals of 
2 seconds by sparks reflected from the galvanometer 
mirror ; the spacing of the slit was a mcasure of the 
speed of —_ mit 2 deg. Cent. per second in his 
experiments. . Dejean inserted (in 1905), for the 
same purpose, in the circuit of the Saladin galvano- 
meter G, an induction galvanometer—+.e., a D’Arsonval 
galvanometer having an electro-magnet and a movable 
coil, the latter consisting of two separate insulated 
windings, one of which is connected to a thermo- 
couple. The coil is deflected when one junction 
of the couple is heated or cooled, and its motion 
in the field of the electro-magnet induces an elect ro- 
motive force in the second winding which is propor- 
tional to the rate of change of the electromotive 
force of the couple, and hence ag teeny / ro- 
rtional to the rate of cooling or heating, oft t, 
This induced electromotive force is measured by the 
G,. The transition tempera- 

marked by this arrangement, but 
atelier nor the Dejean arrangement 





tures are strongl 
neither the Le 


VI. Inverse Rate Method.—@ against dt/d @.—In 


rate method, which notes the time intervals required by 


a sample to cool by equal decrements and plots this 
woe dt/d@ in terms of the temperature (see dia- 
| gram VI. in Fig. 1). In Osmond’s apparatus the time 
| taken by the thermometer to rise or fall one division 
|(1 millimetre) was registered by means of a Morse 
| tape or on a rotating cylinder ; a halt of the thermo- 
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a small motor at any desired speed. The plate may 
also be left stationary by the devices of Saladin (pre- 
sently to be mentioned) and of Wologdin. 

In autographic recorders the friction of the pen upon 
the paper is one of the troubles. To overcome it the 
pen is attached to the galvanometer boom and allowed 
to make only momentary contacts with the moving 
paper. Siemens and Halske, for instance, drive the 
paper by the same clockwork which controls the 
pressing down; Hartmann and Braun use a silver 
style, which makes dots on the ag meses paper of a 
drum ; and the Cambridge Scientific Instrument Com- 
pany makes the boom strike an inked thread which 
runs parallel to the drum in order to obtain rectangular 
co-ordinates. 

Il. @ against t, 0 against t', cr 9 against 6’ (these 
cases are not illustrated in Fig. 1).—In order to elimi- 
nate the irregularity of outside conditions, a second 
thermo-couple is frequently placed in the furnace, suffi- 
ciently removed from the specimen not to be influenced 
by its behaviour, and alternating measurements are 
taken of the temperatures of the test-piece 6 and of 
the furnace @. The two temperature-time curves are 
plotted side by side, or the differences @ — 4’ are plotted 
against the specimen temperature @ ; the latter is the 
really desired information. Recording instruments of 
this type require either two apparatus, or the curves 
of two couples have to be traced on the same sheet. 

III. 6 against t, (0-0) against t. Differential Curves 
(these cases are not illustrated in Fig. 1).—The 
above-mentioned method leads over to differential 
curves, methods which give the 9-6’ by direct 
measurement instead of by computation, with the 
added advantage that the precision of @-@’ may be 
made very great as compared with that of 0, the 
sample temperature. This may be accomplished, for 
instance, by placing a commutator A (see Fig. 3) in 
the thermo-couple circuit, so that alternate measure- 
ments on 6 and 6-0’ are taken in terms of time ; the 
connections may be varied, so that either the direct 
realing or potentiometer system G, which measures @, 
or a separate instrument G,, will indicate 9-6’ ; the 
latter connection is marked in Fig. 3. 

_ the auxiliary couple is advantageously placed, not 
in — of the furnace, but in a neutral (or 
blank) body which must not undergo thermal transfor- 
mation, at least not in the range studied ; such bodies 
are made of platinum, porcelain, or even of nickel or 
nickel-steel. The use of this neutral body is due to 
Roberts-Austen (1899), who applied two galvano- 
meters. Less complicated are the arrangements which 
take @ directly on a potentiometer and 0-6 on the 
Same or an auxiliary galvanometer, either as in Fig. 3, 
or by the method of fi. C. H. ter and Keeling 
(1907) indicated in Fig. 4, which dispenses with one 
tiermo-couple ; § is the sample, N the neutral body. 


the mirror of the galvanometer G for the (#- 6’) 
measurements, whose horizontal deflections are turned 
into a vertical plane by passing through the totally 
reflecting . The second galvanometer G, (mea- 
suring 9) its mirror, when in zero ition, at 
right angles to G,, and reflects the beam horizontally 
upon the plate. The spot of light has thus two 
motions at right angles to each other impressed upon 
it, and gives on the plate a curve whose abscisse are 
approximately poem to 6, and whose ordinates 
are proportional to @- 6’, The sensitiveness of the 
method depends upon G,, which may easily produce 
deflections of 5 or 6 millimetres per deg. Cent. The 
thermo-couples can be arranged as in Fig. 4. The 
time may simultaneously be recorded by means of 
a clock-driven toothed wheel placed in the path of 
light. 

he critical regions in alloys and steels may be made 
to record themselves in this apparatus by means of 
their thermo-electric behaviour. O. Boudouard (1904) 
measures @ —6’ by means of platinum wires set into 
crevices at each end of the sample, taking advantage of 
the fact that the transformation is, as a rule, progres- 
sive along the sample. The modification eliminates 
the neutral body and one wire ; but its indications are 
less reliable than Saladin’s, and may be ambiguous, as 
the reaction may start at either end or midway 
between the wires. Saladin’s method, on the other 
hand, is a general one, and its use for combining two 
motions at right angles to one another has been men- 
tioned in our columns. * 

IV. @ against (0~6’)/40.—For even moderate rates 
of cooling the differential method gives, however, dis- 
torted curves, often difficult of interpretation. 
reason has already been indicated ; the heat capacities 
of sample and neutral piece will differ. W. Rosen- 
haint eliminates these irregularities by his “‘ derived 
differential curve” method, expressing the temperature 
@ of the sample in terms of the temperature difference 
(0@-6’) between sample and neutral body for equal 
temperature decrements 4 @ in the sample. The ex- 
perimental method is the same as for against 9-6’, but 
we have to re-plot in addition the data obtained from 
these latter measurements so as to ~~ the Z Ma 

r de change in temperature of the sample in 
oie of its Sameranatane, which will be worth while 
when the cooling curves of sample and of neutral 
differ considerably. 

V. Direct Temperature Rate Curves 6 against d @ / dt. 
—The rate of speed of a transformation may be measured 
by determining the rate of change of temperature of 
the sample in terms of its temperature. H. Le Chatelier 
did this in 1887, in studying the properties of clay, 





* See ENGINEERING, vol. lxxxvi., page 830. 
+ Ibid., vol. Ixxxv., page 80. 
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meter was transcribed as a cusp, and a slowing down 
by a swell of the curve, whose area was propor- 
tional to the quantity of heat set free. Only one 
thermo-couple is needed, and no neutral piece wanted 
for these determinations ; but the time intervals must 
be very accurately recorded, and the method cannot 
readily be made automatic, close attention of the 
observer being required. 

Rapid Cooling.—None of the arrangements described 
are adapted for measuring really rapid cooling, such 
as is met with in quenching or chilling. In investi- 

ating the quenching of small steel cylinders, H. Le 
Chate ier, in 1904, made use of a galyanometer having 


a period of 0.2 second, and a pho phic plate 
moving vertically at the rate 3 millimetres per 
second ; he succeeded in recording temperature in- 


tervals of 700deg. Cent. in 6 seconds, and he su, ted 
that for more Snenar records, oscillographs or Kintho- 
ven’s string galvanometer should be tried. 

We pass to a discussion of the methods and of the 
curves of Fig. 1. In the diagrams I, I’, I” the curves 
A, B,C, D refer to the sample, and A’, B’, C’ to the 
neutral piece. In I the two pieces are cooling at the 
same rate, in I’ and I” at different rates. The point C,, in- 
dicating the temperature that would have been reached 
by the sample if there had not been any transforma- 
tion, practically coincides with 4 the temperature 
that would have been reached if the sample had con- 
tinued to cool at the same rate as at B, the begin- 
ning of the transformation. In each of the three cases 
(a) (b) (c) as represented by I, I’, I’ respectively (com- 
pare the general remarks in the beginning of this 
article), the heat evolved is practically proportional; » 
C, = CC, or to the maximum temperature 
difference produ by the phenomenon. In eral 
the rate of cooling just to the right of C will be noticed 
to be greater than just to the left of B, on account of 
the presence of the furnace ; for the furnace walls (to 
which the heat is being lost) have continued to cool 
during the time BC. Even if the furnace were at a 
constant temperature, the rates at B and C might be dif- 
ferent owing to the differences in the specific heats 
and emissivities of the sample before and after the 
transformation. The end of the transformation is 
always marked by a point of inflection noticeable at 
E (diagrams I’ and I”). 

The principles of thermal analysis have fully been ex- 

lained by Tammann,* and also by Bancroft, Bakhuis 
reece fh and others. Limiting the discussion, Mr. 
aaa points out that the simplest assumption to be 
made is that at each instant the sample is losing 
heat to the furnace at a rate proportional to their 
difference in temperature, and that the parts of the 





| 


furnace receiving heat are, at any instant, all at the 





* Zeitschrift fiir Anorganische Chemie, 1908 and 1906, 
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same temperature. On this basis the quantity of heat 
Q lost by the sample during the transformation would 
rather be proportional to (CC,)? than to CC, as we 
had previously assumed. As the practical conditions 
of cooling lie somewhere between the two extremes, 
this CC, value may be regarded as the minimum 
measure of the heat evolved. 

Diagrams IV., IV.’, and 1V.” show the curves traced 
when the difference in temperature (@- 6) between 
the sample and a neutral as of the same heat capa- 
city is plotted in terms of the temperature @ of the 
sample. In Diagram IV. the line bc is the approxi- 
mate equivalent of CC, = A@ of Diagram I., oat may 
be taken as a measure of the heat evolved during the 
transformation. . If the cooling curves of the sample 
and of the neutral are not parallel, as in Diagrams I.’ and 
I.”, the variation in 9-9 during the transformation 
must be taken into account in estimating the heat 
evolved from the curve ab’cd (IV.’ and IV.”); 
this’ variation of 9-6’ is given by BB’-C, C’ 
(L.’ and. I.”). Furthermore, successive differential 
curves for.the same sample are comparable only 
when the sample and the neutral are cooled so as 
always to maintain the same temperature-time rela- 
tion ; in that case bc (IV.’ and IV.”) is still an approxi- 
mate measure of ‘the heat generated. - Except for hori- 
zontal tangents, it can be shown, the points of inflec- 
tion. E on the @ against ¢ curves will not correspond to 
points of inflection at the same temperatures on the 
differential curves. Hence the end of the transfor- 
mation cannot be determined from the latter, and 
although the differential method may be made more 
sensitive and certain than the direct method, it fur- 
nishes a less complete basis for the interpretation of 
the transformation phenomena. 

The temperature-rate curves V., V.’, V.”, and the 
inverse-rate curves VI., VI.’, VI.”, may be regarded as 
reciprocals of each other. Comparing them with the 
I., I.’, 1.” curves, we see that a sharp break in the latter 
corresponds to a perpendicular to the temperature 
axes of curves V. and curves VL., and that for isothermal 
transformation d 6/d t becomes zero at C, and d t/d @ 
infinite at c (VI.). When the I. curve is convex to the 
6 axis, the d 0/d ¢ curve V. is concave, and the dt/d¢ 
curve VI. convex. Both the latter gave negative 
values (O E’C in V.”, and g’ g g’ in VI.”) for a region 
of recalescence. The end of a transformation corre- 
sponding to.a point of inflection E on the @ against ¢ (I.) 
curves is sharply indicated at E ande on both the rate 
curves by the tangent becoming parallel to the @ axis, 
and the curve having a maximum or minimum abscissa. 
For regions of cooling at constant rate the tangent 
remains parallel to the @ axis during this interval. The 
relative amounts of heat evolved cannot readily be 
computed from either of the rate curves. The area 
of the inverse rate curve VI.”, taken between the 
limits b’ e’, is, however, proportional to A ¢, or to 
Q/d 8/dt (see equation 8 in introduction) ; that is to 
say, to the quantity of heat generated divided by the 
rate of cooling. Ne see, therefore, that the rate 
curves mark the limits of a transformation more 
sharply than others, and show greater changes in form 
for slight heat variations, but do not, in general, give a 
simple measure for the heat evolved. There is the 
further disadvantage that there is no neutral body to 
eliminate the external heat fluctuations. 

Recspteelting, we find that the simple tempera- 
ture-time curve I. can supply the most comprehensive 
information when made sufficiently sensitive; the 
temperature-rate curve V. gives the least information, 
the most sensitive and certain is the differential curve 
IV. The analytical discussion leads, therefore, to the 
same results as the examination of the experimental 
methods—namely, that in order to combine great 
range and gréat sensitiveness the temperature-time 
method and the differential method should be combined. 








IMPACT TESTING-MACHINE: 

On the present page we illustrate a modified form 
of the impact testing-machine originally designed by 
Dr. ‘Stanton, of the National Physical Laboratory, 
for subjecting notched bars to repeated transverse 
blows from 6 hanes. The machine shown has been 
constructed by the rr aagooe 9 Scientific Instrument 
Company, of Cambridge, and embodies the outcome 
of experience with the earlier form of the machine. 

As in the course of its working life the hammer 
of the machine may strike some millions of blows, it 
has been found desirable to make the gear by which 
the hammer is raised quite distinct, so that it shall 
not be subjected to the shock of the impact. To this 
end the hammer-head E is carried by a rod F hinged 
at G. It is raised by the outer end of the rod C, the 
other end of which is driven by a crank B, as shown. 
This rod rests on the roller D, which serves as a fulcrum, 
and the result is that the outer end of C has an ellip- 
tical motion. As this end moves it catches under the 
hammer E and raises it, and finally releases it near the 
top of its path, thus allowing it to drop on the notched 
bar below. The height from which the hammer is 
drop’ is os perme up to a maximum of 3} in. by 
shifting the fulcrum D along the bed of the machine. 


IMPACT TESTING-MACHINE. 


CONSTRUCTED. BY THE CAMBRIDGE 


SCIENTIFIC INSTRUMENT COMPANY, 


CAMBRIDGE 
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A graduated scale is provided as indicated, from which 
the height of fall for any position of D can be read off 
irect. 

The specimens used in the machine are commonly 
4 in. in diameter, and have a groove turned .on them 
at the middle, as indicated. he specimens are sup- 
ported on knife-edges 4} in. apart. These edges are cut 
slightly hollow, the one end of the specimen being 
held in position by the spring K, whilst the other is 
gripped in a chuck, by means of which the bar is 
rotated through 180 deg. between successive blows. 
This chuck is flexibly connected by a universal joint 
to its driving-gear, so that none of the shock of impact 
is transmitted to the latter, but is taken wholly by the 
knife-edges. 

The driving-gear, by which the specimen is turned 
between each blow, is fitted with an escapement, of 
which details are shown in Fig. 3. he wheel 
J is rotated uniformly by means of a chain-drive, 
making one complete revolution for every two blows 
of the hammer. This wheel drives the specimen 
through a spring, and whilst the hammer is making its 
stroke this spring is compressed, the specimen being 
prevented from rotating by means of the lever L, 
which is held in contact with the stop T. After the 
blow is struck, the arm O, travelling round with the 
wheeel J, releases the stop T by one of the pins P, P 
coming into engagement with the projection R. 

A counter is provided which registers the number of 
blows struck /hen the specimen breaks, the hammer 
falls so far that it operates an electric switch which cuts 
off the current from the motor driving the machine, 
and finally comes itself to rest on a steel stop-pin. 





A REGENERATIVE ELECTRIC DRIVE FOR 
PLANING-MACHINES. 

From the time of the first introduction of metal- 
planing machines a certain drawback in their opera- 
tion has had to be endured in the excessive wear 
of the belt occasioned by the continued reversal 
of the driving-pulleys. Endeavours have, therefore, 
not been wanting to replace belt-driving by a more 
satisfactory method, whereby the depreciation of the 
belts—which, under certain conditions, may amount 
to a very considerable sum yearly—would be saved. 





The first experiments of this nature lay in the adop- 





tion of mechanical or electro-magnetic reversing coup- 
lings ; but these did not get over the difficulty, as by 
their employment the excessive wastage is merely 
transferred bem the driving-belts to the working faces 
of the friction couplings, where the energy stored up 
by the motion of the table, and the load upon it, 1s 
dissipated as heat. ' 
When installing an electric motor to drive a planing- 
machine, it has hitherto generally been thought advan- 
tageous to arrange that the motor shall always rotate 
in one direction ; but under these conditions the fric- 
tional losses referred to above still continue, and those 
who have studied the problem closely are now realis- 
ing that, to obtain the best results, the reversal of the 
planer table must be accomplished by the motor itself, 
which must, therefore, be adapted to meet the pecu- 
liarly severe conditions under which it has to work. 
Assuming that this can be done, all the incidental ad- 
vantages of the individual electric drive follow. These 
are the abolition of all counter-shafting and belts, 
whereby both space and power are saved ; the preven 
tion of no-load losses, as current is consumed only 
while the machine is actually working; the case 
with which wide speed-variations may be made ; the 
exactitude with which the travel of the table may be 
adjusted ; and, lastly, the precise and rapid reversal, 
which permits of a higher cutting speed and a shorter 
minimum stroke than are possible with a- belt-driven 
machine of equal size. 
The Felten and Guilleaume-Lahmeyerwerke A.-(., 
of Franktort-on-Main, have devoted considerable 
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REGENERATIVE ELECTRIC DRIVE FOR PLANING-MACHINE. 


CONSTRUCTED BY THE FELTEN AND GUILLEAUME-LAHMEYERWERKE 
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attention during the past few years to the develop- 
ment of suitable driving arrangements for planing- 
machines, the chief considietations kept in view having 
been simplicity and certainty of operation. All com- 

licated electrical apparAtus and contact devices have 
eae avoided, and the control arrangements adopted as 
a result of the firm’s investigations are of quite as 
simple a character as with belt-driving. In conse- 
quence, any machinist who is able to operate a belt- 
dives planer is equally capable of managing a machine 
equipped with the electrical gear under consideration. 
The arrangement of the dogs, the reversing cams and 
the hand-controlled lever, is practically identical with 
that in common use with belt-driven planers. 

The choice of system to be adopted under various 
circumstances is determined by the following con- 
siderations :— 

1. With a Direct-Current Supply.—(a) For very 
large machines requiring a wide speed-variation, and 
also for smaller machines to be supplied with power 
from a sensitive lighting network, a motor receiving 
its current from a fly-wheel motor-generator should be 
employed. (+) For outputs up to 75 horse-power, 
speed regulation up to 4 to 1, and pressures up to 550 
volts, a reversible motor directly connected to the 
mains, and capable of regulation, may be installed. 

2. With an Alternating Current Supply. —(a) If 
extensive speed regulation is necessary, a direct-cur- 
rent motor reseiving its current from a fly-wheel 
motor-generator driven from the alternating-current 
mains must be used. (b) If speed regulation is not 
required, a reversible induction motor directly con- 
nected to the mains may be employed. 

The first system, in each case, makes use of the well- 
known Ward-Leonard connection, and is em loyed 
where the occurrence of sudden large load variations 
is inadmissible. The driving motor is not connected 
directly to the line, but is fed from a fly-wheel motor- 
generator, the motor of which receives its current from 
the network. The heavy load fluctuations at revers- 
ing are thus absorbed by the secondary circuit of the 
motor-generator, and, the fly-wheel giving upa portion 
of its stored energy, they are not transmitted to the 
line. The motor of the motor- generator set may 
be an alternating-current or a direct-current machine, 
a circumstance which renders possible the adoption 
of individual electric driving from an alternating- 
current network, even though the speed of the 
planing-machine motor must be possible of regula- 
tion. 

As long as the planer is at rest the motor-generator 
dynamo remains unexcited, the starting and control 
of the driving motor being effected by varying the 
excitation, and consequently the voltage, of the 
dynamo. For this purpose a small shunt-regulating 
and reversing switch is mounted on the bed of the 
planer, and is actuated by the dogs attached to the 
table. The cutting and return speed of the table can 
be regulated independently, so that while the cutting 
speed may be adjusted in extremely small steps to 
suit the work in hand, the return speed may always 
be maintained at its maximum. e travel of the 
table is absolutely constant, and, if necessary, a piece 
of work may be planed up toa practically straight 
line at right angles to the length of the table. The 
regulating dynamo, as it may be termed, is provided 
with an opposing compound winding, connected in such 
a way as to neutralise effectually the remanent field 
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immediately the shunt circuit is a By 
means of this arrangement the planing-machine motor 


comes to an absolute standstill without the aid of a 
brake as soon as the controller is returned to the off 
ition. 

Fig. 1 illustrates a planer in the Zurich works of 
Messrs. Escher, Wyss, et Cie., fitted with this system 
of driving. The figure clearly shows the compact 
arrangement of the driving motor and of the motor- 
generator erected on a gallery. The motor has an 
output of 10 horse-power, and is capable of withstand- 
ing an overload of 50 per cent. Its forward speed is 
from 350 to 700 revolutions per minute, and its 
reverse 8 from 700° to 1400 revolutions per 
minute. It is a direct-current shunt machine fitted 
with interpoles. The type of motor-generator used is 
shown in Fig. 2, although this actual generator was 
used for a heavier planer than that shown in Fig. 1. 
It consists of a three-phase slip-ring type induction 
motor, of 20 horse-power at 220 volts and 1450 revo- 
lutions per minute, and a 12.5-kilowatt 250-volt 
direct-current dynamo, the two machines being con- 
nected together by means of a fly-wheel coupling. 

If several planers are erected in one workshop, 
instead of installing a separate motor-generator for 
each of them, a number of regulating dynamos corre- 
sponding to the number of planers may be coupled to 
a single motor, the necessary fly-wheel weight being 
concentrated in one mass or distributed among the 
several couplings, as circumstances may direct. About 
2 kilowatts of direct current are required for the exci- 
tation of each regulating dynamo and the correspond- 
ing planer motor. If there be no direct-current supply 
available, it may be generated by means of a small 
dynamo coupled to the motor-generator. 

Load-equalising devices, such as a storage battery 
combined with a reversible booster, are a 
installed in connection with large private industrial 
electric-generating plants, while large electric supply 
companies, whose business is chiefly confined to power 
supply, sometimes make no restriction as to the per- 
missible extent of load variations. In either of these 
cases the second system of driving referred to may be 
adopted with advantage on account of the smaller first 
cost of the necessary apparatus. In this system the 
planer motor is connected directly to the network, and 
the motor starting and reversing-switch is actuated by 
the planer dogs in the same way as the shunt-rheostat 
switch in the first-described system. The cycle of 
operations when the planer is started on a cuttin 
stroke is as follows :—The starting switch is clos 
by means of the hand-control lever, after which the 
starting resistance is automatically cut out at a pre- 
determined speed. The motor-field is, at the same 
time, weakened by the insertion of a resistance in 
its shunt-circuit, so that the required table speed is 
produced. ‘Shortly before the end of the cuttin 
stroke is reached the back dog encounters a cate 
by means of which the starter-lever is moved back- 
wards through an ~— of about 7 deg. to 10 deg. 
In this position the shunt resistance previously in- 
serted to increase the motor speed is cut out, and the 
motor consequently works at full field strength. The 
motor then, owing to the inertia of the table, &c., 
becomes a generator whose voltage is greater than the 
line voltage, and current is sent back into the line, 
producing a powerful braking effect. By this means 
the kinetic —, is not dissipated as heat, but is 
regenerated as electric energy, and fed back into 
the main circuit. The last stage of the cuttin 
stroke is made with the controller in this position, onl 
the dog, engaging with a second catch, then rapidly 
actuates the reversing switch. Fig. 3 shows the 
interior arrangements of the reversing and starting 
switch. 

If the line voltage should fail while the planer is at 
work, the braking effect will not be exerted, and 
there is thus a danger that the table will over-run the 
prescribed limit of travel. To guard against this, a 
no-voltage cut-out is provided, which immediately 
short-cireuits the motor upon a resistance if the 
voltage fails, or if the travel of the table exceeds the 
limit for which the dogs are set. The motor there- 
upon comes to rest without the application of an 
external mechanical brake. Any number of push- 
buttons may be connected to the holding-on coil of 
the no-voltage cut-out, so that the planer may be 
stopped immediately from any desired position simply 
by pressing a button. 

A single - pillar planing machine now installed is 
operated in accordance with this system by a 15 horse- 
power 110-volt direct-current motor running at from 450 
to 1250 revolutions per minute. A larger planer, also 
operated by a 110-volt direct-current motor, connected 
directly with the supply mains, has a motor with an 
output of from 58 to 75 horse-power at 300 to 900 
revolutions per minute. 


affords an indication of the reliability of this system 
of driving even for the largest planers. The cutting 
speed is from 20 ft. to 40 ft. per minute, while the 
return stroke is made at 60 ft. per minute. 

The revolving and reciprocating masses to be re- 








This machine has been | 
in constant daily operation for nearly a year and | 


| the slot attachment has also been devised for the 


versed may be made less when a planer is direct driven 
electrically than when belt-driven, owing to the 
omission of the pulleys and a portion of the gearing. 
The larger the motor the greater will be its moment 
of inertia, and, consequently, the greater will be the 
current to be reversed in its armature. It will thus 
be evident that the use of a motor larger than neces- 
sary should be avoided. The size of motor will de- 
pend, to a great extent, upon the de of 8 
regulation required, and it is advisable that this 
should not exceed 3 or 4 to 1. Another point to be 
noted is that, if an extremely short minimum stroke 
be specified, the rush of current at reversing will be 
excessive; and although the shortest permissible 
stroke may be considerably less than with a belt- 
driven machine, in order to obtain the best results it 
should not be fixed at too low a value. 

Although induction motors do not permit of the 
same ease of speed regulation as direct - current 
machines, this speed regulation is in certain cases 
unnecessary, and a supply of alternating current may 
then be utilised directly without converting it into 
direct current. Plate-edging planers, for example, are 
usually arranged to travel at the same speed in both 
directions, and they may, therefore, be driven equally 
well by alternating-current as by direct-current motors. 
Induction motors, however, do not permit of electrical 
braking in the event of a failure of the line voltage, 
and in place of the no-voltage cut-out employed with 
direct-current machines a mechanical brake operated 
by a solenoid must be provided. 








Conrtracts.—The Lancashire Dynamo and Motor Com- 
pany, Manchester, have, for the ninth — in succession, 
received the contract for high and low-speed motors, 
20 to 50 horse-power, for the Salford Corporation.—The 
Midland Railway Company have decided to extend their 
electrical generating-station at Derby, and have placed 
an order for two 1250-kilowatt Willans impulse disc 
and drum-type turbines with Messrs. Willans and Robin- 
son, Limited, of Rugby. 





Recorp or Sports.—The Royal Insurance Company, 
Limited, Royal Insurance Buildings, 1, North John- 
street, Liverpool, have lately published the seventh 
edition of their booklet which constitutes an excellent 
abbrevia’ record of all the important feats in the 
world of athletics and sport. Records are given for foot- 
ball events, golf, croquet, cricket, boxing, billiards, gym- 
nastics, tennis, swimming, jumping, shooting, &c. It 
consists of close upon 200 es of chronicle matter of 
this description, and covers the public schools as well as 
the universities, &c. 





A Sramp-ArrixinG MaAcHINE.—A new office appliance 
in be shape of a machine for fixing we ~~ to 
envelopes, newspaper wrappers, or other ta ets, 
is being put on the aes by Mr. Charles A. ag 
of 2, Bishopsgate-street Without, E.C. The machine, 
which is about the size of an ordinary typewriter, is fitted 
with a handle which the operator moves up and down 
with one hand, his other hand being free to place the 
envelopes successively in position in a slot at the bottom 
of the machine, where they receive their stamps. When 
an envelope is stamped it is automatically ejected by the 
machine and thrown into a basket or other receptacle 
placed at the side to receive it, so that the operator's 
movements are very simple and may be carried out very 
rapidly. The machine is capable of stamping some 4000 
envelopesan hour. It is not possible to adequately describe 
the mechanism of the apparatus without drawings, but 
in general it consists of a vertical reciprocating part which 
is worked directly from the handle, and which carries the 
knives for cutting off the stamp, and, in addition, a flat 
— or die, which slides inside the knives and comes 


own on ~- of the stamp at the end of the stroke, secur- 
ing it firmly to the envelope. This reciprocating me- 
chanism is connected up to the moistening arrange- 


ment, which consists of a licker, normally lying in contact 
with a which is in capillary connection with a small 
water vessel, but which at the beginning of the down 
a over the corner of the envelope moistening 
it y for the reception of the stamp. The feeding 
mechanism of the machine consists of a light carriage, 
mounted behind the stamping = roper, and which 
carries the stamps on a roller. The roller is arranged to 
take a width either of six stamps or twelve, depending 
on the size of the machine, so that either the ordi- 


nary t-office sheets may be used as issued, or they 
may torn down the centre to half width. The 
carri is with a rack drive, so that it is 


fed sideways a distance equal to the width of one stam 
on the return motion of the hand-lever, while at each en 
of the row of six or twelve stamps the roller is rotated, 
and the stamps are fed forward a distance equal to the 
length of one stamp. The stamps are registered by small 
wheels with projecting pins which fit into the perfora- 
tions. One machine will hold 50,000 stamps at a time. 
A counter is fitted to indicate the number of stamps 
which have been used, while the whole arrangement is 
provided with a locked cover, to vent the internal 
parts being tampered with. Interlocks on the various 
movements are provided, so that a careless operator is 
vented from bringing the punch down a second time 
‘ore the feed ism has operated. A penny-in- 
ine, 


which should render it particularly useful in post-offices, 
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NOTES FROM THE NORTH. 
k GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was inclined to be firmer, and 8000 tons 
of Cleveland warrants were done at 50s. 3d. cash, 51s. 2hd. 
51s. 2d., and 51s. 3d. three months, and 51s. July 4 and 6. 
Closing sellers quoted 50s. 4d. cash, 50s. 8d. one month, 
and 51s. 34d. t months, and there were sellers of 
hematite at 67s. cash. market was steady in the 
afternoon, when about 6000 tons of Cleveland warrants 
c d hands at 50s. 34d. cash, 50s. 74d. one month, 
and 3d. three months, and the session closed with 
sellers at 50s. 4d. cash, 50s. 8d. one month, and 
50s. 3$d. three months. On Friday morning a slight 
reaction took place, and some 5500 tons of Cleveland 
warrants were dealt in at 50s. cash, and 50s. fd. 
one month. Sellers’ closing prices were 50s. 1d. cash 
50s. 5d. one month, and 51s. three months. Hematite 
was unchanged at 67s. cash sellers. In the afternoon the 
turnover consisted of 2000 tons of Cleveland warrants at 
50s. cash and seven days, and 50s. 1d. eleven days. There 
were sellers over at 50s. cash, 50s. 34d. one month, and 
50s. 11d. three months. The market was closed all day 
on Monday, being an annual holiday. On Tuesday 
morning the market opened with a very weak tone, and 
Cleveland warrants again declined. The business con- 
sisted of about 4500 tons at from 49s. 8d. to 49s. 6d. cash, 
at 49s. 8d. seventeen days, 49s. 11d. one month, and 
50s. 6d. three months, and closing sellers quoted 
49s. 74d. cash, 49s. 11d. one month, and 50s. 7d. three 
months. One lot of hematite was done at 65s. 9d. cash, 
with buyers over at 65s. 6d. and sellers at 66s. In the 
afternoon the market was steady, and 5000 tons of Cleve- 
land warrants were dealt in at 49s. 94d. and 49s. 9d. 
fourteen days, 49s. 10d. twenty-two days, and 49s. 11d. 
one month. The session closed with sellers quoting 
49s. 74d. cash, 49s. 11d. one month, and 50s. 7d. three 
months. Hematite, one lot, changed hands at 66s. one 
month, with closing sellers over at 3d. more. When the 
market opened to-day (Wednesday) there was little doing, 
and the total turnover only amounted to 1000 tons of 
Cleveland warrants at 50s. 2d. June 24, and 50s. 6d. three 
months. Closing sellers quoted 49s. 9d. cash, 50s. one 
month, and 50s. . three months. In the afternoon an 
easier tone again prevailed, and 6000 tons of Cleveland 
warrants were put through at 49s. 6d. cash, 49s. 84d. 
twenty-one days, 49s. 94d. one month, and 50s. 4}d. three 
months. At the close of the session there were sellers at 
493. 7d. cash, 49s. 10d. one month, and 50s. 5d. three 
months. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 62s. 6d.; Calder and Gart- 
sherrie, 63s.; Langloan, 64s.; Summerlee, 65s.; and Colt- 
ness, 8s. (all s ore at Glasgow) ; Glengarnock (at 
Ardrossan), 65s.; Shotts (at Leith), 63s.; and Carron (at 
Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—No improvement has taken 
place in the sulphate of ammonia market since last report, 
and with an absence of demand prices have fallen away 
something like 10s. per ton. The current price is no more 
than 11/. 15s. 6d. per ton for prompt business, and about 
11/, 15s. per ton for forward Seas, Glasgow or Leith. 
Inquiry 1s poor, which would tend to show that buyers’ 
requirements are wellcovered. The total amount shipped 
from Leith Harbour last week was 381 tons. 


~ Scotch Steel Trade.-—There is little change to report in 
the state of affairs in the Scotch steel trade this week. 
The adjourned meeting of the Associated Makers was 
held in private, yesterday (Tuesday) afternoon, and the 
outcome of the meeting was the decision to have a con- 
ference in London, on Friday, with the members of the 
English Association. Needless to say, the present con- 
ditions have caused some dulness to prevail, and makers 
report new sales as very poor. But the works of the 
latter are all well employed with orders recently booked, 
and although the demand for angles is not quite so 
active, that for plates is urgent, as shipbuilders are busy 
and in need of material. Light material is in steady de- 
mand, especially for export to India, Australia, and the 
Far East, while a similar demand prevails for structural 
material of all kinds. 


Malleable-Iron Trade.—Although the majority of the 
malleable-iron makers in the West of Scotland are fairly 
well off at present, the general inquiry is rather easier. 
Competition from the Continent is reported to be once 
again more active. 


Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
continue to be actively employed executing contracts on 
hand for the various qualities of iron, but new orders are 
not very plentiful. The export trade is fairly brisk. 
Little movement has taken place in hematite of late, but 
a firm tone prevails, and the current price is round 72s. (id. 
per ton. 


Blast-Furnacemen’s Wages.—As a result of the report 
by Mr. John M. MacLeod, C.A., Glasgow, to Messrs. 
James C. Bishop and James Gavin, joint secretaries of 
the Board of Conciliation, between the owners of blast- 
furnaces in Scotland, and the blast-furnacemen, as to the 

rice of Scotch pig-iron warrants in the Glasgow market 
Le the months of February, March, and April, 1‘1, 
there is no change in the wages of the workmen. 

Shipbuilding.— Among recent orders placed with Clyde 
shipbuilders it is interesting to note that Messrs. Mur- 
ae and Murray, Port Glasgow, have contracted to build 


other three r and cargo steamers for service on 
the River f mace og These make the total number of 
orders on hand by the above firm up to eleven. Messrs. 
Warwick and Co., Leith, have an order with 


Messrs. Russell and Co., Port Glasgow, for a cargo 
steamer. The shipbuilding returns for the month of 





hotels, clubs, &c. 





April show a deeided increase, due largely to the launch 
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at Greenock of the battleship Colossus. The following 
are the figures for the month :— 


Vessels. Tons. 

The Clyde .. ° oe on 20 56,422 
» Forth.. oe ee oe 4 1,365 
, Dee .. ‘“ ¥s - 9 1,017 
Totals .. ° 33 58,804 


These figures make the total for this year the best for the 
t three years. For the four months just finished the 
output for the different Scotch centres is as follows :— 


Vessels. Tons. 

The Clyde .. as ‘ “ 76 147,080 
» Forth.. ee os es 12 5,735 
» Dee oe a cm 15 2 254 
9» Tay «e ee s ee 2 1,366 
Totals .. on — 156,435 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tramway Work.—The work of renewal which will be 
required by the Sheffield Corporation Tramways this 
year has been given out in Sheffield, which means the 
successful termination of negotiations which occasioned 
some anxiety amongst makers of manganese steel points 
and crossings. An American firm sent in a lower tender, 
but eventually Sheftield prices were reduced. 


Tron and Steel.—The pig-iron market remains in a dull 
state. It has been unsatisfactory throughout the past 
month, with buyers holding aloof. Though consumers 
are waiting for lower prices, a reduction is not expected, 
as many makers have plenty of forward orders for export. 
The demand for hematites 1s about the same, with official 
quotations unchanged, though the general tendency of 
prices is not quite so firm, and sales have been effected 
at slight decreases. In the main, however, recent figures 
hold good : 74s. to 75s. net, East Coast, delivered in the 
district, and 80s. to 82s. 6d. (less 24 per cent.) West 
Coast. The position in Lincolnshire and Derbyshire 
common irons is about the same, with some easing off 
in quotations for Derbyshire foundry. Good trade is 
being done in billets, but the advanced prices seem 
to have been generally obtained. Scrap and old 
rails have been selling well. A local iron company 
are putting another furnace in blast. Work fluctuates 
somewhat in the steel trades, considerable disparity in 
employment being shown by various branches. The 
foundries are doing well with a weight of foreign orders, 
but rolling-mills are quiet. Railway steel has not yet 
shown any satisfactorily improving tendency. Economis- 
ing by home companies is py | down the quantity of 
orders and many works are on short time. There is a 
very encouraging appearance about the trade in the best 
special steels, and Sheffield makers, whose products of 
this class are of the highest quality, are able to obtain 
excellent prices. In finished irons there is still a good 
deal of depression, and makers find the greatest difficulty 
in getting new business. For files and agricultural im- 
plements a good demand is being experienced, and there 
18a fair amount of business in engineers’ and general tools. 


South Yorkshire Coal Trade.—Export figures have just 
recently shown a slight falling off, though the decrease 
will probably only temporary. The big outputs at 
collieries continue, and whilst best qualities of steam 
are finding a ready market, stocks of secondary grades are 
accumulating. The general industrial demand is as strong 
as ever-—if anything, a little firmer—but railway companies 
with plentiful supplies on hand are making practically 
no increases on existing contracts. Quotations on the 
whole do not show much variation, easier terms onl 
being obtained for second-class fuel offered by the col- 
lieries to clear. Best hard is selling at pits at about 9s. 3d. 
to 9s. 6d. = ton, and secondary at about 8s. 6d. to 8s. 9d. 

rton. The advance of 1s. per ton continues to be obtained 
for gas coal, which is selling steadily and well. Slacks are 
i astrong position, with prospects of arise in price. For 
house coal the demand is by now showing a marked 
falling-off, and quietness has been the rule during the 
week. Merchants are working on the smallest ible 
stocks, with the result that there are considerable accu- 
mulations at collieries. As yet there has been no official 
reduction of prices, though, of course, a good deal of coal 
is being offered at more favourable rates. Pit prices 
are :—Best house, 9s. 9d. to 10s. 3d.; seconds, 7s. Ma. to 
8s, 9d.; and cheap, 5s. 3d. to 6s. per ton. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

a MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Very unsatisfactory ac- 
ents sre given of the F 4 ow trade. Something of a 
P ump |» Warrants is Said to be due to unfavourable news 
gee the United States, which has caused weak holders 
Soll, and this is reflected in values of makers’ iron. 
Statistically the situation is good, for, notwithstanding 
increased output, the production is well taken up. There 
18 not much iron in makers’ yards, and little Bieveland 
ig is now being sent into the warrant stores. Middles- 
rough warrants are 49s. 6d. cash buyers, which is the 


lowest price quoted since the end of September last | T 


ear, Second-hands are pressing No. 3 g.m.b. Cleve- 
hnd Be om Lent — . BOs. for ouly f.o.b. deli- 
» bu yers are not disposed to that 
= business 1s practically at a atandetill No a's 
a scarce, and is put out at 52s. 6d. No. 4 foundry 
o> a 4 f are each quoted at 49s, 6d., and 
bene é | and white each 49s., the lower qualities thus 
East? cons compared with values of the better kinds. 
ent Cosel hematite pig shows a marked downward 
ency. Sellers experience difficulty in inducing buyers 


to come forward in spite of the fact that they offer to 
make considerable concessions. Nos. 1, 2, and 3 are on 
sale at 66s. for early delivery. Foreign ore values are 
—— but quotations are nominal, business being 
wholly idle. Rubio, of 50 ed cent. quality, is put at 
20s. 6d. ex-ship Tees. The local consumption of coke is 
heavy, but the supply is very plentiful, and average blast 
furnace qualities are easy at 18s. delivered here. 


Manufactured Iron and Stecl.—There is a quieter tone 
in manufactured iron and steel, but producers generally 
are well off for work, and not necessitated to seek new 
contracts just at present. Quotations all round are 
stationary. Principal market rates stand : Common iron 
bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s. ; 
packing-iron, 5/. 5s.; iron ship-plates, 6/. 10s.; iron ship- 
angles, 7/.; iron ship-rivets, 7. 5s.; steel bars, 6/. 5s.; 
steel ship-plates, 6/. 10s.; steel ship-angles, 6/. 2s. 6d.; 
steel strip, 6/. 10s. 6d.; steel hoops, 6/. 10s.; steel joists, 
61. 2s. 6d.; cast iron railway chairs, 3/. 10s.; light iron 
rails, 6l. 10s.; heavy steel rails, 5/. 10s.; and steel railway 
sleepers, 6/. 10s. ; railway material is net cash at works, 
and all other descriptions less 24 per cent. discount ; 
whilst iron or steel galvanised corrugated sheets, 24 gauge, 
in bundles, stand at 11/. 10s. f.o.b.—less the usual 4 per 
cent. 


Iron and Stecl Shipments.—Official returns show that 
shipments of iron and steel for April fully realised ex- 
> Those of pig averaged 4581 tons per working 

lay, the total clearances amounting to 119,107 tons, 
107,711 tons of which went from Middlesbrough, and 11,396 
tons from Skinni ve. For the previous month the 
total loadings of pig were returned at 97,585 tons, ora 
daily average of 3614 tons, and the clearances for April 
last year reached 123,387 tons, or an average of 4745 tons 

r working day. Of the pig iron loaded at Skinningrove 
fast month, 10,860 tons went to Scotland, and only 536 
tons to the Continent. Of the pig iron sent from Middles- 
brough, 75,777 tons went foreign, and 31,934 tons coast- 
wise. Scotland was once more the largest customer, re- 
ceiving 20,668 tons, whilst Germany imported 13,569 tons ; 
Italy, 13,403 tons ; Canada, 11,182 tons ; Japan, 7510 tons ; 
Sweden, 7043 tons; and France, 5419 tons. Manufac- 
tured iron shipped during April amounted to 19,280 tons, 
11,740 tons of which went abroad, and 7540 tons coast- 
wise ; and steel cleared reached 39,710 tons, 29,699 tons 
of which went to foreign firms, and 10,011 tons to coast- 
wise customers. As usual, India was the largest importer 
of both manufactured iron and steel, receiving 6261 tons 
of the former and 8158 tons of the latter. The Argentine 
took 3906 tons of manufactured iron, and 5440 tons of 
steel. Japan was a customer for steel to the extent of 
2684 tons. 





May’s ApporTIONER.—A machine bearing this title is 
now being put on the market by Messrs. Davis Brothers, 
Barton Honse, Deansgate, Manchester. It has been 
designed for mixing any number of dry ingredients in 
variable proportions at will. This result is brought about 
by the use of a tapering screw to regulate the flow of each 
material, and no separate weighing or measuring of the 
ingredients ig required, for the dry materials are drawn 
together in continuous streams from their respective 
hoppers, the flow of each being regulated solely by the 
position of the screw with relation to the hopper. This 
regulation can be adjusted with great nicety. The mix- 
ing is easily performed, for every po of each stream 
finds opposite to ita part of each of the other streams. 
There is no shaking given to the materials, but they are 
merely in streams over a revolving cone or inside 
an inclined cylinder. This, it is claimed, effects perfect 
mixing, with very little wear and tear of machinery. The 
distance travelled by the materials during mixing is only 
10 ft., which is effected almost entire! y ! gravity. 
Each of the screws used for lating the flow has a 
tapered body, while the outer diameter of the helix is 
constant. The space, therefore, between the oy of 
the screw and a cylinder enclosing the helix varies from 
minimum to maximum, and by changing the position of 
the screw axially with the hopper, so the flow of the 
material is altered to almost any desired extent. 





TURBINE STEAMER FOR THE HOOK or HOLLAND Route. 
—From the beginning of July next the Great Eastern 
Railway Company’s Harwich-Hook of Holland service 
will be conducted entirely by turbine steamers, a third 
having been launched on the 25th ult. by Messrs. John 
Brown and Co., Clydebank. The vessel, named the St. 
Petersburg, is a sister ship to the Copenhagen and the 
Munich, designed and built at Clydebank, and whose 
performances, both on trial and on service, have been 
thoroughly satisfactory. The principal dimensions of the 
St. Petersburg are:—Length over all, 343 ft.; breadth, 
moulded, 43 ft.; depth to awning deck, 26 ft. 6 in.; and 
measurement, about 2600 tons gross, Accommodation 
is provided on the lower, main, and awning decks 
for over 300 first-class passengers, and on the lower 
and main decks for 119 second-class. The greater part 
of the first-class accommodation is arranged in rooms of 
two berths, while on the awning-deck a numberof cabins 
are fitted to accommodate one person each. At the fore- 
end of the boat-deck there is arranged a cabin-de-luxe. 
he second-c passengers are berthed in rooms con- 
taining from two to ten passengers. The first-class 
dining-saloon is a large and handsome apartment on the 
lower deck, seated for 62 persons. It occupies the full 
breadth of the vessel.- The propelling machinery, which 
is being constructed by the builders, comprises a set of 
Parsons’ steam-turbines, consisting of one high-pressure 
and two low-pressure turbines, with two astern turbines 
spvlicd ty tre lecpe cogiseuded: bela, ducking Os 
suppli ve sing! ers, on 
the closed-stokeheld system of forced draught; 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal market has shown rather more 
strength, especially for the best descriptions. The best 
large steam coal has made 16s. 6d. to 16s. 9d. per ton, while 
secondary qualities have from 15s. to 16s, 2d. per 
ton. The t ordinary have been quoted at 8s. 
to 8s. 3d. per ton. House coal has shown little change, 
the best ordi qualities have made 15s. 6d. to 
16s. 6d.; No. 3 Rhondda large 17s. to 17s. 6d.; smalls, 
9s. 9d. to 10s. 3d. per ton. No. 2 Rhondda large has 
brought 13s. to 13s. 6d.; smalls, 7s. 3d. to 7s. 9d. per ton. 
Foundry coke has realised 19s. to 20s. per ton, and fur- 
nace ditto 17s. to 17s. 6d. per ton. As regards iron ore, 
Rubio has been quoted at 19s. 9d. to 20s. 6d. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Welsh Electrical Engineers.—A meeting of the South 
Wales branch of the Institution of Mining Electrical 
Engineers was held at Cardiff on Saturday, Mr. 8S. F. 
Walker presiding. A discussion on colliery cables was 
initiated by Mr. W. J. Richards, of Maesteg, who read 
a paper on the subject, dealing = with the 
attachment of colliery cables in shafts. Subsequently 
the members of the branch dined together. 


Rumoured Colliery Amalgamation.—It was rumoured 
on Saturday at Cardiff that arrangements are contem- 
plated by which the Powell-Duffryn Steam-Coal Com- 

ny, which already conducts extensive operations in the 

hymney Valley, would take over the Rhymney Iron 
Company’s coal-pits. The capital of the Rhymney Iron 
Company, Limited, is 1,647,298/. The shares of the com- 
pany have been rising in value of late. 


Dowlais.—The iron and steel works have been rather 
less active, but the output has not at present been much 
affected. The output of the Goat Mill has been largely 
made up of steel sleepers, there having been some falling 
off in the demand for heavy steel rails. Contracts for 
light mg re 4 and tram-rails and short lengths have kept 
the Big Mill pretty well employed. The returns of the 
collieries have reached about an average. 


Welsh Colliery Property.—A month has elapsed since 
the termination of the recent labour crisis in the Welsh 
coal trade. During the month the steam-coal market has 
been depressed, but the fact that a strike was avoided 
has, nevertheless, restored confidence in Welsh collier 
property. Returns collected from a number of Welsh 
colliery companies show a general decline in the profits 
realised last year as compared with 1908. The reduction 
in the net profits was rather more than one-half, while 
the average rate of dividend _— fell from 154 per cent. 
to 94 per cent. The principal causes of the shrinkage in 
oma were the coming into operation of . the Mines 
: ight ae Act and the lower average prices obtained 
or coal. 


Bristol and Canada.—Mr. Mackenzie, President of the 
ian Northern Railway Company; the Hon. R. 
Rogers, Canadian Minister of Public Works ; and several 
other prominent sepeeesatetioes of the great Dominion 
visited Bristol last Friday. Mr. Mackenzie, in 5 ing 
ata banquet in the evening, said the Canadian Northern 
Railway Company had n ina modest way with two 
ocean steamers, but if its steamship business developed 
as rapidly as its railway business, the ay would 
soon require more shi The chief steamship business 
developed by Great Britain with North America had 
hitherto been transacted at Liverpool and Southampton ; 
but the Canadian Northern Railway Company had come 
to the conclusion that it would be well to draw on a new 
port. 

Motor-Boats for China.—An order for two 120-horse- 
power engines has been received by Messrs. R. Wilson 
and Sons, consulting engineers of South Shields, from a 
Chinese firm for which Messrs. Wilson have acted. The 
engines will be built by the Parsons Marine-Motor Com- 

y, Limited, Southampton, and after being tested with 
erosene fuel they will shipped to China. It is in- 
tended to place the engines in wooden-built vessels, 78 ft. 
long by 14 ft. 6 in. beam, and having a draught of 2 ft. 6 in. 
The vessels are specially constructed for —_—— trade, 
and each will also carry 35 tons of general cargo. 








Liste NAvALE FRAngaisk.—The April issue of this 
list dealing with the personnel and ships of the French 
Navy has now appeared. It is published by J. Alté, 
Toulon, at the price of 2.35 francs. It is divided into two 
principal parts, as usual, the first giving the names of the 
officers on the various staffs of the Ministry of Marine 
and on board men of war; the other giving general data 
concerning the various ships and their stations. 





TRIENNIAL Prizx.—L’ Association des Ingenieurs Elec- 
triciens Sortis d’Institut Electrotechnique Montifiore, of 
31, Rue Saint Giien, Seton, Belgium, announce the con- 
ditions of a prize (Fondation Montifiore) to be 
awarded in 1911. The prize will represent the accu- 
mulated interest of a capital of 6000/. invested in Belgian 
rentes at 3 per cent., and will be awarded triennially fo 
the best original paper (travail) upon the scientific 
advancement, and upon the p in the technical 
pe age of electricity in all departments, exclusive 
of simple compilations. ‘The competition will be inter- 
national, and the papers may be written or printed in 
French or English. ‘The jury will have power to award 
one-third of the prize to a person who has made a 
‘‘capital” invention promising important developments 
in the domain of electricity. The inventor need not 





take part in the competition, 
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BROOKES VACUUM BRAKE COMBINATION EJECTOR. 




















A COMBINATION EJECTOR and driver’s valve for the 
vacuum-brake, embodying several improvements, is 
now being introdu by the Consolidated Brake 
and Engineering Company, Limited, Spencer House, 
South-place, E.C., under arrangement with Messrs. 
Holden and Brooke, Limited, the patentees. This 
ejector we illustrate in Figs. 1 to 7, herewith. It is 
constructed, of course, to present standards, so that 
it can be adopted without changing existing arrange- 
ments. The main features of the body remain the 
same as hitherto, as shown in Figs. 1 to 4. Of these, 
Fig. 1 is an outside view of the ejector, and Fig. 2 a 
vertical cross-section through the disc and steam- 
valves ; Fig. 3 is a vertical longitudinal section through 
the body, showing the two air clack-valves ; and Fig. 4 
gives a part horizontal section, showing the cones for 
the large and small ejectors. 

The chief feature of this ejector consists in the fact 
that the disc-valve D is partially independent of the 
driver’s handle. Service applications are made by 
admitting air into the train-pipe C through the 
valve E, worked by the small trigger-lever shown, 
and by way of the hollow spindle F. The disc-valve 
is moun on this spindle, but the driver’s handle 
can be moved from the ‘“‘running” to ‘‘ brake-off” 
position without imparting any movement to the dise- 
valve. If it be necessary to make a quick application 
of the brake, the driver’s handle is moved into the 
‘*brake-on” position, shown in Fig. 1, and in movi 
it round the handle comes in contact with the lug 
on the dise-valve D, and pulls this valve round with 
it. When it is desired to release the brake, the 
handle is moved to the ‘‘ brake-off” position, and in 
this movement it engages with the lug M on the dise- 
valve D, returning the valve to its normal position. 
When the brake has been released, the handle may be 
moved to the running position without further move- 
ment of the dise-valve. By this free movement it 
will be evident that the wear of the dise-valve and 
face, which is the source of a good deal of trouble 
owing to its unevenness, will be greatly reduced, as 
in most applications in service it will be unnecessary 
to move the disc-valve D at all. The valve D is kept 
up to its face by two small springs N, N, which serve 
to distribute the pressure more evenly over it than 
was possible with the former arrangement, in which 
the necessary pressure was applied in the centre of 
the dise by a nut on the spindle. The spindle in this 
case is quite free of the disc as regards the application 
of pressure in an axial diréction, as will be seen in 
Fig. 2, and it cannot, therefore, be jammed on its face 
or otherwise da by over-screwing, as is possible 
with the usual spindle-nut. 

The spindle is forced up to its work by means of an 
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elastic gland bush at P, near its outer end, which 
carries the cam G. This cam G works the main 
steam-valve K, by which steam is admitted from the 
main steam-pipe A to the large ejector, for quick 
release. The relative positions of the driver’s handle 
and the main steam-valve K are shown in Figs. 5 to 7. 
In Fig. 5 the handle is shown in the position for 
quick application of the brake, the cam having disen- 
gaged itself from the sleeve H after bringing the valve K 
very nearly down on toitsseat. The ‘‘ brake-off” posi- 
tion for quick release is shown in Fig. 6, where the 
cam G has engaged with the sleeve H, and the further 
movement of the handle has lifted the steam-valve K 
off its seat, admitting steam to the large ejector. The 
handle is finally returned to the “running” position, 
shown in Fig. 7, where the valve K is returned to its 
seat, and G is on the point of becoming disengaged 
from the sleeve H. The passage B, in Figs. 2 and 3, 
remains as in the former patterns, and maintains the 
communication between the small ejector, which is 
constantly working, and the upper side of the vacuum 
cylinders on the engine and tender and auxiliary 
reservoir. 





VERTICAL BORING AND TURNING 
MACHINE. 

Messrs. J. BuTLER AND Co., Halifax, exhibit at 
the Brussels Exhibition five modern high-speed 
machine-tools, including two vertical boring and 
turning-machines, one oon ing-machine, one slotting- 
machine, and a novel cutting-off machine. Eac 
of these is driven by & separate electric motor, and is 


shown in operation. 

We illustrate on 580 the larger boring and 
turning-machine ; this is capable of dealing with pieces 
48 in. in diameter, and is of the double-standard type. 
It is constructed in sizes up to 20ft. indiameter. It is 
strongly built, having uprights bolted to the sides of 
the , in ample seatings, and with a massive cross- 
slide, which is squase-gioied to the uprights. The 
machine shown is of an exceptionally powerful type, 
and is driven by a large spur-wheel on the outside of 
the table. This is bol to the flange of a strong 
centre spindle, with adjustable bearings; it has a 
large annular —' surface. The latter and the 
spindle-bearings are lubricated by means of syphon- 
pipes carried to the outside. The various ae are 
obtained by five cones, with two sets of back-gear, 
giving fifteen — ; the machine has a self-contained 
counter-shaft, driven by a 15-brake-horse-power motor 
fixed on the back of ‘the bed. Each headstock has inde- 


pendent feed motions through change-speed gear-boxes. 
The smaller boring and, turning-machine also ex- 
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hibited is of the single-standard type, to deal with 
pieces up to 30 in. in diameter. The system of — 
is similar to that of the larger machine above descri 
—i.e., by 8 cones, with self-contained counter- 
shaft driven by belt from a 74-brake-horse-power motor. 
Both the eaten are of standard pattern, and illus- 
trate the facility with which an electric-motor can be 
substituted for the ordinary method of driving from a 
line-shaft. This smaller machine is made in three 
sizes, to take work from 30 in. to 42 in. vane ne 
the position of the upright carrying the tool-head forms 
oon ate special Satamee. The tool-head is fixed at a 
tangent to the table, the advantages claimed for the 
arrangement being as follow :—1. When cutting on the 
largest diameter, the tool-bar is directly opposite the 
supporting standards. 2. The driving-pinion is also 
directly behind the tool when cutting on the largest 
diameter. 3. The consequent position of the table 
makes the machine exceedingly handy to load and to 
operate. ; 
The planing-machine is of the high-speed quick- 
return type ; it can admit work 8 ft. in length, 36 in. 
wide, and 36 in. high. It is driven by a 15-brake- 
horse - power motor, geared to the self-contained 
countershaft carried on the top of the uprights. Two 
quick-speed narrow belts on thea pulleys, provided 
with improved belt-shifting mechanism, give the cut- 
ting oa return strokes. The bed is made excep- 
tionally strong and heavy, the table has V-slides 
with side-bearing flanges. The slides are automa- 
tically lubricated, and oil-troughs are provided at the 
ends of the bed. The bearings of the driving-shafts 
are fitted to the bed, and not cast with it; the driv- 
ing-pinions are in one piece with their shafts. 
A e various parts are designed to withstand the 
wear and tear of heavy cuts. The machine has two 
tool-boxes on the cross-slide. It is built in a large 
number of sizes. foe 
The slotting-machine has a 10-in. stroke ; it is built 
in sizes ranging from 8-in. to 26-in. stroke. The 
driving is by a slotted link inside the trunk of the 
machine, the oscillating motion being obtained from 
powerful driving-wheels on each side connected to- 
gether. The tool-ram is balanced by a wei ht inside 
the trunk, and suspended from a leather belt running 
over carrier pulleys. An improved relieving move- 
ment is fitted to the tool-head. The feed motion 1s 
iven by a cam on one of the main driving-wheels. 
e circular work-table has a self-acting movement 
in each direction, in addition to the circular motion. 
The machine is driven by a belt-pulley from 74- 
brake-horse-power variable-speed motor carried at 
the back. - 
The bar cutting-off machine is capable of dealing 
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MECHANICAL LUBRICATOR AT THE BRUSSELS EXHIBITION. 


CONSTRUCTED BY MESSRS. C. C. 
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with round bars up to 8} in. in diameter ; it can cut 
a bar in two, or a thin disc off the end, the cutting is 
effected by a straight parting tool which revolves 
round the bar, the latter being gripped in strong vices. 
The tool-slide is carried on the ont of a revolving 
disc, through which the bar passes, the tool being auto- 
matically fed towards the centre. The tool is amply 
lubricated by a small pump, the body of the machine 
forming the reservoir. An 8}-in. steel bar can be cut 
through in twelve minutes, both ends being perfectly 
square. The machine is directly driven by a variable- 
speed motor, but it can be operated by a belt drive giving 
two speeds. It can also cut square bars or sections. 

The electric motors driving Messrs. Butler’s machines 
at Brussels are from Electromotors, Limited, Man- 
chester, and are of shunt-wound semi-enclosed type ; 
the starters are by the Adams Manufacturing Com- 
pany, Bedford. The cutting-tools are of the ‘‘ Stag 

rand ” high-speed steel, manufactured by Messrs. 
Edgar Allen and Co., Limited, Sheffield. 





MECHANICAL LUBRICATOR. 

Messrs. C. C. WAKEFIELD AND Co., 27, Cannon- 
street, E.C., exhibit at the Brussels International 
Exhibition a mechanical lubricator, which we illus- 
trate in the views, Figs. land 2, above. With this 
the feed is regular and constant. The oil is not fed 
on the delivery stroke only, but the apparatus contains 
a series of differential hollow plungers which force the 
oil forward on both strokes of the pump, thus ensuring 
a constant flow. This does not imply the delivery of a 
ee ee : a hye prea secured by the 
apparatus being that the oil supplied is equally distri- 
buted over both the strokes. 7” ew 

From Fig. 2 it will be seen that each pump is 
provided with the differential plungers F poll J, with 
suction and intermediate valves C and D. The latter 
are contained in a box or crosshead, into which the 
plungers are also screwed. The pump works as follows: 
The crosshead and phingers are reciprocated by means 
of the rocking-shaft L. 

The large and small pump-barrels are cross-con- 
nected, the right-hand large pump delivering into the 
chamber of the corresponding left-hand small pump, 
and vice versd. Taking as an illustration the right- 
hand pump, it will be seen that when the crosshead 
moves trom right to left, oil is drawn past the suction 
valve C into the pump-barrel E, and on the return 
stroke the valve C closes and the oil is forced past the 
op valve D on the left-hand side into the smal pump- 
barrel H. As the small pump-barrel only contains 
eno-balt the quantity of oil contained in the large 
oe the surplus, after the small barrel is filled, is 
creed into the steam-chest and cylinders, the oil 


. Temaining in the small barrel being forced away on the 


opposite stroke—i.e,, when the large plunger is on the 
sp stroke. An important feature of the device is 
ease with which the oil-feed can be regulated from 
. © outside ; to receive this, each of the pump-barrels 
a tt ed at G with an adjustable plug, by acting upon 
which the feed to any of the outlets can be varied. 
be oe ~ ; is screwed ae home, the pump is 
lous tine nos capacity. e references to Fig. 2 
A. Oil reservoir. 
B. Wire gauze strainer L. Rockin, 


K. Oil-warming pipe. 
ing shaft. ; 





C. Suction-valve. M. Pawl to prevent backward 
D. Intermediate valve. movement of ratchet- 
E. Large pump-barrel. wheel. 

F. Large adjustable plunger. 


N. pao. 
G. Oil-regulating plug. O. Ratchet-wheel gear-case. 
H. Small emp tesvel P. Fixing-lug. 


J. Small hollow plunger. Q. Fly-bolt to secure lid. 

Messrs. C. C. Wakefield and Co. also have an ex- 
hibit of portable acetylene lamps, of patterns ranging 
from a 20-candle-power hand-lantern, to a flare light 
capable of giving a 3000-candle-power light for twelve 
hours. An important feature of these flare lights is 
that they can be regulated at will to any power re- 
quired, from 500 to 5000 candle-power, by simply turn- 
ing the small wheel of the regulator spindle. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 27. 

Quire a general advance in wages is to be made 
to iron and steel- workers and blast - furnace work- 
men, the increase to take effect on May 1. This 
advance is made just at a time when a serious cur- 
tailment of production is contemplated. It is recog- 
nised that with the several new furnaces blowing- 
in an accumulation is very probable. This applies 
particularly to steel-making irons, and by May 1 
three or four furnaces now on basic or Bessemer iron 
will be out of service. Stocks of Bessemer and of 
basic show symptoms of accumulation about April 1. 
The reason for this is that several steel companies 
which have heretofore been heavy buyers of Bessemer 
in the open market are now out of the market, having 
their own furnaces to depend upon. The Steel Cor- 

ration has blown out five furnaces in the Central 

est, and the Carnegie Company will shortly blow out 
two furnaces at Pittsburg. Two furnaces hers been 
also blown out in the Wheeling district. Two furnaces 
on foundry iron near Pittsburg have banked up. The 
total restriction will, it is thought, equalise the supply 
and demand. 

In consequence of these evidences of over-production 
a good many consumers of iron, who otherwise would 
be buyers, are staying out of the market, thus giving 
it the false ap ce of inactivity. The weakness, 
which has developed in asking prices, is partly due to 
the anxiety of southern pig-iron makers to secure busi- 
ness in northern markets. The capacity of the makers 
of billets and sheet-bars is such as to make prompter 
deliveries possible. That fact has a weakening effect. 
For months past the demand for merchant-pipe has 
been fully up to, if not in excess of, demand, and orders 
were placed, during the winter for early summer 
delivery. Capacity was expended, and a point has 
now been reached where curtailment in the output 
of merchant pipe has become necessary. Last Satur- 
day the National Tube Company laid off 1000 men at 
its McKeesport tube works, and it is probable that 
another 1000 will. be laid off within a week, leavin, 
about 5000 employed to supply the lessened demand. 
The large merchant-pipe works at Lorain, Ohio, is on 
half time. Other merchant-pipe works have reduced 
production. This falling off is largely explained by 
the fact that the jobbers in both pipe and wire stocked 
up very heavily autumn, and they are now distri- 
buting that stock, The demand for oil-pipe is active, 
the latest inquiries being from the Texas Oil Corpora- 
tion, which wants pipe of large size sufficient to lay a 
line 90 miles long. 
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PERSONAL.—We have been requested to state that Mr. 
Thomas W. How, 15, Victoria-street, Westminster (the 
managing director of the Empire Roller-Bearings Com- 
pany, Limited), has been appointed managing and con- 
sulting director of the Horsfall Destructor Company, of 
Pershore, in. succession to the late Mr. Arthur Green- 
wood. The business of both companies will be directed 
from the above London address. 





ImporTANT Patent Action.—After a lengthened pro- 
cedure and opposition to the grant of letters patent to 
Messrs. Alexander Esplen and the Liver Patents 
Company, Limited, in respect of their ‘‘ Trident” fire-bar 
os grant having been refused by the Comptroller- 

eneral of Patents) through the opposition and action of 
Messrs. Newton and Smalley, makers of the ‘“‘Sala- 
mander” fire-bar, the Comptroller’s decision was reversed, 
with costs, and the patent was nted to the patentee, 
Mr. Alexander Esplen and the Liverpool Patents Com- 
pany, Limited. The ground of opposition to the patent 
was that the characteristics of Mersrs. Esplen and the 
Liverpool Patents Company’s “Trident” fire- namely, 
the use of a mid-feather along the bottom of the groove 
had been covered in a prior patent to Messrs. Newport 
and Smalley, but the Solicitor-General found that it con- 
stituted a new feature in fire-bars, and that Messrs. 
Esplen and the Liverpool Patents Company, Limited, 
were entitled to letters patent for it. 





A Sinetx Gyroscope Mono-Ram System.—A_de- 
monstration was given on Wednesday, at the West- 
minster Palace Hotel, of a mono-rail system with gyro- 
scope control, invented by His Excellency Mons. P. 
Schilowsky, the Governor of Kostroma, on the Vol 
Working models of vehicles were exhibited, Mons. P. 
Schilowsky explaining the principles involved. In this 
system the single gyroscope is carried on a special car, 
and one such car is needed between every two vehicles. 
The leading vehicle is a mono-rail steam-locomotive. 
The boiler of this vehicle supplies steam to the small 
auxiliaries on the car. As above stated, a single 
gyroscope is employed. It is of considerable weight and 
is mounted with its spindle vertical, in a frame carried 
on trunnions of which the axis is across the car. A small 
single-cylinder steam-engine drives this gyrostat direct. 
Towards the other end of the car is a very heavy pendulum, 
hung with its axis parallel to the rail, so that, on the car 
tilting, it swings outwards or inwards. If this pendulum 
moves, a connection causes a quadrant to swing in a direc- 
tion parallel to the rail.. This quadrant carries for part of 
its length a radial rack which, if the quadrant swings far 
enough, engages with a constantly revolving pinion driven 
by another small steam-engine. The e ment of this 
pinion hastens the forward movement of the quadrant, 
and this, by means of a rod having spring stops, pushes 
over the gyroscope on the trunnions of the table. The 
two auxiliaries are steam-driven, the connections being by 
flexible metallic hose. The leading and trailing vehicles 
are maintained in the vertical position by means of two 
rods fixed rigidly to the eye car-frame, one some 
distance above the other. ese rods can swivel about 
a horizontal axis at right angie to the rail, but are rigid 
about the vertical. ith the rail they therefore exert 
a couple on the leading or trailing vehicles should these 
— to /~ sane — or ick other. hh" yay was run 

ong a short length of sti t track, an e gyroscope 
control appeared to be quite efficient for the model used 
for the demonstation. , The system is certainly worked 
out in an ingenious fashion, but could doubtless be im- 
proved upon for full-sized vehicles. The models, which 
were of excellent finish, and ran with remarkable smooth- 
ness, were made by Messrs. Bassett-Lowke, and Co., 
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addition to the spiral armouring. Since 1902 a very large| fessor Talbot himself, and that any tests made o 

SPIRALLY-ARMOURED CONCRETE. number of ened spat and tests on columns thus rein- | spi columns without longitudinal bars should wn 
To THE Eprtor or ENGINEERING. forced have been made, those of Professors Bach, Guidi, | considered as devoid of any practical value. 

_Sin,—In the issues dated September 10 and 24, 1909 | and Von Thullie being especially noteworthy. Allexperi- 
Bosrmesnans puneee Sa, aves A = a. Mahle meats made in the co itions advocated by the writer Tur Importance or Ducriuiry. 

welvetrees, in whic 5 mace and have given results differing but little from those which ili d } 

published in 1906and 1907 by Professor Arthur N. Talbot, he himself has obtained and published. In addition to| condin vetetulo which pecmite thee te oe by 

of Illinois University, on columns of plain concrete, | this, the French Commission on Reinforced Concrete, able deformations without breaking. It will be Ha 

concrete armoured with longitudinal bars, and hooped or | appointed by the Minister for Public Works, have carried | that, contrary to the opinion expressed by Mr N ble 

spirally-armoured concrete. | out numerous and varied tests, of which the results have | 'Twelvetrees, the great ductility of hooped concrete ;s : 
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, =~ Twelvetrees’ principal conclusions are stated as 
ollows :— 

“So far as the ultimate resistance is concerned, the 
claim of M. Considére is fully supported by the inves- 
Costens of Professor Talbot, and it may be fairly 
taken that the value of hooping is from two-to three 
times the value of an equal amount of metal applied as 


| been given, with all useful details, in. a volume published 
in 1907 by Messrs. H. Dunod and E. Pinat, 49, Quai 
des Augustins, Paris. Finally, the writer conducted a 
further series of experiments of the most varied descrip- 
tion, and brought the knowledge of the subject of hoo 
concrete up to date by an article in the Génie Civil in 
1907, of which the following is an epitome :— 


quality of very special importance. 

In structures of all types we allow a margin, or factor 
of safety, and it will be useful in the present instance to 
analyse our reasons for so doing. Reinforced'concrete is 
practically imperishable, and its strength increases with 

There is thus no need to reduce working stresses 
from a fear of a decrease with time in its powers of resist- 


* . . ” a 
longitudinal reinforcement. In these tests more than 260 tests were made with | ance. --Again, the loads that a structure may in practice 


‘ . . . . “ hooped concrete and ‘mortar. The diameter of'the speci- i fess 
But, on the other hand, “it should be- noted . that | mens was varied between 3 centimetres and 70 ceistimetres _ _— a nih Was edloclateds an Sees ~~ 
during. the early stages of a test the phenomena are . added that the increase in stress resulting from an exces. 
much the same as those for plain concrete columns, that | sive superload is relatively small in ferro-concrete struc- 
at loads such as would: cause failure of plain — | Rie tures, in which the dead-weight is usually responsible for 
the surface material ns to scale off. over the hoops, eS ina E the greater rtion of the total stress. In reinforced- 
and that at higher loads the column begins to shorten | concrete work the factor of safety is:‘therefore only neces- 
rapidly and to bulge laterally to a corresponding extent.” | sary from a fear of the effects of bad workmanship, and 
to provide against the possibility of stresses arising from 
accidental causes. 

» Bad Workmanship.—In the experiments made by Pro- 
fessor Talbot the resistance of identical specimens was 
very irregular, and the number of tests made was too 
small for any definite conclusions to be drawn as to the 
effects of bad workmanship. It should be noted, how- 
ever, that the hooped columns gave more uniform results 
than those armoured with longitudinal bars. In an article 
published in the Génie Civil in 1907 the writer gave the 
results of a large nuinber of testsspecially devised to set 
forth the consequences likely to accrue from bad work- 
manship. The difference between the average of these 
results and the minimum was 45 per cent. for columns of 
the ordinary type, and only 23 per cent. for hooped 
columns. 

On pages 280 to 283 of the Report of the French Com- 
mission on Reinforced Concrete comparative results are 
given of tests made on concrete specimens rammed in the 








“The practical engineer, however, does not work with 
a view of exposing structures to maximum loads, and is 
concerned exclusively with the effects of safe working 
stresses. From this standpoint hooping does not seem to 
be  postbnatany advantageous.” 

Since these conclusions might have an adverse influence 
on the practice of ferro-concrete work, the following 
observations may be permitted. 

The columns tested by Professor Talbot were reinforced 
with spirals only, and contained no longitudinal bars. 
By adopting such an arrangement in 1907 Professor 
Talbot shows that he cannot have had full cognisance of 
the article by the writer, published in 1902 in the Génie 
Civil (vol. xlii., ges 1, 2, 3, 4, 5, 6, and 9), an English 
translation of which, by M. Léon S. Moiseiff, C.E., 
having been published by the McGraw Publishing Com- 
pany, 114, Liberty-street, New York, in 1903. The 
figures in the table below are taken from this work, as 
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also the diagram annexed. 

In these tests strut A was of plain concrete. 

Struts B and C were made of the same concrete, but were 
armoured by spirals, the percentage of metal being 0.0247 
and 0.0203 respectively. The resistance of the spiralled 
specimens tly exceeded that of the unarmoured con- 
crete, but the modulus of elasticity was not raised notably. 
Cracks, of which the appearance is indicated by crosses on 
the diagram, were eee wane | produced in the concrete 
outside the spirals, but these did not penetrate the central 
core, though the shortening of the columns under the load 
rapidly became very great.’ All this is in conformity 
with the results obtained by Professor Talbot. 

The struts D and E, however, in addition to spirals of 
the same dimensions as those used for B and CU, were 
also armoured with —— — of : which the 

reen was 0.0129, thus making the total percentage 
Tf petal tn these struts 0.0376 and 0.0332 cacutear 

Strut F was armoured with longitudinal bars of a per- 
centage of 0.0267, and furnished with stirrups or binders 
of the type ordinarily employed by the greater number 
of constructors, of a percen of 0.0105. The total 
percentage of metal in this prism was therefore 0.0372, 
which is slightly below that of prism D, but considerably 
above that of prism E. 
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(1.18 in. and 27.5in.). their length from 8 centimetres to 
400 centimetres (3.15in. to 13ft. 1}in.), and the pro- 
portion of cement from 300 to 1100 kilogrammes per cubic 
|metre (505.6 lb. to 18541b. per cubic yard). The per- 
centage of metal ranged from 1 to 14 per cent., and the 
age of the specimens at the time of testing from 8 to 
200 days. 

The concrete was sometimes gauged with a great excess 
of water, the mixture being then poured as a liquid into 
the moulds, whilst, in other experiments, the least 
possible quantity of water was used, and the resultant 
concrete was consolidated by ramming in the ordinary 
way. The arrangement of the armouring was, in some 
| cases,- most carefully superintended, whilst in others 
| irregularities were purposely introduced to a degree im- 
possible on properly-organised works. The resistance 


The table and the diagram make clear the following | per square centimetre attained the figure of 1803 kilo- 


facts :— 
By the addition of a moderate percentage of yo eee 
armouring to the spirals, the resistance of colu 


| grammes (11.45 tons per square inch) and the greatest 
oad nny upon a single specimen was 1620 tons. 


mns to! The results of these tests have induced both the French 


rupture is greatly increased, the modulus of elasticity is and the Austrian authorities to allow much_ higher 
considerably raised, and the loads necessary to produce stresses on spiralled concrete struts than on those re- 


serious bending and cracks in the concrete outside of the 
spiral reinforcement are approximately doubled. 


inforced vam | by longitudinal bars. In Germany, more- 
| over, official tests are now being, made with a view to 


SHORTENINGS OF REINFORCED-CoNncRETE Prisms, IN OnE-THOUSANDTH Parts oF LENGTH. 





Pressures in 


Pounds per] 108 250 BOL 45 902 | 


Square Inch 
Strut A*.. +» 0.05 0.12 0,17 
0. 


0.25 . . 0.63 
» BW. -» 0.00 0,02 06 0.17 5 5 0.39 
» Of .. -- 601 @015 .. 0.17 . . 0.46 


- | 


| 0.62 | 0.68 | 


| | 
1145 | 1288 | 1667 2043 2470/ 2705| 3175/ 4240 


4.39 8.39 /12.94 [14.48 
1.58 3.55 | 5.83 | 6.07 


0.54 | 0.67 | 





* Rupture at 1050-1b. 


} Sustains 5400 Ib. 





Pressures in| 
Pounds per; 483 
Square Inch | 


+ Rupture at 5120 Ib. 


| 


| } 
| 
| 3381 3864 1936 3874 4347 


2898 








Strut D* .. os . 
we. Bes ve 0.11 
se. Wem os 0.16 


* Failed by column pressure at 4550 Ib. 


It should also be noted that prisms armoured both 
spirally and longitudinally support, without noticeable 
curvature, loads nearly double those causing failure in 
identical pieces armoured with the same weight of metal 
applied in the form of longitudinal bars and stirrups of 
the customary type. These and other experiments givin: 
analogous results proved that concrete armou wit 
spirals alone, although possessing great — of resist- 
ance to rupture, presents some practical disadvantages, 
and the wie has therefore, since 1902, ceased to occupy 
himself with it, but has confined himself exclusively to the 
study of columns reinforced with longitudinal bars in 





1.67 | 2% | 810 | 
1.55 1,93 0 0.48 1.63 3.18 4.44 





t Rupture at 2420 Ib. 


a similar modification of the existing rules for the used 
reinforced concrete struts. 
On page 355 of the report cited above, the French Com- 
mission on Reinforced Gon i 
columns should be furnished with at least six 
bars, having a total volume at least equal to y}yth of the 
volume of the concrete, and not less than one-third of 
the volume of the spirals.” f ‘ 
It will therefore be seen that the question of spiral 
armouring may be considered as being definitely settled 





on the results of tests by experimenters whose im- 
partiality is as little open to question as that of Pro- 


crete specifies that ‘‘spiralled | be 





ordinary way, and on others gauged with an excess of 
water, the age of the specimens being in each case four 
weeks. With columns of the ordinary type, having 
longitudinal bars and stirrups, the excess of water re- 
duced the resistance from 234 to 124 kilogrammes per 
square centimetre (3330 lb. to 1763 lb. per square inch); 
but with spirally armoured columns, containing the same 
total weight of armouring, the reduction was only from 
ok 264 kilogrammes (4605 lb. to 3756 lb. per square 
inch). 

The superiority of hooped concrete against the dangers 
arising fom Coll weskanathie is therefore obvious and 
important. 


SECONDARY STRESSES AND DEFORMATIONS. 


In every structure continuous over a sufficient length 
the stresses produced by the shrinkage of the concrete on 
hardening—which is between 0.0002 and 0.0003 of its 
length—must, in cold weather, be added to the effects of 
temperature, which are almost equally important. From 
this combination, stresses will produced in certain 
parts of the structure which are often not provided for 
or taken into account. 

Take, for example, the case of a beam supported by 
columns. As the _rodbes contract the columns at the ends 
must bend ; again, in bridges consisting of continuous 
arches, or, in , Single s encastré at the abutments, 
the stresses produced by am variations in ny, alone 
are so great as to equal, in arches having a rise less than 
one-tenth the span, the full working stresses allowed by 
the regulations of most countries for concrete reinforced 
with longitudinal bars and stirrups, thus leaving no 
margin for supporting the dead-weight of the arch, the 
decking, and the live load. r 

These facts, which the writer has demonstrated in 
various publications, are not immediately obvious, and 
their accuracy is occasionally disputed by persons not 
familiar with the methods of scientific analysis. But, on 
the other hand, every practical constructor can appre- 
ciate the dangers which may arise, in certain cases, from 
movement or subsidence of the ground. Any sliding of 
the subsoil will tend to bend piles driven therein. Any 
unequal settling of the ground under the various columns 
of = hor will occasionally produce considerable curvature 
in the beams above, and any uneven settlement and con- 
sequent tilting of a foundation may give rise to the same 
effect in the column which it supports. Again, since the 
resistance of a material to shock is the product of each 
deformation and the force producing it, this resistance 
must be much greater in ductile materials than in others 
of a brittle character. vn 

The ount importance of ductility should be clear 
to all from the foregoing observations. Its usefulness 
cannot be denied without at the same time declaring 4s 
absurd the specifications governing in all countries ™ 
quality of structural steel. All such specifications ins. 
on the test-piece remaining ductile under stresses muc 
above those to which it is intended to subject it. De 
tility being incontestably a most valuable quality, it wi 
advantageous to compare from this point of view 
spiralled concrete and concrete reinforced in the ordinary 


way. : 
When employed in beams, reinforced concrete 1s, pads 
any system of armouring, truly ductile, because the —_ 
forming the tensile armouring will work at about —- 
its elastic limit, whilst the concrete in compression W! 
only be subjected to a stress of about one-third or one- 
fourth of its ultimate resistance. It follows, there‘ore, 
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that before the concrete will crush, the steel will stretch 


and the beams deflect considerably, thus giving warning 
of any danger before it mes imminent. It is entirely 
otherwise with piles and columns of the ordinary type, 
which crush without any deformation being apparent, 
though an observer furnished with proper instruments 
might conceivably discern the preliminary signs of 
failure. 

Spirally-armoured concrete will, on the contrary, with- 
stand enormous deformation without giving way, and 


moreover, will give ample warning in case of rer. 
This most important point is proved by the following 
examples, 


On pages 282 to 310 of the Report of the French Com- 
mission on Reinfo Concrete the detailed results are 
given of an important series of tests on columns of lengths 
ranging from 2 to 4 metres (6 ft. 62 in. to 13 ft. 14 1m.). 
As an example the figures relating to the columns 
2 metres long will be taken, for these columns were more 
heavily armoured than the others, so that any i 


much less in proportion, the percen’ of armour- 
ing being the chief factor in the total resistance. The 
sectional area of t columns was square centi- 
metres (51.5 square inches). Some were square, 182 by 
182 millimetres (7.18 in. by 7.18 in.), and were reinforced 
with longitudinal bars, and others oc in section, 
measuring 200 by 200 millimetres (7.88 in. by 7.88 in.) were 
spirally armoured. The tests were made in two series, 
differentiated by the proportion of cement in the con- 
crete. 

First Sertes.—A column reinforced with longitudinal 
bars and stirrups to a total percentage of 0.0494 broke 
suddenly under a load of 107.73 tons, the lateral deflec- 
tion being scarcely noticeable. 

Two columns, armoured with spirals and longitudinal 
bars of a total percentage of 0.0491 and 0.0488 respec- 
tively, carried loads of 164.44 tons and 142.89 tons, and it 
was only after having shown this remarkable resistance 
that the bending became considerable, the hydraulic pres- 
sure then fell gradually, and the deflection constantly 
increased until it reached the figure of 100 millimetres 
(3.93 in.) and 90 millimetres (3.54 in.) on ipa With 
these deformations, which are enormous on a length of 
2 metres, these columns still carried 79.38 and 85.08 tons 
respectively. 

Second Serics.—The percentage of metal was the same 
as in the first two series, the quality of the concrete alone 
being varied. 

The column with longitudinal armouring and stirrups 
collapsed suddenly at 95.26 tons. 

The two spiralled columns carried 151.97 and 146.3 tons 
respectively, and the tests were discontinued when the 
deflections were 50 millimetres (1.96 in.) in one case, and 
40 millimetres (1.57 in.) in the other. e columns were 
then supporting 119.08 and 111.14 tons respectively, or 
28 per cent. more than the maximum supported by the 
columns reinforced with longitudinal bars and stirrups. 
After the experiments, the spirals, with the longitudinal 
bars, were removed from the column in the first series, 
which had withstood the greatest deflection, and it was 
then discovered, much to the surprise of the witnesses, 
that the concrete core was not cracked at all, but still 
possessed great powers of resistance. These facts, and 
others derived from altogether different experiments on 
cylinders of concrete tested when imme in water 
under pressure, which have been described by the writer 
in a note presented to the Academie des Sciences de 
Paris, prove conclusively that when it is supported 
erm | either by a sufficient number of spirals or by 
hydraulic pressure, concrete acquires entirely new pro- 
perties ; it ceases to be fragile, and becomes as ductile as 
most varieties of steel. In support of these interesting 
results the fact may be mentioned that glass, when sub- 
mitted on all sides to very great hydraulic pressure, has 
been bent without fracture. ; 

From the data cited above it can hardly be doubted 
that spiralled concrete will withstand much better than 
ordinary reinforced concrete the bending to which piles 
may be subjected when driven into strata liable to slip, as 
well as curvature enforced by the ing or hogging of 
the foundations on which they rest. ith the ordinary 
method of reinforcement a collapse would occur suddenly 


and without warning, but the great reserve of strength in | b 


spiralled concrete, which is retained for a long time after 
pag ma been given, would permit preventive measures 
© be taken. 


PracticaL PROOFS OF THE PROPERTIES OF SPIRALLED 
CONCRETE. 

All that has been said above, as well as the article to 
which this is a reply, is upon tests made in a labo- 
ratory. For practical constructors who disdain all de- 
monstrations of this kind, the following may be added :— 
The driving of reinforced-concrete piles is both a severe 
as well as a practical and public test, and it has been 
proved incontestably by thousands of trials that whereas 
® spirally-armoured pile will withstand the direct blow 
of the monkey, piles armoured with bars and stirrups of 
the usual type have to be protected against fracture by 
a cap filled with sand or sawdust, and driven with a 
timer dolly interposed between the monkey and the head 
of the pile. Driving done under these conditions must 
n = be both less expeditious, more costly, and less 

enw. 

-\cain, the writer employs thin articulations of hooped 
concrete as temporary hi at the crown and spring- 
ings of arched brid; ese permit the arch to dolore 
. accordance with the p of construction, the 

eilection of the centering, the shrinkage of the concrete, 
and the settlement of the piles and abutments, and thus 
pr vent the possibihties of any stresses in the remainder 
of the arch being produced by these causes. When the 
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arch has taken up its final position, and the centering 
has been removed, the- concreting of the is com- 
pleted, and all traces of the hinges are obliterated, at the 
same time encasing the armouring designed to give con- 
tinuity to thearch. This system, which eliminates all the 
troublesome effects of shrinkage, has been employed with 
success for the large bridges of Noisiel (Seine et Marne), 
Chateau-Thierry (Aisne), Vic-sur-Aisne, St. Jean de la 
Vesubie et La Cougne (Alpes Maritimes). 

It is impossible to obtain the same advan without 
using spiralled and ductile concrete, except by definite 
mechanical articulations. 


ConcLvusion. 


The experiments made by Professor Talbot are of 
purely scientific interest, and cannot cited against 
spirally-armoured concrete as desi since 1902. 

The writer considers as devoid of foundation the state- 
ment that ‘‘the practical engi is concerned 


larities in the concrete must have influenced the results — rely, wile Ue efieein <& sare wanting of Fs 


hinks, in consequence, that it is impossible to deny 
the importance of the remarkable ductility of spiralled 
concrete, which, taken in conjunction with its great 
strength, completes its superiority. 


y: 
' Yours faithfully, 
Paris, February 11, 1910. A. ConsmpéRE. 





“THE NEED FOR TECHNICAL 
EDUCATION.” 
To tHe Eprror oF ENGINEERING. 

Srr,—In the article on ‘The Need for Technical 

Education,” in your issue of April 29, you raise some 
interesting points, and refer to some valuable work which 
is being done at attempting to co-ordinate and place on a 
properly-organised basis the technical education work at 
present being done in evening and day institutions. 
_ The work performed by evening technical institutions 
is partly educational and y directly utilitarian. For 
instance, an engineering a) mtice may be taking a 
course in which he is nese pd elementary mathematics 
and the general principles of elementary science, followed 
by a course including engineering drawing. 

Instruction in the latter subject is directly utilitarian, 
and that in the former subjects only indirectly so, in that 
its immediate results are that it will train him to think 
more clearly, and help him to do a practical job correctly 
without first doing it several times incorrectly. 

Other things being equal, it may safely be said that the 
youth most attentive and regular in attendance at evening 
classes will finally become the better foreman or draughts- 
man. But, as I believe es once remarked in one of your 
articles, a regrettable feature of attendance at evening 
classes is that often the boys of most value as apprentices 
in the shops and as apprentice-draughtsmen are those 
indifferent to what they call ‘‘theory.”. You draw atten- 
tion also to the advantages of trade schools. 

Many an apprenticeship has been a case of doing jobs 
according to the will of a foreman or the exigencies of 
work in the shop. In this connection trade schools are 
particularly valuable in that a youth’s time is economised, 
and far more systemati instruction can be given him 
in the principles and tice of his trade than he can 
obtain in the shops in the same time. And this in spite 
of the facts that the sense of the responsibility of ‘‘ keep 
ing a job” is lacking in the school, and that the admo- 
nitions of an instructor in a school and a foreman in a 
shop would, perhaps naturally, be viewed very differently. 
The skilled handicraft and mechanical instinct of the old- 
time and, comparatively speaking, non-educated work- 
man has been acquired by the exercise of much of the 
“*cut-and-try” method, and of the expenditure of much 
time. 

Evening classes are of value if for no other reason than 
that they improve the material from which skilled 
workmen are made. With regard to providing industry 
with a larger number of scientifically-trained men from 
day institutions, in view of the fact that numbers of 
those at present leaving such institutions have difficulty 
in obtaining appointments, it would be interesting to 
know whether it would be wiser to increase the number 
and let them flood the market, or allow evolution to 
ing our industrial concerns to a state in which there 


would be a r demand for them. Fees are, com- 
paratively ing, moderate, and the scanty number of 
students in day institutions can only be ascribed to the 


fact that there is, in this country, not a large-demand for 
them. Wein the British Isles seem to lag behind our 
Continental neighbours, particularly Germany, in indus- 
trial movements. , 

This may be due partly to the insularity of our position 
and partly to national characteristics. Without doubt 
the proposed scho ip scheme you refer to will enable 
many a youth toobtain a training and a position in keep- 
ing with his ability and industry, and help to increase 
the numbers of those imbued with “‘ the scientific spirit.” 
And this, too, without too many years being spent in 
hard and often repetition work, and, so far as his final 
ageeee Sa ——— useless == > . workshop. It 
18 ible that those responsible for the management 
and control of large works would be more interested in 
thé products of day technical institutions if the institu- 
tions would keep them informed of the existence of such 
students, and what they are as potentially scientific and 
profit-making material. Theproblem of higher technical 
education in this country a) rs to be as much a case of 
finding a market for the technical college graduate as of 


producing him. 
; Yours faithfully, 
G A. CowLey. 


Ardgowan, Wilson-street, Motherwell, W.B., 
April 29, 1910. 








ELECTRICITY FOR PROPULSION AND 
AUXILIARY DRIVING ON SHIPS, 
To THe Eprror oF ENGINEERING. 

Sir, —Pressure of work has prevented me from replying 
to the very interesting and open-minded leading article 
that appeared in your journal on the 15th ult., in which 
= your views of the present position of the elec- 
trical engineering industry relating to the development 
of the enormous field that is open to it. It is strange 
that only a few have troubled themselves (other than 
complaining of bad trade) in what can be done in the 
marine engineering industry. As you remark, it cannot 
be expected that naval architects and marine engineers 
(especially those who take their lives in their hand at sea)are 
going to entertain any proposition that varies too drastic- 
ally from those they have already been brought up to, 
without some mutually interesting education into the 
merits of electrical machinery and its working. 

Indeed, it was with that view in mind that I read my 
pee before the Institution of ine Engineers at the 

ranco-British Exhibition in 1908, and also another 
lecture at Chatham (before a large number of practical 
sea-going naval engineers), and again before the Insti- 
tution of Naval Architects recently. Now, far from 
being not interested, my experience is this, that in order 
to get further information than that which can be 
embodied in a short discussion (as the matter is of 
enormous dimensions), many practical marine ineers 
and naval officers have been to this office to glean further 
information on the subject of electricity, on my system 
for propulsion and for operating auxiliary machinery, and 
I can truthfully say that, as far as I am aware, not one 
has gone away not fully convinced that the electrically- 
driven ship is inevitable, if the British shipping industry 
is to stand against the coming foreign competition. And 
that if economy in fuel, therefore extra steaming radius, 
lighter draught, and high vessel s are required, 
together with powerful manceuvring on war ships, 
that electricity must be used hetween the modern 
high-speed and efficient prime-movers and low-speed 
large-area-blade propellers. I have also been in com- 
munication with a large number of naval architects and 
marine engineers abroad on this subject, especially in 
those countries where I have patents in connection with 
my ‘‘ Paragon” system, and from the various letters that 
I Live received it seems quite possible that the foreign 
countries will get this system at work before Great Britain. 
In faraway Japan a Japanese engineer friend of mine 
has made the system a study since I met him in 
Berlin, and a very interesting gd was read y him 
before the Engineering Society of Tokyo; the Kogakk- 
watsh (the Journal of the Engineering Society, Tokyo) of 
April 12, 1909, gives a full description of same. In 
America Mr. Emmett, the chief turbine engineer of the 
General Electric Company, has recently Pate a very 
interesting paper before the American Institution of 
Naval Architects and Marine Engineers, in which he 
dealt with a twin-screw vessel of 28,000 horse-power, ata 
propeller revolution at top vessel speed of 240 revolutions 
per minute, with steam-turbines running at 1300 revolu- 
tions per minute. In this case a most important thing came 
out, in which for the same steam-flow a Parsons set of 
direct-coupled turbines for equal steam consumption gave 
a vessel speed of 20.5 knots, while the electrically-driven 
vessel was down at 21.2 knots. Further, it is well known 
that war vessels usually travel at a lower speed than that 

in action, which is termed the “cruising 5 a 
and, taking this in the above vessel, it was pro that 
the total weight of, and apace occupied by, the machinery 
was less, in the case of the electrically-driven boat, per 
shaft horse-power ; and that accounts for the extra amount 
of coal that can be carried on a given draught, which also 
assisted the result in extra steam radius of the vessel, 
quite apdrt from the lower amount of steam that would 
be used per vessel ton-mile at the 12-knot speed. It will 
be observed that no less than 530,000 lb. of coal can be 
carried on the same draught, and by means of the larger 
bunkers that may be arranged for by reason of the smaller 


taken up by the apne A Mr. Emmett showed 
that the following results could be anticipated :— 





Steam Used Shaft 





| Pounds of Distance in 
_ Coal in for all Horse- Knots at 
Bunkers. Purposes. Power. 12 Knots Speed. 
Parsons ..|, 5,550,000 26.6 4700 4700 
Electric .;| 6,080,000 17.8 4400 7900 





As he said, these figures show an increase of 69 per 
cent. in the cruising distance, and it is needless to com- 
ment upon the immense value of such a difference in any 
war vessel. 

I shall be happy at alittle later date to let you have 
full particulars and drawings describing my system of 
auxiliary machinery driving on steam and internal-com- 
bustion engined ships, together with full detailed expla- 
nation for your rs’ interest, if meeting with your 
approval. My electrical steering-gear is the result of 
investigations that I have made at sea, upon the subject, 
and also in connection with the driving of main winches, 
which has given so much trouble in many directions, to 
the apparent detriment of electrical driving at sea. 

However, in afew months’ time a vessel will be in 
British waters that will prove, once and for all, if the 
“Paragon” system jis the paragon system for ship pro- 


pulsion. 
Yours faithfully, 
Wituiam P. Durrnatt, 
M.I. Mar. B., M.I. Auto. E., 
Consulting Engineer. 
11, Bush-lane, Cannon-street, London, E.C., 
April 30, 1910. 
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VERTICAL BORING AND TURNING MACHINE AT THE BRUSSELS EXHIBITION, 
_ CONSTRUCTED BY MESSRS. J. BUTLER AND CO., ENGINEERS, HALIFAX. 


(For Description, see Page 576.) 








ite, “a 
* ll pg. nc ae Lani 








Keuty’s Directory oF MERCHANTS, MANUFACTURERS, | most carefully got up and indexed, and will be greatly | to assist students of chemistry and metallurgy who wish 
AND Suippers.—The edition for 1910 of this useful guide | welcomed by the commercial and industrial firms for | to study at the University or the Technical High School 
to the export and import shipping and manufacturing | whom it has been prepareds of Breslau. Professor Abegg was connected with both 
industries of the world has or been issued. It is these institutions; but his chief work concerned physical 
printed and aes by Kelly’s Directories, Limited,| Tue Late Dr. RicHaRD ABEGG.—It is a striking testi- | chemistry, electro-affinity, and valency, and he left his 
182 to 184, High Holborn, W.C. It contains over 2800| monial to the merits and popularity of Richard Abegg, | great work, the “‘ Handbuch der a Chemie,’ 
pages, oy! printed, and having mostly five columns to | who, as we reported a few weeks ago, was killed in a balloon unfinished. He had thus no particular connection with 
the page. The information given relates to nearly 20,000 | accident, that within less than four weeks of his death an | metallurgy. It is intended to extend the scholarships 
foreign and colonial cities, under which there are approxi- | international committee should have been formed for the | later to students of aeronautics; there is no Chair yet 
mately 1,250,000 trade classifications. The book has been | purpose of a Richard Abegg Foundation. The object is’ for this subject at Breslau, 
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NAVAL CONSTRUCTORS. 


Ir would be easy to adduce convincing evidence 
of the great advance within recent years not only in 
the efficiency of warship design, but in the preci- 
sion with which increasingly stringent conditions 
are met. Nor is there any lack of examples of im- 
proved mechanical methods for the attainment of 
this precision. Records of pronounced successes in 
ships added to the fighting line are only saved 
from monotony by the prominence given to little 
defects in detail, for the discovery of which trials 
are primarily devised, and the remedies for which 
are easily and cheaply provided. But while 
attention is thus given to.the results and to the 
mechanical means for realising such results, little is 
heard of the personal equation—of that small band 
of naval constructors who safeguard the efficiency 
of the matériel of the Navy by continuously deve- 
loped skill and energy, and keen vigilance. Indeed, 
no civil servants of the State exercise a greater 
influence on the security of the Empire, none work 
more efticiently, and the fact that there are now in 
various precessés of construction seven battleships, 
three armoured cruisers, nine protected cruisers, 
—two unarmoured—thirty-seven torpedo-boat des- 
troyers, and nine submarines—a greater fleet than 
for many years—renders opportune some considera- 
tion of the influence of such personal element in 
the design, construction, and repair of our ships of 
war. 

The question is the more important in respect 
that there is now, as in previous periods in the 
history of the Navy, some tendency to depreciate 
the importance of questions of technical design of 
warships, and to regard as the main consideration 
what might be termed ‘‘the military features.” 
The efficiency of a warship is, of course, measured 
by the provision made for success in the fighting 
line, and the strategist must necessarily have an 
important, if not, indeed, a primary, part in deter- 
mining the elements which constitute fighting 
efticiency.. The qualities which give the ship strate- 
ical and tactical advantages over the enemy must 

dictated by the specialist in war manceuvres. 
But when the specified conditions as to armament, 
armour, speed, and the supplies which give radius 
of action, including the desired duration of active 
combat, come to be embodied in actual designs for 
ships and machinery, the naval architect and marine 
engineer must have a free hand and undivided 
responsibility. No doubt there are many details of 
the internal arrangement of a ship in the settle- 


590 | ment of which the experience of those who live the 


life of a sailor must invaluable, but in a war- 
ship such details are of secondary importance, 
except where they have a direct bearing on the 





effective fighting of the ship. They certainly ought 
to be subsidi to those technical questions 


Mr. Waltet Maclintock, (Lee-| 


| warship desi 


which can only be satisfactorily solved as the result 
of sound knowledge of naval architecture. Sir 
William White, who has probably had more expe- 
rience than any living authority on the difficulties 
of demarcation in responsibility between the 
strategist and the naval architect in this respect, 
very wisely directed attention to the subject at the 
recent annual dinner of the Royal Corps of Naval 
Constructors. He claimed that, to put it mildly, 
only trouble could result frem military officers inter- 
fering with problems in naval architecture ; and 
we hope that if there is any tendency to a recurrence 
of this baneful habit, it will be at once checked. 
We have travelled too far along the road in pure 
scientific methods to repeat the errors of previous 
epochs. It may be recalled, for instance, that after 
Dr. Inman had carried on for twenty-one years the 
first school of naval architecture at’ Portsmouth, 
established in 1811, it was abolished, because the 
view was taken that a military officer should be the 
surveyor of the Navy, and responsible for designs. 
The: second school was commenced in 1848, with 


| Dr. Woolley, also of Cambridge, as the principal, 


and this institution established, without any possi- 
bility of recantation, the sound principle that naval 
architecture was an exact science, indispensable in 
One has only to recall the man 
distinguished men who passed through Dr. Woolley’s 
classes to realise the influence of his work, and to 

rove the valuable example set to succeeding genera- 

ions of shipbuilders. These students included 
men like the late Sir Edward Reed, Sir Nathaniel 
Barnaby, the late Mr. F. K. Barnes, and others ; 
and yet, then as now, there was a desire to ignore 
the naval constructor. Then followed the South 
Kensington School, which was founded by the 
Admiralty and the Education Department in 1864, 
largely as the consequence of the efforts of the then 
newly-constituted Institution of Naval Architects. 
Students were admitted from private works in this 
country, and from government and private estab- 
lishments abroad, as well as pupils from the 
dockyards and Admiralty. Many of the latter 
students had had their preliminary training in the 
dockyard schools, founded in 1843, for the mathe- 
matical and technical training of the higher-grade 
apprentices—schools which have been models for 
similar institutions in various parts of the country, 
and have been continuously and conspicuously suc- 
cessful. The South a School was trans- 
ferred in 1873 to the Royal Naval College at Green- 
wich, which became, and still continues, our most 
important centre -for the dissemination of the 

rinciples of scientific shipbuilding, not only in 
Britain, but in many maritime countries. Several 
distinguished naval architects of America, holding 
high positions in the Navy and merchant services 
at the present time, gained their knowledge b 
attendance at the classes; the list inéludes suc 
well-known names as Admiral Bowles, Messrs. 
Lewis Nixon, D. W, Taylor, and others. Men- 
tion might be similarly madé of prominent con- 
structors in Japan, Russia, Norway, Denmark, 
Portugal, and Brazil. In 1897, however, it was 
decided by the Admiralty to withdraw the permis- 
sion hitherto granted to foreigners to become stu- 
dents—a rule which has only recently been relaxed 
in favour of Japanese, Portuguese, and Brazilian 
students. 

We have thus briefly reviewed the developments 
in connection with the training of constructors at 
the Admiralty to show that the tendency has been 
to secure a continuous improvement in the accom- 
plishments of the officers responsible for the design 
of warships. The curriculum is a comprehensive 
one, and has been placed on record on ‘several occa- 
sions.* The training is so valued that there is keen 
competition for entry, and the standard of admis- 
sion is thus exceptionally high. At each ~ along 
the road stiff barriers are set up in the form of 
tests of class-work and of examinations in order to 
ensure that only the most assiduous and capable 
students reach the ultimate goal of appointment to 
the Royal Corps of Naval Constructors. Indeed, 
the curriculum and the procedure have formed the 
basis for all naval architectural courses since orga- 
nised in several universities in this country. is 
is not surprising, as the three successive occupants 
of the John Elder Chair of Naval Architecture in 
Glasgow University were trained in the Admiralty 
service, and as the first occupants of the Chairs of 
Naval Architecture at Newcastle and at Liverpoo] 





* See Transactions of the Institution of Naval Archi- 





tects, vol. xviii., page 361, 
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owe their training to the same source ; while Pro- 


fessor Hovgaard, of the Massachusetts Institution 
of Technology, where the United States con- 
structors are trained professionally, and Professor 
F. P. Purvis, of the Tokyo University, where many 
of the Japanese constructors receive their education, 
are also past students and graduates of British 
schools of naval architecture. 

This Royal Corps of Naval Constructors was 
formed in 1883, largely as a consequence of the 
action of Sir (then Mr.) William White, before he 
left the Admiralty to organise the warship-build- 
ing department at Elswick. A committee was 
aaa The scheme prepared by Sir William 

ite and adopted by Admiral Sir Houston 
Stewart, then Controller of the Navy, was accepted 
because it contained a ‘‘ large promise of success,” 
and followed lines already accepted by the naval 
authorities of France, Italy, Russia, Austria, and 
the United States. To this Royal Corps naval 
architecture owes much, because of the influence 
which the work done has exercised on the ship- 
building industry generally. It is therefore perti- 
nent to inquire whether the nation fully realises 
the great value of the work, and whether the 
Admiralty adequately rewards the members of the 
corps. An analysis of the Navy Estimates of 
several years shows, for instance, that when the 
corps was originally established, twenty - seven 
years ago, the para oe / numbered 72, and the 
Navy Estimates amounted to 114 millions sterling. 
From the same source we find that the corps now 
numbers 109; and the Navy Estimates are over 
404 millionssterling. In the same period the book 
value of the Fleet has increased from 35 to 145 
millions sterling. A comparison of these figures 
suggests that responsibility has increased to a much 
greater extent than the membership of the corps. 
Not only is the corps responsible for the design- 
ing and building of new warships, but many of the 
members are engaged on the fitting and repairing of 
the vessels of the Fleet. There has also been 
a great advance in the efficiency of the ships—an 
advance largely in excess of the augmentation in 
the book value of the Fleet. The desire for higher 
speeds under more exacting conditions has in itself 
involved the exercise of greater skill in order 
that higher speed may be realised for the minimum 
addition to power. When the corps was formed, 
the fastest armoured ship of the Navy was of 15 
knots sea-going speed ; to-day the rate, in a very 
large number of cases, is from 22 to 25 knots, while 
immense armoured ships, of 28 knots, are bein 
built, practically under guarantee by the Roya 
Corps of Naval Constructors that this speed will 
be realised. There are, too, a great number of 
torpedo craft with speeds ranging up to 35 knots. 
The engineering branch of the Service, of course, 
deserves a large part of the credit for these 
higher speeds, but there can be no doubt that the 
reduction in effective power required for a given 
speed under given conditions, consequent on 
improved forms and higher propulsive efficiency, 
has been a prominent factor. As speed is one of 
the most important desiderata, a in strategy 
and tactics, the work of the Royal Corps of Naval 
Constructors has thus been invaluable from the 
int of view of the strategist. There has also 
yeen improvement in height and steadiness of 
gun-platforms and in the stability of ships, both 
intact and injured, while strength and other con- 
siderations have had more attention from officers 
of higher specialised attainment. 

All this means that the scholarly attainments of 
the members of the corps must be of a higher order 
than in the past, and the question arises whether 
the inducements offered are such as to ensure the 
maintenance in the future of the high standard 
at present realised. An examination of the Navy 
Estimates again shows that at the present time 
there are only seventeen officers above the rank of 
constructor, including the staffs of the Director of 
Naval Construction, the Director of Dockyards, and 
the Superintendent of Contract Work; while of 
constructors there are twenty-eight, and of assis- 
tant-constructors sixty-six. The assistant-con- 
structor, notwithstanding his long period of train- 
ing, has a salary beginning at 200/., and advancing, 
by 15l. annual increments, to 4001., so that before 
this latter figureis reached he may have become 
forty years of age. Constructors are paid, to begin 
with, 400/., with annual increments of 20I., and, 
even assuming that the naval architect is fortu- 
nate in having a continuous advance by being 
promoted when he reaches the highest pay of the 





lower rank, he will have reached the age of 50 years 
before earning 600/._ Comparisons are invidious, 
but if, from the Navy Estimates, we take the case 
of other officers, whose attainments are some- 
what analogous, and whose remuneration is by no 
means excessive, we find that their emoluments are 
from 33 per cent. to nearly 70 per cent. greater than 
those of the naval constructors of corresponding 
grade. The disparity is still more remarkable in 
the case of military officers, without justification in 
respect of accomplishments or superior influence 
on the fighting idamey of the ship, because unless 
the design and construction are satisfactory, the 
fighting officer cannot attain his end. It has been 
truly said that while the man behind the gun is 
important, the men behind the man behind the gun 
—the engineer and shipbuilder—are equally impor- 
tant. 1e best proof of the inadequacy of the re- 
muneration is the substantial inducement held out 
by private firms to naval constructors to relinquish 
their position at the Admiralty. Constructors 
have gone from the Admiralty service to the ser- 
vice of the great naval construction works as the 
responsible naval officers, including the Vickers, 
Armstrong, Brown, and Cammell Laird companies. 
Again, the salaries of the whole of the Royal Corps 
is only about 2 per cent. of the cost of one of our 
Dreadnought battleships. 

Another question which is worthy of careful 
consideration has reference to the rate of promo- 
tion in the service. We are told by the greatest 
of all philosophers that ‘‘ hope deferred maketh the 
heart sick.” The brightest and most enthusiastic 
youth becomes chilled when his prospects are 
clouded by delayed advancement. Although it is 
not possible to give direct evidence, acquaint- 
ance with many members of the Royal Corps of 
Naval Constructors leads to the conviction that the 
age of promotion to the ranks of chief constructor 
and constructor is too high. We know of no one 
recently appointed to the chief constructorship 
who was under forty-five years of age, while some 
capable men have only reached the position of con- 
structors at from forty to forty-five years of age. 
When one therefore realises that the salary can only 
be 400/. at such age it will be recognised that there 
is room for reform, either by increasing the number 
of officers in the higher ranks—which would seem to 
be thoroughly justified by the increased volume of the 
work, and the augmented responsibility associated 
with almost every warship now built—or by in- 
crease in the ultimate salary. In every business, 
and particularly in the Government service, promo- 
tion should be easy as well as by selection, because 
there is thereby engendered that keen alertness to 
establish individual superiority, without which 
scientific progress cannot be rapid. In view of the 
need of strenuous efforts for maintaining our 
supremacy on the seas, the time has come when 
the nation expects the Admiralty to ensure such 
conditions in the naval constructors’ staff (as in 
other departments) as will make certain that the 
material provided for maintaining this supremacy 
is in advance in every respect of that against which 
it may ultimately be impossible to avoid the most 
dangerous of all tests. 





THE QUEENSLAND RAILWAY 
REPORT. 

THE recent report, addressed to the Secretary 
for Railways by the Commissioner for the Queens- 
land Government system, shows that construction 
in that State is being pushed on at a fairly rapid 
rate. In the report issued for 1908, it was stated 
that some 221 miles of new line had been put in 
service during the previous twelve months, and the 
1909 report now announces the opening of other 
138 a, while no less than 376 miles more are 
at present under construction and expected to be 
completed by the middle of this year. The State 
has now some 3498 miles of line of its own open, 
in addition to which there are sundry small private 
systems, which aggregate some 446 miles of line, 
and which in many instances work in connection 
with the State systems, the gauge being identical— 
viz., 3 ft. 6 in, 

On the subject of gauge the Commissioner is led 
to make several pertinent, though, it is to be feared, 
wasted observations. Now that the States are 
getting closer into touch with each other, this is a 
matter of no littleimportance. The several systems 
already in contact suffer from break of gauge ; and 
if, as we hope it may, traffic in the interior ever 
grows to the importance it has assumed in some 
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of the older countries, the States will be greatly 


hampered in their business intercourse, uuless 
some change is brought about. At present the 
State systems touch on the borders of Queens!and 
and New South Wales, New South Wales and Vic. 
toria, and Victoria and South Australia. At two 
out of three of these points a break of gauge occurs, 
Though nominally settled some time ago, the ques- 
tion is no nearer actual solution. No stens in 
the direction of conversion have been taken, and 
the various systems are being extended, each on its 
original plan. Occasional reference to the su!ject 
in the reports is therefore excusable, though, 
perhaps, likely to lead to little benefit. The situa- 
tion, according to the figures of the latest reports, 
is as follows :—The miles open of 3-ft. 6-in. gauge 
amount to 6930; of 5-ft. 3-in. gauge, 3996 miles ; 
and of 4-ft. 84-in. gauge, 3623 miles. It is, of 
course, quite irrelevant to drag into the argument 
statistics relating to the New Zealand systems, 
Separated as they are from Australia by a long 
sea route, such figures have no value in this con- 
nection, except in so far as they prove the 3-ft. 6-in, 
gauge railway to be a workable concern. 

The preponderance of construction on the 
3-ft 6-in. gauge is the chief argument brought for- 
ward in support of uniformity along these lines, 
but this argument is backed up by interesting re- 
ferences to the development of this gauge else- 
where, as, for instance, in South Africa, where, 
in both size of vehicles and train-loads, the 
practice of many of the 4-ft. 84 -in. lines in 
other countries has been out-distanced. The 
Commissioner for the Queensland Railways lends 
his influence in advocacy of the cause of the 
3-ft. 6-in. gauge, though he admits that wider-gauge 
lines present certain advantages. The gauge ques- 
tion is, however, at a deadlock in spite of Govern- 
ment ownership, conditions in which the interests 
of the community are supposed to form a prime 
consideration. A solution should be more easy 
under these conditions than under private owner- 
ship, yet it has had to be faced in the latter case 
and the question solved, while the Australian 
States seem unable to nerve themselves up to face 
it, in spite of the community of interests. 

In the year ending June 30, 1909, the working of 
the Queensland Railways resulted in a balance, 
after deducting working expenses, of 876,02II. 
This is a smaller sum than was produced in the 
two previous years, which is not altogether satis- 
factory, as the gross revenue has steadily im- 
proved. As we have at former times pointed out, no 
word is given as to how this balance compares with 
the interest charges due on capital invested, sv 
that it is not evident whether there is a net profit 
or deficit. The capital account now stands at 
24,534,7271., this figure including expenditure on 
opened and unopened lines. The sum invested in 
opened lines is 23,395,322/., so that the balance 
quoted above is only equivalent to a return of 
about 3? per cent. 

The smaller balance this year is the net result of 
a 7 per cent. increase in revenue, and an increase 
in working expenses amounting to 16.45 per cent. 
Such discrepancy cannot be considered very satis- 
factory, although it is fairly faced and explained in 
the report. As regards revenue, the coaching traftic 
shows a considerable growth, but the most sub- 
stantial development is observable in live-stock 
traffic and the shipments of wool. These follow 
on a succession of favourable seasons, the registers 
showing a healthy increase in the number of cattle 
and sheep in the State. The receipts from cattle 
traffic increased by no less than 36.41 per cent. 
in the last twelve months dealt with, and the sheep 
traftic by 14.95 per cent., and these classes of traftic 
are responsible for some 21.5 per cent. of the total 
goods receipts. ; 

Working expenses show heavy increases 11 all 
three departments. The additional traffic necessi- 
tated an increase in train-mileage of 12.7 per cent. 
during the year, but this is not proportionate in 
any way to the growth of expenditure. The de- 

rtmental expenses have increased as follows :— 

aintenance of way, by 22 per cent. ; locomotive 
expenses, by 14.49 per cent. ; and traffic, by 13.53 
per cent. The increased train-mileage is, of course, 
—_ responsible for the increase in the two 

tter departments, and to a somewhat ‘ess 
extent in the former also. The balance for the 
locomotive department is, according to the re 
port, attributable to the increased price of cow!. 

The most serious increase, however, out of all p 
portion to the growth of traffic, occurs in the Per- 
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manent Way Department, and is, we are told, to 
be sought in the ‘‘increasing age of most of the 
lines, which needed extensive renewals during the 
year.” This is a point to which we have before 
now directed attention. At the command of the 
States a great deal of railway construction has, of 
recent years, been carried out in Australia at ex- 
ceptionally low cost. In Queensland many of the 
recently-built sections have cost less than 3000. 
per mile, the figure being below 2000]. in some 
instances. New South Wales has similarly con- 
structed a good deal of railway at and below 
3000/. per mile lately. The same may be said 
of other States in the Commonwealth. While 
such work may easily be carried out in favourable 
circumstances, these figures are undoubtedly low 
except for special conditions. The physical condi- 
tions must be favourable to render it possible, and 
the climatic conditions to warrant it. Both these 
are less so in Queensland than in some of the other 
districts of Australia, the country being, on the 
whole, more broken, and the rainfall a great deal 
heavier than further south. A great part of 
Queensland is, of course, within the tropics, 
where, with a heavy rainfall, maintenance must be 
costly, owing to constant renewal, if to nothing 
worse. As a matter of fact, wash-outs do figure 
in the maintenance accounts for 7396/. in the 
year, though this is less than might be expected in 
a country where the rainfall ranges between 20 in. 
and 60 in. in the year. 

The ditticulty last year arose chiefly, however, from 
dry weather rather than wet, the soil-ballasted lines 
being difficult to maintain under these conditions. 
The average rainfall recorded at selected stations 
was reported as only about 75 per cent. of the 
normal average. It was actually 25.85 in., against 
36.79 in. in the previous year. With the increase 
in age and the growth of traffic, the cheaply-built 
lines are bound to cost more for maintenance, in 
order to keep them in an efficient state, which, of 
course, implies fitness for the work they have to 
stand. This policy is accepted by the Commissioner, 
who, in another section, states that the policy he 
has ‘‘always advocated in Queensland has been to 
connect the various points as cheaply as possible 
in the first instance, and to ballast and improve the 
line afterwards as traffic develops.” This is virtually 
an acknowledgment of prospective increase in main- 
tenance costs, so that, the position being accepted, 
the department involved is largely exonerated. 

It is stated that a Renard road-train had been 
ordered by the railways. At outlying points an 
organisation of team haulage has been worked in 
connection with the railways for some time, for 
bringing in the traffic to the railway termini. It 
was intended to use the Renard road-train, of which 
part was to be delivered last November, on such 
work as this. Only the chassis were ordered, the 
bodies being built at the Ipswich shops. It had 
not been decided at the time of the report as to 
where this train should be employed, which seems 
to be somewhat of an inversion of ordinary busi- 
ness methods, and it will be interesting to hear 
in future reports whether a suitable district has 
been found for it. 





THE LONDON TO MANCHESTER 
FLIGHT. 

_Norntye illustrates the progress of aeroplane 
flight during the last year so much as the winning 
of the Daily Mail prize last week for a flight from 
London to Manchester by M. Paulhan. It is true 
that the distances traversed without alighting were 
no greater than that covered on record flights during 
last summer ; but the conditions of a flight from 
place to place across country are very different from 
those of a flight round a prepared track, and further, 
the weather during the last few weeks has been 
very different to that in which such records were 
usually made. Thus, although there can be no 
doubt as to the progress of the science of flight during 
190°, it remained a fact that the number and length 
of the journeys across country were very limited, 
and that although the Daily Mail prize was 
for a very large amount, the prospect of win- 
hing it was so small that no serious attempt 
eal made to do so. In fact the opinion was 
ree'y expressed that it would be a good lon 
time before the proprietors of the paper name 
Were called on to pay it. Yet this year it was 
won within a week of the first attempt to do 


80; and, moreover, it was won as soon as the year 
had advanced far enough for the weather to & in 





the least fit for making the attempt, and in spite of man rather than the machine. M. Paulhan has 
the fact that last week it was very mag, | the yore < of having had much greater experi- 
r. 


cold and unsettled for the time of year. Further, | 
it was won by M. Paulhan on his first try, and he 


started within twelve hours, and arrived at Man-| beforethis. It is noteworthy also that 


ence than Grahame White, and, in particular, 
has made several long ee journeys 
.- 


chester within twenty-four hours, of his aeroplane | flew at a considerable height, and there can be 
being delivered at the eae and the | little doubt that this is right on every ground when 
ti 


mechanics beginning to put it together. 


going across country, though it no doubt requires 


The machine used by M. Paulhan arrived at | confidence and experience. 


Hendon at about 6 a.m. on Wednesday, the 27th | 


Nerve strain probably is one of the most impor- 


ult., and was completely assembled at about 5 p.m. | tant factors in successful flight, and experienced 
M. Paulhan started from Hendon at 5.21 p.m.,| men often hardly feel any nerve strain at all 
and flew to the Hampstead Cemetery, which had | when doing a thing which is —_ exhausting to 


been settled on as the official starting-point. Turn- | those with less experience. 
North-Western Manchester flights show what great progress has 


ing here at 5.31, he followed the 


hile, however, the 


main line to Rugby, which was reached at 7.20. It) been made in flight during the last year, they also 
was then getting dark, and when Lichfield was show that there is need of a great deal more before 
reached at 8.10 a descent was made for the night. | the aeroplane becomes a practical means of loco- 
A start was again made at 4 a.m., on Thursday, the | motion, and that one direction in which progress 
28th, and Manchester was reached at 5.32 p.m.| must be attained is in making it a less fatiguing 
The mean speed from London to Lichfield —117 machine to navigate. It also appears necessary 
miles—was therefore about 44 miles an hour, and | that the steersman should be much better pro- 
from there to Manchester—79 miles—51 miles an | tected, both M. Paulhan and Mr. White having 


hour. 


There can be no doubt that this was a very|aeroplanes themselves, these were in 


} 


complained greatly of the cold. With regard tothe 


th cases 


fine performance, carried out as it was without a| biplanes of the Farman type, and therefore gene- 
hitch, and our heartiest congratulations are due to| rally similar to those with which Mr. Farman made 


M. Paulhan for his success. The fact of this 
success should not, however, in any way detract 
from the merit of the attempt made by Mr. 
Grahame White, who might easily have been 
successful in his first try if he had been a little 
more lucky in the weather. 

Mr. Grahame White started from Wormwood 
Scrubbs at 5.15 a.m., on Saturday, the 23rd ult., 
and arrived at Rugby at 7.20, having done 83 miles 
in 2 hours 5 minutes, or just 40 miles an hour. 
He ascended from there at 8.25, and descended at 
Hademore, near Lichfield (113 miles from London), 
owing to the increasing wind and also to trouble 
with two of the inlet-valve springs. It had been 
intended to start again from here to Manchester, 
and had the weather been favourable there was 
every prospect of a successful finish to the flight ; 
but the wind increased in violence, and eventually 
overturned the aeroplane, which had not been 
secured according to Mr. Grahame White’s in- 
structions. 

The machine was therefore sent back to London, 
with a view to a new attempt being made when it 
was repaired, and, as a matter of fact, Mr. Grahame 
White started on the Wednesday after M. Paulhan, 
at about 6.30 p.m., and flew without mishap to 
Roade, 60 miles from London, when darkness 
forced him to descend. From here he started 
before sunrise at 2.50 a.m., and arrived at Poles- 
worth, 107 miles from London, at 3.50 a.m., when 
engine troubles forced him to make a stop. Before 
these matters were put right the news came that 
M. Paulhan had arrived at Manchester, and as 
there was, therefore, no possibility of winning the 
prize, Mr. Grahame White sensibly went to bed. 

There are several lessons to be learnt both from 
the success and the failure. The first is that, 
although no doubt unsafe in anything like a gale of 
wind, aeroplanes are now nothing like as dependent 
on fine settled weather for their flights as they 
were a very short time ago. Equinoctial weather 
is proverbially unsettled, and this year has been 
very exceptionally so, the week during which these 
flights have been made having been a very blustery 
one indeed. Yet M. Paulhan started as soon as 
his machine was assembled, flew till dark, and re- 
starting as soon as it was light, reached his destina- 
tion without incident. 

In the case of the first attempt of Mr. Grahame 
White, it is true that the wind was apparently the 
main cause of his descent, and the rising wind cer- 
tainly stopped him from starting again, but on the 
23rd it was blowing quite hard. It is not at allcertain, 
however, that, with greater experience of flying, he 
could not have got to Manchester in spite of this. 

A point of interest is the fact that although Mr. 


Grahame White’s machine was completely capsized | Rint, 


by the wind on Sunday, yet he it removed to | 
London, and put in good enough order by Wednes- 
day evening to make a flight of over 100 miles, with 
only one stop for the darkness. Incidentally, the fact 
that he started before 3 a.m. shows that flight at 
night does not present any serious difficulties, pro- 
vided that there are some means of knowing the 
way. In this case a motor-car with powerful head- 
lights was provided as a guide. 

Probably the most important point brought out 
is that flying is still very largely a matter of the | 





his records last year. This fact confirms the view 
which we then expressed, that the greatest essen- 
tial for progress in flight was more experience on 
the part of the man, for it seems quite clear that 
the progress during the last six months has been 
far less due to alteration in the machines than to 
the greater experience of those using them. 





THE CONSTITUTION OF WATER. 

Tue engineer who left college some years ago 
probably remembers that water is by no means the 
simple compound H,O, which it is commonly re- 
presented, and that it behaves abnormally in several 
respects. The latent heats of water and of steam 
and the specific heats are extraordinarily high. 
Water expands in freezing, unlike most other 
substances; it has its greatest density at 4 deg. 
Cent., not at the temperature of its freezing-point ; 
it refracts certain electric waves abnormally, and has 
an abnormal conductivity for such waves. All these 
—— point to its being a complex compound. 

hen wishing to express more than the composition 
of water, the chemist writes the formula (H,O), and 
sometimes H.OH, in order to indicate that the two 
hydrogen atoms of the water are not identical in 
their reactions. Electro-chemists distinguish the ' 
positive hydrogen ion H- and the negative hydroxyl 
ion OH’, and have reasons of their own for believing « 
in the complexity of the water molecule. Th» 
engineer who does not feel very certain concerning 
these peculiarities can console himself with the 
knowledge that scientists are not agreed upon them. 
The important discussion on ‘‘ The Constitution of 
Water,” which took place at the Faraday Society on 
April 26, indicates, however, that considerable pro- 
gress is being made in arriving at an understanding. 

The discussion was eel by two distinguished 
scientists from abroad—Professor Paul Walden, 
of Riga, Russia, and Professor P. A. Guye, of 
Geneva; Professor W. Nernst had sent a contribu- 
tion from Berlin, and Mr. W. Sutherland one from 
Melbourne. A very good exposition of certain fea- 
tures of the phenomena was subsequently given by 
Dr. T. M. Lowry in a joint pa by himself and 
Mr. W. R. Bousfield, M.A., KC. on ‘* Liquid 
Water a Ternary Mixture, Solution Volumes in 
Aqueous Solutions,” and as we cannot abstract the 
contributions in detail, we will in our first general 
remarks more or less follow Dr. Lowry. 

The properties of water have been investigated by 
two principal methods. The first method studies the 





properties of liquid water at different temperatures 
and compares its behaviour with that of other typical 
liquids. In view of the anomalies already pointed 
out, and especially of the unique contraction 
of water between 0 deg. and 4 deg. Cent., 
gen suggested in 1891 that liquid water was a 
binary mixture of ‘‘ water molecules” with ‘‘ ice 
molecules,” the latter more complex, but less 
dense. These complexes, it was thought, were 
decomposed on heating, and the contraction thus 
produced was sufficient to counteract the ordinary 


thermal expansion between 0 deg. and 4 deg. Cent., 
and to reduce the coefficient of expansion to a very 
small magnitude at slightly higher temperatures. 





* Compare Sir J. J. Thomson’s discourse, page 321 


ante 
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This'view was quantitatively developed by Suther- 
land in 1900. e deduced for the one of the con- 
stituents of water, the water molecule, the density 
1.089 at 0 deg. Cent. and the expansion coefficient 
0.0009, and for the more bulky ice molecules the 
density 0.88—less than the density of the solid, as 
in the case of metals—and an expansion coefficient 
0.0002 ; the proportion of these latter constituents 
was pol Dl to decrease from 0.375 at 0 deg. to 
0.217 at 100 deg., and to 0.165 at 198 deg. Cent. 
Steam was assumed to consist of the simple H,O 
molecules of hydrol (H,O), ice of trihydrot (H,0),, 
and water of a mixture of trihydrol and dihydrol 
(H,0),, this last being the typical water molecule 
of Réntgen. Sutherland did not admit the presence 
of hydrol in liquid water, which he regarded as a 
binary mixture. 

Mr. Bousfield and Dr. Lowry oonsider that 
liquid water is essentially a ternary mixture, and 
their conclusion is based upon an investigation 
according to the second principal method, which 
compares the properties of water with those of a 
series of solutions of which water may be regarded 
isthe limiting member. Experimenting in 1905 
with caustic soda solutions of different strengths, 
they found that with increasing concentration of 
soda the behaviour became increasingly simple, 
and that water itself was the most complex member 
of the series. When the expansion of water is 
plotted as ordinates against temperature as abscissze, 
a concave curve is, of course, obtained ; the maxi- 
mum density 1 lies at 4 deg.; the density at 0 deg. 
and 8 deg. is 0.99988, and it decreases at higher 
temperatures to about 0.996 at 30 deg. Cent., 
and soon. Now Bousfield and Lowry found that 
the point of maximum density disappeared when 
water contained 2 per cent. of sodic hydrate ; 
with 12 per cent. of NaOH the curves became 
simply parabolic, and when the solution con- 
tained upwards of 42.5 per cent. of NaOH, the 
expansion became strictly linear for the whole range 
from 0 to 100 deg. Cent. 

Other ‘‘solution volumes’’ were then studied. 
When common solid salt is dissolved in a liquid, 
say, 1 gramme in 100 grammes or cubic centi- 
metres of water, the volume of the liquid increases 
to 100.2 cubic centimetres, and the solution 
volume (S-V) of salt is therefore 0.2 cubic centi- 
metre per gramme of salt. That S-V is, however, 
by no means identical with the volume of the 
solute (common salt) in the liquid state. For the 
solution volume changes both with temperature 
and with concentration. Thus at 20 deg. Cent. the 
S-V of caustic soda, Dr. Lowry pointed out, was 0 ; 
for the solution occupied exactly as much space as 
the water alone did. When the dissolution was 
effected at 0 deg. Cent., the solution actually con- 
tracted (as do alcohol and water when mixed, and 
many other mixtures) ; so that the solution volume 
would thus be negative, — 20. This contraction 
in the total volume which usually accompanied 
the dissolution of a salt clearly showed that the 
combined water must be credited with a greater 
density than that of the water in the free state. 
Resuming their experiments of five years ago, 
they had traced the gradual conversion of the 
slightly concave expansion curve into a strongly 
convex curve through a series of other solutes— 
alkali chlorides, silver nitrate, acetic acid, and 
chloral hydrate. If the expansion with temperature 
roceeded regularly, the curves should be straight 
ines. But actually they drooped at the ends, indi- 
cating contraction resulting from the formation of 
hydrates, the water increasing its density by com- 
bining with the solute. Dr. Ae suggested that 
the density of the combined water was similar to that 
of dihydrol (the denser constituent of’water in the 
free state), and that the contraction on dissolution 
was mainly due to the conversion into hydrate of 
the lighter constituents present in the water. The 
steam molecules of low density formed at higher 
temperatures in ~ water would thus partly be 
destroyed on adding a hydrate-forming salt. The 
presence in ordinary water of three constituents— 
the three hydrols, ice, water, and steam—was abso- 
lutely necessary to account for these complex volume 
changes. Another interesting point was established 
—viz., that the solution volume of all the solutions 
examined had a maximum between 40 deg. and 
60 deg. Cent. Now Callendar said in 1 that 
the increase in the specific heat of water which 
takes place above 40 deg. Cent. might be due to 


= We noticed Sutherland’s researches in a ‘note in our 
issue of December 21, 1900, on page 808 of vol. lxx. 





the presence of a certain proportion of dissolved 
molecules of steam which would account for part 
of the thermal expansion of the liquid. : 

We to the paper by Mr. William Suther- 
land, M.A., on ‘‘ The Constitution of Water.” He 
does not assume the monohydrol to be present in 
liquid water, but supposes it to be present in the 
bound water of crystallisation, and he ascribes to the 
monohydrol the densities 1.31 in the solid and 1.26 
in the liquid state ; the corresponding densities of 
his dihydrol are 1.13 and 1.07, and of his trihydrol 
0.92 and 0.88. His suggestion that the hexagonal 
symmetry of ice supported the trihydrol formula 
would probably be accepted by Pope* and Burlow, 
though they might differ as to the ‘‘ close pack- 
ing.” Mr. Sutherland’s ideas concerning valencies 
are very interesting, but more to the mathemati- 
cian, perhaps, than to the chemist. In 3-valent 
nitrogen, he imagines the nitrogen atom to be asso- 
ciated -with three negative electrons, in 5-valent 
nitrogen the atom to Se associated with four nega- 
tive electrons and one positive. He avails himself 
of the musical notation, of the flats and sharps, 
for explaining these features ; but the further con- 
sideration of these ideas would lead us too far. 

The contribution. by Professor Walter Nernst on 
‘*The Specific Heats of Ice, Water, and Steam,” 
which was read by. Dr. Wilsmore, appeals more 
directly to the engineer. The molecular heat of 
ice had been traced by himself, Dr. Nernst wrote, 
down to —200 deg. Cent. The specitic heat of 
water could not accurately be determined at low 
temperatures, but it could be deduced with the 
aid of his heat theorem, which established a rela- 
tion between fusing point, heat of fusion, and the 
difference between the specific heats of the crystal- 
lised and of the fused substance ; that difference, 
it had experimentally been proved, was small. If 
it were further assumed with Einstein that the 
specific heat of water, as a crystalline body, would 
vanish at absolute zero, and that this applied also 
to amorphous (under-cooled) water, the curve for 
water could be traced down to the lowest tempera- 
tures. The molecular heat of steam at low pres- 
sure was known from ordinary temperatures up to 
2500 deg. Cent. by the experiments of Tier. For 
steam at higher pressures the experiments of. Knob- 
lauch and Jacobt were available, and these various 
observations could be explained, and even be pre- 
dicted on the assumption of a polymerisation 
2 H,O = (H,0). + 2519 cal., as Sams himself 
and Levy had explained last year in several papers 
presented to the Deutsche Physikalische Gesell- 
schaft. { 

The curve of the annexed diagram—a reproduction 
of a rough sketch by Professor Nernst, in which the 
ordinates indicate the molecular heat, the product of 
the specific heat, and the molecular weight—concerns 
low-pressure steam at constant pressure. That 
curve, the Professor wrote, might be relied upon for 
high temperatures. But how did steam behave at 
very low temperatures? The specific heat Cp of 
steam at constant pressure could hardly sink below 
§ R= 4.96 (R the gas constant), and, according to 


072) Deg. Cent Absolute 


Boltzmann, who endowed the steam molecule with 
energy of rotation in three planes at right angles 
to each other, Cp would not be less than § R= 
7.94. Although himself inclining to the § R value, 
Professor Nernst had drawn his curve on the § R 
basis, since it was not advisable to deviate from 
statistical mechanics except for strong reasons. 
The polymerisation of steam, though not consider- 
able, Professor Nernst further thought, would 
account for the minimum of the specific heat 
observable in steam at not too lowa pressure, when 
heated at constant pressure. 

The heating first reduced the number of double 
molecules, whose dissociation was responsible for 


* See ENGINEERING, page 517 ante. 

+ Ibid., vol. Ixxxiii., page 335. 

~2H,O means two separate molecules, (H,0), a 
polymerised double molecule. 





the initial increase in the specific heat at low pres- 
sures; on further heating the specific heat increased 
as it did in the case of all polyatomic gases. The 
specific heat of liquid water probably varied in a 
similar way. The curve rose steadily up to about 
100 deg. Cent. absolute ; dissociation then set in, 
marked by a rapid increase ; at about 250 deg. the 
effect of dissociation diminished, and up to 400 deg, 
absolute the specific heat remained fairly constant, 
to rise again afterwards, as in most liquids. 

The problem of polymerisation or association was 
also the subject of the communication made by Pro- 
fessor P. A. Guye on the ‘‘ Nature of the Molecular 
Associations in the Special Case of Water,” which 
was chiefly based on researches conducted by him- 
self at Geneva, and by P. Dautoit and P. Mojoiu 
at Lausanne. These scientists regard association 
(of simple moleeules to complex molecules) as a 
phenomenon of chemical polymerisation. Studying 
the molecular surface energy—a term introduced 
by Eétvés, the molecular surface energy being 


yv 3+ in which y is the surface tension in dynes, and 
v the specific volume (the reciprocal of the specific 
weight) multiplied by the molecular weight of the 


substance, or (y M/d)3—and the temperature co- 
efficient K of this energy, which K has for most 
liquids the average value 2.12, they find that K 
may go up tothe value 3, and that in such cases 
the molecular weight M, deduced by the ordinary 
methods—e.g., by the method of Ramsay and 
Shields—is not the real M, but M* ; the exponent x 
is the degree of association or association factor. 
This x was supposed to vary directly as the tem- 
perature ; according to Guye, the relation is not so 
simple. Calculating the molecular weight by a 
new formula from the vapour tension and the 
specific cohesion a? (a? = rh, where h is the 
height of the capillary rise of the substance 
in a capillary tube of radius r millimetres), 
they determined the x at various temperatures, 
and found that the degree of association of water 
at 100 deg. Cent. (boiling-point) was 1.96, a value 
in close agreement with Walden’s 1.98, deduced 
by a different method ; while Ramsay and Shields 
had given the figure 2.66. Professor Guye also 
showed that, with certain assumptions, the degree 
of association of liquid water could be calculated 
from that of steam. Now, according to Emil Bose, 
steam contained at 100 deg. Cent. a proportion of 
0.089 (or 8.9 per cent.) of dihydrol molecules, and 
that figure would again yield the value 1.99 for x. 
It would follow, then, Professor Guye concluded, 
that if a substance were feebly polymerised in the 
vapour phase, it would be much more so in the liquid 
phase ; and conversely, if a substance were normal 
(not polymerised) in the liquid phase, it could not ap- 
preciably be polymerised in the vapour-phase. Thus 
as the chairman, Professor James Walker, F.R.S., 
of Edinburgh, remarked, we have a good idea, at any 
rate, of the molecular association of water at its 
boiling-point. Sir William Ramsay was present, 
but had to leave before the reading of the papers 
was concluded—after 10 o’clock. Mr. Boustield 
afterwards quoted the association factor 1.98 in 
support of his and Dr. Lowry’s views, and against 
Sutherland ; for if water were to be a binary mix- 
ture of trihydrol and dihydrol (Sutherland), the 
association factor should be greater than 2, cer- 
tainly not smaller. 

We have so far passed over the communication 
by which Professor Walden opened this discussion, 
not because his paper is less important—in novelty 
and suggestiveness it ranks first—but because it 
deals with another aspect of the problem, features 
which the splendid series of his long-continued 
researches make him most competent to elucidate. 
The title of his paper was ‘‘ Is Water an Electro- 
lyte?” Starting from the J. J. Thomson-Nernst 
rule, that the ionising (or dissociating) power of a 
solvent varied as the dielectric constant of this 
solvent, he investigated whether a liquid of 
high dielectric constant, used as a solvent for the 
electrolyte water, would ionise the water molecule 
(H, O into H’ + O H’) to a considerable degree, 
and give a solution of high conductivity. Pure 
water as such, he pointed out, was very feebly 
ionised indeed (almost an insulator). At present 
ionising solvents were known, whose dielectric con- 
stants even exceeded that of water (d.c. = 5U), 
such as hydrocyanic acid (d.c. = 95), formamide 
(d.c. greater than 84), sulphuric acid (d.c. about 54). 
Of these we should mention formamide (CHON H,) 
—a colourless liquid, soluble in water and alcohol, 
boiling above 190 deg. Cent., and yielding hydro- 
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cyanic acid (CNH) when deprived of the ele- 
ments of water (H,O)—forms a much-yalued addi- 
tion to the list of convenient solvents for electro- 
lytic studies; it dissolves many salts with the 
colours of the aqueous solutions. Hydrocyanic acid 
(prussic acid) has also its merits in this respect, but 
it is not pleasant to deal with, of course. The ques- 
tion for Dr. Walden was, Would,water become :con- 
ductive when dissolved in these and other solvents ? 
The expectation was, Yes; the answer, a qualified | 
No. Some of these substances had already been | 
investigated, but not from the same point of view. 
Professor Walden gave particulars of his re- 
search, which, like most of his work, he has con- 
ducted without any assistance. The internal fric- 
tion, of course, entered into the research. Hydro- 
cyanic acid and formamide did not improve the 
conductivity of water, formic acid did slightly, 
sulphuric acid more so. It was clear that physical 
peculiarities (dielectric constant, internal friction) 
did not carry conductivity, and Professor Walden 
asked himself whether conductivity depended 
upon chemical relation between solvent and solute. 
Water was regarded as an amphoteric electrolyte 
[amphoteric substances can act both as acids and 
as bases, and have long attracted the attention 
of electro-chemists]. According to Hittorf, every 
electrolyte was probably a salt. That pure water 
was an insulator had been shown by Kohlrausch, 
and it would appear that no pure substance was an 
electrolyte (not at ordinary temperature anyhow) ; 
acids and bases did not conduct unless diluted with 
water or some other substance. The slight con- 
ductivity observed in solutions of formic acid in 
water and of water in formic acid (these converse 
cases were also investigated) would then be due to the 
formation of salts (oxonium salts), not to the free 
acid or the free water. Hardly any such salts 
were formed in hydrocyanic acid and in formamide, 
the former a weak acid, the latter a weak base, and 
these solvents therefore did not confer conduc- 
tivity on water ; but the strong acidity (sulphuric 
acid) or the strong basic character of a solvent 
would make the water a conductor. This is a most 
fruitful suggestion, and it may be remembered that, 
according to Koenigsberger* and others, oxides and 
compounds conduct in the hot and fused conditions 
like electrolytes when they behave like salts, and like 
metals (electronically) when not of salt character. 
Dr. Brereton Baker, F.R.S., of Oxford, repeated 
an experiment which he performed some weeks ago 
at the Royal Institution, in order to show that 
pure water would not be decomposed by potassium- 
sodium amalgam.t He had two tubes containing 
the amalgam ; the one he filled with ordinary water, 
the other with most carefully purified water. A 
brisk evolution of hydrogen was at once observed 
in the ordinary water, but hardly any in the pure 
water. That had been so at the Royal Institution. 
But we then thought that the evolution would 
gradually become more lively in the latter tube. At 
the Faraday Society the two tubes remained on 
the lecture-table for an hour and a half, and 
after that interval the phenomenon had not changed. 
There was still only a faint generation of hydrogen 
from the pure water. We confess that we do not 
understand the experiment under these circum- 
stances. Hydrogen can only be evolved if an 
equivalent amount of sodium or potassium 
into solution as caustic alkali. That alkali being an 
electrolyte, the water—apart from other possible 
contamination—would no longer be pure after- 
wards, and the evolution should have increased, in 
our opinion, As Dr. Baker had to leave early, he 
was uot questioned on this point. 








THE IRON AND STEEL INSTITUTE. 

Tue forty-first annual general meeting of the 
Tron and Steel Institute was held this week in the 
hall of the Institution of Civil Engineers, by per- 
mission of the Council of the latter body. The 
meeting commenced on Wednesday morning, the 
4th inst., and was continued yesterday. The Pre- 
sident for the last three years—Sir Hugh Bell, 
Bart.—occupied the chair’ at the commencement 
of the proceedings, and was succeeded later on by 


a new President, His Grace the Duke of Devon- 
ire. 


THe Annuat Report or tHE CouNcIL. 
The report of the Council was read in abstract by 


the hon. Treasurer, Mr. W. H. Bleckly, who F.C 


dealt mostly with the financial status of the 
Institute, remarking at the same time that the 
introduction of financial questions into the meeting 
meant the dealing with what might be considered 
a rather discordant element. t was necessary, 
however, to keep a strict watch over their receipts 
and expenditure. The report gave the details 
of the balance-sheet, from which it would be 
seen that the receipts for the past year amounted 
in round figures to 63561., and the expenditure 
to 54521., leaving a balance of 9041., which 
compared favourably with the 3561. balance of 
the preceding year. The following gentlemen, 
from among distinguished members of the Insti- 
tute, have been elected as Honorary Vice-Presi- 
dents :—Mr. John Fritz (United States); Baron 
Fernand d’Huart (France); Mr. William Kestranek 
(Austria) ; Mr E. J. Ljungberg (Sweden) ; and Dr. 
F. W. Liirmann (Germany). By this election 
several nationalities not hitherto represented upon 
the Council have now received the recognition 
which under the original bye-laws could only have 
been secured with difficulty. 

On the motion of Sir Hugh Bell, seconded by the 
Duke of Devonshire, the report of the Council was 
unanimously adopted. 


PRESENTATION TO SrR Huew Bex, Barr. 


Dr. F. W. Liirmann, Berlin, speaking in German, 
announced to the meeting that the Verein Deutscher 
Eisenhiittenleute at their last meeting had proposed 
that Sir Hugh Bell should be appointed an honorary 
member of the German Institute, a proposal which 
had been adopted. Sir Hugh Bell had done much to 
further the iron and steel industry in general, and 
the German Verein would be pleased if he would 
accept the diploma which he, the speaker, had much 
pleasure in handing him. 

Sir Hugh Bell tendered his thanks to their 
German colleagues for the honour they had paid 
him, an honour which, he added, was food by 
the Institute as a whole. The Verein Deutscher 
Eisenhiittenleute could not have selected a more 
agreeable way of informing him of his appointment 
than by asking Dr. Liirmann to hand him the 
diploma he had just received. He had known Dr. 
Liirmann for many years, having first made his 
acquaintance forty-five years ago at the Georg- 
Marienshiitte. He was very glad to accept the 
diploma. He also took the opportunity for thank- 
ing the Council for the extreme kindness which they 
had shown him in the three years during which 
he had occupied the post of President of the Insti- 
tute, and in doing so he bore in mind both his 
German and his British colleagues. 


Vore or THANKS TO THE RETIRING PRESIDENT. 


Professor H. Louis asked the meeting to record 
a vote of thanks to the retiring President and to 
the Council for the effective way in which they had 
discharged their duties. Special thanks were due 
to their late President ; he had stepped into the 
breach for a third year at great personal inconveni- 
ence. This was the first time that such an event 
had occurred in the records of the Institute, and it 
deserved recognition. Mr. F. W. Harbord seconded 
the vote of thanks. 

Sir Hugh Bell, after thanking the members, said 
he had much pleasure in inducting the Duke of 
Devonshire to the chair. They recollected the great 
service the seventh Duke, their first President, had 
done the Institute, and they were glad to welcome 
his grandson. They were honoured by his having 
accepted the oftice. 

e Duke of Devonshire, in replying, said it was 
difficult for him to find adequate words to express 
the honour they had conferred upon him in appoint- 
ing him their president, and he could only = 
that he would be able to do justice to the post. He 
had hoped at one time that Sir Hugh Bell might 
have continued as perpetual president, for he, the 
Duke, felt that he was placed at a disadvantage, not 
having the same qualities as the past presidents. 
He, however, assured the meeting that he would 
endeavour to do justice to the distinction they had 
conferred upon him. 


AWARD OF THE Bess—EMER MEDAL. 

His first official duty was to present the Bessemer 
Medal—the highest award in the gift of the Insti- 
tute for services rendered—to Mr. E. H. Saniter, 

S. 


“Mr. Saniter, in returning thanks, took the 





* See ENGINEERING, vol. Ixxxviii., page BB. 
+ Ibid., page 351 ante, | 





opportunity for acknowledging the kindness and 
assistance he had received at the hands of numerous 








friends"and ‘colleagues, but for whom he would not 
have been there to receive the distinction the Insti- 
tute had conferred upon him, in which he felt those 
friends and colleagues owned a large share. He 
added that he had commenced life in Mr. Stead’s 
laboratory, where he had not only gained know- 
ledge, but also the highly valued friendship of Mr. 
Stead. He briefly reviewed his subsequent experi- 
ence, stating that he had always had the chance of 
going forward on scientific lines and scientific 
methods, which in the end paid well. 


Tue PREsIDENT’s ADDRESS. 


The President then read his address. He first 
alluded to the responsibility connected with the 
duties of Chairman of the Institute, adding that 
although he was not personally able to claim effici- 
ency as a scientific or as a practical metallurgist, he 
felt himself so well supported on either side by the 
Past-Presidents and icles of Council, who had 
in many ways proved themselves masters of both, 
that there was little danger that the Institute might 
becalled upon tosuffer on that account. But although 
he possessed neither expert knowledge of the scien- 
tific problems underlying the metallurgy of iron 
and steel, nor much practical knowledge of the 
operations involved, he felt he could, nevertheless, 
claim to have been for many years intimately asso- 
ciated with the iron trade in another capacity He 
alluded to the interests which his family had for 
several generations possessed in the district of 
Barrow, and to his own personal connection with 
the Barrow Hematite Steel Company. The history 
of the rise and progress of Barrow, and of the Fur- 
ness district generally, was typical of the vast im- 
portance of the iron and steel industries of this 
country. The hematite ores of Barrow and of its 
vicinity had been known from time immemorial, 
and the deposits were believed to have been worked 
by the Romans during their occupation of the 
North. Yet the growth of modern Barrow had 
been the work of a few decades only. He 
was proud to think that his family had been 
intimately connected with that surprising growth. 
The Iron and Steel Institute, he added, was 
founded in 1869, and had for its first President 
his grandfather, the seventh Duke of Devonshire, 
who was not only largely associated with the iron 
and steel trades, but had also the welfare of his 
fellow-men greatly at heart. 

The President then proceeded to review the 
social and economic conditions which prevailed in 
the year of the foundation of the Institute, and to 
compare them with those prevailing at the present 
time. In 1869 the country was in the midst of one 
of those epochs of industrial activity and social 
reform which came in recurring cycles, and were 
often succeeded by outbreaks of unrest, revolt, or 
even war. The Public Health Act had been passed 
in 1866, and in 1867 were passed the Factories Act 
Extension Act and the Weshsheoe Regulations 
Act, while a Committee of the House of Commons 
was appointed to inquire into the conditions of 
labour in mines. The year 1867 had been very 
prolific in industrial measures. In the intervenin 
forty years, economics had become the recogni 
basis of politics, and it was therefore somewhat 
difficult to touch on any economic question with- 
out some risk of trespassing on the political 
field. 

On the industrial side excellent materials existed 
for a statistical comparison between the progress 
of the principal countries concerned in the produc- 
tion of coal, iron, and steel; but, on the social 
side, nothing like an exact comparison between 
British and foreign conditions was possible, for 
obvious reasons. It would have been most  in- 
teresting to draw a parallel between the social 
conditions of British and of foreign workpeople. 
But, apart from the fact that the statistics of the 
subject were as yet merely fragmentary, it was 
plain that we possessed no real standard of com- 

ison. What made for comfort and social standing 
in one country went for little or nothing in another. 
We heard of comparisons between the 4-lb. loaf at 
home and abroad as a criterion of social welfare. 
Nothing could be more inexact. The 4 1b. loaf was 
a peculiarly British institution, and British and 
foreign styles of living were so different that it was 
im ible to translate British loaves, beefsteaks, 
and beer into their Continental equivalents. There- 
fore it seemed advisable, on the industrial side, to 
draw a comparison between British and foreign 
production in the past and in the present ; but.on 


the social side to restrict the comparison only to 
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home conditions then and now—in 1869 and in the 
present day. 

The President then proceeded to compare together 
the coal productions in the United Kingdom, Ger- 
many, the United States, and Belgium, for the 
years 1869 and 1908; the iron-ore production in 
the United Kingdom, Germany, the United States, 
and France, for the same years ; the pig-iron pro- 
duction ; steel production; and the increase in 

pulation. The tables given showed that the 
industrial position uf Great Britain was still a strong 
one, particularly as regards the production of coal 
and pig iron. The conclusion, however, was 
obvious that, as the United Kingdom could not 
expand its area nor increase the extent of its coal 
lands and its iron-ore deposits, it could not be 
expected to ag 20 in total output with much 
larger countries. We had not by any means reached 
the limit of our industrial output, but we had reached 
the point at which ey ysical conditions were 
telling against us. enceforward any comparisons 
between the United Kingdom itself and the German 
Empire or the United States must be detrimental 
tous. We could only regain the position of supre- 
macy we occupied in 1869 by reckoning in with the 
United Kingdom our great dominions overseas. 
When we compared the British Empire and the 
volume of its trade and manufactures with those 
of any other competing countries in the world, we 
had no need to fear the comparison. The figures 
also showed that the population of the United 
Kingdom had increased since 1869 by 46 per cent., 
against the German 66 percent., and the American 
134 per cent. In this period of forty years we had 
made a present to the United States of some millions 
of population, but our country was still rich enough 
in natural resources to support a far heavier popu- 
lation to the square mile aan Germany, the United 
States, or France. 

In regard to the social side of the problem, and 
inquiring how far the working classes of the 
country had benefited by the great changes in in- 


dustrial and social conditions since 1869, the 
President added that these changes had been 
beneficial. Conditions of work were safer and 
more sanitary. Wages were better. Working 


hours were lighter. Housing was better. A cer- 
tain school of economists, however, the ex- 
ponents of which were at present more in evi- 
dence than they had been before—the Socialists— 
asserted that the improvement in the condition of 
the working classes was far inferior to that of other 
classes. They claimed that the manual workers 
did not receive their fair share of the wealth of the 
country ; and they had gone about stating that the 
working man obtained only fourpence out of every 
shilling’s worth of the wealth he created. This 
particular assertion had been proved to be a gross 
misstatement, and lately the Socialists had Pe 
compelled to shift their ground. Indoinso they 
had involved themselves in an amazing series of 
contradictions as to the workers’ actual share in the 
national income, and the President thought it would 
be found, when the statistical evidence on the sub- 
ject was fairly complete, that they never had a case. 
All authorities were agreed that since 1869 there 
had been a general advance in money wages and a 
general decline in the prices of commodities. Taken 
together, these two movements represented a great 
improvement in social conditions. His printed 
address contained a table showing that for every 
20s. received in money wages in 1850, the working 
classes as a whole received 24s, 2d. in 1869 and 33s. 
6d. in 1902. On the other hand, prices of commodi- 
ties represented by the index number 100 in 1850, 
stood at 113 in 1869, and had fallen to 91 in 1902. 
Further, the expenditure out of the national ex- 
chequer, and the immense sums raised and spent by 
ee, authorities, were very largely for the benetit of 
the working classes, who ‘lrew every year a larger 
and larger proportion of the value expended. e 
ventured to say that if his grandfather, in deliver- 
ing his presidential address in 1869, had suggested 
that his successor in 1910 might have to acknow- 
ledge that the national and local expenditure com- 
bined had increased by nearly 200 per cent., while 
the population had only increased by 46 per cent., 
he would have been regarded as an alarmist and 
@ pessimist. 

he President then dealt with the advance in 
education ; he compared briefly the labour conditions 
formerly ruling with those which now obtain, adding 
that workmen now lived in better times, their houses 
were more comfortable, and there was a decided 
improvement in their general habits. It was difli- 





cult to say, however, what proportion of this was 
due to education, and what to the improved condi- 
tions of labour. Probably both had conduced to 
that end. But some portion of the share in such 
improved conditions might fairly be placed to the 
credit of those employers who had of their own 
accord done so much to make the factory and work- 
shop clean, comfortable, and hygienic. 

In considering the influence of education, the 
valuable work of scientific and technical societies, 
such as the Iron and Steel Institute, in making 
known to their members the technical progress 
achieved from time to time, and the wide dissemina- 
tion of scientific and practical information, which 
knitted together those engaged in industry, should 
not be lost sight of, and he would therefore insist, as 
did their first President, upon the-advantage of 
securing as much scientific knowledge as was reason- 
ably possible, combined with practical experience. 

Lord Airedale of Gledhow, who followed, said he 
was not permitted to comment upon the address nor 
to enter into details, but he would like to say that 
their President had introduced a wide field of con- 
trasts. It was not fair, as stated, to compare indus- 
trially the United Kingdom with the United States, 
but to take as a basis for comparison the whole of the 
British Empire. He (Lord Airedale) had also made 
investigations and inquiries into the status of the 
working classes, and had been aided in them by mem- 
bers of the engineering trades in Leeds ; the figures 
covered the same period as that dealt with in the 
address, and he was able to state that the figures 
given by the Duke in regard to the advance in the 
rate of wages rather understated than over-stated 
the case. Owing to less long hours, increase in 
wages, and in power of — the figures given 
in the address were well within the facts. When 
the increase in debt and national expenditure 
were considered, together with our increased output, 
it was probably the latter which enabled us to bear 
our colossal outlays with comparative cheerful- 
ness. He moved a vote of thanks to the President 
for his excellent address ; he did so, perhaps, with 
a somewhat selfish motive, as he hoped to see him 
next month in Leeds in conjunction with the Leeds 
University, which owed much to the Cavendish 
family. 

The vote was carried by acclamation, and briefly 
acknowledged by the Duke. 


THe Grrop FurRNACE. 

We reproduce in full the paper entitled ‘‘ The 
Girod Furnace,” by Mr. W. Borchers, Aix-la- 
Chapelle, on page 592 of our present issue. This 
paper, the first on the list, was, owing to the 
absence of the author, taken as read, and was not 
discussed by the members. 


DEVELOPMENT IN THE PropucTION oF ELECTRIC 
Power ; Its APPLICATION AND BEARING UPON 
THE IRON AND STEEL INDUSTRIES, 

by Mr. D. Selby Bigge, Newcastle-on-Tyne. 

This was read in abstract by the author, who 
referred to nine diagrams on a large scale displayed 
in the hall. We reproduce this paper in abstract 
on page 596 of our present issue. 


Economy AND Design oF Mopern REVERSING 
Rowiime-MIiLt STEAM-ENGINES, 
by Mr. E. G. Sehmer and Dr. R. Drawe, Saar- 
briicken. This was the next to be considered ; it 
was read in abstract by Mr. Sehmer. We repro- 
duce it in full on page 591 of our present issue. 





Both papers were taken together for discussion. 


This was opened by Mr. T. Westgarth, who ex- | 


pressed the opinion that Mr. Selby Bigge’s paper 
might be said to resolve itself into a consideration 
of what had already been done, and could still be 
done, in regard to the utilisation of waste heat. 
This was a most important question, for a large 
amount of waste heat had yet to be conserved. 
Mr. Selby Bigge had been one of the pioneers in 
this country for dealing with the problem. The waste 
could not be stopped, and the question resolved 
itself into applying the best possible means for 
utilising the waste heat. At Barrow, Mr. While had 
put down a gas-engine to blow the furnaces, and had 
provided an electric plant in which the remaining 
gas available was used to generate steam. The same 
method had been followed at Frodingham and 





elsewhere. Mr. Richards, at Messrs. Bolckow, 
Vaughan’s, had followed another course ; he col- 
lected the waste heat into an accumulator, and from | 
this he generated steam for working turbine sets, 
but did not drive any of his mills electrically. In the | 


matter, the —— of capital outlay was a primary 
condition. If a firm had boilers and other plant 
in good working condition, they naturally kept to 
them. Mr. Hickman had put down a large instal- 
lation of gas-engines, and generated electricity on a 


| large scale. Mr. Samuelson—as was stated recently 
| by Mr. Mertz—sold his exhaust steam to a power 
| company, who utilised it, and generated current for 


supply through public mains. This seemed a good 
way of proceeding towards solving the problem. It 
was evident that new works had a much more free 
hand in dealing with it, and several among them had 
all their power generated from gas and their plant 


‘driven by electricity, or they utilised gas for blow- 


ing and worked their other large engines with steam, 


| putting down, probably, later on exhaust-steam- 


turbine sets. There were therefore various ways in 
which the problem could be attacked, and one of 


_ the chief uses of the paper would be to raise a dis- 
/cussion on that point. He (the speaker) was of 
| opinion that it was impossible to lay down a general 


rule ; each case had to be decided separately on 
its own merits. He called the attention of the 
meeting to one of the diagrams exhibited by the 
author, showing the power available in 1 ton of 
coal. 

Mr. Andrew Lamberton, who followed, said it 
was impossible to discuss two papers in five 
minutes. Mr. Selby Bigge’s communication was 
one to take home and digest ; it contained much 
information which could not be discussed at all, 
and he thanked the author for it. With regard 
to the paper by Messrs. Sehmer and Drawe, it was 
interesting also, and particularly so to manufac- 
turers of the class of machinery dealt with ; he had 
hoped he would have had the pleasure of agreeing 
with the authors, but he found in it several dis- 
crepancies which debarred him from that. He would 
like to ask two or three questions. The authors had 
stated that at the present time the saving in fuel due 
to gas-engine driving was astonishingly large, being 
estimated to amount in Germany alone to about 
1,500,0001. Was that per annum, per month, or 
since the introduction of the gas-engine? They 
also said that experience had shown that the re- 
quirement as to minimum consumption of steam 
could only be fulfilled by compounding. All engi- 
neers had agreed as to that ; but how was it best to 
produce that effect ? In regard to the comparison of 
the diagrams shown on the wall with those from the 
rolling-mill engine published by Ablett in 1909 (see 
ENGINEERING, vol. Ixxxviii., page 466), Ablett had 
referred to a wasteful type, and he had to show 
economy. The authors further said that a modern 
rolling-mill engine could cope with the same amount 
of work on a consumption of about 35 to 50 per cent. 
of the quantity of steam formerly required. Ablett’s 
engine was beaten by Sehmer’s engine. During a 
45-hour test on a rolling-mill compound engine 
recently carried out, the mean vacuum, they said, 
was 23.5 in.; the average steam consumption was 
350.77 lb. per ton of material rolled down to 9.222 
times its original length. It was stated also that 
under equal conditions, and with the same amount 
of elongation, the steam consumption was formerly 
880 lb. to 1100 Ib. per ton. Now, going back to the 
first statement to the effect that the consumption, 
as compared with that of an Ablett engine, was 35 to 
50 per cent. less, the difference should read 68 per 
cent. less. An explanation on this point would be 
required. The authors also said that in the case 
of a reversing-engine in conjunction with a modern 
steam boiler battery, the steam consumption for a 
tenfold elongation would be about 308 Ib., as com- 
pared with 990 Ib. to 1210 1b. in the case of the 
uneconomical high-pressure engine. In this case 


| the economy was not 50 per cent., but 73 per cent. 
| All these figures were widely out, and they wanted 


looking into. With reference to the statement to 
the effect that the reversing-engine in question was 
the cheapest rolling-mill engine, unsurpassed by 
any engine in ease of manipulation, and holding 
the foremost place, as compared with any other 
reversing apparatus, for driving rolling-mills, especi- 
ally the excessively costly motors for electric 
driving, Mr. Lamberton agreed, especially when 
the comparison was made with electric mills in- 
stalled in this country. The authors had said that 
the advantages of exhaust-steam turbine-driving 
were in most cases greatly overrated ; but they did 
not say what they had recovered by using the tur- 
bine. The Dortmund experiments they referred to 
showed bad engineering, in that they had a vacuum 
of 23.5in, only. Mr. Selby Bigge had explained in his 
paper the whole crux of the problem ; the exhaust 
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turbine could be associated with really high-class presidency of the jury must be approved by|the resistance by 2 per cent. only. Some centri- 


conditions, and he did not agree with the conclusions 
the authors had arrived at in the closing sentences 
of their paper. He added that the Hon. C. A. 
Parsons had taken out in 1894 a patent for that very 
urpose, using reciprocating engines combined with 
{ow-pressure turbines, and two steamers—the Orari 
and Otaki—-had been built on the Clyde, one having 
reciprocating engines only, and the other reciprocat- 
ing engines combined with a low-pressure turbine. 
The boats were identical in every other respect, 
but the latter showed an economy of 17 per cent. 
over the former. The paper had not dealt sufti- 
ciently carefully with the subject, and it was desir- 
able that the figures given should be re-arranged. 

Mr. Mertz took up the discussion at the point 
where Mr. Lamberton left it, and said that the 
conditions on board ship were entirely different 
from those which obtained on land. On board ship 
the condensing conditions were as perfect as 
possible. Every problem had to be considered on 
its own merits, and many factors intervened. He 
gave his experience from the int of view 
of the user, and he was compelled to say that 
exhaust-steam and mixed-pressure turbines were 
frequently put down in installations where the 
conditions did not warrant their use. It was 
largely a question of vogue. An owner liked his 
own plant: it might be preferable to scrap it, 
but he kept it working and adopted an exhaust- 
steam turbine as a happy medium, where a new 
gas “ag or a new turbine plant would have 
largely improved matters. It was a great thing to 
get a high vacuum; but how many were the cases 
in which a high vacuum was ible in every-day 
practice ? The expense of a plant fell partly on the 
condenser, and turbine-builders were not over 
anxious to supply condensers. Mr. Selby Bigge had 
assumed in his paper the annual expense of working 
a new station equipment costing 9000/., to amount 
to 20001., in which latter sum the cost of depreciation 
was put at 12 per cent.; this percentage of deprecia- 
tion was too low. The cost of production, given at 
0.206d., was also too low. The figures in another 
case, which resulted in a cost of production of 
0.2109d. per unit, were, in his opinion, too low also. 
There certainly were conditions in which the use 
of an exhaust-steam turbine was justified ; others, 
as in that of Messrs. Samuelson’s referred to, where 
a combination could easily be made. Manufacturers 
of iron and steel should not jump at conclusions in 
the matter, but should take time in reorganising 
their plant. He fully agreed with Mr. Selby Bigge’s 
conclusions. 

The discussion was continued by Messrs. Moun- 
tain, Crowe, Larke, and Ablett, whose remarks we 
shall publish next week, together with a report of 
yesterday’s proceedings, which comprised a paper 
on ‘‘The Chemical and Mechanical Relations of 
Iron, Manganese, and Carbon,” by Dr. J. O. 
Arnold and Mr. A. A. Read ; a paper on *‘ Uniform 
Nomenclature of Iron and Steel,” by Dr. J. O. 
Arnold ; a paper on ‘**The Cutting Properties of 
Tool-Steel,” by Mr. E. G. Herbert; a paper on 
‘Some Physical Properties of 2 per Cent. Chromium 
Steels,” by Mr. Andrew McWilliam and Mr. E. J. 
Barnes ; and a paper on ‘‘The A? Point in Chromium 
Steel,” by Mr. Harold Moore. The remaining five 
papers were taken as read. 


(To be continued.) 





NOTES. 
Sr. PererssorG ExHisition oF ELECTRICAL 
‘ APPLICATIONS FOR RAILWAYS. 

Unper the auspices of the Imperial Russian 
Technical Society an International Exhibition of 
Electricity Applied to Railways will be held in St. 
Petersburg from 15/28 of August to 15/28 of Nov- 
ember of this year. The organisation and manage- 
ment of the Exhibition will be in the hands of a 
Special Committee of the Technical Society. This 
Committee will open’ an office, through which all 
communications with exhibitors in reference to 
ayment for space, times of opening, issue of cata- 
ogues, c., will be passed. Foreign manufacturers 
and others are invited to participate in the Exhibi- 


tion. The Committee will, on the recommendations 
“ an expert jury, award various gold, silver, and 
ronze medals and diplomas for the best ex- 
hibits in the different sections, while other prizes 
ele a by the Dag mney + and by other 

sties, e expert jury will be appointed 
_ the Railway Section of the Technical "Aociety, 


it is arranged that the nomination 


for the 








the Minister of Commerce and Industry. The 
sale of exhibits during the Exhibition will be 
allowed only with the special permission of the 
Committee, while in any case any exhibit sold 
must be replaced by a duplicate. The Exhibition 
will be divided into three sections. The first of 
these will be concerned with applications of elec- 
tricity on steam railways, and will cover such 
matters as signalling, telegraph and telephone 
systems, lighting and power applications for stations 
and yards, train-lighting, &c. The second section 
will be devoted to electric traction proper, and will 
deal with main-line working, tramways and light 
railways in detail, covering generating-stations, 
transmission systems, permanent-way and rolling- 
stock. The third section will be allotted to hydro- 
electric plants, and, in addition to machinery, will 
contain maps and data relating to water-power 
utilisation in various countries. A report having 
reference to exhibits particularly suited to Russian 
conditions will be prepared by the Committee, and 
presented to the Russian Government. The address 
of the Technical Society is Panteleimonskaja-street 2, 
St. Petersburg. 
Disc Friction. 

In a paper recently published by the Institution 
of Civil Engineers, fessor A. H. Gibson and 
Mr. A. Ryan describe some experiments on the 
resistance experienced by discs rotating in water. 
Their results seem to have a direct bearing on the 
design of centrifugal pumps, since it was found 
that in practically every case the resistance to 
motion was smaller the less the clearance between 
the rotating disc and the sides of the vessel in 
which it was contained. In Figs. 1 and 2 the full 
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lines show the precise arrangement of the casing in 
high-speed pumps as actually built by makers of 
repute. The authors point out, as the result of 
their experiments, that by altering the casing as 
indicated by the dotted lines, the disc friction would 
be materially reduced. In fact, all clearances, side 
and running, should be cut down to the minimum 
which practical considerations render possible. They 
found that both the casing and the disc should have 
smooth surfaces if the friction were to be kept down ; 
but there was no material difference between the 
friction of a machined and polished surface and 
that of a smooth cast surface painted and varnished. 
The experiments were made with four 12-in. discs 
and one 9-in., and the speeds of rotation ranged 
from 450 up to 2200 revolutions per minute. At 
2000 revolutions per minute a 12-in. rough cast- 
iron disc, running in a rough casing, absorbed 2.9 
horse-power, the side clearance being § in., whilst a 
painted disc of the same diameter, running at the 
same speed with the same clearance in a painted 
casing, absorbed but 2.06 horse-power. The effect 
of side clearance is, they find, much more marked 
with smooth surfaces than with rough. A 12-in. 
polished brass disc absorbed 13 per cent. more 

wer when the side clearance was increased 
rom } in. up to 2} in., whereas with a rough 
cast-iron disc running in a rough casing an in- 
erease of clearance from § in. up to 2} in. augmented 








fugal pumps have impellers with open vanes, and 
the authors of the paper conclude that with this 
arrangement there is likely to be a very great in- 
crease in the frictional resistances. With a brass 
disc 12 in, in diameter having four radial vanes each 
side, } in. deep, the resistance was 3.56 times as 
great as that of a smooth disc, whilst with 4-in. 
vanes this figure rose to 4.72. 


AccrpENts on British Raiiways. 


The returns of accidents and casualties on the 
railways of the United Kingdom in the year 1909 
have just been issued by the Board of e, and 
show an increase in the fatal and non-fatal acci- 
dents to engers. In 1908 no passenger was 
killed, but 283 were injured Ae gam ents to 
trains, rolling-stock, permanent-way, &c. In 1909 
the passengers killed and injured from these 
causes numbered 1 and 390 respectively. On the 
whole, however, the casualties on the railways 
show a decrease of 72 fatal and 392 non-fatal 
accidents, those happening to servants of the com- 
panies having been very considerably reduced. For 
this class the numbers stand yet, however, at as 
high a figure as 318 killed and 4599 injured, though 
when compared with the army of men employed, 
and taking into consideration the fact that many 
are due to men taking risks which are disapproved 
by the companies, the figures assume more reason- 
able proportions. Among the casualties to servants, 
for instance, some 71 were classed as killed and 224 
as injured while walking, crossing, or standing on 
the line on duty at stations, and 33 killed and 53 
injured under similar classification, but at parts 
of the line other than stations. It is reasonable to 
suppose that even if duty, in these cases, involved 
a certain amount of risk, a good look-out might 
have reduced the number in these classes. As 
usual, braking, spragging, and chocking of wheels 
are responsible for a large number of casualties, 
those classified under this head numbering 586 
fatal and non-fatal. Altogether there were 581 
accidents, of which 13 were fatal, in coupling 
operations, while attendance on engines in motion 
was responsible for 2 fatal and 609 non-fatal acci- 
dents. Moving vehicles by capstans, levers, &c., is 
a division in which 6 fatal and 518 non-fatal accidents 
have been recorded for last year, while accidents to 
men at work on the permanent-way are responsible 
for 47 killed and 90 injured. The proportion of 
killed to injured being greater in this than in any 
other class of accident, with one exception. Some 
69 men were killed and 169 injured by being caught 
between vehicles, walking on the line to and from 
work, &c., these being, of course, casualties for 
which the companies can scarcely be blamed, save, 
— in very exceptional instances, The Great 

orthern Railway reports 1, the Great Eastern 
Railway 1, and ithe North-Eastern Railway 21 
accidents due to trains coming in contact with pro- 
jections from other trains running on parallel lines, 
which suggests the need of greater care in loading 
and securing the load in the wagons, &. The 
number of failures of couplings reported to the 
Board of Trade is of some interest. The North- 
Eastern Railway heads the list with 567. The 
London and North Western Railway gives a return 
of 166; the Great Western Railway, 152; the Great 
Central Railway, 144; the Great Northern Railway, 
130 ; and the Midland Railway, 96. Private owners 
of wagons are responsible for 770 of the failures of 
this class reported. Of the Scotch railways, only 
the Caledonian Railway reports anything in the 
order of a large number—viz., Excepting 
am wagons, the London and North Western 

ilway has the greatest number of tyre failures, 
being credited with 32 against the Great Western 
Railway’s 3, for instance, none on the Great 
Northern Railway, 6 on the North-Eastern Rail- 
way, &c. Some 210 broken rails were reported 
during the year for England and Wales, or 284 for 
the whole of the United Kingdom. The Great 
Western Railway reports the largest figure under 
this head with 46, the North-Eastern Railway 
coming next with 43, while the South-Eastern and 
Chatham Railway is third with 37. In most of the 
above failures of material it will be noticed that 
the largest reports are naturally from the larger 
lines, but, at the same time, in most cases from those 
lines on which heavy goods and mineral train load- 
ing is a feature. is remark does not, of course, 
apply to the last-mentioned railway in connection 
with rail breakages, the cause for which must be 
sought in some other direction. 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineering 
projects. for several of which tenders are asked. Further 
rticulars concerning the same can be obtained from the 
Yommercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Canada: The Canada Gazette contains notice of the 
incorporation of a company, under the name of the 
Dominion Dry Dock Company, Limited, with «head 
office at Quebec, to carry on the- business of shipbuild- 
ing and ship-repairing. The capital of the company is 
to be 1,000,000 dols. (about 205, .). The Gazette also 
announces the incorporation of a company, under the 
name of the Colombian Oil and Gas Company of Canada, 
Limited, with head office at Ottawa, to carry on the 
business of oil-drilling and oil-refining. The capital of 
the company is to be 4,000,000 dols, (about 822,000/.). 

Spain : Mr. Dimas Cabeza y Roces, managing director 
of the Sociedad General de Ferrocarriles Vasco- 
Asturiana, has applied on behalf of that company to the 
Direccién General de Obras Ptiblicas for’ a concession 
for the construction and working of a steam 83 tram- 
way between Oviedo and Trubia.—The Public Works 
Department invites tenders for dredging operations and 
improvement works generally at the port of Ferrol. The 
upset price is put at 314,800 pesetas (about 11,600/.). To 
qualify any tender a deposit of 1 per cent. of this amount 
will be required, to be inc sd by the successful ten- 
derer to 5 per cent. of the accepted contract price. 
Tenders must be enclosed in sealed tom or and 
should reach the Direccién General de Obras Piblicas, 
Ministerio de Fomento, Madrid, or any of the Civil 
Governments of the Peninsula, not later than 1 p.m. on 
May 23. Local representation is necessary. enders 
are also invited for the carrying out of harbour works at 
Muros, Province of Corunna. The upset price is placed 
at 318,240 tas (about 11,800/.), and a deposit of 1 per 
cent. of this amount will be required to qualify tenders, 
to be increased by the successful tenderer to 5 per cent. 
of the accepted contract price. Tenders will be admitted 
at the Direcciédn General de Obras Publicas, Ministerio 
de Fomento, Madrid, or at any of the Civil Govern- 
ments of the Peninsula, up to 1 p.m, on May 23. Local 
representation is also necessary. 

Netherlands : The communal authorities of Gouda have 
granted to J. H. Miiller, The Hague, a concession for the 
construction and working of electric tramways between 
Gouda, Haastrecht, Oudewater, Montfoort, and Utrecht, 
and between Gouda and Rotterdam. 

Sweden: The following particulars are given in the 
report by H.M. Legation at Stockholm on the Swedish 
Budget for 1911 respecting additional expenditure pro- 
mv to be met by loan—viz.:— i 


80,000 
111,000 
113,000 
425,500 


Total 729,500 


The new lines on which work is to be begun or continued 
are the following :—Gothenburg-Skee, Bastutrask-Skellef- 
teo- Kallholmsfjord, Ostersund - Ulriksfors- Strémsund, 
Jarna- Vagnharad-Lunda-Norrképing. 

Russia ; With reference to public worksat Baku, H.M. 
Commercial Attaché at St. Petersburg (Mr. H. Cooke) 
reports that one of the conditions in the decree authoris- 
ing the town of Baku to raise a loan for public works was 
that, in the execution of orders for materials from the 
money derived from the loan, preference should be given 
to home works and to materials of national origin ; the 
Minister of Commerce, in conjunction with the Minister 
of the Interior, being allowed to make exceptions in the 
following cases—viz.: (4) With respect to materials not 
produced at all in Russia ; (6) in cases where the prices 
declared by Russian works are above those of forei 
works, the amount of customs duties being added to the 
latter. Of the loan of 27,000,000 roubles raised, 23,500,000 
roubles (about 2,480,000/.) are for the water-supply works, 
and 3,500,000 roubles (about 369,002.) for the other works 
—viz., the building of an electric power-station and the 
lighting of the town y electricity, the electrification of 
the tramways, the building of town slaughter-houses, the 
building of schools, the rebuilding of warehouses, the 
construction of a steam-laundry, &c. 

Austria-Hungary : According to a report in the Oester- 
reichischer Zentral- Anzeiger (Vienna), Messrs. Hermann 
Pollaks and Sons, of Vienna, are building in Dérfl, near 
Friedland, a weaving-shed to hold 300 power looms. The 
same firm have decided to enlarge their weaving factories 
in Chrast and Parnik by 100 and 200 looms respectively. 
Their works in Neurode are also to be extended.—The 
MAtyasfild (Hungary) Landlord Association have decided 
to establish works for the supply to the town of water 
and electric light. The cost ef the work is estimated at 
281,000 kronen (11,700/.), which amount is to be advanced 
by the president of the Association, Mr. Josef Paulheim. 
—A syndicate, represented by Dr. H. Wilhelm Graf, of 
Vienna, has obtained a concession for the construction of 
a standard-gauge railway from Abbazia to Zara ria the 
Island of Pago. The service will be carried on provi- 
sionally by two twin-screw train ferry-boats and one re- 
serve ferry-boat ; the cost of the boats is estimated at 
2,000,000 kronen (83,3007, ). 

Turkey : The Turkish Ministry of War has decided 
upon the construction of a large dry dock ata cost of 

0002. (225,000/.). Two new arsenals are to be built, 
one by the Sea of Marmora, and the other by the Algean 
Sea. Two wharves are also to be constrected. 

Japan ; Information has been received at the Board of 

Trade from H.M. Commercial Attaché at Yokohama (Mr. 


Electric works at Trollhiittan... 
Venersborg-Gothenburg canal 
Railway rolling-stock a 
Railway construction 





DIAGRAMS OF THREE MONTHS’ FLUCTU. ATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Tron Warrant Markets. ) 


FEBRUARY. 


2468 10 # 
FEBRUARY 


In the accom 


Marca. 


MARCH 
nying diagrams each vertical line represents a market day, and each horizontal line 


APRIL. 


10h 


APRIL. 


represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in ay =x from 70 lb. to 801b. The metal 


prices are perton. Heavy steel rails are to Middlesbrough quotations. 


n plates are per box of I.C. cokes. 





E. F. Crowe) respecting the regulations in force with 
regard to contracts for the Japanese Department of 
Communications, 

Mexico: The Diario Oficial contains the text of a 
contract between the Mexican Government, and Mr. 
A. H. McKay, representing the Compafiia del Ferro- 
carril Sud-Pacifico de Mexico, for the construction of a 
branch line of railway, 20 kilometres (about 12 miles) in 
ona, from Quila, on the Alamos-Guadalajara Railway, 
to El Dorado, State of Sinaloa. The work must be com- 
pleted within two years from the date of promulgation of 
the contract. 

Argentine Republic: The Argentine Government have 
authorised the transfer, by the Port Argentine Harbour 
and Railway Company, Limited, to the Port Argentine 
Great Central Railway Company, Limited, of the rights 
and obligations of the former company in connection 
with the construction and service of a commercial port 
at San Borombon, and the construction of a railway. 

Chili: The Diario Oficial publishes a law poviding 
for the carrying out of city improvements at Valdivia. 
The works will include the erection of buildings, the 
widening, joining, and extension of streets, avenues, and 
squares, paving, &c. In order to meet the expenses of 
paving operations, the President of the Republic is em- 

wered to contract, on behalf of the municipality of 

aldivia, a loan of 50,000/. sterling. 





ANNUAL PaRrapkE OF ComMERCcIAL Morors.—The fourth 
annu te pag of motor-vans, lorries, and wagons, 
onan 7 the Commercial Motor-Users’ Association, 

be hel 


in London on the afternoon of Saturday, 


May 21. The parade will take place in the streets bound- 
ing Lincoln’s Inn-Fields. The object of the scheme is to 
encou and careful driving, and various cash 
prizes will be given to the drivers on the results of a 
marking system, based upon their personal knowledge 
and the condition of their machines. In this latter regard 
the age of the machines and the conditions of their use 
will be taken into consideration. ‘The drivers will attend 
for examination before a committee some evening prior to 
the parade. In addition to the drivers’ cash prizes, 4 
silver cup will be awarded to the owner who enters the 
best team of six vehicles or tractors. This cup has been 
presented by the proprietors of the Commercial Motor. 


WeLsH CoaL AND Suippinc Hanp-Book, 1910.—This 
volume, which has reached its twenty-ninth year of publi- 
cation, contains a vast quantity of information relating 
to the Welsh coal industry and the South Wales ports. 
This information includes tide-tables, particulars of dock 
accommodation, lists of officials, and statistics of imports 
and exports for Cardiff, Newport, Swansea, Port Talbot, 
Llanelly, and other places. Complete statistics of the 
exports of Welsh coal in 1909, and other particulars of the 
British coal trade are giver. Trimming tariffs and tables 
showing the foreign import duties on coal are also included 
with other information of use to coal-shippers. The hand- 
book concludes with a complete list of collieries in South 
Wales and Monmouthshire, giving the names of the pro- 
prietors and managers in each case. This list will prove 
of t utility to all having business transactions with the 
collieries of this district. “The book is published by the 
| Western Mail, Limited, Cardiff, whose London address 
is 176, Fleet-street, E.C. The price is 1s. 
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STEAM PLOUGHING 


CONSTRUCTED BY MESSRS. JOHN FOWLER AND CO. 


(LEEDS), 


ENGINE AND TRACTOR AT THE BRUSSELS EXHIBITION. 
LIMITED, 


ENGINEERS, LEEDS. 

















:. 1. Compounp Steam PLoveHine ENGINE. 

















Fic. 2. Compounp Steam-TRACTOR, 


M Joun Fow.er anv Co. (Lerps), Lowrrep, | in Fig. 1 their ploughing en ine ; this is ofj their K 5 
Leeds, are making a very interesting display at the | type, double-crank compound, for use with their well- 
Brussels Exhibition. They show a ploughing engine, | known system of steam cultivation. The engine can 

We illustrate take 450 yards of Fowler’s special quality steel-wire 


two traction engines, and a road-roller. 








rope, coiled on the drum by means of self-acting coiling- 
ear. The winding-drum and gear are of cast steel. 
he boiler is designed for a working pressure of 180 Ib. 
per square inch. The following are the principal 
dimensions of the engine :— 
Diameter of cylinders... 


6 in. and 104 in. 
Diameter of fly-wheel... 4 ft. 


Width of fiy-wheel rim 6 in. 
Diameter of hind wheels 6 ft. 8 in. 
Width of hind wheels.. 16 in. 
Diameter of front wheels 5 ft. 
Width of front wheels 12 in. 
Tank capacity 160 gallons 
Length over all 22 ft. 1 in. 
Width over all 6 ft. 10 in. 


We illustrate in Fig. 2 Messrs. Fowler's two-cylinder 
compound special spring-mounted tractor, the principal 


dimensions of which are as follow :— 
Diameter of cylinders... 34 in. and 7 in. 
3 ft. 


” 





fiy-wheel... 


a hind wheels Sx, 
Width of hind wheels... 12 in. 
Diameter of front wheels 3 ft. 62 in. 
Width of front wheels 5 in. 
Tank capacity ... 145 gallons 
Bunker capacity 3.6 cubic feet 
Length over all 13 ft. a in. 
Width over all 5. ld» 


The total weight of the engine is under 5 tons, and 
it can be registered for use under the Light Locomo- 
tives Act in this country. The clutch gear is of new 

|design, and the two speeds are controlled by one 
|handle. When one speed is put into gear, the other 
|speed is automatically locked, and the mechanism 
| makes it impossible for the two speeds to be in gear, 
|or partially in gear, at one and the same time. The 
|engine is mounted on Fowler’s spring-gear for the 
| hind and front axles, the chief features of which are 
| the central adjustable suspension-bolt and equalising- 
|levers, which ensure the driving-gear running con- 
| stantly in true _. The differential-gear is controlled 
| by the driver from the foot-plate ; it can be put into 
and out of gear without stopping the engine. 

The fire-box is of the Belpaire type ; the boiler is fed 
by two injectors with independent clack-boxes. The 
, working pressure is 2001b. per squareinch. The valve- 
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gear gives a constant lead in any position of the revers- 
ing-lever. A powerful screw brake-gear acts on both 
driving-wheels. 

Besides the above, Messrs. Fowler also exhibit a 
single-cylinder 6-ton steam road-roller, which has been 
specially designed for light work. The boiler is of 
similar construction to that of the tractor illustrated 
in Fig. 2; the various levers have all been brought 
together and arranged conveniently for the driver. The 
principal dimensions of the roller are the following :— 

Diameter of cylinder ... 54 in. 
Diameter of fly-wheel.. 3 ft. 
Width of fly-wheel _... 4in. 
Diameter of hind whec!s 4ft. Sin. 
Width of hind wheels... 12 in, 
Diameter of front whec] 3 ft. 2in. 
Width of front whee) ... 3 ft. 14 in. 
Tank capacity ... 70 gallons. 
Bunker capacity . 2.8 cubic feet. 
Length over al)... 15 ft. lin. 
Width over all ... 4ft. 114 in. 


They exhibit, further, a compound agricultural or 

general-purpose traction-engine :— 

Diameter of cylinders... 

Diameter of fiy-wheel... 

Width of fly-wheel _... 

Diameter of hind wheels 

Width of hind wheels... 

Diameter of front wheels 

Width of front wheels 

Tank capacity ... sag \ 

Bunker capacity ... 7 eubic feet. 

Length over all ... 17 ft. 11}in. 

Width over all ... 7 ft. 6in. 


The boiler is constructed for a working pressure of 
180 1b. ; the road-gear is of cast steel ; the differential- 
gear on the driving-axle enables the engine to turn the 
sharpest curves ‘vith ease and without causing any 
undue strain on the gearing, driving-axle, or wheels. 
A winding forward drum and rope is provided. The 
draw-bar is so arranged that the pull of the engine is 
taken on the main axle, thus relieving the tank from 
all strain. The engine is well designed and highly 
finished throughout. 


... 68in. and 11 in. 
| | Ch Om. 
7 in. 
6 ft. 
18in. 
3ft. 104 in. 


9in. 
130 ions. 





INDUSTRIAL NOTES. 

THE annual report of the Ironfounders’ Society is 
the hundredth in succession, and it naturally reviews 
in a brief way the work and progress of the century. 
Its record of the society’s operations is an honourable 
one. One peculiarity of the policy which has always 
been followed has been to avoid picketing, so that no 
prosecutions or lawsuits have been incurred. What the 
society does is this: in cases of dispute the members 
are withdrawn from the firm and the shop is declared 
‘*closed” to the members. By an undertaking this 
policy applies to the Scottish Union as well, the ‘‘closed 
shops ” being avoided by the members of both unions. 
What the society prides itself upon is the benefits 
assured to its members in addition to and apart from 
strike-pay ; such as out-of-work benefit, sick, accident, 
and superannuation benefit, and funeral expenses ; 
besides which its benevolent grants in times of dis- 
tress have been on a large scale. The centenary cele- 
brations were held last year ; the main function was 
at Manchester, and was attended by delegations 
from most of the chief centres ; but many districts 
had their own celebrations, by suppers, concerts, 
short speeches, &c. It is, perhaps, the only society 
of the kind that can boast of a century’s continuous 
record, but there are a few others that can point to 
that period’s work, though they may have changed 
their form by reorganisation, to suit the changes 
of industry, modes of work, and conditions of employ- 
ment. 

The report notifies that there are now in existence 
two Conciliation Boards, one of which has survived 
its first anniversary, but it would appear that its 
operations have been slow, as complaint is made that 
nine cases have been delayed. But perhaps the state 
of trade has been the chief cause of delay. There is 
also a hint of neglect in some cases, but here 
again depression in trade, and the unsettled political 
situation may have been the cause or causes. 
The membership last year declined to the extent of 
710 net ; 631 new mem)ers had joined, but the loss 
by death was 253, and by secession—falling out of the 
ranks by arrears, &c.—1988. Probably a large pro- 

rtion of the latter wil! rejoin, with certain losses 
in benefit as a penalty. The total income last year 
was 87,186/. 14s. et gg year, 78,757/. 12s. 7d.— 
increase, 8429/. ls, ld. The increase in contributions 
was, however, even larger. The expenditure was 
last year 111,827/. 19s. ; revious year, 117,561/. 19s. 6d. 
-—decrease, 6274/. Os. bd The increased 
three chief items: superannuation, dispute, and 
funerals. The total cash balance in hand at the end 
of the year was 31,748/. 7s. 9d.—decrease in the year, 
24,101/. 4s. 6d.; in 1909, 14,703/. 2s. 5d. Unemploy- 
ment was the chief cause of the excessive expenditure, 
as the average proportion out of work was 16.1 per 
cent. for the whole year. Extra benefit was given of 


cost was in | Po’ 





5s. per week to the poorer members whose benefit 
period had expired. 

The statistical tables are in many cases reduced in 
comparison with those given in past years, the basis 
now ~— being ten years instead of a much longer 
period. This is, indeed, sufficient because of the changes 
that have taken place in policy and conditions. For 
example, there were no contributions to the General 
Federation of Trade Unions or to the Labour Party a 
few years ago, and no Parliamentary representative 
to provide for and pay. Donation benefit has varied 
from 11,172/. 14s. 1d. to 67,812/. 17s. 1d.; superannua- 
tion, from 13,937/. 5s. 5d. to 23,157/. 10s. lld. in the 
last ten years. Sick, funeral, and accident benefits 
have varied yearly, dnd to great extent. Dispute 
allowance has varied from 712/. 17s. 6d. to 7484/. 3s. 4d. 
In the last four years the item has been heavy, averag- 
ing in the period 5420/. 2s, 2d. per annum ; in the other 
six years the average was under 1000/. The table of 
causes of death extends from 1860 to the end of 1909. 
There is a useful table of rates of wages in each district 
where the union has a branch, with notes as to the 
changes in the rates, &c. The society has paid all 
claims of all kinds ; it has faced periods of severe de- 

ression, and yet to-day it has a handsome balance to 
all back upon in case of need. The Conciliation Board 
will now avert disputes for a long period, and it is to 
be hoped that prosperity will again return to trade. 


The remarkable triumphal progress and reception 
of Mr. Fisher, the new ees remier of the Aus- 
tralian Commonwealth, from Brisbane to Melbourne, 
would seem to indicate that the result of the recent 
General Election is warmly welcomed, not only by the 
workers, but by the general mass of the population— 
by traders and em a as well as by the prole- 
tariat. It is probable that some modification will be 
proposed to the Industrial Acts, under which one of 
the leaders of the late coal strike was sentenced to ten 
years penal servitude, and others to terms of imprison- 
ment thought to be too long even by employers and 
traders. 

The existing financial agreement between the Com- 
monwealth and the States and the proposed new 
arrangement are likely to cause some friction, as the 
voting by referendum was adverse to the new proposal. 
It is ramoured that the Labour Ministry wil sueees 
an entirely new scheme of an annual stated sum for 
ten years instead of a proportion of the revenue. All 
the States, except New South Wales, favour the 
transfer to the Commonwealth of all the State debts 
contracted since the Federation. 


The colliery troubles in Northumberland may now 
be said to have ended for the present. At a conference 
held at the end of last week arrangements were made 
for the resumption of work at the pits that were idle. 
The council of the men’s association extended strike- 
pay for another couple of weeks to assist the strikers, 

ut without endorsing their policy. Also in Notting- 
hamshire the disputes have come to anend. It ma, 
now be said that the troubles over the Mines Eight 
Hours Act are over, at least for the present, until 
some new causes of complaint shall arise in any parti- 
cular district. It does not follow that there will be 
no friction, but small disputes locally will doubtless 
be settled by negotiation and conciliation. The poli- 
tical difficulties in Northumberland, however, remain, 
at least in one instance. It appears that all opposition 
to Mr. Burt is abandoned, but not so in the case of 
Mr. Fenwick. He may have another Labour candidate 
as an opponent. But his great majority at the last 
election may deter another candidate from contesting 
the seat. Whatever differences of opinion may exist 
as to ‘* Labour representation,” all parties in the House 
of Commons agree as to the high character of the two 
miners’ representatives from Northumberland. One— 
Mr. Burt—was for a time a member of the Government, 
and is now a Privy Councillor, while Mr. Fenwick 
is one of the Chairmen of Committees in the House— 
a high honour. In the other districts there seems to 
be no difference of opinion as to the miners’ Members, 
all of them having been adopted as candidates for 
their respective constituencies. 


As the Tariff Reform Party has determined to send 
representatives to Germany to study the social and 
political questions regarding Free Trade and Protec- 
tion, the Labour Party has Rintest to do likewise. 
All the better. . We cannot know too much about our 
neighbours and competitors, especially as to the con- 
dition of their peoples under the different policies. 
The only thing we want is the truth—the real truth, 
and the causes of the alleged greater prosperity under 
one system than the other. These unofficial re- 
rts may not have any immediate influence upon 
national policy, but they will help to steady the 
national mind upon disputable points in debate. So 
far they will be valuable. 


_ At a great 
Great Assemb 
Trade Boards 


athering of the tailoring trade in the 
Hall, Mile End, held last week, the 
ct of 1909 was explained by various 





speakers, under the chairmanship of Mr. Askwith, 
K.C., of the Board of Trade. Employers and workers, 
male and female, were present, representing divers 
nationalities. The object was to explain the scope 
and intention of the Act, and each person was viven 
a printed slip on entering, so that he might follow 
and understand the speakers. The idea was excellent, 
and will help, perhaps, to set the Act in motion 
smoothly, with the concurrence of all the parties 
affected. If the horrible sweating system cou! be 
abolished, all honest traders and workers would be 
benefited. 


The position of affairs in the cotton trades has not 
improved —rather otherwise. Another section has 
declared in favour of resisting the proposed 5 per cent. 
reduction, as well as the card-room hands. The situa- 
tion is such that Mr. Shackleton, M.P., has had to 
decline to be one of the delegates to visit Germany and 
report upon the condition of the workers under the 

rotective tariffs system ; but there is still ample time 
or negotiation, and it is to be hoped that a crisis will 
beaverted. The market is not favourable to any labour 
trouble at present, quite outside of the rates of wages 
uestion. At the meeting of the Federation of Master 
jotton-Spinners, held in Manchester last week, it was 
declared that the necessary steps should be taken to 
secure the proposed reduction. The number involved 
in that decision would be about 150,000 operatives ; 
the wages reduction would be about 10,000/. per week, 
or half-a-million a year. The situation is critical, but 
there may be a way out. 

Mr. Sydney Buxton, the President of the Board of 
Trade, has signified his approval of a Labour Exchange 
exclusively for the cotton trade, and it may be, later 
on, for other special industries. It might be a good 
thing to have such special exchanges for large indus- 
tries, if employers and workpeople agreed, but it would 
not work if there was opposition on the part of trade 
unions. The latter have hitherto conducted this part 
of their business with a certain degree of success, as 
their reports, monthly and yearly, show. 


There is a strange dispute in the glass-bottle trade, 
the operatives threatening to strike to compel the 
non-associated firms to join the Master Bottle-Makers’ 
combine. The object is apparently to level up prices 
and wages to those of the combined firms. 


The Cumberland Miners’ Association has decided 
to seek a general all-round advance in wages for men 
and boys. Some of the lodges have already been 
granted permission to hand in their notices, but it is 
stated that all peaceful means will be employed before 
they resort to a stoppage. 


Reuter reports that Signor Luzzatti, the Italian 
Premier, has sounded the Cabinets of Europe reyard- 
ing a scheme, the object of which is to arrive at an 
agreement for the drawing up of a set of permanent 


Y | and universal rules to govern the formation of labour, 


emigration, and nationality treaties. Labour, it is 
hoped, will be protected by such treaties in the same 
way as shipping and industries are now safeguarded by 
commercial and navigation treaties ; and quite a new 
phase of international law will be created. 


The May-Day celebrations passed off fairly well at 


home and abroad. The disturbances were few and 
not very serious, but some of the more aggressive 
Socialists in France were indignant with their leaders 
for their policy of avoiding the possibility of a con- 
flict with the authorities. In London there was a 
large procession from the Thames Embankment to 
Hyde Park, where it is estimated that some 40,000 
persons took part in the demonstration, apart from 
the onlookers en route andin the Park. One novelty in 
the procession was the long line of carriages and other 
vehicles, conveying some 2000 children from the 
Socialist Sunday schools in the Metropolis. The 
speakers at all the ten platforms were Socialists, and 
it is noteworthy that none of the Labour Party who 
are Members of Parliament was a ne, ee 
speakers. All passed off quietly, without a hitch trot 

rar eal to end. Thess were other gatherings 
the provinces, at which some of the labour leaders were 
present; the most notable was at Leicester, where there 
was a large procession through the town. In Hyde 
Park the ex-M.P. for the Colne Valley stated that he 
would lead a great procession of unemployed in 
London to the very gates of Parliament ; an idle boast, 
after his usual fashion. The resolutions carried were 
of a moderate character. 

In Berlin the authorities prohibited a great central 
demonstration, but the people were allowed to hol 
some 30 or more public meetings locally in the morn- 
ing, after which, in the afternoon, they enjoyed them- 
selves in true German fashion at holiday time. | ere 
was no disorder, nor does it » ped that any of the 
speakers gave offence to officials of the Gover! nent 
cupenalils for orderly behaviour. — 

In Paris the proposed demonstration in the Bois r 
Boulogne was prohibited, as was also the proj’*® 
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rocession through the principal boulevards. But the 
Socialists held numerous meetings in different parts of 
the city. Theleaders agreed to abandon the proposed 
demonstration, but some of the more aggressive 
Socialists and Anarchistsdemurred. It was urged that 
the abandonment of the programme was intended to 
avert a massacre of the ple, and this in the end 
prevailed upon the gatherings to agree to the abandon- 
ment of the more elaborate programme. Of course, 
they protested against the prohibition, but with- 
out serious disturbance. It appears that the autho- 
rities took every precaution to prevent disorder, 
the military being ready at all points. In most of 
the other great towns in France there were orderly 
meetings, only at Marseilles was there any arrest, and 
in that case the one arrested was speedily set at 
liberty. In Italy there were numerous demonstrations, 
but all of them orderly. The state of the weather 
was adverse to large processions in most places. In 
Spain the demonstrations were orderly. A large pro- 
cession was formed near the palace and marched 
through the principal thoroughfares to the Labour 
Exchange, but there was no disorder. At the Exchange 
one of the Socialist leaders made a violent speech, but 
the meeting dispersed quietly. It was the same gene- 
rally in other Continental cities where May-Day was 
celebrated. 





Last week’s meeting of the iron and steel market 
was better attended, though it is said that little busi- 
ness was done. But producers appear to have booked 
alarge number of orders, so that the dulness was 
thought to be of a temporary character only. Much 
material is being required for constructional purposes 
of various kinds. 





ROLLING-MILL ENGINES. 
Eccnomy and Design of Modern Reversing Rolling- 
Mill Steam-Engines.* 

By Epuarp G. SzHMER and Dr. R. DRAWE 
(Saarbriicken). 


Tur standard by which the merit of any machine must 
be jud is, in all cases, that of its total efficiency, in 
the widest sense of the word. This may be regarded as 
made up of the following factors, arranged in the order 
of their importance :—Reliability in working, continued 
economy during working, low maintenance costs with as 
few stoppages for repairs as possible, capability of start- 
ing at short notice, and long life. Another consideration 
to be taken into account is that the cost of installation 
should bear a reasonable proportion to the capacity of the 
engine. 

One direction in which improvement may always be 
made is the reduction in fuel consumption. The cost of 
fuel forms a large item in the total cost of energy 
developed in engines, especially in those of iron works. 
As it is unlikely that any decided fall in the price 
of coal will ever occur, but that rather it will con- 
tinue to rise gradually, as experienced in the past, it is 
more than ever a pressing problem for engineers to con- 
struct engines working on the most economical principles. 

The introduction of the gas-engine mosieell a great 
advance in the economical utilisation of fuel. At first 
the complicated mechanism and the high temperature 
conditions involved presented considerable difficulties, 
which neutralised the advantage of fuel economy ; but 
these have been overcome with such signal success that 
the gas-engine now ranks as one of the most important 
agents for driving machinery in iron works. 

At the present time the saving in fuel due to gas-engine 
driving is astonishingly large, being estimated to amount, 
in Germany alone, to about 1,500,000/. The constructive 
development of the gas-engine is now, however, com- 
plete, the modern stmdeet type which best fulfils the 
requirements in iron works being the 3000-horse-power 
engine, with two cylinders arranged tandem, although 
where larger powers are required no difficulty is experi- 
= in supplying gas-engines in single units up to 8000 

-power, 

The remarkable economy in fuel achieved by the use of 
the gas-engine led to endeavours to adopt it as the sole 
Source of power in iron works, and where its direct appli- 
cation was impracticable it was attempted to drive by 
electricity, generated by gas-engine power. 

‘ In attempting to take advantage of the lowest ible 

uel consumption, the consideration of total e: ciency, 
taking account of the other factors mentioned above, was 
lost sight of. These factors, however, are largely influ- 
enced |y local conditions, and play an important part. 

A typical instance of this nature is the driving of 
rolling-mills. Until the time when the problem of 
Greeratin ‘ electricity by means of gas-engines was suc- 
cessfully solved, it was the universal practice to drive 
— ‘ rolling-mills with reversing steam - engines 
Ms ich, in their original form, were t steam-eaters. 
a, before the idea of driving rolling-mills electric- 

y took practical shape, however, the lines upon which 
pconomy in steam consumption could be improved had 
inn Bonerally recognised, but, as economically work- 
ing eng “eS were comparatively rare, the comparative 
Culations of performances of steam versus electric driv- 
ae ae “tus were usually based, in the case of steam 
ame “pon engines of the most uneconomical type ; 

‘\ was Claimed that the superior economy of the 





electric driving was proved. Now that a large number of 
* Paper i bef i 
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economical steam reversing-engines is installed, a totally 
different aspect is presented, which it is proposed to dis- 
cuss in this paper. 

In the first Sines it is necessary to set forth the require- 
ments which a good steam reversing mill-engine should 
possess, and to consider the means by which these re- 
quirements can be practically fulfilled. 

_ Ease of manipulation, reliability, and efficient utilisa- 
tion of the steam are thespecia! points by which the total 
efficiency of a reversing odieall engine may be judged. 
In particular, the engine must fulfil the following condi- 
tions :— 

1, The engine must be capable of starting easily in any 
position, and must grip the material to be rolled at a 
regular and moderate speed. 

2. When running slow—that is, at starting and stop- 
ping—the engine must not stick under an increasing load, 
or race as the load falls off. 

3. In rolling down—that is, during the period of greatest 
energy consumption—the engine must work as econo- 
mica 7 as possible, with a minimum steam consumption. 

4. When the billet has left the rolls, the engine must 
be quickly brought to rest. 

The primary consideration is that the engine must be 
capable of such rapid control that the mill shall never have 
to wait for the engine. 

Experience, meanwhile, has shown that the require- 
ment as to minimum consumption of steam can only be 
fulfilled by compounding. The advan of com- 
pounding consist in the ability to carry the degree of 
expansion further, in decreasing the amount of tempera- 
ture drop in the cylinders, in the reduction of steam loss 
due to leakages, and in obtaining a more perfect con- 
densation. 

The first compound reversing rolling-mill engines — 
partially fulfilled these desired attainments, and the ad- 
vantages which it was ho to achieve by compoundin 
were neutralised through Joss of ease in manipulation, an’ 
more especially through the excessive number of idle 
revolutions. With these engines, as soon as the ingot 
left the rolls, the steam below the throttle-valve of the 
high-pressure cylinder continued to work, as did also the 
steam still stored in the receiver between the high and low- 
pressure cylinders, and the engine came to rest only when 
the wholeof the steam in the cylinders was exhausted. This 
resulted in the waste of both steam and time, owing to so 
much idle running. Excessive cooling losses also occurred, 
particularly with condensing-engines, and sometimes 
vacuum was even noticeable in the high-pressure 
cylinder. The advantages of compound working were, 
therefore, largely, if not entirely, discounted. Moreover, 
at starting—that is, when the maximum power effect is 
required at the moment of gripping the Bn high- 
pressure cylinders alone did the work, which necessitated 
the use of very large cylinders in order to meet the re- 
quirements of the mill. Cockerill’s were the first, in 1882, 
to remedy this defect, by placing the stop-valve in front 
of the low-pressure cylinders. This stop-valve, or cushion- 
valve, as it is called, is operated simultaneously with 
the high-pressure throttle-valve. When the engine is 
stopped the steam from the receiver to the low-pressure 
cylinder is shut off, so that what is stored in front of 
the cushion-valve cannot continue to work in the low- 
pressure cylinder, and idle running is thereby almost 
entirely obviated. Further, as the steam thus retained 
in the receiver acts as a brake to the high-pressure 
cylinder, a compound engine fitted with a cushion-valve is 
more quickly Ge ht to rest than the old type of high- 

ressure engine; that is to say, the rolling-mill can 
ee worked more quickly. In starting the engine, 
especially at the moment of maximum load, the steam 
stored up in the receiver enables the low-pressure cy- 
linder immediately to work at full power along with 
the high-pressure. This arrangement was subsequently 
most successfully developed by the firm of Sack and 
Kiesselbach, the steam-consumption of theirreversing- 
engines was very considerably lowered thereby. 

he method of operation of such engines is as follows : 
The driver throws the link full over with the reversing- 
lever, then with the starting-lever he partially opens the 
throttle-valve in front of the high-pressure cylinder and 
the cushion-valve in front of the low-pressure cylinder. 
The engine then starts with throttled steam and late cut- 
off. As soon as the rolls have gripped the ingot, the 
throttle-valve is opened out farther, and the working of 
the machine is controlled by more or less wire-drawin 
the steam. The engine is stopped by shutting bot 
throttle-valve and cushion-valve together. The driver 
then throws the link back to the opposite position, and 
repeats the operation as before. 

Though this practice assures rapidity of handling, it by 
no means pone the condition of minimum steam con- 
sumption to be complied with. It is absolutely essential, 
at starting, to obtain diagrams with late cut-off and heavy 
wire-drawing of the steam, that the engine may start in 
any position and maintain an even speed of running. 
Once the ingot is gripped and the engine is speeded up— 
that is, during regular rolling—then it is absolutely 
required, as the condition of minimum steam consump- 
tion, that the engine must be adapted to the power 
requirements of the rolling-mill by adjustment of the cut- 
off. Only on stopping again should the d show 
late cut-off and a corresponding degree of wire-drawing. 
This, of course, as it is almost unnecessary to mention, 
is the mode of working the locomotive in general 
practice. 

With this system of control, by means of two levers 
and with cushion-valves, the driver can, at discretion, 
open the throttle-valve full as soon as the ingot is fairly 

ipped and regulate the engine by means of linking up. 

is is, however, rather a troublesome business, and, 
moreover, requires a good deal of intelligence on the 


by means of suitable devices to oblige’ the driver, 
during rolling, to economise consumption of steam, b 
linking up and opening out the throttle-valve ; but all 
efforts in this direction to obtain regular control have 
proved fruitless. Experience has shown, in fact, that 
the only solution of the problem is to remove it out of 
the power of the driver to adjust the distribution of the 
steam according to his own judgment, and the only 
means of penis bg this into effect is to employ a properly- 
designed single-lever control. For rapid manipulation 
the conditions of such a starting-gear require that, at 
starting and stopping, the di ms, without interven- 
tion on the part of the driver, should show a late cut-off 
with throttled steam, and during rolling—that is, while 
running quick—they should show an earlier cut-off in 
both o high - pressure and low - pressure cylinders. 
Further, the starting-gear must be so contrived that, on 
stopping the engine, the steam to the low-pressure cy- 
linders is shut off by an effective and simple arrangement, 
soas to bring about a cushioning effect. Another essential 
feature of the scheme is a reliable and quickly-working 
reversing apparatus. The single-lever gear has throttle- 
valves in front of the high-pressure cylinders only. In 
order that the driver may not have it in his power to 
regulate the speed with these valves and thus waste 
steam, they are connected to, and controlled by, the 
mechanism for shifting the link. When the engine is 
stopped, the link is in the mid-position, and the throttle- 
valves are closed. When the link is thrown over to start 
the engine, the throttle-valves are immediately opened 
automatically, and so quickly that no wire-drawing takes 
| wee even when the engine is running at full speed. 

hus all conditions as regards the actual rolling are ful- 
filled, but not those for starting and stopping—namely, 
di ms showing wire-drawing with late cut-off. 

@ new single-lever gear provides for this in the fol- 
lowing manner :—The slide-valve faces are provided with 
auxiliary ports, which, when the engine is linked up to a 
certain amount—that is, when the main slide-valve is 
cutting off steam at 20 to 30 per cent. of the piston stroke 
—will admit auxiliary steam for a distance of 40 to 55 per 
cent. of the stroke, which is sufficient to start the engine. 
The closer up the gear is linked the later is the cut-off of 
the auxiliary steam, which, however, is only used for 
starting and stopping, and is automatically shut off during 
the actual work of rolling. Further, the auxiliary ports 
are so determined that they reduce the excessive cushion- 
ing when the main gear is linked up to give an early cut- 
off. The construction has also the advantage that it does 
not involve any increase in the weight in the moving parts. 
As the auxiliary valve-ports are intended to admit only 
wire-drawn steam, they are made very small in proportion 
to the main steam-ports, their area B mee only about one- 
tenth to one-twelfth that of the latter. The single-lever 
gear has also to fulfil the condition that, in stopping, the 
admission of steam from the receiver to the low-pressure 
cylinder is shut off—a very simple operation. 

The dimensions of the low-pressure admission are such 
that so long as the link is in the mid-position, the steam- 

to the low-pressure cylinder remains closed. 

The working of the whole arrangement is as follows : 
When the engine is stopped the lever—that is, the 
slide block—is in the centre. The throttle-valves in front 
of the c¥ 4 cylinders are closed, as is also the ad- 
mission to the low- ure cylinder. When the driver 
moves the lever slightly in either direction, the throttle- 
valves open automatically, and the main slide-valves 
admit steam for about 20 per cent. of the piston stroke, 
which is not sufficient, however, in most cases to set the 
engine in motion. At the same time, the auxiliary ports 
admit steam for about 40 to 50 per cent. of the stroke, 
thus giving the engine the necessary turning moment to 
enable it to start, without allowing it, however, to run 
away if unloaded, since the steam is strongly wire-drawn, 
in consequence of the small area of the auxiliary ports. 
As soon as the rolls grip the ingot, and the driver wants 
to speed up, he moves the lever further over, increasing 
the admission through the main slide-valve. At the same 
time the auxiliary ports are automatically shut, and the 
driver can now only regulate the speed by adjusting the 
cut-off, as the throttle-valves, the movement of which 
is governed by the mechanism of the starting gear, are 
already wide open. Towards the end of the pass the driver 
can again bring back the starting-lever without risk 
of the engine sticking, for the auxiliary ports again open 
and give diagrams with wire-drawn steam and late cut- 
off, which automatically increases if the speed becomes 
too slow, thus giving the necessary turning moment for 
finishing the billet. Directly the ingot leaves the rolls, 
the driver puts the lever in the centre, thereby closing the 
throttle-valves of the high-pressure cylinders, and the 
admission to the low-pressure, and the engine stops dead 
atonce. Ata convenient point in the main steam-pipe a 
quick-acting stop-valve is Pm. for the purpose of 
instantaneously shutting off steam independently of the 
starting-gear, in case of danger. 

Nine engines fitted with this very simple gear are 
already installed, and eleven more are in course of con- 
struction. Diagrams* taken from these show at a glance 
that the steam consumption is remarkably economical. 
More particularly they show (1) that the output of work 
of the engine is controlled by tion of the cut-off ; 
(2) that the proper amount of cushioning takes place ; and 
(3) that the number of idle revolutions is very small. 

A comparison of these diagrams with those from the 
rolling-mill engine, published by Ablett} in 1909, is also 
very instructive. It will be noticed that these latter indi- 
cate regulating by throttling with late cut-off, and a ver 
bad distribution of the steam. In comparing them wit 


* These di ms do not appear in the paper. 








part of the man. It has, further, been endeavoured | 
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the author’s new diagrams, the cause of the surprising 
economy in steam obtained with the new engine is quite 
apparent. A modern rolling-mill engine can, in fact, 
cope with the same amount of work on a consumption of 
about 35 to 50 per cent. of the quantity of steam formerly 
oan y F ' 

tis a comparatively difficult matter to obtain trust- 
worthy results of tests of the steam consumption of a re- 
versing rolling-mill engine, and it is therefore intelligible 
that up to the present no tests have been made on rolling- 
mill engines working under modern conditions, or, 
say, with a boiler pressure of 140 lb. to 170 lb., with 
high superheat, and with a vacuum of about 24 in. 
in the exhaust-pipe. The tests so far made have 
all been salva at considerably lower steam pressure, 
low superheat, and low vacuum. They have yielded, 
nevertheless, extraordinarily favourable results. Re- 
ference may be made to the 45-hour test on a rolling-mill 
compound engine recently carried out by the Commission 
on the Power Requirements of Rolling-Mills. The mean 
pressure on the engine was 103 lb., the mean temperature 
of the steam in the cylinders was 361 deg. Fahr., and the 
mean vacuum was 23.5 in. The average steam consump- 
tion was 350.77 lb. per ton of material rolled down to 9. 
times its original length. Under equal conditions, and 
with the same amount of elongation, the steam consump- 
tion was formerly 880 lb. to 1100 Ib. per ton. The amount 
of steam consumed includes the whole of the feed-water 
necessary for the engine, together with all the auxiliary 
engine and steam-pumps for the condenser. As already 
indicated, the figures are comparatively high for the new 
type of engine, the conditions being not very favourable as 
regards either steam pressure, superheat, or vacuum. 
Besides which the engine was controlled by throttling, 
and not by adjustment of the admission and cut-off. In 
the case of a reversing-engine in conjunction with a 
modern steain boiler battery, the steam consumption for 
a tenfold elongation would be about 308 lb., as com- 
pared with 990 lb. to 1210 lb. in the case of the un- 
economical high-pressure engine. With this low steam 
consumption* the modern reversing compound-engine 
holds the record for the lowest energy consumption per 
ton of material rolled. As it is also the cheapest rolling- 
mill engine, and unsur: d by any engine in ease of 
manipulation, it holds the foremost place as compared 
with any other reversing apparatus for driving rolling- 
mills, especially the excessively costly motors for electric 
driving. 

The high consumption of steam in the older types of 
rolling-mill engines has now led to the adoption of 
exhaust-steam turbines in conjunction with rolling-mill 
plant, but the advantages of exhaust-steam turbine- 
driving are, in most cases, greatly overrated. Some very 
instructive experiments have also been made in this 
direction by the above-mentioned Commission on Power 
Requirements of Rolling-Mills. The experiments were 
carried out at the ‘‘Union” works at Dortmund, on 
ages whose exhaust steam was applied to driving 
rolling-mills. The result showed that the steam con- 
sumption of a compound rolling-machine engine—that is, 
a very economically working one—was increased by 35 
per cent. by the interpolation of an exhaust -steam 
turbine between it and the central condenser. The ex- 
periments led to the conclusion that no economical 
advantage results from the use of such a turbine, for the 
chief reason that the extra 35 per cent. of steam used 
in the reversing-engine would be sufficient to develop the 
same amount of energy in a live-steam turbine as would 
be obtained by means of installing the rather compli- 
cated and costly exhaust-steam turbine plant. 








Tue Socra, CALENDAR FOR 1910.—This calendar, which 
is edited fe) Mrs. Hugh Adams and Edith A. Browne, 
and is published by Ram. Adam and Charles Black, 
contains over 100 pages of information, arranged alpha- 
betically, and dealing mostly with social functions, 
fashionable clubs, and official receptions. Its price is 
2s. 6d. net. 


Tuk Coprprr Hanp-Boox, 1909.—The ninth annual 
edition of this publication has just reached us. It isa 
well-bound volume of over 1600 octavo pages, giving 
information relating 4o the copper industry of the world. 
The first eight chapters deal with the history, geology, 
mining, and metallurgy of copper, and the next four, which 
describe the various mht brands, uses, and substitutes for 
copper, are followed by a glossary of mining terms and a list 
of the copper deposits of the world. In this section nearly 
8000 mines and mining companies are described, the des- 


cription enya ie length from two or three lines to several | p 


pages. Some 800 new titles have been added to the list, 
which will probably be found to be the most useful part 
of the book. The concluding chapter is statistical, and 
contains a large number of tables showing the annual 
copper production of the world and of various separate 
countries, and also the ind‘vidual production of the most 
important mines in all parts. Particulars of variation: 
of prices in the English and American markets are also 
included in this section, with other financial informa- 
tion, The book, which is compiled and published by 
Mr. Horace J. Stevens, of Houghton, Mich., U.S.A., 
will be found of great utility to all interested in any way 
in the production, consumption, or finance of copper. 
The price is 5 dols. 


* With steam costing 2s. 6d. per ton, the cost of the 
steam used per ton of material rolled to 9.22 of its 
original length, in the case of the engine described, 
would amount to 5d. When working under modern con- 
ditions, and rolling ingots to ten times the original 
length, the cost would not exceed 4.375d. 


THE GIROD FURNACE.* 
By W. Borcuers (Aix-la-Chapelle). 

IN all special branches of the chemical and metallurgical 
industries, in which large electric furnaces became neces- 
sary for carrying out new processes or for the improvement 
of old ones, the development of the electric furnace took 
place on very much the same lines. The endeavour te 
make a success of a new idea originated many ingenious 
designs, which, however, almost universally proved that 
the safest and shortest way to practical success is to 
reduce to the utmost simplicity the construction of the 
necessary apparatus. 

Our knowledge of the qualities of materials for building 
electric furnaces, and of the constituents of the furnace 
charges, especially as far as their conductivity at high 
temperatures is concerned, as well as in rd to their 
chemical affinity towards one another at high tempera- 
tures, is, in spite of all scientific progress, far from being 
complete ; and from that it may be deduced that the 
smaller the number of unreliable factors for the construc- 
tion and for the running of such furnace the better. 

This very natural deduction deserves special attention 
when an electric furnace for steel-making has to be chosen 
from the constantly-growing number of inventions ; for 
the chief constituent of steel, the element iron, is a sub- 
stance which, in its liquid state, has so great an affinity 
for those elements mm end are to be removed from the 
charge, that it is very difficult to comply with the following 
conditions: (1) To heat the refining-slag to the highest 
point of itschemical activity ; (2) to prevent the iron from 
participating in these reactions, or, where this cannot be 
prevented, to make it participate in those reactions so 
that it finally appears in the end product without material 
losses ; (3) to select and arrange the materials from which 
the furnace is to be built, so that wherever their contact 
with the furnace charge cannot be avoided, their nature 
shall be such as not to react upon the constituents of the 
charge in an injurious way. 

About six years ago} the author, reviewing the progress 
of electrode furnaces up to that date, stated that a 
furnace simpler than that of Héroult could not be found. 
He had now to correct that judgment, for, in his opinion, 
the Girod furnace is now the simplest and safest as 
far as the construction and running of electric electrode 
furnaces are concerned. 

The Girod furnace is the simplest of modern electric 
steel furnaces, both as an experimental furnace, or as a 
smelting-works furnace on the largest scale possible. In 
the author’s laboratory it is being used with currents 
of 30 to 36 kilowatts, while elsewhere, for steel-smelting, 
it is being used with currents of 300 to 1200 kilowatts. 
It is a combination of a resistance and an arc-heating 
furnace. The metal to be smelted serves as one of the 





Sa RNA HY AAA 
ia: im: 


electrodes; it is covered by the refining slag as an 
electrolytic conductor, while a carbon block (or several 
carbon blocks), introduced from above through the cover 
of the furnace, forms the opposite electrode above the 
centre of the bath. The arcs play between the carbon 
blocks and the slag, and no doubt here the largest 
amount of heat is produ A second heat-producing 
zone is the layer of slag through which the current 
passes to and from the metal. Last, but not least, the 
metal itself becomes an important source of heat on 
account of the effective manner in which the electric 
current is made to pass through the molten metallic 
body, and this is the most important feature of the Girod 
rocess. The distribution of the electric current through 
the molten metal is clearly shown in Figs. 1 and 2, in 
which the letters indicate: A the carbon electrode, S the 
slag, M the molten metal, C contact-pieces to connect the 
metal with the current-conductor. These contact-pieces 
are of such cross-section and length that every one of 
them will take up only a certain part of the whole cur- 
rent without being overheated, and therefore without 
excessively increasing its resistance. An additional re- 


tact-piece is effected by cooling the ends of these 
bodies, which contain small chambers, by means of 
circulating water. These bodies, which are made of pure 
iron to avoid any deterioration of the furnace charge, are 
therefore not only the conductors between the furnace 
charge and the current-generators, but serve also to 
ensure regular and uniform distribution of the current 


* Paper read before the Iron and Steel Institute on 
May 4. 





+ Borchers, ‘‘ Elektro-Metallurgie,” 3rd edition, 1903, 
page 536. 


traversing the centrally-hanging carbon rod or pr 
radially to and from the periphery of the bath. 1 oe 
important, not only for uniformly heating the bath, but 
also for keeping every part of the liquid meta! in 
constant motion. In running a furnace with as high 
a current density as is found necessary to smelt 
iron and steel, it can easily be observed that the 
and the transformation of the electric current 
into heat is accompanied 7 violent mechanical motion of 
all ticles of the liquid. This movement, however 
accelerates the contact between the impurities of the iron 
and the refining slag floating on the top of the bath 
The Girod system of arranging the electrodes and con. 
tacts is a safeguard against any stagnation of parts of the 
liquid furnace charge, and for this reason the advantages 
of the induction or transformer furnaces and of electrode 
furnaces are combined in the Girod furnace, while the 
——- of both forms have been overcome. 
he peculiar arrangement of electrodes and contacts 





















































gulation of the temperature and resistance of each con- | q 
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gives the Girod furnace a ~ pom advantage over other 


electrode furnaces when cold scrap is to be smelted. As 
soon as possible after charging the hearth of the furnace 
the upper electrode is lowered until it rests upon the heap 
of scrap, and the current is compelled to pass by means of 
numerous small arcs through the whole mass of gy = 
the periphery of the heap on the hearth bottom. The 
heap breaks down simultaneously in all parts in 4 very 
short time, and there is no sticking of cold pieces to the 
bottom of the furnace, and no necessity for stirring up 
and loosening such lumps from the hearth, and endanger- 
ing the latter. Le : 
After what has been said as to the principles of this 
furnace, the illustrations (Figs. 3 to 8) will not n 
much further explanation. Figs. 3, 4, and 5 show plans 
and views of a 24-ton furnace, and Figs. 6, 7, and 8 those 
of a.12-ton furnace. The most important dimensions are 
given in metric figures. : : : 
It will easily be understood that if, during a smelting 
operation, pieces of the ends of the contact bodies me t 
and dissolve in the steel, no harm will be done to the 
latter, as the contacts consist of pure iron, and the 
uantity of iron which in such a case combines with the 
rtionally so small 


neue chenge of therceunes: & pre 1 not be influenced 


that the qualities of the charge 
thereby to any perceptible degree. _ h 
The applicability of the Girod furnace is in no way 
restricted by the nature of the raw materials. It may. 
fed with cold scrap or with molten metal. When feeding 
cold scrap the whole charge is not put in at one time. 
After the larger part of the charge has been shovelled or 
otherwise thrown upon the hearth, the current 1s 0 
through the heap in the manner already described. T . 
rest of the charge is put into the furnace, together w) 
the first batch of the refining ingredients. Taking 4 
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THE GIROD FURNACE AND ELECTRIC SMELTING WORKS 
(For Description, see opposite Page.) 
Fig. 5. 
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Fic, 9, 2}-Ton Furnace ar Uaune. Fic. 10. 2}-Ton Furnace at Szraina, Berorum 
(Socréré Joun CockeRti1L). 
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reen of impurities in the raw material used over a 


2-ton furnace as an example, the charge consists of 2000 
ong period of operations was :— 


to 2500 kilogrammes of iron scrap, and the first batch of 





flux usually consists of about 80 kilogrammes of lime and | Per Cent. 
220 to 250 kilogrammes of iron oxide in the form of Carbon 0.400 0.50 
ore, which, with the iron oxide that covers the scrap, Silicon ce m= "| etn we 
serves as an oxidising agent. The emelting of the iron MManenness vanes "9,500." 0.701 
charge and of the first batch of refining flux requires four- Sulphur = 7 9,060” eed 


and-a-half to five hours. On the slag becoming exhausted Phosphorus _ 
of iron oxide, and, therefore, of its oxidising power, 

samples of the bath are taken and tested to ascertain the| What degree of refining can bz reached in the Girod 
degree of refining of the molten metal. According to the | furnace will be seen from the table of analyses in the 
degree of purification, the furnace now receives (of course, | preceding column of the various brands of steel produced. 
after the first slag has been skimmed off) a second, and, if The costs of the different types of Girod furnaces and of 
necessary, a third batch of lime-iron oxide. After the complete plants are as follow :—- 

removal of the last slag the surface of the metal bath is! A snail 24-ton furnace, including regulators for the 
thoroughly cleansed by throwing in about 30 to 40 kilo- | . 
grammes of lime and skimming this off after a while. 

The further treatment of the iron bath depends upon the 

presence or absence of impurities which could not be re- 

moved by the lime-iron oxide refining, and upon the 

quality of steel to be produced. According to these 

circumstances, deoxidising or otherwise refining agents 

are employed, such as ferro-mangano-silicon, ferro-alu- 

minium-silicon, ferro-mangano-aluminium-silicon, and 

other alloys. For producing carbon steels an addition 

of Swedish charcoal iron or of a kind of iron very rich in 

carbon, made in a separate electric furnace of the steel 

works, can be made. 

The final step in the production of special steels is the 
addition, after these refining operations, of iron alloys 
with metals like nickel, tungsten, and chromium. 

It is not the purpose of this paper to discuss the reac- 
tions during the refining process, and the author would 
therefore confine bisnsell to describing the practical work- 
ing of this useful electro-metallurgical apparatus. 

The total duration of one smelting operation from the 
starting of the current to the casting of the finished pro- 
duct into ingots, or moulds, covers about eight hours, 
assuming that the raw material is not pure. Pure raw 
material, of course, will require less time and less power. 

The smaller of the two types of furnaces used in steel | 
works is run with alternating currents of about 300 
kilowatts at about 60 to 65 volts. The larger furnaces 
require 1000 to 1200 kilowatts at 70 to 75 volts. Taking 
into account a loss of 10 to 11 per cent. of the charge by 
oxidation and evaporation, the power required to make | 
1 ton of steel in a small furnace is 900 to 1000 kilowatt- 
hours, and, in a large furnace, 800 to 900 kilowatt-hours. 


— 
—= 


horse-power each, are being put up, shows to what ; 
| this manufacture has been eebaed (Figs. 11 and i: : = 
the future the older works will only make alloys, 7.1 the 
old steel furnace will be transferred to the new steel works, 
The company als> owns an electrode factory wit! the 
most perfect and modern installation, capable of tu: ning 
out daily 10 to 12 tons of electrode carbons in dia) eters 
up to 350 millimetres, and in lengths up to 1600 milli. 
metres of round or square cross-section. At presen: only 
7 tons are made daily, for which only one furnace is re. 
p matin | a second furnace will be built as soon as the 
emand increases. The raw materials for the electrodes 
are retort graphite, petroleum coke, anthracite coal, and 
anhydrous tar. The solid materials are ground in ball- 
mills, kneaded with tar in double-screw mixers and jn 





The consumption of carbon electrodes amounts to 12 or | Fig. 11. 12}-Ton Furnace at Ucine purine a Smeitinc OPERATION. 


15 kilogrammes per ton of steel, including the short pieces, 
which remain in the holders, when the latter have reached 





























the lowest point at which they can withstand the radiat- | 
ing heat of the bath. Fig 12 e 
+h. — 
: al. aad ean PLAN OF UGINE AND THE), 
edie Ot Sa bel Bis E eae? | TWO GIROD SMELTING 
raperues. * 3 5 é = ge Constituents. | WORKS. ° 
|. |= m | (sourmeasT OF uGiNé) 
Cc. | p.c. p.c. ».C, p.c. per cent. 
1. Very soft .., 0.079 | 0,106 | 0.205 | 0.015 | 0.012 | 
2. Soft .. ..| 0.236 | 0.180 | 0,431 | 0,012 | 0.010 
3. Middle soft | 0.283 | 0.208 0.430 | 0.014 | 0.010 
4. Middle hard | 0.388 | 0.155 0.342 0.011 | 0.009 
h. Middle hard | 0.463 | 0.204 0.463 | 0.010 | 0.016 
6. Hard -.| 0.506 | 0.198 0,302 | 0,017 | 0.005 
7. 2 per cent, 
nickel __..| 0.076 | 0.099 0.101 0.014 | 0.010 2.12 nickel. 
8. 3 per cent. | 


nickel, soft) 0.06 | 0.123 0.209 | 0.013 | 0.007 (3.47 ,, 
9. 3 per cent.| } 

nickel, hard 0.364 0.144 0.485 0.012 | 0.015 ‘3.41 ,, 
10. 5 per cent. 

nickel, soft 0.134 0.148 0.375 0,016 | 0,018 5.25 ,, 
11. 5 per cent.! 

nickel, mid-) 

dle soft ..| 0.250 | 0,157 0.414 | 0.010 | 0.015 5.08 ,, 

12. Nickel - { 2.53 nickel. 
2.1 } 0.420 | 0.199 0.500 | 0.010 | 0.009 | 0.77 ¢hro- 
chromium | mium 

13. Tool steel .. 1.223 | 0.168 0.224 0.011 | 0.010 


14. ns .. 1.474 | 0.199 0.264 0.015 | 0,007 
15. pa .. 1.010 | 0.219 | 0.306 | 0.008 | 0.009 0.32 chromium 
16, “s ..| 1.277 | 0.230 0.130 0.009 | 0.006 1,24 » 
} 12lchro- 
17. is ..| 1.251 | 0.176 0.258 0,010 | 0.008 { mium. 
| 0.49 nickel. 
6.07 chro- 
| ( —. ; 
. 9 0.46 molyb- 
18, em 0.689 0.029 0.096 0.012 | 0,009 denum. 
| exis wol- 
fram. 


| | 















The lining of the furnaces, mostly consisting of calcined 
dolomite, will withstand at least 80 charges. Thereafter : 
the side walls, into which cavities have been eaten by the | electrodes, measuring-instruments, tilting-device mecha- 
slag around the level of the molten bath, will require | nism, and the conductors from the furnace to a dynamo 
repairing, and these repairs will subsequently need to be | or transformer near the furnace-room, costs about 600/. 
effected at shorter intervals., The bottom of the furnace! A large 12}-ton furnace with a similar outfit will cost 
will, however, stand 120 to 160 charges without repair. | about 1200/. 
The thickness of the bottom will have by then en! The manufacturing costs of the electrodes amount to 
reduced by about 100 miliimetres. Furnace linings will | 3 or 4 francs per ton of carbon , 
stand a considerably longer time if liquid charges are| A complete plant with one 2}-ton furnace for regula: 
used. One furnace working in this manner was run for | running, and one furnace for reserve, and with all appli- 
200 charges without any repairs. ances and melting-house, but without dynamo or trans- 
The linings of the furnace-covers require more frequent | former, will cost approximately 8000/. to 12,0007. ; and a 
renewal. In the small furnaces they need repairs after | plant working with a large 12}-ton furnace, 12,000/. to 
25 to 30 charges, and in the larger furnaces after 20 to 25 | 16,000/. 
charges. To carry out the Girod processes for the purpose of 
The other parts of the furnace are not worn out as fast making loys and steel, a company, under the name of 
as the linings and electrodes, The furnaces which have | Société Anonyme Electrométallurgique Procédés Paul 
so far been put into operation still possess their original | Girod, Ugine, Savoy, in France, was formed paren posse 
outfit, : | ago. Thiscompany is the owner of the Girod Alloy Works, 
At the works at Ugine only scrap iron is used as raw | in which also the first experimental 2-ton steel furnace was 
material for steel-making as well as for the manufacture | tried (Fig. 9). The fact that at the present day nineteen 
of iron alloys. The larger part of the scrap is soft iron furnaces with 400 to’ 600 electrical horse-power are kept 
and steel, the smaller part pig and cast iron. The average running, and that twelve new furnaces, of 1200 electrical 














| Chilian mills. The mixture is then stamped into big blocks, 


which are finally pressed into blocks of the dimensions 
given above. The burning of these blocks is effected in 
gas-fired ring-furnaces, the blocks being placed in large 
fire-clay tubes and covered with coal-dust. 

The company owns several water-powers. The power- 
house which was built for the old works is situated about 
3 kilometres above Ugine, on the Arly river. Here 
a strong dam with gates diverts the water into a tunnel, 
which leads it to a pipe-line directly above the power- 
house at Ugine. en Pelton-wheel turbines drive as 
many direct-coupled dynamos, furnishing 8000 to 1000 
electrical horse-power. The second power-station, fur- 
nishing a further 12,000 electrical horse-power, is situated 
above Le Fayet. The tunnel and the pipe-lines are ‘arge 
enough for carrying the water for 20,000 horse-power, but 
the turbine-house is only fitted with turbines and dynamos 


for the lower power. It will soon be enlarged. The 
three-phase current is transmitted at = of 45,¢ ' 
volts to Ugine, where it is transformed into current 0 


2500 volts for the large machines, and of 60 to 75 voits ~ 
rmeé 


the furnaces, The 2500-volt current is again trans! 
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and kilogrammes 
weight. 

28. 3000, 1000, and 500 kilo- 
gramine hammers. 

29. Forge 

~ Heating-furnace. 

31. Annealing-furnaces, 

82. Rolls store. 

33. Chimney, 50 metres in 
heigh 

34. Cooling bank for rolled 
piece ° 

35. Finish rolling-mill, 
305 miltimetres, 

36. Rolling-1 ills, 525 milli- 

~ ymatr 

4. Vertical shear, 

88 Electromotor of 800 
hors: -power, 

39. Mechar: cal, thermal, and 
opt laboratory. 

40. Tray z crane, 3 tons 
load 

into cur: 

current 

direct cur 
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3. Heating - room 
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. Garage, 

Villa. 

Porter. 

. Dwelling-house. 
5. Portal. 
Dwelling-house. 


ome 


Fig.13. 


. Road from Grenoble to 15. 


Thonon, Chamounix. 


oe 


Raw-material store. 
Platform for the electric 
furnaces. 


. Steel works. 
. 12-ton furnace. 


2h-ton furnace. 
for the 


ladles. 
. Travelling cranes, 10 and 
2 tons. 
Travelling-crane, 4 tons. 
Casting-pit. 


Travelling-crane, 30 and 

5 tons. 
Moulding-machine. 
Travelling-crane, 4 tons. 
Contact tower. 


Sand-moulding. 
Cooling-house. 
Chimney, 30m. in height. 


Workshop for cleaning 
castings. 


Workshop with projectile 

thes. 

Yard. 

Workshop for mechanical 
treatment and finishing 
of cast-steel pieces, 

Dressiny-room, 


Engine-house. 

Compressed-air reservoir 
for the hammers, 

Shed for drying-furnaces, 


Compressor. 
Forge. 


. Hammers of 3000, 1000, 


500, 300, 200, 100, 75, 


¢ lectrical horse- 





Fitting-shop, tinsmith. 
. Metal-sorting shop. 


.- 


10. 


2. Workshop. 

. Dressing-room. 
14. Lavatories. 
Foreman’s office. 
16. Packing-shop. 
17. Hammer with 


weight of 100 kilog. 


FURNACE 


falling 24. 


AND ELECTRIC 








ALLOYS SMELTING WORKS OF THE SOCIETE ANONYME ELECTROMETALLURGIQUE 
PROGEDES PAUL GIROD AT UGINE. ~~ 


Labourers’ dinin -hall. 
1l. Raw materialstoreforthe 19. 
old smelting works. 


26. Furnace-house. 
Transformer-house, 
Ferro-alloys store. 
. Covered yard. 


18. Foreman's office 
Shop for fitting up elec- 7. 
trodes. 28. 
20. Repairing-shop. 
21. Workshop for the pre- . Old furnace-house. 
paration of graphite. 31. Turbine-house. 
22. General office. 2. Stock-shed. 
23. Transformer-house. . Raw material store for 
Furnace-house. the new smelting-works. 
25, Covered yard. 34. Arly river. 


te 








45. 





. Packing. shop. 
. Model-sh J 
43. 


op. 
Shop for Lardening pro- 
ectiles. 
imney, 50 m. in height. 
Forge. 


* of 500 volts, and this current into a 110-volt 
r lighting and for small motors, and a 500-volt 
ut for locomotives, cranes, and the like. 
rks of Ugine are obtaining on 
power from a power-station at 


Fxg. 74. ih OF THE CIE. DES FORGES ET ACEIRIES 





i ae 








LECTRIQUES PAUL GIROO AT UGINE. 


50. Offices. 

51. Dwelling-house. 

62. Annealing-furnaces. 

63. Air-compressor of 600 
horse-power. 


46. Travelling-crane, 60 and 
6 tons. 


47, Hammer of 10tons weight 
48. Forging-press. 
49. Labourers’ village. 


Bionnay, upon the Bonnant river, near St. Gervais, and 
during the winter months they also obtain 8000 to 10,000 
electrical horse-power from the Société d’Electrometal- 
lurgie Sud-Est at Veuthon, near Albertville. From both 
stations the current is furnished at a pressure of 45,000 
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35. Conduit pipe. 42. Shop for the manufacture 
36. Chimney, 35 metres in of electrodes, 
height. 43. Sawmill. 
37. to Ugine. 44, Graphite store. 
38. Graphite store. 45. Dwelling-house. 
39. Chimney, 50 metres in 46, Road to Grenoble. 
height. 47. Road to Ugine. 
40. Electrode store. 48. Road to onon, Cha- 
41. Furnace-house. mounix. 
volts. The current from St. Gervais is conducted to Le 


Fayet, and there enters the line Le Fayet-Ugine. 

he plant which has been installed for the new steel 
works, most of which is now in running order, is as 
follows :— 

Three electric furnaces of 2 tons capacity each. One 
of them only makes small steel castings. 

Two large electric furnaces of 10 to 12 tons capacity each. 

The steel produced in all these furnaces, except the 
one mentioned, is cast into ladles worked by electric 
cranes, and run into ingots, which are sent to the rolling- 
mills, . 

Working with several furnaces, steel castings (dynamo 
frames) up to 20 tons have been made. 

For the mechanical and thermal treatment of the steel 
ingots the most effective modern machinery and other 
installations have been erected. 

The rolling-mill has two three-high stands of rolls, one 
of which is able to take ingots up to 525 millimetres in 
diameter and 400 kilogrammes weight, and rolls them 
down to rounds of 125 millimetres in diameter, while the 
other stand will roll ingots of 325 millimetres in diameter 
to smaller rounds, squares, and sections. The other out- 
fit of this mill consists of two furnaces for heating the 
ingots before they go to the rollers, and of the necessary 
cutting and ae machinery for the rolled blocks. 

There is alarge forge containing nine hammers operated 
by compressed air. The heaviest of these hammers 
weighs 5 tons, the weights of the other eight hammers 
ranging from 1 ton to2cwt. Here specially tough forg- 
ings are made for automobile machinery, shaftings, gears, 
tool-stec] rods, and projectiles. Besides several annealing 
furnaces already in operation, a large shop is being built 
for tempering, annealing, and hardening large forged or 
cast-steel pieces. 

A second forge is being erected which is to be fitted up 
with a 1-ton forging-press, one pers eg wd of 10 tons 
weight, and three stampers with falling hammers of 
3 tons, 2 tons, and 1 ton respectively. 

The steel foundry contains a carpenter’s shop for making 
the patterns, a sand-separating plant, a number of mould- 
ing-machines, the necessary moulding-frames, drying and 
heating-furnaces, and a sand-blast cae for cleaning the 
finished castings. The foundry with its present installa- 
tion will be able to turn out about 10 tons of steel castings 
daily ; but, as mentioned above, pieces up to 20 tons in 
weight can be cast. 
firms have ordered Girod furnaces, and 
ave been operating them for some time 


The followin 
in some cases 
past :— 

Oehler and Co., steel foundry, Switzerland. 
Société John Cockerill, Seraing, Belgium. 

Stotz and Co., near Stuttgart, Germany. 
Stahlwerk Becker, Krefeld, Germany. 
Gutehoffnungshiitte, Oberhausen, Germany. 
Ternitzer Stahlwerk, Schoeller, Ternitz, Austria. 
Danner and Co., Judenburg, Austria. 

Ungarisches Staats-Stahlwerk, Diosgyor, Hungary. 
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ELECTRIC: POWER IN -THE-IRON AND 
STEEL INDUSTRIES. 


Development in the Production of Electric Power: Its 
Application and Bearing upon the Iron and Steel In- 
dustries.* 

By D. Sevsy Bicer (Newcastle-on-Tyne). 


General.—It has been the author’s privilege to lay 
before the members of this institute, from-time to time, 
records of the various developments which have occurred 
in connection with electric power for industrial purposes. 

As far back as 1894, at the Brussels meeting, when 
electricity might truly have bewn deemed to be in its in- 
cipient stage, two papers were read dealing with the elec- 
tric driving of tools and machinery in iron and steel works, 
a subject which to-day is only of very elementary interest. 

In 1902, at Dusseldorf, the author reviewed the progress 
which had been made, and indicated fresh fields for the 
application and development of electric power. 

n 1907, at the London meeting, he submitted another 
paper upon electric rolling-mills, with special reference to 
those of the reversing type of high power, a subject which 
at that time was seriously attracting the attention of our 
neighbours on the Continent, but had only received scant 
notice in this country. 

Since the reading of that paper three years have 
elapsed, and during this period considerable strides have 
been made in the various developments of electric power 
as applied to industrial purposes. This, therefore, must 
form the author’s main excuse for again contributing to 
the Institute’s proceedings. 

Progrcss.—The progress made in this country during 
the past three years has been rather of the slow but sure 
order, and has not in any way been able to keep pace 
with the extraordinary enterprise and activity of the 
American and Continental manufacturers and engineers. 
It must be remembered that the author is confining him- 
self, in remarks such as the above, to matters restricted 
to ‘electric power,” and is not in any way referring to 
other industries. 

The acute depression of trade in this country during 
the past two years may have had a bearing upon the slow 
rate of progress made, but 7 opportunities have been 
lost during the slack period of bringing old works with 
obsolete methods up-to-date, and in making due prepara- 
tions for working upon the bed-rock of economy when 
better times should set in. 

In this latter respect it must be realised that this 
country is to a large extent being outstripped by our 
American and.Continental competitors. Progress, there- 
there, and economy in productive methods are amongst 
the most important factors, if not the most important, in 
our being able to combat successfully the ever-growing 
competition with our home trade. 

Coming now to the actual subject-matter of this paper, 
considerable progress has heen made in the cost at which 
electricity can now be produced in iron and steel works 
having at their disposal waste gas, waste heat, and waste 
steam, and methods have been devised and perfected 
whereby these products can be more economically utilised. 
This question of reducing the cost of production has a 
most important bearing upon the uses to which elec- 
tricity can advantageously be applied in and about iron 
and steel works. One of the means by which this low 
cost of production has been attained has been brought 
about during the past three years by the advent of the 
mixed-pressure turbine. 

(The author then gave an explanation and description 
of the mixed-pressure turbine and its cooling plant. | 

If we take two mixed-pressure turbine units, each of 600 
kilowatts capacity, working on exhaust steam only, and 
exhausting into condensers of the multi-jet ejector type, 
it would be found that about 220,000 gallons of water 
would be circulated per hour in order to maintain a 
vacuum of 274 in. with barometer at 30in. The area of 
pond required for the.spray-nozzle cooling plant for the 
above quantity of water would be approximately 7800 
square feet—i.¢., a pond 130 ft. long by 60 ft. wide. 

The two 600-kilowatt units referred to above, when 
working together on exhaust steam only, would require a 
total of approximately 48,000 lb. of steam per hour, and it 
would be found in practice that this steam being collected 
and used in the turbine, and circulated through the con- 
denser to the cooling-yond, would result in approximately 
10 per cent. of the 48,000 lb. of water fed into the boilers 
being saved. Therefore a generating-station with a plant 
of this type is really ina better position from a boiler-feed 
point of view than it was when its various reciprocating 
engines were exhausting to atmosphere. 

ith regard to the advantage to be gained by using the 
exhaust steam from the non-condensing engines, take the 
case of the two 600-kilowatt units as an example. Assume 
that 48,0001b. of exhaust steam be recovered from a group 
of reciprocating engines supplied with live steam from a 
range of ten boilers, each evaporating 6000 lb. of steam 
per hour —#.e., a total of 60,000 lb. of steam per hour 
(assuming that 20 per cent. is lost in condensation, &c.). 
This 48,000 lb, of steam per hour will give 1200 kilowatts 
of additional energy without any increase to the battery 
of boilers. 

[Having reviewed the general principles involved in the 
use of mixed-pressure turbine plant, the author gave a 
brief description of the salient points of some of the dis- 
tinctive types, such as the Parsons steam-turbine, the 
Rateau steam-turbine, the Curtis turbine, the Bergmann 
turbine, the Zoelly turbine, the De Laval steam-turbine, 
the Westinghouse steam-turbine, and also of the Mather 
and Platt gas-engine, the Niirnberg gas-engine, and the 
Cockerill-Westgarth gas-engine. ] 


* Abstract of paper read before the Iron and Steel 
Institute, May 4. 








Cost of Production.—The question of cost of production 
is an all-important factor in the determination of the 
financial value of electric power schemes. 

To demonstate more fully the value of waste assets in 
the form of exhaust steam, the author will take a very 
ordinary example of a steel works where an installation 
of, say, 1600 brake horse-power in motors is already in- 
stalled, the current for which has hitherto been derived 
from an ordinary power-station equipped with high-speed 
engines or high-pressure turbines, obtaining their steam 
from ptt boilers. 

As it is found that exhaust steam is available, considera- 
tion is given to the employment of mixed-pressure tur- 
bines, in order to reduce the existing cost of production. 
We will assume that the average load for twenty hours 
out of the twenty-four per working day for the 1600 brake 
horse-power in motors mentioned above is 400 kilowatts, 
and that 300 days constitute a working year. The number 
of units-used will be 2,400,000. It is decided to instal two 
mixed-pressure turbine units, each of 600 kilowatts capa- 
city, one to take the load, the other to act as a stand-by. 

he cost of the complete new station equipment may be 
taken at 9000/. 


Interest and depreciation on 9000/., a £ 





12 per cent. per annum +a 1080 
Two station attendants ... 200 
Oil, stores, &c. .... th de 52 
Provision for live steam sas = 7 

Total ... 2060 


Cost of production, 0.206d. 

The above is for a case where the load-factor is com- 
paratively poor, and a complete stand-by equipment is 
installed. 

The above example is illustrative of a case where the 
load is derived from the electrical driving of the auxiliary 
machinery about the works. When, however, it becomes 
a question of driving heavy reversing-mills through Igner 
fly-wheel sets, continuous running mills, or electric 
furnaces, then the load assumes much larger proportions, 
and the importance of cheap power becomes intensified. 

Another interesting case of the application of mixed- 

pressure turbines for the economical production of power 
is exemplified by the electrification scheme, which has 
recently been carried out by the Fife Coal Company in 
connection with their collieries in Scotland. 
“In this scheme the principle adopted has been to lay 
down mixed-pressure turbines at those collieries where 
the greatest amount of exhaust steam might be available, 
and feed the power thus generated into a common net- 
work of mains, from which power could be drawn off to 
supply the needs of their other collieries in the district. 
The Fife Coal Company possess five mixed-pressure tur- 
bines, each of 1000 brake -horse-power, and one of 800 
brake horse-power. The current is generated at a ten- 
sion of 3000 volts, at a periodicity of 50 cycles. The 
turbines run at a speed of 3000 revolutions per minute, 
and in addition to the direct-coupled exciters upon the 
shaft, separately-driven steam excitation sets are pro- 
vided for emergencies. Each plant is complete with 
condensing and water-cooling arrangements. 

It is yet too early to gauge the total savings resulting 
from this comprehensive electrification scheme ; but at 
one of the collieries, where a 750-kilowatt plant has now 
been in operation for a a year, the cost of production, 
after allowing 12 per cent. interest and depreciation upon 
the capital outlay, including a complete stand-by unit, 
and including superintendent’s wages, oil, stores, waste, 
&c., and an allowance for live steam, amounts to 0.2109d. 
per unit, made up as follows :— 

Interest and depreciation at 12 per 
cent. per annum upon cost of com- 
plete station equipment, including £ 
stand-by unit (9400/.) ... ns ae 





Station attendants 160 
Stores, oil, &c. ... va i ses 45 
Coal for live steam and firemen’s wages 684 
Total... sa 2017 
Total load ... ae! pe 2,295,000 units 
Cost of production 0.2109d. per unit 


At this particular colliery the net saving which has 
been actually effec already exceeds 3000/7. per annum, 
but as the plant is not yet fully loaded up, and more motors 
have to be added, the ultimate saving will be consider- 
ably increased. The case forms a precedent for many 
other developments upon similar lines. 

Electric Rolling-Mills.—It is now three years since the 
author read a paper before this Institute on the above 
subject. 

With the exception of a certain number of continuous 
rotation mills, very slow progress has been made in this 
country in the development of reversing-mills of high 

wer. Amongst the pioneers in this direction have been 
Messrs. Dorman, Long, and Co., of Middlesbrough, who 
were, with Messrs. Bell Brothers, amongst the first in 
this country to adopt electric driving in their works. 
Messrs. Alfred iionen, of Bilston, have also been 
amongst the first, and latterly the Skinningrove Iron 
Company have adopted the electric reversing-mill. Owing 
to the cheapening of the cost of production of electric 
current, many iron and steel works are now seriously 
considering the possibility of electric mills. 

To give some idea of the comparative progress made on 
the Continent and in this country during the past three 
years, the author has been informed that one firm of elec- 
trical manufacturers alone has laid down 300,000 brake 


horse-power of electrically-driven mills on the Continent, 
and 20,000 brake horse-power in Great Britain. This 
applies to both reversing and continuous running mills. 


nother large firm have laid down on the Continent 
234 mills with a total output of 305,000 brake horse-power, 








so that’ it will be seen that two firms alone have laid 
down during the past three or four years on the Continent 
605,000 brake horse-power in this direction. 

[Then follow descriptions of the Héroult electric fyr- 
nace and the electric induction furnace. ] 

General Applications.—It would be hard to mextion 
any item of machinery and plant in an iron or steel works 
which cannot now be advantageously driven electrics!]y. 

Transmission Lines.—There are two methods by which 
electricity can be transmitted for industrial purposes : 
one is by means of overhead lines, and the other by 
underground cables and protective insulation. ; 

Where at all practicable the overhead system of trans. 
mission is to be preferred. The most reliable and safest 
insulation of all is the air-gap. Provided that the conduc. 
tors are mounted upon good porcelaia insulators, and the 
iron arms on the poles are efficiently earthed, and that 
regulation guard-netting is run underneath the conductors 
at all main roads, crossings, or points of possible danger 
there is nothing so reliable, safe, and economical as over. 
head transmission. 

In connection with the subject of overhead lines, it may 
be here remarked that aluminium stranded cables should 
be considered ; the total cost of transmission for a given 
capacity in kilowatts is considerably less in first cost 
when compared with overhead copper lines carrying a 
similar amount of current. Satisfactory methods for the 
tapping and junction of aluminium lines are now avail- 
able. 

There are many cases where overhead bare cable trans- 
mission lines are not permissibie—in towns, streets, work- 
shops, &c.; in such instances one must revert to insu- 
lated cables, and there are many on the market of the 
highest quality and reliability ; but a good deal of discre- 
tion must be used in their selection, so as to conform to 
the special conditions prevailing, such as wet, heat, dry- 
ness, attack from acids, subsidences in the ground, &c. © 

Voltage of Installations.— When the author’s first papers 
were read before the Institute in 1894, the voltage then 
in vogue for power purposes was 120, and he well re- 
members finding many installations with 65 volts as the 
terminal pressure of the dynamos. 

Seven years ago the author introduced a uniform ten- 
sion of 2200 volts in some of the South Wales collieries, 
involving the driving of a very large number of under- 
ground haulages, pumps, and other gear; since then he 
increased the standard voltage to 3000 volts, having had 
no tension troubles whatsoever on the high voltage. 
Encouraged by these results, he applied, five years ago, a 
voltage of -1000, with three-phase current, to the driving 
of the auxiliary machines in an iron works. 

In all these high-tension installations, extending over 
a period of five years, he has not had a single fatal case 
of accident. to record ; whereas with low-tension instal- 
lations of 220 to 500 volts several fatal accidents have 
been recorded. The explanation of this is clear. In the 
ease of high-tension work, far ater precautions are 
taken in rendering the whole of the apparatus safe, and, 
in fact, ‘‘ fool-proof.” There is no reason, therefore, why 
high tension should not be applied in the case of an ex- 
tensive or scattered works, or where the power to be 
transmitted is heavy, such as in thé case of high-powered 
rolling-mills. Theauthor would not by any means advo- 
cate its use in cases such as portable drills, crane motors, 
or motors of small horse-power. 

Conclusion.—In the preceding columns it has been the 
author’s endeavour to indicate, not only the progress 
which has been made during the past three years, but 
the possibilities which have been opened up to those 
desirous of effecting economies in their works, with a view 
to lessening the cost of production of their respective 
manufactured articles. P 

After frequent visits abroad, and by means of keeping 
constantly in close touch with the improvements and de- 
velopments taking place in other countries, he is forced 
to the conclusion that what we are primarily suffering 
from in this country is apathy, and frequently lack of 
enterprise. The economic conditions in some of our 
older works are deplorable, and are not to be encountered 
in the countries of our ever-increasing competitors. If 
we are to continue to hold our own as a great productive 
nation, greater enterprise will have to be exhibited, and 
closer attention paid to the rapid improvements which 
are being so constantly effected by our competitors In 
their productive methods. ’ 

When the absolute necessity for keeping abreast of the 
times is fully realised, there is no country in the world 
better able to meet successfully the growing competition 
than ourown. There is now every indication that in the 
iron and steel industries, at any rate, far greater attention 
is being given to schemes whereby economies in cost of 
production can be effected, and this is a welcome sign. 

If, in the preceding paper, the author has provided 
ideas for reflection, subjects for discussion, and, in how- 
ever small a degree, a stimulant towards general enter- 
prise, his task will have been fully accomplished. 








Tue Instrrution or Crvit Encincers.—The Council of 
the Institution of Civil Engineers have made the follow- 
ing awards for papers during the session 1909-10: A 
Telford Gold Medal to Mr. C. M. Jacobs (New York) 5 
a Watt Gold Medal to Mr. J. D. Watson (Birmingham); 
a George Stephenson Gold Medal to Mr. D. A. Matheson 
(Glasgow); Telford Premiums to Messrs. F. C. Busearlet 
(Sunderland), A. Hunter (Glasgow), I. C. Barling ['yne- 


mouth), J.- Dalziel and J. Sayers (Derby), and J. Shaw 

(Birkenhead); and the Manby Premium to the | ute Mr. 

C. W. Hodson (London). The thanks of the Counct! have 

been conveyed to their colleague, Dr. C. A. Harrison, 

for the paper contributed byhim. The awards for Pak = 
an 


published in the Proceedings without discussion, 
students’ papers, will be announced later. 
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THE GLASGOW MAIN-DRAINAGE | 
WORKS. 
(Continued from page 570.) 

Havixe in our previous articles described the 
main sewers and the pumping arrangements for 
raising the sewage from the low-level mains to the 
sewers communicating with the purification works | 
at Dalmuir and Shieldhall, we now turn to these 


|the height of which may be adjusted within a range arranged in four separate groups, each containing 


an inlet and overflow chamber (Figs. 61 to 64). On|sewage flows thence through screens into the 
the west side of this chamber are two special weir | precipitation-tank area at a point directly in the 
penstocks, opening downwards and forming the | centre of the east line of these tanks, passing 
overflow outlet from the chamber. Under normal | through feed-channels along the eastern boundary 
conditions these weir penstocks will be closed, but | of the tanks, across the precipitation area, and 
after rainfall, when the level of the sewage rises | along the western boundary, as shown on the plan. 


in the chamber, the water will flow over the weir,| The tanks occupy a rectangular area, and are 


of 18in. The overflow discharge falls on a ramp/ five tanks. They discharge their contents into an 








works constructed for the chemical treatment of the | and thence to the overflow sewer, 7 ft. 6 in. in! effluent channel intersecting the area from south to 


sewage. 


The works at Shieldhall were completed | diameter, placed at a suitably lower level, and |north, and connecting, by means of a gauge-basin, 


later than those at Dalmuir, and as they therefore | extending westward parallel to the Renfrew-road | with five outlet channels leading to the River Clyde. 
represent the latest practice, it will be sufficient to until it clears the line of the western wall of the The sludge is conveyed from the bottom of the 


descri 





be in detail the later works, indicating inci- | west feed-channel, thence northward along the 
dentally the differences in arrangement from those | boundary of the precipitation-tank area, and 
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enie. Fig. 60 is a general plan of the Shield-| finally eastwards, discharging into two outlet | whence it passes by 
orks ; 


; ; Sections and details are reproduced 
on Plate XLIIL., while on pages 598 to 601 there 
are given further sectional drawings of important 
details, and on page 602 two perspective views of 


the gauye-basin in connection with the discharge of 
. prow into the River Clyde. 
ollow 

Works it was decided to adhere to chemical pre- 
cipitation, the large volume of water in the river 
renderi ‘4 It unnecessary to adopt further treat- 
rors ‘he works are thus similar in principle 
a at the purification works for London. In 
ee the general arrangement of the Shield- 


_orss, as shown on the plan (Fig. 60), we 
may follow the flow of the sewage. It enters the 


— ‘heough three mains, 5 ft. 6 in. in diameter, 
Structed in iron tunnelling under the Renfrew- 

road, which f 

site. Th 








| 


|contents into the catch-pit. 


| pit. 


channels which lead to the river adjacent to the 
five discharge outlets provided for the effluent from 
the purification tanks. 

From the east side of the inlet and overflow- 
chamber there are two 6-ft. sewers, protected by 
penstocks. These convey the sewage along the 


ing upon the success of the Dalmarnock | south wall of the south-eastern set of tanks to the 


machinery building, where they discharge their 
In this same machi- 
nery building—which, as shown on the plan, is to 
the cast of the precipitation tanks—there is also a 
pump-well, into which there discharge the low-level 


gravity to the sludge steamers, 
as will be fully described later. 

Coming now to details, we may follow the same 
sequence. The inlet and overflow-chamber is illus- 
trated on the next pase. The chamber is 32 ft. by 
20 ft. 6 in., and is formed by brick walls, that sepa- 
rating it from the precipitation tanks beyond being 
4 ft. thick. To the left, or western, side there are 
shown the two weir 5-ft. by 5-ft. 9-in. penstocks, 





;on Plate XLII. 


which are illustrated in detail in Figs. 65 to 67, 
It will be seen that the pres- 
sure of the sewage tends to force the doors away 


| from the face, and a special arrangement was con- 


sewers from the Burgh of Govan and from the low | sequently necessary in order to ensure water-tight 


lands of Lanarkshire to the west of the works. | joints when the chamber is full. 


This is effected 


From these pump-wells the sewage is raised by|by means of adjustable wedges shown in Figs. 


centrifugal pumps and 


d also to the catch-|65 and 66. 


These work on either face, and are 


Ferric salts are added to the sewage near the | operated through spindles by hand-wheels (see 
orms the southern boundary of the | inlet end, and lime, in the form of lime-water, 


The 
®se sewers discharge their contents into near the outlet end of the catch-pit. The whole! door has gun-metal facings on the vertical sides, 


igs. 85 and 86) on the floor-level above. 


| precipitation tanks through Piping to a sump, from 
which it is pumped to overhead storage tanks, 





598 ENGINEERING. 





[May 13, 1910. 








but on the bottom there is a gun-metal face of | the catch-pit (see Fig. 60, page 597). It is located 
21 in., in order to ensure that the penstock will be | within the machinery building, which, with its mecha- 
tight through a range of 18 in., so that the level | nical appliances, was constructed from plans pre- 
relative to the required depth of water in the | pared by Mr. William D. Hamilton, M.I. Mech. E., 
chamber may be adjusted. The drawings of the Glasgow, and differs essentially from that at Dal- 
chamber show that a ramp has been built of} muir. The catch-pit, which has a length of 186 ft., 
brickwork, with a facing of Staffordshire blue brick. |a breadth of 16 ft., and a working depth of 13 ft., 
This ramp is pierced by two 5-ft. semi-circular| with a capacity of 182,000 gallons, is constructed 
openings, 7 ft. 6 in. long, in order to provide for| of brickwork, with cast-iron columns supporting 
the drainage of, and access to, the recess, into which| the floor above and a line of rails, on which 
the overflow penstocks descend when they are open. | there runs, for the whole length of the catch-pit, a 
The section, Fig. 108, on page 601, shows the | bucket-ladder dredger for lifting the grit out of the 








channels for the overflow water from the chamber | 
to the river, so that we need not further refer to 
this part of the work. 

To the right, or eastern, side of the inlet-chambers 
are the two inlet-sewers for the passage of the sewage 


catch-pit and depositing it through a shoot at the 
rear end of the dredger into railway wagons which 
follow it. The space between tho rails is open for 
| the projection of the ladder into the catch-pit. This 
arrangement was favourably commented on by Mr. 
















Fias, 61 to 64. 


for chemical treatment. These are fitted with 6-ft. 
penstocks, illustrated in detail in Figs. 68 to 70, 
on Plate XLIII. As the water pressure is in the 
direction of the flow, no special fittings were here 
required to ensure water-tightness. When the works 
are in normal operation, the overflow-penstocks are 
closed, and the inlet-penstocks open ; but should it 
be necessary at any time to close down the chemical 
treatment plant, the inlet-penstocks may be closed, 
and those at the overflow outlet opened for the flow 
of the whole of the sewage direct to the River 
Clyde. From April 4—-the date of the opening of 
the Kinning Park Pumping-Station—until May 2, 
when the purification wcrks were opened, the whole 
of the sewage from the south side of the city was 
discharged into the river in this manner. All of 
the four penstocks in the inlet-chamber, which are 
shown in the plan, Fig. 62, above, are fitted with 
hand lifting-gear, but may also be operated by 
electric motors working through gearing accom- 
modated in the building over the chamber, and 
illustrated in the cross-section, Fig. 63. A stove is 
provided in the building to prevent damp affecting 
the motor windings. 

The inlet sewers from this chamber to the tanks 
are incorporated in the south wall of the south- 
east section of the tanks (Fig. 81), and discharge into 


INLET AND OVERFLOW-CHAMBER. 


| J. D. Watson, of the Birmingham, Tame and Rea 
| Drainage Works, in his paper at the Institution of 
| Civil Engineers (see page 364 ante), in referring to 
his Saltley Works, where he has recently adopted it 
|in preference to the old form of stationary dredger. 
| In the latter the elevator bucket-chains work over 
[ seer fixed in the bottom of the tank, and any 
| breaking of the chain or damage to a sprocket- 
wheel necessitated the closing down of the works, 
or, at least, the emptying of the catch-pit. In the 
installations at Shieldhall and Dalmuir the whole 
dredger-ladder can be raised to the floor-level for 
repairs. The worst that could happen would be 
the breaking of the bucket-chain, which might then 
fall into the bottom of the catch-pit; but, even 
then, it could easily be fished out. 

The arrangements for the chemical treatment of 
the sewage have been devised as the result of ex- 

rience, first at Dalmarnock and later at Dalmuir. 

he Glasgow sewage includes a large proportion of 
trade refuse from breweries, distilleries, dye-works, 
oil-refineries, galvanising works, print works, and 
|chemical manufactories. In the case of the Dal- 
marnock station the proportion of trade refuse 
to be dealt with is greater than at Dalmuir, and 
greater, perhaps, than will be the case at Shield- 
hall, by reason of the location of a larger number 


| 














of factories in the cast end of the city. As a con. 
sequence 8 grains of lime are used to 4 grains of 
ferric sulphate per gallon of sewage, while at })a]- 
muir the proportions are normally 8 grains of (he 
oxidising agent to 4 grains of lime per galjon, 
Table I., prepared from a recent return, shows (iat 
the proportion of albuminoid ammonia and chlor’ ne, 
and of oxygen absorbed, is greater in the Dalm.ar- 
nock sewage than in that treated at Dalmuir. ‘ihe 
percentage reduction of albuminoid ammonia in ‘he 
Dalmuir effluent is 38.3, as against 36.6 for Dalyiar- 
nock, the corresponding figures foroxygenabsor ption 
being 38.8 per cent., as against 56.9per cent. The 
suspended solids in both works are entirely removed 
—a very satisfactory feature. It is anticipated that 
at Shieldhall the conditions will approximate more 
to those at Dalmuir than to those at Dalmarnock. 


SECTION C.D. 


Fig.638. 





SECTION E.F. 
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Tasie I.—Analyses of Sewage and Effluent at Dalmarnock 
and Dalmuir Sewage Purification Works. 





Dalmarnock. Dalmuir. 
grains per = grains per 
gallon. gallon. 
Albuminoid ammonia in sewage .. 0.322 0.297 
” ” effluent .. 0.204 0.183 
Reduction per cent. .. -- 966 38.3 
Oxygen absorbed in four hours at tas 
27 deg. Cent. (sewage) .. ma 4.096 3.529 
Oxygen absorbed in four hours at a ‘ 
27 deg. Cent. (effluent) .. ‘s 1.765 2 158 
Decrease ee oe 56.9 38.8 | 
Chlorine (sewage) .. oe . 6. 12 
» (effluent) .. be «a 5.19 
Total suspended solids in crude sewage :— 

Mineral .. ~ oe oe - | oe 6 82 
Volatile .. ee oe oe - 168 wiht 
Total... a 33.02 14.61 


The McCulloch process is adopted at all three 
stations in Glasgow, and at Shieldhall there are, 0 
the position shown in the plan, three tanks fur the 
preparation of the oxidising liquor. These tanks, 
of creosoted timber, are each 21 ft. square and 
6 ft. deep. The usual charge is 20 tons of ferrous 
sulphate, 2 tons of sulphuric acid, and 40 tons of 
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water, which is maintained at a temperature of 
112 deg. Fahr. by steam-pipes in the tanks. Twenty- 
four hours suffices for the dissolving of the ferrous 
sulphate, and each tank supplies sufficient liquor 
for four days’ working of the station. The liquor 
passes off by gravity into a lead-lined ram, which 
raises it, under compressed air, to an overhead 
tank, whence it flows to one of three oxidising 
cylinders, where nitrate of soda is mixed with the 
liquor in the proportion of $ lb. per ewt. of liquor. 
Churning for three-quarters of an hour produces 
the required ferric sulphate, which is drawn off into 
the catch-pit, entering through a pipe having small 
perforations, and placed across and above the inlet 
for the sewage into the catch-pit. As the flow of 
the sewage is baffled by a transverse plate, complete 


Fig. %. Fig.94 
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wide, with a working depth of 5 ft. of water. The 


agitators are in the form of scrapers, mounted 
on carriages which traverse to and fro the full 


length of the tanks, at such speeds as will keep the 
water in a state of motion and stir up the lime at 
the bottom, so as to put into solution the maximum 
quantity. Ateach élling the excess lime which the 
water cannot dissolve remains at the bottom of the 
tank when the charge of lime-water is withdrawn. 
When subsequent charges of milk of lime are intro- 
duced, water is added, should the degree of dilution 
be insufficient, so that the excess lime left in the 
tanks may be worked up. At Shieldhall the 
agitator carriage is actuated by steel-wire ropes, 
the direction of travel being reversed at each end 
by a special design of lever and stopper arrange- 





usual instruments. There is alsoa sub-distribution 
power mary controlling each of the forty-two motors 
throughout the works for working penstocks, &c., 
through worm reduction- ‘ h has its own 
circuit, and may be controlled at the switchboard or 
at the motor. Electric bells are arranged from 
each motor to this switchboard, and there is tele- 
phonic communication with the inlet-chamber and 
the sludge pump-house. 

There are within the same building Drysdale 
steam-driven centrifugal pumps of 24-in., 18-in., 
and 15-in. bore, with capacities respectively of 
600,000, 330,000, and 240,000 gallons per hour 
through a lift of 26 ft., for raising the sewage from 
the low-level mains already referred to. Two 
pumps, each capable of raising 100,000 gallons per 
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Fics. 93 to 100. Metvin’s DraAInerR For SLupGE-TANKS. 


stain of the ferric sulphate with the sewage is 
ensured, 

‘The lime is first prepared in one of four lime- 
mixers, each of 5 cwt. capacity, with the usual 
stirrers rotated by electric motors. At Dalmarnock 
Works, where the sludge is filter pressed, milk of 
lime was used. By this method the lime which re- 
mains in suspension falls down with the sludge, 
aud, so far as precipitating effect is concerned, is 
largely, if not entirely, lost. As, however, in sludge- 
pressing, lime requires to be added again, value was 
uot from this undissolved lime in assisting the 
sludge-pressing. At Dalmuir and Shieldhall, where 
the sludge is not pressed, but conveyed to sea, 
arrangements were made to add the lime in the 
form of a saturated solution of lime containing 
‘6 to 90 grains of lime per gallon. This method 
's now also to be adopted at Dalmarnock in prefer- 
ence to the adding of milk of lime. The system in 
se 1s, in principle, similar at all three works, 
scttling-tanks with stirrers being introduced to 
make the lime-water. At Shieldhall there are 





three of these lime-tanks, each 100 ft. long by 30 ft. 





ment which synchronises with the cam-path move- 
ment fitted in the motor-house at the end of the 
tank. The reversing gear is thus automatic. At 
Dalmuir the motors are. fitted on the carriage 
itself. The lime-water passes by gravity to the 
catch- pit, entering near the outlet end and 
striking against a dash-plate, to ensure distribu- 
tion among the sewage. The three settling-tanks 
enable one to be discharging, a second settling, and 
a third filling. In case of emergency the milk of 
lime can be by-passed direct from the rotating lime- 
stirrers to the catch-pit. 

These appliances for the treatment of chemicals 
are located in the machinery-house, to which detail 
reference may here be made. It measures 208 ft. 
by 185 ft. 6 in., and accommodates the electric 
power and lighting plant for the whole of the 
station. This comprises three 150-kilowatt sets 
with Howden’s high-speed enclosed engines driving 
Crompton’s generators at 435 revolutions per 
minute, the current being of 250 volts. There are 


hour, with a lift of 28 ft., are provided for drawing 
water from the purification-tank area for condensing 
and liming purposes. 

To further avoid the use of gravitation water, 
an electrically-driven pump, capable of raising 
15,000 gallons per hour against a total head of 110ft., 
is also installed for saturation, cleaning, and fire 
purposes. There are also fitted two condensers, 
capable of dealing with 13,500 lb. of steam per 
hour, Edwards air-pumps and other accessories, 
with a steam-generating plant, including three 
water-tube boilers of the Babcock and Wilcox type, 
with mechanical stokers, coal-distributing plant, 
&c. The mechanical appliances in connection with 
the sludge, for which Mr. Hamilton was also respon- 
sible, will be described after we have dealt with the 
remaining process in the treatment of the sewage. 
In designing the precipitation tanks, considera- 
tion appears to have been given specially to the 
roportions which would give a maximum efficiency. 
aturally the experience gained at Dalmarnock 





a 20-ft. switchboard with four generator panels, 


two power panels, and two lighting panels, and the | 


and Dalmuir, as well as elsewhere, was utilised. 
One can recognise at a glance that the essential 
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difference between the tanks at Dalmuir and those 
at Shieldhall is in their length; the former are 
750 ft. long, the latter 400 ft. long. The net 
capacity of the Dalmuir tanks may be taken as 
about 13 million gallons, which may be increased 
to 15 million gallons by allowing the sewage to 
rise to nearly the top of the walls—8 ft. from the 
bottom. At Shieldhall the capacity is 15 million 
gallons, with thé tanks worked to a depth of 
7 ft., and this may be increased to 18 million 
gallons by allowing the water to rise to 8 ft. from 
the bottom. These figures do not appear to repre- 
sent the true relative capacities. A 400-ft. tank is 
generally considered to be of the maximum length 
consistent with efticiency, consequently a deduction 
of about 30 per cent. should reasonably be made 
from the apparent capacity at Dalmuir to form a 
true comparison with Shieldhall. When this is 
done the true relative figure for the Dalmuir 
capacity would be 10 million gallons, as against 
18 million gallons at Shieldhall;-the volume of 
sewage dealt with at cach place is about the 
same. 

As shown on the plan, the tanks are designed in 
four sections, each with five tanks; three sections 
of these have been completed, and every provision 
made for the construction of the fourth when re- 
quired. The tanks have been made 60 ft. broad, 
which appears to be a good proportion of the 
length. The walls, as shown in the sections 
(Figs. 77 and 78, on Plate XLIII.) are in all cases 
3 ft. 6 in. thick, and are of brickwork on a con- 
crete foundation; the coping is of blue brick- 
work. In the case of such walls which are liable 
to contain water up to a height of, perhaps, as much 
as 8 ft. 6 in. on one side, with no corresponding 
support on the other when the adjoining tank is 
empty, the centre of pressure will be well outside 
of the middle third, and, in fact, be very near the 
edge of the wall. This shows that tension is per- 
mitted on these walls, a practice which is justified 
by the experience at Dalmarnock and Dalmuir. 
The floor, which, in the case of each tank, has a 
fall to one side, is formed of 9 in. of concrete in 
the proportion of three of store and two of sand 
to one of Portland cement, with a 3-in. finishing 
of concrete in the proportion of one of whin-metal, 
one of sand, and one of Portland cement. 

The capacity of the tanks is on a basis of 50 per 
cent. of the normal day’s flow. Owing to the 
restriction of the length of the tank to 400 ft, the 
arrangement of the feed and effluent channels 
became an interesting problem. The solution is 
illustrated on the plan on page 597 and on the main 
cross-sections reproduced on Plate XLIII. Fig. 77 
is a cross-section and Fig. 78 a longitudinal section 
through the tanks, and Figs. 79 and 80 together a 
longitudinal section through the effluent channel. 
In connection with these sections it may be noted 
that the lines are broken at various points in the 
length in order that the scale may be increased 
within the limits of space available ; but the features 
of the work are shown completely. The whole 
volume of sewage from the catch-pits and screens 
enters the tank area in the centre of the east wall 
of the tanks. For the sake of simplicity we will 
describe the flow as if the whole four sections were 
completed (Fig. 60), One-fourth of the flow proceeds 
northwards along a 3-ft. feed-channel, from which 
it enters the tive precipitating tanks forming the 
north-eastern section, flows through these tanks in 
a westerly direction, and leaves at the western end, 
entering the main effluent channel, which flows 
north and south through the centre of the tank 
area, and thence into the river. One-fourth of the 
sewage flows southward and enters the south- 
eastern section of five tanks, passing in a similar 
manner to the effluent channel and to the river. 
One-half of the sewage flows directly westward 
through a 6-ft. feed-channel, traversing the centre 
of the tank arca to the western boundary of the 
tanks, where one-fourth proceeds northward through 
a 3-ft. feed-channel, entering from the west the 
north-western set of five tanks, proceeds eastward 
through the tanks, and thence into the effluent 
channel. The remaining fourth of the sewage will 
flow south-west through the 3-ft. channel, enter the 
south-western set of tanks, flow through these into 
the effluent channel, and thence to the river. It is 
the last-named set of tanks which remains to be 
completed, when necessary. 

Inspection of the Dalmuir Works further estab- 
lishes the fact that the feed-channels differ in 


muir. The greater width results in a slower rate 
of flow, with possibilities of deposit of sludge in 
the bottom of the channels, the removal of which 
must sometimes be troublesome. The greater 
velocity in the narrower channels at Shieldhall is, 
of course, associated with some loss of head, which 
seems to have been provided for by the stepping of 
the feed-channel, steps being graded from the point 
of entry. The east wall of the tank, which forms one 
of the walls of the east feed-channel, is, for instance, 
at a level of 29.7 ft. above datum, while the normal 
level of the tank walls is 28.5 ft. On the centre 
feed-channel the walls are reduced in height from 
29.7 ft. to 29.2 ft. above datum level by steps near 
the eastern end, and again from 29.2 ft. to 28.5 ft. 
by steps in the mid-distance. 

The 3-ft. inlet feed-channels are shown to the 
right and left of the cross-section in Fig. 78; the 
wills are of brick, and the invert of concrete 
work. The penstocks controlling the flow are 3 ft. 
by .2 ft. 6 in., and are illustrated in detail by Figs. 
71 to 73. They are operated by hand-wheels 
working through bevel gearing, the bearing faces 
being machined, without gun-metal facings. Imme- 
diately in front of the inlet penstock there is 
built a breast-wall of brickwork, the effect of which 
is to distribute the sewage over the whole width of 
the tank at the commencement of its flow. Here 
again a difference from the practice at Dalmuir is 
obvious, as the tanks there have two inlet penstocks, 
probably owing to the greater length of the tank 
necessitating a greater velocity throughout. 

The sewage traverses these tanks and is normally 
discharged into the 20-ft. effluent channel by what 
is called the under-surface continuous-flow system 
through three penstocks in each tank (Figs. 78 to 80). 
These penstocks, illustrated in detail in Figs. 74 
to 76, are each 3 ft. long by 6 in. deep when fully 
opened. They are placed at such a level that the top 
of the penstock opening is always fully submerged. 
By this means scum is retained in the tank, from 
which it can be removed by skimmers. These pen- 
stocks are normally only 1 in. or 2 in. open, with 
the result that the effluent is discharged in a thin 
stream. The advantage over the ordinary system 
of overflow by the open weir is obvious. Not only 
is the scum retained in the tank, but greater con- 
trol over the flow of sewage is possible. With the 
open weir sudden increases of flow result in an 
immediate large increase of discharge owing to a 
greater depth on the open weir. With the pen- 
stock in use at Shieldhall the increase in discharge 
is small, being merely that due to the additional 
head on the three openings, and time is thus 
gained to bring into use other tanks, or generally 
to readjust the whole system of tanks to the in- 
creased flow. If the increase be only temporary, 
the raising of the water-level throughout the tanks 
will in itself provide the necessary balancing 
reservoir. 

The tanks normally run for about six days before 
being emptied for the withdrawal of the sludge. 
The first step in the process of emptying is accom- 
plished through the three 3-ft. by 6-in. penstocks 
already described, until the water-level is reduced 
to about the level of the sills. Thereafter two dise- 
valves, shown in Figs. 87 and 88, as protected by 
Melvin’s patent drainer, are opened, and the clean 
water passed tothe main effluent channel. The top 
patent drainer, which is shown in detail in Figs. 93 
to 100, page 599, enables the supernatant liquid to 
be drawn off without disturbing in the slightest 
degree any sludge which may be lying at the bottom 
of the tank. The old form of radial floating arms 
disturbed the sludge, owing to the arms opening out 
and working round the pivot at the bottom of the 
tank as the water-level fell. The drainer consists 
of two cast-iron sides, bolted to the tank-walls, 
and held together.in front by tie-bolts. Grooves 
are provided on the faces of the sides near the 
edges further away from the tank-wall, and in these 
are placed a series of iron shutters. When the 
drainer is closed, these shutters sit tightly on each 
other, and to prevent any leakage the disc-valve, 
which is behind the drainer, is also closed. These 
shutters are hung on two chains, with elongated 
links, so pivoted that, when down, the links fold 
the one on top of the other, but when up are rigid, 
keeping each plate a distance equal to its own 
height from the adjoining plates. The chain works 
on a sprocket-wheel fitted on a headstock. The 





details of the chain and other parts of this gear are 
shown in Figs. 95 to 100. When these drainers are 


width from those at Shieldhall, the latter being 3 ft. | put into action, the upper plates are lifted consecu- 
and 6 ft. wide respectively, against 20 ft. at Dal- tively from the top, so as to leave one, or at most 











two, openings below the water-level. By this me: 
the water is drawn off without any disturbance. 


At Dalmuir it is possible to empty the tanks throuch 
these drainers, as there is a special low-level outlet 
to the river. We are glad to note that this “ |,ack 
door” does not exist at Shieldhall ; it is not possible 


to draw down the level in the tanks below abou: 
2 ft. from the bottom. 
When these drainers have done their work, (|; 


hen | re 
remains in the tank above the sludgea considerable 
amount of clear water, which is, nevertheless, foy] 


through contact with the sludge. In many works 
this water is sent out with the sludge, and the ctii- 
ciency of the precipitation tanks as sludge-tanks for 
reducing the percentage of moisture in the sludve 
is thus lessened. At Shieldhall, as well as at Dal- 
muir, a special outlet to a liquor-pipe is provided 
in each tank. The liquor-pipes are 12 in. in dia- 
meter, and, as shown in the plan (Fig. 60), run from 
north to south, one under each section of the tanks, 
at a distance of 60 ft. from the effluent channel, 
These two pipes join in a pipe under No. 1, or the 
south-eastmost tank. This pipe then runs cast wards 
until it clears the tank area, where it joins a 3-ft. 
by 2-ft. brick sewer, leading to the low-level sewer, 
and via the pump-well to the catch-pit. 

Figs. 91 and 92, on Plate XLIII., show the 
liquor-pipe through the tank-walls, with mushroom- 
valves in two adjacent tanks. This provision makes 
it possible, without prejudice to the quality of 
the effluent, to draw off the liquid from the 
sludge, so that the precipitation tanks act also 
as sludge-tanks. The result is that the average 
percentage of moisture in the sludge at Dalmuir 
is 86 per cent., and has sometimes been as low 
as 80 per cent., while, where such system is not 
in use, the ordinary percentage is 91 per cent. 
Since the relation between 91 per cent. and 
86 per cent. of moisture is in the proportion of 
nine to fourteen in solids, the result in economy 
in the voyages required to be made by the sludge- 
steamers is obvious. The coefficient of density 
of the sludge has consequently been taken at a 
higher figure for the new sludge-steamers, and at 
the same time their capacity has been increased 
from 1000 to 1500 tons. 

There remain to describe the outlets by means 
of which the sludge is withdrawn from the tanks. 
As shown in Fig. 60, there are four sludge-pipes, 
15 in. in diameter, traversing, from south to north, 
each set of tanks, and discharging into a sludge 
pump-well. Two sludge-sumps are provided on 
each side of alternate walls of the tanks—a system 
adopted in preference to having sumps at each wall 
for one tank only, because it was more convenient 
in working the penstocks. The bottom of each tank 
has a uniform cross-fall towards the wall along 
which the sumps are placed. Fig. 90 shows the 
sludge-sump connection in each tank, Fig. 89 the 
disc-valve on these connections, and Figs. 87 and 
88 the disc-valve on the manhole placed on each 
sludge-pipe at the point where it leaves the tank 
area and where the entry to the main sludge-drain 
is controlled. 

There is a further special pipe outlet provided at 
No. land No, 2 tanks—the two southernmost on 
the south-east section—near to the machinery 
building. This pipe is controlled by a disc-valve 
in each tank, placed about 60 ft. from the outlet 
end and at a level just under the normal surface of 
the water. These valves are for the purpose of 
drawing off clarified effluent, which is returned to 
the machinery building for use as circulating water 
in the condensers, for lime-mixing, and other pur- 
poses, in order to avoid the use of water from the 
public-supply main. Reference has already been 
made to the pumps used for this supply. 

The arrangement of the liquor and sludge drains 
on the plan shows a striking difference froin that 
adopted at Dalmuir. There, every alternate tank- 
wall is double, having a sludge-drain and a liquor- 
drain between. This provision appears to have 
been made to provide access to these pipes in the 
event of their becoming choked. This must have 
caused increased cost in excavation and building. 
While access to pipes carrying sludge appears at 
the first glance to be almost essential and in 
accordance with the ordinary principles of sewer 


design, it should be remembered that in the case 
of such choking there isavailable, by merely open- 
ing the sludge-connection from a tank recently 
filled, a head of water of from 6 ft. to 8 ft., and 


that since the water is comparatively clear, this 
will at once remove any obstruction and dispense 


with any costly system of providing access. Ap- 
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alle this principle has been recognised at channel over the effluent channel, where they bisect such cracks, the whole of the concrete surrounding 
Shieldhall. each other in the centre of the tank area. The the beams was completed in one day ; thereafter a 


‘4 cross-section of the effluent channel at Shield- original idea was to build this crossing with a clear fortnight was allowed to elapse before the brick- 
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Fics. 101 ro 108. Gavuce-Basin anp OutLtet Works, 


hall 's given in Fig. 82, on Plate XLIII. The channel | span over the effluent channel. It was foreseen that | work of the side-walls was commenced. This 
is 20 it, wide, with walls 3 ft. 6 in. thick. An inte-| unless great care was taken cracks might occur in the | brickwork was built in level courses, and not more 
pam detail of construction is illustrated in Figs. | floor of the feed-channel, owing to the elasticity of |than three courses were laid in one day. One 

3 and 84, which shows the crossing of the 6-ft. feed- | the 8-in. by 6-in, steel beams used. In order to avoid | might reasonably expect this precaution would have 
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GLASGOW MAIN-DRAINAGE WORKS; GAUGE-BASIN AT SHIELDHALL WORKS 








Fie. 109, GeneraL View or Gauce-Basin, DiscHarce From Erriuent CHaNNEL, SLUDGE-TaNKS, PURIFICATION-TANKS, AND 
Macuinery-Hovse. 














Fic. 110. Gavuee-Basin, Lookinc Towarps River OvTLets. 





ensured the desired result ; but when water was |new aqueduct from Loch Katrine into the Craig- | through openings in this wall, as clearly shown in 
admitted into the feed-channel a slight leak through | maddie reservoir.* The gauge-weirs are exactly | the perspective views, Figs. 109 and 110, ann xed, 
a hair crack developed, showing that the elasticity | the same, but the basin is, of course, not of the | and enters the second chamber and thence ove! the 
of the beam had not been entirely overcome. This | same capacity. The effluent enters the first com-| weirs, as shown in the section, Fig. 103. These 
occurrence was a trifling one, easily rectified by| partment of the gauge-basin, which is divided | weirs are formed of four cast-iron plates, each 10 ft. 
the building of a central pier, 18 in. broad, under | from the outer compartment—that next the gauge-| long, fitted to a curve of 60 ft. radius, and se ured 
the centre of the bridge, with suitable cut-waters. | weirs—by a baffle-wall to steady the flow and re-| with bolts to the masonry. The weirs are 18 in. deep, 
It is, however, extremely interesting. duce the velocity of approach. This wall, as/ and will together gauge a maximum flow of 159 mil- 

The gauge-basin and outlet works are illustrated | shown in Fig. 102, is placed across the widest part of lion gallons per 24 hours. The down side of the 
on the preceding and present pages. The design | the basin ina segmental curve. The effluent passes| weir is formed with the usual masonry steps. he 
of gauge-basin distinctly recalls that built ae. me ; 














ve knell | fall being rather less than usual owing to the a 
late Mr. James M. Gale at the termination of the | * See ENGINEERING, vol. lvii., page 738, of the river. The effluent ultimately enters outlow 
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channels, of which there are five, as shown in Figs. 
102 and 108. The latter section includes also the 
two outlet channels from the overflow sewer. The 
seven outlet channels are each 5 ft. 6 in. wide, with 
arched roofs 5 ft. 9 in: high, and division walls 2 ft. 
4in. wide. 
with 3 in. of finishing surface. The outer walls, 
however, are 3 ft. thick, with extra concrete on the 
haunching. All of the seven channels run llel to 
an outlet chamber formed behind the piling of the 
river wharf (Fig. 80). The outlets to the river from 
this chamber are placed just below low-water level. 

The discharge of effluent over the weirs is 
measured by means of Hutchison’s patent discharge 
recorder, erected in a house immediately in the 
centre of the bafile-wall. This instrument has a 
cylinder which carries a diagram suitable for one 
week’s record, and is actuated by clockwork. A 
float extending through the floor of the house 
regulates a pencil working on a cam cut to a correct 
mathematical curve, so as to integrate the discharge 
from the depth, with the result that the pen draws 
a line on the diagram which encloses an area repre- 
senting the discharge. At the end of each week 
the discharge can be ascertained quickly by a plani- 
meter reading. There is also an ordinary float by 
means of which the adjustment of the recorder can 
be checked at any time. 

We have now to describe the method of disposing 
of the sludge. It is discharged through the sludge- 
pipes, as already described, into a sludge-pump 
well located at the river boundary of the precipita- 
tion-tanks. From this well the sludge is raised 
by three Drysdale centrifugal pumps electrically 
driven. These are of 9-in. bore, and are capable 
of raising 1300 gallons of undrained sludge per 
minute through a lift of 34 ft. There are also 
two electrically-driven exhausters. The pumps 
discharge into sludge-tanks, of which there are 
two, erected on a substructure of brickwork. The 
tanks are constructed of cast-iron plates with 
rust-flange joints, and are stiffened internally by 
columns, H beams and tie-rods. Each tank is 
115 ft. long, 45 ft. broad, and 10 ft. deep, giving 
a capacity of 1500 tons of sludge. The sludge 
passes by gravity through an 18-in. cast-iron pipe, 
controlled by penstocks, and laid underground to 
the wharf, where there are erected the sludge- 
loading pipes, which have swivelling arms electric- 
ally operated. These arms, suspended over a gantry 
on the wharf, are lowered over the deck of the 
sludge steamer, so as to discharge their contents 
into the tanks of the vessels. We intend to illus- 
trate the sludge-steamers in a later issue. 

In the meantime it may be interesting to give 
a list of the principal contractors on the complete 
scheme, with a note of their important contracts. 
The first two firms very nearly tie with the main- 
drainage staff of the Corporation so far as the cost 
of the work undertaken is concerned. The list is as 
follows :— 

Inst of Contractors. 
1. Glasgow main-drainage staff (no con- £ 
tractor); sewer construction and 

Kinning Park pumping-station 272,000 
Messrs. James Goldie and Son; Dal 

marnock and Shieldhall precipita- 

tion tanks and sewer construction... 
Messrs. Robert McAlpine and Sons ; 

Dalmuir precipitation tanks and 

sewer construction pie on 
Messrs. Kinnear, Moodie, and Co.; 

Dalmuir machinery buildings and 

substructures and sewerconstruction 
5. Messrs. William Kennedy, Limited ; 

sewer construction ... ae ops 
i. Messrs. Charles Brand and Sons; 
sewer construction ... aes bee 
7. Messrs. Duncan Stewart and Co., 

Limited : pumping machinery, Par- 

tick Pumping-Station; and machi- 

nery, Dalmuir Precipitation Works 

Messrs, Morrison and Mason ; sewer 

construction... _ way _ 

%. Messrs. William Beardmore and Co.; 

sludge-steamers me ae" a 

10. Mr. John Watt ; sewer construction... 

\l. Messrs, Glenfield and Kennedy, 

Limited; pumping machinery, Kin- 

ning Park Pumping-Station . 

Contracts below 30,0001. 

2. Messrs. Good and McKinnon;substruc- 

_, _ tures, Shieldhall machinery buildings. 

|). Messrs, Alexander Thomson and Son, 

Partick Pumping-Station, and abut- 

ments, Kelvin Aqueduct Bridge. 

a — ae Brothers; power, 
ighting, oxidisers, an ulpment. 

5. The Ranevteld ‘inn "“Congeny, 


270,000 


i) 


265,000 


230,000 
170,000 
90,000 


83,000 
50,000 


42,000 
40,000 


x 


36,000 


Limited; se -dis bi ’ 
on ata cae 


The foundation is 18 in. of concrete | 








16. Messrs. Kirkwood, Kerr, and Co. ; 
sewer construction. 

17. Messrs. Alexander Stark and Sons; 
sewer construction. 

18. Messrs. Andrew Waddell and Son; 
sewer construction. 

19. Mr. Elphinstone Forrest ; machiner 
oe superstructures, Shield- 


20. Messrs. A. F. Craig and Co., Paisley ; 
Dalmuir sludge - tanks, pumping 
machinery, and pipes. 

21. Mr. Andrew Blair; sewer construction. 

22. Messrs. Somervail and Co.; steel work, 
Partick Aqueduct Bridge. 

Numerous other contractors for amounts ranging 

up to 10,0002 

In concluding this part of the work we wish to 
express our indebtedness te the engineers of the 
undertaking for information supplied, and particu- 
larly to Mr. Easton and Mr. Melvin for conducting 
our representative over the works. 

In our next article we propose to illustrate and 
describe the later of the two sludge-steamers con- 
structed by Messrs. Beardmore in connection with 
the scheme. 

(To be continued.) 





THE IRON AND STEEL INSTITUTE. 
(Concluded from page 587.) 

**On DEVELOPMENTS IN THE PRODUCTION OF ELEC- 
tric Power” anp ‘*‘ Economy AND DgsIGN OF 
Mopern Reversinc Rowe - Mint Stream. 
ENGINES.” 


Tue discussion on the two papers above named (by 
Mr. D. Selby Bigge, and Mr. Eduard G. Sehmer 
and Dr. Rudolf Drawe, respectively) was continued 
on Wednesday, the 4th inst., by Mr. W.C. Mountain, 
who stated that the question resolved itself into con- 
sidering whether it was going to pay to use exhaust- 
steam turbines, and, if so, what was going to be saved 
bytheir use. Mr. Mertz had questioned the 0.206d. 
cost of production mentioned in Mr. Selby Bigge’s 
paper, but he, the speaker, had an example of a 
colliery where the waste heat from coke-ovens was 
utilised, and where the cost worked out at 0.146d. 
per unit ; at another they used coal at 2s. 6d. per 
ton, and the cost of power was 0.326d. per unit, 
including 10 per cent. for depreciation and 5 per 
cent. interest. Still in another colliery, where the 
plant had been running for twelve years, the aver- 
age cost, including 10 per cent. a and 5 
per cent. interest, amounted to 0.29d. per unit, 
using coal at 3s. 6d. per ton. In the matter of cost 
per unit he considered, therefore, that Mr. Selby 
Bigge was right in his figures. In regard to the 
electric driving of rolling-mills, he would ask the 
members to consider the present problem in the 
light of the electric driving of hauling-engines, 
which was to the front several years ago, when it 
was generally thought to be inadvisable. It was, 
no doubt, possible to roll using electrically-driven 
mills, but the commercial aspect was that which 
required looking into, steam power being used if 
that were at command and could do the proper work 
well. He referred to two mills hid had been 
transformed, and had thus doubled their output, 
due to double the power; and to two winding- 
engines, where they proposed to run 3200 horse- 
wer haulages, and a like winding power. That 
had been entirely obtained from exhaust steam. 
Many did not realise what a horse-power was worth; 
this, on the lowest estimate, amounted to from 
3l. 10s. to 4l. per annum. When deciding on any 
new or modified installation, having those figures 
before them, if they could save money by putting 
down a plant of that kind, it was wise to do so. 

Mr. H. Crowe, referring to a diagram on the 
wall showing the power available from 1 ton of 
coal, asked Mr. Selby Bigge whether a portion of 
the di m included the blowing-engine. 

Mr. W. J. Larke said that all speakers were 
agreed that the paper was a good one; it would 
provide a useful stimulation to discussion. One 
point, he thought, had not been referred to, and 
that was concerning the use of gas-firing for steam 
boilers in conjunction with efficient high-pressure 
steam-turbines. This was not the most efficient 
method, from the point of view of thermal efficiency, 
of utilising the available gas; but, after all, the 
question of thermal efficiency had been shown to 
be one which resolved itself into £s. d.—i.e., into 
commercial efficiency. The advantages of the use 
of the available gas for the direct driving of a gas- 
engine, as compared with its use under steam 
boilers, might be entirely lost through the increase 








of the capital cost. In this matter no general rule 
could be laid down, because every individual case 
had to be considered on its own merits, and one 
firm should not necessarily put down a plant because 
another had done so. Local conditions had to be 
considered individually. He personally thanked 
Mr. Selby Bigge for his paper. 

Mr. C. A. Ablett said that Mr. Sehmer, in 
describing the working of his steam-engine, had 
referred to an early cut-off of the steam, to improve 
the economy. That would diminish the turning 
moment. In order to provide a turning moment 
large enough for the work to be done, the size 
of the cylinders would require increasing. This 
would lead to an increase in capital cost. The 
electric driving of rolling-mills took less power 
than steam driving, and was cheaper as regards 
power consumption; but the capital cost of the 
electric plant was higher than that of the steam 
plant, and the question therefore was as to 
whether the saving made in power consumption 
counterbalanced the excess on the capital outlay. 
Mr. Sehmer had dealt with two conflicting condi- 
tions ; his engine had to be built handy to work, 
and an early cut-off was necessary to make it eco- 
nomical. The Sehmer diagrams shown on the wall 
had been compared in the paper with those from 
the rolling-mill engine published by himself in 1909, 
which latter, it was stated, indicated regulating by 
throttling with late cut-off and a very bad distribu- 
tion of the steam ; but he (Mr. Ablett) would like 
to know how the figure for economy pointed out 
by Mr. Sehmer for his own method of working 
had been arrived at. The paper did not state the 
weight and size of the ingots taken, nor the tonnage 
rolled, and these influenced the power consumption. 
It was not stated, either, whether the figures arrived 
at were obtained by diagrams or by measuring the 
weight of the condensed water. Gas was an im- 
portant factor, and in making a comparison of 
power consumption to roll down ingots of average 
size to tenfold elongation would be 14 kilowatt- 
hours per ton for an output of 65 tons per hour. 
With gas-engines using blast-furnace gas power 
could be produced, including capital charges, at 
between 0.1d. and 0.2d. per unit. In some cases in 
Germany it was stated to be even under 0.1d. The 
cost of power, taking the two former figures, would 
work out at about 2d. per ton, as against Mr. 
Sehmer’s cost of 4.375d. The difference would 
pay for a large capital outlay. 

The discussion was resumed on Thursday, the 
5th inst., when Mr. Illtyd Williams said he was 
sorry Mr. Arthur W. Richards had not been 
able to stay to take t in the meeting, since he 
had installed the plant at the works of Messrs. 
Bolckow, Vaughan, at Middlesbrough. At these 
works, they took the gas from the blast-furnaces 
and used it for the raising of steam. This they 
sent down for use in the steel works, and part of 
the exhaust steam from the steel works was col- 
lected for generating their electric power and driv- 
ing their blast-engines. They were putting down 
at the present time an extension of the plant. It 
had been said, on the. previous day, that each case 
had to be considered on its own merits, and he 
concurred in that. At Messrs. Bolckow, Vaughan’s 
they found no difficulty in maintaining a vacuum of 
28.5 in.; if they could work at a lower one, it was 
naturally an advantage. He found that the points 
which had been raised were of great importance. 

Mr. Mulholland, referring to the points raised 
in the matter of large-power gas-engines, . stated 
that the question could be summed up under three 
headings. In. the first place, the question of first 
cost had to be csnethered, and for engines built for 
use by up-to-date iron and steel works, this was 
lower than, or, at all events, as low as, that for a 
steam plant using steam generated by the waste 
gas under the boilers. Secondly, the cost of main- 
tenance and repairs of well-built gas-engines was 
lower than that to be reckoned for a steam plant 
complete, with boilers, condensers, feed-pumps, 
and economiser. Thirdly, the supervision of 
a gas-engine plant using blast-furnace or coke- 
oven gas was simpler and cheaper than that 
of a steam plant. All those three conditions 
determined the commercial efficiency, and an 
or et in heat using gas-engines was a well- 
acknowledged factor. All gas-engine manufacturers 
would gladly supply complete and accurate data 
concerning the cost of repairs, proof of reliability, 
and conditions of working of their engines ; if, on 
the other hand, the steam-plant manufacturers did 
the like thing, all the general and vague talk con- 
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cerning the two methods would be abandoned, final 
particulars to decide from would be available, and 
the high-power gas-engine would be given in this 
country the same chance of proving its worth as 
that which obtained in the iron and steel works 
of other countries. 

Mr. Selby Bigge, in the course of his reply 
to the discussion, thanked Mr. T. Westgarth 
for having referred to him as one of the pioneers 
in this country for economical power production 
and utilisation. He had spent practically all his 
life indealing with this particular subject, and had 
specialised in low cost ot wntiation. It had been 
said that gas-engines should be considered at the 
same time as other forms of power-producers. The 
gas-engine certainly deserved every possible con- 
sideration as a cheap producer of power, and these 
engines were at the present time quite different 
from what they were hee or four years ago, owing 
to their construction having been so much improved 
and simplified. Mr. Lamberton had said that he 
did not agree with the conclusions of Mr. Sehmer’s 
paper with reference to the interposition of a mixed- 
pressure turbine between the main engines and the 
condenser, those conclusions being erroneous and 
misstatements (see page 592 ante); Mr. Selby 
Bigge agreed with Mr. Lamberton, for the diagrams 
had shown the amount of power that was recover- 
able from exhaust steam by the turbine. It was 
most simply effected, using various types of engines. 
Mr. Mertz had stated that the adoption of exhaust 
and mixed-pressure turbines by engineers was one of 
fashion, enabling them to keep to their own machi- 
nery, which they liked ; but he, Mr. Selby Bigge, did 
not think Mr. Mertz desired by that to cast any 
reflection whatever on the capability of their engi- 
neers. Mr. Williams had found no difficulty in 
maintaining a vacuum of 28.5 in. That could be 
sonsidered as an ordinary vacuum ; he, the speaker, 
had even reached 29 in., but the most usual figure 
was 28in. He quite agreed that the condensers 
should in every case be built large enough for their 
work. Many schemes, however, were spoiled 
owing to the condensers being designed on too 
small lines, With regard to the writing off of a 
scheme in twenty years, he added he would be 
sorry to be connected with a scheme, having ex- 
haust or mixed-pressure turbines, which would not 
show a return in capital in three to four years, 
four years at the outside ; and he always reckoned 
upon 12 per cent. for interest and depreciation on 
capital expenditure. If the actual cost of production 
could not be shown to be at most 0.25d. per unit, it 
was not worth while putting down an exhaust-steam 
turbine. He had obtained outside evidence in the 
matter of experience with such turbines, and it 
all contributed to confirm the figures which he had 
given ; some plants produced electric current at a 
farthing per unit, and some under that figure. Mr. 
Mertz had found that the capital outlay he had 
given in his paper was a rather low one, but he 
was able to state in reply that the figures he had 
given under that head were the actual ones. The 
figures of cost which had been put forward by Mr. 
Mountain were interesting, and confirmed his own. 
With reference to the diagram exhibited, and deal- 
ing with the power available from one ton of coal, 
the 15 per cent. it showed applied if gas-blowing 
were resorted to, but not if it were another form of 
blowing-engine. He fully agreed with Mr. Larke 
that each individual case had to be considered on 
its merits. 

Mr. Sehmer, in rising to reply to the discussion on 
the paper which he had contributed, in conjunction 
with Dr. R. Drawe, said that Mr. Lamberton had 
misunderstood the object they had in view when 
writing the paper. Their intention was not to 
advertise their engines, nor to give definite state- 
ments as to which was the better of the two 
methods of designing modern reversing rolling- 
mill engines, and whether steam should be selected 
in preference to electricity, or vice verséd. They 
simply desired to open a discussion on the subject. 
In Germany, steam-engines of comparatively old 
design had been converted, and thus had given good 
results. The figures they had given in their 
paper were average figures. For a_ ten-fold 
elongation, and in one case only, they had said 
what the steam consumption would be. The 
saving in fuel of 1,500,000/. they had alluded to as 
being due to gas-engine driving in Germany alone, 





was one which had been mentioned repeatedly ; 
this was a saving per annum. One German works | 
alone saved under this head 50,0001. perannum. He | 


shown at the meeting, and regretted he was not 
able to enter into more detail in regard to a revers- 
ing mill, seeing that sufficient time had not elapsed 
since it had been started. With a modern steam 
rolling-mill engine he could guarantee a saving of 
from 50 to 65 per cent., and he had seen obtained 
as much as 70 per cent. For a ten-fold elongation 
150 kilogrammes (about 330 lb.) of steam per ton 
rolled was sufficient. For a twenty-fold elongation 
the steam consumption would be 250 kilogrammes 
(about 550 lb.). He instanced a German steel works 
which dealt with an output of 210,000 tons per 
annum. These figures for consumption were low, 
showing that saving could be effected not only by 
using gas-engines, but also the very latest type of 
improved steam-engines. 


Tue Grrop Exectric FurNAcE. 


The paper on this subject by Mr. W. Borchers, 
Aix-la-Chapelle, which we reproduced on page 592 
ante, was then read in abstract by the Secretary, 
and discussion upon it was invited. 

Mr. J. H. Heap said this paper could practically be 
taken in conjunction with that by Mr. Selby Bigge, 
read on the preceding day, in that both showed 
two aspects of the same important question—viz., 
the harnessing of waste steam and waste gases, 
and their best application, when thus harnessed, to 
purposes of manufacture. It was a great pity that 
so little work had been done in this country in 
regard to the electric furnace, and unfortunate that 
work in this speciality had been left first to French 
works, then to Italian and German ones. We, in 
this country, had a most excellent condition of 
affairs which afforded us an unequalled opportunity 
for conducting operations with the steel furnace, 
in Middlesbrough especially, for we had waste gas 
which gave as cheap a power unit as anything could 
be in the world. Waste gas could produce cheaper 
power than hydraulic power ; hydraulic schemes 
were paying more for their unit than this would 
cost in Middlesbrough if obtained by power gene- 
rated from waste gas. He was sorry a metal- 
lurgist of Mr. Borchers’ reputation had not given 
a summary concerning the various other types of 
electric furnaces in working at the present day, 
because he was a competent authority, and he, Mr, 
Heap, would have liked to read what he had to say 
on the subject. He, the speaker, did not accept 
his logic in arriving at a decision in favour of the 
Girod furnace ; this might, perhaps, look a more 
simple furnace than the Héroult furnace. The 
contact-pieces in the Girod furnace formed a special 
feature, and Mr. Heap doubted whether these lasted 
long. He would like Mr. Borchers to state, if there 
were advantages in having ‘‘the simplest type of 
furnace,” why he spent so much time in overcoming 
the difficulties of the type he first considered. In 
regard to the circulation of the contents of the bath 
referred to, the speaker did not see that such was the 
case. Mr. Gin had spent much work in promoting 
such a circulation, and in his type of furnace he 
had to have recourse to a series of inclined channels 
to promote it. Mr. Heap concluded his remarks 
by saying that it was strange it had been left to 
Sheffield manufacturers to be the first in England 
to take up the electric furnace, because Sheffield 
was not the ideal place for it, since it did not com- 
bine the ideal conditions. The latter were, in the 
first place, to have cheap power available, and 
secondly to be able to obtain cheap material. 
Where could those conditions, he asked, be better 
met than in the Middlesbrough district. In Shef- 
field they took low-grade steel and refined it to 
make high-grade steel ; in this they were limited to 
the same degree as they were with their crucible 
plants. The ideal electric furnace was that which 
worked up cheaply cheap material and converted it 
to the highest grade. iddlesbrough was the best 
centre where that could be effected. 

Mr. Saniter said he had seen both the Girod and 
the Héroult furnaces in operation, and since Mr. 
Borchers was an authority in the matter of electric 
furnaces, they should not let him escape without 
obtaining from him further data. He would like 
to ask him whether the Girod furnace consumed 
one kilowatt less than the Héroult furnace to make 
1 ton of steel. Mr. Borchers said the Girod fur- 
nace was the better of the two; it had only one 
hole through the roof and one electrode. The 


resistance of the bath, it was said, increased the | the eight hours taken to make a heat. 


heat. But it was well known that the resistance 
of the liquid metal played only a small part in the 


heat generated. With the Héroult furnace there was taken when both sulphur and phosphorus 
referred to the diagram for steam consumption | were two electrodes, and in this the reaction was’ to be eliminated, He remarked that the table given 
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on an average three times as large. Mr. Sanitcr 
asked in which furnace the advantage of a heayioy 
reaction came in. 

Professor Arnold, referring to Mr. Heap’s rc- 
marks, hoped that he would give Sheffield tho 
credit of understanding their own business, as w.!] 
as Middlesbrough. Threats had been hanging oy r 
Sheffield during the last century. They had had 
to consider a new melting process as compared io 
that which was effected in the 200-year old crucible 
system. They wanted a melting process, and, after 
due thought, they had selected the Kjellin furnace, 
With them, the question was one of melting, the 
materials remained the same ; they used the finest 
iron and produced the finest steel. 

Mr. F. W. Harbord, who followed, said he had 
seen all the electric furnaces in working, except 
that of Gin. He had seen the Girod furnace also 
in operation, and, so far as he could judge, it worked 
very satisfactorily. But he was surprised at Mr. 
Borchers saying that it was the simpler furnace as 
compared with the Héroult furnace, for the state- 
ment seemed rather a dangerous one to make, and 
depended upon ‘the particular apparatus required 
with the furnace. One electrode instead of two 
through the roof gave more room inside the furnace, 
but this did not apply to the larger type of Girod 
furnaces. There was nothing in the question of 
bottom electrodes and of circulation in the bath. 
When dealing with very large quantities of metal 
in the usual way there was sufficient circulation 
without electric current. In the smaller types the 
ordinary reactions which took place afforded a 
sufficient circulation. In all electric furnaces the 
consumption of energy was practically the same, 
and was dependent entirely upon the electric por- 
tion of the plant. Both the furnaces mentioned 
were equally good refiners, and as the current con- 
sumption was the same, the problem resolved itself 
into selecting which of the two was the more con- 
venient appliance for each particular purpose. But 
he again thought that in the Girod furnace trouble 
would be caused by the bottom electrodes; they 
were liable to chilling, and metal and slag could 


collect round them, as the furnace could not be 


thoroughly drained, this leading to difficulties in 
the work of repairing. He finally recommended that 
before adopting any type of electric furnace, two 
to three weeks should be spent at the various 
works in order to find out what were the advantages 
and disadvantages of each type. 

Mr. D. F. Campbell said he had had much ex- 
perience with large Héroult electric furnaces in 
—— in the United States, and he had been 
able to compare them with the Girod furnaces at the 
Ugine works, France. That simplicity was an im- 
portant feature was very true, but the figures in the 
paper did not show that the Girod type was the 
simpler. If the larger furnaces were compared, it 
was found that in the Girod type there were four 
holes through the furnace, and sixteen bottom elec- 
trodes, while in the Héroult furnace there were only 
three holes in the roof. The latter worked on the 
basic open-hearth practice; this was the best way of 
working, and it was inadvisable to introduce any 
modifications to this practice. Mr. Borchers had 
said that the metal itself became an important 
source of heat, on account of the effective manner 
in which the current was made to pass through the 
molten metallic body ; but by getting the slag hot 
the refining of the bath was secured. He did not 
think that circulation could be questioned in any type 
of electric furnace. In regard to mixing he had made 
experiments, putting in ferro-chrome at one side 
of the furnace, and taking samples from both sides, 
which proved equal to each other. In his opinion 
the holes in the bottom of the Girod furnace would 
become centres, from which the dolomite would rise, 
giving place tothe steel. The bottom of the Héroult 
furnace would usually last out for about 4000 heats 
with ordinary fettling after each heat. The cost of 
the roof amounted to 12/., and it lasted over one 
hundred heats of 15 tons each, equivalent to about 
2d. per ton. It had been said that the arrangement 
of electrodes and contacts in the Girod furnace con- 
ferred a special advantage when cold scrap was 
being smelted, but the other furnaces—the Héroult 
and Stassano among others—easily worked also with 
cold material. A basic slag did not obtain with the 
Girod furnace. He would like an explanation on 
The power 
consumption in the United States varied according to 
the amount of refining that was necessary, anc . . ; 
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in the paper had been published last year in metal- 
lurgical journals; it was incomplete, since the raw 


material used for the finished products referred to 
was not stated. The eagerness which had been shown 
in rushing to get advantage of the water-power that 


was available proved to have been a great mistake, 
since the cost of transport to the plant of the raw 
material used was mostly far too heavy. 


Tue CHEMICAL AND MecwanicaL Re.ations oF 
Iron, MANGANESE, AND CARBON. 


This paper, written by Dr. J. O. Arnold and Mr. 
A. A. Read, was next taken. We reproduce it in 
our present issue on page 626. It was read in 
abstract by Dr. Arnold. 

Mr. Stead opened the discussion, saying that Dr. 
Arnold had asked him to give his opinion on certain 
points in the course of the discussion. He would 
first like to say that the preparation of the 
paper had involved a very large amount of work, 
as all knew who had written papers on similar 
subjects; it involved preliminary work to a 
colossal extent. With regard to carbides, he (the 
speaker) had always had the opinion that carbides 
of some kind always did diffuse in steel ; he was 
not, however, able to say that because a certain in- 
gredient was found in the solid state after cooling, 
that was the exact condition it was in when it was in 
solid solution. It was unfair to say that such was 
the case. He referred to a paper read by Mr. Camp- 
bell some years ago, in which it was stated there 
could be many carbides in steel, these being practi- 
cally compounds of carbon and hydrogen and other 
constituents. This, to Mr. Stead, seemed very 
plausible, but it was not necessary to arrive at 
dogmatic conclusions on such points. It was, in fact, 
much better to keep an open mind in the matter, and 
not to introduce dogmas in metallurgy. He, further, 
referred to the diagram, Fig. 2, in the paper, and 
was not prepared to say whether Dr. Arnold was 
correct in his interpretation. The curve was no 
doubt right, but his interpretation of it might be 
different from that of Dr. Arnold. The latter had 
referred to some similar work carried out by him, 
Mr. Stead ; hisand Dr. Arnold’s were not different, 
but practically identical. Mr. Stead had experi- 
mented on Hadfield’s manganese steels, which, after 
treatment, showed very much the appearance of 
graphite. He never meant to convey the idea that 
they were black by graphite, as Dr. Arnold had no 
doubt interpreted. He asked Dr. Arnold why in 
the micrograph sections there appeared different 
kinds of pearlite—granular, lamellar, and one which 
looked like troostite. 

Dr. Arnold, in reading his paper in question, 
had also briefly added a few remarks upon his 
other paper on ‘‘ Uniform Nomenclature of Iron 
and Steel.” Mr. Stead, in reply to these, said that 
at the Copenhagen Congress no constituent had at 
all been killed, simply because there was no wish to 
dogmatise in such matters. The proposal had been 
made to arrange differently the various constituents. 

Mr. Hatfield congratulated the authors of the 
paper, from which it would appear they had estab- 
lished the existence of a definite mixed carbide. 
Referring to Table V., it contained the weight of 
the dried residue and the grammes dissolved. By 
working the weight of the dried residue into the 
percentage of grammes dissolved, there was found 
in the first three over 11 per cent. of carbide. 
Then 9 per cent. of carbide was found, the per- 
centage varying constantly; and when the definite 
carbides were reached, the authors got back to 


11.6 per cent. He understood that the contents 
of manganese rendered the carbide unstable; it 
would, therefore, seem that the carbides had 

come split up, part going in dissolution. There 


might thus be a higher percentage of manganese if 
they could get all the carbide out. He would like 
to have similar data for experiments with a super- 
Saturated steel. 


Dr. Arnold, in replying, said he fully agreed with 


Mr. Ste d that it would be unwise to argue from 
the cold state to the hot ; he, however, thought that 
with hich manganese alloys both states would be 
identical. The carbides had not the same appear- 
ance as those Mr. Stead dealt with some years ago. 

€ could not explain the difference in the varied 
“ppearance of the pearlite in the micrograph sec- 


— ; he could only record the fact. With the very 
es lenscs now obtainable for micrographic work, it 
4S easy to resolve the sorbite in the lamellar lecture. 


Tue Cvrrine Properties or Toot Sree. 


author, Mr. Edward G. Herbert, Manchester. We 
hope to reproduce it in a later issue. 

In this paper the author reviewed all the conditions 
which govern the working of cutting-tools—hard- 
ness, durability, speed, and so forth—and explained 
the difficulties which surrounded the standardisa- 
tion of tool-steel. To overcome these difficulties 
he had designed a tool-steel testing-machine, which 
he illustrated at the meeting, together with a large 
number of diagrams he had obtained from it. In 
this machine the piece of tool steel to be tested is 
held in a vice which forms part of a lever mounted 
on knife-edges, this lever serving to press the tool 
upwards against the lower end of a cobain piece of 
steel of uniform hardness, the arrangement being 
such that the cutting edge of the tool is radial to the 
tube. The stcel tube revolves on a vertical axis, 
and its lower end (clear of the cutting tool) rests 
upon a suitable stop, the bearing surface of this 
stop, the cutting edge of the tool, and the knife- 
edges supporting the tool lever being all in one plane. 
The steel tube is pressed down by a weight which 
is in excess of the upward pressure of the cutting 
tool, and the surface on which the tool acts is thus 
maintained at a constant level. This being so, 
the only motion of the tool-carrying lever on its 
knife-edges is that due to the wear of the cutting 
edge of the tool, and this can be readily measured 
by a suitable micrometer arrangement. The ma- 
chine is also provided with arrangements for re- 
cording the results in the form of diagrams, the 
vertical ordinates in these diagrams denoting the 
wear of the tool, and the horizontal distances 
being proportionate to the number of revolutions 
made by the steel tube acted upon. All the con- 
ditions of a cutting test could thus be regulated 
and kept constant; the cutting speed could be 
regulated ; the material bearing on the edge was 
uniform ; the width of the shaving was constant ; 
its thickness was regulated by the weight by which 
the tool is pressed upwards At speeds up to 
50 ft. per minute, carbon steel was more durable 
than high-speed steels ; at the higher speeds carbon 
steel was less durable. The fact that high-speed 
steel did not keep its edge so well as carbon steel 
under a light cut at a low speed had long been 
familiar ; but that the durability of high-speed 
steel, working under a light cut, could be greatly 
increased by running it at a high speed, and that 
under such conditions it would keep its sharp 
edge better than carbon steel, was not gene- 
rally known. The speed curves produced showed 
that the durability of all steels was very low 
at low speeds, under light cuts, the durability 
of the cutting-edge increasing as the speed was 
raised. A large number of diagrams were exhi- 
bited, showing the results obtained with the 
machine, using a large number of different qualities 
of tool-steels, and under varying conditions, flood- 
ing the tool with cold and with hot water. The 
effect of temper on the durability of carbon steel 
was reviewed, as also were the effect of percentage 
of carbon on durability ; and the effect of the cooling 
process on the durability of high-speed steels—-the 
various points being entered into in great detail. 
Mr. W. F. Beardshaw, who opened the discus- 
sion, thought the meeting was indebted to the 
author for his description of tool-steel tests, but 
expressed the hope that members would not con- 
clude therefrom that the method described was the 
best one for arriving at the value of tool steels. 
The author had worked on very small samples. 
In Sheffield whole ingots were set aside ; the bars 
made from them were treated according to the 
requirements for the finished tools, and practical 
tests were made with tools taken from the bars. 
Judgment on the method referred to should be with- 
held until it had been worked, and he could vouch 
for Sheffield using the best testing methods. They 
had first carried out their tests upon steel having 
0.4 per cent. carbon, but they had found that they 
were cutting such a large quantity of steel to waste, 
resulting in such a high cost for testing, that they 
raised the carbon content to 0.7 per cent., and had 
raised the speed. He would like to have an oppor- 
tunity of testing the machine described ; until then 
he would defer expressing an opinion concerning it. 
Mr. King feared that there was little in common 
between the tests described and the conditions which 
ruled in actual working in the machine-shop. He 
gathered that the heat generated by the action of the 
tool in the machine was so low as not to be compar- 
able even with the finishing-cut in a machine-shop. 
Mr. Lamberton did not agree with the last 


been derived from tests in which the tool was 
heated by gas jets, so as to obtain the conditions 
which ruled in workshop practice. In his opinion 
the paper was one of very great value, although he 
was not so far able to pronounce finally upon it. 
It seemed to him that the Sheffield steel manu- 
facturers would, in the future, be asked by buyers 
and users of tool steel to specify at what speed 
special work should be machined, so that they be 
not moving in the dark, as had been in a large 
measure the case in the past. He would say, 
further, to the steel-makers who had helped them, 
and to whom they were indebted, that there was 
another point they would have to consider—viz., 
that the highest qualities of tool steel could now be 
welded on a piece of a lower grade, and instead of 
taking many pounds’ worth of an expensive steel, 
a small piece was now all that was necessary. 

In replying to the discussion, Mr. Herbert said 
that it would, of course, be preferable if the tools 
themselves could be tested under actual working 
conditions. An objection to the usual working test 
was that it was carried out at one speed ; a tool 
might give a good result at one speed, and give a 
bad one at another speed. The reverse might be 
the case with another tool. They had to test at all 
speeds in order to find out which was the best 
speed to run the tool at. In many instances an 
increase in speed had increased the durability of a 
tool, as he had shown in some of his curves. In 
regard to heat, at the low speeds the tool was 
cutting at a very much lower temperature than 
that which obtained in workshop practice ; but he 
had increased the temperature of the tool. He 
got as high a temperature as that which obtained 
in workshops, and stopped only when he had found 
the speed at which the tool would stand the heat. He 
did not take large cuts, but increased the speed ; it was 
an easy matter to calculate from speed to cut. The 
heating was not to bring the tool closer to workshop 
conditions, but to find out whether the increase in 
the durability of the tool by increasing the speed was 
due to temperature, as it had not generally been 
recognised that the durability ofa tool was in- 
creased by increasing the speed. When they got 
down to low-cutting temperatures and increased the 
cutting speed, or increased the temperature, they 
increased the durability of the tool. 


9° 


Some PuysicaL Properties or 2 per CENT. 


Curomiom STEELS. 

This paper, by Mr. Andrew McWilliam and Mr. 
Ernest J. Barnes, which we reproduce on page 624 
of the present issue, was taken in conjunction with 
the following one, 


Tue A2 Port 1n CHROMIUM STEEL, 


by Mr. Harold Moore ; we hope to print this ina 
later issue. Both were read in abstract by their 
authors. They were both taken together for dis- 
cussion. 

Mr. Moore dealt with an investigation he had 
carried out upon a series of chromium steels con- 
taining 0.25 to 6.4 per cent. of chromium, in the 
course of which he had noted a remarkable pecu- 
liarity in the critical range curves of those steels, 
seven in number, containing more than 3 per cent. 
of chromium. Certain facts which might be re- 
garded as demonstrating the insolubility of carbon, 
or carbide of iron in beta-iron, were brought to light. 
Two of the high-chromium steels were selected for 
a more complete investigation of the phenomena 
occurring in the critical ranges. The paper showed 
the various curves worked out by the author ; it 
ve also the chemical analysis of one of the steels. 
he remainder of the paper would be unintelligible 
without reference to diagrams. 

Mr. Rosenhain, who opened this discussion, refer- 
ring to Mr. Moore’s paper, said it would be prefer- 
able to plot the curves differently. He thought the 
sharp angle in Fig. 2 would be impossible. He would 
like to know what had been the precautions taken 
to ensure that uniformity of temperature be obtained 
throughout the tests. They very often got an indi- 
cation of a thermal change at a very considerable 
distance away from the temperature at which the 
bulk of the transformation took place. 

Mr. Saniter complimented Messrs. McWilliam 
and Barnes on the interesting tests they had made, 
but would like to ask them whether there had been 
any scientific reason or necessity for making the 
manganese in the steel so low. Why did they not 
take manganese steel as it was manufactured for 
commercial uses. He would also ask why they had 








This paper was then read in abstract by the 


speaker ; he thought that some curves shown had 


used a temperature of 950 deg. to anneal or nor- 
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malise the steel. That did not seem to be good 
practice. Further, they only came to 850 deg. when 
they quenched it in water. He also asked Mr. 
Moore why he used steel having so low a percentage | 
of manganese ; it was even lower than that in Mr. 

MeWilliam’s steel. Messrs. McWilliam and Barnes 
had read a paper last year in which they had dealt 





with still a different class of steel. He asked Mr. 
Moore whether he had used the microscope to | 
ascertain whether any reorganisation was induced | 
in the structure. 

In replying, Mr. McWilliam, after giving a few 
words in answer to some of Mr. Rosenhain’s re- | 
marks, said that Mr. Saniter’s questions were what | 
he would call ‘‘teasers.” But he would endeavour | 
to reply by correspondence to the points raised. | 
When they spoke about hard varieties, they were 
generally speaking about the reason for the hard- | 
ness of hardened steel, and that was the only prac- | 
tical point that could be mentioned in connection 
with the hardness of beta-iron. The reason why 
the manganese was low was that they wanted to 
make a series of similar experiments on the influ- 
ence of manganese, as on that of chromium in steel. 
They kept the manganese low to make the steel 
comparable to ordinary steel. Re-normalising and 
annealing, they used the same temperature to avoid 
complications. 

r. Moore preferred his method of plotting out 
the curves, but added that he would reply fully by 
correspondence to the various points which had 
been raised. 

The following papers were taken as read at 
Thursday’s concluding meeting :— 

‘*Some Recent Investigations on Case-Harden- 
ing,” by Mr. S. A. Grayson, Birmingham ; ‘‘ The 
Crystallography of the [ron-Carbon System,” by Mr. 
A. Kroll, Jun., Luxemburg ; ‘‘ The Elastic Break- 
down of Certain Steels,” by Mr. C. A. M. Smith, 
London ; ‘*The Constitution of Cast Irons and 
Carbon Steels from the Practical Standpoint,” by 
Mr. D. M. Levy, Birmingham ; ‘‘The Homogeneity 
of Metals,” by Mr. G. Tagazeff, St. Petersburg. 








Torprgpo-Boat DesTRoYERS IN GERMANY.—According 
to the Berliner Borsen-Zeitung, the results of the trials of 
the torpedo-boats which were built last year in the ship- 
yards of Messrs. Schichau, Messrs. Vulcan, and Messrs. 
Krupp (Germania), which, for the first time, were all 
equipped with turbines, though of four different systems, 
have all been extremely favourable. The boats ex- 
ceeded the speed of 31 knots stipulated by the admiralty, 
and some of them have exhibited surprising results. 
In deep water (60 metres) over the measured double mile 
near Neukrug, one of the four boats, No. S 166, built at 
the Schichau Shipyards, Elbing, and fitted with Melms- 
Pfenninger turbines, attained an average of 35.32 knots. 
With one of the four boats, No. G 171, built at the 
Germania Shipyards and equi ~~ with a Parsons tur- 
bine, an average speed of 34.75 nots was reached. Of 
the three Vulcan boats, fitted with turbines of the A. E.G. 
system, an average speed of 34.45 knots was reached by 
the V 164destroyer. Finally one of the boats built at the 
Germania Shipyards, but ~ for the first time with 
a Zoelly turbine, delivered by Messrs. Escher, Wyss, and 
Co., of Zurich, attained an average speed of 32.92 knots. 





Brooxks’s T-Square Lock.—A simple and ingenious 
method of fixing a T-square in position on a vertical 
or inclined drawing-board has been designed and patented 
by Messrs. Brooks and Co., Letchworth, Herts., and is 
now being placed on the market. The device consists 
of a thin steel rod which extends the whole length of the 
T-square blade, and which slides in bearing-plates at 
each end, the plates being screwed to the bla e of the 
square. The end of the rod farthest from the stock of 
the square is bent at right angles so as to form a claw, 
while the other end terminates in a knob, which can be 
pressed by the left hand. A helical spring presses against 
the knob and exerts a force on the rod which holds the 
claw at the other end hard against the right-hand edge 
of the drawing-board, and causes the stock of the square 
to be pulled truly against the left-hand edge, and suffi- 
ciently firmly to the square from slipping down 
or moving out of place. Both hands are thus set free. 
When the T-square has to be shifted the stock is grasped 
by the left hand in the usua] way, and the thumb is 
pressed against a nti provided on the fastener that 
tixes the rod to the square, while the forefinger presses 
the knob to the right. This releases the claw, and the 
square can be mov On the pressure on the knob being 
released the blade is in locked, If it is desired to 
draw diagonal lines with the T-square, the knob on the 
rod can pressed rather further than is necessary when 
it is merel uired to move the square, and the claw 
at the end of the blade is then fo out of a slot in the 
blade, in which it works, and can be turned round so as 
not to press on the end of the board when the spring is 
valet The square can then be laid on the board at 
any angle, and diagonal lines drawn. On the bottom edge 
of the blade a ledge is provided, which prevents drawing- 
instruments falling off. This appliance is effective, simple 
and cheap, and ap likely to provea boon to draughts- 





men who use boards in asteeply inclined position. 





FOUNDRY PLANT AND MACHINERY. 
No. IX. 
By JoserH Horner. 

Staces or charging-platforms are modified 
variously according to the lay-out of the cupolas, 
their relations to the foundry walls, and the hoists 
employed for raising the charges. A platform 
may be self-contained, and quite independent of 
walls, but, wherever possible, advantage is taken 


lof the proximity of the foundry wall to afford 


partial support to the platform, and so save some 
expense in columns and extra girders. The area 
of the platform must be sufficient to carry an ample 
quantity of pig, scrap, and coke. Such a platform 
should be constructed to carry safely a load of about 
500 lb. per square foot of area. 

In all cases the floor of the platform is carried 
upon steel girders, the actual flooring consisting 


Fig. 103. 
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|small pillar-crane standing on the platform, and 





provided with a wineh which winds up the chain or 
rope by which the baskets, or skips, or barrows with 
the charges, are lifted. The capacity of such a crane 
does not generally exceed about 10 cwt. But for 
dealing with larger quantities a hoist or lift is more 
satisfactory. This has a platform running between 
vertical guides, and the trolleys or bogies contain- 
ing the charges are run off the foundry floor, from 
tracks or plates, on to the platform of the hoist, and 
elevated to the charging-platform, where they are 
wheeled off and tipped, the amount of labour and 
handling being thus reduced to a minimum. The 
hoist may be operated in various ways—by steain, 
hydraulic, pneumatic, or electric power, dependent 
on circumstances. Hydraulic operation is much 
favoured on account of its simplicity, the platform 
being mounted on the end of the ram, working in a 
cylinder sunk into the ground. Or a cylinder may 


Fig.104. 
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Fies. 103 ro 105. CHaraine-Staces ror Cupola 
Furnaces ; Messrs. Tuwaites Bros., Limite, 
BRADFORD. 


of steel plates, usually chequered. The girders 
rest either upon cast-iron or upon steel lenen. 
being entirely supported thus in the case of inde- 
pendent platforms. When the wall is available for 

support, the one end of each horizontal girder 
is let into it. A hand-rail surrounds the edge of 
the platform, and a ladder is fitted. 

An example of a typical charging-stage, con- 
structed by Messrs. Thwaites Brothers, Limited, 
of Bradford, is given in Figs. 103 to 105, in two 
elevations and in plan, for one cupola. The same 

eneral construction would be adopted for two or 
or three cupolas. The staging is built up of 
girders and joists, the height to the floor being 
14ft.6in. The methods of union are those common 
to work built up in steel sections, as angles, plates, 
and knees. The hand-rails are of piping, and the 
pillars are steel joists. The treads of the steps 
are of } in. chequer-plate carried on supports of 
angle-section. e platform is of g-in. chequer- 
plate laid on cross-girders. Cast-iron plates are 
sometimes used, but are liable to fracture by the 
rough tumbling down of charges. 

The charges may be hoisted to the platform by 
hand or — ; the former method is suitable only 
for small cupolas, and is effected by means of a 


l ‘| 


be mounted on the side of the framing, lifting the 
platform by ropes. 

Pneumatic or steam cylinders, situated alongside 
the framing and operating the platform through 
oo —_— over pulleys, are employed to a con- 
siderable extent. Figs. 106 to 108, page 607, show 
a 30-cwt. steam-hoist, by Messrs. Thwaites Brothers, 
Limited. The framing is built up of joists, angles, 
and bars, the whole resting on a concrete foundation. 
The cage A, which has a platform measuring 5 ft. by 
6 ft. 7 in., slides between the joists, and is suspended 
from a steel rope which passes up and over two 
idlers, thence around a pulley B on the end of the 
piston-rod C, and up to an anchorage. The steam- 
cylinder D, with a stroke of 8 ft. 2} in. and a bore 
of 13 in., gives a lift of 15 ft. 5 in. to the platform. 
E is a crosshéad attached to the end of the piston, 
and sliding up and down a circular guide behind. A 
balance-weight F is attached to a rope which passes 
over pulleys down to the cage, thus counterbalancing 
the latter. This weight is seen dotted in its lower- 
most position in Fig. 107. 

Steam is turned into the cylinder through the 
valve placed at its upper end. An endless rope G 
is indicated in the views, passing around four 

ulleys. The object of this is to enable steam to 
. turned on by the attendant at either the top or 
bottom of the hoist. The cage itself also auto- 
matically shuts off the steam in its lowermost and 
uppermost positions, the rope being connected to 
it, so that it shifts a lever H over in the two extreme 
positions, and causes H, through a shaft and lever J, 
to actuate arod that is coupled up to the spindle of 
the steam-valve. The rope also lifts a working 
barrier K, lowering it from before the gangway on 
the charging-platform when the cage rises inte 
position, and letting it block up the opening when 
the cage is at the bottom, thus preventing accidents. 
Timber beams are placed at the bottom of the 
shaft for the cage to drop on to. 


The same general construction is followed in the 








electric hoist (Figs. 109 and 110), by the same firm. 
This hoist is of 15 cwt. power, with a 26-ft. 6 in. lift. 
The motor A, of 5 brake horse-power of rev: rsible 
type, drives through enclused worm-gearins ‘? -¥ 
rope-drum B, the rope passing from this down tot A 
pulley on the cage and up again to an anchorage. 
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CHARGING-LIFTS FOR CUPOLA FURNACES. 


CONSTRUCTED BY 





reversing-switch and starter is placed at D, and a 
magnetic brake is arranged on a drum on the motor- 
shaft, this coming into operation when current is shut 
off. The firm makes a specjal type of controller for 
these hoists. The switching-off is effected in a similar 
manner automatically, through an endless rope, to 
the way in which the steam was cut off in the pre- 
vious example. A balance-weight E and a lifting- 
barrier F are included. In many hoists belt-power 
is used for actuating the hoisting-drum, fast-and- 
loose pulleys being employed on the worm-shaft, 
with an automatic brake mechanism. 








THE FORGES ET CHANTIERS VDE LA 
MEDITERRANEE. 
(Concluded from page 501.) 

As stated in our former article (see page 501 
ante), the Voltaire, now in course of completion at 
the La Seyne yard of the Forges et Chantiers, is 
one of the six first line French battleships of the 
1906 programme. We illustrate her in course of 
completion in the La Seyne fitting-out basin in 
Figs. 1 and 17, on Plate XLIV. Fig. 18, on 
Plate XLV., shows the hull in course of construe- 


tion on the slip. Her principal dimensions are 
the fol wing Siena 
Length between 145 m. (475 ft.) 


perpendiculars 
dai ... 25.80 m. (84 ft. 7 in.) 
Depth acc, svg mm. (49 ft, 2 in.) 
= an ¢ raught ... 8.262 m. (27 ft. 1 in.) 
Jispiacement — 18,374 tons 
Contract speed 19.25 knots 
: The \ oltaire was launched at La Seyne on 
aaa 16, 1909, and her steam trials are expected 
bo take place next autumn. As is well known, she 
is fitted with Parsons turbines, which, it is antici- 


Breadth amidshi 
Jepth 


pated, will easily give her a speed 
be peed of 20 knots when 
a m Pg to 23,000 horse-power. She 
» the . 
tees rst French battleship to be propelled 


urbines. The arrangement of these in 
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the Voltaire is very generally similar to that selected 
for our Dreadnought. There are four propeller 
shafts, each driving one propeller. The high-pres- 
sure turbines drive the outside shafts, the low- 
pressure turbines driving the inner ones. Each of 
the four shafts is,.moreover, coupled to an astern 
turbine, there being further a cruising turbine on 
each of the inside shafts. The turbines are sup- 


forward and two aft of the engine-rooms. ~ The 
latter form three compartments, giving one into 
the other, and located in the centre of the ship 
and on each side. A fourth compartment to the 
rear, divided by a longitudinal bulkhead, contains 
the condensers and all their auxiliary engines. 

We may remark here that of the six battleships 
of the same class, three are provided with Belle- 
ville boilers and three with Niclausse boilers. 

The armament consists of four 305-millimetre 
(12-in.) guns in two central turrets, fore and aft ; 
twelve 240-millimetre (9.45-in.) guns, placed in six 





turrets on each side ; sixteen 75-millimetre (2.95-in. ) 


plied with steam from twenty-six Belleville boilers | 
distributed in five separate stokeholds, three being | 9.45-in G 
|9.45-in Gun-Tw 
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guns in the central battery, eight on each side ; 
eight 47-millimetre (1.85-in.) guns on the bridges 
and superstructure ; and two under-water torpedo- 
launching tubes. The ammunition supply is to 
consist of 65 rounds for each 12-in. gun, 80 rounds 
for each 9.45-in. gun, and 400 rounds for each 
2.95-in. gun. 
The protection consists of the following :— 

Belt Armour : 


Lower { Upper edge .. 250 mm. ( 9.84 in.) 
strake | Lower edge 100 ,, (3.93,, ) 
Upper f Upper edge .220 ,, (8.66,, ) 
mA. Lower edge - ee 9.84 ; 

ad -works oe 9s 2.52 ,, 

12-in. Gun- Turrets : 
(Side port-plates sO ,, (1338,, ) 
: Side plates 260 ,, (10.23,, ) 
a + Cupola es -- 72 . (283,, ) 
| Covers : 80 mm. to 200 mm. (3.15 in. to 
7.87 in.) 
{ Lower portion 66 mm. ( 2.59 in.) 
Fixed part; Middle portion 166 ,, ( 6.53,,:) 
(Top portion .. 246 ( 9.68 ,, ) 
rrets : 
(Side yavogmtes 228 ,, (8.97,, ) 
. Side plates 188 ,, (7.40,, ) 
—— } Gupdla i > a es eee 
P Covers ... 50 mm. to 140 mm. (1.97 in. to 
5.51 in.) 
—_ Truncated portion ... 156 mm. ( 6.14 in.) 
Fixed part { Gviindrica portion...148 ,, ( 5.82,, ) 
Conning-Tcwer : 

Front face 266 ,,. (10.47 ,, ) 
Side walls { Rear face as... (68 .. ) 
Top plates aes Ce} 
Rear door... 250 , ( 9.84 ,, ) 
Roof, ... ©» (1. ) 
Floor ... . ” ( 1.97 » ) 
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Armour -tube for protecting the 
lines of communication _... ods mm. ( 7.87 in.) 
Frame of lower {Upperedge ... 90 ,, (3.54,, ) 
armoured deck | Lower edge ...130 ,, ( 5.12,, ) 
Glacis of lower armoured deck oe een eR 
Lower armoured { Horizontalportion 45 ,, (1.77 ,, ) 
deck \Slanting portion 55 ,, ( 2.16,, ) 
Upper armoured deck, flat ... oe Wigs CGT os 3 

Submarine protection against tor- 
pedoes ... ‘ied : 25. ME as D 


The belt-armour rises to a height of 2.40 metres 
(7 ft. 10}in.) above the water-line, and tapers from 
259 millimetres (9.84 in.) amidships to 180 milli- 
metres (7.08 in.) at both ends. The flat upper 
armoured deck and the lower armoured deck, which 
slants down to the ship’s sides, end respectively 
on the upper edge and on the lower edge of the 
belt-armour. With a view to protect the ship 
against the explosion of torpedoes, she is provided 
with an armoured caisson, which extends down from 
the lower edge of the belt-armour to the false keel 
amidships, and runs on each side from the bow to the 
stern. The caisson is divided into compartments 
by water-tight bulkheads. In order to protect the 
upper deck forward against enfilade firing, an extra 
strake of armour is fitted to the bows, which ex- 
tends the belt to an average height of 5 metres 
(16 ft. 5 in.) above the water-line. An armoured 
bulkhead, 180 millimetres (7.08 in.) thick, bearing 
upon the fixed breastwork of the 12-in. gun-turret, 
ensures the protection of the 2.95-in. gun battery. 

The belt and turret armour consists of cemented 
steel plates ; the deck armour-plates are of special 
steel. The weight of the whole armour amounts 
to approximately 7000 tons. 

The holds are divided into a large number of 
water-tight compartments, and for draining these 
there are four electrically-driven rotary pumps and 
four steam - pumps, besides the other auxiliary 
pumps which can be made to draw from the holds on 
an emergency. The fire-extinguishing appliances 
extend to every part of theship. The ammunition 
rooms are carefully ventilated ; they are also pro- 
vided with carbonic-acid-gas cooling installations. 
The engine-rooms are ventilated by four fans de- 
livering fresh air at the rate of 30,000 cubic metres 
(1,059,600 cub. ft.) per hour, and by four ventilators 
of equal power), which exhaust the vitiated air. 

Electric current is resorted to practically through- 
out for lighting and for driving the auxiliary 
machinery; the elevating of the guns, the working 
of the turrets, and the ammunition supply to all 
guns are effected electrically. The ammunition 
service can also be worked by hand. 

The ship carries eight electric search-lights. 
Four dynamos supply a current of 800 amperes at 
120 volts; the output can rise to 1066 amperes 
on an emergency and for one hour. The dynamos 
are driven by vertical compound engines running 
at a speed of 450 revolutions. 

The general plans of the Voltaire were got out 
by the Technical Section of the French Ministry of 
Marine, but all the details were designed by the 
La Seyne shipyard of the Forges et Chantiers. 

The ship is fitted up for the accommodation of 
an admiral, 34 officers, 10 midshipmen, 15 petty 
ofticers, and a crew of 800 men. 

The Forges et Chantiers built at their La Seyne 
Yard the battleship Cesarevitch, and the armoured 
cruisers Bayan and Amiral Makaroff, for the 
Imperial Russian Navy. We illustrate these three 
men-of-war in Figs. 19 to 21 on Plate XLV. 

The principal dimensions of the Cesarevitch are 
as follow :— 

Length between perpendicu- 
ars ... aS os ... 118.50 m. (388 ft. 9 in.) 
Breadth amidships ... i 


23 m. (75 ft. 5in.) 
Depth to upper deck 14.59 m. (47 ft. 10in.) 


Mean draught 7.93 m. (26 ft.) 
Displacement 13,110 tons. 
Speed ... 18.77 knots. 


The armament consists of four 305-millimetre 
(12-in.) guns in two turret; ; twelve 152-millimetre 
(6-in.) guns in six turrets; twenty 76-millimetre 
(3-in.) guns ; twenty 47-millimetre (1.85-in.) guns ; 
six 37-millimetre (1.45 in.) guns ; two 52-millimetre 
(2.04-in.) Baranovsky guns; and six torpedo- 
launching tubes. 

The Bayan and Amiral Makaroff are sister-ships. 
Their dimensions are the following :— 

Length between perpendicu- 
lars ... cs a i 
Breadth amidships ... 
Depth to oo deck ‘ 
lean draught zs 6.51 m. (21 ft. 4 in.) 
Displacement... os ae 7887 tons 
a ce 2.552 knots 


‘11.60 m. (38 ft.) 





Their armament consists of two 203-millimetre 
(8-in.) guns in two turrets ; eight 152-millimetre 
(6-in.) guns ; twenty 76-millimetre (3-in.) —_: 
four 57-millimetre (2.24-in.) guns; four Maxim 
machine-guns, and two torpedo-launching tubes. 

On February 7 last the Forges et Chantiers 
launched, at their La Seyne yard, the trans- 
Atlantic liner Sant’ Anna, which they have now 
in course of completion for Messrs. Cyprien Fabre 
and Co.; this shi is for service between Mar- 
seilles, Naples, je New York. 

Her principal dimensions are as follow :— 


Totallength ... 149.60 m. (490 ft. 9 in.) 
Breadth amidshi ae: Pee ES 
Sdakt op toleligndeck: 18 ,, ( 59ft. ) 

With her full cargo of 6000 tons weight, the 
displacement will be about 12,500 tons. 

The Sant’ Anna is fitted out to carry 80 first- 
class and 150 second-class passengers and about 
2500 emigrants ; she has been built to the Veritas 
and the Italian Register first-class surveys. The 
internal arrangements have been designed to meet 
both the American and the Italian emigration re- 
gulations, while fully complying with the French 
requirements in regard to safe navigation. Her 
construction has proceeded with great rapidity. 
Her keel was laid on August 2, 1909, and she 
was ready for launching in the commencement 
of February last ; it took, therefore, less than six 
months to get her ready for launching. Her launch- 
ing weight was 3800 tons, as much as 1000 tons 


having been handled and fitted to the hull in the |G 


course of one calendar month. The ship has three 
decks built of steel plates, which extend over the 
whole length. The upper deck is sheltered by a 
fourth—flush deck—in which large wells are pro- 
vided, to allow free access to the hatches ; these 
hatchways, together with wide openings in the 
sides of the ship, ensure the ventilation and light- 
ing of the upper deck. A number of first-class 
saloon cabins are built on the upper decks in the 
centre of the ship, and over about half her length ; 
a promenade-deck and a boat-deck are provided 
above. 

The riveting throughout the ship has been almost 
exclusively carried out by compressed air ; the keel 
and the upper strake were, however, riveted hydrau- 
lically. The two propeller-shafts, as will be seen 
from the view, Fig. 22, emerge from the hull in 
close proximity to the propellers, the arrangement 
contributing to stiffen the ship, besides affording a 
better protection to the shafting. In order to 
remove from the deck-houses all strains which 
might accrue in stormy weather, owing to their 
comparatively long length, their walls and the place 
they occupy on the decks have been strengthened, 
and water-tight sliding-joints have been provided 
for giving these constructions the required 
elasticity. 

The first-class saloons are fitted with one and two 
berths ; they are lighted electrically and heated by 
steam - pipes, and are provided with telephones. 
The first-class dining-room occupies the whole 
breadth of the ship, and is divided into three bays, 
containing in the centre tables for five or six 
persons, and on the sides small tables lighted 
separately. The reading-room can, when required, 
be converted into a chapel, an altar being pro- 
vided in one of the bookcases. The saloon is to 
the rear of the deck-house, and is provided with 
wide glazed bays, which afford a full view of the 
horizon. The smoke-room is to the rear of the 
promenade-deck, and is lengthened by a sheltered 
recess forming the open-air bar. All general 
saloons and rooms communicate with each other by 
internal gangways. The wireless-telegraphy opera- 
ting cabin is on the boat-deck. The store-room 
for provisions is connected to a series of cooling- 
chambers. 

The emigrants’ quarters have been fitted with 
adequate ventilating and heating installations ; they 
are lighted electrically, and are provided witha large 
number of stairways. The ordinary sick-berth is 
in the centre of the ship and communicates with 
an operating-room and the chemist’s store-room. 
The sick-berth for contagious diseases is located 
right aft on the poop, in a special compartment 
carefully isolated. 

The ship, as previously stated, can carry 6000 
tons dead-weight of goods. The cargo holds have 
a capacity of 9000 cubic metres (360,000 cubic feet) ; 
access is had to them through four hatchways, each 


served by two cargo derricks and two steam-winches. | jonel t 
_as if I had been the G.G. himself. Thus I discoverea how 


The vessel is propelled by two triple - expansion 





engines, each of 5000 indicated horse-power, and 
each driving a propeller; the engines are supplied 
with steam from seven boilers, contained in three 
stokeholds and provided with Howden’s system of 
forced draught. The speed is expected to exceed 
17 knots. F 


Diameter of high-pressure 


cylinder... ae sts 0.776 m. (30.5 in. 
Diameter of intermediate 

cylinder a a2 1.260 ,, (49.6 ,, 
Diameter of low - pressure 

cylinder ee ia 2.020 ,, (79.5 ,, ) 
Stroke ... ots 1.300 ,, (51.2 ,, ) 


The boilers are single-ended, with three furnaces 
each. Their dimensions are as follow :— 


Length 5.580 m. (11 ft. 9 in.) 
Diameter 4.950 ,, (16,, 3 ,, 
Grate area... 47.50 sq.m. (511.30 sq. fr. 
Heating surface 1917 _,, (20,635 ,, 
Pressure 13 kg. per sq. cm. 
(190 lb. per sq. in.) 








THE PROSPECTS OF HOME-TRAINED 
ENGINEERS IN CANADA, 
To THE EpiToR oF ENGINEERING. 

S1r,—I have read with much interest the letter of Mr. 
Burdett, of Toronto, in your issue of April 29, regarding 
the difficulty of our home-trained engineers obtaining 
employment in Canada, owing toso many in the Dominion 
being specially educated for the work, in universities, 
colleges, &c., and also, I may add, by the railway com. 
panies themselves. 

Somewhat recently I had the honour of traversing that 
land throughout, with the kind favour of the Governor. 
eneral and many other distinguished people, who 
liberally helped me to obtain the information I desired. 
I thus learnt much concerning the resources of the country, 
and also the uliarities of its railways; to the latter of 
which let me briefly refer. 

However admirably young engineers may here be 
trained, it should be borne in mind that Canada possesses 
many extraordinary physical features, in which the 
students of McGill and the other universities are carefully 
educated, and to which those at home are strangers. I had 
the whole of the country laid open to me, so that I could 
see all I wished to discover, antics everything I desired 
to know. Various privileges, too, were accorded to me, 
which, unitedly, made my tour not only a delightful, but 
a most successful one, ever to be remembered. 

The various railways I traversed, especially the Canadian 
Pacific, clearly indicated the enormous difficulties their 
early surveyors and constructors had to overcome, while 
carrying their lives in their hands in many parts of the 
500 miles of mountains which lie between Calgary and Van- 
couver. The former had to cross surging rivers on single- 
tree bridges fit only for a cat to tread. Slung by ropes 
down the sides of giant precipices or steep mountain-sides, 
they had to make their surveys and mark out the line. 
They had to cross vast chasms, or cajions, by means of a 
rope stretched from side to side. Traversing ledges of 
rock only safe for a goat ; living in ‘‘dug-outs” for months 
together, watching the snow-drifts and avalanches, amidst 
intense cold, and hundreds of miles from civilisation; 
climbing to the tops of colossal trees to take observations, 
canoeing dangerous rivers, and in many other ways these 
explorers had successfully to perform valua‘'e work under 
exciting and often perilous conditions, which were un- 
avoidable. 

Constructively, in these regions the difficulties were of 
an equally severe nature, but in the central portions of 
Canada, which are honeycombed with thousands of lakes 
of all sizes, morasses and other obstacles had to be over- 
come. Piles had sometimes to be driven from 50 ft. to 
70 ft. in depth before even apparently solid foundations 
could be reached. And, after all, when the permanent- 
way wascompleted, these bearings occasionally collapsed, 
and caused serious deviation of the lines. i 1e usually 
simple process of piling was therefore most perplexing, 
some of the best formule proving so unreliable that the 
constructors had nothing to trust to but their own dis- 
coveries. 

After the surveyors had planned the best course of the 
line through the mountains, their successors came in for 
their share of fame and glory. Lowered by ropes down 
the almost perpendicular sides of some of the caiions, they 
had to drill, and blast, and cut, and carve the _per- 


‘manent-way. Similarly, — had to be drilled and 


excavated, perhaps up in the clouds, for the reception of 
timber cantilevers to carry a wagon roadway, or a water- 
way. In the Selkirk range, where only open-sided timber- 
built snow-sheds, instead of tunnels, were allowed, some 
of the most extraordinary engineering was executed in 
the face of many serious obstacles. These included 
the occasional descent of avalanches from heights of 


4000 ft. to 5000 ft. above the line, sometimes containing 
as much as 200,000 tons of ice, snow, rocks, and trees, 
mingled together. Down they came in awful grandeur 
and speed and created cyclonic disturbances, gravely en- 
dangering the lives of those who were so ably providing 


for the safety of future millions. 

My first thrilling experience as I p d along this 
line was in descending the sublime Kicking-Horse Caior, 
with the river of the same name hundreds of feet just 
below us; but on my return I traversed this same region 
on the leading cowcatcher of a train ts three power- 
ful engines attached to it. As we crawled up the sides 
of the cafion, Isalaamed the numerous line hands in their 
fastnesses, and was delightedly saluted in return 
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1154 N. Carson, 0.2 PER CENT. 
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Fic. 10.—1157 N. Carson, 0.5 PER CENT. 
MAGNIFIED 325 DIAMETERS. 


Fie. 13. 1168 N. Carson, 0.65 PER CENT. 


MAGNIFIED 325 DIAMETERS. 
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carefully the Canadian Pacific Railway Company protect 
their passengers at every point, not a snow slide, not a 
boulder, nor any other danger being allowed for a 
moment to remain unnoticed. After passing the summit 
of the Rockies we came down towards Banff at full speed, 
and if I had not held on like a cat to everything within 
reach, these lines might not have been written. 

Having described some of the peculiarities of trans- 
Atlantic engineering as I found them, I do not, for the 
reasons previously given, consider it advisable for my 
younger brethren to go merely on chance to Canada, not- 
withstanding the temptation to do so with so much good 
work in view for a long time to come. I have myself es 
for fifty years an enthusiast in this science, thirty of which 
were spent in private practice and in the field of litera- 
ture, and I have also seen many chan; The difficulty 
of getting suitable employment has me very great, 
and the “age question” is cruelly oppressive. Instead 
of crowding into a learned and fascinating profession 
which now offers so little in return, even for the loving 
labours of its devotees, I think it would be well for those 
who have no definite prospects of future aid to take up 
farming under the greatly improved conditions which now 
exist in Canada, and with a knowledge of hand tool-work- 
ing, combined with energy, perseverance, and good hope 
for the future, open out a path to success, which isseldom 
to be found in this over-stocked land. They will thus be 
enabled to materialise their ardent wishes by marrying 
early, and by having flourishing homes of their own. 
And, above all, by getting as old as they can, honoured 
to the last, and without loss of real value to the end of 
their days. 

At the same time I would recommend those who look 
for occupation abroad, and desire information on railway 
construction in its most useful and sublime phases, to visit 
the mountain 7 just described, which the renowned 
Mr. Edward ymper, of Alpine, Andean, and Hima- 
layan fame, has compared to “fifty or sixty Switzerlands 
rolled into one,” and which, to myself, were profoundly 
impressive. 

During that ever memorable tour I received the greatest 
kindness from those I met, who not only gave me all the 
information I wished, but additionally supplied me with 
whatever they thought would be useful. Some of these 
good friends still keep me well posted in what is going on, 
especially in reference to the great movements which 
have helped to double, treble, and quadruple many of 
their cities and towns during the last ten years, and create 
other wondrous changes. 

The recent prodigious outlay in railways and various 
public works, &c., throughout the country ; the enormous 
irrigation schemes which have been carried out, to the 
great advantage of an immense territory, as well as other 
vast works in prospect, the improved system of farming 
for the special benefit of incoming settlers; and the 
rapidly-increasing tide of population for whom the Old 
World has now so little to offer—all tend to show how 
much the New World referred to has to bestow upon 
those of all ranks who are willing to work, in a now lite 
and in a new land, for the success which they will cer- 
tainly well deserve. 

Yours truly, 
J. W. C. Hatpang, M.I. Mech. E. 

55, Stanley-gardens, Hampstead, London, N.W. 








EVENING CLASSES FOR ENGINEERS. 
To THE EpiTor OF ENGINEERING. 

Srr,—Your leader on ‘‘ The Need for Technical Educa- 
tion,” published in your issue of April 29, refers to 
evening classes for young men engaged in engineering 
workshops, and I am glad to note that you are op 
to their abolition. 

The subject of ‘‘Technical Education in Evening 
Classes,” as far as the teaching of engineering subjects is 
concerned, is increasing in importance every year; not 
because the numbers of students are larger than in pre- 
vious years, but because the system is becoming more and 
more improved. In former years the work was carried on 
under the ‘‘single class” system, whereas the work is 
now, in many centres, carried on under the *‘ course” 
system. 

Under the former system the evening student at a 
technical school could take one or more classes, just as it 
suited him, and in the majority of cases he contented 
himself with one. This involved attendance on one even- 
ing per week, together with a small amount of time spent 
in home-work; and the student, therefore, had a fair 
amount of time each week for amusement and recreation. 
The classes were, for this reason, popular with the 
students, and they attended in large numbers; and as they 
could devote the whole of the session to one subject, the 
examination results were good. But if we success 
from the educational point of view, it must admitted 
that the work was not successful under the old system, 
the training not being broad enough. On the other hand, 


In deciding upon the correct amount of time to be 
devoted to the “course” system, we must not forget that 
the average evening student is at work from 6 a.m. to 
5 p.m. on every day of the week but Saturday ; and as 
his age rarely exceeds 21, he naturally desires to have a 
little time “‘to himself” each week. I am, therefore, of 
opinion that the total time the student should be expected 
to devote each week to his class and home-work should 
not exceed four evenings ; further, the session should not 
run for more than 20 weeks—10 weeks before Christmas 
and 10 weeks after. The present practice in regard to 
the number of evenings spent at the school per week 
varies considerably, from two to five,* but the ength of 
the session is 30 weeks or more in all cases. Thus in the 
extreme case the student has to spend five eveningsat the 
school, and must necessarily devote theremainder of hisnon- 
working time to home-work, unless he throws up the whole 
business in disgust, as many have done. If, on the other 
hand, he decides to carry the matter through, then he must 
deprive himself of allamusement for two-thirdsof the year. 
It is not surprising, therefore, that the students drop 
away as the session advances, and that the success of the 
“*course” system, as far as numbers go, is not as great 
as was that of the “‘single-class” system. If the session 
be cut down to twenty weeks, and the weekly work 
arranged so that it will not require more than four even- 
ings’ (total) work from the student, the classes will be 
more popular, and the numbers increased. But as the 
work of the syllabus could not be completed in the time, 
we are faced with another difficulty, and this brings us to 
a consideration of the second point noted above. 

In yaa pen | the Board of Education syllabuses of 
Engineering subjects for 1895 and 1910, I find that, with 
the exception of Practical Mathematics and Applied 
Mechanics, there are practically no changes. Now these 
syllabuses were drawn up when the “‘single-class ” system 
was in operation, and at that time were suited to the 
conditions which existed; but we are now trying to 
work the “course” system with practically the same 
syllabuses that suited the old system so well. The 
want of success cannot be wondered at, and until the 
whole of the syllabuses have been revised and brought 
into line with the uirements of the ‘‘ course” system, 
very little good will done by experimenting in other 
directions. It is gratifying to note that the Board of 
Education are moving in this direction, having already 
split up the syllabus of applied mechanics, and added the 
new syllabus, Section 1, of Stage 1, Practical Mathe- 
matics ; and it is to be hoped that the complete revision 
will be carried out in the near future. 

Yours truly, 
JOHN A. DAVENPORT. 

20, North John-street, Liverpool, May 9, 1910. 





THE SCHILOWSKY MONORAIL. 
To THE EprTor oF ENGINEERING. 

Srr,—May I submit one or two notes upon the interest- 
ing report, relative to the above-named monorail system, 
which appears in your current issue. 

It is stated that one special gyro-car is required between 
every two vehicles (coaches, wagons, &c.). This might 
be misunderstood. A complete train on this system is 








the course” system aims ata general engineering educa- | 


tion, and consequently involves attendance on several 
evenings (usually three) per week. The work through- 
out the country is standardised by the adoption of the 
syllabuses issued by the Board of Eelucation and the City 
= i of London Institute, in the higher stages of 
ie work, 
., There can be no doubt about the superiority of the 
course” system in theory, and yet in practice the suc- 
cess is not as great as might reasonably be expected. 
This is due, to a large extent, to the fact that le a 
system has to work under the old conditions; and in 
looking into this matter further, with a view to finding a 
remedy, we have to pay particular attention to the 
following — 
a The time (class and home-work) per week and per 
on. 
2. The syllabus. 





thus built up :— 4 

Locomotive, gyro-car, two vehicles; gyro-car, two 
vehicles, &c, 

At the recent demonstration exigencies of space forbade 


|the use of additional vehicles, and the weight of the 


train as then exhibited was much below the limit of the 
gyro’s efficient control. 

Your notice suggests that some improvements could be 
introduced in Schilowsky gyro-cars of full size. Please 
allow me to explain that this particular model was 
expressly made in the simplest possible form, and is 
intended merely to illustrate the essential features of the 
system in a manner to be easily understood by non- 
technical persons. 

ons. Schilowsky’s invention includes several accessory 
parts of considerable importance, which were not shown, 
and he is also giving his practical attention to various 
suitable modifications of his system as a whole. 

At the moment, the construction of an electrically- 
driven model—which I hope to have the pleasure of 
exhibiting to a representative of ENGINEERING—is in 
hand, while work on a larger scale proceeds in Russia. 

With many thanks in anticipation of your courtesy in 
inserting this letter, 

I am, Sir, yours obediently, 
GerorcrE Eckrorp. 
199, Piccadilly, W., May 10, 1910. 





THAWING WATER-PIPES BY ELECTRIC 
CURRENT 
To THe Eprror or ENGINEERING. 

Srr,—Replying to Messrs. Elder and Co.’s letter pub- 
lished on page 509 of your issue of April 22 last, I —- 
it was I who first called attention in the technical Press 
to the ease with which all water-mains and ae can be 
thawed out by electricity. The Electrical World, New 
York, published an article by me about 1897 on the sub- 
ject, and now makers of transformers advertise that 
they wake special apparatus for this work. 

The alternating current i . only for the 
reason that the voltage requi for each particular job 
is readily obtained from a constant potential transformer 
with a secondary having a number of taps, but when 
there is much small piping to be thawed out I would 
prefer a 25-horse-power automobile engine driving a low 
voltage (400) alternator with its exciter, the whole mounted 





* ‘Technical Education in Evening Schools,” by O, H. 


on atruck. Thick copper cables are electrically attached 
to the pipe or tap to be thawed, and to the heavy 
supply piping, which, as a rule, is not frozen, and con- 
nected to the terminals of the alternator. If the pipe be 
small, 1 in. or so, the water will begin to flow promptly 
after the starting of the engine, the tap, of course, being 
left open. A little experience is worth more than all the 
directions that could be given. The only difference that 
will be found is in the time it takes to thaw out the pipe, 
and quite 4 pipes can be thawed out with this 
apparatus if the application of the current is more pro- 
longed. Frozen ground is a good insulator, and very cold 
iron pipe a good conductor. 
Yours truly, 
Witiram SarrH Horry. 
Niagara Falls, N. Y., May 3, 1910. 








‘*STRESS-LINES AND STREAM-LINES.” 
To THE Eprror oF ENGINEERING. 

S1r,—The point of my letter in your issue of the 30th ult. 
was this—that whereas in your original article on this 
subject on March 11 you stated that the stream-lines and 
stress-lines could only coincide if the strain reduced to a 
function of one of the co-ordinates only, the solution of 
the differential equation you give as a criterion shows 
that this limitation is not a necessary condition. 


Your criterion is that the relation 
v dv 
"u _dz 
1- 2 du . . . (1) 
uw dz 
must be satisfied, and one solution of this is 
w=v.f(y) - 2. ‘ - (2) 


u and v being functions of both co-ordinates. 

Your other objection that (2) shows that wu must be zero 
where vis zero, and that this is not so in my examples, 
would be valid if (2) were the general solution of (1), 
which it is not. 

The original relation (1) does not show that u and v 
must vanish together, since it is satisfied for any value of 


v . » . . 
are both zero; that is, if v is a maximum 
x 


wu if vand ‘ 
or a minimum where v = 0, and this condition is obviously 
satisfied at any point on one of the principal sections of 
the piece, such as the point you took. I think the rela- 
tion (1) is too wide to be of any great value as a criterion, 
and that an experimental test of the shape of the stress- 
lines would be of more value if a satisfactory one could 
be devised. In this connection it would, I think, be of 
interest if you could find space for an account of Mr. 
G. H. Gulliver’s recent paper before the Royal Society of 
Edinburgh, of which a summary appeared in Nature 
of the 14th ult. 
Yours faithfully, 
J. Siva. 
132, Coleraine-road, Blackheath, S.E., May 11, 1910. 


{In the ordinary mathematical sense of the term equa- 
tion (2) is the general solution of equation (1). The solu- 
tion obtained by putting v or u equal to zero, on the other 
hand, is not the general solution of equation (1). Indeed, 
if a zero value is substituted for v in the original equa- 
tions dv _du_ Oand eu +2" = 0, we get u an abso- 

dx dy d dy 
lute constant and the strezs zero.—Enp. E.] 








INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ 
AssociaTION.—The May general meeting of the Graduates’ 
Association was held at the Institution House on Monday, 
May 9, at 8 p.m., Captain Riall Sankey, Member of 
Council, in the chair. A paper entitled ‘*Some Notes on 
Materials under Combined Stresses” was read by Mr. 
E. W. Moss, Graduate. The discussion was opened by 
Mr. A. J. Bremner, and the following took part : Messrs. 
M. G. Duncan, A. B. Symons, 8. A. Smith, and P. Petrie. 
Professor E. G: Coker was present, and described his 
torsion-meter, which the author used in his experiments. 





THE JUNIOR INSTITUTION OF ENGINEERS. — A numer- 
ously-attended excursion of this Institution took place 
recently to Southampton for the purpose of visiting the 
new 16-acre dock works, which are being carried out for 
the London and South-Western Railway Company by 
Messrs. Topham, Jones, and Railton, and the T.-8.8. 
Teutonic of the White Star Line. On arrival the party 
was met by the engineer, Mr. F. E. Wentworth Shields, 
and Mr. R. H. Taylor representing the contractors. 
After being shown over the works by these gentlemen 
and members of their respective staffs, the visitors were 
entertained to luncheon at the South-Western Hotel by 
the kindness of the contractors. Seay was after- 
wards given to go through Messrs. Harland and Wolff’ 
shops, of which many availed themselves. Mr. P. E. 
Curry, manager of the Ocean Steam Navigation Com- 
pany, received the members on board the Teutonic, and 
special arrangements were made for conducting the part 
over the vessel, the engine-room, &c., being included. 
Mr. H. 8. Boumphrey, superintending engineer, was 
present. Afternoon tea was served in the saloon at the 
conclusion by invitation of the White Star Line, after 
which there was a short trip round the dock estate b 
steamer, kindly provided by the Isle of Wight and South 
of England Royal Mail Steam Packet and Towing Com- 

y, the party landing at the Royal Pier in time to 
oin the 6.12 p.m. express from Southampton West for 

ndon. The acknowledgments of the Institution for all 
that had been done to render the occasion so interesting 
and enjoyable were expressed by the Vice-Chairman, 





_ Creasey. Published by Swan, Sonnenschein, 


Mr. J. Wylie Nisbet, 
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HIS 


MAJESTY’S 


BATTLESHIP 


“ HERCULES.” 


CONSTRUCTED BY PALMERS IRON AND SHIPBUILDING COMPANY, LIMITED, ENGINEERS AND SHIPBUILDERS, JARROW-ON-TYNE. 











Fig. 11. 
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turret is on the forecastle 
level. On each side there 
is a gun-turret with a deep 
embrasure, as shown in the 
hotograph of the vessel 

ing launched (reproduced 
above), in order that these 
guns may fire ahead as 
well as astern. The guns 
on the beam are not in the 
same transverse plane, but 
are, as in the case of the 
cruisers of the Invincible 
class, mounted in echelon, 
so that they may be fired 
on either beam with a con- 
siderable arc of training 
fore and abaft the beam. 
In this latter respect they 
mark a distinct improve- 
ment on the ships dinedy 
mentioned. Aft, there are 
on the centre line two 
twin-gun turrets, that to 
the rear being at a higher 
level. In order that all ten 
guns may be fired on the 
broadside, the deck-erec- 
tions are of a peculiar 














form. 


To the rear of the forward guns there is a 
large deck-house, within the plan of which there 
is embraced the bridge, conning tower, tripod mast, 
|the forward boiler-room uptake and funnel, with 


several 4-in. guns. Amidship there is a second, 
but much smaller, deck-house for the uptake from 
the after group of boilers, and further aft a third 
erection for the engine-room uptake, tripod mast, 
after conning-tower, &c. The forward and amid- 
ship deck-houses are connected by a gangway, and 
between them also there will be heavy girder supports 
for the vedette and other boats. These deck-houses are 
cut away on plan at an angle to give as wide an aro 
forward or abaft the beam as is possible, or with an in- 
dented curve, the radius of which is determined by the 
circle described by the rear end of the gun-houses during 
the training of the guns. This gives the maximum size 
of deck-house, with the greatest possible angle of fire, 
either forward or abaft the beam, for the guns on each 
side of the ship. Many of the other details of this 
ship, and of those of the same class, were given in 
ENGINEERING of April 8, e 451 ante, when the 
Colossus, the first of the class, was floated from the 
yard of Scotts’ Shipbuilding and Engineering Com- 
pany, Limited, Greenock. 

The keel of the Colossus was laid on July 30, 1909, 
and some indication of the progress made since that 





time is afforded by the fact that the weight on the 
ways at the time of launching was 8150 tons, equal 
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to a mean pressure per foot on the bearing surface 
of the ways of 1.95 tons. The launching-ways were 
5 ft. 4 in. wide and 385 ft. in length. The fine lines 
of the ship forward precluded a greater length of 
cradle. The overhang forward was over 100ft. The 
standing-ways were over 500ft. in length, with 
a camber of 27in. in that length, and a declivity of 
fin. per foot. In order to meet the pressure on 
the fore-poppets when the stern began to lift—a 
pressure which was estimated at 1700 tons—a special 
design of cradle was adopted, and detailed drawings 
of its construction are reproduced on page 610. 
This cradle was built up of steel plates, stiffened 
with bracket-plates and bars, and had no attachment 
to the hull. But the cradle was made to conform 
to the section of the ship by means of 4 in. wide 
packings between the cradle and the hull, as shown 
clearly in the various cross-sections. The details of the 
riveting are clearly shown in Figs. 2 to 4. As shown 
in the cross-sections, Figs. 5 to 10, there were secured 
to the plating forming the cradle shelf plate-brackets, 
into which there was housed, notably at the forward 
end, the top of the —— The details are so clearly 
shown that further description is unnecessary. The top 
of the poppets as housed in the bracket-plates is clearly 
shown in the view prepared from the photograph of 
the ship as she took the water (Fig. 11). 

Instead of the ordinary dog-shores for holding the 
vessel immediately prior to the launching, there was 
used a specially - designed hydraulic arrangement, 
which is illustrated in Figs. 12 to 14. This consisted 
of a steel casting, which took the place of a short 
length of the standing ways, as shown in Fig. 14, 
being coated with the usual lubricant on top. Asso- 
ciated with this was an hydraulic cylinder 18 in. 
in diameter, holding a strong trigger of forged steel, 
the upper end protruding through the steel casting 
let into the sliding-ways, as shown in Fig. 14, while 
the bottom end abutted against the hydraulic ram. 
The pressure in the cylinder was released simultan- 
eously for both port and starboard sides, as shown in 
the plan, Fig. 12, whereupon the ram receded, causing 
the lever to tilt, and conliieg the sliding-ways with 
the cradle and ship to move. Some idea of the pro- 
portions of this gear will be formed from the fact that 
each of the castings, with its trigger and cylinder 
complete, weighed about 13 tons. 

The drags used for checking the vessel’s way when 
floated consisted of chain cables in five groups on each 
side of the ship, the aggregate weight being 480 tons. 
Special steel wire ropes of 8 in. in circumference were 
made for the purpose of attaching these drags to the 
ship. There was the minimum of ceremony in connec- 
tion with the launch, but everything passed off suc- 
cessfully. The maximum speed attained on the ways 
was equal to 12.3 knots, while the mean speed on the 
ways was equal to 8.2 knots. 








Customs TARIFFS OF THE WorLD.—The latest edition 
of this valuable work has just reached us from the 
uublishers, Kelly’s Directories, Limited, 182-3-4, High 
Liolborn, W.C. In this volume the Customs tariffs of 
all countries of the world are given in a form that will 
enable a merchant to tell, almost at a glance, the duty 
(if any) on imported or exported articles of all kinds. 
The work will be found almost indispensable in com- 
mercial and industrial circles at home and abroad. 
The number of pages in the present volume is nearly 
1000, having been increased by about 250 since the 1905 
edition, a fact which serves to show clearly the constant 
expansion of the different tariffs. As new tariffs have 
recently come into force for several countries, including 
France and the United States, a very considerable number 
of alterations have been made in this edition. We may 
mention as evidence of the up-to-date character of the 
book, that it includes the new French tariff, the final text 
of which was only published in the Journal Officiel of 
March 30 last, although it came into force on April 1. 
The price of the work 1s 10s, net. 





Unton-Castte Mar, Liner “EprvsurcH Castie.” 
—-There has just been added to the fleet of the Union- 
Castle Mail Steamship Company, Limited, of which 
Messrs. Donald Currie and Co .,are managers, the Royal 
mail-steamer Edinburgh Castle, built by Messrs. Harland 
and Wolff, Limited, of Belfast. This vessel resembles 

enerally the Balmoral Castle, which was built by the 

‘airfield Company, and was recently fully illustrated and 
described in ENGINEERING. ‘“he oe Castle, how- 
ever, is 13,326 tons s, whereas the Balmoral Castle is 
13,361 tons. The dimensions are :— 


ft. in. 
Length over all .. 585 9 
Breadth extreme yo ; 


Depth moulded. . 


Accommodation has been provided for about 320 first- 
class, 220 second-class, and 250 third-class cabin pas- 
sengers. Thisship has also been decorated and furnished 
from the designs and detail drawings prepared by Mr. 
William Flockhart, F.R.I.B.A., architect, of London. A 
large seirigneeting plant is fitted on board, se insu- 
lated chambers being provided for 60,000 Ib. of fresh 
meat, 6000 head of poultry and game, 10,000 lb. of fresh 
and dried fish, &. The machinery consists of two sets 
of quadruple-expansion balanced engines, with ten cylin- 
drical boilers, to develop 12,500 horse-power. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 4. 
A general increase in freight rates will probably 
made on most of American railways by June 1. 
This is partly the result of the general advance in 
wages which has been made, and is made in view of 
the fact that other advances in wages are likely to 
be made. It has been roughly estimated that the 
increases in wages granted to railway employees 
during the past six months amount to approximately 
48,000,000 dols. This increase, of course, will be 
saddled upon the shippers, and ultimately upon the 
consumers. Over 100 Bills are in pigeon-holes in 
Congress looking to the control of railroads in various 
ways. A Railroad Regulating Bill is now under dis- 
cussion, but it falls so far short of the popular wishes 
that even if it be passed it will not be final. The system 
followed by American railways is to reduce freight 
charges to all points where there is water competition, 
and to make up this reduction to all points where there 
is no competition. The actual value of the railway 
service is lost sight of in the carrying out of this 
policy, and under it injustice is done to the vast busi- 
ness interests which are geographically so located that 
they cannot enjoy the benefits of competition by water 
routes. This policy and this problem is agitating 
ublic minds to a very great extent, and unless just 
egislation be enacted for protection there will be a 
continuance of discussion which will probably affect 
the composition of the next Congress to be elected in 
the latter part of the coming year. This is only one of 
many questions disturbing the public mind, and only 
one of the causes which threaten the supremacy of the 
party which has been so long dominant in national 
affairs. Perhaps more vital than this question is that 
of the tariff. The general public have not had an 
opportunity of fully testing the merits of the recent 
law, but there is a feeling of dissatisfaction and 
reason for resentment which may culminate in a return 
to power in the Lower House of Representatives of the 
party which for three-quarters of a century has been 
identified with the establishment of duties limited by 
the revenue necessity of the Government. 

The general trade of the country is in a prosperous 
and satisfactory condition. Bank clearings show a 
slight increase over the same week of last year. Coal 
strikes have been settled, and large bodies of miners 
have returned to work. No serious industrial dis- 
turbances are in sight. Several railroads were 
threatened by a strike on account of wages, but the 
differences were finally adjusted. The larger railway 
systems are quietly bringing about harmonious rela- 
tions with competing or partly competing lines. The 
general trend of prices for commodities, minerals, 
and metals, is in the direction of an equilibrium which 
will be very slightly disturbed. 








THE JUBILEE MEETING OF THE INSTITUTION OF NAVAL 
ARCHITECTS PostponED.—The Council of the Institution 
of Naval Architects have decided, in consequence of 
the national bereavement, that the pro Jubilee 
celebrations of the Institution shall not be held this year. 





Bocuum.—The town of Bochum, one of the industrial 
towns of Westphalia, whose population approaches 
100,000 inhabitants, has resolved to give up the municipal 
gas-works, and to obtain its illuminating from the 
coke-oven plant of the Hanover and Hannibal collieries, 
which belong to Messrs. Krupp. The collieries offer 
purified gas at 2.5 pfennig per cubic metre, which works 
out to about 84d. per 1000 cubic feet. These remarkably 
low terms were secured by the municipality because they 
had themselves, by the introduction of the improved 
Koppers furnaces, been able to reduce the cost of gas 
manufacture. The case is not the first of a township 


drawing its gas-supply direct from a colliery. The town 
of Essen has, for a year or two, been receiving about 
1 million cubic feet of gas from the Viktoria Mathias 


Zeche (colliery) ; but Essen does not rely upon this source 
of supply alone, and the gas in question is purified in 
the municipal gas-works. 





Tuer TRAINING OF THE Starr FOR PowER-STATIONS.— 
It may be remembered that some years ago the Newcastle- 
upon-Tyne Electric Supply Company inaugurated an 
‘‘improver” system under which men who have just 
finished their apprenticeship are able, as junior assist- 
ants, to gain experience of large etgpet ya work in 
the generating stations, sub-stations, and the extensive 
transmission and distribution systems throughout the 
area of this company, and the other power companies 
with which they are associated. The Newcastle ay age | 
has been the training ground for central stations in all 
parts of the world, many of its employees having from 
time to time found good positions elsewhere. It is gratify- 
ing to note that the value of the experience gained in this 
company’s service is so fully appreciated. Only this 
week, by arrangement with the Newcastle Company, 
a considerable number of assistant engineers have sailed 
for South Africa to take up important —— on the 
staff of the Victoria Falls and Transvaal Power Company, 
whose chief engineer, Mr. Bernard Price, also came from 
the North of England. He was, in fact, for several years 
closely connected with the extension of the Newcastle 
Company’s system, 


[May 13, 1910. 


NOTES FROM THE NORTH. 
: Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was stronger and 5000 tons of Clevelan:| 
warrants were done at 49s. 10d. cash, 49s. 9d. eight day 
50s. 13d. twenty days, 50s. 1d. cne month, and 50s, Sc. 
July 21. Closing sellers quoted 49s. 104d. cash, 50s, 2 
one month, and 50s. 9d. three months. Hematite 
was also rather stronger at 663. 6d. cash sellers, and 
66s. 3d. buyers. In the afternoon a good tone pr 
vailed and Cleveland warrants were dealt in at 50s. 2d 
eight days, 50s. 5d. twenty-six days, 50s. 44d. and 
50s. d. one month, and 51s. three months. The 
turnover was about 4000 tons, and sellers’ closine 
quotations were 50s. 2d. cash, 50s. 54d. one month. 
and 51s. 0jd. three months. Sellers of hematite quoted 
67s. 3d. cash. On Friday morning the market opened 
steady, but cash Cleveland warrants fell away later. The 
dealings consisted of 5500 tons at from 50s. and 50s. 04d. 
to 49s. 114d. cash, at 50s. 2d. twenty-three days, 50s. 34d. 
and 503. 4d. one month, and 50s. 114d. and 50s. 103d. At 
the close there were sellers at 49s. 104d. cash, 50s. 24d. 
one month, and 50s. 10d. three months. Hematite was 
ae by sellers at 66s. 9d. cash, and 67s. one month. 
n the afternoon a steady tone prevailed, and 4000 tons of 
Cleveland warrants changed Sate at 49s. 104d. cash, 
50s. 14d, one month, and 50s. 9d. three months. Closing 
quotations were 49s. 10}d. cash, 50s. 2d. one month, and 
50s. 10d. three months sellers. Hematite was unchanged 
at 66s. 9d. cash sellers. On Monday morning the 
market was stronger, but the business only amounted to 
2000 tons of Cleveland warrants at 50s. cash, 50s. 1d. 
three days, 53s. 3d. seventeen days, and 51s. three months. 
The session closed with sellers at 50s. 04d. cash, 50s. 44d. 
one month, and 51s. three months. Weakness prevailed 
in the afternoon, and the total turnover was 1000 tons of 
Cleveland warrants at 50s. 34d. one month, and closing 
rices were 49s. 11}d. cash, 50s. 34d. one month, and 
3. lid. three months sellers. On Tuesday morning 
the market was again weak, and prices declined 3d. 
The turnover was limited to 1500 tons of Cleveland 
warrants at 49s. 8d. cash and 50s. 84d. three months, 
and at the close the quotations were 49s. 84d. cash, 
50s. one month, and 50s. 8d. three months sellers. 
A little improvement took place in the afternoon 
when 2000 tons of Cleveland warrants were done at 
493. 10d. cash and 50s. 9d. three months, with sellers over 
at these figures, and at 50s. 2d. one month. When the 
market opened to-day (Wednesday) an upward tendency 
again prevailed, but the dealings only amounted to about 
3500 tons of Cleveland warrants at 49s. 11d. and 50s. cash, 
50s. O4d. nine days, and 50s. 34d. one month, closing 
sellers quoted 50s. cash, 50s. 4d. one month, and 5ls. 
three months. At the afternoon session no business of 
any kind was transacted, but the tone remained firm. 
When the market closed there were sellers at 503. oa 
cash, 50s. 4d. one month, and 50s. 114d. three months, 
and hematite was also quoted at 67s. cash, and 67s. 44d. one 
month. he following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 62s.; Calder and Gart- 
sherrie, 62s. 6d.; Langloan, 64s.; Summerlee, 64s. 6d.; and 
Coltness, 83s. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 64s. 6d.; Shotts (at Leith), 62s. 6d.; and 
Carron (at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—There is little doing in the sul- 
phate of ammonia market at present, but the price is 
steady at about 12/. per ton for prompt delivery, Glasgow 
or Leith. The amount shipped last week from the latter 
port was 99 tons, 


Scotch Steel Trade.—There has been little, if any, change 
in the Scotch steel industry during the past week, and 
the majority of the establishments are still fairly well 
employed. The king of new business is rather slow, 
but as the amount of orders fixed up recently runs 
into a large tonnage, there should be no quietness on this 
side of the annual fair holidays in July. The general 
export trade is very fair, but a large volume of busi- 
ness in structural sections has lately been put through 
for Canadian, Australian, and the Far East ports. No 
falling off has taken place in the demand for lighter 
material, a good inquiry for sheets and plates being re- 
ported. The position of the Associa Steel- Makers 
in Scotland has not altered, and negotiations are still 
proceeding. It is said that the meeting in London last 
week-end cleared the air somewhat, but as the meeting 
was private, little can be said in the meantime as to the 
probable outcome of the deliberations. However, the pro- 
spects of a satisfactory arrangement are more than likely. 


Malleable-Iron Trade.—Broken time again prevails in 
the malleable-iron trade of the West of Scotland, and 
makers are complaining about the scarcity of specifica- 
tions. Fresh inquiries for both the home and the export 
market are very limited, and the prices being offered for 
the latter business leave very little in the way of profit. 


Scotch Pig-Iron Trade.—The feature of the Scotch pig- 
iron trade at the moment is the large quantities being 
shipped against contract. Locally the demand is easier, 
but makers are well sold ahead and will be kept busy for 
The hematite position is practically un- 








some time. 
changed. 

District Counci, Guipes.—We have received from 
the Suburban and Provincial Development Association, 
and the Health Resorts Association, 29, John-street, 
Bedford-row, W.C., a copy of their guide-booklets for 


ire- 


Hitchin, Sheringham, and Sidmouth. These are ‘ 
fully illustrated and give historical and general data on 
the various places of interest in each town. The same 
Associations have recently issued other booklets dealing 





with Lytham, Aldeburgh-on-Sea, and Chepstow. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, eg m « 

Shcfield and France.—The activities of the Sheffield 
Chamber of Commerce have resulted in the revision of 
the French import duties upon certain varieties of Shef- 
field-made tools which were wrongly classified under the 
new tariff. Several other Sheffield goods have been dis- 
covered to be even more severely handicapped, owing to 
wrongful classification, than they should under the 
tariff, and the Chamber is taking further action. In 
some cases the increases have been from 50 to 400 francs 
per 100 kilogrammes. 


Coal Exchange Formed.—After consideration extending 
overa considerable period, and at least one abortive effort, 
it has been definitely decided to establish a Coal Exchange 
in Sheffield. The decision was come to at a largely at- 
tended meeting of coal-owners, coal-merchants, and col- 
liery agents from South Yorkshire, North Derbyshire, 
Lincolnshire, and Notts, held at the Royal Victoria Sta- 
tion Hotel, Sheftield, on Wednesday, at the invitation of 
the Great Central Railway Company. Mr. T. W. Ward, 
President of the Sheffield Coal-Merchants’ Association, 

resided. The need for an Exchange has for long been 
elt, and the gathering was almost unanimous in favour of 
its establishment. One objection came from the Hull Coal- 
Exporters’ Association, represented by Mr. Lutze, who said 
they in Hull had already the Leeds and Hull Exchanges to 
attend every week. The question of the monopolies held by 
some merchantsin Sheffield was referred to, and the opinion 
expressed that these would have to be broken through. 
Mr. T. C. Higgins, manager of the Mineral Department 
of the Great Central Railway Company, who acted as 
host at a luncheon which was provided, made known the 
company’s offer of a room at the Victoria Hotel for the 
meeting of the exchange, and said that he should be pre- 
pared to help forward any proposal for improved railway 
(cilities between Hull and Grimsby and Sheffield. The 
exchange will be opened on Friday, June 3, and will 
meet thenceforth every Friday afternoon. 


Hull Coal Returns.—The big figures representing the 
quantity of coal sent to Hull during the first months of 
the year were exceeded last month, when 598,624 tons 
weresent. The increase on the year so far is 460,000 tons, 
last month’s increase being 175,000 tons. A big jump is 
recorded in the trade done with foreign markets, which 
during the four months have taken an excess of 350,000 
tons. Germany and Holland remain the biggest buyers 
from Hull, and there is a better demand from France for 
South Yorkshire coal. The largest increase was to South 
American ports, 28,000 tons, but there was a decrease of 
18,000 tons sent to Egypt. Altogether since the com- 
mencement of the year, over two million tons have been 
dealt with at the port, and there is evidence that new 
markets have been opened up. The biggest proportion 
still comes from two or three South Youshire odieien, 
with Denaby and Cadeby again heading the list. 


Tron and Steel.—The pig-iron demand is still on the 
quiet side, with buyers holding aloof, but hematites main- 
tain their position. There has been no reduction of 
official prices in either, and consumers continue to pay 
from 74s. to 75s. for East Coast mixed numbers, delivered 
in the district. West Coast stand at the same high 
figure, 80s. to 82s. 6d. (less 24 per cent.). Derbyshire 
common iron is selling moderately well, rather better than 
Lincolnshire, and prices are unchanged. High carbon 
billets are not in great demand locally. Scrap and old 
rails are in a fairly strong position, ‘The Sheffield steel 
trade shares in the general improvement, though the 
advantages have not extended to all departments. Some 
of the heavy branches continue to be busy, and foundries 
have plent y of work. Signs of more activity in railway steel 
have been observed, but they are not sufficient to indicate 
& permanent improvement, though good orders may shortly 
come from Australia. Some anxiety is felt by Sheffield 
manufacturers at_ the proposal of the Russian Govern- 
ment to deprive Finland of her local autonomy in regard 
to customs and tariffs. It is felt that Sheffield trade 
with Finland will be seriously prejudiced by such a step, 
and protests have been lodged. Sheffield’s lighter trades 
are fairly steady, with good prospects, usiness is 
brisk in high-speed steels, and there is a good demand for 
tools, which is improving with the revival in the building 
trade. Saws is one branch in which there has been satis- 
factory ordering. 


, South Yorkshire Coal Trade.—The output of steam coal 
is at present in excess of the demand, producing quieter 
conditions, with less of a rush in executing orders. Busi- 
aos is still good, however, and the position is believed to 

but a temporary one, and due to the variations in 
shipping requirements. The supply of best quality is 
nearly all spoken for, and there is not much alteration in 








prices. Pit quotations are from 9s. 3d. to 9s. 6d. per ton 
for first grades. Second grade is most affected, since it 
forms the bulk of the export tonnage Orders from 
manwiacturers are rather less in quantity, and there is a 
Weaxoning of prices in these classes of coal. Slacks and 
coke sre quiet. There is not a great deal of alteration in 
house coal, in spite of the fact that many new price lists 
1av been issued with quotations at summer rates. First- 
grace fuel isin most demand. Prices at pits are about 
the s ‘me :—Best house, 9s. 9d. to 10s. 3d.; seconds, 7s. to 
Ss. Sd.; and cheap, 5s. 3d. to 6s. per ton. 

' Li NDON AND Sovurn-Wrstern Rartway Guipe.—The 
om nand South-Western Railway have recently issued 
~ r twelfth annual official illustrated guide to the various 
Places of interest on their system. The guide contains a 
map, humerous illustrations of seaside places and other 





Gay resorts, and zan be obtai i 
station on the system, no ay ee 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade. —Quietness rules in the iron | f: 


and allied trades. Though the statistical situation is ve 
satisfactory, addition to stocks of pig having been checked, 
and the production being now practically fully absorbed, 
such favourable conditions do not stimulate the market. 
Reports from Germany and from the United States are 
not at all encouraging, though the reduced make in 
America should have some beneficial influence on trade 
generally. The opinion prevails that the present lifeless 
state of affairs will not of long duration, and that, 
after the funeral of the late King, the iron trade 
will once more be characterised by considerable brisk- 
ness. Shipments of pig continue excellent, and inland 
deliveries, especially of hematite iron, are heavy. No. 3 
-m.b. Cleveland pig is 50s. 3d. f.o.b., but up to 51s. has 
nm paid for named brands. No. 1 is 52s. 9d.; No. 4 
foundry and No. 4 forge, each 49s. 9d. ; and mottled and 
white, each 49s. 3d. Nos. 1, 2, and 3 East Coast hema- 
tite pig remain at 66s. lers in foreign ore report 
business very quiet, but most sellers adhere firmly to the 
rates that have ruled nominally for some time past, which 
are on the basis of 20s. 6d. ex-ship Tees for best Rubio. 
A couple of cargoes of Rubio, however, are said to have 
been sold at 193. 6d., but there appears to be some doubt 
as to whether it is of the highest quality. Coke is 
weaker. There is plenty of medium blast-furnace quality 
offering at 18s. delivered here, and it is unders that 
buying is possible at a little below that figure. 


Manufactured Iron and Steel.—There is very little new 
to report concerning the various branches of the manu- 
factured iron and steel industries. Nearly all depart- 
ments are well off for contracts, and a lot of work is being 
turned out. Producers of shipbuilding material report 
more orders coming to hand, and this branch has been 
strengthened by the re-arrangement of the Anglo- 
Scottish Plate-Makers’ Combine. Values all round are 
fully upheld. Common iron bars are 7/.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s.; iron ship-plates, 
6l. 10s.; iron ship-angles, 7/.; iron ship-rivets, 7/. 5s. to 
7l. 7s. 6d.; packing-iron, 5/. 5s.; steel bars, 6/. 5s. ; 
steel ship-plates, 6/. 10s.; steel ship-angles, 6/. 2s. 6d.; 
steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d.; and steel 
joists, 67. 2s. 6d.—all less the customary 24 per cent. dis- 
count. Cast-iron columns are 6/. 10s.; cast-iron railway 
chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 10s.; and steel railway sleepers, 6/. 12s. 6d.—all net 
cash at works. Iron or steel galvanised corrugated 
sheets, 24 gauge, in bundles, stand at 11/. 10s. f.o.b.—less 
the usual 4 per cent. 








VerEIN DevutrscHerR INGENIEURR.—The Association of 
German Engineers, Berlin, have issued, for distribution 
at the German Pavilion at the Brussels Exhibition, a 
pamphlet entitled ‘‘ Der Verein Deutscher Ingenieure und 
seine Arbeiten,” which gives ap historical sketch and 
diagrams showing the development of the association. 
This was founded on May 12, 1856, at Alexisbad (Harz) 
by 23 engineers. On March 1, 1910, the association in- 
cluded 23,592 members, of whom 19,892 lived inGermany, 
1700 in Austria-Hungary, and 2,000 in other countries. 
The pamphlet also gives interesting data on the develop- 
ment of the “ Zeitschrift,” the paper issued by the 
Association. 





Tue ArRoNAUTICAL Society oF GREAT Britain.—The 
Council of the Society — papas to examine proposals 
from inventors with ard to aeronautics. The Society 
undertakes no responsibility whatever ; the proposals are 
only considered on the express condition that no report 
or communication emanating from the Aeronautical 
Society in reply thereto should be used for the purpose 
of advertisement or publication without the written con- 
sent of the Council. Any pro should be addressed 
in the first instance to the Council, 53, Victoria-street, 
Westminster, who would submit them to Committees 
nominated by them for the pu All communications 
will be regarded as strictly confidential. No fee or charge 
of any kind will be made. 





GARCKE’S MANUAL OF ELECTRICAL UNDERTAKINGS.— 
The fourteenth volume of this useful annual has just 
appeared. As usual, it contains engineering, financial, and 
statistical information relating to electric light, power 
and traction companies at home and in the colonies, and 
various details of electrical manufacturing and allied com- 
panies in these islands. There is also a section devoted 
to tel = and telephone companies. The usual direc- 
tory of officials, de se forms such a useful feature of the 
manual, of course, appears. is directory contains 
12,000 names of chairmen, managers, engineers, &c., of 
electrical undertakings, and mon ctny associate members, 
and associates of the Institution of Electrical Engineers. 
A list of electrical contractors appears for the first time. 
The list is arranged with the various contractors’ names 
under the heading of the towns in which their premises 
are situated, and an attempt has been made to con- 
fine the list to firms carrying on genuine electrical 
contracting businesses. Firms which belong to the 
Electrical Contractors’ Association are indicated by means 
of an asterisk. The section devoted to a review of recent 


deals with various electrical exhibitions, London | 


traffic questions, wireless tel } 
The book is excellently bound, and although it contains 
more than 1900 pages, it opens quite flat at any page. 
This is a great convenience when it is desired to leave it 
open for purposes of reference. It is published by the 


lectrical Press, Limited, of 37 and 38, Strand, W.C., at 
21s. net 








phy, and other matters. | 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—In steam coal the best large has made 16s. 3a. 
to 16s. 9d. per ton, while ——y ! qualities have ranged 
rom 15s. to 16s. 3d. per ton. e best ordinary smalls 
have been quoted at 8s. to 8s. 3d. per ton. As regards 
household coal, the best ordinary descriptions have 
realised 15s. 6d. to 16s. 6d. per ton; No. 3 Rhondda large 
has made 17s. to 17s. 6d.; smalls, 9s. 9d. to 10s. 3d. per 
ton. No. 2 Rhondda large has been quoted at 13s. to 
13s. 6d.; and smalls at 7s. 3d. to 7s. 9d. per ton. Foundry 
coke has brought 19s. to 20s., and furnace ditto 17s. to 
17s. 6d. per ton. As regards iron ore, Rubio has been 
riced at 19s. 9d. to 20s. 3d. per ton, upon a basis of 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


Dowlais.--There has been a good output at the iron and 
steel works, all departments having been well employed. 
The Goat Mill has had a good out-turn of heavy steel 
rails and metallic sleepers. The Big Mill has, as usual, 
— engaged upon lighter railway material and merchant 

rs. 


Welsh Collieries.—Circulars have been issued to the 
shareholders of the Atlantic-Merthyr Collieries, Limited, 
giving notice of special meetings to consider proposals for 
the sale of the undertaking to ket’s Merthyr Collieries 
(1894), Limited. The shareholders of Locket’s Merthyr 
Collieries will also meet to consider the proposals. e 
scheme outlined is for the sale of the Atlantic Company’s 
undertaking to Locker’s, the purchase price to Le pro- 
vided for by an issue of debentures, or, if thought fit, partly 
in other securities of Locket’s. 


South Wales Coal.—The exports of coal from the six 

rincipal Welsh ports—Cardiff, Newport, Swansea, Port 

albot, Neath, and Llanelly—in the first four months of 
this year were as follows :—Cardiff—foreign, 5,450,978 
tons ; coastwise, 969,032 tons ; total, 6,420,010 tons. New- 
port—foreign, 1,279,606 tons; coastwise, 244,864 tons ; 
total, 1,524,470 tons. Swansea—foreign, 841,869 tons; 
coastwise, 103,405 tons ; total, 945,274 tons ; Port Talbot 
—foreign, 459,014 tons; coastwise, 56,285 tons; total, 
515,299 tons. Neath--foreign, 49,118 tons; coastwise, 
65,736 tons; total 114,854 tons. Llanelly—foreign, 
59,018 tons; coastwise, 14,924 tons; total, 73,942 tons. 
The aggregate shipments from the six ports to April 30, 
this year, were accordingly 9,593,849 tons. 

Portsmouth.—Messrs. Morrison and Mason, who have 
been awarded a contract for a new graving-dock at Ports- 
mouth, are the contractors for the new lock which will 
adjoin the graving-dock. The new dock, which will be 
1000 ft. long and 100ft. wide, will involve an outlay of 
1,500,000. 


The Swansea Valley.—There has been a good inquir 
for tin plates in consequence of an American demand. 
The production of steel ingots has been somewhat short, 
several furnaces having been stopped for repairs in the 
Morriston district. The blast-furnaces have exhibited 
about their ordinary activity. 


Steam-Coal Inquitries.—Inquiries have been recbived for 
Welsh steam-coal to the following extent :—For the 
German navy—40,000 tons to be delivered at German 
naval ports between May and October; for the Turkish 
navy—30,000 tons of second-class Admiralty coal, to be 
delivered from June to August, and 14,000 tons of best 
Admiralty coal to be delivered between June, 1910, and 
January, 1911; for the General Italian Navigation Com- 

any—30,000 tons of best large steam, to be delivered in 

fay and June, 


Water-Main Incrustations.—There was a numerous 
gathering of surveyors and borough engineers from _Car- 
diff, Newport, Bath, Bristol, Aberdare, Frome, Barn- 
staple, &c., in the neighbourhood of Ellenborough Park, 
Weston-super-Mare, on Tuesday, to witness practical 
demonstrations of the removal of incrustations from 
water-mains by the Power-Cleer machines which has been 
utilised during the last few weeks with good results. 





Tux Royat Navy List anp Navat Recorver.—The 
April issue of this Navy list has just been issued by 
Messrs. Witherby, 326, High Holborn, and Newman’s- 
court, Cornhill, and includes appointments made up to 
March 23 last. In addition to the usual information 
regarding the personnel and ships of the fleet, there is 

iven a useful record of the current history of the Royal 
Navy, which on this occasion places on record the main 
features of the Navy p mme, as well as data regard- 
ing recent trials and other incidents in the history of 
the fleet. A prominent feature is the record of the war 
service of the various officers of the Service, arran 
alphabetically, and additional information has been added 
in this volume to the records of a large number of officers, 
the aim being to keep these thoroughly up to date. 





RaItway AcciDENTS.—According to recent statistics, 
there were, in the following countries, injured and killed 
on the railways of the respective countries for each million 


of passengers :— 





Killed. Injured, 
Germany .. oe 0.08 0.39 
Austria-Hungary 0.12 0.96 
France - 0.13 1.18 
Britain... 0.14 1.94 
Switzerland 0.20 0.04 
Belgium 0.22 3.02 
Russia ~ 0.99 8.93 
United States 0.15 6.58 


With regard to Germany it may be pointed out that 
92 per cent. of her railways are owned by the State. The 
| above figures apply to the year 1907. . 
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EDWARD VIL. 


Or THE UnitED Kinapom or GREAT BRITAIN AND IRELAND, 



















AND OF THE British Dominions BEYOND THE SEAS, 





King, 
Emperor of India. 


Born at Buckingham Palace, November 9, 1841; 

Succeeded to the Throne, January 22, I90I ; 

Crowned, August 9, 1902; 

Married H.R.H. PRINCESS ALEXANDRA CAROLINE 
MARIE CHARLOTTE LOUISE JULIA, of Denmark, 
March 10, 1863. 





DIED MAY 6TH, 1910. 
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bee only as loyal subjects do British engineers grieve for 
tL the death of King Edward VII.; they also sorrow for 

him as one intimately associated with them and with 
their profession. As the Prince of Wales His Majesty 
always took the greatest interest in engineering science, and 
he was both ready and pleased to give the support of his 
presence at the ceremonies attending the commencement or 
the completion of any great work. Further, he accepted the 
Honorary Membership of the Institution of Civil Engineers 
in 1865, the Honorary Membership of the Iron and Steel 
Institute in 1888, the Honorary Membership of the Institution 
of Mechanical Engineers in 1890, and the Honorary Member- 
ship of the Institution of Naval Architects in 1895. With 
the Society of Arts (now the Royal Society of Arts) the King 
was connected for forty-seven years, becoming a Life Member 
in 1863 and Patron in 1901. During all the intervening years 
he was President ; and although the Society of Arts is not an 
engineering body, yet the subjects with which it deals are so 
closely allied to engineering that it needs a knowledge of our 
craft to direct its operations aright. 

On the King’s Accession he resigned all the Honorary 
Memberships he held with, we believe, only one exception, 
and undertook the position of Patron instead. The sole 
exception was in connection with the Institution of Mecha- 
nical Engineers, to which he was first elected ‘‘ in apprecia- 
tion of the interest he has at all times manifested and the 
official consideration and recognition he has bestowed in con- 
nection with the works of Mechanical Engineers, as recently 
manifested by the opening of the Forth Bridge, the latest 
triumph of Mechanical Engineering.” The King remained 
an Honorary Life Member to the day of his death, thus 
continuing to be intimately associated with our profession in 
its mechanical aspect at the same time as he ruled the largest 
empire the world has ever seen. 

Engineers, and particularly mechanical engineers, have no 
reason to fear a comparison of their work during the short 
period of the late Ring's reign with that of any other pro- 
fession. Although little more than nine years have elapsed 
since the death of Queen Victoria, many things which, at her 
decease, were regarded as impossibilities have been lifted out 
of that category, and many other things which were mainly 
of academical interest have become realities, and either are, 
or promise to be, factors in the daily work of the world. In 
making a retrospect the first things that present themselves 
to the mind are the airship and the aeroplane. These 
mark a new achievement of the human race, and one for 
which it longed at the date of our earliest records, and 
probably for centuries before. ‘‘ Oh that I had wings like a 
dove,” cried the Psalmist, and his aspiration has been re- 
peated countless times since. To-day the wings exist, but 
whether they will enable anyone to ‘‘fly away and be at 
rest” is not so certain. The work of the engineer has 
accomplished much in many departments of life, but its most 
ardent admirer would scarcely claim that it has afforded rest 
to the mind. For the body it certainly has done so, by putting 
most of the hard work on to tireless prime movers ; but no 
machine exists, or ever will exist, that will lessen the sum 
of mental distress and worry. Wireless telegraphy is another 
outcome of engineering science which has grown durin 
the late King’s reign from small beginnings into practica 
success. In walking through St. James’s Park one sees 
the Admiralty buildings covered with antennz, by means of 
which constant communication is maintained with Malta 
and with the individual ships of the Navy in the Mediter- 
ranean and the Channel. It is conceivable that, in the not 
far distant future, it may be possible to hear in Whitehall 
the report of every gun fired in a fleet action in distant seas. 

These two achievements are enough to render the reign of 
Edward VII. notable in the annals of engineering science, 
for they have added the domain of the air and of the ether 
to those of the land and the water, on which the earlier 
triumphs of our art were attained. We might continue the 
list by referring to the submarine boat, the steam turbine, 
the telephotograph, and many other mechanical marvels 
that have come to perfection in the last few years, but 
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these will readily occur to our readers. We must, however, 
not omit a reference to metallurgy, for in 1906 the Kin 

accepted the Bessemer Gold Medal from the Iron and Stee 

Institute, and thus honoured the founder and the other 
holders of this memorial by associating himself with them 
and with their art. Metallurgy is the basis and origin of 
most of the advances achieved by engineers, for it furnishes 
them with new materials and with new methods of treating 
old materials by which to reach ends hitherto unattainable. 
The science has made great strides during the last ten 
years, particularly in the production of new alloys of iron 
and other metals, and if it does not stand so prominently 
before the public view, because its advances appeal only to 
experts, its record is cause for pride to all that can appre- 
ciate it. 

In thus referring to the mechanical progress made during 
the late King’s reign, we do not wish it to be understood 
that we rank it with the advances, largely due to the King 
himself, in the realisation of peace and goodwill among nations. 
While mechanics is the basis of all material civilisation, the 
real advance of humanity must ever be effected by moral 
and spiritual means. Rapid transit, facility of communi- 
cation, and cheapness of production are all elements con- 
tributing to ease and the accumulation of wealth. They 
render the world pleasanter to live in, they lift the burden 
of labour from. the weak, and they provide leisure for the 
cultivation of the arts. But they also furnish opportunities 
for the display of selfishness.and class distinction ; they tend 
to accentuate the difference between rich and poor, and by 
facilitating production they increase the competition amon 
nations to secure foreign markets. The Sibeaien wil 
never be created by the engineer, and he is the first to 
appreciate all means by which the less desirable effects of 
his efforts may be reduced, if not abolished. As the world 
shrinks by means of more rapid transit, and as the range 
and capacity of weapons increase, there is urgent need for 
more peace and goodwill among men, and he who can 
augment them stands in the forefront of humanity. While 
we do not for one moment apologise for or belittle the 
outcome of engineering science, it must never be forgotten 
that it has the defects of its qualities, and that it needs 
the services of the statesman to correct and ameliorate 
them. The late King, while he was graciously pleased to 
associate himself with us and to interest himself in all that 
we did, devoted much of his time to providing an antidote 
to the evils that arise out of material progress when it is 
divorced from an appreciation of the spiritual possibilities 
that lie beyond it. It was he that rendered possible the 
entente with our old-time enemy across the Channel, the 
friendly understanding with the country that was our con- 
stant menace in India, and the treaties of arbitration with 
other nations. At home he was, as a Labour member 
recently said in the House, ‘‘the most popular man in the 
kingdom,” and formed a bond which united all classes in 
a common union, of which he was the centre and focus. 
He was the King alike of rich and poor, and the repre- 
sentative around which the national feeling gathered to 
crystallise itself. He knew his kingdom from base to summit, 
and his broad sympathy enabled him to enter not only 
into the sports and pleasures of the rich, but also into the 
sufferings and hardships of the poor. His sense of justice 
and his spirit of compassion were ever alert to relieve the 
oppressed and to succour the unfortunate. He was the 
patron of many societies, a contributor to numberless 
charities, and a sympathetic participator in all movements 
for the good of the country. 

Engineers recognise that while the King associated him- 
self with them in their work for the reduction of disease 
and suffering, for augmenting hours of leisure, and for the 
amelioration of the conditions of life, especially among the 
poor, he also toiled for humanity on a higher plane than 
they can reach, seeking to dispel the ‘‘ envy, hatred, and 
all uncharitableness,” which are the principal causes of dis- 
sension alike between nations and hetween classes, and 
which largely arise from ignorance and from misconception. 
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ELECTRIC CABLE SYSTEMS IN 


COLLIERIES. 


THE question of the relative advantages and 
disadvantages of running a three-phase colliery 
distributing system, with an earthed or an in- 
sulated neutral, has been canvassed a good deal of 
late years, and although opinion is, on the whole, 
undoubtedly veering in favour of earthing, there are 
none the less many who still uphold the insulation 
of the neutral as the better procedure. Engineers 
and others interested have to some extent become 
divided into two schools, each impressed with the 
superior advantages of one of the methods over the 
other. Of these two schools, that in favour of earth- 
ing has decidedly the larger following. This was well 
illustrated by the discussion which took place at the 
meeting of the Institution of Electrical Engineers 
on the 28th ult., following on the reading of Mr. 
W. Wellesley Wood's paper dealing with the subject. 
Mr. Wood detailed the arguments on both sides of 
the question, but his paper on the whole exhibited 
a bias in favour of the insulated system; and 
although, in common with the great majority of 
the speakers, we are inclined to the opinion that 
earthing is the sounder practice, we none the less 
think that the discussion was somewhat inadequate 
to the subject, and that Mr. Wood was hardly fairly 
treated. In many cases the contributions to the 
discussion partook more of the nature of declara- 
tions of faith than of technical demonstrations of 
the superiority of the system which the speakers 
were supporting ; and while it is probable that a 
non-technical hearer would have left the meeting 
convinced of the superiority of earthing, his con- 
viction would ‘‘have been based rather on the 
phenomenon of so great a cloud of witnesses ”’ than 
on anything that was said. 

Although, as we stated above, we are of opinion 
that earthing the neutral offers advantages over 
insulating it, the matter is by no means so one- 
sided as might have been gathered from the dis- 
cussion in question, and insulation has some advan- 
tages which nothing is to be gained by ignoring. 
The matter is really perfectly simple, and the issue 
is quite a straightforward one. Each system may 
claim two advantages. With an earthed neutral, a 
leak to earth on one phase will probably result in 
the cutting out of the damaged circuit, while in 
addition leakage tripping-devices can be used. 
With an insulated neutral the system may continue 
to work with one phase broken down to earth, while, 
in addition, the danger of shock and explosion is 
reduced, as contact between one phase and earth 
does not complete a circuit. The matter really 
turns on these two advantages in each case, and all 
other arguments appear to us to be practically 
irrelevant. Mr. Wood, for instance, pointed out 
that with an insulated neutral two trip-coils may be 
used for automatic switches instead of the three 
which are necessary with an earthed system. But 
surely a point of detail of this sort cannot be sup- 

sed to carry any weight in such a discussion. 

he question at issue, which is no less than 
that of determining the safest possible elec- 
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We are aware that many manufacturers, when 
approaching the question of electrifying a colliery, 
would recommend an insulated neutral with the 
idea of saving expense on small points of this kind, 
and keeping their price low, also that probably the 
majority of automatic oil-switches in work in 


1| collieries at the present time have only two trip- 


coils, although many of them are working on 
earthed neutral circuits. But matters of this sort 
are an outcome of the unhealthy state of the 
electrical industry generally, and are in nowise 
germane to a discussion on the best possible cable 
system for colliery work. In the samé way argu- 
ments in reference to insulation are quite beside 
the point. The fact that with an earthed system 
the insulation is subjected to only 58 per cent. of 
the line voltage, while with an insulated system it 
may be subjected to full-line voltage, assuming 
one phase broken down, are not of sufficient 
importance to justify their swaying any decision 
which may be come to as to the respective 





merits of the rival proposals. With such voltages 


as are met with in collieries, there is no difficulty 
in arranging for the adequate insulation of either 
system, and any saving which may be made in th 
direction is negligible, in view of the interests that 
are at stake. 

We hold, then, that the two systems must }j)e 
weighed in the light of the two advantages whic) 
are credited to each in the above paragraph. An 
here it must be noted that the second of the two 
claims for the insulated system is weakened by the 
fact that, although contact between one phase and 
earth does not complete a circuit, it is none the less 
possible for a workman to get a severe shock when 
making such a contact, owing to the capacity effect. 
This possibility weakens, but does not destroy, this 
argument in favour of insulation. Such a shock 
is likely to be less severe, especially on the lower 
voltage systems, than a corresponding phase to earth 
shock with an earthed neutral; while in any case 
the danger from fire is less with the insulated 
system, as this capacity effect does not introduce 
the possibility of continuous arcing, which is pre- 
sent with the rival system. Without laying too 
much stress on this capacity phenomenon, how- 
ever, we are none the less of opinion that the 
earthed system makes out the best case for itself. 
This opinion is based largely on the other advan- 
tage claimed for an insulated system, which is, as we 
have said, that it may continue working after one of 
the phases has broken down to earth. In one 
sense and in many situations this is undoubtedly 
an advantage, but in the peculiar conditions of 
colliery work it may very well prove quite the 
opposite. 

In the discussion of this matter it is always neces- 
sary to remember the conditions of operation of the 
average colliery plant, and the quality of the atten- 
tion that is paid to it. A colliery installation is a 
very different thing from a town-supply system. It 
is frequently, after all, more or less a temporary 
job, and the conditions of its running are such that, 
as far as possible, the most simple and straight- 
forward apparatus only should be used. Mr. 
Patchell, in his remarks on Mr. Wood’s paper, 
depreciated the use of what he adequately de- 
scribed as ‘‘ jim-jams” in collieries, and his re- 
marks add point to our main position. It will be 
remembered that the Home- Office Regulations 
call for leakage-indicators to be fitted to com- 
pletely insulated systems, and although the makers 
of leakage - indicators would probably hardly 
describe their devices as ‘‘jim-jams,” they must 
none the less be ranked among the detailed and 
unessential additions, which we had, perhaps, better 
refer to as refinements. This brings us back to the 
supposed advantage of an insulated system, which 
lies in the fact that it can be run with one phase 
broken down to earth. In a colliery this appears 
to us to be, in some important respects, the oppo- 
site of an advantage. The intention of the Home 
Office regulations in the matter of leakage-indicators 
is, of course, that any such breakdown of a phase 
should be at once indicated on these instruments, 
so that steps may be immediately taken to locate 
and repair the damage. But there is no doubt but 
that in many collieries the indicators will be en- 
tirely neglected, and will be allowed to get out of 
adjustment, or that they may even be voted a 
nuisance and disconnected altogether. In any case 
the chances are that they would not be used as they 
are intended to be, and that a phase might go to 
earth and remain so for quite a long time without it 
ever being discovered from the instruments. If 
this happens, the whole of the advantages of 
the insulated system disappear, while, in addi- 
tion, the disadvantage comes in that a false sense 
of security is current in the mine which may lead 
to serious trouble or accident. A leakage-indicator 
is one of those refinements which are quite ou! of 
place in a colliery, and the necessity of fitting 
them, or rather the necessity of relying on them, 
appears to be almost a conclusive argument ayainst 
an insulated system. . 

The great and outstanding advantage of an earthed 
system, as opposed to an insulated one, is that cou- 
ditions such as those suggested above cannot arise. 
There can be no question of a phase going to ‘ rth 
without it being at once discovered. And this dis- 
covery does not depend upon any extraneous and 
added refinements in the plant, but only on the auto- 
matic circuit-breakers, which are a necessary feature 
of any type of installation. This matter is sot 4 
small one. In the average colliery it can only be con- 
sidered an advantage that breakdowns should sult 
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in shut-downs, so that it is not possible for them to 
be ignored, or for their repair to be postponed to 
some more or less remote period, when everyone 
concerned feels that they will have more time at 
their disposal. We do not wish to imply that 
all colliery plants are run in an inefficient and 
careless manner. The matter is not in general 
one of carelessness, although in some measure it 
is one of inefficiency. Electrification is such a 
comparatively new feature in the history of colliery 
engineering that colliery people in general have 
not, and cannot be expected to have, the detail 
training which is necessary for the running of a 
complex electrical plant, and the only intelligent 
way to meet such conditions is to arrange that the 
plant shall be as simple as possible. All refine- 
ments should be done without, and, from this point 
of view, an insulated system with leakage-indicators, 
on the operation of which the isolation of a defec- 
tive circuit depends, is inferior to an earthed system 
in which a breakdown is automatically discovered 
by the isolation of the circuit. A colliery installa- 
tion can never be expected to be looked after and 
run on the lines of an important public supply 
system ; and mainly from this point of view, that 
there is less liability to uncertainty about the state 
of the network, and that the plant is simpler, we con- 
sider the earthing of neutrals the sounder practice. 

The second advantage which we credited to 
earthed systems is, however, worthy of some con- 
sideration. The superiority of leakage tripping- 
devices over ordinary overload attachments is that 
they may be arranged to operate at a small percen- 
tage leakage current to earth. The ordinary over- 
load device is usually set fairly high, so that it 
requires a heavy and more or less persistent over- 
load to operate it. Thisis especially the case when 
time-limit devices are fitted. Such devices are, 
from a colliery point of view, more or less delicate 
mechanisms approaching to the ‘*‘ jim-jam ” type of 
gear, and may well be allowed to get out of adjust- 
ment or dirty and stiff in operation. A simplifica- 
tion is obtained by using a small fuse connected in 
parallel with the trip-coils as a time-limit device 
instead of any of the usual mechanical appliances. 
This device has been used a good deal, usually 
because of its cheapness ; but although simpler, it 
is probably even less satisfactory than the time-limit 
devices proper. It is difficult to arrange the fuse so 
that the time-limit will operate with any sort of 
accuracy, while the possibilities of tampering with 
the arrangement, or putting in fuses much too large, 
is obvious. Leakage tripping-devices, which will 
open the circuit in the event of a leak to earth, but 
which have no effect in the case of an ordinary over- 
load, used in conjunction with the ordinary type 
of trip-coils, will give adequate all-round protection ; 
while if time-limitsare fitted, and allowed to become 
stiff through inattention, their ineffective operation 
will not come in in connection with breakdowns to 
earth. The leakage tripping-devices in themselves 
are simple pieces of apparatus, being not really 
more complicated than the straightforward overload 
trip-coils of an ordinary oil-switch. 

Although not strictly relevant to the question of 
earthed versus insulated neutrals, something may 
be said relative to the matter of completely enclos- 
ing a colliery-cable system in an earthed metal 
Sheathing, as it was given some prominence in the 
discussion to which we have referred. The idea of 
such a sheathing is, of course, to protect the cables 
and other fittings from mechanical injury, due to 
falls of roof or other accidents ; to minimise the 
likelihood of an are opens external to the 
cables or apparatus, and to afford greater protec- 


tion for workmen. The advantages of such a 

sheat ling were dwelt upon by many of the speakers 

a advocated earthing the neutral, but it is clear 
at t! 


' these advantages may equally be employed in 
conjunction with an insulated system, and Mr. 
Wood made quite a fair point, in connection with 
this matter, when he pointed out that if, with an 
earthed system, a section of such sheathing became 

'sconnected at both ends, it might become alive, 
and form a very real source of danger, without the 


circuit; - breakers being operated, either by the 
ne trip-coils or the ordinary overload gear. 
er 


mee can be no doubt but that such an earthed 
Sheathing forms the best protection wherever it 
can be used, but none of the speakers in the dis- 
cussion threw any light on the question of securing 
wore, in the sheathing, which is so all-impor- 

nt. it is not enough merely to make a regulation 
to the effect that the sheath must be continuous ; 
the practical difficulties of securing that continuity 








must be taken into account. In this connection, as 
in so many others in colliery-work, nothing is to 
be gained by overlooking the conditions of opera- 
tion, and the quality of the labour and the supervi- 
sion which have to be relied on to carry out regula- 
tions. A regulation stating that all motor-frames 
must be earthed is all right as far as it goes, but it is 
foolish to lose sight of the fact that such earthing has 
to be carried out in practice by ordinary workmen, 
some of whom are oor and some careless. When 
regulations are drawn up they should be worded so 
as to, as far as possible, meet cases of carelessness 
or inattention in advance, and should be framed so 
that it is difficult for the provisions to be evaded 
owing to oversight. In the case of the earthing of 
a motor-frame it is obvious that the regulation will 
in general be interpreted to mean that an indepen- 
dent earth-wire must be run from the frame ; and 
it is equally obvious that such a wire may be for- 
gotten altogether, or connected up so badly asto be 
useless. In the present case of the continuity of 
an earth sheathing it is probable that a great step 
in the direction of really securing continuity would 
be made if it was directed that all cable dividing- 
boxes are to be bolted directly on to the frames of 
motors or the casings of controllers or starters, and 
that all underground switchboards are to have sub- 
stantial iron frames, which are actually to carry 
the junction-boxes of all incoming or outgoing 
cables. A rigid following out of a rule such as this, 
coupled with the use of lead-covered armoured 
cable, or cable with an earth sheath, would, in the 
majority of cases, result in a really effective earth- 
sheath system. As things are now, breaks in the 
earth system are much more likely to occur at 
= where tails are brought from dividing- 

oxes than elsewhere. There is comparatively 
little chance of the earth connection between an 
armoured cable and a dividing-box not being made, 
providing, of course, that the box is designed 
properly ; but there is always considerable chance 
that an earth connection, which has to be made 
by an independent piece of copper wire or strip, 
between, say, a dividing-box mounted on a wall and 
a switchboard frame, may be forgotten. A rule 
making it obligatory to mount such boxes directly 
on the switchboard or other frames would eliminate 
this possibility. It would not always be possible 
to apply a rule of this sort to the connections be- 
tween motors and their controllers, which fre- 
quently, owing to local exigencies, have to be made 
with single cables ; but the enforcement of such a 
rule in ordinary cases of main cables would do 
much to eliminate possibilities of trouble, while 
even in the case of motors and controllers it might 
be enacted that wherever possible the connec- 
tions are to be made with three-core cable either 
armoured or with some sort of metal sheath, 
and that the trifurcated boxes at each end are 
to be bolted to, and carried by, the respective 
motor and controller frames. 








ARTIFICIAL RUBBER. 

WuHen the 70,000 tons of rubber, at which the 
present annual production of the world is estimated, 
are valued at figures ranging from twenty-five million 
pounds to upwards of double that amount, the 
claims that artificial caoutchouc—not rubber substi- 
tutes, whose number has been increasing for years 
—has finally been prepared synthetically naturally 
cause a considerable stir. Nearly half of all the 
rubber collected passes into or through the United 
Kingdom. Rubber is wanted in almost every in- 
dustrial branch; the natural production has not 
kept pace with the demand, and the engineer, even 
if not engaged in electrical enterprise, cannot dis- 
pense with rubber, and is interested in its industry. 
Scientists have for years been attempting to solve the 

roblem of the synthetical preparation of rubber ; 
But it is only quite recently that large works have 
seriously taken up artificial rubber processes. 

Caoutchouc is a colloidal hydrocarbon which is 
found in the milky juice or latex of certain trees 
and shrubs. The latex is quite distinct from the 
ordinary sap of plants, and is contained chiefly in 
the middle Laer of the bark, ina network of minute 
tubes, known as the lactiferous vessels. The caout- 
chouc proper is suspended in the latex in very small 
globules (about 0.00008 in. in diameter), which 
coagulate on heating and on treatment with chemi- 
cals; the coagulum consists of the hydrocarbon and 
of certain quantities of resinous and albuminoid 
substances whose proportions vary with locality and 
season. The colloidal nature of the rubber has 





rendered its study very difficult. It cannot be 
distilled in a vacuum without undergoing decompo- 
sition. When submitted to destructive distillation 
in a retort, various vapours pass over, of which 
those boiling between deg. and 40 deg. Cent. 
(isoprene and other bodies), and between 160 deg. 
and 170 deg. Cent. (dipentene, &c.) have particu- 
larly been studied. A remarkable solvent for 
rubber was gained by Barnard at Greenwich in 
1833, by heating rubber up to 315 deg. Cent. 
Continuing the important researches of Himly 
(Gottingen) and of Bouchardat (Paris), Greville 
Williams isolated, in 1860, isoprene, —— of 
the formula (C;H,)n and density of 0.68; and 
Bouchardat himself had observed that some dis- 
tillation product of rubber changed into rubber 
when treated with hydrochloric acid in the cold. 
This product was the isoprene, which was henceforth 
regarded as being most closely related to caoutchouc, 
although it could only be obtained in small quan- 
tities from rubber. 

This line of research—the study of the pro- 
ducts of the destructive distillation of rubber 
and of cognate substances—was continued by O. 
Wallach, i. Euler (who determined the constitu- 
tion of isoprene), Ipatieff, Emil Fischer, Harries, 
and others. Isoprene is defined as methyl divinyl, 
CH, = C.(CH,). CH = CH,, and the constitution 
of the caoutchouc hydrocarbon itself is now supposed 
to be known. C. D. Harries, of Kiel, represents 
it as a double chain of hydrocarbon radicles, the 
two chains being held together by double bonds, 
so as to form a cyclic nucleus, and the caoutchouc 
hydrocarbon would thus be an unsaturated com- 
pound of the formula C,, H,,; that is, twice C;H,. 

Most important for the technical development 
of the ee em was, however, the observation made 
by Sir William Tilden in 1882 (then at Bristol, now 
in London), that isoprene could be obtained— 
again in small quantities—from terpenes (sub- 
stances prepared from oil of turpentine), and that 
this isoprene (like the body obtained from the 
natural caoutchouc) underwent in the course of 
years a very slow polymerisation into rubber ; 
attempts to hasten the reaction resulted in the 
formation of dipentene and of other substances. 
The question whether the product was really 
caoutchouc, or a substance resembling caoutchouc, 
was at that time still more difficult to decide 
than it is at present, when characteristic re- 
actions of caoutchouc with ozone, bromine, and 
nitrous acid are generally recognised. According 
to Harries, isoprene is ready to polymerise, but 
the resulting products are not really rubber, and 
exposure to the air merely thickens the liquid 
isoprene and yields an a at peroxide. In a 
lecture recently delivered before the Oesterreich- 
ische Ingenieur and Architekten-Verein, Harries 
stated that he had, in seven years of experiments, 
been unable to confirm Tilden ; he had found that 
isoprene remained unchanged when kept in contact 
with hydrochloric or organic acids for months. But 
as he himself claims to have effected the polymeri- 
sation of isoprene into rubber, this criticism ap- 
pears rather captious. 

The chief point in Tilden’s observation was that 
isoprene could be prepared from other materials 
than rubber—namely, by passing oil of turpentine 
through pipes at a red glow. Oil of turpentine is 
also the raw material from which the Elberfelder 
Farbenfabriken, vorm. Bayer and Co., start in their 

rocess which was worked out in their laboratories 
- Dr. Fritz Hofmann. The oil is converted into 
isoprene, and the isoprene treated with acetic acid. 
This acid transforms caoutchouc into a soluble 
compound ; that circumstance suggested its use. 
Dr. A. Heinemann applies a process which has 
been worked or tried in London for more than a 
year. According to a British Patent of 1907, 
he heats a mixture of acetylene and ethylene at 
dull red-heat, and converts the resulting divinyl 
into methyl divinyl, or isoprene, by the action of 
methyl chloride. The caoutchouc afterwards con- 
densed from the isoprene is said to be equal to 
rubber. According to Harries’ remarks on this pro- 
cess the three substances named, acetylene, ethy- 
lene, and methyl chloride, would simultaneously 
cope to be heated by a passed through hot- 
tubes, and would at once yield rubber by meri- 
sation. Harries explained that he himself heated 
the very volatile isoprene (boiling point 37 deg. 
Cent.) with acetic acid in a sealed tube, and that, at 
a temperature a little above 100 deg. Cent., a real 
rubber resulted. He added that the proper condi- 
tions had carefully to be observed, as otherwise 
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smeary oils and resins were obtained. The forma- 
tion of resins is, of course, not characteristic to 
these researches; they are the common trouble, and 
sometimes the despair, of the chemist who submits 
organic compounds to violent reactions. 

Whether or not the tough, elastic, white or 
brownish products which these various workers 
claim to have obtained are really rubber, the time 
test can alone decide. Most rubber substitutes 
fail to pass that test, though they have their legiti- 
mate uses. Rubber substitutes are made from 
casein, vegetable albumen, gelatin and chrome- 
gelatin, glue, glycerin, oils, nitrocellulose, sugar, 
molasses, &c., in various combinations of these 
materials. If the rubber recovery from vulcanised 
waste had been successfully accomplished, the 
synthetical rubber preparation would not have 
become so important a problem. Isoprene can be 
reclaimed from some rubber waste ; but Harries 
prefers the synthetically built-up isoprene for his 
experiments. One of the new raw materials now 
suggested, the oil of turpentine, is itself not an 
inexpensive substance. Turpentine is obtained 
from pine trees which occur in many countries, 
notably in Russia and the Southern United States. 
The mode of gaining the turpentine is still rather 
barbarous. In the United States the trees are 
‘* hacked” once every week during the summer ; 
after about ten years the trees become unproduc- 
tive, and the ‘ light wood ” left—the lower portion 
of the tree, which, being saturated with resins, is by 
no means “* light ”—is distilled with saturated steam 
or superheated steam in order to extract its turpen- 
tine. There were about eighty such turpentine 
works in the United States a few years ago, and 
the methods employed were as much in need of 
improvement as the crude and wasteful ways in 
which rubber is still gained in many districts. 

Another of the new materials—acetylene—is 
cheap enough. It is obtained from calcium carbide, 
and artificial-rubber works might afford that aid to 
the calcium carbide industry of which it stands 
much in need. There is a further side to this 
question, moreover. Acetylene (C,H,) is an un- 
saturated hydrocarbon, which, though ready to 
combine with other elements, is not easily induced 
to build up complex molecules containing many 
carbon atoms, such as are supposed to exist in 
caoutchouc. Acetylene readily takes up chlorine, 
however, and the chlorine can be substituted by 
hydrocarbon radicles. This problem is occupying 
several chemists both in this country and abroad, 
and even if the synthetical preparation of caout- 
chouc should not yet prove a commercial success, 
these researches promise to open up new fields of 
chemical industry. 








TRANS-OCEANIC AVIATION. 

Tue recent successful flight of M. Paulhan, de- 
monstrating the improvements that have been 
effected in the construction of aeroplanes, both 
theoretically and mechanically, has revived the 
interest in some ambitious schemes proposed to test 
the capacity and the outlook of aerial locomotion. 
Foremost among these is the plan to cross the 
Atlantic in an airship. Such a project had its 
origin in the fertile brain of an American journalist, 
Mr. Joseph Brucker, and his enthusiasm has so 
far affected others that a committee has been 
formed, which, on both technical and financial 
grounds, is capable of starting this project on the 
road to fulfilment. The scheme has advanced to 
the point of placing contracts with German firms 
of recognised standing, who are prepared to provide 
the necessary equipment, which will include, in 
addition to a dirigible balloon of large dimensions, 
and a stout, seaworthy boat, to be attached to the 
airship, and to be used in case of accident to the 
aerial apparatus. The plan involves, therefore, not 
only the carriage of a certain number of passengers 
across the Atlantic, but ¢lso of a vessel, in which 
the journey might have been made. While we 
commend the caution thus exhibited, it is evident 
than trans-oceanic flight, handicapped in this 
manner, will make little progress. 

The balloon itself is necessarily a serious affair, 
but far less capacious than a Zeppelin. It will be 


of elliptic form, about 160 ft. long, and nearly 50 ft. 
in diameter in the centre. To obviate the difficulties 
arising from solar radiation, the gas-bag will be 
enclosed in an outer covering of some non-heat- 
conducting material, leaving an air-space of 4 in. 
or 6in, between this covering and the gas-bag 


At the same time a ballonet of peculiar 


construction, which is still a matter for experiment, 
will be provided. In this way it is assumed that 
the loss of gas will be reduced to a minimum, and 
no untoward circumstances arise from the inevitable 
heating of the balloon covering. Immediately 
under the balloon there is to be a platform capable 
of accommodating a crew, who will have to attend 
to the steering, balancing, gas-control, &c. ; and 
below this, again, in the place the car usually 
occupies, will be a substantial boat, 30 ft. long and 
about 9 ft. beam. In the hold of this boat will be 
carried a motor of some 40 horse-power, capable of 
revolving the air-propeller, or, if adverse circum- 
stances supervene, the screw of the boat when 
lowered into the water. This boat also carries a 
large tank of petrol, provisions, kitchen galley, &c. 

Numerous ingenious devices have been intro- 
duced, and that the scheme is practicable for a 
certain distance may possibly be admitted. But 
the step from covering a few hundred miles on land 
to one of some thousands over sea is a formid- 
able one.. It may not be too much to say that the 
risks increase with the square of the distance 
traversed. One would like to have more assurance 
on the question of navigation, or the accurate 
determination of position. Ocean currents of a 
slow-moving and well-recognised type, and of whose 
position the navigator is perfectly aware, can work 
very disastrously on ships, and it seems not im- 
possible but that in the swifter and unknown aerial 
currents there may lurk a source of danger which 
has been very inadequately apprehended. One 
can imagine circumstances in which the compass 
would become useless, and sextant observations 
more uncertain than on the unstable deck of a ship. 
But the dangers threatened from these sources are 
so obvious that we may be sure they have been 
considered and provided for by the members of the 
committee of which we have spoken. 

The proper course for the airship to follow has 
been a matter of grave consideration. The principle 
that determines the laying of a submarine cable 
does not apply here. The shortest course, naturally 
confined to high latitudes, is not the most suitable. 
The one factor to be considered is the prevailing 
direction of the wind, and this, when known, will 
decide both the most judicious course and the 
season of the year for the attempt. The air- 
current known as the ‘‘trade wind,” which carried 
the frail barque of Columbus to a safe haven in the 
West Indian Isles, will be selected to carry the 
first airship above the waves of the Atlantic Ocean. 
The trade winds secure a tolerably uniform current 
of air in a zone varying little from 20 deg. north 
latitude. In the winter and spring months, a velo- 
city of from 14 to 16 miles an hour can be con- 
fidently anticipated, and these are also the months 
that are most free from disturbing cyclones. There- 
fore the attempt will be made in the spring, and 
the direction of the current from east to west 
decides that the aeronauts shall start from Europe 
and endeavour to reach America. Not only will 
the force and direction of this current prove of great 
assistance, but in the zone in which it obtains there 
is small variation in the daily temperature. Since 
it is desirable to keep the gas at a constant tem- 
perature, this fact is also in favour of the route, 
&c., of the scheme. The greatest chance of success, 
therefore, points to a course which, starting from 
Cadiz, will pass by Madeira and Teneriffe, and 
maintaining a generally W.S.W. direction, will 
endeavour to make Puerto Rico. Thence along 
the chain of islands leading to Havanna, this 
course is easy. On leaving Cuba, New Orleans 
will be the goal, and finally across the States to 
New York. The whole passage involves a journey 
of more than 7000 miles, divided as follows :— 


Miles. 
Cadiz to Teneriffe ... ie 807 
Teneriffe to Puerto Rico 3219 
Puerto Rico to Havanna ... 1124 
Havanna to New Orleans ... 674 
New Orleans to New York 1382 


It is estimated that this journey can be completed 
in five or six days, but the airship will be provided 
with a supply of petrol and the necessary equip- 
ment for a much longer period. 

Supposing the experiment is carried to a success- 
full issue, it will be asked, What does it prove? What 
new scientific fact has been gained ? What prospects 
does it open up for improved locomotion or more 
economical modes of transit? We must confess 
that, however dazzlingly the project may appeal to 
the imagination, however convincingly it displays 
the power of science and ingenuity, it ;will remain, 
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we believe, a barren result. The promoters must 
naturally take a more hopeful view. It is for them 
to put forward some tempting by-products as en 
inducement, or as an excuse, for the expenditure 
and the risk. They urge that meteorology will be 
provided with more exact knowledge of the he 
haviour of the trade winds, and of the motion of 
the upper atmosphere, while aeronautical problems 
will be studied on a scale which will remove the 
hindrances by which advance is now beset, and intro- 
duce processes that will revolutionise the ordinary 
methods of travel. Advocates of aviation foresee 
the construction of airships that will have a velocity 
which, combined with that of the trade wind, will 
transport the hardy aeronaut to America in the 
short space of fifty hours. We find it difficult to 
share these roseate views, at least as the result of 
a single experiment. What form aerial craft may 
be destined to assume in the future cannot be pre- 
dicted, but as far as can be seen at present, high 
velocities are limited to the heavier - than - air 
machines. By constantly increasing the velocity 
the area of the supporting surface may be as con- 
tinuously reduced, and this rule may point to the 
adoption of a form of helicopter as the racing machine 
of the future. The possibilities of the dirigible 
balloon seem limited to being the burden-bearing 
machine of the future, capable of carrying con- 
siderable tonnage at a low speed. In this capacity 
a very useful career lies before it. 





MUNICIPAL AND HEALTH 
EXHIBITION. 

THE above-named Exhibition, at the Royal Agri- 
cultural Hall, Islington, which was opened last 
Saturday by Mr. W. F. Bridges, the organising 
manager, under very depressing circumstances, 
owing to the death of His late Majesty King 
Edward VII., is the second that has been held in the 
Hall. After the opening ceremony it was arranged 
among the exhibitors that, out of respect to the 
memory of the late King, the Exhibition should be 
closed at 4.30 that afternoon instead of remaining 
open till the usual time. The luncheon was, of 
course, held, but the proceedings were naturally 
affected by the cloud which now overhangs the 
nation, and a vote of condolence with the Royal 
Family was passed. As a Show the Exhibition 
cannot be said to be imposing, for, in addition to 
the number of the stands being very small, there 
is really little on view that is of special interest to 
engineers ; neither is there so much there directly 
connected with municipal matters as one would 
have expected to see. There are some things, how- 
ever, that are worth examining. 

Among these is a model municipal cottage, which 
is a conspicuous object in the Hall. It has been 
designed by Mr. E. C. P. Monson, F.R.LB.A., 
F.S.I., of Finsbury-pavement House, E.C., who has 
made a special study of the housing of the working 
classes, and who is architect to the Sutton Trust. 
It has been planned and designed for Mr. James 
Cornes, who is a well-known housing authority, 
and Mr. James A. King, the owner of Higham 
Park Estate, which is being developed as a model 
village on Garden City principles. The cottage is 
certainly a good example of what can be done by 
careful thought both in the way of artistic effect 
and low cost, the estimated cost being 160/. to 
175l., and sueh cottages can be built in pairs or in 
blocks of four. It shows the end of a block or one 
of a pair, and has a back entrance opening in the 
centre. The external walls, internal partitions, as 
well as the ceilings, are fire-resisting and vermin- 
proof, being built of ‘‘ Mack” plaster slabs manu- 
factured by Messrs. J. A. King and Co. (‘‘ Mack 
Fireproofing), 181, Queen Victoria-street, London, 
E.C. These slabs are well known to be very suitable 
for such a p They take up very little space, 
thereby reducing the cubical cost of the building, 
and save a considerable frontage where several 
cottages are built in a row. A simple method of 
obtaining effect in the treatment of the ceilings by 
laying the slabs on fillets between the joists 1s 
adopted. 

On the ground-floor there is a living-room 14 ft. 
6 in. by 17 ft. by 9 ft., giving about 2000 cubic feet, 
measured into\the bay window. Thisroom also forms 
the kitchen, a very neat and useful form of range 
being fitted. There is a scullery behind, which 
also forms a bath-room, the bath being placed 
along one side, and provided with a hinged cover 
which, when lowered, can be used asa table. This 








room is 11 ft, by 8 ft. 3 in., and is provided 
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with a copper, which is supplied with hot water 
direct from a boiler fitted to the kitchen range. 
‘A larder, a coal-store, and a w.c. are also provided, 
as well as several cupboards, one of which is placed 
under the stairs. the first floor there are three 
good bedrooms, 13 ft. by 9 ft. 14 in., 17 ft. 6 in. 
by 8 ft. 3 im., and 10 ft. by 8 ft, 14 in. respec- 
tively. Everything about the building appears to 
have been carefully thought out, the living-room 
being particularly attractive and homely, a seat 
having been provided all round the large bay 
window, and there is a cosy ingle-nook round the 
fireplace. The w.c. (or earth-closet, as the case 
may be) is separated from the rest of the house by 
an open lobby, with a roof that furnishes protec- 
tion against the weather. The kitchener is of 
the Cornes Model Combination pattern ; it is 
fitted between the living-room and the scullery, 
and supplies hot water to the bath as well as to 
the copper. The range has a lifting fire, witha 
specially-constructed fire-box, with a view to eco- 
nomy in fuel. The joinery has been executed by 
the Eagle Steam Joinery Works, and, though quite 
plain, is substantial and well made, and all the 
internal woodwork is stained and varnished, that 
outside being painted. Altogether this cottage is 
well worth a visit. 

In connection with sanitary plumbing, the Metal 
Jointing Company, Limited, Adelphi House, 71-72, 
Strand, London, W.C., whose system of joining 
lead pipes by means of amalgaline we fully de- 
scribed on page 291 ante, have a very interesting 
exhibit, in which are included a great number of 
examples of the uses to which their system can be 
applied. Among these are 4-in. soil-pipe connec- 
tions, flange waste-pipes, and waste-pipes connected 
by means of cup or faucet joint, syphon-jointing, &c. 

Among material for water-proofing cement is a 
substance known as ‘‘ Ceresit,” which, although it 
has been in use in America and on the Continent of 
Europe for some time, has only recently been in- 
troduced into this country by the British Ceresit 
Water-Proofing Company, Limited, Caxton House, 
Westminster, London, S.W. In practice it is put 
into the water with which mortar, cement, or 
concrete is mixed, and it is claimed that it has the 
effect of rendering the materials so treated abso- 
lutely water and damp-proof even under high 
pressures, and certainly the samples of work shown 
appear to support this claim. Another water- 
proofing material for cement is ‘‘ Medusa” com- 
pound, which may be seen at the stand of the Cubitt 
Concrete Construction Company, 260, Gray’s Inn- 
road, London, W.C., whose system of constructing 
reinforced-conerete water-pipes and telegraph-poles 
we fully described on page 151 of our eighty-sixth 
volume. The firm also exhibit specimens of their 
“Hy-rib” concrete walls and partitions. 

Messrs. Henry Balfour and Co., Limited, Durie 
Foundry, Leven, Fife, exhibit a reversible concrete- 
mixer, which has not been shown before. It can 
also be used as a tar-macadam machine. The 
makers call it a ‘compulsory ” machine, because it 
must be reversed before the contents can be taken 
out, the mere action of reversal turning out the 
materials from the mixing-drum. The object of this 
is that each batch of concrete must be thoroughly 
mixed before the next lot is put in, and the irregular 
mixing sometimes found when continuous methods 
are adopted is therefore avoided. 

A form of fire-resisting door is shown by the St. 
Pancras Iron Works Company, Limited, 171, St. 
Pancras-road, London, N.W. It is about 1 in. 
thick, and is formed of two thin steel-plates, which 
are backed inside by asbestos sheeting, the two 
sides of the door having an air space of about } in. 
between them, in which corrugated shéet. steel is 
placed, which acts as a distance-piece to keep the 
front and the back of the door ‘apart. This form 
of do rv has not before been exhibited in London. 
There is also at this stand a rotary positive pressure 


blower for compressing air or gas. It is very 
simple in construction, consisting of a cylinder, 
inside which a metal drum, less in diameter 
than the bore of the drum, revolves on an 
axis parallel with the centre of the cylinder, but 
not concentric with it. The drum is slotted dia- 
metrically, and in this slot a thin piece of metal, 
ne of which are at all times in contact 
a the 


inside of the cylinder, slides, and forms 
the Suction and pressure-chambers of the pump 
when the drum is rotated. There are only four 
moving parts in the appliance. It is claimed that 
it has an efficiency of per cent. 

Several systems of street-paving are on view, 





among them being one by the ‘‘Acme” Flooring 
and Paving Company, Limited, Gainsborough-road, 
Victoria Park, ndon, N.E., and one by the 
Limmer Asphalt Paving Company, Limited, Caxton 
House, Westminster,S.W. A new material, called 
**'Vianex,” for making dustless roads is shown by 
the Barnstone Blue Lias Lime Company, Limited, 
Barnstone, Notts. 

The ‘‘ Oliver” Typewriter Company, Limited, 
75, Queen Victoria-street, London, E.C., have a 
very interesting exhibit of their machines, among 


‘them being one specially designed for the use of 


engineers, a number of extra keys being provided 
on the keyboard for figures and fractions. The 
Exhibition closes to-morrow. 








THE ARGENTINE CENTENARY. 
I.—Rattway DEVELOPMENT. 


On May 25 will be celebrated the Centenary of 
the Argentine Republic, and although the estab- 
lishment of the Republic very nearly coincided 
with the termination of the brief period of British 
occupation, no nation is joining more heartily in the 
celebration than Great: Britain. For although 
Britain lost its political power in Argentina, it has 
recompensed itself in commercial matters, and, to 
use the words of a distinguished Argentine, has 
‘‘achieved a conquest more complete and profit- 
able than that of arms.” 

British investors have sunk 500 million sterling 
in Argentina, and this country does nearly as much 
trade with it as all the other great Powers put to- 
gether, though the proportion is steadily decreasing. 
Of this 500 millions, about one-third is invested in 
railways, of which the latest official statistics show 
that there are- about 26,000 kilometres open to- 
day ; 15,500 of these, roughly speaking, are broad 
gauge—5 ft. 6 in.; about 2000 kilometres standard 
gauge—4 ft. 8} in.; and the balance metre gauge, 
while 8000 kilometres of line are being constructed. 
This mileage represents nearly 3 miles for every 
1000 inhabitants—a very high figure. 

The latest returns show that the total length of 
lines working on June 15, 1909, was 24,954 kilo- 
metres, of which 3278 kilometres belonged to the 
State. At the same date there were 2236 kilo- 
metres of State lines under construction and 3727 
kilometres of private lines under construction. 
There were 2960 kilometres of State lines for which 
expenditure had been authorised, and 7200 kilo- 
metres of private lines under consideration. There 
were another 3000 kilometres of Government lines 
under consideration, for which expenditure is not 
yet authorised. Thus at the present time there is 
altogether 20,000 kilometres of new railways under 
construction or under consideration. From this it 
will be scen*that there is still an enormous field 
open in Argentina for the British manufacturer of 
railway material, if only he takes the necessary 
steps to keep to the front. The Centenary Exhi- 
bition, which so many railway men are visiting, 
affords an excellent opportunity. The following 
figures give the results of Argentine railway work- 
ing in the last two years :— 


1908. 1909. 

Total length (kilometres) 22,616 24,216 

Passengers carri as ... . 41,800,000 47,200,000 
Goods carried (tons) ... ... 28,000,000 31,500,000 
Gross receipts ... (dols. gold) 88,000,000 102,000,000 
Expenditure ( ¥ ) 54,200,000 62,000,000 
Profit... re | ee ) 33,800,000 39,700,000 
Capital invested ( _,, ) 776,000,000 844,700,000 


Although the Republic is one hundred years old, 
railway history in Argentina only dates back half 
that time. The first railway in Argentina was a 
short line from Buenos Aires to Floresta, which 
was opened in 1857, and up till 1860 there were 
not 20 miles of line in Argentina. In 1870, how- 
ever, 500 miles had been built, by 1880 nearly 2000 
miles, by 1890 5000 miles, and in the beginning 
of this century 10,000 miles. 

There are various possible divisions under which 
the Argentine railway systems can be considered. 
They may be, for example, divided according to 
their gauges, or according to the date of their con- 
struction, or according to their ownership, or ac- 
cording to their geographical position, or to their 
relative length and cost of construction, or to the 
revenue they earn. Perhaps the most convenient 
way for those not acquainted with the country is to 
consider them according to their gauge and owner- 
shi 

Vy glance at the railway map of Argentina shows 
a dense network of lines spreading out fan-wise 








from the Federal Capital of Buenos Aires, systems 
of all three gauges now entering the capital. The 
most important systems in Argentina, however, are 
the four broad-gauge lines: the Buenos Aires 
Great Southern, the Buenos Aires Western, the 
Buenos Aires and Pacific (which controls the 
Argentine Great Western), and the Central Argen- 
tine, which were built with British capital, and are 
largely managed on British lines. 

e mileage, gross revenue, and capital of these 
four systems are as follow :— 





(Gross) 











— Mileage. Revenue. | Capital. 
| £ £ 
The Buenos Aires Great Southern’ 2716 4,649,499 | 42,045,108 
The Buenos Aires Western. . .. 1805 | 2,296,860 | 19,566,666 
The Buenos Aires and Pacific 2651 4,134,487 | 22,450,000 
The Central Argentine 2392 4 8§© 4,929, | 36,705,674 


Also radiating from the capital is one ‘‘ standard ” 
gauge line (4 ft. 84 in.), known as the Buenos Aires 
Central, which runs a short distance to the port of 
Zarate, where its trains are shipped by means of a 
train ferry to Ibicuy, across the River Parana to 
the Province of Entre Rios, and carried over the 
Entre Rios and North-East Argentine systems, 
which are also 4 ft. 84 in. 

The metre-gauge line, known as the Cordoba 
Central (Buenos Aires Extension), also now enters 
the capital and links up with the whole of the 
Cordoba Company’s system of metre-gauge railways, 
with a total mileage of 959. Another narrow- 

uge line, also British-owned, is the Trans-Andine 
Rai way, which is now operated by the Buenos 
Aires and Pacific, and forms part of the Trans- 
Continental route, which has just been opened, by 
which the journey from Buenos Aires to Valparaiso 
has been shortened to thirty-six hours. These 
are the principal British-owned railways in Argen- 
tina. There is also an increasingly important 
network of lines belonging to French companies. 
The railway company of the Province of Santa 
Fé has a metre-gauge system, with a total mile- 
age of about 1100 miles, and reaches down to 
Rosario, but is worked in close relation with the 
railway company of the Province of Buenos Aires, 
by means of which its trains can reach the capital. 
This latter company has a mileage of nearly 1000 
miles of metre gauge, and is extending in several 
directions. Another important French company 
is that running a cross-country line from Rosario to 
Puerto Belgrano, near Bahia Blanca. 

The French companies have not hitherto been 
particularly successful compared with the broad- 
gauge English systems, but their prospects would 
now appear to be improving. Finally, we have 
the State Railway system, which is now entirely 
metre gauge, consisting of the Argentine Northern 
and the Argentine Central Northern Railways, 
which reaches up to the north frontier of the 
country and over the border into Bolivia, where it 
will shortly join the Bolivian lines and form a 
second trans-continental railway. 

The State systems do not enter Buenos Aires 
themselves, but, by means of running powers over 
the French companies’ system, can obtain access to 
the capital, if need be. The State owned until 
recently a broad-gauge line, known as the Andino, 
but this has recently been sold to the Central 
Argentine and Pacific companies. Finally, there is 
one line being constructed by a provincial govern- 
ment—that of the Province of Buenos Aires, known 
as the Meridiano Quinto line. The policy of pro- 
moting and building lines, which was at one time 
a popular thing with the provincial governments, 
has now practically ceased, and it is not quite clear 
whether it will be again commenced ; for it is 
almost always more profitable to get the foreign 
investor to build the line, and to get one of the exist- 
ing companies to work it, than it is for the State 
itself to go in for construction work. With such a 
variety of systems and methods of management it 
is impossible, in the space of a short entiale, to lay 
down any generalisation regarding Argentine rail- 
way work. 

The broad-gauge systems are for the most part 
very solidly constructed and economically managed ; 
100-lb. rails are to be found in great quantities on 
both the Great Southern and on the Pacific systems, 
and heavier rails are being gradually introduced on 
the outlying parts of all the systems. Block- 
signalling is in use on quite a number of the main 
lines, and such recent developments as superheating 
in locomotives are now being tried. The loco- 
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motives and rolling-stock are, for the most part, 

of British manufacture, but both German and 

Belgian locomotives and rolling-stock have been 
yurchased, while both rails and locomotives have 
een Obtained from the United States. 

The broad-gauge companies are, however, begin- 
ning to manufacture more rolling-stock for them- 
selves than formerly, in the belief that money is 
saved thereby. It is contended that the freight 
on the finished article is much greater than the 
cost of adding the woodwork and certain other 
om in Argentina itself, and it is more and more 

ecoming the practice to purchase the underframes, 
&c., and wagons and coaches, and to do the wood- 
work on the spot. 

The French companies, having been largely con- 
structed with the assistance of contractors, have not 
yet such a free hand in the purchase of materials, 
and by far the greater proportion has in the past 
been obtained from a comparatively small number 
of makers in France and Scion. Now the market 
is becoming more open, and British manufacturers 
should follow it up. 

The State railways have been more catholic, and 
have obtained their material pretty well irrespec- 
tive of the nationality of the makers; as a rule, 
they have accepted the lowest tender, with results 
not entirely satisfactory. On the whole, however, 
the management of the State railways is not worse 
than State railway management in general, and is 
considerably better, and more economical, than the 
management of the Chilian State Railways, for in- 
stance, where the multiplication of officials has 
reached an extraordinary point. 

The eage | of the State formerly was, and 
nominally still is, only to construct such lines as 
are needed for the development of parts} of the 
country which do not attract private enterprise, 
and not to compete with private companies. As 
soon as these Government lines become profit- 
earning the idea is to sell them to one of the exist- 
ing companies, and with the money so obtained to 
build further lines for the development of the 
country. This, however, is a policy of perfection 
which almost inevitably fails in practice, for, when 
once a line has been constructed, even in terri- 
tory where no other lines exist, extensions are 
inevitably called for, and on commercial and 
yolitical grounds it is sought to make a profit in the 
interests of the tax-payer. This results in branches 
being built which end by tapping districts already 
served, and enter into competition with established 
companies. 

From time to time there arises in Argentina an 
agitation against the foreign ownership of the rail- 
way systems. The Argentines are very patriotic, 
and are becoming a wealthy race, and the question 
is often mooted as to whether they should not own 
their railways. The country, however, will for 
many years to come need European capital for its 
developments, and there is little object in paying 
back to Europe the capital it has spent on Argen- 
tine railways, only to borrow it for other purposes. 
On the whole, however, the relations of the State 
to the railway companies are good. Railway 
material is in most cases admitted free of duty, and 
the companies are allowed to earn good dividends 
before rates have to be reduced. A proportion of 
their earnings has, in the case of those companies 
which have accepted the Mitré Law, to be paid over 
to the State; but this money is ear-marked for road 
development in the neighbourhood of railways, a 
wise arrangement, which works well in practice. 

The traftic on the Argentine railways is, of course, 
mainly goods traffic, which provides from 80 to 90 
per cent. of the total revenue. Passenger trains 
on some of the lines do not run even every day ; 
but this, of course, does not apply to such lines as 
the Great Southern, which has nightly sleeping and 
dining-car expresses to the great watering place of 
Mar del Plata and to the port of Bahia Blanca from 
Buenos Aires, and several trains a night in the 
season. There is, however, a very considerable 
suburban traffic in Buenos Aires, where the Central 
Argentine Company carries some 11,000,000 pas- 
sengers per annum, and the Great Southern and 
Pacific Companies also have considerable suburban 
traftic. It is true that most of the suburban rail- 


way traflic in Buenos Aires is very small compared 
with other great cities of the world, but this is 
largely due to the fact that there is a very exten- 
sive tramway service, and partly due to the fact that 
hitherto the railways have had their hands full in 
developing their goods traffic. 

The electrification of the suburban lines is now 








being considered, and there are several circum- 
stances peculiar to the country which would appear 
to render it feasible and profitable. The high cost 
of coal and commodities generally renders the 
operation of the existing suburban service a very 
expensive matter; and even if only a slight increase 
in suburban traffic were to follow the conversion of 
the lines to electrical working, still more if the 
change were accompanied by a greatly increased 
traftic, which most electrified lines show, the change 
would prove profitable. 

The principal characteristics of the Argentine lines 
are their extraordinary straightness and the absence 
of bridges and tunnels. The longest ‘‘ straight”’ in 
the world is to be found on the Pacific line, 217 
miles, and in cases one can go even greater dis- 
tances without meeting a — The greater 
part of the tracks is unballasted, the hard earth 
proving a not bad surface on which the sleepers 
are laid. The latter are usually of quebracho, one 
of the hardest and most durable woods known. 
The old pot sleepers, after many years of useful- 
ness, are being abolished. 

The following table gives some comparative 
results, which are, perhaps, more interesting than 
a mere tabulation of the figures which are to be 
found in the annual reports of the companies. 
Working Results of the Argentine Railways Compared 

with those of the United Kingdom. 


Particulars. Argentine United 
Republic, 1907. Kingdom, 1907. 
Area—square miles .. 1,135,840 120,670 
Total mileage .. ie - 18,32U* 23,108 
Locomotives—total number 2,492 22,3733 
Passenger stock — total 
number oa = “a 2 081 70,307! 
Wagons and other coaches— 
total number “s 764,109 


oe 54,082 
Engine-miles—total .. 53,163,750 


Vehicles — passenger - miles 


Ms ie oe .. 405,887,500 ~ 
Vehicles—Goods, &c., total 
miles .. sia me .. 38,446,525,000 -- 
Passengers carried .. : 41,784,000 1,259,481,C00t 
Passenger-miles ms .. 1,057,600,000 -- 
Merchandise traffic — total 
tons .. es oe oe 25,136,100 515,887,116 
Merchandise _ traffic — ton- 
miles .. “A os .. 8,257,750,000 _ 
Receipts —passenger £3,753,062 £50,975, 343 
” —merchandise £11,055,200 £61,202,831 
Total receipts £16,494,375 £121,548,923 
» expenses .. £10,165,312 £76,609, 194 
» earnings .. £6,329,063 £44,939,729 
»» capital £145,493,250 £1, 294,066,000 
Accidents :— 
Killed 272 220 
Injured 498 2132 
Total .. 770 2352 


* Exclusive of secondary lines. 
t Exclusive of season tickets. 
t Exclusive of electric and rail motor stock. 





NOTES. 

Tue Distnrection or RatLway CaRRIAGES. 

A novet plant for disinfecting passenger railway 
carriages was installed last autumn by Messrs. 
Julius Pintsch, A.G., of Fiirstenwalde, at the 
Prussian railway shops at Potsdam. The new 
disinfecting-chamber is a huge cylinder, 16 ft. in 
diameter, 75 ft. in length, built up of boiler-plates 
and cast-iron rings, and closed by two doors. The 
back end is kept shut ; the front cover is put into 
position by means of a crane, and moves in an arc- 
shaped pit. The carriage is pushed into the cylinder, 
and the men gain access to the carriage from two 
platforms fixed ata convenient height. It has been 
found, we see from the illustrated description 
of the novelty in Glaser’s Annalen by Baurat 
Schumacher, that all insects are killed if the air 
pressure within the chamber is reduced to about 
3 in., when water would boil at 40 deg. Cent. 
(104 deg. Fahr.), and the temperature is at the 
same time raised to 40 deg. or 50deg. Cent. Heating, 
or reducing the air pressure, alone will not suffice. 
The insects are killed because the water in their 
systems boils. The method is much more expedi- 
tious and more reliable than the ordinary cleaning, 
which sometimes involves removal of the cushions 
and of the laths and panelling, and has the addi- 
tional disadvantage that the escaping vermin infest 
the shops. The heat treatment is, when necessary, 
followed by a disinfection by means of formaline, 
which rapidly evaporates and penetrates into all 
parts under the on er pressure. The stale cooking 
smell of a dining-carriage is completely removed in 
twenty-four hours, simply by the heat treatment. 
The disinfecting-chamber has also been utilised for 
drying wood and other carriage material. When the 
air in the cylinder is heated up to 75 deg. Cent. 
(167 deg. Fahr.) the linear expansion of the cylinder 
amounts to nearly lin. The rings which support the 








cylinder in its shallow pit therefore rest on rollers. 
Steam is introduced through a 3.2-in. steam-pi; 
the cubical contents of the cylinder amount ; 
17,300 cubic feet, and the heating surface of the pip 
system to 2250 square feet. In order to acceler 
the heating of the air two electrically-driven {.)\; 
have been put up. It takes one hour to heat ‘ie 
cylinder up to 50 deg. Cent. (122 deg. Fahr.), and 
five hours to get the carriage properly heated uj) to 
that temperature ; the creation of the vacuum re- 
quires about two hours. The primary cost of the 
installation was nearly 40001., and it is estimated 
that it costs 11.15s. to disinfect a sleeping-carriaco, 
The manual cleaning formerly practised was many 
times more expensive, and moreover less expedi- 
tious and less eaek. The disinfecting chamber 
is hence considered a success. 


2 @®® Ow. 


Water ConsuMPTION OF EnGine-Room anp 
Deck AUXILIARIES. 


The ascertainment of the amount of steam con- 
sumed by marine auxiliaries, when doing their 
ordinary work in port, would strike us as a task by 
no means easy, if a high degree of accuracy were 
required, for waste from, and condensation in, pipes 
are well known to be serious and very variable 
quantities, so that the steam actually consumed by 
the auxiliaries themselves, apart from outside losses, 
would appear, after all, largely a matter of guess- 
work. Of course, if the total amount of steam 
supplied to auxiliaries and wasted in the pipes is 
required, the matter is different, and more accurate 
results can be obtained, though even then they 
must be regarded only as approximations, at any 
rate, when more or less rough methods of measuring 
the water are adopted, such as noting the fall of 
water in the gauge-glass of the boiler during a 
certain period. All such tests, if carefully carried 
out, are, however, of interest, and a paper recently 
read before the Institution of Engineers and 
Shipbuilders in Scotland by Mr. C. F. A. Fyfe on 
the subject may therefore be advantageously 
studied by marine engineers. This paper contains 
the results of a number of tests with auxiliary 
steam machinery under varying conditions. The 
measurements of the water were obtained by 
observing the fall of the water-level in the boiler 
gauge-glass, with the donkey feed shut off, while 
at the same time the water of condensation 
in the steam-pipes was collected in a drain- 
tank and measured. The results were plotted on 
squared paper, and consumption curves drawn. It 
was found that for the majority of cases the water 
actually evaporated bore a fairly uniform per- 
centage in excess of the calculated weight of steam 
passing through the cylinders of the auxiliaries, 
and what variations occurred were generally easily 
accounted for. Where less steam than was antici- 
pated was used, superheating or wire-drawing had 
probably been the cause. It was found that care- 
less handling of winches made a very great differ- 
ence in the consumption, one winchman using in 
some cases as much as 55 per cent. more steam 
than a more skilled attendant, the conditions 
being in both cases otherwise alike. For in- 
stance, a winch with cylinders 9-in. diameter by 
12-in. stroke required, when recklessly driven, 
2790 lb. of water per hour, but when properly 
driven 1930 lb. per hour. Again, one with cylin- 
ders 6 in. in diameter by 10 in., consumed 1040 |b. 

r hour when recklessly driven, and when properly 
handled 722 lb. per hour. The weather also was 
found to make a very considerable difference to the 
steam consumption, for in hot weather there is 
naturally less condensation in the cylinders and 
pipes. The conditions affecting the consumption of 
steam by auxiliaries at sea are, of course, different 
from those in port, and the auxiliaries themselves 
are different. It must not be assumed, therefore, 
that the consumption when in port is much guide 
to the consumption when at sea, and weather con- 
ditions affect the results less in the latter case. In 
trials carried out at sea the consumption of the 
usual auxiliaries, including feed-pump, ash-ejector, 
main centrifugal pumps, ballast-pump, sanitary 
and bath-pump, refrigerating brine-pump, re!rige- 
rator CO, machine, electric-engine, steering-engine, 
&c., appears to be, on modern, well-equipped 
steamers, about 15 or 16 per cent. of the total 
amount consumed. 


Prosectep IRon aNnD PuHospHaTE INDUsTRY IN 
LAPLAND. 


The Swedish Government proposal for electrifica- 
tion of the Lapland Railway and the construction 
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of a large Government hydro-electric power station 
at the Porjus Falls has already called to life com- 


prehensive schemes for exploiting part of the elec- 
tric energy in rational handling of poor and residue 
ore and apatite. A large installation for the treat- 
ment of this iron ore, of which vast quantities have 
been allowed to accumulate, failing any means of 
utilising it, is likely to be located at Gellivara, and 
other projects concerning electric smelting furnaces, 
chemical industries on a large scale, &c., are being 
prepared. Special attention is being paid to a 
rational exploitation of the phosphorus residue in 
the treatment of the iron ore. The phosphorus iron 
ore in Lapland consists, as many readers are no 
doubt aware, of a very pure magnetic black ore, 
and rock with apatite inserted in the ore as larger 
or smaller grains. By magnetic treatment the ore 
is separated from the rock, and the residue is rich 
in phosphorus, which can be subsequently used for 
the obtainment of phosphoric manures. A venture 
in this direction at Lulea, based upon the Viborg 
method, did not prove a financial success, owing 
to its excessive cost; but the unsatisfactory result 
does not reflect upon the usefulness of the raw 
material, and Professor W. Palmer, of the Stock- 
holm Technical High School, has invented a new 
and far cheaper process. It is based upon the 
production of di-calcium phosphate through the 
treatment of the apatite with hydrochloric acid and 
alkaline hydrate, which is obtained electrolytically 
from chloride of sodium. Through the Palmer 
process the original quantity of chloride of sodium 
is obtained at the end, so there is no loss of raw 
material, except the apatite residue. For each elec- 
tric horse-power there will be an annual production 
of 2.2 tons di-caleium-phosphate, with a consump- 
tion of about 11 tons apatite residue, obtained by 
the separation of the Gellivare ore. Negotiations 
are at present pane about the obtainment of 
the requisite electric power from the future Porjus 
Station. The Palmer process has been practically 
tested for some time at the Bamle apatite mines 
in Norway, and has in every respect met the 
financial results expected. A factory with 100 horse- 

wer is at present being built at the Trollhattan 

alls, and will be in working order some time 
this summer. Di-calcium phosphate contains about 
35 per cent. citrate soluble phosphoric acid, against 
14 to 20 per cent. soluble (water or citrate) in super- 
phosphate, and practical cultivation tests with 
the new manure have given entirely satisfactory 
results. The residue ore at Gellivara is calculated 
to yield a production of not less than 11,000 tons 
di-phosphate, and this quantity will require about 
5000 horse-power, representing about 6500 horse- 
power at Porjus. There is, however, every likeli- 
hood of also better sorts of magnetite being used 
for the process, and it does not seem at all un- 
likely that this new industry at Gellivara alone 
will require the whole of the electric power for 
which the ore company there has at present 
contracted. In addition to Gellivara, there are 
vast quantities of phosphoric iron ore at Kiruna- 
vaara, Svappavara, Ekstrémsberg, &c., waiting for 
rational exploitation by means of hydro-electric 
power. 





Tur Giascow Matn-Dratnace Works: ERRATUM. 
—In our article on the Kinning Park Pumping-Station 
of these works, we unfortunately made a slip in mention- 
ing, at the bottom of the last column on 567 
ante, that the patent indented steel bars a were 
supplied by Messrs. Sykes, whereas they were supplied 
by the Patent Indented Steel Bar Company, Limited, 
Queen Anne’s-chambers, Westminster, London, S.W. 





Tue Roya Institution. —In consequence of the 
lamented death of His Majesty the King, the Patron of 


the Royal Institution, and out of respect to his memory, 
the President has decided that the lectures and woe 
meetings be discontinued until May 21, when a lecture 
will be celivered, at 3 p.m., by Professor Walter Raleigh, 
M.A., on ‘Johnson without Boswell.” —A general 
monthly meeting of the members of the Royal Institution 
was held on the afternoon of Monday, the 9th inst., the 
Duke of Northumberland, K.G., President, in the chair. 
The special thanks of the members were returned to Mr. 


Henry F. Makins for a donation of 50/. to the fund for the 
romotion of experimental research at low temperatures. 
he chairman announced that he had nominated the 

following gentlemen as Vice-Presidents for the ensuin 

= : Si r Thomas Barlow, Bart., the Right Hon. Sir ia 
3urton suckley, Sir William Huggins, O.M., Mr. A. B. 
empe, Sir Francis Laking, Bart., Mr. George Matthey, 


= James Crichton-Browne (treasurer), and Sir William 
rookes 
to Ma: 
sion of 


be passe 


honorary secretary). Themeeting thenadjourned 
23, when a resolution of condolence on the occa- 
- lamented death of His Majesty the King will 


WORKMEN’S COMPENSATION CASES. 


Delay in Notice of Accident.—It is now pretty generally 
understood that the Workmen’s Compensation Act re- 
quires that notice of an accident shall be given to the 
a as soon as practicable after its happening, 
and before the workman has voluntarily left the em- 

loyment in which he was injured ; but it will be remem- 

red that, although timely notice of the accident is 
generally essential to the maintenance of a claim for 
recovery of compensation, the same section of the Act 
further provides that the failure to make a claim within 
the specified time shall not be a bar to the maintenance 
of proceedings in case of mistake, absence through illness, 
or other reasonable cause. The same reasonable and 
liberal rule as to the time for making a claim is also applied 
to the time for giving notice of the accident. 

An illustration of the common-sense application of the 
rule as to notice of accident was shown in the case of a 
labourer’s belated notice to the Mersey Docks and Har- 
bour Board, which came before the Liverpool County 
Court Judge on April 22. The applicant claimed 
compensation in respect of an accident which befel him 
on October 13 of last year, but of which notice had not 
been given till long after. The workman had his eye 
injured by a splash of cement when at work. At the 
time he paid little heed to it, and it was not till a severe 
attack of pneumonia followed, and he was laid up in 
hospital, that the doctors discovered the trouble in the 
man’s eye was caused by some foreign substance, and 
finally the eye was removed. It was only when he was 
convalescent that he gave notice to his employers of the 
accident to his eye, and followed it with a claim for 
compensation. he employers, because they had no 
notice at the time, defended the claim, and argued that 
there had been no accident, and that the disease in the 
eye was connected with the pneumonia from which he 
had suffered. Medical evidence, however, satisfied the 
judge that the acute inflammation of the eye was caused 
y some foreign substance, presumably the splash of 
cement, and he held that the workman ac 
reasonably, having regard to the state of his health, and 
that the employers had not been rae nei by the 
delay in given them notice. He therefore gave the 
workman an award of 10s. per week. 

Continuous Employment.—It will be observed that it is 
the law under the Workmen’s Compensation Act that 
in case of the death of a workman the compensation due 
to his dependant, who is wholly dependent, is a sum 
equal to the workman’s earnings for the last three years, 
and if employed for less than three years, then 156 times 
the average weekly earnings during the period of employ- 
ment up to the date of his death. It is further provided 
that employment by the same employer shall be taken to 
mean employment by the same employer in the grade in 
which the workman was employed at the time of the 
accident, uninterrupted by absence from work due to any 
unavoidable cause. Under this head an application was 
made by a woman in wy | before the Sheriff-Substitute 
for 2031. 16s. 6d., being the compensation which she 
claimed in respect of the death of her half-brother—a 
workman of the Carron Company, who was fatally 
injured in March last. The employers resisted the claim 
on the ground that the sister was not wholly dependent 
on the workman, and, further, that as the workman 
had a break in his employment during the three years 
preceding the date of the accident, the compensation 
was not the total of his wages for the three years 
rior to the accident, but a sum equal to 156 times 
is avenge weekly earnings over the previous three 
years. The man had been occasionally absent from his 
an my — the three years ined to his death, 
and thus the employers contended the average weekly 
earnings would be redu The Sheriff very properly 
took the view that the time broken by illness or other 
unavoidable cause should be estimated as unbroken time 
in one_continuous employment. In this the Sheriff 
the support of previous decisions of the Court of Appeal. 
In the case of Perry r. Mate (1 K.B., 441), 1908, the 
Master of the Rolls in his judgment dealt with the point, 
which in the Act is obscurely, not to say unintelligibly, 
stated, and concluded that ‘‘ absence due to illness or 
causes beyond the control of the workman are to be dis- 
regarded, and the employment considered as continuous, 
notwithstanding such absence.” The Sheriff in this Stir- 
ling case awarded the applicant the full amount claimed, 
with costs against the employers. 

Workmen’s Compensation and Employers’ Liability.—It 
has been already pointed out that when a workman is 
injured by an accident in the course of his employment he 
may elect to take proceedings either at common law or 
under the Employers’ Liability Act, and in the last resort 
he may fall back on his claim under the Workmen’s Com- 
pensation Act. Of course, when he fails in his action 

inst his employers, and at last resorts to arbitration, 
his award will be subject to a deduction of the employers’ 
costs in the former proceedings. An instance of this rule 
came before the Sheriff on April 24, when a workman 
sued at common law for 500/., or, alternatively, under 
the Employers’ ae Act, in respect of injuries 
received in a quarry explosion while at work at Rosyth 
Naval Base, in the employment of Messrs. Easton, 
Gibb, and Co., contractors. In the Dunfermline Sheriff 
Court the workman previously had failed to appear to 
pursue his action at law, having chosen to take compen- 
sation under the Workmen’s Compensation Act. The 
curious circumstance in this case was that at the outset 
the workman had not elected to take an action at law, but 
appeared content to take compensation, and actually 
had accepted sums from his employers. The law does 
not countenance the grasp-all claimant, and the Sheriff 
decided that the workman in this case could not be 








allowed: to change his mind and go for an action-at-law 





when he had previously accepted compensation, even 
when he offered to refund the sums paid him under 
the agreement. Had he | made his choice of pro- 
ceedings, he might have failed to win his damages at 
common law, and _ yet finally have recovered an award 
under Workmen’s Compensation arbitration, less the costs 
to which he had needlessly put his employers in his fruitless 
action. Having first elected to take compensation, it was 
conclusive that this was all the remedy he could prove to 
have a right. The Sheriff therefore decided he could not 
be allowed to change his mind after having elected to take 
compensation, and he dismissed the action, with costs to 
the employers. 





Tar Brazinian Torprpo-Boat Destroyrrs.—Messrs. 
Yarrow and Limited, launched from their yard at 
Scotstoun, Glasgow, the last of the ten destroyers ordered 
by the Brazilian Government from Messrs. Yarrow, of 

w. His Excellency Admiral Duarte Huet de 
Bacellar—who has just returned to this country again to 
take up the position of Chief of the Brazilian Naval Com- 
mission in Kurope—and other officers of the Brazilian 
Navy were present. The Sergipe is 240 ft. long by 
23 ft. 6 in. beam, and will have a speed of 27 knots. The 
first of the vessels was fully illustrated and described in 


ENGINEERING, vol. lxxxvii., page 347. 





Contracts.—Messrs. T. A. Savery and Co., Newcomen 
Works, Birmingham, have secured the contract to supply 
a crude-oil-fired boiler for the experimental laboratory at 
the New Technical School, for the Education Committee, 
at Smethwick. They also have in hand work for seven 
commercial trading steamers for a trading company, all 
to be fitted b on their patent crude oil-firing system.— 
Messrs. Alf Hickman, Limited, Bilston, have placed a 
repeat order with the Premium Gas-Engine Company, 
Limited, Sandiacre, near Nottingham, for a large gas 
blowing-engine of similar type to that which has now been 
running at the above works for more than two years. 
The engine will run on blast-furnace gas, and will have a 
free air capacity of no less than 43,000 cubic feet per 
minute, 





THE CONTINENTAL VISIT OF THE STUDENTS OF THE 
INSTITUTION OF CivIL ENGINEERS.—The visits to works 
are reckoned as among the most enjoyable of the privi- 
leges of the students of the Institution of Civil Engi- 
neers. Up till last year the visits in question were 
confined to undertakings in the United Kingdom, but 
a new precedent was then established, and arrange- 
ments made, for a party of the students to visit some 
of the most famous engineering works on the Continent. 
A souvenir volume, with many capital illustrations 
describing this tour, has just been published unde 
the joint editorship of Messrs. C. J. Guttmann, W. F. 
Spear, and H. C. A. Thieme. The party, which con- 
sisted of fifty-six members, visi power-stations in 
Belgium, Germany, and Holland, and special interest 
was excited by the large gas wer-station at the 
works of the Société Cockerill at docaien, where 25 mil- 
lion kilowatt-hours are now produced annually from 
waste derived from blast-furnaces and coke-ovens. 
The electrically-driven winding-gears at the Mathias- 
Stimes Colliery, near m, also attracted particular 
attention, the motive power being supplied by four 
Siemens-Iigner fiy-wheel converter sets. Amongst the 
cities visited should be mentioned Antwerp, Liége, 
Cologne, and Rotterdam. Everywhere the party was 
received with the test hospitality, of which this 
handsome souvenir volume will undoubtedly be a pleasant 
memento, 





Tur Eirre,. Tower.—The twenty years’ agreement 
between the City of Paris and the Société de la Tour 


has | Eiffel, expired at the beginning of this year, but in 


view of the scientific experiments conducted on the 
Tower, the ment has been renewed till 1926. <A 
meteorological station was established on the Tower soon 
after its completion ; some years ago a radiotelegraphic 
station was erected there for the service of the army and 
navy, and important observations have also been made 
on the stability of the structure under the stresses of 
wind and weather. Of these observations, KE. Bert gave 
an account in the Génie Civil in March last. It 
would ap that the top of the Tower describes an 
ellipsoidal curve when exposed to strong wind pressure. 
The main axis of the ellipse does not coincide with the 
direction of the wind, because the structure is not equally 
capable of resisting pressures from various directions ; 
but the wind direction is, of course, the primary factor in 
making the Tower bend. Themaximum movement of the 
apex of the Tower has been measured as 10 centimetres, 
(4 in.) Still greater is the influence of solar radiation, which 
produces diurnal oscillations. These have amounted to 24 
centimetres in the east-west axis, and to 10 centimetres 
in the south-north axis. They are often very peculiar and 
intricate; strongest, of course, in summer, and indeed suffi- 
ciently marked to render exact measurementsof the rigidity 
of the structure very difficult. Special determinations of 
the verticality of the Tower were taken in the years 1897 
and 1908, and from these it was found that the horizontal 
projection of the apex had not changed in those eleven 
years. The January floods of the Seine, which inundated 
the whole of the Champ de Mars, do not appear to have 
weakened the foundations. The wind and thermal ob- 
servations were conducted by Eiffel himself and Milon. 
General Basset determined the verticality, and Marquis 
Camarosa has studied the less im nt effects of the 
rotation of the earth. The Tower, it will be remembered, 
rises to a height of 334 metres (1155 ft.) above the base, 
and the foundations extend toa depth of 22 metres (72 ft.), 
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INDUSTRIAL NOTES. 


Tue eighty-fifth annual report of the Steam-Engine 
Makers’ Society tells the doleful tale of continued 
depression in trade and employment in 1909. This 
society is one of those which in 1850 refused to 
join the Amalgamated Society of Engineers, then 
newly established, and it has gone on in its inde- 

ndent course ever since. It deplores the bad state 
of trade in the engineering industries, especially in the 
marine section, notably on the North-East Coast and 
in Lancashire, in which two important areas nearly 
one-half of the members reside and work—when 
work is to be found. The society stood aloof from the 
strike of engineers on the North-East Coast, but its 
members were involved, nevertheless, as were all other 
sections of that industry. The report notes that bad 
trade still continued throughout this year up to the 
date of issue, but an improvement was distinctly 
manifest, with signs of further improvement. It says: 
*_«* Happily there have been no wasteful and suicidal 
disputes so far, but there have been difficulties to 
face in the shape of notices for reductions in wages 
in some twenty important engineering centres, many 
being the chief towns in the country. On the other 
hand, agreements have been entered into for periods of 
from three to five years, favourable to industrial peace.” 
The report is severe upon the actions of the members 
of another union, which tried to thwart the negotia- 
tions for such agreement, but the other sections com- 
bined to control them, The report fully justifies the 
action of those sections and speaks highly of the value 
and importance of the settlement arrived at last year. 
It expresses a hope that the proffered agreement for 
a 51 hours per week rule, reported in 1907, will yet be 
accepted. 

The report records the opening of several new 
branches at home and abroad, making a total of 142 
at date. The members have also increased, so that 
the aggregate is 8200. The progress has been con- 
tinuous for the last two years. The income for the 

t year was 37,282/., being 2072/. less than in 1908. 

his decrease was mainly owing to a reduction of 
levies, necessitated by the state of trade and unem- 

loyment, as the council deemed it best to adjust the 

Gedo to the strength of the bearer. As the unem- 
loyed pay no levies, the income decreases as the 
Fist of unemployed increases, and the expenditure 
also increases from the same cause. The extra 
calls upon the central fund under various benefit heads 
are set forth in detail, showing how the balance in 
hand has declined. In the expenditure side, donation 
benefit—out of work—cost, in 1909, 19,201/. ; in the 
previous year, 20,6287. In 1907 it was only 6201/. Yet 
the report states that the expenditure under this head 
was low as compared with that of kindred societies. 
The cost of sick benefit was 6448/., a decrease of 151/. 
as compared with 1908. It is thought that the 
amount is excessive, and branch officers are required 
to see into the matter. The cost of superannuation 
was 8708/., or 13s. 5d. per head per annum. The 
growth of this benefit has been enormous since 1878, 
when it only amounted to 769/., or 3s. 74d. per head. 
Accident benefit cost 500/., and much was given from 
the benevolent fund. Altogether the benefits thus 
paid to those in distressed circumstances were large in 
the aggregate. This union, as a rule, avoids strikes 
as far as possible, but sometimes it suffers from the 
disputes of others in which it is involved. 

The heavy expenditure upon benefits in the two 
last years has led the exeéutive to cut down the ex- 
penses of management, which were 299/. less than in 
1908. They express the determination that ‘ serious 
leakage and waste shall have no foothold in the Steam- 
Engine Makers’ Society.” Needless committees and 
conferences are to be avoided, and the costs thereof 
to be otherwise applied. Of course, the costs are 
greater than formerly, as the unions have undertaken 
political and other outside work. In this respect the 
Society, to a great extent, stands aloof. he per- 
centages of unemployed to membership last year was 
6.44, and of superannuated members 3 per cent., both 
of which are higher than usual. A table is also 
given of the number of members, yearly income and 


“ 


sarudisnse tame 1852 to date inclusive. The total 
cost of all benefits is also given, the a te bein 
689,650/. 88. 5d. The cape and Saleateeies woul 
do credit to any commercial concern from the Bank 
of England down to the smallest firm that has to give 
an account of its doings year by year, to satisfy all 
concerned in its welfare. 





The forty-third quarterly report of the General 
Federation of Trade Unions states that the financial 
resuiits of the past quarter were :—Contributions and 
entrance fees, 8022/. 11s. 6d. ; dividends and interest, 


1001/. 5s. 1ld.—total, 9113/. 17s. 5d.; expenditure, 
Th, \3s. 1ld.; balance to the good, 6136/. 3s. 6d. 

's “OWS @ recovery over the past two years. The 
— : of disputes registered was 106, involving 1346 
persous ; average, 12.69 per dispute. The liability in- 


curred was 3500/., 67 per cent. of which had to be met 
and lijuidated. The memorandum of the Board of Trade 





on the Trade Boards Act is reprinted, with comments 
thereon. It seems that there is a desire to multiply such 
boards. It defends the attitude of the General Federa- 
tion toward the Labour Exchanges Act, because of the 
alleged possible dangers that may arise of competition 
with trade unions in catering for employment for its 
members who are out of we | It quotes the resolu- 
tion of the Coventry Chamber of Commerce as to the 
limitation of wages of those employed through Labour 
Exchanges ; but no trouble in this direction has yet 
arisen. It pays a tribute to the late Mr. Pete Curran, 
who was once its chairman, and who, after the General 
Election, had to submit to an operation, from which 
he never recovered. The balance in hand at date was 
53,265/. 15s. lld. The Federation is now recovering 
from the disputes expenditure of 1908 and 1909. 





Whatever differences of opinion may exist as to 
the principles and policy of the Labour Party, it 
cannot be denied that it is fearlessly open in its 
action and advocacy. The report gives the text of 
the operative section of the Labour Party’s Bill 
for ‘‘ the restoration of the political rights of trades 
unions” as regards trade-union levies for Parlia- 
mentary purposes. This was introduced after the 
resolution thereon was talked out of the House of 
Commons on April 13 last. The Parliamentary report 

ives details of all motions and Bills in the em of 

mmons, and the action of the Labour members 
thereon, setting right the meaning of the vote on the 
Fair Wages Resolution, which was defeated partly by 
their votes, by reason of the fact that the Government 
assurances had satisfied them. The financial posi- 
tion of the Party appears to be sound, for it had at 
date a balance to the good of 8618/. 12s. 6d., after 
payment of all dues up to the end of March, 1910. A 
special Electoral Conference is called for May 26 and 
27 on the subject of Parliamentary representation and 
candidatures. The Party has also issued the Official 
Report of the Tenth Annual Conference, held at 
Newport on February 9 and two following days. 





The editorial notes in this month’s Amalgamated 
Engineers’ Journal are wholly political. They deal 
with the Budget, the ethics of taxation, who should 

y, &c. The total membership of the Amalgamated 
ingineers at date of report was 107,854, showing a 
decrease of 103. As compared with a year ago, there 
were fewer members by 102. As regards benefite, there 
were 96 more on donation ; as compared with a year 
ago, there were 4293 fewer. There were 2654 on sick 
benefit, showing a decrease of 312. On superannuation 
benefit there were 5936, an increase of 212 over a year 
ago. The election of councilmen and of assistant 
secretaries is now on; the results are to be declared 
early in June. The report expresses satisfaction at the 
result of the voting on the co-partnership scheme of 
Sir Christopher Furness, saying that the union had no 
faith in the scheme from the beginning. 





The annual report of the Society of Amalgamated 
Tool-Makers is one of the off-shoots, it may be said, 
of the Amalgamated Engineers. Established in 1882, 
it was intended to reach a section of that group which 
had not found a sufficient footing in the older union, 
established in 1850. Its work and progress appear to 
have justified its formation. It is not an aggressive 
society, it is rather founded upon the basis of the 
older unions, with all the provident benefits attached. 
The total membership of the union was 3851, an increase 
of 141 in the year, a year not favourable to expansion. 
The income was 10,592/. 11s. 6d., besides interest and 
dividends, which amounted to 394/. 5s. 8d. The 
expenses of benefits—out of work, sick, superannua- 
tion, &c.—were large, as in all other trade unions 
paying benefits in 1909. Sick benefit is kept separate, 
as some members do not pay for it. The ranch 
accounts are given in detail, as in other unions. 





The resumed negotiations between the representa- 
tives of the employers and operatives in the cotton 
trades last week ended, unfortunately, in a deadlock. 
The operatives offered to forego any demand for an 
advance in wages for a year, however active the trade 
may become in the meantime, if the employers would 
abandon their demand fora reduction. The employers 
offered to postpone the reduction for a time, but beyond 
this they would not go; so the conference ended 
without any agreement. At a meeting of the Em- 
ployers’ Federation held subsequently it was resolved 
to submit the question to the whole of the members 
for decision. ter on a circular was issued to non- 
members inviting their co-operation on the lines of 
the Federation’s decision. If favourable replies are 
given, the notices will be issued by employers to 
terminate all contracts. The several unions of the 
operatives appear to be united in their determination 
to resist the demand, and hence the fear of a general 
strike and lock-out. The situation is serious, but 
there is still time for a reconsideration of all the 

ints at issue. Suggestions have been publicly made 

y some, in and outside the trade, for a compromise to 
avoid hostilities. All admit that the employers have 








had an anxious time; also that the operatives have 
suffered badly by short time; but all seem to agree 
that a strike and lock-out will make things worse, 
not better; therefore both sides are advised to hesitate 
and reconsider. It is a great pity that these labour 
negotiations, by conciliation boards or by temporary 
committees, are so prolonged as to come nearly to the 
end of the time when a peaceful settlement is possible. 
In all such cases the trade affected suffers by reason of 
the uncertainty. This, indeed, is often quite as in- 
jurious as a strike. But, of course, those directly 
affected know their own business best. The Lanca- 
shire employers and operatives have done much in the 
past to avoid confiicts, they may do so now —there is 
ample time. 





Another case is before the Courts as to the legality 
of levies by trade unions upon their members in sup- 
port of Parliamentary candidates. Last week the 
case was before the Chancery Division Court, when an 
injunction was asked for to restrain the Amalgamated 
Society of Engineers from levying the members in any 
form. The contention of the society’s counsel was 
that the levy was voluntary and optional, but the 
Judge took another view of the case. He, however, 
accepted an undertaking that such contributions should 
cease till the trial that is pending. Counsel undertook 
that the payments should not be continued without a 
distinct statement that they were voluntary, and that 
non-payment should not be treated as arrears. The 
motion for an injunction now stands over until the trial. 





Mr. Burt attributes the ‘‘ settlement” of the dis- 
pute in Northumberland to the action of the President 
of the Board of Trade and the Controller of the Labour 
Department. But it appears that the ‘‘ settlement ” 
is at best temporary, for in the agenda for the annual 
meeting of the Miners’ Association there are several 
proposals relating to the Kight Hours Act and ‘the 
county agreement.” The chief is a proposal to set 
aside that agreement and to abolish it altogether. 
Another is to give fourteen days’ notice throughout 
the county to put an end to the three-shift system. 
A more considerate one is to hold a national confer- 
ence to determine the best policy for removing the 
alleged grievances under the Act, and the county 
agreement entered into by the officials It is also pro- 
posed to ask Messrs. Burt and Fenwick to resign 
their respective official appointments in the Associa- 
tion, and to abolish the Conciliation Board. There is 
further a proposal to start ‘‘ Labour candidates ” to 
oppose those men. If the Employers’ Federation had 
been guilty of such conduct there would have been a 
howl of indignation in Labour circles. 





The position of the iron and steel trades can hardly 
be said to have improved, for at last week’s markets 
the tone was scarcely as good as it was a week or two 
ago. Nevertheless, a good deal of extra material is 
going into use in the engineering, shipbuilding, and 
other trades using iron and steel. Tt is a slow 
recovery, the slowest of recent years. Perhaps the 
speed of production at a pinch may account for the 
apparent inactivity and the slowness of recovery in 
prices. 





The unexpected, and to those outside of Court 
circles, the almost sudden death of King Edward VII. 
will doubtless have the effect of still further delaying 
the long-hoped-for boom in trade which had been 
predicted, officially and otherwise, in many quarters 
since the dawn of the year 1910. The late King is 
remembered in labour circles as, when Prince of 
Wales, a Royal Commissioner on the Housing of the 
Working Classes and on that dealing with Education. 
In both of these he came into contact with Labour 
leaders, such as the secretary of the London Trades’ 
Council, and the pioneer of the agricultural labourers’ 
movement. On one occasion he invited a number of 
Labour leaders to visit him at Sandringham, and 
royally he entertained them. On another occasion he 
visited the aged Joseph Arch at his cottage and took 
tea with him, and he alluded to him as ‘‘Our Member” 
at a dinner party when Mr. Arch’s name was mentioned 
advowedly as a jest. 


SHIPBUILDING IN GERMANY.—The report of the Howaldt 
Company, in Kiel, shows a loss on the working for the 
year 1909 of 2,983,488 marks (about 150,000 ). The 
report says that the continued miserable state of shi 
ping has not made it possible to derive any benefit 
in connection with the merchant navy, so the company 
had concentrated its work on the Government con- 
tracts, more ially the building of the ship-of- 
the-line Heligoland. Repairs have also given less 
profits than any previous year, on account of so many 
vessels being laid up in the North Sea and the Baltic 
trade. The exceptionally bad state is illustrated by the 
fact that the company, during last year, —_ effected 
deliveries for an amount of 2,061,256 marks (about 








103,000/.), against 8,617,424 marks (about 430,000/.) for 
the eee year, and a calculated sum of about 20,000,000 
marks (1,000,000/.) for the current year. 
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CHROMIUM STEELS. 
Some Physical anager 4 Two per Cent. Chromium 
tcels.* 


By ANpRew McWiiuiam, A.R.S.M., M. Met., and 
Rexmer J. Barnes, respectively Assistant Professor 
of Metallurgy and Associate in Metallurgy of the Uni- 
versity of Sheffield. 

In May, 1909, the authors presented to the Institute a 
paper on ‘‘ A Heat-Treatment Study of Bessemer Steels,” 
in which they embodied the results of a systematic series 
of heat-treatment tests on ordinary commercial English 
acid Bessemer steels of carbon content varying from 0.10 
to 0.86 per cent. The results then recorded may fairly 
be taken as representative of those to be obtained from 
iron and carbon steels, with the addition of from 0.6 per 
cent. to 1 per cent. manganese. Closing their reply toa 
most interesting and encouraging discussion, the authors 
intimated that they had already under way some similar 
work, as they had then decided. to put a series of 2 per 
cant. chromium steels through the same class of heat 
treatment and experiment. The present paper contains 
a record of the results obtained. 

The amount of 2 per cent. chromium was chosen after 
consideration of a number of the results published. 
Arnold, in ‘‘ The Physical Influence of Elements on 
Iron,”+ used 1 to 2 per cent. of the added element for his 
series. Sir Robert Hadfield, in his classical research on 
** Alloys of Iron and Chromium,”} remarks that “‘chro- 
mium in itself, as clearly shown by the different diagrams 
accompanying this paper, does not, up to, at any rate, 
a certain percentage—say 0.75 per cent., or even 1 per 
cent.—materially affect the product, whether as regards 
yield-point, tensility, hardness test (Turner's), or hard- 
ness by water quenching.” From the same paper it was 
evident that steels with 3 percent. chromium or upwards, 
after subjecting them to the heat treatments proposed, 
would in many cases become unmanageable with the ap- 
pliances at the disposal of the auvhors. For these and 
other reasons they decided to adopt the addition of 2 per 
cent. of chromium. It was thought that keeping to this 
2 per cent. chromium addition and varying the carbon 
would produce a series of interesting and instructive 
results as distinct from paying greatest attention to vary- 
ing the chromium contents, as in former researches. 

{embers are referred to Sir Robert Hadfield’s paper 
already quoted for an historical summary and bibliography 
up to the date of that paper. Dr. L. Guillet, ‘‘ Les Aciers 

Spéciaux,’‘ vol. ii., and a portion of Dr. Carpenter’s paper, 

Journal of the Iron and Steel Institute, 1905, No. I., 

439 to 446, may also be consulted. 

Fhe steels were made by the coke crucible process in 
the Metallurgical Department of the University of Shef- 
field. They were cast into ingots of 3 in. square section, 
and hammered into round bars of 1 in. in diameter. 
These bars were cut into lengths of about 11 in. each, 
ready for treatment, so as to provide material for making 
tensile and alternating test-pieces and a micro-section 
from each specimen. A shorter piece was cut off each bar 
for making into Dr. Arnold’s standard recalescence piece. 
Table I. contains a list of the details of the treatments to 
which the several samples were subjected, with the corre- 
sponding distinguishing letters :— 

Taser I.—Treatments, with Distinguishing Letters. 
Treatment. Letter. 
As received on - oe re - or None 

Normalised ; 950 deg. OC. for 30 minutes, and 
cooled in air .. oe as -- «s es N 

Annealed ; slowly heated up to 950 deg. ©. ; kept 
at 950 deg. for about 35 hours; very slowly 
cooled down in furnace as - a es A 

Quenched from 800 deg. C. in water and tempered 
at 400 deg. C. .. a “ on oa as 

Quenched from 800 deg. C. in water and tempered 
at 550 deg. C. .. o P ~~ és ee 

Quenched from 800 deg. C. in water and tempered 
at 700 deg. C. .. as Pe és ee es 


x 
Ww 
METHODS OF EXPERIMENT. 

Normalising.—The pieces were placed in a Fletcher gas- 
muffle at about 700 deg. Cent., slowly rai in about an 
hour to 950 deg. Cent., and maintained there for about 
30 minutes ; they were then taken out, reared on end on 
firebricks, and allowed to cool in the air. 

ee was done in a coal-fired rever- 
ouiery furnace, according to the details described in 

able I. 

Quenching.—The bars were heated in a Brayshaw gas- 
fired, salt-bath furnace, the temperature of which was 
checked by two yy The pieces were put into 
the bath when it had attained a temperature of about 
800 deg. Cent. The temperature of the bath was raised 
to about 850 deg. Cent., then gradually lowered to 800 deg. 
Cent., when the pieces were rapidly withdrawn and in- 
stantly quenched in a large tank of pure Sheffield water 
at 15 deg. to 20 deg. Cent. 

Tempering.—The tempering was done by putting the 
bars in a lead bath kept at the required temperature in 
another Brayshaw gas-heated furnace, and maintaining 
the bath at a constant temperature for 15 minutes after 
it had again reached the required temperature, when the 
bars were removed and cooled in the air. 

The tensile test-pieces were all turned to 0.564 in. in 
diameter and 2 in. parallel. The micro-sections were cut 
off the unstrained portion of the short end of the tensile 
test-bar, and the standard alternating stress test-piece, 
# in. indiameter by 6 in. long, off the unstrained part of 
the long end of the tensile test-piece. Thus the alternat- 
in =o read before the Iron and Steel Institute on 

ay 5. 

+ Journal of the Iron and Steel Institute, 1894, No. I., 

107. ENGINEERING, vol. lvii., pages 607 and 636. 

ft Ibid., 1892, Ne. IL., page 104; 








ing stress tests, tensile tests, and micro-sections were not 
of duplicate bars put through the same series of opera- 
tions, but by the methods adopted represent tests off the 
same piece. The alternating stress tests were made under 
Dr. Arnold’s present standard conditions, which are : test- 
bar to be 2 in. in diameter, striking point 3 in. above the 
surface of the die, stroke g-in. movement on each side of 
the central position. 

The compositions of the steels with regard to carbon, 
manganese, and chromium are given in the table, the 
carbons being determined by combustion, and all the 
results checked. The silicons were under 0.1 per cent., 
the sulphur practically constant at about 0.025 per cent., 
and the phosphorus at about 0.02 per cent. 

TaBLe II.—Compositions of the Steels. 


Mark. Chromium. 


Carbon. Manganese. 





cent. per cent. per cent. 
1.9! 0.12 


0.23 


1154 
1.99 
1.98 
1.99 
2.07 


TaBLeE III.—Treatment. As Received. 
| 


| 


Analysis. 


x 100 


M.S. 


Dr. Arnold’s 
Alternate 


Chro- 
*) mium. 


Yield-Point. 
Maximum 
Elongation 
Reduction 
Stress Test. 


| bx 


tons p tons Pp 
sq. in. sq. in. | 
22.8 | 35.2 | 30, 


> 
° 


331 
312 
355 
378 
292 
178 
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Table ITI. shows the tensile tests on the barsas received 
from the forge, with the results of Professor Arnold’s 
alternating stress tests included. The Arnold standard 
for steel to be put into rapid alternating stress in prac- 
tice is 300, so that the first four steels have 
easily, the 0.65 per cent. carbon steel is still very near 
the mark, and only the 0.85 per cent. carbon steel has 
completely failed, the last not a surprising result. As 
the carbon is increased, the yield-point increases until 
0.65 per cent. carbon is reached, and at 0.85 per cent. 
carbon there is a slight decrease, whilst the maximum 
stress increases to the end, the elongation gradually 
decreasing, and, with one exception, the reduction 
in area also. Compared with the results of the similar 
Bessemer or 1 per cent. manganese steels recorded by 
the authors last May, the yield-points and maximum 
stresses of the chromium steels are slightly greater in the 
case of the first four, and very much ter in the case 
of the last two. The elongations of the chromium steels 
are yay | lower for the same carbon contents, although 
equal to the others for the same maximum stresses ; but 
the chromium steels show a marked superiority in the 
reduction of area at the point of fracture, whether com- 
pared for equal carbon contents or for equal maximum 
stresses. 

TaBLE I1V.—Treatment. Normalised. 


| ! 


Analysis. 


Yield-Point. 
Maximum 
Elongation 
per Cent. 
Reduction 
Dr. Arnold's 
Alternate 
Stress Test. 


mium., 


tons p tons p 
sq. in. sq. in. 

21 | 334 

24 

28 

42 

56 
52 

= | ; —E 

Table IV. contains the results for the normalised bars, 
which do not call for any special remark. 

Table V. shows the results obtained from the bars after 
the drastic annealing process already described. Many 
— in this table are especially worthy of note. The 

ecrease in the yield-point is extraordinary, as also in the 

TABLE V.—Treatment. Annealed. 


| 


Analysis, 
Chro- 
mium 


Mark. ~ 
Carbon 


Yield-Point. | 
Maximum 
Stress. 
blongation 
per Cent. 
on 2 in. 
Reduction 
of Area. 
Dr. Arnold’s 
Alternate | 
Stress Test. 


tons p 
sq. in. 
16 
16 
14.4 
12.8 


4 
° 


p.c. p.c. 


1154A_ 0.20 
1MSA_ 0.25 
1152A 0.32 
0.50 
0.65 
0.85 


oo 


1157 A 
1168a 
1155 A 


ao 





ero no we 

SSeSSs 
Sra own 
tom 10 © 


> Or s3-3 +7 


32 
188 
- 1168a was kept at 950 deg. Cent. for about twelve hours only. 


maximum stress for the higher carbons, and, with one 
exception, the general increase in the percentage reduc- 
tion of area is very marked. Another remarkable point 
in this table is the very considerable increase in the 
figures for the alternating stress tests in comparison with 
those given by the Bessemer steels after the same treat- 





ment, as the latter steels, in every case tested, show a 
falling-off in the figures obtained, in comparison with 
the results given, either by the steels as received or yor. 
mali 


TasLe VI.—Treatment Y. 800 Deg. Cent. Wat 
and 400 Deg. Cent. Atr. 


Analysis. 


Elongation 
r. Arnold’s 


Yield-Point. 

Maximum 
per Cent 

Reduction 


ltons p tons p| 
|$q. in. ‘sq. in. | 
| 67 | 686 


00 FO pt bt pt pt 


Table VI. shows the results obtained from the serics 
after quenching from 800 deg. Cent. in water, tempering 
at 400 deg. Cent., and cooling in air. 1152 Y, which regis- 
tered a reduction of area of 37 per cent., combined with a 
yield-point of 92 tons, a maximum stress of 100 tons per 
square inch, and an elongation of nearly 10 per cent. on 
2 in., indicates what can be done with steels of this type. 

In Table VII. are recorded the results of quenching a 
series from 800 deg. Cent., Saeerieg at 550 deg. Cent., 
and cooling in air; whilst Table VIII. shows a similar 
series, but tempered at 700 deg. Cent. 


TaBLE VII.—Trceatment X. 800 deg. Cent. Water 
and 550 deg. Cent. Air. 





Analysis. 


Elongation 
per Cent. 
Reduction 
Y.P. x 100 
Dr. Arnold's 
Alternate 
Stress Test. 


of Area. 


mium. 


Yield-Point. 


Maximum 


tons p tons p 
sq. in. sq. in. 
55 58 

€8 

75.9 

85.1 

94.1 }. 97.5 
92.5 | 95.7 8.5 96.6 


TasLe VIII.—Treatment W. 800 deg. Cent. Water 

and 700 deg. Cent. Air. 

| >. 41.2 
48 
54.8 
62.4 
62.6 
63 


144 
99 
141 
lll 
74 


65 


94.8 
94.4 
95.3 
95 


77.7 | 234 
85.4 204 
85.8 197 


70.2 | 
68.6 
67.2 
61.5 
55.6 


5L7 


1154W 
1153W 
1152W 
1157W 
1168W 
1155W 


25 


esses 
RRSCRS 
0 $0 bot bt pt pe 

S8e88 


So far, each table represents only one heat-treatment, 
with the results of all the steels subjected to that treat- 
ment ; but as it is equally instructive to compare the 
effect of the various heat-treatments on any one sample 
of steel, each of the tables on page 626 contains the results 
obtained from one steel under the various treatments to 
which it had been subjected. i : 

These six tables show the great variety of tensile 
tests that can be obtained from this series of steels under 
the various treatments detailed. The extraordinary 
decrease in the yield-point caused by the drastic anneal- 
ing is very well seen in these tables. This strongly indi- 
cates that by suitable annealing any, even the hardest 
of these, can be easily machined, and brought up again to 
the high tenacity and general hardness by the process of 
aeneaiidee. ith regard to the whole of the quenched 
and tempered members of the series, as the temperature 
at which they are tempered is increased the yield-point 
and maximum stress anes, and the elongation and 
reduction of area increase, as in the case of the Bessemer 
steels. 

The most noticeable feature of the results from all the 
specimens is that for a given maximum stress the 
reduction of area is generally at least 10 per cent. greater 
than in the case of the Bessemer or 1 percent. manganese 
steels. 

Stress-Strain Diagrams.—In most cases the tensile tests 
were done with a Metzger extensometer attached. The 
readings, as before, were taken by the students of the 
University in the course of their work. When the results 
were plotted, only those of 1154 and 1153 seemed to have 
sufficient interest to place before the members. These 
are shown in Figs. 1 and 2. The co-ordinates chosen are 
actual load in tons on the section and extension (unit 
0.0001 in.), but as the open scale used last May has 
served its purpose, a smaller scale is used this time, as 
the yield-points on the whole are higher. In Fig. 1, 
1154 A shows, below the yield-point, a curvature similar 
to that of 30 BA, shown last year. In 1154 N the lower 
readings seemed unsatisfactory, and this is indicated by 
showing the corresponding portion of the curve as 
dotted line. The other curves in Fig. 1 should be 
examined, but do not call for further comment. The 
curves of 1153 are plotted in Fig. 2. 


THERMAL ANALYSIS. 
n 


Heating and cooling curves of each steel were take 
vacuo on Arnold’s standard recalescence piece, 4 1D. {07 
by § in. in diameter, with a hole & in. in diameter @ri''* 
down the centre of the piece to within 4 in. of the midu'e. 
At the bottom of this cavity a hole } in. long by #)" ! 
drilled to contain the actual twist of the couple, © 
larger hole being used to contain the fireclay insula‘ 
which were bound firmly in position by rami 
asbestos into the space between the insulators anc 
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at the mouth of the larger cavity. The steel piece, | 
-_ .d as described, is then inserted into a double- | 
glaze’ porcelain tube; the latter is inside a fireclay 
sleeve, which is packed with asbestos at the ends in the 
annular space around the tube, in order to keep the porce- | 
lain tube in the centre of the sleeve, and to ensure free- 
dom from the direct influence of external currents of 
air on the porcelain tube. The fireclay tube or sleeve 


is in the centre of a coke fire, which is connec 


















































as in ordinary carbon steels; whereas the A 1 being, like | 1152. Carbon, 0.32 per Cent.; Chromium, 2 a Cent.— 
the A 3, irreversible, the maximum of the point Ar 1 is | In the heating curve the Ac 2 occurs at 753 . Cent., 
now shown at 732 deg. Cent.; this time below the A 2 | and the maximum of Ac 1.3 at 785 deg. Cent.; whilst on 
point. cooling, what is probably the combined Ar3.2 points 
1153. Carbon, 0.25 per Cent.; Chromium, 2 per Cent.— | show a maximum at 748 deg. Cent., and the Ar 1 point 
In the heating curve, the three points are all practically at 733 deg. Cent. 
absorbed in the Ac 1, the maximum of which is clearly 1157. Carbon, 0.50 per Cent.; Chromium, 2 per Cent.— 
shown at 789 deg. Cent.; but the special wave in the On heating, aslight perturbation, possibly due to Ac 2, 


ted curve, at a mean of 759 deg. Cent., is probably mainly | occurs at about 759 deg. Cent. and Ac 1.3, with a decided 
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with a stack 60 ft. high. The stack can be thoroughly 
dried and heated by another auxiliary coke-furnace 
before beginning the experiment; all as previously 
described by Dr. Arnold. The air is pumped out by 
means of a Sprengel mercury pump, so that the heat- 
ings and coolings are all done in vacuo, and the steel 


Readings ir a Representing Temperatures 





140 


(1709.2) Seconds per 


Scale 


. ¥ maximum at 778 deg. Cent.; whilst on cooling, what is 
Figs. i olay Nal hl Ms «i s4 | gare d | now obviously the Ar 1.2.3 points all together has a maxi- 


OS. é 
0-65, AND 0-85 PER CENT. CARBON. mum at 721 deg. Cent. : 

1168. Carbon, 0.65 per Cent.; Chromium, 2 per Cent.— 
On heating, this sample showed in the three heating 
curves taken a one-second perturbation from the plain 
curve, as if it were the merest trace of Ac 2 still left ; but 
this is too fine to be decided without many trials, so re- 
quires further investigation. The Ac 1.2.3 points show a 
maximum at 788 deg. Cent., the Ar 1.2.34 maximum at 
718 deg. Cent. 

1155. Carbon, 0.85 per Cent.; Chromium, 2 per Cent.— 
The heating curve shows merely the Ac 1.2.3, with a 
maximum at 777 deg. Cent., and the cooling curve the 
o | Ar 1.2.3 with a maximum at 714 deg. Cent. 

> In every case the maximum temperature reached in 
<< heating, before cooling commenced, was recorded to 
? observe the effect of this maximum on the Ar1 point; 

| but in different experiments, where the maximum was 
| purposely varied between 950 deg. and 1100 deg., Cent., 
|no material effect was produced on the position of 
|Arl. In M. Osmond’s experiments the lowering of 
| the Ar 1 point was more particularly shown in the 5 per 
"| | cent. samples and for temperatures above 1200 deg. Cent. 

NAo'c || O™ Considering the whole series of curves, and calculating 
r |as nearly as possible the total effect in seconds due to 
the Ar 1 change, then the magnitude of the figures 
| obtained are fairly proportional to the amount of carbon 
| present up to 1168 at 0.65 per cent. carbon, but much less 
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pieces come out quite bright after treatment, even, as in 
one case, after about thirty heatings and coolings. 

The heating and the cooling curve of each sample are 
drawn in juxtaposition, so as to emphasise the relative 
positions of the Ac and the Ar critical points or ranges. 
These curves are plotted on M. Osmond’s inverse-rate 
method, which still seems to remain the best, on the 
whole, for indicating, without elaborate calculations, 
small or large perturbations and the temperatures at 
which they occur. 

_ True time-temperature curves can be made from the 
mverse-rate curves, excepting in those cases, 1157, 1168, 
and 1155, w here an actual rise of temperature takes place 
during the taking of the observations for the cooling 
curves, but the records from which these curves are made 
contain «ll the necessary data, and for the three cases 
mentioned time-temperature curves are inserted. In 
each case he temperature of the cold junction was kept 
within a few degrees of the temperature at which it was 
maintained during the calibration of the platinum plati- 
— n couple that was used throughout the re- 
1. 
I _ Carbon, 0.20 per Cent.; Chromium, 2 per Cent.— 
- the heating curve of this sample the Ac 2 point is the 
fewest, & mean temperature of about 765 deg. Cent. 
i 


pr pees the Ac 3 point, even with this low percentage 
of the on, seems to be involved with the Ac 1, the end 
© perturbation, which may then be considered to 


Clans | ’ Ac Salone, occurs at about 822 deg. Cent. In 
an dis ‘ne curve, what is evidently the Ar 3 point is now 
pow ie n tly seen at a mean temperature for its maxi- 
indistin (S deg. Cent. Ar 2 now, in its turn, has become 
aio - ‘ ‘ut occurs at 765 deg. Cent., the same tempe- 


2, being evidently reversible in these steels 


num of Ac 1 occurs at 791 deg. Cent., and | 


= unit of carbon in 1155, containing 0.85 per cent. carbon. 
31°C. ndeed, the two last show about the same total disturb- 
r ance from the fair curve indicating a maximum some- 








Scale Readings in iq Rep 


where between these two, this maximum, wherever it 
occurs, indicating the saturation point for the series. The 
é 700 200300 400 600 600 700 | matter will again be referred to when considering the 
(rv08.2) Total Seconds. micro-structures. The critical temperatures obtained 
; 2 from the curves are collected in Table XV. If it is 
due to Ac 2, whilst the portion at 810 deg. Cent. may be | desired to obtain the temperature in degrees Centigrade 
due to part of Ac 3. on cooling, the combined Ar 3.2/ of any portion of the curves not marked, then for the 
points have a maximum at 758 deg. Cent., and the maxi- | whole of the range shown in the figures the temperature 
mum of Ar 1 is very distinct at 731 deg. Cent: may be obtained by adding or subtracting 3.84 deg. 
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Cent. for every millimetre up or down the scale re- 
spectively. 

TasLe [X.—1154. Carbon, 0.2 per Cent. ; 
Chromium, 2 per Cent. 





| | 

Elong®-| reduc. Dr. Arnold’s 
i tion of | ¥-P_X 100” aiternate 
| 9 in. A M.S. | Stress Test. 


lws | Maxi- 
| Yield-| um 





| 
30.5 64.8 | 
36 62.9 
40.5 i 48.5 
12.5 97.7 
16 ; 94.8 
41.2! 28 . 77.7 


TaBLeE X.—1153. Carbon, 0.25 per Cent. ; 
Chromium, 2 per Cent. 


38.6 | 68.4 
38.1 





1153 | (24.4 | 
1153N | 24 

1153 A 
1153 Y 
1153 X 
1153W 


66.4 | 
16 35 73.8 | 
78.3 88.2 42.5 
68 72 5L.5 
41 | #8 | 68.6 
Tasie XI.—1152. Carbon, 0.32 per Cent. ; 
Chromium, 2 per Cent. 
46.3 26 | 65.4 
45.9 62.4 
30.4 70.7 
92 100 } 37 92 
75.9 79.6 16 | C6 95.3 
47 64.8 | 22.5 | 67.2 85.8 
TaBLE XII.—1157. Carbon, 0.5 per Cent. ; 
Chromium, 2 per Cent. 
53.8 20.5 | 65.8 
61 20 55.4 
37.6 28 55.4 
1157Y | 112 104.1 9 30.3 
13 | 
2 si 


1157X | 85.1 89.6 | 42.5 
1157W | 57 62.4 | 6L.5 . 
Taste XIII.—1168.° Carbon, 0.65 per Cent. ; 
Chromium, 2 per Cent. 
71.3 | 14.5 | 41.1 | 81.3 


14 | 4 82.4 
21.5 62.2 | 65.4 


94.1 ‘as | 10 | 
1568) 626] 21 | 


TaBLE XIV.—1155. 


355 
372 
482 

94 
141 
197 


64.8 
61 
47.4 


30 
28 
14.4 


1152 

1152N 
1152A 
1152 Y 
1152 X 
1152W 





32 
42 


1157 
1157N 
1157A | 12.8 





| 292 
56 302 
32 214 
32.4 97.5 74 
55.6 90.7 133 


Carbon, 0.85 per Cent. ; 


68 
48.9 | 


Chromium, 2 per Cent. 
, 75.9 
| ma | 
40.1 | 


68.5 
73.1 
46.9 


178 
228 
316 


183 | 
34.4 
63.5 


62 
52 
18.8 | 


1155 
1165 N 
1155 A 
1155 Y 
1166 X | 
1155 W| 
} 


65 
155 


96.6 
91.4 


28.2 
61.7 


95.7 | 


63 


92.5 


57.6 20 


Taste X V.—The Critical Temperatures of the 2 per 
Cent. Chromium Steels. 


Ar 3. Ar2. 


Eo | Deg. ©. 


Ac 1. Ac 3. Arl. 


©. | Deg. ©. 
7 $22 


? 810 


Mark. | Ac 2. | 





Deg. C.| Deg. Deg. OC. 
1154 765 791 732 


1153 759 789 758 731 


1152 733 


1157 


1168 
1155 








MIcrO-STRUCTURES, 


The descriptions of the micro-structures shown on Plate 
XLVIL., refer, excepting where otherwise stated, to those 
seen on polishing and etching the longitudinal sections of 
the various steels. In all cases the small amount of sul- 
phide of manganese present was in the form of elongated 
globules parallel to the direction of forging. In many cases 
the transverse sections were also carefully examined. 


The Steels as Received, Normalised and Annealed. 

1154 (see photo-micrograph, Fig. 6.—Magnified 100 dia- 
meters, the structure was seen to consist of well-defined 
pearlite and ferrite, arra so as to form a distinctly 
striped pattern, me pt ge exhibiting the junctions 
of its allotriomorphie crystals, which were of small dimen- 
sions compared with those of a similar iron and carbon 
steel. Magnified 350 diameters, the pearlitic areas are 
well defined, and in some portions can be resolved. 
Magnified 1200 diameters (oil immersion), the pearlitic 
areas each present three distinct appearances in different 
parts of the aggregation—one, light chestnut-brown, not 
resolvable ; another, dark etching with small bright par- 
ticles , op of cemantite ; and a third, having 
almost the appearance of typical pearlite, clearly lami- 
nated at this magnification. Practically all three kinds 
are found in each pearlitic area, the light brown having 
clearly-defined edges, the dark etching vague, and the 
laminated—or, as it sometimes occurs, granular—mingled 
at the edges with the adjacent ferrite. 

1154 N (see me, Fig. 7).—Magnified 100 
diameters, structure as above, but striped appearance, 
though not removed, is slightly less pronounced in the 
section as a whole. Magnified 1200 diameters (oil), the 
pale-brown and dark-etching portions occur as described 
above, but the more distinctly litic portions, though 
clear, tend more to granular rather than laminated struc- 


ture. 
1154 A (see photo-micrograph, Fig. 8).—Magnified 100 





diameters, striped ap ce very marked, stals of 
ferrite small. Magnihed 320 diameters, the sulphide is 
still in the elongated form. The section shows small 
crystals of ferrite, with globules and rods of cementite of 
various lengths distributed irregularly at the crystal junc- 
tions. The rods are sometimes grou to form lamina‘ 
pearlite, and in one case the pearlite was brown in the 
centre, but resolvable at this power. Also the globules 
and rods of cementite are in ups and lines, formin 
altogether a white field of ferrite, with pale _paralle 
stripes due to the grouping of cementite. Irregular 
groups of the pieces of cementite were also scattered over 
the eral field, forming occasionally distinct regions of 
pearlite, with the rods at various angles to one another, 
sometimes at right angles. Magnified 1200 diameters, 
these last features were more clearly seen. 

1153.—Magnified 100 diameters, pearlite and ferrite 
forming a pattern not so markedly striped as in the case 
of 1154, but otherwise similar to 1154. 

153 N.—Magnified 100 diameters, the striped ap; . 
ance not so ore a as in 1153, but still very well defined, 
and some of the pearlitic areas are comparatively large. 

1153 A.—The stri appearance is again very well 
defined, and it is worthy of note that this long and drastic 
annealing, which might be expected to obliterate all 
traces of the influence of forging on the microstructure, 
merely seems to prem deg os striped character of the 
etched section. At the different magnifications the 
appearances are similar to those seen in 1154 A, but there 
isa ter proportion of cementite. 

1152.—The striping is still very well marked in 1152, 
but in 1152 N it has almost disappeared, and the structure 
consists of cells of pearlite with cell-walls of ferrite, whilst 


Fic. 15. 1154W. Carson, 0.2 per CENT. 
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in 1152 A the striped appearance is again most marked. 
In other respects it is similar to previous annealed 
samples, with only a further augmentation in the propor- 
tion of cementite present. 

1157 shows dark pearlite with little ferrite, and the 
stripes still in evidence. Otherwise similar to the others, 
but the ferrite has now been reduced to ill-defined cell- 
walls. fo De gg AS 2 Fig. 9.) 

1157 N.—Dark pearlite with little ferrite, and stripes 
just visible. (See photo-micrograph, Fig. 10.) 

1157 A.—Striped character is still there, but not so pro- 
minent as in former annealed samples. The cell walls of 
ferrite not continuous, but thicker when existing. ( 
photo-micrograph, Fig. 11.) 

1168, 1168 N, 1168 A.—In these there are still very 
slight signs of the striped structure. This sample seems 
so near to the saturation point of the 2 per cent. chromium 
series that it is difficult to say what exists in it other than 
the pearlitic areas already carefully described; but in the 
annealed structure there are undoubtedly slight traces of 
a cell-wall structure, which is possibly the last remaining 
trace of structurally free ferrite. The light parts of photo- 
micrographs, Figs. 12 and 13, represent the light brown 
portions of the pearlitic areas. 

1155, 1155 N, 1155 A.—The striping is now very slight. 
1155 and 1155 N are similar in appearance to 1168. In 
1155 A the whole field consists of ferrite, with globules of 
cementite scattered throughout, some true pearlite and 
apparently structurally free cementite, sometimes as 
portions of cell-walls, sometimes as irregular globules. 

_Note.—The cementite in the whole series behaves very 
differently from that of the cementite of pure iron and 
carbon steels, for, boiling the specimens in an alkaline 
solution of sodium picrate for half-an-hour failed to 
develop any structure whatever, whilst a section of a 
steel containing 0.5 per cent. carbon and 1 per cent. man- 
ganese was beautifully etched, showing clearly the carbide 
of iron plates in the pearlite as dark bands. 


QUENCHED AND TEMPERED STEELS. 

1154 Y (tempered at 400 deg. Cent.).—In these, pale 
brown-etching emulsified pearlite forms the matrix, in 
which are scattered groups of small crystals of ferrite (see 
photo-micrograph, Fig. 14). On examination under high 
power the pearlite is seen to consist of a dark background 
containing black specks. Sometimes the centres of these 
specks remain bright. The emulsified pearlite also con- 





tains a large number of angular bright areas, but they are 
not so bright as the ferrite in the groups of orystals, and 
may perhaps be impure ferrite. 

_1154 X (tempered at 550 deg. Cent.).—Treated at this 
higher temperature, there seems to be a larger proportion 
of ferrite in the form of crystal groups. ‘The emulsitied 
pearlite etches to a darker tint, and though the pearlite 
does not truly resolve, there are more of the small bright 
specks mentioned under Y. The angular bright areas 
which, under Y, it is suggested may be impure ferrite. 
are now nt in smaller proportion. 5 

1154 (tempered at 700 deg. Cent.).—Temperiny at 
this high temperature seems further to increase the sreq 
of grouped ferrite crystals in the section, and the emul.- 
sified pearlite etches to a still darker tint than before 
(see photo-micrograph, Fig. 15). is section seems to 
contain very nearly as much ferrite in the groups of 
crystals as is shown in the sections from the bars, either 
‘*normalised ” or ‘‘as received.” Theemulsified pearlite 
does not properly resolve, but contains a fair quantity of 
bright = of what is apparently bright cementite. 

1157 W consists almost entirely of dark-etching emul- 
sified pearlite, which is similar to that of 1154 W, but 
contains a slightly greater proportion of the specks of 
cementite. 

1155 W consists almost entirely of emulsified pearlite, 
similar to that of 1157 W, but the specks of cementite are 
larger, and there are a greater number of them. This 
section contains distinct signs of skeleton cell walls of 
cementite, which clearly point to the steel being slightly 
supersaturated. Fs 

The Saturation Point.—The thermal analysis of the 
whole series strongly points to the saturation point exist- 
ing somewhere between 1168 and 1155. The microstruc- 
tures, particularly of the annealed and heat-treated 
samples, | show that 1155 contains structurally free 
cementite, and is therefore above saturation point. The 
similar micro-sections for 1168 are not so clear in their indi- 
cations, but point to 1168 being very close upon saturation 
—perhaps just a shade below. The determination is of 
= interest, and the authors have further work in 

and to endeavour to settle the question, and, amongst 
other things, have a steel containing 0.73 per cent. carbon 
and 2 per cent. chromium under trials, the results of 
which, it is hoped, will be ready to bring before the meet- 
ing of the Institute in May. 

The authors have again pleasure in tendering their best 
thanks to Mr. F. K. Knowles, B. Met., for valuable help 
in connection with most of the tensile testing ; to Mr. 
Joseph Harrison for the skill and care he exercised in 
connection with the preparation of the various test-pieces, 
and for assistance with the manipulation of the Brayshaw 
furnaces. The authors would also refer to the extended 
use they have made of the Brayshaw apparatus, presented 
to the Department of Applied Science of the University 
of Sheffield by the Sheffield Society of Engineers and 
Metallurgists. 








IRON, MANGANESE, AND CARBON. 


The Chemical and Mechanical Relations of Iron, Man 
ganese, and Carbon.* 


By J. O. Arnotp, D.Met., and A. A. Reap, M. Met. 


In their paper on ‘‘ The Chemical Relations of Carbon 
and Iron,”} some years ago, the authors included a few 
preliminary experiments on a manganese steel, which 
showed that manganese may replace a portion of the iron, 
and that the double carbide of iron and manganese is less 
stable than that of iron alone. 

The authors also pointed out that the manganese steel 
used gave a low result on estimating the carbon by the 
colour test, and that it would appear that the double 
carbide of manganese and iron gives a less intense 
colour than carbide of iron per se. At the time it was 
felt that the condition of manganese in steel ought to be 
investigated ; circumstances, however, for a long time 
prevented the authors continuing this research. 

The present communication contains an account of— _ 

1. A number of experiments to determine the composi 
tion of the carbides separated from a series of annealed 
steels containing various percentages of manganese, the 
percentage of carbon being practically the same in each. 

2. The results of the percentage of carbon as deter- 
mined by the colour test, with a standard practically free 
from manganese, as compared with the percentage of 
carbon obtained by combustion. 

3. Tensile and alternating-stress tests. 

4. Microscopical features. : 

Troost and Hautefeuillet prepared in the blast-furnace 
manganese carbide, which on cooling yielded true average 
solids. ; 

Moissan§ confirmed the existence of Mn;C, and 
obtained this carbide by heating pure manganese 
tetroxide with sugar carbon in an electric furnace. He 
further states that dilute acids readily attack manganese 
carbide, forming liquid hydro-carbons—a reaction analo- 
gous to that studied by Cloez with cast iron. — wee 

Hadfield,|| in his paper on ‘‘ Manganese Steel,” gives 
the results of special tests with manganese and ordinary 
steel. Further reference will be made to this valuable 
work when considering the results of our tensile tests. 

Stead,{ from a steel containing 1.77 per cent. carbon 


* Paper read before the Iron and Steel Institute on 
May 5. ; ; a 

+ Transactions of the Chemical Society, 1894, page ‘> 

+ us, 1875, vol. Ixxx., page 909. 

§ The Electric Furnace, 1904, page 239, et seq... 

| Proceedings of the Institution of Civil Engineers, 
1887-8, Part ITI., vol. xciii. : — 

{ Journal of the Iron and Steel Institute, 1894, \o- * 
page 192, et seq. 
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and 12.18 per cent. manganese, obtained a carbide with 
17.19 per cent. of manganese. This carbide, he says, was 
very much in appearance like kish. 

Carnot and Goutal,* obtained, by attackin 





ferro-man- 


uble carbides :— 
Between 74-60 per cent. manganese, Fe,;C2Mn,C. 
Between 60-30 per cent. manganese, 2Fe;CMn,C. 


and by attacking with boiling ammoniacal ammonium 


Fvg.1. 





geneeo with acetic acid jy in the cold, the following | 
0 


each bar. The carbon was determined with every 5 3 
caution by combustion. The results are given in Table I. 


METHOD OF MANUFACTURE. 


The alloys were made as nearly as ible to contain 
about 0.9 per cent. of carbon with ascending man- 
ganese. e saturated steel was melted by coke in 
the ordinary Sheffield ‘‘white crucible,” and up to 
about 4 per cent. of manganese the element was adided 
in the form of 80 per cent. ferro-manganese. For 





THE ELECTROLYTIC INSTALLATION USED FOR DETERMINING THE 
DOUBLE CARB 


IDE. 












































Fig. 4. 


Micrograph No. 
manganese, 1.16 per cent. 
of 460 diameters ; actual magnification of engraving, 184 
diameters. 


1 (990 A). Carbon, 0.85 per cent.; 
As seen under a magnification 








Fig. 6 





Micrograph No. 3 (1067 A). Carbon, 1.07 per cent.; 
mancanese, 13.38 per cent. As seen under a magnification 
awe Clameters ; actual magnification of engraving, 184 

ameters, 

Feta rro-nanganese containing 74 per cent. manganese 
34 Rs, 
; ayii 18 Forster and Schoenet have also obtained a 
carbide containing manganese. 
CuemicaL Composition. 


_The ‘nalyses of the steels were made on turnings from 
| Comptes Rendus, 1899, 207, et seq cae 


+ Journal 8 . 4 
Phe nal of the Iron and Steel Institute, 1897, No. L., 








Fie. 5.—Micrograph No, 2 (997 A). Carbon, 0.81 per cent.; 
manganese, 3.85 per cent. As seen under a magnification 
of 460 diameters; actual magnification of engraving, 184 
diameters. 





Fic. 7.—Micrograph No. 4 (1084 A). 


Carbon, 0.93 per cent.; 
manganese, 19.59 per cent. As seen under a magnification 
of 460 diameters ; actual magnification of engraving, 184 
diameters, 


higher pomainee the metal (thermit-manganese) was 
melted separately in a crucible of electrically fused 
magnesia contained in an outer crucible of graphite. The 
contents of the two crucibles were mixed and teemed into 
2-in. square ingots, and these ingots were slightly ham- 
mered and then rolled into 1-in. round bars. These bars 
were, by the courtesy of Messrs. Samuel Osborn and Co., 
annealed with a batch of steel castings, being heated to a 
bright red heat for about thirty-six hours and allowed to 
slowly cool during about three days. The authors adopted 








tunity to crystallise out fully or segregate into their car- 
bides, in a form calculated to resist decomposition during 
the subsequent somewhat prolo: electrolytic separa- 
tion of the iron as ferrous chloride. The annealed bars 
for the tensile tests were ined down to 0.564 in. in 
diameter, and for the alternating and carbide tests to § in. 
| in diameter. The analyses were made on the last turnings 
| from the carbide analysis bars, and the micro-sections were 
| turned from the ends of the alternating stress test-pieces. 
The authors requested Mr. J. Harrison, the laboratory 


Fig.?. 
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4 3 7: 
Percentage of Manganese 
engineer in the Metallurgical Department of Sheffield 


University, to report to them on the behaviour of the 
test-bars in the lathe during turning operations. His 


oO 
(n“e® 


Taste I.—Analyses of Specimens of Steel. 











No. of . | Iron (by 
Man- _ Sul- Phos- f . 
. 8 » y . 
io. Carbon. wanese. ilicon phur. | phorus. on 
|per cent|per cent per centjper cent|per cent, per cent. 
1078 0.78 0.41 | 0.06 0.038 | 0.02 | 98.70 
1077 0.78 0.83 0.08 0.04 | 0.02 | 98.26 
990 0.85 1.16 0.09 0.04 | 0.02 | 97.84 
991 0.86 2.21 0.11 0.03 | 0,02 96.77 
996 0.88 3.10 0.13 0.02 | 0.02 | 95.85 
997 0.81 3.85 0.09 0.02 | 0.02 95.21 
999 0.87 4.98 0.18 0.02 0.02 93.93 
1085 0.95 10.07 0.17 0.03 0.04 88.74 
1068 1 11.21 0.19 0.03 0.04 87.53 
1067 1.07 13.38 | 0.27 0.02 0.04 85.22 
1065 0.82 | 15.11 0.19 | 0.03 | 0.05 83.80 
1084 0.93 19.59 0.21 0.03 0.07 79.17 





report was as follows (Table IT.), the 
the two last columns the carbon and 
bars to which his report had reference. 


authors placing in 
manganese in the 





Tasze II. 
Ingot Turning Characteristics of the | 
No. | Rolled and Annealed Bars. | O®Fbon.| Manganese. 
|per cent| per cent. 
990 | (6) Slightly tough. 0.85 1.16 
996 | (5) Moderately tough. | 0.88 3.10 
999 | (4) Tough. | 087 | 4.08 
1085 | (1) Very hard and very tough. 0.95 10.07 
1065 (2) Hard and very tough. 0.82 15.11 
1084 | (3) Slightly hard and very tough. | 0.93 19.59 


The word ‘‘ tough” has reference to the capacity of the 
material to curl off in spirals whilst being turned. The 
numbers in brackets have reference to the order of diffi- 
culty in machining, No. 1 being the most difficult of the 
series. 


MECHANICAL CHARACTERISTICS OF THE ALLOYS. 


The figures registered in the static mechanical testing 
are embodied in Table III., page 628. The resistances of 
the alloys to alternating stresses are tabulated in Table IV. 

The latter results were registered on the Arnold ma- 
chine under standard conditions—viz. :— 

Test-piece, 6 in. long and gin. in diameter. Rate of 
reversals of stress-strain, 650 per minute. Distance from 
zero of stress to plane ef maximum stress, 3 in. ec- 
tion at zero of stress, # in. each way. 

In connection with the mechanical tests, it may be re- 
marked that one of the authors has investigated a series 
of nearly carbonless manganese alloys for comparison 
with the carbonised set. The influence of the carbon is very 
considerable, but is by no means the dominating factor, 
which without doubt is the manganese. On the whole 
the mechanical properties of this highly-annealed series 





do not differ materially from the unannealed aHoys des- 


this drastic annealing to give the alloys an ample oppor- | cribed by Hadfield in his classical paper read before the 
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Institution of Civil Engineers,* and when the tests of the 
carbonless alloys are ag it will be seen that Had- 
field’s forecast as to the relative parts played by carbon 
and manganese was singularly accurate. 


Taste III. 





Composition. 


Remarks. 


Yield-Point. 

Maximum Stress. 

Elongation per 
Cent. on 2 In. , 

Reduction of 

Combined 
Carbon 


3 


Fracture coarse 


crystalline. 





5 
 $ 


Wi7A ¢ 
990 A 

991A 3 
996A % 


997 A 


Fracture crystalline. 


SERS 


itto. 
Fracture finely 
crystalline. 
Fracture very finely 
crystalline. Longi- 
tudinal crack. 
Fracture very finely 
crystalline. 
Fracture very finely 
| crystalline. Broke 
| in radius. 
44.62, 1 | 0 11.21 Ditto 
46.28, 3 | 3. A 13.38 ‘crystal very finely 


© sess 38 


@ 
= 


So 
a 
~_ 


999 A 54.64 2 


30.12 | 42.22 | 1 10.07 


34.67 
27.80 
| crystalline. Broke 
in radius, Faintly 
yellow. 
racture very finely 
crystalline. Broke 
in centre dot. 
Decidedly yellow. 
Ditto, 


49.88 | 9.5) 15.11 


52.16 23.5'19.5 | 0.93 











19.59 | 


TaBLe IV. 


Alternations Endured. 


TABLE V. 
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ANALYSIS OF CARBIDE. 
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The figures in brackets 

the boats could not be weig’ 
* Correspond to the formula 3 FegC, Mng C theory =carbon, 
t A portion only taken for analysis. 


Taste VI.—WNo. 9, 11 hours; 0.55 Ampere ; 1.1 to 
1.65 Volts. 





Analysis of Carbide. 





| Carbon Iron 


| Manganese 
per Cent. | per Cent. 


per Cent. 








Carbon, Manganese. 
Second 


Test. 


First 
Test. 





per cent. 
1.16 

3.10 72 

4.98 28 

10.07 8 

15.11 244 

| 19.59 226 


per cent. 
0.85 160 





DETERMINATION OF THE DouBLE CARBIDE. 


The method and treatment used for separating the 
carbides was the same as described in the author’s paper 
already referred to, except that the hydrochloric acid was 
weaker, specific gravity 1.01, and a simple resistance board 
was placed in the circuit, which enabled the current to be 
kept constant (see Fig. 1, page 627). The carbides from 
some of the higher manganese steels were found after 
washing with aie, and, when nearly dry, to oxidise very 
quickly and to take fire. To prevent this oxidation, these 
carbides were dried in an atmosphere of nitrogen. The 
colour of the carbides ranged from bright silvery grey in 
the lowest to dull grey in the steel with the highest per- 
centage of manganese. No carbides were obtained resem- 
bling, in the slightest, kish, as described by Stead.+ 

The carbon was estimated by direct combustion, the 
carbides burning quite readily; the oxides of iron and 
manganese remaining in the t after the combustion 
were dissolved in hydrochloric acid and made up to a 
known volume. The iron was estimated in one half, and 
the manganese in the remainder. The results are given 
in Table V. 

From these results it will be seen that the percentage 
of carbon in the carbide is in most cases somewhat higher 
than the theoretical amount, 6.7, and also, in most cases, 
that the total amount of carbon in the steel is not obtained 
as carbide. This is only to be expected when dealing 
with a substance like manganese carbide, which easily 
decomposes, especially as Moissan} has shown that it is 
readily attacked by dilute acids, forming liquid hydro- 
carbons, and also that it decomposes water at the ordinary 
temperature, forming a mixture of methane and hydrogen. 
To prove that the excess of carbon in the carbide residue, 
above that required by theory to combine with the iron 
and manganese, was due to decomposition, the outer and 
inner layers of a carbide were analysed separately. The 
results are given in Table V1. 

With a steel containing 20 per cent. manganese the 
method broke down, the result being a decomposed double 
carbide giving 12 to 13 per cent. of carbon and 27 per 
cent. of manganese. 

The results given in Tale VI. also show that as the 
manganese in steel rises so does the amount of iron 
replaced by manganese in the carbide go on increasing 
until steel No. 7, with 4.98 per cent. of manganese, is 
reached. From this point to a steel with 13.38 per cent. 
of manganese, the manganese in the carbide remains 
stationary. With steel containing 15 per cent. of man- 
ganese, the manganese in the carbide ins to increase 
again, and probably, from the results given above, with a 
20 per cent. manganese steel a further replacement of iron 





* Proceedings of the Institution of Civil Engineers, 
1887-1888, Part III., page 1. 

+ Journal of the Iron and Steel Institute, 1894, No. 1, 
page 192, et seq. 

t The Electric Furnace, 1904, page 239, et seq. 





Outside layer, 35 per cent. of 
total weight of carbide ; 9.59 70.70 
Inside layer, 65 per cent. of | | 

total weight of carbide... 7.82 72.51 | 


19.71 
19.67 
19.86 





8.43 71.87 | 


Together these results agree very closely with those given 
under No. 9 in Table IT. 


TasBLe VII.—Comparing the Results 
Carbon by Colour with those obtat 





of Estimating the 
a by Ci hy ry 


Carbon by | Per Cent. of 
Colour Total Carbon 

per Cent. | obtained by 

Colour. 


98.72 
96.15 
94.12 
87.21 
84.09 
81.48 
74.71 
71.58 


Carbon by 
Combustion 
per Cent. 


No. of 
Steel. 


Manganese 
per Cent, 





1078 
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86 
81.31 
73.17 


on 


0.60 
Colours 
could not be 

matched. 
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Analysis of Standard Steel used for the colour determinations :— 


Carbon, 0.89 per cent. ; Manganese, 0.09 per cent. ; Silicon, 0.02 


— ; Phosphorus, 0.02 per cent.; Aluminium, 0.03 per 
cent. 

by manganese takes place. These results are shown more 
clearly in Fig. 2, page 627. 

It is somewhat difficult to say whether these double 
carbides are true ——- or simply mixtures of iron 
and manganese carbides. Taking the results in Table V. 
in conjunction with the figures for the percentage of total 


carbon obtained by colour in Table VII.—where it will | 


be noticed that, with steel No. 1068 containing 11.21 per 
cent. of manganese, the percentage of total carbon ob- 
tained by colour test increases—it would appear that the 
carbides from the steels up to 4.98 per cent. of manganese 
are simply mixtures, and ibly a considerable amount 
of a true double carbide, 3Fe,C,Mn,C, is present in steels 
Nos. 1068 and 1067, containing 11.21 per cent. and 13.38 
per cent of manganese respectively, since Stead* states 
that manganese carbide gives no coloration with nitric 
acid of specific gravity 1.20. 

In steels with 15 per cent. of manganese and upwards, 
a double carbide containing a higher percentage of man- 
ganese, such as 2Fe,C, Mn;C, or a mixture of carbides, 
may be formed, a point being reached resulting in the 
formation of another true double carbide. This would 
seem extremely probable, asCarnot and Goutal} obtained 
the following double carbides from ferro-manganeses with 
from 30 to 74 per cent. of manganese :— 
2F ef. Mn;C frem 30 to 60 per cent. manganese. 
Fe,C2, MnsC from 60 to 74 

Fe,C4, Mn,C from 74 

These results have already been referred to, and show 

that a mixture of carbide of iron and manganese, or a 


” ” 


” ” 


. Proceedings of the Institution 
1887-1888, Part III., vol. xciii., page 
+ Comptes Rendus, 1899, page 207 et seq. 


of Civil Engineers, 
92. 


any the weight of pure carbide. These were dried in nitrogen, and consequently the carbides fe: 
ed. 


6.70; iron, 70.32 ; manganese, 22.98, 


| double carbide of iron and manganese, registers a lower 
percentage of carbon by the colour test than carbide of iron 
per se. ith steels up to 10.07 per cent. of manganese 
the percentage of total carbon agrees very closely with 
the amount of carbide of iron present in the carbide, thus 
showing that manganese carbide gives no coloration with 
HNO;, specific gravity 1.20. 

The increase of total carbon obtained by the colour 
tests with steels containing 11.21 and 13.38 per cent. man- 
ganese seems to point to the formation of a compound 
capable of giving a slightly higher colour (see Fig. 3). 


MICROGRAPHIC ANALYSIS.* 


The microstructure of these alloys does not throw much 
| light on their constitution, nor does it correlate well with 
| the mechanical tests. _ 
ype pe No. 1 (Fig. 4).—This steel contains carbon 
0.85 and manganese 1.16 per cent. It is of fairly even 
texture, showing crystals of pearlite in almost every phase 
from emulsified to well-laminated carbide. 
| Micrograph No. 2 (Fig. 5).—This alloy contains 0.81 per 
cent. of carbon and 3.85 per cent. of manganese. It 
exhibits a pearlite structure in places somewhat resem- 
bling that of No. 1, but there are large areas in which the 
structure exhibits a coarse and flaring crystallisation. 
Micrograph No. 3 (Fig. 6).—This alloy contains 1.07 per 
| cent. of carbon and 13.38 per cent. of manganese. The 
section appears to exhibit three constituents—(1) a white 
| predominating ground mass which seems amorphous ; (2) 
| irregular electro-positive areas resembling normal manga- 
niferous pearlite ; (3) irregular cell-walls resembling those 
| of cementite, and almost entirely located within the dark- 
| etching areas. 
| Micrograph No. 4 (Fig. 7).—This alloy contains 0.95 per 
cent. of carbon and 19.59 per cent. of manganese. It re- 
| sembles Micrograph No. 3, except that the dark-etching 
| constituent has disappeared. It therefore consists of a 
| white-etching apparently amorphous substance, rendered 
| here and there cellular by the constituent like cementite 
| noticed within the dark areas of Micrograph No. 3. 
| All that can be deduced with certainty from the cor- 
| relation of the microstructures and the carbide deter- 
minations i3 that in Micrographs Nos. 1 and 2 the double 
carbide has segregated into laminz visible to the micro- 
| scope, and that in Micrographs Nos. 3 and 4 the double 
| carbide is in solution, and is hence invisible to the micro- 
scope. It seems probable that the dark-etching areas in 
Micrograph No. 3 contain the carbon in the emulsified 
condition. 
|_ The authors hope in the near future to lay before the 
| Institute a similar research on the double carbides of iron 
and chromium. 
| In conclusion they have to tender their sincere thanks 
| to the following gentlemen :—To Mr. F. Knowles, 
| B.Met., for his services in connection with the manufac- 
ture and mechanical testing of the alloys ; to Mr. R. H. 
| Greaves, B.Sc., for his work connected with the isolation 
and analysis of the carbides ; and to Mr. J. H. Wreaks, 
B.Met., and Mr. Robertson, B.Met., for their 
| exact micro-metric reproductions of the structures of four 
typical alloys. 








Tue Enorneers’ Socrery or Pennsyivani. — The 
second annual convention of Pennsylvania Engineers 18 
|to be held on June 1, 2, 3, and 4, at Harrisburg. The 
| first was held in June of last year. These conventions are 
organised and directed by the society. All members of 
the profession in Pennsylvania are invited to attend an 

rtake in the discussion and business meetings. The 
ope of the committee is ultimately to bring every engl 
neer in the State into affiliation with the society, so that 
the proceedings of future conventions will repre-ent the 
expression of Pennsylvania engineers. 


to the 


* The magnification data given have reference s have 


6-in. diameter reproductions, from which the figu: 
been reduced. 
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FOREIGN ENGINEERING PROJECTS. 


We give below a list of colonial and y= engineering 
projects, for several of which tenders are asked. Further 
particulars concerning the same can be obtained from the 
Commercial ee Branch, Board of Trade, 73, 
Basinghall-street, E.C. ’ : 

Canada; The Monetary Times (Toronto) of April 16 
contains some particulars of extensive harbour works to 
be carried out at Montreal. Channelling work is to be 
undertaken, a large dry dock and a ship-repairing plant 
are to )2 built below St. Mary’s Current ; elevators, with 
a capacity of 2,000,000 bushels of grain, and five new 
steel sheds are to be set up, and new piers and 74 acres 
of new quays built. Twenty-two miles of elevated rail- 
way are to be constructed, with railway and wharf con- 
nections. The work, which is to be spread over a period 
of some twelve years, is estimated to cost 12,000,000 dols. 
(about 2,465,000/.). It further states that the South 
Vancouver municipality propose to execute dredging 
work in the Fraser River. A large dry dock. also, is to 
be built on Burrard Inlet, Vancouver; and the Rhode 
Island House of Representatives have passed the Grand 
Trunk Railroad Charter Act, allowing the railway to ex- 
tend its line into the State of Rhode Island. The section 
of the Grand Trunk Pacific Railway from Winnipeg to 
Prince Rupert will probably be completed by 1913. 

Orange River Colony: According to the Cape Times of 
April 6, an agreement has been made between the 
Government of the Orange River Colony and a powerful 
financial group for the construction of a railway from the 
end of the extension of the Selati Railway, near Tarzeen, 
almost due north to the Messina onper istrict, which is 
situated some six miles south of the Limpopo River. The 
length of the line will be about 150 miles, and the cost of 
construction is estimated at some 750,000/. 

Brazil: With reference to the notice on page 117 of 
the Board of Trade Journal of January 20, relative to 
works included in the estimates of the Ministry of Public 
Works, the British Acting Consul-General at Rio de 
Janeiro (Mr. E. Hambloch) reports that, according to the 
local Press, the Minister of Public Works will shortly 
invite tenders for the execution of port works at Corumba. 
Further, a piece of land with an area of 2000 square yards 
has been purchased at Santos for the new post office to 
be erected there. The Diario Official contains notice of 
the constitution of a commission of investigation to draw 
up plans for port works at Jaragud, State of Alagoas. 
In this connection, the Acting Consul-General, there 
will probably be a call for tenders when the Commission 
have concluded their labours. 

Argentine Republic: The Boletin Oficial of April 5 
contains a decree approving the plans submitted by the 
Direccién General de Obras Hidraulicas on behalf of 
the Buenos Aires South Dock Company, Limited, for the 
construction of wharves in Section No. 2 of the Com- 
pany’s property. It also publishes a further decree 
approving the plans and estimate of 4,101,900 pesos, gold 
(820,000/.), submitted by the General Directorate of Rail- 
ways for the construction of the line from San Juan to 
Jachal, a distance of 113 miles. 

Chili: With reference to the notice on page 285 of the 
Board of Trade Journal of February 10, relative to a 
Bill providing for the execution of irrigation works in 
Chili, the British Vice-Consul at Santiago (Mr. A. C. 
Kerr) reports that the Government have announced 
their intention of spending 1,250,000 dols. (about 60,000/. ) 
on irrigating land in the neighbourhood of the Laja 
River, provided that landowners in the vicinity will 
guarantee that they will take water at the Government 

rice. If their answer, which is now awaited, is satis- 
actory, the Government will carry out the work, either 
by contract or administration, probably the latter. The 
Bill, above mentioned, adds the Vico-Coneul, proposing a 
general scheme of irrigation throughout the country, did 
not obtain discussion last session. 

Uruguay : The Diario Oficial of April 3 publishes a 
decree empowering the executive authorities to utilise a 
sum not exceeding 15,000 (about 3000/.) in respect of 
harbour worksat Nueva Palmira. 

Netherlands East Indies: The Bulletin Commercial 
(Brussels) of April 30 reports that a project is on foot 
for the construction of a port at Sourabaya, at the mouth 


of the River Kalimas (Java). The cost of the work is 
estimated at 10,000,000 gulden (833,000/.). The scheme 
has the support of the Commercial Association and of the 


Sourabaya Chamber of Commerce, and it is expected that 

the undertaking will in due course be approved by the 

Legislature. 

aay : The following information is from the report by 
-M. Consul at Savona (Mr. S. Guattari) on the trade 

of that district in 1909, which will shortly be issued :— 


nd municipal authorities of Savona have decided to 
— from a bank, and subsequently advance to the 
wovernment, the sum of 7,800,000 lire (about 312,000/.), 
in order ‘hat the enlargement and improvement of the 
Ee of Savona may n as soon as possible and may 
M completed in six years, _The Government are to reim- 
burse th foresaid sum, without any interest, by annual 
oe ‘, the first of which will become due after 
he sam year from the date of the commencement of 
mumety V — — yo ner erage have eee om the 

“ty Of Savona to im a curtax on anchorage, 
— pr eds of which wilt be used to pay the in- 
<a. “ne money borrowed. The surtax, which 
oa pr ly be 10 c. (0.96d.) per ton, is to cease 
» leo a the municipality shall have received a 
roy _ i . to cover the total amount of interest due to 
by me ; he improvements will chiefly consist of a 
whieh wii vater, about 1575 ft. in length, and a new quay, 
= tbe © principally used for the landing of general 
ing Sr coal for local consumption.— ‘The follow- 


is from the report by H.M. Consul- 


General at Genoa (Mr. W. Keene, M.V.O) on the trade 
of that district in 1909, which will shortly be issued :— 
The contract for the first section of the tunnel which is 


to connect the Grazie Quays at Genoa with the Brignole 
and a Railway Stations (see Board of Trade 
Journal of October 29, 1908, page 204) has been awarded 


to the firm of Messrs. G. Cavanna and Co., of Genoa. 
The successful tender is stated to have amounted to about 
20,000/.—The Sole (Milan) of April 29 states that, at an 
important meeting recently held at Chivasso, plans were 
nyo for the construction of a tramway from Chivasso 
to Biella, and the Mayors of these towns were authorised 
to approach the Government at once on the question of 
the necessary concession and subsidy. 

Netherlands: The Staatscourant of April 29 contains 
a notice, issued by the Ministerie van Waterstaat, 
inviting tenders for the carrying out of works for the 
prevention of coast erosion on the North Sea coast, in 
the province of North Holland. The upset price is put 
at 93,000 — (77501.). Tenders will be opened at 
11 a.m. on May 26, under the direction of the Minister 
van Waterstaat, at the offices of the Provinciaal Bestuur, 
Haarlem. The specification containing conditions of the 
contract may be purchased from Gebroeders van Cleef, 
Spui No. 28a, The Hague. 

Spain : The Oesterreichischer Zentral-Anzeiger (Vienna) 
of May 1 contains a notice to the effect that the Spanish 
Minister of Public Works will shortly introduce a bill 
providing for an expenditure of 25,000,000/. in respect of 
irrigation works, and of 17,000,000/. in the construction 
of tramways and railways. 

Servia: According to the Bulletin Commercial (Brussels) 
of April 30, the Servian State Railways invite tenders 
for the construction of a line from Zaetchar to Kniage- 
vatz. Tenders, which will be opened on May 23, should 
be addressed to the Direction des Chemins de Fers 
Serbes, Belgrade. A printed specification containing the 
conditions governing the contract may be obtained at the 
same address on payment of 15 francs (12s.). 





CATALOGUES. 

Fire-Places.—From the Lift Fire-Place Company, 2 
and 3, North Parade, Manchester, we have received an 
illustrated catalogue of ‘‘Tippit” fire-places, which, it is 
claimed, give better and more economical combustion, and 
are more cleanly than other grates. In these fire-places 
the fire, which is on the same level as the hearth, burns 
on a cast-iron grating over a well. The front portion of 
the grating is made to tip up, and can be fixed in various 
positions to regulate the under-draught. This arrange- 
ment also facilitates the removal of the ashes from the 
well. A great variety of pleasing designs are illustrated, 
and prices are stated in each case. 


Gas-Engine Sundries.—Messrs. E. J. Davis and Co., of 
33 and 35, Great Eastern-road, E., have sent us a circular 
describing a number of gas-engine sundries. Amongst 
them is an ignition-tube mek intended to allow the 
attendant to inspect the tube with safety should it chance 
to burst at the moment of examination. The guard, it is 
claimed, also lengthens the life of the tubes by screening 
them from draughts. Another useful device is a suction- 
gauge for use with suction-gas plants. This has three 
tubes, which show respectively the vacuum at the 
scrubber outlet, the scrubber inlet, and the generator 
outlet. An obstruction in any part of the system can 
therefore be quickly located and remedied. 


Motor Fire-Engines, &c.—A copy of their catalogue of 
fire-engines and ambulances has reached us from Messrs. 
Dennis Brothers, Limited, Guildford. The engines are 
oe meng by a petrol-motor, which is also used to drive a 

wynne turbine pressure-pump supplying the jets. A 
tank holding 50 gallons of water is carried on the engine 
to charge the pump, and this water can also be utilised 
to deliver a small stream for a short time before the main 
supply is available. The catalogue contains a general 
specification and a number of illustrations of these appli- 
ances, many of which are shown undergoing tests. 
Motor-ambulances, fire-escapes, hose-tenders, and “first- 
aid” machines fitted with chemical or gas-pressure cylin- 
ders are also illustrated. 


Machine-Tools.—F rom Clark’s Machine-Tool Company 
(1907), Limited, Luton, we have received particulars of 
some of the machine-tools they manufacture. Specifica- 
tions are given of a number of hollow spindle, capstan, 
and bar lathes, boring and surfacing lathes, boring- 
machines, slotting-machines, and other tools, each of 
which is illustrated by one or more photographic prints. 
A machine for slitting the heads of screws is also dealt 
with. In this machine the screws are pl in holes in 
the periphery of two slowly-revolving discs, in which 
they are automatically gripped and carried round to the 
slitting-saws. When this operation is completed, the 
screws are released and fall into a tray pl under the 
machine. 

High-Speed Radial Drilling - Machincs.—A_ sectional 
catalogue of high- radial drilling-machines has been 
issued by Messrs. J. Archdale and Co., Limited, Ledsam- 
street, Birmingham, who have made a special study of 
these tools. The catalogue, which is well printed and 
clearly illustrated, gives full particulars of machines from 
2 ft.6 in. to 7 ft. radius, embodying several recently-made 
improvements. The machine can fitted with a saddle 
having an additional spindle for tapping and studding. 
Several of those illustrated have a change-speed box 
giving eighteen different speeds, which can be instantly 
chai y the movement of a lever. The power from 
the change-speed box is transmitted to the top shaft by a 
silent chain drive. The catalogue also illustrates and 
describes combined sensitive and radial drilling-mac 








one of which—a new pattern—is particularly suitable for 





cites motor-engine covers, gear-case covers, and similar 
work, 


Gone and Metallic Packing.—Mr. O. N. Beck, 
11, Queen Victoria-street, E.C., has sent us leaflets giving 
particulars of steam-engines. One of these, known as the 
“Colonial,” is a high-speed single-cylinder horizontal 
engine, with piston-valve and a shaft-governor, which 
enables the speed to be varied over a considerable =e 
while the engine is running. It is suitable for high- 
pressure saturated or superheated steam, and is made in 
six sizes, the largest having a cylinder 14 in. in diameter 
and a stroke of 16in. The leafiet states prices and gives 
dimensions and other particulars of these engines. A sepa- 
rate leaflet describes the ‘‘ Direct-Current” steam-engine, 
whose special feature is the absence of exhaust-valves. 
In these engines the steam, which is admitted by drop- 
valves, is exhausted to a condenser from ports at the 
middle of the btm pee when these ports are uncovered 
by the piston, which occupies nearly half of the cylinder 
volume. Simplicity of construction and low steam con- 
sumption are claimed for these engines. Another leaflet 
illustrates Max Schmidt's metallic packing for piston-rods. 


Cast-Iron Pipes.—Messrs. Robert Maclaren and Co., 
Limited, Eglinton Foundry, Glasgow, have sent us a copy 
of the eleventh edition of their very complete catalogue 
of cast-iron pipes. The catalogue, which is nicely bound, 
contains tables giving the weights and dimensions of 
spigot and socket-pipes up to 48 in. in diameter for high 
or low pressures, and also gives full particulars of stan- 
dard connections, suchas bends, tees, crosses, and various 
special castings. Cast-iron flange-pipes and connections 
are dealt with, and tables of dimensions of British 
standard flanges are included. One section of the cata- 
—_ is devoted to split pipes and bends, joint-boxes, and 
other castings for underground electric cables, and in 
another section particulars of sluice-valves, surface-boxes, 
fire-hydrants, and other fittings are given. At the end 
of the catalogue British and American specifications for 
cast-iron water-pipes are given, with several pages of 
tables and formule ; some useful diagrams, showing the 
rate of flow of water or gas through pipes of different 
sizes, are also included. 


Cast-Stcel Wheels for Motor-Vehicles.—A small catalogue 
of cast-steel road-wheels for motor-vehicles has come to 
hand from the Atlas Resilient Road-Wheels, Limited, 
37, Cross-street, Manchester. Wheels for solid or pneu- 
matic tyres, suitable for light or heavy cars, are illus- 
trated. The catalogue also deals with the ‘‘ Samsonian” 
and ‘* Herculean” resilient wheels. In the former wheel, 
which is suitable for heavy vehicles, such as motor-omni- 
buses, a conical chamber is provided at the inner ends of 
the spokes, and in this chamber is fitted a hard-wood 
centre which carries the hub and provides a certain 
amount of resiliency. The outer part of the wheel can be 
detached from the hub, so that new tyres can be fitted 
without disturbing the chain-sprocket or gear-drive. The 
“Herculean” wheels can be used for all types of commer- 
cial motor-cars, and are largely adopted for heavy motor- 

ns. They consist of a steel centre, with cross-section 
or hollow ae ey and a channel- rim in one cast- 
ing. In the rim wooden felloes are fitted, and over these 
a mild-steel tyre is shrunk. 


The ‘‘ Imperial” Positive Water-Mcter.—From Messrs. 
Beck and Co., Limited, 130, Great Suffolk-street, S.E., 
we have received a catalogue of the ‘‘ Imperial ” positive 
water-meter. The mechanism, which is clearly illustrated 
by coloured half-tone engravings, is enclosed in a cast-iron 
box, and consists of three vertical cylinders, with pistons 
and rods, placed in a horizontal plane, their centre lines 
being at the apices of an equilateral triangle. The piston- 
rods are connected to a cup-shaped valve, which moves 
over a hemispherical valve-seat, around which the cylin- 
ders are arranged. Water is admitted to the top of the 
pistons, and, pressing equally on each, forces down that 
piston which is in communication with the outlet ; at the 
same time the valve allows water to flow into the lower 
parts of the other cylinders, whose pistons are —- In 
this way each cylinder is successively filled and dis- 
charged, and, as the movement of the valve operates the 
counting mechanism, the flow of water is recorded. It 
will be seen that the movement of the valve on its seat 
resembles that used for grinding lenses, so that the faces 
are kept perfectly smooth and spherical. The meter is 
made in seven sizes for g-in. to 3-in. connections, and the 
catalogue states prices and capacities, and also contains a 
di m showing the loss of head in each meter for 
various rates of flow. 





LaTHE FOR THE ANTARCTIC PoLAR REGIONS. — Messre. 
Drummond Brothers, Limited, of Ryde’s Hill, near 
Guildford, are to be congratulated in that they will 

robably soon be able to claim that one of their lathes 
” entered the Antarctic Polar regions, and represents 
the first tool of the kind that has ever reached such high 
latitudes. The tool in question forms part of the equip- 
ment of Captain Scott’s South Polar expedition, and is 
one of the firm’s well-known 3}-in.-centre screw-cutting 
motor-repairing lathes ; it has been fitted, at the request 
of the expedition, with similar accessories to those re- 
cently supplied on a lathe to H.M.S. Swift. We believe 
that this is the first time that a Polar expedition has 
taken a lathe as part of the equipment; and as motors 
are being taken by the Scott expedition, the tool ought 
to prove a great boon in many ways, primarily, of course, 
as a means of facilitating repairs, but also as a source 
of recreation that will relieve the tedium of the long waits 
at the base, which are sure to occur. Probably many of 
the members of the expedition are mechanically inclined, 


hines, | and such a means of occupying their spare time will no 





doubt be greatly appreciated, 
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BOILER EXPLOSION NEAR AIRDRIE. 


A FORMAL investigation, under the Boiler Explosions 
Act, 1882, has been conducted at Airdrie by the Board of 
Trade into the cause and circumstances attending an ex- 

losion which occurred on November 18, 1909, at the 

aldercruix Paper Works, belonging to Messrs. Robert 
Craig and Limi The explosion caused the 
death of one person and slight injury to four others. 

The Commissioners were Mr. George L. McFarlane, 
K.C., advocate, Edinburgh ; and Mr. lent M. Broom, 
consulting engineer, Glasgow. Mr. James Morton, 
writer, Glasgow, conducted the inquiry on behalf of the 
Board of Trade; Mr. Thomas M. Smith, Edinburgh, 
appeared for Messrs. R. Craig and Sons; and Mr. J. 
M Murdo, solicitor, Airdrie, for Mr. George Donaldson, 
chief Engineer at Messrs. Craig’s Works. Both Messrs, 
Craig and Mr. Donaldson were made purties to the 
inquiry, as well as Mr. Mann, engineer, Mr. Simpson, 
foreman boilerman, and Thomas Dobbie and Robert 
Stirling, boiler attendants. 

In opening the proceedings, Mr. Morton drew the 
attention of the Court to the applicability of the Factory 
Act, 1901, to a boiler such as that regarding which that 
inquiry was being held. The Factory Act, 1901, Sec- 
tion 11, applied only to the case of a boiler used for the 
purpose of generating steam, and there were certain pro- 
visions in that section that such a boiler should have 
proper fittings, and was to be thoroughly examined every 
ei months by a computes person, and further that 
the fittings should also be examined, and the reports 
thereon filed. The boiler which had exploded at the 
Caldercruix Paper Mills, was not used for generatin 
steam, but for boiling hair. While the Factory Act di 
not apply in this instance, it was at the same time within 
the knowledge of the Court that an explosion had re- 
cently occurred at Maybole of a boiler which did not 

nerate steam, and where loss of life and considerable 

amage to property had resulted, and it might be for the 
Court to say whether in the public interest some precau- 
tion should not be taken to prevent explosions arisin 
from such boilers, as well as in the case of boilers u 
for generating steam. In the case now before the Court 
there had been an inspection of the boiler well within the 
fourteen months, which would have been quite sufficient 
for the purposes of the Factory Act, but in making these 
remarks he was speaking in the public interest. Mr. 
Morton then proceeded to call witnesses. 

Mr. Gilbert J. Wildridge, J.P., managing director of 
Messrs. R. Craig and Sons, Limited, stated that his firm 
owned both the Caldercruix and Moffat Paper Mills. 
Mr. George Donaldson was the superintending engineer, 
having charge of the machinery at both of the mills, 
and having a qualified assistant at each. Mr. Donaldson 
was entirely responsible for the condition and upkeep of 
the boilers, and had never hesitated to recommend 
expenditure or repairs and thorough inspection when 
necessary and advisable for safety. He had been nine 

ears with the firm, and witness had every confidence in 
him. The firm had a mill at Newbattle, which was closed 
in 1890, and there was reason to believe that the boiler, 
which had now exploded, was brought from that mill to 
Caldercruix. It was made by Mr. George Sinclair, of 
Leith, and since 1908 it was used for boiling hair in con- 
nection with the * enna of paper-making. The hair was 
imported from Germany, and was subjected to not so 
much a boiling as a scalding process, in order to dis- 
integrate the hair, for which purpose little steam pres- 
sure was requi In rag-boiling they required rather 
more steam, the object being to get rid of the colouring 
matter and to clean the rags. 

Two paper-makers, William Ross and Robert Simpson, 
had charge of all the boilers, and it was their duty to 
report to Mr. Donaldson if anything was wrong, and it 
was Mr. Donaldson’s duty not only to get matters put 
right, but to look out and sey oF anything that might 
result in a breakdown. Witness had seen the safety-valve 
of this boiler since the explosion. It was stuck fast in its 
seat, and he saw Mr. Howden, the Board of Trade sur- 
veyor, knock it out, considerable force being required to 
do so. He had no doubt that the valve had been stuck in 
the same way before the explosion, but witness could not 
say what was the cause of the valve sticking. It was of 
iron, and had been sent to the makers to be tested, and 
witness had never heard of any trouble with regard to it 
previous to the explosion. 

The explosion killed one of the employees, as well as 
injured several others, while witness estimated the damage 
as being about five or six thousand pounds. The boiler 
was not insured, and no reports respecting it were filed 
under the Factory Act. It did not — steam, and 
in the opinion of witness it did not legally need the in- 
spection required by the Factory Act, though, as a matter 
of fact, the boiler was inspected from time to time for 
their own satisfaction, and was last inspected by their own 
engineers in ae 1909. 

By Mr. Smith: Mr. Donaldson was thoroughly ex- 
perienced, and had been to.d directly by witness that he 
was responsible for the boilers and machinery. All the 
staff knew that they were to take no risk with regard to 
the boilers and fittings being in a doubtful condition, and 
no expense was spared in ogy, Seg tps in good 
order, so as to work with safety. € was quite satisfied 
that it was through no motives of economy that any 
defects existed. 

By the President : His attention had never been called 
specially to the boiler which had exploded, nor to the 
safety-valve or the reducing-valve. 

At this point Mr. Morton said he was quite willing to 
admit that the policy of the firm had been that no expense 
should be s 1 to ensure safety. 

Mr. Smith, on behalf of Messrs. Craig, desired it em- 
phasised that they had done everything that could be done. 


Mr. George Donaldson, chief engineer, in the ror age of 
Messrs. Craig, was examined at considerable length as to 


the ma ment of the boilers, and the responsibilities 
of himself and the officials under him. He had had a 
large experience, and was in his tenth year with Messrs. 
Craig. is assistant, Mr. Mann, was in charge of the 
——— department, and reported to him from time 
to time. The safety-valveon the boiler and the reducing- 


valve were tested in July last, and, a fortnight previous 
to the explosion, witness walked round but did not 
examine them ; everything appeared to be in order, but, 
for anything he then saw, the safety-valve might have 
been jammed and inefficient. The boiler was of the 
vertical type, the shell consisting of two rings made of 
iron, a and single riveted, the top and bottom 
being dished and convex forms. A door was fitted on 
the top to admit the material to be scalded, while another 
door was fitted in the shell-plate near the bottom to 
enable it to be withdrawn. Witness believed that the 
boiler which had exploded was one of three supplied to 
Messrs. Craig by Mr. Sinclair in September, 1876. At 
an examination made in 1908 witness was satisfied that 
the boiler was suitable for rag boiling at a pressure of 
15 lb. on the square inch. The safety-valve was loaded 
to blow-off at that pressure, but only 9 lb. was required 
for hair boiling. In July last, witness being dubious as 
to the effect of ‘the hair on the boiler, had a thorough 
examination made by an experienced man, who informed 
him that it was in good condition ; and, so far as he saw, 
there was no wasting of the plates. Witness further had 
the boiler tested by hydraulic pressure. When the safety- 
valve was examined by Mr. Howden after the explosion, 
on behalf of the Board of Trade, it was stuck in its seat, 
and would not lift with less than 100 lb. per square inch. 
There was, he thought, no doubt that the valve had been 
stuck in that way before the explosion. He rather 
thought that a sticky vapour coming from the hair had 
something to do with the valve sticking as it did, but 
witness did not like to dogmatise on the point. The only 
other way he could suggest was galvanic action, or pos- 
sibly the soda solution used might have a tendency to 
render the valve inefficient. In his opinion the cause of 
the explosion was over-pressure of steam, which might 
have been occasioned in different ways, possibly the re- 
ducing-valve had been so weighted as to increase the 
pressure to bursting point. The boss-nut on the reducing- 
valve, witness said, uired two turns to admit high- 
pressure steam into the boiler. 

At this point, the Commissioner intimated that they 
would postpone the further examination of this witness 
till after the Board of Trade evidence had been taken. 

Several other witnesses were then examined, including 
Mr. Graham, works manager of Messrs. David Auld 


and Son, Glasgow, makers of the valve, who said he 
thought there had been some interference with the lever 
in the shape of overweighting. Robert Simpson, fore- 


man rag-boiler, stated that he had on one occasion, since 
July last, seen an extra weight on the end of the lever of 
the reducing valve. It was a wall-plate, 6 lb. or 8 lb. 
weight, and would admit an addition of high-pressure 
steam to the boiler. He spoke to the boilerman of the 
matter, but did not report it to his superiors, as he trusted 
to the man not putting it on in. 

homas Dobbie, the boilerman, in attendance on the 
night of the explosion, denied the allegation of the last 
witness, and stated that the weight had n used, not on 
the hair-boiler, but on one of the high-pressure boilers. 

Mr. Sidney A. Houghton, Engineer Surveyor to the 
Board of Trade, gave evidence as to his examination of 
the exploded boiler. Witness laid before the Court a 
detailed report, as well as drawings and photographs show- 
ing the position of the works and the wreckage produced 
by the explosion, which had been of an extremely violent 
character. He found the safety-valve 63 ft. away, it 
having apparently been blown through the roof of the 
boiler-house in which there was a corresponding hole. 
He found the valve set fast, and it required several blows 
from a sledge-hammer to set it free. It was of cast-iron, 
and seemed to be in good condition in construction. He 
a it was too close a fit, and that an incrustation 
had been formed inside, either by the steam or the solution 
used in connection with the boiling of the hair. Witness 
had made experiments to show how the valve could be 
jammed. In his opinion, the explosion was caused by 

igh-pressure steam ing into the boiler, and that the 
boiler was not intended to stand the pressure to which it 
was subjected. He found no fault with its construction. 
His opinion was that reducing-valves could be relied 
upon to work well as a rule. 

Subsequently Mr. Houghton was cress-examined by 
Mr. M‘Murdo, and the result was the elimination of the 
reducing-valve as a factor in the explosion, and the 
enquiry was narrowed down to the question of the safety- 
valve sticking in its seat. 

By the President: If the engineer were a competent 
man, he should certainly make a point of ascertaining at 
what pressure a boiler was weighted at. 

Mr. Peter Manson, Engineer Surveyor to the Board of 
Trade, concurred in the evidence given by the last 
witness. 

Mr. Donaldson, chief engineer, was then re-examined 
by Mr. Smith, and said that Mr. Wildridge, when en- 
paging him nine years ago, informed him verbally that 

was to be chief engineer of the whole works, and was 
responsible to hin alone for the machinery. Witness dis- 
charged that responsibility to the best of his ability and 
by employing competent assistants. When the safety- 
valves were taken to pieces, he gave instructions to see 
that they were kept in good order. The safety-valves 
on the main steam-boilers were regularly examined 
by the insurance inspectors, but he did not think that the 
safety-valve of the rag-boilers required inspection. He 





only knew since the explosion that the valve on the boiler 





in question had not been working regular] As the 
boiler worked intermittently at night, he did not know 
when it was on and when it was off, but he had left the 
valve working all right when he had made his inspection 
in July, and as he understood the rag-boilers were worl. 
ing continually, he did not think he had any cause to 
examine them weekly. The pressure on the hair-! ile 
had been fixed at 15 lb. originally, when it was use: for 
boiling rags, and in 1908 it was changed to 10 Ib. 

By Mr. M‘Murdo: As general engineer for both the 
mills he had close on one hundred machines and boilers 
under his supervision, and had several competent 2nd 
reliable men assisting him. The safety-valves of the rac. 
boilers were in perfect order in July last, and haying 
handed them over to the parties who had to look after the 
rag-boilers, he conside it their duty to see that they 
were working properly, and that they would report to 
him if anything was wrong. 

The witness was further examined at some length by 
Mr. Morton, and . the President, mainly on the ques- 
tion of his responsibility, as well as with regard to the 
pressure on the hair-boiler being reduced, and the safety- 
valve not working properly. ; 

Evidence was also given by other witnesses, including 
Mr. Moss, of the Boiler Insurance Company ; Mr. R. PD. 
Munroe, consulting engineer, of Glasgow, and Mr. 
Andrew Barclay, consulting engineer, Airdrie, on behalf 
of Messrs. Craig and Mr. Donaldson. 

All the witnesses that the duty of attending to 
the safety-valve devolved upon the men in charge of the 
boilers, and — further stated that in all their experience 
they had never known that the chief engineer was looked 
upon as being responsible. 

The taking of the evidence being concluded, Mr. 
Morten addressed the Court on behalf of the Board of 
Trade, while Mr. Smith and Mr. M‘Maurdo spoke on 
behalf of Messrs. Craig and Mr. Donaldson. 

Mr. McFarlane then summed up at considerable length, 
and intimated the finding of the Court. There was, he 
said, no doubt that the cause of the explosion was over- 
pressure of steam through the sticking fast of the safety- 
valve. They were satisfied that no blame attached to 
Messrs. Craig, who did not undertake any personal super- 
vision, but delegated that duty to careful and competent 
assistants, and gave those assistants whatever they could 

ibly require in the way of materials. With regard to 
Mr. Senclinen, the chief engineer, the Court thought 
that blame did attach to him, and that the duty did fall 
within the engineering department to look after the 
fittings of the boiler. They thought Mr. Donaldson 
failed to organise the system of the works so as to have 
the safety valves systematically overhauled, and that he 
was also in fault in having failed to make himself familiar 
with the actual pressure that was used on the hair-boiler. 
With regard to Mr. David Mann, the assistant engineer, 
they thought that in a subordinate degree he was also 
responsible, but not to the extent of Mr. Donaldson. 
They found no blame to attach to Simpson, Sterling, and 
Dobbie. 

Mr. Morten having applied for costs, the Court ordered 
that Mr. Donaldson should pay the sum of 15/. towards 
the expenses of the inquiry, but made no order against 
Mr. Mann. 








Trips ON THE THAMES.—We have received the time- 
table and guide, issued by Messrs. Salter Brothers, of 
Folly Bridge, Oxford, of the steam-boat service on the 


Thames. The Oxford and Kingston steamers begin their 
daily excursions on May 11. They have now been running 
twenty-two years over 90 miles of river, which include 


Hampton Court, Windsor, Maidenhead, Marlow, Henley, 
Pangbourne, Goring, &v., up to Oxford. Combined rail 
and boat tickets can be obtained. 


THE LocomorivE MAGAZINE SOUVENIRS. — Two souvenirs 
have recently been published by the Locomotive Publish- 
ing Company, Limited, 3, Amen-corner, Paternoster-row, 
E.C., each consisting of a pamphlet containing a 
number of half-tone illustrations of locomotives. The 
Souvenir No. 6 has reference to locomotives built at the 
Derby Works of the Midland Railway Company, while 
No. 7 is concerned with engines built at the Great 
Western Railway Company’s Works at Swindon. Rela- 
ting as they do to two companies, whose recent develop- 
ment of their locomotive stock has been carried out along 
most interesting lines, these two pamphlets will probably 
prove attractive to many people who like to keep in touch 
with railway matters. The souvenirs are published at the 
price of 1s. each. 





Meat-Curine BY Evecrricity.—From a paper recently 
read by Mr. J. C. Lincoln, director of the Electric Meat- 
Curing Company, of Cleveland, Ohio, before the American 
Meat-Packers’ Association, in Chicago, it appears that 


electric meat-curing, first tried in 1906, has been in con- 
tinued use for the last three years. The meat is piled up 
in wooden vats, about 14 ft. long and 4 ft. wide and high, 


the layers being separated by wooden racks. At both ends 
of the vat pen | porous cups containing rods of graphite 
joined to the terminals of an alternating-current dynamo. 
Alternatingcurrents of 60cycles are preferred to continuous 
currents. he cups, as well as the vats, are filled yon 
ordinary pickle, that is, a solution of salt, saltpetre, an 
sugar. A vat charged with 4000 lb. of meat requires 
currents of about 35 volts and 35 amperes. The current 
is kept on in the case of bacon for four days ; hams: ogg 
from 25 to 35 days’ treatment, owing to the thickness : 
the lean. The pickle is cooled during the tr ee 
by means of brine pi The meat is afterwards was 
and smoked in the ordinary way ; the pickle can be re-u ; 
for a year. The treatment is said to save time and ex- 





pense, and to preserve the meat exceptionally well. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 


The number of views given in the Specification Drawings is stated 

nes. Leases where none is mentioned, the Specijication is not 
atre t 

wher F wwentions are communicated from abroad, the Names, éc., 


of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
| ch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of Sd. 
The date of the advertisement of the mee of a Complete 
Specisication is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 








Any person may, at any time within two months from the date of 
the advertisement ¢o ept of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 


atent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


12,774. M. A. McLean, Stretford. Brush-Holders. 
[4 Figs.| May 29, 1909.—The brush-holder consists of a main body 
1, which forms one of the brush-arms adapted to be attached to 
the rocker-ring by a rod passing through a hole 2 in the body. On 
the front of the body a box 3 is provided, in which the brush 4 
slides. The spring 5 maintains the brush 4 in contact with the 
commutator 6, and is contained in a barrel 7 ina slot 8 in the 
body 1. Adapted to slide within the barrel 7 is a plunger 9, 
having a projection 10, which projects through a longitudinal 
slot 1] in the barrel and through the front part of the slot 8 A 
spring plate 12 is attached to this projection, and bears upon the 
upper end of the brush 4. The barrel 7 is also provided with a 
series of projections 13, and attached to the body of the brush- 
holder within the slot 8 is a spring-catch 14, which co-operates 
with one or other of the projections 13 to maintain the barrel in 
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position. The degree of compression of the spring 5 may be varied 
by means of a nut 15 provided with a feather 16 adapted to move 
in the slot 11 in the barrel. The position of this nut can be varied 
by means of a screw-threaded rod 17 engaging therewith, the 
upper end of which rod terminates in a 5 18 A nut 20 is 
firmly attached to the upper end of the rod 17, and a cap 19 
has on its upper surface a projection 21 adapted to engage with 


oneor other of several grooves or notches formed on the under- 
side of the cap 19, to prevent undesired rotation of the screwed 
rod. When it is desired to rotate the screwed rod 17 for the pur- 
pose of varying the position of the nut 15, the knob 18 is sli tly 
depressed, so that the projections 21 will not engage with the 
notches in the underside of the cap 19. The lower end of the 
rod 17 rotates in a washer 22 secured in the lower end of the 


barrel. (Accepted February 16, 1910). 


8582. G. Marconi and Marconi’s Wireless Tele- 
graph Company, Limited, London. Wireless Tele- 
Sraphy. {1 Fig.) April 8, 1909.—In Specification No. 20,119, 

1907, the applicants have described a wireless telegraph trans- 








nes ‘hich a gap between two moving terminals of the oscil- 
Pieces in very ae at regular intervals by means of bridging- 
between t} rapid movement. Hitherto, although the clearance 


© bridging-pieces or 


studs and the terminals of the 








oscillation circuit has varied, actual contact has not been allowed | pumping cylinder 7 


to be made between these According to the present inven- 
tion, actual contact is made between the bridging-pieces and the 
terminals, thus momentarily completing the oscillation circuit 
and completely bridging the gap. a is the generator connected 
through inductances or resistances b to a condenser c, which is 
included in the oscillation circuit in which is the primary of the 
transformer d, and of which the terminals are discs e, e. Between 
these discs, which may be slowly rotated to prevent burning, if 
high power be used, is a rapidly-rotating disc f, carrying on its 
periphery yielding bridging-pieces g, which, as the disc rotates, 
make momentary contact with the discs e, el, and so complete the 
oscillatory circuit. (Accepted February 23, 1910.) 
7053. F.J.Moffet and N. B. Rosher, Birmingham. 
Motor-Starting Switches. (2 Figs.) September 24, 1909. 
—This invention relates to means for operating motor-starters of 
that type by which a slow step-by-step motion is imparted to the 
contact-arm with a definite pause at each position. The spindle 
C is an extension of the worm-shaft of the starter, through the 
medium of which the contact-arm is moved. D is a crank rigidly 
secured to the spindle C, and having at the end a roller E. On 
the front end of the spindle C, and keyed to it outside the case A, 
is acranked handle G. UH is a pin fixed in the back of the case A ; 
on it is pivoted the cam I, provided with an inward projecting 
t I2, and which has a continual upward pressure exerted upon 
it by the spring J. An extension of the cam I is connected to a 
dashpot plunger L. When — to a worm-motion starter the 
itch of the worm is so made that one complete revolution of the 
andle will cause the starter-arm to move from one contact to the 


C) 





Fig 2. 























clockwise direction, the roller E en 


ing with the inner periphery 
of the cam I, thereby depressing the 


latter, and also the dashpot 


plunger L. The crank D and outside handle continue to revolve | the stroke. On the down-stroke the burnt gases ex 


until they can go no further, owing to the roller E coming in con- 
tact with the projecting portion I* of the camI. The handle can 


| hollow sleeve 9. 
| from the lower portion by the diaphragm 16. The pumping- 


| the top of the combustion-chamber and the 
next. The action is as follows:—The handle G is rotated in a | is compressed in the working cylinder 1. 





is in line with the working cylinder 1 and 
above or behind it. The pumping piston 8 is rigidly connected to 
the working piston 4 by the sleeve 9 of the latter. The sleeve 9 
works in a stuffing-box 10 and has two separate series of ports 14 
and 15 cut in its walls. Ports 15 are in such a position that they 
are open to the combustion-chamber shortly after the exhaust 
ports 3 have been uncovered by the piston 5. The upper ports 14 
serve to admit the charge from the ea omy hens to the 

The upper portion of the sleeve 9 is shut off 


= 


cylinder 7 is shown provided with a beat-valve 17 for admitting 
the charge, but the said admission valve may be dispensed with 
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| . 
| for the sake of simplicity. The action is as follows :—On the up- 


stroke the ports 15 and 3 are closed in succession, respectively by 
iston 4, and acharge 
imultaneously a fresh 
charge enters the pumping-cylinder7 beneath the piston 8. Igni- 
tion takes place in the working cylinder 1 at or near the top of 
d and do 
work upon the piston 4, Near the end of the stroke the exhaust- 
ports 3 are uncovered and the spent gases escape, Just afterwards 


be turned no further until the dashpot allows the cam I to rise. | the inlet-ports are uncovered and a fresh charge enters from the 


When the dashpot has allowed the cam I to assume i's highest 
sition, as shown by dotted lines, the crank D can be rotated, 
ut as it approaches its lowest position it again depresses the cam 
I and the piston of the dashpot. The cycle of operations is thus 
repeated until the starter-arm has reached the full running posi- 
tion. The period of time during which the handle is detained can 
be altered at will either by adjusting a small valve in the piston 
of the dashpot, or by altering the tension of the spring J by 
means of a set-screw. (Accepted February 23, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


21,858. A. Gray, Cardiff. Internal- Combustion 
es. (3 Figs.) September 2!, 1909.—This invention relates 

to a fitting adapted to be attached to electrically-ignited internal- 
combustion motors for the purpo-e of obtaining an immedia‘e 
indication of the sparking quality of the electrical circuit. On the 
descent of a tappet-rod a the tappet 6b tecured thereto abruptly 
de sa hammer-arm c and removes a contact-finger d, to which 
it is connected, from the fixed and insulated terminal e of the 
contact-breaker, thus producing a spark. In order to adapt the 
invention to this mechanism, a lever / is mounted on the spindle 
of the hammer-arm ¢, and is secured to the latter by means of a 
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screw, which also forms the means of attachment of the spring h 
for raising the hammer-arm. An adjustable contact-screw t is 
carried at the extremity of the lever f, Mounted in a bracket j 
above the contact-screw i isa bush of insulating material, in which 
bush a second contact m is eccentrically mounted. This second 
contact m is in electrical connection with the insulated terminal e 
of the ignition contrivance. The eccentric mounting of the 
contact m is such that, when by means of a handle o the Lush 
is appropriately rotated, the contact m is brought over the contact 
i, and thus an external visible sparking contrivance is constituted. 
(Accepted February 23, 1910.) 


18,547. B. Read, ‘or: Internal-Combustion 
es. (8 Figs.) August 11, 1909.—This invention relates 

to that class of combustion-engine in which a working stroke is 
effected in the cylinder for every revolution of the crank and 
especially to that type in which the pumping cylinder is in line 
with the working cylinder and behind it, and in which the charge 
enters the combustion-chamber from the pump through ports in 
a hollow sleeve connecting the motor and pump pistons. Exhaust 


aa 3 are formed in the walls of the cylinder, and are — 
e 


y the viston 4 towards the end of the outward stroke. 








pumping-cylinder driving the remaining spent gas before it and 
filling the cylinder 1. (Accepted Feb, wary 23, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


21,900. J. Thom , Blackpool. Belting. (4 Figs.) 
September 25, 1909.—This invention relates to driving belts for 
use in connection with conical drums, and especially to that type 
of belt which is formed with a narrow surface for contact with 
the drums, and a broader backing which gives strength to the said 
part. The applicant has found that with belts a, of from 14 in. 
to 34 in. broad, the narrower surfaced belts ) secured thereto 
ought to be from } in. to 1} in. broad respectively. A copper wire 
kis employed as one means for securing the one to the other, 
and this copper wire is stitched along each side, as at cand 4, 





of the narrower belt, as shown by Figs. 1 and 3. Itis obvious 
that the narrower belts may be secured by one row of stitching, 
which would be carried out centrally along the two belts which 
are to be joined together. Instead of the fixings &, rivets may 
be employed, their positions and spacings being similar to 
those of the fixings k, and the form of rivet preferably employed 
is that one shown by Fig. 2, wherein the two ends of the rivet / 
are bent over or clinched in such a manner that in the length of 
the belt very short spaces exist between where one rivet leaves 
off and its neighbour takes hold ; hence all creeping of one belt 
over the other is prevented. (Accepted February 23, 1910.) 


20,454. A. Jjerbert, Renton seth, and P. V. Vernon, 
Coventry. Chuck echanism. (3 Figs.) September 7, 
1909.—This invention relates to chuck mechanism of the type 
in which a tube within the work spindle is used to operate the 
gripping means, the gripping and r ing being effected by end- 
wise movement of the tube, the operation being brought about by 
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axial movement of an operating sleeve which effects rotary move- 
ment of an intermediate member. The tube A for operating the 
gripping means is formed at its end with a screw-thread B, and is 
mounted within the hollow-work spindle C, keys being provided 
to permit of axial movement of the tube in relation to the spindle, 
but to prevent relative rotation. On the thread is mounted a nut 
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E formed with projections F, which lie in helical slots G in the 
operating sleeve H. This sleeve is keyed to the work spindle C so 
that it always rotates therewith, but may axially mov 
thereon. To actuate the chuck, the operating sleeve H is moved, 
this by its helical connection F, G rotates the nut E. This being 
mounted upon the thread B causes axial movement of the tube A, 
effecting the desired purpose. The main feature of the invention 
consists in making the chuck positive for disengagement. It is 
usual to move the sleeve H rapidly, in which case the tube A 

tes, or is actuated by, spring means in the chuck ; but under 
certain circ t , a8, for inst , when the tube A sticks, the 
ordinary operation is insufficient to move the tube, and positive 
means of movement is. desirable. For this purpose the ends of 
the helical slots G are closed as by a ring L, and the parts are so 
pens that the ring or the end of the slots is adapted to 
strike the projections F on the nut, and positively move the latter 
should any sticking of the tube A take place during the opening 
of the chuck. If desired, the slots G in the operating sleeve may be 
of oe ee throughout their length, as shown in Fig. 2. 
(Accept ebruary 16, 1910.) 


MOTOR ROAD VEHICLES. 


4976. F. E. Brown, Huddersfield, P. H. Frost- 
Smith, East Dulwich, and W. A. Stevens, Maid- 
atone. Motor Road-Vehicles. (2 Figs.) March 5, 1909.— 
This invention relates to worm-drives for motor road-vehicles. B is 
the dead axle, C is the worm-shaft, and D the worm. The worm- 
wheel E is mounted upon ball-bearings, and is connected to the 
sleeve F carrying the wheel G. The casing A is mounted on the 
dead axle B by means of a journal-sleeve bolted thereto. This 
sleeve is, when free, capable of rotation on the dead axle B. The 
casing A is bolted to the casing H, which carries within it the 
flexible extension of the worm-shaft. The shaft is provided with 
the universal joint J. The propeller-shaft I is connected to the 
motor-shaft K by means of a joint L of such construction that it 
not only allows of universal movement laterally, but it also allows 
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of longitudinal movement, the external teeth on the dog-wheel M 
being adapted to slide longitudinally in the internal teeth of the 
sleeve N, which sleeve is secured to the motor-shaft K. The end 
of the torque-casing H is closed against dust. The torque-casing 
H is connected to the vehicle frame Q by means of a bracket Z 
The fork R is rigidly fixed to the bracket Q! by means of the 
bolt Q2, and its arm engages studs S provided at the top and 
bottom of the torque-casing end, the studs S being adapted to 
slide upon the surface of the bolt-head fitted into each end of the 
fork R. By this means the casing H is flexibly secured to the 
frame so far as to permit of a certain amount of longitudinal 
movement of the casing, but is firmly held against any vertical 
movement, up or down. It will thus be seen that the casing A is 
capable of a slight oscillation upon the dead axle B. (Accepted 
February 23, 1910.) 
RAILWAYS AND TRAMWAYS. 
12,092. A. S. Nelson and A. McKillop, Mother- 


we! Wagon-Brake Racks. [2 Figs.) May 22, 1909.— 
According to this invention, a brake rack is pressed out out ofa 


pes Fig.2. 
Po ft. 























ctl, 
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Se 


single piece of metal plate to an elongated slotted form, with a 
strengthening flange A around it, the teeth B of the rack being 
formed in the operation of pressing out the rack. (Accepted 
February 16, 1910.) 


dated Brake and 
, Limited, and E. 8S. Luard, 


ing Co 


Vacuum September 9, 1909.—This inven- 


(6 Figs. 





tion relates to vacuum-brake apparatus of the kind wherein 
there is provided in conjunction with the ball-valve an additional 
valve for cutting off communication between the train-pipe and 


the upper part of the brake cylinder, and which acts indepen- 
dently of the ball-valve. a is the casing which is fitted to the 
brake or and which is formed with a . This 
passage 6 is in communication at one end with the upper part of 
the brake cylinder through the medium of the passage b!, and at 
the other extremity with the lower part of the said cylinder 
through the passage }2, which latter passage is in communication 
with the train-pipe ¢ through the medium of the passage cl. 
Communication between the passage b, and consequently the 
train-pipe c and the passage b! is normally cut off by the ball- 
valve d, and the b above the ball-valve is formed with a 
valve-seat, in connection with which there operates a valve el, 
the stem of which extends upwardly through the passage b? and 
into contact with the brake piston in such a manner that when 
the latter is in the ‘‘off” or lower position the valve e! is main- 
tained off its seat. When, however, air is admitted through the 
train-pipe c, into the passage Ll? above the valve e!, and the piston 
is lifted in the usual way, the valve e! is caused to instantly seat 
itself under the action of the spring f. The valve e! will shut the 
lower end of the passage b2, thereby cutting off the supply of air 
to the e bt independently of the closure which is effected 
by the ball-valve d. Should, therefore, the ball-valve d be 
rendered ineffective by vibration or other cause, leakage to the 
upper end of the brake cylinder will be prevented by the supple- 
mentary bl, which is obtained, as above 


of the p 
described, by the valve el. (Accepted March 2, 1910.) 


mR G. H. Sheffield, Westminster,and J. D. 
berrow, Hexham. Ro -S (10 Figs.) 
June 16, 1909.—This invention relates to ies for railway stock, 
and particularly to arrangements wherein the load is transferred 
from the superstructure to the bogie through coiled springs 
arranged on each side of the central pivot, which latter supports 
no load. The invention is described as applied to a bogie suitable 
toa nger vehicle ; the bearing springs a, which receive the 
load through their caps d, are arranged within the transoms ¢ of 
the bogie, and are suppor’ by a-beam p, which passes trans- 
versely under the bogie and is supported at each end by a hanger q¢ 
connected to an inverted spring r placed outside the bogie frame, 
but supported by the latter by shackles. The caps d bear against 
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facing-pieces ,, which are arranged as lubricating-boxes. The 
eae dare guided vertically in apertures ina plate t covering 
the bogie transoms¢. The bogie-frame is shown of special con- 
struction, having an upper flange w projecting outwardly, and a 
lower flange v projecting inwardly to connect the underside of 
the transom c. In cases where the axle-box bearing springs are 
outside the frames it is preferred to make both the upper and 
lower flanges to project inwardly. In order to permit of increased 
lateral movement between the superstructure and the bogie, to 
accommodate the lateral displacement due to the passage of 
curves, the centre pin gen 3 with a block w, which has a short 
transverse travel in a guide-plate z, this travel being controlled 
A a y in known manner. (Accepted February 16, 
10. 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


13,092. H. J. Hadden, London (Bergmann Elek- 
tricitats-Werke, Aktien-Gese Berlin, Ger- 

) Turbines. June 3, 1909. [4 Figs.)—This invention 
relates to guide-vanes for turbines. a is the casing which has 
recesses into which the guide-vanes » are dovetailed by means of 
feet d; c is one of the rotors. Each of the vanes b has a head e 


Fig.t. o 








with a my en ng a groove in the partition g. In the con- 
struction illustrated, each vane is made in one sleet with head 
and foot. Fig. 3 is a plan view and Fig. 2 an axial view. The vanes 
can be manufactured with great accuracy, and passages of corre- 
spondingly accurate cross-section are obtained by inserting them 
into the casing, without requiring subsequent truing up. 
(Accepted February 16, 1910.) 

14,249. Clarke, Chap and Co., Limited, and 
Ww. A. Wi Gateahead-on-Tyne. pte Wa 
rators. (5 Figs.) June 17, 1909.—According to this invention, 





a steam-generator comprises a furnace @ arranged at the fr: 
the boiler, a combustion chamber }, lower water-drums d, 
steam and water-drums ¢, straight water-tubes J arrange: 
‘oups connecting said drums, the several drums d and the s 
rums ¢ being connected by circulating tubes. Instead of a 
common steam-drum arranged at right angles to the upper «i: 
é, a steam-drum 1 is arranged above and slightly to one 
of the middle drum e and extending parallel thereto. The dri) 
is connected to this middle drum by tubes. Steam from the c: 
1 flows through a pipe 5 to a superheater arranged in the pat 
the hot gases between two of the drums e and corresponding t 
J. The tubes in which the superheating takes place are of L shape 
and are attached to tube-boxes arranged outside the combustion 
chamber of the boiler. The upper tube-boxes are located between 
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the two upper drums ¢ nearest the front of the boiler, and extend 
in an ae y horizontal direction at about the water level 
in the drums e. e lower tube-boxes are arranged vertically, 
side by side, at one side of the boiler, and are in free communica- 
tion with each other. The upper tube-boxes are situated at dif- 
ferent distances from the side of the boiler, and the tubes con- 
nected to the respective boxes have their horizontal limbs of 
corresponding differing lengths, so that the vertical and horizontal 
limbs of the tubes are exposed tothe hot gases in a most effective 
manner, for, as will be seen, the gases first meet the vertical limbs 
of the tubes, the rows of which extend transversely to the gas 
flow, and the gases are then deflected by baffles and caused to 
pass downwardly amongst the horizontal limbs of the tubes, the 
rows of which also extend transversely to the flow. (Accepted 
March 2, 1910.) 


S 


MISCELLANEOUS. 


24,419. Stewarts and Lloyds, Limited, and J. G. 
Stewart, Coatbridge. Pipe-Joints. [1 Fig.) October 25, 
1909.—This invention relates to pipe-joints of the kind in which 
the pipes are coupled by slidiog collars serving to compress a 

king ring between the spigot and faucet ends of the pipes 

be two-pipe lengths A and B are fitted together in the usual 
spigot and faucet fashion, but the enlarged faucet end has formed 
on it an outwardly-extending and inclined flange B2, against 
which is fitted to bear a feather c forming part of a sliding collar 









Sl WWW ae 
Sy Witt Filth, 





C made an easy fit upon the pipe B. On the other pipe A is fitted 
a second sliding collar D having a feather d adapted to extend 
over the feather c and to form with the flanged end of the pipe B 
a stuffing-box, wherein is contained a packing-ring E adapted to 
be compressed between the face of the collar D and the face of the 
flange B2 on the end of the pipe B by drawing up the bolts F in 
the collars Cand D. The packing is thus pressed hard against the 
surface of the pipe Aand forms a tight joint, while allowing of free 
expansion of the pipes. (Accepted February 16, 1910.) 


2821. Leslie and Co., Limited, and H. K. Dyson, 
London. Reinforced Concrete. (8 Figs.) February °, 
1909.—This invention has special reference to systems of rein- 
forced-concrete construction of the kind in which the reinforcing 
members are connected together with strips of metal, which are 
bent over at each end to engage with the reinforcements, and 


are provided with clamps, which secure the bent-over portions of 
the strips to the straight portions thereof. yg eat 
-shapec 


present invention, the clamp comprises a ring or 


Fig.2rFig, 









A ae 


member. A is the connecting strip, provided at each end with a 
hent-over portion A! adapted to receive one of the members of 


the reinforcing framework. The portion A! is clamped to the 
strip by forcing a ring B over the bent rtion, as shown in Fig. 1. 
Fig. 2 shows a form of clip in which the ring B fits loosely over 
the portion A!, and is clamped thereto by the insertion of 2 W edge 
Bl. In Fig. 3 the ring is replaced by a U-shaped member, which, 


when driven on the bent-over portion of the strip, firm!) clamps 
) 





the same to the reinforcing member. (Sealed April 21, i 
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THE STABILITY OF FLYING- 
MACHINES. 
By Hersert Cuattiey, B.Sc. 
(Continued from page 303.) 
3. CapraIn FERBER’s INVESTIGATIONS. 

Since’ Ferber’s analysis includes that of Pro- 
fessor Bryan, and agrees with it in its conclu- 
sions, save for a certain slight difference in their 
interpretation, it will be convenient to proceed at 
at once to his work.* 

His first step was to formulate the equations of 
motion. These involve nine equations, three being 
directional and six rotational. Postulating as before 
three axes of fixed direction in space, 0 x, 0 y, 0 2, 
the first three equations are easily written ; but in 
view of the use of generalised co-ordinates, we must 
employ three axes, 0 2%, 0 Yj, 0 %, which do not 
change their position with regard to the machine, 
and these axes must be related to the axes 0 2, 0 y, 
oz. [The difference between the two points of 
origin is allowed for in the directional equations. ] 

Calling the angles between the two sets of axes 
y, >, 6, and the instantaneous rotations p, q, r, we 
have Euler’s equations. (See Jean’s ‘‘ Theoretical 
Mechanics,” page 311) :— 


dp . a 
A—£-+(C-B = L, 
a; ( jar 
dq -C)rp=M. 
B ¥ +(A )rp 
dr - 
B-A = N. 
Cc = * ( pq 
where L, M, N are the torques about the axes 
x, y, %, the rotations being positive when they are 


clockwise looking along the axes from the centre of 
gravity. Further, we have the relations :— 


dé 3 
— = - qsin 
<5 = Pes -asing 
sin 0 TY = psing + q.005@ L (1) 
cos 0 2¥ 4 2H _, 
dt dt 


It is now necessary to transform the velocities 
and forces acting on the surface, so as to refer to 
the fixed axes ox, 0 y, 0%. This problem is similar 
to that which occurs in spherical astronomy in the 
conversion from right ascension and declination to 
latitude and longitude, with the further con- 
dition that the relative velocity makes an angle 
y with the plane x, y,. This leads, then, to the 
following six equations of motion :— 

d? x 
dé 


2 





sv2. - : 
+9* sin Y sin @ sin ¥ 


P 
xs V2 
P 





cos *y cos (8 — p) (cos ¢ cos ¥ 
— sin @ sin y cos @) 

cos ‘y sin (8 — ¢) (sin ¢ cos ¥ 

+ cos ¢ sin y cos @) 


- 9 


2 
+ 0 5 


«$8 
3 == @ _— 
oe nye -Oknedat 


+ sin ¢ cos ¥ cos 4) 


sin ¥ sin 6 cos 
“~~ e 


ko V2 


+ 9p cos y sin (8 — @) (sin ¢ sin y 


—cos ¢ cos ¥ cos @) 


s CBee 
oo _ sin y cos 0 
xs V2 


P 
c 2 
-95~ cos y sin (8—@) sin 8 cos ¢ 


+ or 


cos cos (8 — ¢) sin @ sin @ 


dp... 
ae + C—B)qr=nxo V2 cos y sin (8 — ¢) 
dq ‘ 
tT + (A—C)rp=—[«S V2 sin y (a - } sin y) 


+ hx #V® cos 7 cos (8 - ¢)+F f] 





dr 
oF + (B- A) pg =-Xxoe V2 cosysin (8 - ¢) (2) 
which, together with the relations in (1), give the 
nine ejuations of motion. 
* For the benelit of senders who are mot advanced 
mathematicians, we have given on this ‘a detailed ex: | 
ation of the derivation of Captain Ferber’s equations. 


A criticism of Ferber’s conclusi 
“ppeared in Nature, March 3, 1910, ae 


In accordance with the principles stated in the | 
last section, we must first ascertain the values of | 
the co-ordinates in the position of equilibrium | 


(straight-line flight). 
These are 
8, = % = ; 
y= - = 
we = tan vi 


R=Hn =" = 0. 
With regard. to the third conditions, Captain 
Ferber shows (Revue d'Artillerie, October, 1905) 


that when 


s 


= tan y,, we have conditions of 


least resistance. 
Further, we have the relations 


“S p sin (0, + Wy) 
cos ‘y) 
a 
cS V2, =P 
sin 4; 


Further, in order to simplify the conditions of 
torque h is taken as zero, so that 
a — bsin y; = 0, 
which incidentally defines y, a second time. (Notice, 
however, that this assumes the truth of Joéssel’s 
law.) 
On this basis 


8 


a=b . 
S+s 


He next applies a slight variation to each of the 
nine variables—V, 8, y, ¥, >, 9, p, q, and r; inserts 
these in the equations of motion, suppressing double 
products and squares of these small perturbations. _ 

These slight variations correspond to ¢, = 6; — 4), 
&c., in the last section, and are generalised co-ordi- 
nates in the sense mentioned there. 

We then have 


Boe -8¢ 
dt $ 
9 addy 
0, 22Y = dp, 
sin 0; at P. 
cos 6, L2¥ 4 28% — gy, 
at at 
A@®p at, 
at 
Boa = 6M, 
o@ér_ gn, 
dt 


which allows the quantities p, q, and r to be elimi- 
nated, so that we get 


A sin 0, OY = 8L = neo V;20087; (88-8 ¢) 


d50 
Ba = -~5M= — Pbcosy, cos; dy (3) 
sy 
“de 

— Aco Vi2 cosy, (58 — 5¢) 

Similarly, with regard to the equations of trans- 
latory motion, after having differentiated with 
regard to the small variations, and simplified to the 
maximum extent allowable by the conditions of 
equilibrium, we get 

4-8Y cos (6; = i: 


— V, sin (9; — 7) 


C cos 6; +¢0 25% _gne 
dt 


25V__ cos 4, sin (y; + 9;) 
——g Ot eo El i. 
Vi cos 1 

d(80 — 8y) 

As +9680 

at . 

cos 6; 


7. (—cos 7; sin 6; + tan? 7, sin y; cos 6,)d 
sin y; 


=0 





(4) 


} 
) + 


| 
sin (y, + 9) sin | | 
cos Y; 


d (50 — 57) 
at 


= a) (cos y, cos 0, +sin ‘y; sin @, tan? y,)d 
sin 7; J 
=0 


(To be continued.) j 


23 
Vv; 


[2- 


— V, cos (@; ~ y) 








+9 





FERBER’S THEORY OF AEROPLANE 
STABILITY. 


In view of the great interest now attaching to 
the flying-machine, it is probable that some of our 
|readers will be glad of a rather more detailed 
account of Captain Ferber’s analysis than is given 
by Professor Chatley. Mathematical work is never 
| easy reading, even when every step of the argu- 
ment is set forth in full, and it is likely that many 
engineers engaged in practical work, though they 
may have had at one time a fair acquaintanceship 
with theoretical mechanics, have long since forgotten 
the very existence of Euler’s equations for the motion 
of a rigid body as referred to its principal axes. In 
the present case this difficulty is enhanced by the 
fact that the angular co-ordinates adopted by Captain 
Ferber are different from those most frequently 
used in English text-books. Captain Ferber marks 
the angles 6, y, and @, as in Fig. 1, below. 
| The body is supposed to be oscillating about 0, its 
| centre of gravity, oz,oy, and ox are axes passing 
| through this centre of gravity and fixed in space. 
The principal axes of the body, though they also 
|pass through o, change their directions with the 
motion of the body, and are denoted by oz,, oy, 
jand o 2,. The angle between oz and oz, is the 
}angle 6, and this is also the angle between the two 
|planes y A x and y, A x, respectively. The two 





| 
| 


| 


| 











lanes in question intersect in the line oA, which 
is called the line of nodes. The angle y is the 
angle (measured in the plane y Ax) between the 
line of nodes and the axis of x, whilst @ is the 
angle between the line of nodes and the moving 
axis o2,. The line of nodes lying in both the 
planes yox and y, 0x, is perpendicular both to oz 
and oz, A plane perpendicular to o A passes, 
therefore, through both z and z, and rotates about 
the oz axis at the same rate as the line o A. 
The angular velocity of this plane is therefore 
dy i 

7 or ¥. 

Since o x, is perpendicular to the plane y, 0 2,, 
and o A is perpendicular to the plane z o z,, the 
angle between these two planes is the same as the 
angle between o x, and o A ; that is, it is equal to @: 
The instantaneous angular velocity about the axis 
0 x, is denoted by p, about o y, by q, and about oz, 
by r. To agree with equations (1) of the first column 
on this page, and taking as positive the angles 
marked in the figure, the rotations must be taken 
as positive in the direction indicated by the arrows, 
though Captain Ferber, whose text has been fol- 
lowed above by Professor Chatley, says that the 
opposite is the positive direction of rotation. 
But this does not agree with his figure and with 
equations (1). ' 

The velocity of the point 2, can be split rw 
components in two ways. In the first p it 
moves along the arc z Q with a velocity equal to R@, 
where R denotes the length 03,. At the same time 
|the plane Zo Q is itself moving with an angular 





— wv. The velocity at right angles to this 


plane of the point Q is therefore R y, and that of 
the point <, is similarly R sin @ . y. 

The motion of z, can, however, also be considered 
as consisting of a rotation round o z,, combined with 
a simultaneous rotation around oy,. Its velocity 
round ox, is Rp, and this motion takes place in 
the plane y, 02, which makes an angle @ with the 
plane zo2z,. Hence the component of Rp in this 
ope is Rp cos @. Similarly, the component of 

q in the plane zoz, is Rqsing. The sum of 


these two must be R@, Since the plane y, oz, lies 
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behind the plane ~, 0 Q, we thus get 
6 = pcos ¢ - qsin ¢. 
Similarly by equating the components of pR and 
q R to the motion of z, at right angles to the plane 
z, 0Q we get ’ 
sin 0. = psin + q cos ¢. 
Finally, since R y is the velocity of A in the plane 
yo, its component in the plane y,o7, is 
R cos 6.y; the velocity of 2, in this plane is the 
sum of this and of the velocity due to a change in 
the angle @. Hence, 
cos 6.¥ + d =f, 

The first two of these equations may also be 

written : 
p= 8.cos p+ y. sin ¢ sin 0, 


and 
q =-Osin gd + cos ¢ sin 0. 
Whence ‘ 
oo 4°99... 
i¢ q, an io p. 


Euler’s equations (column 1, page 633) follow 
directly from Lagrange’s equation (of which we 
gave the proof on page 302 ante)—viz., 
i 
dt'3g 8 dp 
In this case T’, the kinetic energy of the oscilla- 
tions, is given by 
T =} (Ap? + Bg? + Cr), 
A, B, and C being the moments of inertia of the 
body about its principal axes. 
The variable @ occurs in the equation for r only. 
Hence, differentiating the above expression for T, 
we get 


0. 


6T 


—=Cr. or 
ao i¢ 
but + = @ + cos 6. as proved above. Hence 
ér 


== @ j, 
op 
oT. 


b¢ 


$ 3.0% 
dt'sm at 


and thus 
Cr. 


Hence 


Again, as @ does not occur in the equation for r, we 
get on differentiating T with respect to p 


sT 8 8q 
=Apq- Bap. 
Finally - ~ is the torque tending to increase 


; that is, the torque about the axis of 0 2,, which 
may be denoted by N. 

All the quantities in Lagrange’s equation are now 
known, and substituting these we get 


dr 
cfr +B - = N, 
ih A)qp=N 


as the relation between the angular acceleration and 
velocities to the torque N. 

Taking Land M as the torques about ox, and o 1; 
respectively, the remaining two of Euler’s equa- 
tions may be written down from symmetry giving 


dp ‘ 

A—£+ \(C - = 
aP4(C-Bygr=L 
BoL+ (A = C)rp =M. 


The other equations used by Captain Ferber are 
simply based upon the well-known equation be- 
tween the mass acceleration of a body and the forces 
acting in it. Resolving forces and accelerations 
along the three fixed axes he obtains three equa- 
tions of motion in addition to Euler’s equations 
given above. 

Captain Ferber’s process of deriving these equa- 
tions of motion may be explained as follows :—If 
the machine be in flight, it will be met by a cur- 
rent of air which may be called the ‘ effective 
wind,” Suppose, further, that owing to some oscil- 
lation of the machine this ‘‘ effective wind” meets 
the machine in the direction indicated by the line 
Vo in Fig. 1, making an angle y with the under- 
side of the plane y, ox,, whilst its projection’on this 
plane is represented by o W, and makes an angle 8 


with o A, the line of nodes. 
Now, as already stated by Professor Chatley on 
page 302 ante, Captain Ferber 


substitutes for the 





actual supporting surfaces of the machine certain | 
ye pony surfaces perpendicular to the three prin- 
cipal axes of the machine. These surfaces are re- 
presented diagrammatically in Fig. 2, where S is 
the horizontal surface which supports the weight of 
the machine, and on the underside of which the 
effective wind must necessarily act. The component 
surface corresponding to the head resistances is 
denoted by s, and on this the ‘‘effective wind” 
must necessarily act from the front, whilst o de- 
notes the keel area on which the effective wind may 
act from either side, following the deviations of the 
machine. 

If an air-current moving with velocity V meets a 
surface S at an angle y, then experiment shows that 
the pressure developed, which is, of course, per- 
pendicular to the surface, may, if the angle be not 
too large, be expressed approximately ask S V* sin y, 
which is accordingly the pressure on the surface 8, 
and being, as stated, perpendicular to this surface, 
is parallel to the axis o z, acting in the positive 
direction of the latter. This then is the value of 
the principal air pressure on the machine. The 
surface s is perpendicular to the axis o.x,, and 











(a7.8) = \ 
\ 


the pressure on it is directed along o 2, in the 
negative direction. Its amount Captain Ferber 
takes as equal to ks V* sin a, where a is the angle 
between V o and the plane 1; 0 z; (Fig. 1) ; that is to 
say, it is equal to -ksV*cos Vox,, the minus 
sign being taken because, as stated, this resistance 
is directed along the negative direction of ox,. It 
should be noted here that a being generally a large 
angle, the assumption that the pressure is ks V? sina 
seems open to criticism. 

Considering for the moment 0 V as of unit length, 
then cos V 0 x, is equal to the projection of o V ono ,, 
which in turn is equal too W cos(8 — @) ; but when 
oV is taken as unity o W = cos y. ence finally 
sina = cos Vox, = cos ycos (8 — ) and the pres- 
sure on the plane s is therefore 

. ~ks V2 cos ¥ cos (8-9), 
and it acts, as stated, along the axis uv x. 

Similarly, the resistance offered by the surface o 

can be shown to be — ko V? cos ysin(8 — ), acting 





along the axis of 0 1/;. 

In this way the reaction of the air on the moving 
machine is resolved by Captain Ferber into three 
components, éach acting along one of the moving 
axes. Taking the first—viz., ik S V* sin y, which acts 
along the positive direction of oz,—this can further 
be resolved into its components along the three 
fixed axes ox, vy, andvz. The component along 
the axis 0 z will obviously be k S V? sin y cos 6, since 6 
is the angle between oz, and oz. “To find the com- 
ponent along ox, the cosine of the angle between 
ox and oz, must be determined by the well-known 
elementary formula of spherical trigonometry—viz., 

cos a = cos bcos c + sin b sin c cos A. 

Putting a = z, 027, roA=b=y,and:,;0A=c 
90 deg., whilst A is the angle between the planes 
7,0 Aand Ava, i.e., 

A=9%-9, 
since the plane =, o A is at right angles to the plane 
y,0.,, and this plane makes an angle 6 with the 
plane Aow. 

This gives 

cos a = cos ¥ cos 90 deg. + sin wv sin 90 deg. sin 0 

= sin ¥ sin 6. 

Hence the component of the S resistance along 

oxis : 
+ kS V2 sin y sin y sin @. 

Similarly, the component along o y is 

kS V2 sin ¥ cos 2, oy, 


i 





and as the angle z, oy is greater than 90 deg., its 
cosine must be negative. 

Applying the same formula as before, it will be 
seen that the component of the S resistance alony 
oy is 

-—kS V?2sin y sin @ cos y. 

Coming to the resistance due to the s surfaco, 
this, as already stated, acts along the negative direc. 
tion of ox,. Its amount is, as already shown, 

-— ks V2 cos y cos (8 — 9), 

and its component along » « will therefore be 

— ks V2cos y cos (8 — $)cos 2, oz. 

Using the same formula as before, putting 
a=2,027,b=9¢,c= y, and A = 180 - 6, 
we get 

COS 4,0 x = cosP cosy + sin ¢@sin ¥ cos (180 — 

= cos cos Y — sing sin y cos #. 

Whence the s component along 0 « is 
- ksV? cos y cos (8 — ¢) (cos ¢ cos Y — sin ¢sin ¥ cos 4), 

In similar fashion Captain Ferber finds the s com- 
ponent along oy to be 
— ks V2 cos y cos (8 — ¢) (cos gsin ¥ +sin ¢ cos 8 cos ¥) 
and along oz to be 

— ks V2cos y cos (8 - ¢) sin ¢ sin @. 
Treating the o surface in similar fashion he gets 
component along ov x 
= + ko V2 cos y sin (8— @) (sin ¢ cos y + 
cos ¢ cos @ sin y). 
Component along 0 
= + ko V2cos y sin (8—¢) (sin g sin y - 
cos ¢ cos @ cos y), 


6) 


and along oz 

ko V2 cos y sin (8-¢) cos ¢ sin @. 

The acceleration along the positive direction of 
BD) 


— will, of course, be equal to the 


%, Wik. 
algebraic sum of all the forces and resistances acting 
along ox divided by the mass, which is P ; Pstand- 


g 
ing for ‘‘ poids,” the weight of the machine. The 
equations for 
@x dy 
ad a * 


given by Professor Chatley in set (2), page 633 ante, 
and reproduced below, are thus obtained. 


d?z 


d ie’ 


oa = + 9s il sin 7 sin @ sin y 
=i ge A “ cos y cos (8- ) (cos ¢ cos ¥ 





— sin ¢ sin y cos @) 
ko V2 ‘ A , 
Pr cos y sin (8—@) (sin ¢ cos ¥ 


+ cos ¢ sin ¥ cos 4) 


jz, _ 

sin y sin @ cos 
dt sme ¥ 
“ cos y cos (8B—¢) (cos ¢ sin ¥ 
_ + sin @ cos ¥ cos 6) 


2 : : os 
a y cos ¥y sin (8— @) (sin ¢ sin ¥ 


— cos ¢ cos y cos 6) 


dt? 


«SV?.. a 
—— sin y cos 
> 


< 


; cos y cos (8—@) sin 8 sin ¢ 


re 


-g . A : cos y sin (8 - #) sin 6 cos 


4 be 

In these X,, Y,, and Z, denote respectively the 
components along the three fixed axes of the pro- 
pelling force. The term — g comes into the third 
equation, since gravity acts along this axis only. 

Coming to the three Euler equations for the 
angular velocities about the principal axes ot the 
body—viz., 


AS! + (C-B)qr=L 
B29 4(A-C)rp=M 
at . 


d r \ r 
-_ ra a =N 
Cc Te 7 (B A) pq 


it will be noted from Fig. 2 that o is the only 
surface the pressure on which can have a toque 
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about the axis of ox,. This torque is equal to the 
pressure on this surface —viz., 

k o V2 cos y sin (8- $), 
multiplied by 7 the distance of the centre of pres- 
sure above the axis of x. We thus get on substi- 
tuting this for L 





dp 
A dt 

As shown in the figure, both the surface S and 
the surface s may produce rotation about y. For 
simplicity Captain Ferber assumes that the surface 
S has no lever arm about the mass centre of the 
machine, other than that due to the displacement of 
the centre of pressure, which by Joéssel’s law is 
(a—hsiny). Fig. 2 does not, therefore, in this re- 
spect represent quite accurately his typical machine. 
The moment of the s surface is due to the height h 
of its centre of pressure above oy,, and the total 
moment M is therefore 
-[«S$ V2sin y(a—bsin y) + h «xs V?cos yecs(8-$)+F f], 
where f denotes the perpendicular distance of the 
line of the propeller thrust F from the centre of 
gravity of the machine. The surface o is the only 
one, pressure on which, produces a torque about 0 <,, 
and if A denotes the lever arm, the value of N is 

~ \ xo V* cos y sin (8-9), 

Captain Ferber’s exposition of his method of 
simplifying these somewhat complicated equations 
and deducing, therefore, the conditions of stability 
is somewhat curt. He takes the machine as 
running initially on an ‘‘even keel,” a condi- 
tion which is characterised (see Fig. 1) by the 
T Sj a & 
5 and ¥ = =" 
ling force and the resistances then lie wholly in the 
vertical longitudinal plane of the machine. Re- 
ferring to Fig. 3, the two planes S and s are 
denoted by the heavy black lines. The propelling 
force F is assumed to be directed along the axis of 


+(C - B)qgr=nke V2 cos ysin (8- ¢). 


The propel- 


angies8 = p= 





(1647.0) 


S, and to make an angle 6, with the horizontal. 
The effective wind acting on the surface is Vo 
making an angle y, with the under surface of S, and 


The 


reaction on the former is equal to k V,? S sin y,, 
and is directed along the perpendicular to the 
plane. On the surface s the reaction is taken to be 
ksV,? cos y,, and is directed as indicated. There is 
also the weight P acting vertically downwards. In 


steady flight all the forces and reactions balance 
each other. 


an angle ~ _ y, with the front surface of s. 


Hence resolving vertically we get 
-P+kS V(2sin y, cos 0; — k 8 V;2 cos 7; sin 4 
+ F sin 6, ° ° 
whilst horizontally we have 
~ kS V,?sin y, sin 0, - ks V2 cosy, cos 0; 
7 +F cos 6, = 0. 
Whence 


(a) 


P— F sind, 


tan y - s tan 6; 
F cos 6, : 


tan y, tan 6, + 5 


Assuming that the resistance is a minimum, we get 


& 
= tan? »,, 
3 vi 


and substituting this value there results 


P — Fsin 0, . 1- tan y, tan 0, 
F cos 6; tan 6, + tan 7; 


= 008 yj, Cos 6, -- sin 7, sin 0, 
sin 6; cosy; + cos 6; sin 7; 





or 


P (sin 0, cos i 
sin 0; cos 1 + cos 6, sin y;) = F sin? 6; cos y + 
F sin 0; cos 6, sin y, + F cos! A, cos 
~ F cos 6, sin +, sin 6, 
Whenes” # °87 int y+ che? 6,) = F 008 


= P gin (0, + 1) 
cos 





The subscripts refer to steady flight, in which the 
angles in question are constants. Substituting this 
value for F in equation (a) above, we get 

kSV?Z= P cos 6), 
sin y; 
Taking the three equations already established 
at the beginning of this article—viz., 
6 = poosd - qsing 
sin 0.y = psin d + q cos 
cos Oy + Ci) =f, 


we get on putting d = F andy = — = and 6 = 6,, 


@ = -4q, sin 0, ¥ = p, andcos 0, + @ =r. 

Now, suppose through some perturbation of the 
machine @ increases by 8 6, then, from the ree | 
it appears that the corresponding variation in q wil 
be given by . 

60= - &q. 

Similarly if y increases by 8 > the corresponding 
change in p will be given by sin 6, 3 y = 8p, and 
finally we have cos 6,8 yy + 8 =6r. 

The first of Euler’s equations may be written 

Ap+(C-B)qr=L. 
Assume p to change by 8 p, then q, r, and L will 
change by the amounts 8 q, 8 r, and 8 L. us 

A (p + dp) + (C— B)(q + dq)(r +57) = L+ SL. 

Whence neglecting small quantities of the second 
order we get 

Aép+(C—B)(gir+rdq)=6L. 
But in the initial state, from which the body is 
disturbed, we have q = 0 and r = 0, therefore 
A8>p, which isthesameas A. oop oth. 
Similarly we get 
d da a 
Baie 6q=5M and C 7 8r=5N, but p= 
sin 6, + Sy, and L = nko V2 cos 7; sin (8-¢). 
Hence 
L+é6L=nkeo V? cos}; sin (8-¢ + 88-8 9), 


which, on expansion, and neglecting small quanti- 
ties of the second order, gives 

5L = nko V* cos 7; cos (8 — p) (68-8 ¢). 
Whence 


Asin 6. 7.8 y = nko V2 00s 7, cos(8-9)(8 8-89). 


Similarly, it will be found that 
d? 
B.on’ 60 = - Pbcosy, cos 0,6 
and 
ad? ad? 
Coos 6, Tm Fv + C. 7H: 8 o= 
- AKa V4, cosy, (88 - 59) 
Coming next to the accelerations along the three 


fixed axes, it should be noted that if ¢ = 8 = 3 


and yy = — 5 the small variations of these angles 


will only cause a displacement of the second order 
along the axis of Ox. Substituting the values 
stated for ¢, 8, and y, the complicated equation for 
the acceleration along the x axis therefore reduces to 


. 2 ° ° 
o> +9 BEM { -sin % sin 6, ~ 5008 nN cos 6, | 
+ 5 Xr. 


Now from Fig. 3 it is obvious that a (the 


velocity along O x) is equal to V, cos (6, — y,) 
.@z_d 


“dea dt 


If V takes the small increment 8V; 6, the in- 
crement 86; and y, the increment 8y, the total 
increment of 


Px win bed. 
dé 


. V, cos (Ai - 71). 


Prd 
d@ dt 
V, sin (0, —y,) (80, -8 ¥1) } 
Similarly the mcrement of 
gk3Si v2 { 
Bani, cad . 


{2 V 008 (1-1) - 


~sin 7; sin 6; - goo 1 cos 6, | 


will be found by adding together the increments 
due to the changes in V ; in y,, and in 6, 
The former will be 








39 5S%1. 8V { -siny sin 0, - £ cos 7, 008 4 } 
which since, as already shown, 
kS V2 = Pos? 
sin 


—, and s 
reduces to 


. =tan? 
271 8 sts 
229.0000, 32+) 
The increment due to the change 8 y will be 


+ 9th YY. { - cosy: sin 6, + tan? y, sin +, 008 6 } 8 y 


which, since 
kSV,2 _ cos 6 


P sin Y; 
becomes 
Vtg 008 6, ‘ { — cos 7; sin 6; + tan y; sin 7 cos 6,} éy 
sin 7; 
The increment due to the change in 6 is simi- 
larly 
cos 6) : { -sin 7; cos 6, + tan 7; cos Y; sin 6} 56, 
sin 7); 


which reduces to 
~2_ {cos 6; sin yy sin 0--cos? 6, cos 71 } 8 6, 
cos ‘Y; 
Finally we have Xp = F cus 6. 
The increment thus due to the change 8 6 is 
6Xr= —F.sin@.50 


9. +e =-g. p-sin 636 
~~ MlA+ nN) sin 0,30 
cos ‘y; 
= ax { - sin. 26, cosy, - sin @, cos, sin y, } 8 ¢. 


Adding this to the variation in 
sv? . , 
g oe {- sin 7; sin 6, - 4 008 +; 008 6; } 


due to 8 6 previously found, the sum of the two is 


ae { cos? 6, cos 7; 4 sin? A, cosy, } 8 8 =-9 586. 


Hence, summing all terms we get 
Z {8 V cos(@, ~ 71) - Visin (0, — 71) (86 - 8) } 
98 sin (y+ 6) _ 
o Sy «ccs 6 9 g 50 
+ aa {- sin 77; cos 0, + tan? cos 7; sin @, } 60 
Treating in a similar fashion the equations for the 
accelerations along the axes of y and <z, and re- 
arranging the terms, we get, finally, the following 
three equations for the motion of the body, after 
experiencing a small disturbance from the con- 
dition of steady flight :— 
d.éV 


6V 6, si 6 
Tr cos (0; - 7) + tA g 08 4: 8in (v1 + h) 


008 ‘y; 


1 
~ Vy sin (0, 4) S2S— 99) +980 


cos 6, 
sin "i 


- (—cos y; sin 6; + tan? y; sin -y; cos 4,) dy 
=0 

dsp 7 cosé 

—aas * Dae ae = 

dt 95 tan 7; 

g cos 6, 


g( siné,; + — )eo 
( ; tan 7; 


+ v, cos (4, - 73) S¥ <9 


ae 
dt 
- dV sin (6,-7;) + 
25V 


dt 

a o[3 - 
1 

— V; cos (8; — 1) decoy) 





V) 008 7; 


sin (7, + 6,) sin 6, 
cos Y; 


] 


+9 003 4, (cos 7; cos 6; + sin 7, sin 0, tan? y,) dy 
sin 7; ‘ 


So far as longitudinal stability is concerned, the 
only variations affecting this will be the variation in 
dx, 
de’ ‘ 
the variation in ae 
tion, and is given by the last of the above equations, 
and finally the torque about the axis of y, which is 

iven by the second of Euler’s equations. These 
Soe equations contain the variations 8 V; 3; 36, 
and no others. 

Now these variations must in general either in- 
crease or decrease with the time. Captain Ferber 





that is to say, in the horizontal acceleration : 


which is the vertical accelera 
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assumes, therefore, that 

5V = We'; 50 = Oc! and dy =Vee?, 
and finds that the three equations in question can 
be simultaneously satisfied by choosing a suitable 
value for £; Wand Pr being constants, absolutely 


independent of each other. 
We have then 


d d 
dt: Vz wie! dt: 60 = ere! 
a re d te 
df. b0= Of" and g7-8y=Te&’. 
Substituting these values in the three equations 
for the longitudinal stability we get 
Ww [é cos (6, =) + 228% sin (4, 4 4) | 
V, cos y; 
+ Olg—V, é sin (0; -—,)] 
+e [ Va & sin (0, - mb = 208% 
sin ¥; 


cos ¥; sin 6, 


(5a) 


_ sin (y + )sin *) | 
cos Y; 


+ tan? y, sin 7, cos )| =0 


ot 29 

wl € sin (0;-7y) + v-(2 
1 

— 8 V, & cos (A, — 4) 


pied [ ¥: €c08(@1-m) + 9 £2 (cos y, cos 6; + 
sin Y; 
tan? +; sin 7; sin a |= e.. (5B) 
OB + TP Pb cos y, cos 6, = 0 (5c) 
For shortness, these equations may be written in 
the form 








Fic. 1. 
W [a, — + 6) + O (c,-d, &) + THQ E + fh) = 0. 
W [-agé + bo] + O(-dgé) + T (ee + f.) = 0. 
OB&+Trf; = 0. 


In the theory of simultaneous equations it is 
shown that if . 
Ay r+ B, Yt hd 
Aga + Bay + Coz 
A;zx+Bsyv+C 


Then 
D, B, C, 
| De B, Cy 
D; B; Cs | 
r= 
A, B, GC] 
| A, B, Cy] 
As B,; C;| 


with similar expressions for y and z. If, however, 
D, = D, = D, = 0, then the upper determinant is 
zero, and the formula makes «x, y, and z each equal 
to 0, unless the lower determinant is also 0. If 
this latter condition is satisfied, the value of x 


) . 
takes the form a and may be anything whatever, 
as may also y and =. 
Hence, in order that W, ©, and fr may be entirely 


arbitrary and independent of each other, we must 
have 





]E+bh oy -~aé at+f! 
- Agi + by -dgt (2 & + fo| =90 
0 BE 9 


On expanding this determinant there results a 
biquadratic equation for £, which may be written 


Ao + Ay B+ Ag+ Ase + Ay =0, 
where the values of the constants are 





Ay = BV,2 


y cos" 
Vv ig de: 


po 
NW 


(cos* 7, + sin* 7;) + 


sin 7; cos? 7; 


4cos 6, sin 7; | 


A> = (2 B g? cos? 6, (1 + tan? y,;) + P V;75 
cos y; cos 4;) 

As = 9 V; Pb cos ¥, cos 4, [2 sin (y; + 9:) 
3 sin (0, — ¥)] 

A, = 29? P bcos y, cos 4] 1 - 


sin (7, + @,) sin *] =— 
cos ‘Yi 


Each of these constants turns out to be positive, 
so that by Descartes’ rule the roots, if real, are all 
negative, and hence any accidental perturbation, 
such as 6 V, 8 6, or 8 y, would tend to disappear 
with the time. 

If, however, the roots are not all real, it is neces- 
sary for stability that A, A, A, — A, A, — Ay Ar 
shall also be positive. a 

This expression, when divided by A,°, is equal 
to the product of the four roots of the above 
equation taken two at a time—i.e., it is equal to 

(> + &) (& + &) (& + &) (& + &)(& + &s) (S2 Sa) 

This can be proved in various ways, the simplest, 
but a tedious one, being to multiply out, remem- 


| bering that 


A . q . . 
~-S=HHthta+h& 

Ao 

A. a ee he a ee a 

=F = hi t fodot hoist he t+ bs $2 $3 

Ay 

A 


SB = & &, do + &, dg ty + Egitg im + i 
ied 041 $2 18283 7 $2930 $3805. 
Ay 
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recommended after careful consideration of the 
local conditions. Steel lock-gates are proposed. 
Between Chats Lake and Allumette Lake a number 
of short reaches would be necessary, with single 
lock-lifts of 20 ft. and 35 ft., to pass Chenaux and 
Paquette Rapids and other falls. It is proposed to 
raise the level of Lower Allumette Lake to that of 
Allumette Lake by means of a dam situated at the 
Paquette Rapids. ' ; 

Above the Paquette Rapids a reach 56 miles 
long would be created, passing through the Upper 
and Lower Allumette fae and Deep River to 
Des Joachims Rapids. Very little excavation 
would be required in this reach. Above Des 
Joachims another series of short reaches would be 
necessary, raising the canal to the summit level in 
Talon Lake, 659 ft. above the level of Montreal 
Harbour. ‘The heaviest work in these reaches is 
concerned with the difference of level of 120 ft. 
between the Mattawa River, above Les Epines 
Rapids, and Talon Lake, due to the Paresseux Falls. 
It is proposed to overcome this by two pairs of 
locks, each having two 30-ft. lifts, the pairs being 
situated about 1} miles apart. These locks would 
be built in solid ground, the canal leaving the river 
gorge at Paresseux Falls, and cutting through a 
neck of land to Talon Lake. 

Talon Lake is at the present time at about the 
same level as Lake Nipissing, and during the 
survey the possibilit, «f making this the summit 
level was kept in view. It was found, however, 
that such a scheme would cost 10 million dollars 
more than the present proposition, and would 
involve twelve additional miles of canal cutting. 
With the recommended scheme the summit level 
would be formed by Talon, Turtle, and Trout 
Lakes ata raised level 29 ft. above the new level 
of Lake Nipissing. A survey of the summit water- 
shed was undertaken, and it was found, in addition 
to the present supply, supplementary sources of 
water could be made available, which would give an 
adequate supply to tide over dry periods. The 
control of these supplementary waters would in- 
volve the cutting of a feeder canal draining to the 
Amable du Fond River. Lake Nipissing, which at 
yresent has four natural outlets, branches of the 
San River, would be raised 8 ft. above crdinary 
low-water level, and maintained by dams across 
these outlets. A certain amount of damage to farm- 
lands and towns on the shores of the Take would 
be caused. 

The Lake Nipissing reach would be 32 miles long, 
and apart from a cut, about 1} miles long, below 
Nerth Bay Lock, would require no excavation up 
to the Chaudiére Falls Lock, some 12 miles along 
the French River. The line of the canal across 
Lake Nipissing, which would pass south of the 
Maniton Islands, would be shown by lighthouses 
on these islands, and on either shore. From Lake 
Nipissing three locks would be required to reach 
the level of Georgian Bay. These would be situated 
at Chaudiére Falls, Five Miles Rapids, and French 
River Village. Heavy work would be required 
at Chaudiére Falls. French River Lock would be 
located about 100 ft. from the shore of Georgian 
Bay, but below it considerable submarine excava- 
tion would be required to obtain a proper entrance 
channel to the canal. 

The canal has been designed with a bottom water 
width of 200 ft. in excavated channels, with sides 
showing above water, and of 300 ft. for submerged 
channels. For submerged channels marking-piers 
would be placed where necessary. In all, the canal 
would contain 28 miles of canal excavation, 66 
miles of channel dredging, and 346 miles of river 
and lake channels, with a minimum bottom width 
of 300 ft., and requiring no excavation. There 
woull be 116 curves, of which 77 would be of 
about one mile radius, and 39 of about half that 
radius. It is ‘estimated that a freight boat of 12 
miles per hour maximum speed would, assuming no 


delay: at locks or in meeting other boats, take 70 
hours to pass from French River Harbour to 
Montreal. The season of navigation would average 


210 days, from May to November. 

The total number of locks required for the 
project as designed is 27 for the Lake St. Louis 
route, and 26 if the Riviere des Prairies branch 
behind Montreal is utilised. As stated above, 
these locks would have a width of 65 ft. and a 
clear length of 650 ft. between inside gates. 
Duplicate gates would be provided at each end, so 
that a clear length of 707 ft. would be avail- 
able by leaving the inner gates open. The 
Proposed locks vary in lift from 5 ft. to 50 ft. 





Considerable attention is paid in the report to the 
question of the high lifts proposed for some of 
these locks, and it is pointed out that they will be 
situated on safe and stable foundations, while in 
most cases granite will be available for building the 
hollow quoins and lining the sluiceways for the 


valves, operating under large heads, if it should be | 


found advisable. Special steel gates have been de- 
signed for all locks. There would be required 


forty-five dams in all in the canal proper—that is, | 
excluding those required for the formation of storage | 


reservoirs at the head waters of the Ottawa River. 
In most cases they would be of the ‘‘rock-fill” 
type, any leakage which is likely to take place with 
this type of dam being allowable in the circum- 
stances. Sluices would, in general, be of the ‘‘stop- 
log” pattern, but in some few cases, where speed of 
operation is necessary, ‘‘ Stoney” sluices are re- 
commended. In practically all cases regulating- 
dams containing sluices would be situated on solid 
rock foundations. There are at the present time 
thirteen road and railway bridges along the line of 
the proposed waterway, and it is intended that 
these shall be replaced by bascule bridges, either of 
the single or double-leaf type, depending on the 
local conditions. 

The report lays considerable stress on the neces- 
sity for the Canadian Government taking some 
steps in connection with the various water-powers 
which exist along the route of the canal. It is 
pointed out that any rights in this connection 
which may be granted, or have been granted in the 
past, may interpose obstacles, financial or other- 
wise, if the construction is undertaken. If the 
canal was made, such powers would only be avail- 
able along the routes of the French and Ottawa 
rivers, as on the Mattawa section the whole of the 
supply available would be required for lockages. 
In the case of most of the locks, proposals are made 
for hydraulic installations for the purposes of light- 
ing, working gates, &c. In some cases, however, 
gas-producer plant is proposed. 

The cutting of the canal would interfere to some 
extent with the lumber trade, which is the most 
important industry at present existing in the greater 
part of the territory through which the canal would 
run. The Ottawa is the great lumbering river of 
the region, and, as the business is at present carried 
on, logs are floated down from the upper reaches 
and tributaries in large quantities to mills at 
Ottawa, Arnprior, Rockland, and other towns. With 
the construction of the canal it would, of course, not 
be possible to allow loose logs to be drifted down 
the channel, and some form of rafting would have to 
be introduced. With increase in the traffic of the 
canal, however, even rafting would not be allowable, 
owing to the delays that would arise at the locks, 
and as a result some decentralisation of the lumber 
interests as they now exist would be necessary. 
Mills would have to be built and maintained on 


the various tributaries, so that the logs could be | 


dealt with without entering the line of the canal at 
all, the sawn timber afterwards being loaded on to 
cars or steamers for transport. This would pos- 
sibly lead to some increase in cost of manufacture, 


| by Professor Rateau, and by Mr. Zoelly was to more 
or less minutely subdivide the total head between a 
number of turbines placed in series on the same 
shaft. The plan followed, in short, was equivalent 
to the placing of a number of turbines, one below the 
other, on a very high fall of water, each turbine 
making use of the tail-water of its predecessor. By 
thus subdividing the total head between a number 
of turbines, the velocity of the steam into each was 
kept at a moderate figure, so that a reasonable tur- 
bine efticiency was obtained with bucket speeds not 
exceeding some 350 ft. to 400 ft. per second. The 
reduction in the velocity of the steam which can 
thus be effected is proportional to the square 
| root of the number of separate turbines, so that if 
| very low bucket speeds are required, the over-all 
length and the total weight of the aggregate of the 
| turbines becomes very great. Another method of 
|combining a low bucket speed with a reasonable 
| turbine efficiency was proposed many years ago. 
| On this plan, the steam issuing from a nozzle, with 
| the velocity corresponding to the total available 
head, — without further change of pressure 
through a series of fixed and moving buckets. In 
| other words, no attempt is made to abstract, the 
|whole momentum of the steam jet in a single 
|set of moving buckets; but the steam leaving a 
| first row of moving buckets with a large remanent 
| energy is deflected on to a second wheel by a 
set of fixed buckets, and to this second wheel it 
delivers up most of the energy carried over from 
the first wheel. With this system of ‘‘ velocity” 
compounding the reduction of bucket speed is 
directly proportional to the number of velocity 
stages. if a very great reduction in the bucket 
speed is needed, a third, or even a fourth, set of 
wheels may be employed ; but the possible efficiency 
of the system diminishes rapidly with an increase 
in the number of wheels per stage. With two sets 
of moving wheels the best ratio of bucket speed to 
steam speed is found to be about 0.22, though were 
frictional losses negligible it would be a little 
higher. The —- application of this system 
is mainly attributable to Mr. Curtiss. 

In 1902 the Allgemeine Electricitats Gesell- 
schaft, with characteristic thoroughness, began to 
investigate experimentally the possibilities of the 
same idea, and, having combined forces with 
Mr. Curtiss, the firm succeeded in obtaining with 
the system a very remarkable steam economy. 
This successful result is, perhaps, in the main 
attributable to the company’s pioneer work with 
the Riedler-Stumpf turbine, which, whatever its 
| failings, showed at least the possibility of working 
safely with large wheels running at very high bucket 
speeds. As usually built, velocity-compounded 
turbines have commonly had bucket speeds of some 
400 ft. to 450 ft. per second. If constructed in 
two stages, however, this figure, with the usual 
boiler and condenser pressures, corresponds to a 
ratio of bucket speed to steam speed of but 0.14 to 
0.15, in place of nearly 0.25, which, in the absence 
of friction losses, would be the best ratio with two 
| wheels per stage. 

By judicious selection of materials, careful design, 





| 





but it is suggested that there would, on the whole, |and good workmanship, the A.E.G. have managed 
be a saving, as the present large percentage of loss|to work successfully with bucket speeds exceed- 
of logs in transit would be eliminated. In connec- | ing 600 ft. per second, which is very nearly that 
tion with this matter, the question of the denuda- | corresponding to the maximum efficiency for a two- 
tion of the forest areas, as it affects the regularity | stage, and two wheels per stage, turbine working 
of the supply from the water-sheds, must not be | between 200 lb. at the admission valve and a 





lost sight of, and it is suggested that a scheme of 
regulation and reafforestation should be undertaken. 








THE A.E.G. STEAM-TURBINE. 

THrovueH the courtesy of the builders, we have 
already been able to illustrate in ENGINEERING 
details illustrating the construction of a number of 
different makes of steam-turbine, and we are now 
indebted to the Allgemeine Electricitiits Gesell- 
schaft for similar particulars as to another type of 
turbine which they have developed as the result of 
investigations commenced in 1902.° Though of 
such relatively recent origin, the A.E.G. steam- 
turbines have attained a widespread popularity 
on the Continent, and the data published will, 
accordingly, be studied with much interest. Stated 
briefly, the problem to be solved was that of con- 
structing, without too great a sacrifice of efficiency, 
a turbine in which the bucket speed is moderate, 
although the velocity of a steam-jet having a kinetic 
energy equivalent to the heat available in the ordi- 
nary conditions of steam-engine practice is exces- 
sively high. The solution adopted by Mr. Parsons, 





/vacuum of 28} in. By adopting these high bucket 
| speeds they have accordin ty succeeded in obtain- 
ing, with a turbine Rivchae Ub two pressure stages 
| and two wheels per stage, a steam consumption but 
| little greater than the best recorded with the most 
efficient of the multi-stage turbines. 

This noteworthy machine is represented in sec- 
tion in Fig. 1 of Plate XLVIII. This section, it 
should be noted in passing, is a bastard one, the 
steam-inlet valves shown at the bottom being really 
at the side, as will be seen in Fig. 12. 

As shown, the turbine consists of a chamber 
divided into two by an intermediate diaphragm, 
and closed at the front end. by a cover, to which 
are secured the high-pressure nozzle plate and 
the steam-admission valves. The main chamber is 
made in halves, which are brought together to form 


‘a horizontal joint, thus admitting of the diaphragms 


being easily fixed in place. The cover is in one 
iece, and is a steel casting, the rest of the casing 
ing of cast iron. , 
The construction of the revolving wheels is well 
shown in Fig. 1, whilst further details to an en- 


_larged scale are represented in Figs. 2and 5. Each 
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2000-KILOWATT VELOCITY-COMPOUNDED STEAM- TURBINE. 
CONSTRUCTED BY THE ALLGEMEINE ELECTRICITATS GESELLSCHAFT, BERLIN. 
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is a solid disc of forged steel, thickened at the 
centre, where the stresses due to the centrifugal 
forces are a maximum, and kept as light as ible 
towards the rim, in which locality material adds 
little to the strength, and much to the forces tend- 
ing to disruption. 

The hub is bored conical to a taper of 6 per cent., 
and between it and the shaft a conical bushing of 
bronze is provided, which can be tightened up by 
an end nut, as indicated in Fig. 1. The bush is, 
moreover, slotted to take a steel key, through 
which the drive is transmitted. This key, as indi- 
cated in Fig. 5, extends through the bush into the 
shaft below and into the hub of the wheel above. 
The }-in. tapped hole, shown in the boss (Fig. 2), 








is intended to take an eye-bolt should it become 
necessary to remove the wheel from its seat. 

The buckets are of bronze, or of a special make 
of nickel steel. They are drawn to the forms 
indicated in Fig. 4. After cutting to length, they 
are shaped to fit the double dovetailed grooves 
shown in Fig. 3, and are finally secured in place by 
caulking in between them spacers of soft brass. 
The fixed buckets are placed, of course, between 
the two moving rows, as indicated by the dotted 
lines, and are mounted on special plates, bolted to 
the casing. 

The nozzles are either of bronze or of a special 


Fig. 27. P 
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fitted close together. When of cast iron the 
nozzles are cast in one piece with the nozzle-plate. 
The nozzles extend all round the wheel in the 
case of the low-pressure section, but over about one- 
eighth of the circumference only in the case of the 
high-pressure end. In order to prevent any possi- 
bility of a difference in steam pressure being estab- 
lished between opposite sides of the low-pressure 
wheel, a special port, shown in the upper hal! of 








grade of cast iron. In the former case they have a 
rectangular section at end, allowing them to be 


the intermediate a is provided, as shown 
in Fig. 1. This establishes a free communication 
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CONSTRUCTED BY 


MESSRS, 


PERMANENT-WAY 
JOHN H. WILSON AND CO., LIMITED, 
(For Description, see Page 642.) 


STEAM-CRANE. 
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between the steam on opposite sides of the wheel, 
and allows any minute disturbance of equilibrium, 
which may conceivably arise through a sudden 
change in the load and consequent cutting-off of the 
steam supply, to be equalised, without necessitating 
a flow of the steam radially across the clearance 
space, Quite a small pressure difference between 
the two sides of the wheel might overload the 
thrust-block, but the provision of this equili- 
brating port prevents any possibility of such a 





State of affairs. 
I'he high-pressure nozzles take their supply from 

& steam-chest bolted to the end cover of the tur- 
bine Single nozzles or groups of nozzles are fitted 
with an independent cut-off valve, as indicated in 
Figs. 1l and 12. The valve spindles are ground to 
gauge, and work in long sleeves, which are practi- 
cally steam-tight. A cam-plate (see Fig. 11) is moved 
up ind down, as the load varies, by an oil-operated 
relay controlled by the governor. Pins borne by the 
outer ends of the valve stems engage with different 
portions of the cam-plate, and as the latter moves 
ep i down, the nozzles are cut in or out in succession 
e , jared. The position of the cam-plate is regu- 
= vy an overtaking motion of the usual type, 
a a ill _be readily understood on reference to 
+ ae The valve controlling the supply to the 
woes hamber is operated by a lever, one end of 
_— ™ — up by the governor, and the other end 
~ rm the cam-plate stem. Should the governor 


ie lever moving up opens the valve, and a 








supply of oil under pressure is admitted to the top 
of the relay cylinder, whilst at the same time the 
lower side of the piston is opened to exhaust. 
The cam-plate accordingly moves down, and in 
doing so carries with it the floating lever and 
closes the valve again, thus cutting off the top of 
the relay cylinder to pressure, and the underside to 
exhaust. 

Some details of the nozzle-valve gear are shown to 
a larger scale in Figs. 6 to 9, and sections through 
the relay cylinder in Figs. 13 to 15. The spring 
represented in Figs. 13 and 14 ensures that the 
piston shall be raised when the oil pressure is off, 
as it is in starting up the turbine. 

The governor spindle is driven by spiral gears 
from the turbine spindle in the usual way. A 


small thrust-block, fitted with forced lubrication, | 
and water-cooled externally, is arranged at the end | 


of the turbine-spindle, as indicated in Fig. 1, and 
maintains the desired clearances between the nozzles 


and the moving buckets. These two parts, being | 


subject to wear, are made easily accessible for 
replacement by being mounted at the end of the 
shaft outside the main bearing. 

Figs. 17 to 20 show details of the governor stan- 
dard, and will be readily intelligible by reference 
to the key-plans given in Fig. 16. The stan- 
dard is bolted direct to the outside of the end 
bearing, both being fitted on the main end cover, as 
shown in Fig. 1. A cover, best seen in Fig. 18, per- 


mits of ready inspection of the gears when desired. | 














Forced lubrication is provided for these and for 
the various bearings, the spent oil being collected 
and passed through a cooler before it is returned 
again to the bearings. The oil-circulating pump is 
of the gear-wheel type, and is arranged at the 
bottom of the governor standard, being driven from 
the foot of the governor-spindle. Sections through 
the upper bearing of the spindle are represented 
in Figs. 19 and 20. 

The flange shown to the left in these figures takes 
the tacheometer, which is driven by the bevels, as 
indicated in Fig. 20. The valve which controls the 
supply of pressure oil to the relay-cylinder is bolted 
to the top of the standard, as best seen in Fig. 12. 
The oil exhausted from this cylinder is caught hy 
the annular catcher, shown in Fig. 20, and falls 
down to the bottom of the standard, whence it 
passes again into the oil-pump. 

Sections through the plummer-blocks at each end 
of the turbine are represented in Figs. 21 to 28, 
page 640. The brasses are, however, missing, but 
are shown in place in the main section (Fig. 1), The 
bearing surface is of white metal, oil under pressure 
being supplied both at the top and the bottom of 
the bearing, through which it flows axially, and, 
escaping over the ends, is caught in the chamber 
provided at the base of the plummer-block, and 
returned to the oil-pump. A further efficient 
means for the lubrication is attained by the circula- 
tion of the oil under pressure through a system of 
ring grooving cut on the outer surface of the 
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brasses, as seen in Fig. 1. In this way the oil is 
thinned before being passed to the inner surface to 
be lubricated. The turbine glands are made in 
halves, and are shown in detail in Figs. 29 to 31, 
Fig. 32 being a key-plan. The packing material 
in the turbine illustrated is carbon, which requires 
no lubrication, so that no oil enters the condenser 
to be carried into the boiler with the feed. But in 
other cases the A.E.G. also use packings of the 
labyrinth type. 








WOODWORKING MACHINES AT THE 
BRUSSELS EXHIBITION. 

Messrs. Tuomas Ropinson AND Son, LimirTeD, 
Rochdale, have exhibited at Brussels a very ——-- 
hensive set of their woodworking machinery. We 
illustrate in Figs. 1 and 2 on pages 636 and 637 
two of the machines at their stand. Fig. 1 shows 
their horizontal log band-mill, for sawing logs of any 
size up to 36 in. square, or 48 in. in diameter. 
No mechanical parts are located below the floor, 
and no deep foundations are required. The new 
design selected for the pillars, the screws being 
placed inside the latter, has made it possible to reduce 
the distance between the two saw-pulleys to a mini- 
mum, thus shortening the saw considerably. The 
arrangement leads to increased accuracy in the saw- 
ing. The vertical guides for the cross-rail carrying 
the band-saw pulleys are provided with loose slips to 
take upany wear that may occur on the vertical slides. 
The method of carrying the bearings for the movable 
saw-pulley is shown in Fig. 1. e cross-rail is ex- 
tended to underneath the , these being sup- 
ported on flat slides. This arrangement entirely over- 
comes the binding action experienced with overhang 
bearings carried on circular rams, and gives a greater 
freedom of movement for the tensioning apparatus. 
It enables saws of very thin gauge to be used, resulting 
in a minimum of saw kerf. The elevating screws for the 
cross-rail are protected in recesses in the upright slides, 
and the maximum size of log that can be cut is only 
limited by the distance between the planed slides of the 
upright pillars. The arrangement for canting the 
movable saw-pulley to adjust the saw is quite inde- 
pendent of the horizontal tensioning movement. The 
raising and lowering-screws are suspended from the 
top rail and are thus in tension. Ball-thrust washers are 
provided at the top of the screws to take the weight of 
the cross-rail. The advantages of both weight and 
spring are combined for giving tension to the band- 
saw. The spring is interposed between the pulley and 
the weight, the latter acting through the spring, the 
combination giving a known tension (due to the a 
and an instantaneous action (due to the spring). This 
saw-adjusting device is most sensitive, and can be set 
to give a suitable amount of tension for saws of different 
gauges by moving the weight. Any variation due to 
the expansion and contraction of the saw blade whilst 
working is instantly and automatically taken up. 
The centres of the saw-pulleys can be altered to 
suit different lengths of Blade, a large handwheel 
being provided, on which the direction of movement 
is indicated. The feed to the log carriage is started, 
stopped, or reversed at a high speed by a single lever. 
A single lever also raises or lowers the cross-rail and 
saw pulleys ; the position of the saw above the table 
is shown on a revolving graduated scale. A separate 
adjustable scale is provided to gauge the exact depth 
of board to be cut. The log carriage runs on planed 
rails fixed to the base of the machine, at the point of 
cutting. It is built of steel girders connected at 
intervals by cross ties, to which the central feed-rack 
is attached. Movable dogs are fitted within the cross 
ties. 

We illustrate in Fig. 2, on page 637, a large planing 
and matching-machine, also exhibited by Messrs. 
Robinson ; this has been designed for planing mills 
where a large output, combined with perfect accuracy, 
is required. The machine is built for planing both 
hard and soft woods, as used in railway carriage and 
wagon works and ship-yards. The fesk-quar consists 
of six powerful rollers, driven with machine-cut 
gearing, the lift of each roller being independent. A 
heavy steel chain, running in an enclosed oil-bath, 
connects the feeding-in and tailing-out rolls, and does 
away with the usual train of gears. The feeding-in 
and tailing-out rolls are raised and lowered by inde- 
pendent hand-wheels at the side of the machine, to 
suit different thicknesses of timber. The top and 
bottom spindles are each double-belted, and run in 
long, gun-metal, self-oiling bearings. The driving- 
pulleys are grooved on the faces to give better belt 
control. The adjustable table in front of the bottom 
cutter-block is made to rise and fall, enabling cuts up 
to gin. to be taken without stopping the feed ; the 
bottom feed-rolls rise or fall with this table. The 
pressure over the bottom block is sectional, and is 

to hold twisted timber firmly down to the 

bed. The bottom block draws out by quick screw for 
iving access to the knives; it has vertical and 

evelling adjustments, and is securely locked when in 





position. The top cutter-block has an adjustable 
steel chip-breaker, arran to fall away from the 
knives as the depth of cut increases. The cutter spindle 
is easily raised and lowered from the side of the 
machine, the weight being taken on ball thrust-bear- 
ings. The side spindles run in large gun-metal self- 
oiling bearings, and rest on heavy footsteps. A special 
device has been fitted whereby the spindles have a 
vertical micrometer adjustment to alter the position 
of the tongue and groove when er flooring, this 
being effected without stopping the feed. Both side- 
enn are enclosed in cast-iron hoods, which enables 
an exhaust for the chippings to be easily connected up. 
The chip-breaker is made up of sectional steel-shod 
shoes. 

Messrs. Robinson’s most interesting display also 
contains the following machines :— 

A universal wood-worker, a very compact machine 
capable of a great variety of operations. It performs 
sawing, planing, surfacing, rabbeting, chamfering, stop- 
chamfering, tonguing, grooving, beading, straight 
moulding, thicknessing, tenoning, slot-mortising, and 
boring. 

A Croaptaitte saw-bench for dimension sawing, 
a aaren. | designed for all kinds of accurate sawing as 
required in pattern-making, cabinet-making, and fine 
joinery. It will cut compound angles, rough-out core- 
om do ripping and cross-cutting, grooving, mitering, 
and bevelling. 

A mit hollow-chisel mortising-machine, with 
variable stroke, built for all kinds of heavy mortising, 
recessing, blind mortising and tenoning, as requi 

in railway-carriage and pg aoa, a The work is 
performed by means of a square hollow chisel with 
a special auger revolving inside it. Mortises of any 
length are formed by the cutting of a succession of 
square holes. 

A horizontal mortising-machine with square hollow 
chisel. This machine is built for railway-carriage 
and wagon building; also for cabinet-making and 
joinery. It is specially adapted for cutting blind 
mortises, and square holes. The work in this machine 
is also performed by means of a square hollow chisel 
with a special auger revolving inside it. The chisel 
and auger are mounted on a horizontal sliding-head, 
which is traversed in a forward direction up to 
the timber, and after the hole is cut is quickly re- 
versed. 

A 30 in. band-sawing machine, for all kinds of 
curved cutting, such as is used in pattern-making, 
cabinet-making, and light joinery. ‘The saw-pulleys 
are 30 in. in diameter, and are covered with india- 
rubber to avoid injury to the saw-teeth. The top 
pulley is mounted on a shaft running in two ring- 
oiling self-aligning gun-metal bearings, carried on a 
vertical slide and balanced with a spring, to allow for 
the expansion and contraction of the saw whilst work- 
ing. It can also be quickly canted for correcting the 
position of the saw-blade on the pulley. The lower 
pulley-shaft runs in long gun-metal bearings, which 
are ring-oiling and self-aligning. The table is arranged 
to cant for bevel ers. 

A panel-planing and thicknessing machine for joiners, 
cabinet-makers, and box-makers, for planing and 
thicknessing boards or panels. The timber is fed into 
the machine by means of rollers placed in front of and 
behind the cutter-block, the two top rollers being 
driven by machine-cut gearing suitably enclosed. 

A combined hand and power-feed planing-machine, 
which combines all the advantages of an ordinar 
hand-feed planer for surfacing, planing out of wind, 
jointing, bevelling, trying-up, rabbeting, and cham- 
fering ; it also has the necessary power-driven feed- 
gear, and an entirely independent table for planing 
to thickness. 





20-TON STEAM BREAKDOWN CRANE. 

THE illustration on page 641 shows a 20-ton steam 
breakdown crane recent a constructed for a foreign 
railway by Messrs. John H. Wilson and Co., Limited, 
of Birkenhead. The crane is specially built for coupling 
up to railway rolling-stock and travelling with fast 
trains, and is fitted with vacuum and hand-brakes. 
The jib is arranged to lower, so that it can be secured 
to a guard-truck when travelling. The wheels, 
buffers, axle-boxes, and draw-gear are made to the 
railway company’s rolling-stock standards. The car- 
riage has ten running-wheels ; six of these are rigid, 
the remainder being arranged in a four-wheel bogie. 
The crane is designed so as to distribute the weight 
as equally as possible on all axles. Arrangement is 
made for relieving the springs from the load when 
the crane is at work, and also for the purpose of lock- 
ing the superstructure in position when it is travelling 
with a train. The carriage, the side-frames of the 
superstructure, and the jib, are all made of steel plates 
and angles. The gearing and roller path are of cast 
steel. A special feature of the crane is the arrange- 
ment of the working levers, which permits the driver 
to stand on the left-hand front side of the foot- 
plate, near the foot of the jib, so that he can get a 
clear view of the lifting work that is in progress, 





Steam-worked motions are fitted for lifting and lower. 
ing revolving, jib-adjusting, and travelling. 
he main particulars of the crane are as follow 
It will lift 25 tons at 16 ft. radius, the height from 
rail-level to the jib-head pulley being 25 ft. ; 
tons at 20 ft. radius, the height from rail-level to ji 
head pulley being 23 ft. The speed of lifting for ju] 
load is 20 ft. per minute, and for light loads 80 ft. yer 
minute. The slewing speed is one revolution jer 
minute, and the travelling s 200 . ft. per minute 
The maximum loads are lifted with the crane blocked 
up on outriggers. The main dimensions are :— 
Gauge of rails... om a 4 ft. 84 in. 
ee. a Dott 
Boiler Pe ce ... 4ft. 6m. indiameter 
and 8 ft. high. 
100 Ib. per sq. in. 
. 9 in. in diameter by 
10in stroke, ~ 
58 tons, 


123 ,, 


the 
and 20 
ib 
il 


Working pressure ... 
Engine cylinders 


Total weight of crane... = 
Maximum load on each axle when 
in running order = 








THE SETTING OF PORTLAND CEMENT. 
To THE EprtorR oF ENGINEERING. 

Sir,—In your issue of April 15 you published a letter 
from me pointing out the exact amount of lime that there 
should be in Portland cement. 

Tf, therefore, rotary kiln cement cannot be made with- 
out a large excess of lime, the rotary kilns have caused 
a retrograde movement in the cement manufacture, 
and the sooner they are discarded for the old-fashioned 
kilns the better. In the latter kilns cements are now 
being made and supplied of almost perfect chemical com- 
position, with corresponding mechanical strength, a 
sample of which recently delivered contained 87.5 per 
cent. of true cementitious matter. Briquettes of this 
sample broken at seven days gave an average tensile test 
of 623 1b. per square inch, and after being thoroughly 
air-dried, and then dried at 212 deg. Fahr. and 600 deg. 
Fahr., gave the following quantities of water of crystalli- 
sation: At 212 deg. Fahr., 4.4 r cent. ; at 600 deg. 
Fahr., 5.75 per cent.; a total of 10.15 per cent. The 
briquettes broken at 28 days gave an average tensile 
test of 672 lb. per square inch, and after being thoroughly 
air-dried lost, when dried at 212 and 600 deg. Fahr., the 
following : 5 per cent. and 5.75 per cent. ; total, 10.75 per 
cent. Briquettes of same, broken at twelve weeks, gave 
an average tensile test of 680 lb.,.and, after being dried 
in the air until they lost no more weight, were dried at 
212 deg. Fahr. and 600 deg. Fahr., and lost 5.2 and 5.5 per 
cent., total 10.7 per cent.—practically the same as at 
28 days. True cementitious matter would therefore, if it 
could be obtained free from extraneous matter in the 
cement, probably crystallise with 13 to 14 per cent. of 
water, according to the length of time kept in water. 

It is clear that a cement of this composition is worth 
considerably more per ton than one containing 65 per 
cent. of lime, as the former gives 87.5 per cent. of true 
cementitious matter, and the latter only 76 per cent., a 
difference of over 11 per cent. Thus a cargo of 500 tons 
of the former contains as much real] cement as 560 tons of 
the latter. 

In my paper of November 17, 1891, read before the 
Institution of Civil Engineers, and published in their 
Proceedings, vol. cvii., page 3, I gave particulars of ex- 
periments with blocks of concrete, which will bear re- 
stating here, inasmuch as the experiments already de- 
scribed, show what actually took ian in those blocks :— 
‘* Two years ago the author made experiments with blocks 
of concrete in the proportion of 4 parts of shingle, 2 of 
sand, and 1 of.cement. The cement was new, with a 
specific gravity of 3.1, and was composed as follows :— 

Silica ... ve _ Ses 23.32 
Alumina and oxide of iron 12.13 
Lime ... : a ae 61.56 
Magnesia... 1.07 
Sulphuric acid 1,28 
Carbonic acid £ sep 0.30 
Organic matter and loss ... 0.34 


100.00 


Three sets of blocks were made in duplicate, and in 
each pair there was exactly the same proportion of every 
i ient, with some water. The first pair was mixed 
with the full quantity of water the cement would take up, 
which proved to be 101b. for each block. The second 
was mixed with only 74 lb., or three-fourths the full 
quantity. The third pair was mixed with 5 lb. of water, 
or half the full quantity. After standing for a fortnight, 
one of each of these pairs was placed on a sea-wall, and 
covered and uncovered by each tide. They stood there 
twelve months, and at the end of that time were 
brought on land and carefully broken through the middle. 
The results were as follow :—No. 1, with the full quan- 
tity of water (10 Ib.), was very hard and_perfectl 
sound, and dry quite through to the surface; No. 2, wit 
three-quarters of the full quantity of water (74 1b.), was 
dry in the middle, but on every side the water ha: pene- 
trated about 3 in., and much weakened the block ; 
No. 3, with half the full quantity of -water (5 1b.), 
was wet quite through, and was very easily broken ups 
the water having n able to percolate completely 
through the block, and dissolve much of the lime. = 
fellow pair of each of these was placed in fresh water, an! 
remained the same time, with exactly similar results as 
to penetration of water and strength of blocks; os 
in each of these cases, however, another resul' -—_ 
be observed. In the case of No. 1, with the fu 
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quantity of water ag Ib.), the water in which it stood 
remained clear. In the case of No. 2, with three- 
quarters of the full quantity (74 1b.), the water in which 
it stood me milky and turbid, from the formation of 
carbonate of lime. In the case of No. 3, with half the 
full quantity of water (51b.), the water became quite 
white, and at the end of twelve months the whole block 
was covered with crystals of carbonate of lime } in. to 4 in. 
in thickness. The lime been gradually dissolved and 
crystallised on the surface in the form of carbonate of 
lime. Similar blocks subsequently exposed in the sea- 
wall for nearly three years gave the same results. 

In making other tests recently, 5184 cubic inches of 
shingle, 2592 cubic inches of sharp sand, and 1296 cubic 
inches of cement, measured séparately, were mixed with 
30 lb. of water and put into a box 18 in. cube, completely 
filling it, without any residue. Exactly the same quanti- 
ties of shingle, sand, and cement were then mixed with 
151b. of water, with the result that a box of the same dimen- 
sions could only hold seven-eighths of the mixture. This 
showsthat, when mixed with insufficient water, theconcrete 
occupied one-eighth more space than when mixed with the 
full quantity of water it can takeup. Therefore there were 
air-spaces in the latter block equal to one-eighth of its bulk 
more thanin the first block, which; when placed under water, 
would allow water to percolate into and through it. Con- 
crete also made with cement a month old, and mixed with 
a full quantity of water, expandsand fills its allotted s ‘ 
in the same manner as ice and type-metal ; but with old 
cement this isnot the case. These experiments show that 
the quantity of water used in mixing is very important ; 
and, in fact, on this depends, to a great extent, the dif- 
ference between getting good and bad concrete from the 
same cement. In the case of the fellow-block on the sea- 
wall, no crystals were formed, because the lime was washed 
away as soon as it was dissolved. The author’s expla- 
nation of the difference of the behaviour of blocks that 
merely varied from each other in the quantity of water 
used, all the other ingredients being the same, and in the 
same quantities, is the following :—The setting of Port- 
land cement is due to the combination of the cement with 
water, to form a definite chemical combination. This, with 
a sufficient quantity of water, makes a hard, impervious 
compound, which is not liable to deterioration; whereas, 
if an insufficient quantity of water is used, it setsin but an 
incomplete manner. In this condition it is not im- 

rvious to water, and is very liable to become weakened 
by frost, and by the action of water in motion ; and this 
is the cause of the milky fluids and sediments formed so 
frequently in concrete works. The lime gradually dis- 
solves, forming, in the case of fresh water, carbonate of 
lime, and, in the case of sea-water, the solution of lime 
decomposes the salts of magnesia in the sea-water, and 
the deposits contain carbonate of lime and magnesia in 
varying proportions. Again, when the quantity of 
water used in mixing concrete is not sufficient to ensure 
proper crystallisation, the finer portion may take its full 
quantity of water, leaving the remainder to take up 
more water on the first opportunity, which, if it happens 
after the concrete has once set, causes internal expansion 
and disruption of the mass, or blowing on a large scale. 

Frequently, with the object of making concrete extra 
strong, it is mixed comparatively dry, and then astonish- 
ment is felt when the work fails. A full quantity of 
water isan absolute necessity; but, on the other hand, 
the cement must not be drowned in water, which would 
separate the particles, washing away some, and prevent- 
ing setting altogether. My recent experiments show 
what actually did take place in the blocks of concrete 
first mentioned. Each block contained 50 lb. of cement, 
which, according to the analysis, contained 9 per cent. of 
free or uncombined lime, or 44 lb. in the 50 lb., which, 
when gauged with water, would immediately combine 
chemically with about 1.5 1b. of water to form calcium 
hydrate. The cement also contained 82 per cent. of 
true cementitious matter, or 41 Ib. in the 50 1b. of cement ; 
this would crystallise with about 4 Ib. to 5 Ib. of water, 
leaving 35 Ib. to 41b. of water to wet and keep moist the 
other ingredients of the concrete, thus giving the cemen- 
titious matter time to crystallise. In the case of the 
block gauged with 7$1b. of water the lime would still 


require about 14 lb. of water to form calcium hydrate, and 
the cementitious matter about 4 lb. to 5 Ib., leaving only 
1 lb. to 1.5 Ib. of water to keep the block moist durin 


crystallisation. In the case of the block gauged wit 
5 lb. of water the lime would immediately take about 
1} 1b, of water to form calcium hydrate, leaving only 
3$ lb. of water to crystallise with the cementitious 
matter, which requires for this purpose about 5 lb., 
there being in this case, therefore, not sufficient water to 
satisfy the free lime and cementitious matter, leaving 
none to keep the block moist. 

The introduction of rotary kiln cement, besides leadin, 
to a great excess of lime in the cement, greatly inaeneel 
the quickness of setting. In fact, most of the cement 
— in - rotary kilns =e instantaneous or flash 
setting, rendering it impossible to gauge it or proper] 
mix it with water, being tm this conten pester wae 
less. it was in endeavouring to find a remedy for this 
quick setting that I made numerous experiments, the 
results of which proves that it is possible so to add water | 
in the form of a fine spray to freshly finely-ground cement 
that it would not combine with the cement, but remain 


im a cormant or molecular state and prevent the flash- 
Setting when the cement is gauged with water. The 
cement hus treated remained in the same condition when 
kept in bulk for years, the only difference being that the 
expr portions of the cement became slightly slower 
Settinc. Theextraordinary part was how @ quantity 


of water could effect this purpose. For instance, the addi- 
hon of 0.50 per cent. of water so added was sufficient to 
convert the flash-setting cement to a cement having an 
initial set of about 5 minutes, the addition of 0.50 per 


cent. of water retarding the initial set to 10 minutes, 
an addition of 0.7 per cent. retarding the initial set to 
nearly two hours, and so on, the greater the quantity of 
water so added the slower the setting time; full par- 
ticulars were given in my patent No. 23,450, 1906. That the 
water so added remained in a dormant state uncombined 
with the cement is proved by the fact that if equal quanti- 
ties of cement, one containing 0.3 per cent. of water and 
the other 0.5 percent. of water, be carefully mixed together, 
even after being prepared for years, will yield a cement 
intermediate in setting between the two cements. Thus, 
if the initial setting time of the one is 5 minutes, and 
the other 10 minutes, the initial setting time of the mix- 
ture will be very closely 74 minutes. The same thing 
took place when equal weights of cement with 0.5 and 0.7 
per cent. of water were mixed, the initial setting time of 
the mixture being intermediate between the two. 

It is absurd to attempt to prove the existence of 

tricalcic silicate in the cement by fusing or clinkering in 
a crucible or small furnace a mixture of lime or chalk 
and silica in the proportion required by tricalcic silicate, 
if such a os existed. For if the clinker or fused 
material thus obtained were finely powdered and mixed 
with water, it would resolve itself intoa more staple form 
of silicate of lime, the excess of lime remaining as calcium 
hydrate. 
_ Nowas to testing of cement for expansion during setting, 
it certainly cannot be contended that a gues cement does 
not expand in setting, for if not it could not fill up the 
apa intended for it; and what would be the effect of 
this non-expansion on the concrete ? 

The above absorption and crystallisation of water in 
the cement given above means that a =e of the best 
cement, weighing about 200 lb., will absorb and render 
solid in the form of water of crystallisation 21 Ib. to 22 lb. 
of water (over 2 gallons) or rather more than one-third of 
the bulk of the cement; this must, of course, cause con- 
siderable expansion, with elimination of the heat of 
liquefaction present in the water. But as this process 
of crystallisation takes place so slowly, the heat is not 
evident to the thermometer. As to what is called the 
‘boiling test” for soundness of cement, I do not think it 
is fair to submit any cement to this test before it has 
thoroughly set and finished crystallising. The usual test 
for this is the Le Chatelier, in which the cement has started 
to set and crystallise for twenty-four hours, and while it 
is still in the act of crystallising it is submitted to boiling. 
Now the better the cement the less likely is it to stand 
this test without this expansion, and a test which will 
thus condemn the best cement is not only useless, but 
mischievous, as it would cause t trouble and expense 
to manufacturers and others. I have an opinion that if 
briquettes broken at seven, fourteen, and twenty-eight 
days speneey op boiled for six hours, that is all that is 
— for the boiling test. At these ~~ the cement 
will have thoroughly set and crystallised, and a good 
cement will remain perfectly sound, while the bad one will 
become thoroughly disintegrated. 

This test is usually carried out by apparatus designed 
by M. Le Chatelier, as follows:—A small split cylinder 
of spring brass or other suitable material, of determined 
diameter, to the end of which are attached two indi- 
cator needles of fixed length. Upon the opening of this 
cylinder due to expansion of the contained material the 
needles extend outwards from each other, and by recording 
the extent of the movement and by taking the relative dis- 
tances between the points of the needles before and after 
boiling, a comparative result can be obtained. The condi- 
tions of the test, as designed by Le Chatelier, stipulate that 
the gauged cement pr me a | in the oo after im- 
mersion in cold water for 24 hours shall remain in water 
which is brought gradually to the boiling point during a 
riod of 30 minutes, and kept boiling for six hours. The 
istance between the indicator needles is to be measured 
after immersion in water for twenty-four hours, and again 
after the boiling operation—the indicated difference being 
the expansion of the cement. The limit of expansion 
for a sound cement was fixed at 12 millimetres. This 
acts under the presumption that no expansion takes place 
within twenty-four hours in cold water, and the only 
expansion really measured is that which takes place during 
boiling. I have always looked upon this as an apparatus 
that is as likely to condemn a good cement as a one. 
Moreover, that it is possible by gauging the cement with 
different quantities of water to make this apparatus in 
one case condemn the cement as unsound, and in the 
other case pass the same cement as sound. And it 
takes no account of the expansion in the thickness of 
the cement, to prevent which no means are taken. My 
beep apg is that a cement that will go wrong in boiling 
will do so in the first hour completely. 

In order to enable engineers to make the calculations 
given in my former and present letters, it is neces- 
sary in the analysis of each cement that the alumina 
pf oxide of iron should be given separately, and not 
as alumina and oxide of iron, as is generally done. The 
carbonic anhydride also should be determined separately, 





| submitting the cement to a " I 
| putting down the loss of weight thus occasioned as carbonic 


| tities of either. Moreover, if the cement contains any 





which is easily done, and not by the slipshod method of 
heat in a crucible, and 


anhydride and water, which gives no idea of the quan- 


organic matter, as coal, some of the loss would be 
caused by the loss of oxygen, by the oxide of iron and 
sulphuric anhydride. 
‘o engineers who, in their specifications of Portlan 
: ime . 
——— —+—» 1 

cement, desire to use the formula gg 
may be interesting to know that cement of the pre-rotary 


to th See a 
age answered to the equation =< sunken 


old-fashioned kilns represents formula —... Lime __ 
3 Silica + Alumina 
=1.87. The formula Lime = 2.85 is only 


Silica + Alumina 
desired by manufacturers of much over-limed cement, 
and may, perhaps, be aptly termed “‘a terminological 
inexactitude.” 
Yours faithfully, 
Henry Ketway Bamper, F.I.C., 
Analytical and Consulting Chemist. 
Westminster Chambers, 9, Victoria-street, 8. W. 





‘“PROPORTIONS OF CHAIN-RINGS.” 
To THE EpiTor oF ENGINEERING. 

Sir,—In the article on the proportions of chain-rings, 
which appeared in your issue of May 6, it is stated that 
the question of the stresses in chain-rings has been 
al: y fully treated from a mathematical point of view. 
The investigation is readily made when the diameter d 
of the iron is small compared with the mean diameter D 
of the ring, and may be regarded as a thin elastic rod; 
the maximum bending moment on this assumption is 


expressed by ad > being obtained at the points of pull. 


I have not, however, seen any explanation of the | 
divergence between the theoretical deductions and the 
results of tests such as are recorded in the article (these 
being closely confirmed by some specified proof tests of 
chain-rings). From the theoretical formula the proof 
load W is equal to Zz . . J, where f is the elastic limit 


3 
of stress intensity; from the tests W = 18.7 D ; whence 


f should be equal to 30.3 tons per square inch. This 
excessive value does not appear to be due to the error in 
the assumption that D is negligible ; in the experiments 
this ratio varied between ;*, and oa ; and no corresponding 
and consistent variation of the coefficient m (= “) can 
be traced. The high value of f is probably due to “set” 
in the material at or near the proof load ; this would tend 
to equalise the stresses, and thereby to diminish their 
greatest values. Since, however, the apparent value of f 
1s here increased to more than twice the amount dedu 

from tensile tests, it would be interesting to know whether 
there are any corroborative data showing equaily large 
values of f obtained from the bending of bars under proof 

d. 


loa 
Yours tuty, 
. WooLLaRD. 


2, Kelvedon, High cteens, Sighaee, N., 
ay 17, . 





GERMAN SuBMARINES.—-In 1506 the German navy re- 
ceived its first submarine—the U 1—built in the Germania 

ards at Kiel. In 1908 it received the second, in the U 2, 

uilt at Dantzic. In 1909, it was further strengthened 
by the U3 and the U 4, also built at Dantzic. In 1910 
it will have the addition of a division of submarines 
Nos. 5 to 8. 


MANUFACTURE OF CHARCOAL BRIQUETTES IN THE East 
AFRICA PROTECTORATE. —In a recent bulletin of the 
Imperial Institute, allusion is made to a previous bulletin 
issued in 1909, where mention was made of a report on 
the forests of British East Africa, and it is suggested that 
the attention of manufacturers in the United Kingdom 
might with advantage be called to a proposal that has 
been made advocating the manufacture of charcoal 
briquettes from the trees of these forests. Such briquettes 
would, it is thought, have a very ready sale as fuel for 
the Uganda Railway and the steamboats on Lake Victoria 
Nyanza, and possibly as domestic fuel in Nairobi. It 
appears from the report that the forests extend along the 
railway, and it is thought that there could be a consider- 
able yield of charcoal from the available timber. The 
usual by-products would, of course, be made, such as 
wood spirit, creosote tar, acetic acid, &c., for some of 
which there would probably be a native market, while 
others would have to be exported. Any inquiries on the 
subject should, in the first instance, be addressed to the 
Director, Imperial Institute, London, 8.W. 








Gas-PRODUCERS AND INTERNAL-CoMBUSTION ENGINES. 
—In a paper recently read before the Scientific Society of 
the Glasgow Technical College, Mr. F. L. Maclaren 
described an interesting experiment by Mr. G. Tait, in 
which the necessary cooling of the furnace of a suction- 
producer was effected by carbonic acid instead of b 
water vapour. In a preliminary experiment in whic 
steam was into the producer in the ordinary way, 
a gas was obtained having a calorific value of 138 B.Th. U. 
r cubic foot. Supplied with this gas the engine deve- 
loped as a maximum 106 horse-power. With a view to 
eliminating hydrogen from the gas the water supply was 
stopped, and the gas then produced had a calorific value 
of 91 B.Th.U., and, used in this same engine, this gas 
developed 114 horse-power with ease until the fire in the 
roducer became overheated. To stop this overheating 
r. Tait then some of the exhaust from the engine 
under the fuel-bed of the producer, and at the same time, 
knowing the gas yielded would be free from hydrogen, 
raised the compression to 200 Ib. per square inch. With 
this arrangement the producer operated quite satisfac- 
torily, and the ay me with entire freedom from pre- 
ignition or back-firing, develo @ maximum of 126 
horse-power and ran under 110 horse-power continuously 





The good cement given above as now being made in the 


and with the greatest ease. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 11. 
The restriction of eure production, which, for 
the month of May, will probably amount to 25 per 
cent. decrease, as compared to March, is attracting 
much attention from the large buyers who usuall 
contract for supplies from three to six months ahead. 
The Carnegie Steel Company has closed 17 of its 53 
furnaces, and the National Tube Company has closed 
three. It is given out that the present curtailment 
will continue about six weeks, after which time the 
poms on a basis of 30,000,000 tons annually will 
ye resumed. A recent summary of the pig-iron stocks 
in the country placed the figures at 1,100,000 tons as 
against 600,000 tons on January 1, and 1,600,000 tons 
on July 1 last year. The fact that consumptive 
requirements have not been restricted indicates that 
the present surplus, should the curtailment become 
general, will soon be used up. The pig-iron situa- 
tion will be maintained so far as firmness of _— 
is concerned. The centralised management of our 
iron and steel industries makes over-production, or 
accumulation of stocks, practically impossible. The 
larger consumers will be deprived of any excuse 
through the anticipation of lower prices from buying, 
as usual, for forward requirements. As there is no 
sign of curtailment of general demand, the customa 
heavy buying during June, or the rest of the year, will 
not be interrupted. There is some curtailment in the 
large merchant pipe-mills, as is shown by the action 
of the National ibe Company, in reducing its work- 
ing force 33 per cent. The mills in Ohio have also 
temporarily shut down. The large pipe trade for 
the production of pipe for oil and water - lines 
will not be seriously injured. Several extensive 
pipe-lines are to be built this year, one of the 
largest enterprises being a network of oil - lines 
in California amounting in all to 1800 miles. These 
various lines will extend from the oil-fields and will 
centre at Santa Maria Bay, on the California coast, 
which will be the great distributing centre. The re- 
quirements of this network are placed at 150,000 tons 
of pipe. In addition to this, West Virginia oil and 
as companies will lay 60 miles of pipe of large sizes. 
he latest pipe inquiry came a day or two ago from 
the Texas Oil Corporation for 8-in. pipe to construct 
a 90-mile line in Texas, the pipe being wanted for con- 
struction purposes during the coming summer. These 
demands will absorb all the available pipe iron and 
will call for continuous maximum output until the 
order is filled. 





Tue WairTrHaAveN Coiiiery DisasTteR.—We are in- 
formed by the Mining Engineering Company, Limited, 
Sheffield, that the only two men to enter the fumes after 
the accident were Messrs. Thorne and Littlewood, of 
their staff. Two firemen of Messrs. Armstrong’s Elswick 
Works were on the spot with a) atus, but they did 
not enter the fumes. Messrs. — and Littlewood 
entered these at a place 24 miles in-bye. 


Tue InstrtuTE oF Mrrats.—The annual May lecture 
of the Institute of Metals will, this year, be delivered by 
Professor Gowland, F.R.S., vice-president of the Insti- 
tute, who will take as his subject ‘‘ The Art of Working 
Metals in Japan.” The lecture will be given on Tues- 
day, May 24, at 8.30 p.m., at the Institution of Mecha- 
nical Engineers, Storey’s Gate, Westminster, S.W. 
Tickets admitting visitors may be had gratuitously on 
application to the secretary of the Institute, Mr. G. Shaw 
Scott, M.Sc., Caxton House, Westminster, 8S. W. 





INTERNATIONAL CONGRESS OF RADIOLOGY AND ELEo- 
rricity.—A considerable number of papers have already 
been promised for reading and discussion at the Congress 
on radiology and electricity, to be held at Brussels, on 
September 15, 16, and 17. The list of papers promised, 
and a revised programme of the subjects to be dealt with 
at the Congress, are now obtainable. Communications 
relating to the physical sections should be addressed to 
Professor Rutherford, or to Mr. W. Makower, Physical 
Laboratory, the University, Manchester, and communica- 
tions relating to the biological section to Dr. W. Deane 
Butcher, Holyrood, Ealing, London, W. Intending 
members should, however, communicate directly with the 

eneral secretary, Dr. J. Daniel, 1, Rue de la Prévété, 
russels, 

Tue Royat Instirution.—The lectures will be resumed 
on May 21 at three o’clock, when Professor Walter 
Raleigh delivers his first lecture on (1) ‘‘ Johnson With- 
out well;” on Tuesday, May 24, Professor Love 
begins a course of two lectures on ‘‘ Earth Tides,” the 
second to be delivered on Monday, May 30; and on 
Thursday, May 26, Dr. W. Rosenhain delivers the first, 
and on Wednesday, June 1, the second, of two lectures 
on “* Alloys ;” on Friday afternoons, May 27 and June 3, 
at three o'clock, Dr. D. 7 Scott will deliver the remain- 
ing two of his course of three lectures on ‘‘ The World of 
Plants Before the ae of Flowers.” The Friday 
evening discourse on May 27 will be delivered by Captain 
Robert F. Scott, on ‘‘ The Forthcoming Antarctic 
dition ;” on June 3 by the Right Hon. Sir Rennell d, 
on “ Renaissance Monuments in the Roman Churches, 
and Their Authors ;” and on June 10 by Dr. H. Des- 
landres, on ‘‘ The ive Disclosure of the Entire 


Atmosphere of the Sun * (in French). 





FRICTIONAL FOCUSSING GEAR FOR MICROSCOPES. 


CONSTRUCTED BY THE CAMBRIDGE SCIENTIFIC INSTRUMENT COMPANY, CAMBRIDGE. 
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For many years past a rack and pinion has consti- 
tuted the standard form of focussing gear as fitted 
to the telescopes of theodolites, levels, and also to 
microscopes. klash and lost motion have only been 
obviated by very careful workmanship, and although 
such gears are never in use for any prolonged time, 
there is nevertheless a liability for the original accu- 
racy of the gear to be lost by wear. On this page we 
illustrate a very simple frictional focussing gear, which 
has been introduced by the Cambridge Scientific In- 
strument Company, of Cambridge, and has been found 
to provide a very smooth and delicate means of ad- 
justment, the accuracy of which is permanently main- 
tained. The device, as shown in Fig. 1, consists simply 
of a hardened-steel rail secured to the barrel of the 
telescope. Against this rail a hardened-steel friction 
roller of the shape shown in Fig. 3 is pressed by a 
spring. : By means of a milled head this roller can be 
rotated as desired, and the frictional grip between 
it and the rail is sufficient to move the barrel of the 
telescope and thus rack the eye-piece in or out. 








CAREY’S VACUUM CLEANING AND 
DISINFECTING APPARATUS. 

A RATHER novel type of — vacuum cleaning 
apparatus has recentl n designed and constructed, 
and is now being placed on the market by Messrs. 
Barnard and Co., ‘Adelphi House, 71 and 72, Strand, 
W.C. It differs from other vacuum cleaners in that 
the nozzle which is applied to the floor or carpet 
is fixed on the box which contains the exhausting 
mechanism, the whole being carried on four rubber- 
tyred wheels, which, when they revolve as the 
apparatus is moved to-and-fro like a Bissel broom, 
transmit their motion through gearing to three or 
more bellows, which are mounted on a revolving 

indle, and have a reciprocating motion given to 
them by means of a suitable cam. Before the air is 
drawn into the bellows it passes through a cloth 
contained in separate compartments of the box, and | 
is discharged from the bellows into a glass vessel 
containing water, which extracts from it the finest 
particles of dust. From this vessel it passes into the 
atmosphere. If necessary, the glass vessel may contain 
disinfectant, which completely purifies the air before 
it is discharged into the room. Having thus briefly 
described the general arrangement of the apparatus, 
a more detailed reference to its mechanism will be of 








interest. 
Illustrations of the appliance appear on the opposite 





is shown in 


where a_ sectional elevation 
ig. 1, an end elevation in Fig. 2, a sectional plan in 
Fig. 3, and a transverse section in Fig. 4, while Fig. 5 


ge, 


is a section through the exhaust chamber. In Fig. 3 
certain details are omitted for the sake of clearness. 
The containing case A is made of wood, and is divided 
into three air-tight compartments—namely, the filter- 
chamber B, the pump-chamber C, and the exhaust- 
chamber D (see Fig. 3). The rotary vacuum-pumps are 
placed on a triangular frame on a spindle, as is clearly 
shown in Figs. ] and 4; the latter showing the bellows in 
section. The inlet nozzle to the pump or bellows is shown 
at E, and it is journalled in the partition which separates 
the filter-chamber B from the pump-chamber. The 
operating spindle F extends through the ends of the 
casing A, and has on its ends the gear-wheels shown. 
The vacuum-pump consists of a chamber G, Fig. 4, 
which is perforated with air-holes or ports H, each 
row of which is covered with a flexible flap-valve I, 
one end of each flap being secured at J to the outer 
face of the vacuum-chamber by adhesive. The 
opposite end of the flap, which is provided with a 
stiffening strip K, is normally retain by the spring L 
in such a position that the valve extends over its row 
of ports, although the spring allows the valve to open 
and close the ports. 

Each external space of the vacuum-chamber is fur- 
nished with bellows M (Figs. 1 and 4), which are 
attached thereto by the inner frames N. The covers 
of the bellows O are perforated with the air-ports P, 
which are covered by the flap-valves Q, similar in 
construction and operation to those upon the vacuum- 
chamber. Each of the bellows is placed between 
guides R (Figs. 1 and 4), the guides being fixed to the 
vacuum-chamber as shown. Guide-blocks 8, which 
are attached to the bellows-covers, are contained 
within the bellows guides. The guide-blocks are pro- 
vided with pins T, on which the operating rollers L 
are journalled. The bellows are operated by means 
of a curved cam or eccentric, which may be seen in 
Fig. 4. The inner surface V of this cam forces the 
bellows outwards, while the latter are rotated round 
the spindle F, the outer surface W closing them again 
as they travel further round their axis, this action be:ng 


obtained by means of the operating-rollers U, Fig. 1, 
following the operating track. Each of the bellows 
expands and contracts once during a revolution. As 
the bellows are operated a vacuum 1s produced ir . 


chamber B and the dust-laden air is drawn thr 
either a flexible tube terminating in a suitable 
nozzle, or direct from a room through a suitable aper- 
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SECTION THROUGH EXH. 
CHAMBER. 


ture in the case A leading into the upper compart- 
ment of the filter-chamber, and thence downwards 
through the porous filter-bag X into the filter- 
chamber B, the coarse particles of dust being retained 
in the bag, while the finer particles are drawn with 
the air through the bag into the vacuum-chamber G 
of the pump. From there they are expelled into 
the pump-chamber C, and through the holes a a into 
the upper compartment of the exhaust-chamber D, 
and from there downwards through the tube 6, the 
lower end of which is immersed in water or disinfecting 
fluid contained in the bottle c, Fig. 5. In this bottle 


the finest particles of dust contained in the air are 
detained, and the air passes out into the lower 
conipartment of the dust-chamber and through the 
exiiaust-nozzle d perfectly pure and free from dust. 


The direction of the arrows on Fig. 5 denote its 


S previously stated, the apparatus is actuated by 
its motion to and fro on the floor, through the wheels 
anc gearing shown in Fig. 2. The carrier frame ¢ is pro- 
vided with an internal flange /, Figs. 1 and 3, on which 
the casing A rests, the case being attached to the carrier- 
frame by means of the cleats g. The carrier-frame is 
provided with wheel axles h, upon which the sup- 
porting wheels i are mounted. ese wheels are so 
made that their axles do not extend beyond the outer 
faces of the wheel rims. At each end of the carrier- 
Trame there is a lug k terminating in a boss /, each 
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TRANSVERSE SECTION THROUGH PUMP. 


boss carrying an axle m, upon which a toothed driving- 
wheel n is mounted. It will be seen from Fig. 2 that 
the wheels p on the ends of the spindle F gear with the 
wheels o through the wheels n, and so receive their 
motion. The arrangement is clearly shown in Figs. 2 
and 3. The machine is pushed along the floor by 
means of the handle q, Fig. 2. 

Normally the suction orifice u barely clears the floor 
when passing over flat surfaces, the amount of clear- 
ance being determined and adjusted by the cleats », 
which are fixed on the suction-nozzle, but only rest on 
the supports w on the carrier-frame. The free end of the 
suction-nozzle r can rise and fall over the inequalities 
of the floor, and can adapt itself to the thick pile of a 
carpet, having a leather hinge at ¢. The suction- 
pipe s is connected with the filter-chamber B by 
means of the lower elbow x and the upper elbow y, 
which are connected together by the short length of 
flexible pipe Z. 








Tue Royat Society or Arts.—The Council of the 
Society have decided, in consequence of the death of 
His jesty the King, not to hold the annual conver- 
ey of the Society, which had been announced for 

une 22. 





TuRBINE ENGINES FOR THE ADMIRALTY. — Messrs. R. 
and W. Hawthorne, Leslie, and Co., Limited, Newcastle- 
on-Tyne, have secu a contract for turbine engines of 
18,000 horse-power for the first of the new unprotected 
cruisers to be built at Pembroke. The engines will be a 
duplicate of those which Messrs. Hawthorne supplied 
last year for the Fleet. Messrs. Hawthorne, Leslie, and 
Co. have also secured an order for turbine engines for the 
Dreadnought Monarch, which is now mg} built by 
= W. G. Armstrong, Whitworth, and Co, Limited, at 

Iswick. 





Hopper - WaGons: QUEENSLAND RatLtways. — On 
106 of our issue of January 28 drawings were pub- 
ished of a wooden hopper-wagon formerly used on the 
Queensland Railways. The illustrations there given 
actually relate to a type of coal-hopper me oy and not a 
ballast-wagon as stated, the drawing for the coal-wagon 
having been sent us in error for the ballast-wagon. e 
7" — to —_ that the = psig | a 
illustrated on the facing page— Pp r. 
W. P; , chief engineer, and not by the late Me H. 


Horniblow. 


CONCRETE PIERS, PORT OF GENOA. 


INTERESTING repair-work was carried out recently 
on the gantry, in the Port of Genoa, which is pro- 


vided with the apparatus for unloading grain from 
ships’ holds, and conveying it to the silos on the quay- 
side. This gantry consisted, as shown in Fig. 1, page 
648, of six masonry piers, built in 1901, surmounted by 
lattice towers carrying an iron viaduct. Each tower 
is surmounted by a fixed vertical antenna and two 
jointed ones, the latter being fitted with lengths of 
flexible pipes for drawing up the grain from the holds 
of ships lying alongside, the grain being thence con. 
veyed to the silos through a pipe fitted to the viaduct. 
The two end piers, marked 5 and 6 in Fig. 1, had 
shown signs of weakness, and the port authorities 
decided to have them replaced. The solution they 
arrived at was to insert new piers, marked A and B, 
between the former ones, marked 4, 5, and 6, and to 
build a new end pier, marked C, extending the viaduct 
to the latter, and removing the damaged masonry 
piers afterwards. 

The old masonry piers are 4 metres (13 ft.) square 
in the submerged portion ; the new piers A and B, 
illustrated in Figs. 2 to 8, measure 5.25 by 4.25 metres 
(17 ft. 3 in. by 13 ft. 11 in.) in the submerged portion. 
That veh he C, the new end pier, is 6 metres 
(19 ft. 8 in.) square at the base, its dimensions being 
5.25 metres (17 ft. 3 in.) square from a height of 2.40 
metres (7 ft. 11 in.) above the foundation-plane up to 
the water-level. This end pier was constructed in situ, 
with the help of a movable compressed-air caisson, 
measuring 1 
suppo' by floats. The construction took nineteen 
days, and as the floats rendered it impossible for large 
steamers to lie alongside, a com tively slack period 
in grain deliveries, in July and August, was selected 
for the work. 

The same means could not be taken in regard to the 
two new piers marked A and B, mainly owing to in- 
sufficient space between the condemned masonry piers 
for working compressed-air caissons; these two new 
piers were built in a dry dock (see view Fig. 9), of re- 
inforced concrete, they were floated out and sunk in 

lace. Their dimensions, as above stated, are 17 ft. 

in. by 13 ft. 11 in., the fine angles being chamfered 
off ; their lower portion under water has a height of 
11 metres (36 ft.). They were made with a working. 
chamber 1.80 metres (5 ft. 11 in.) high, the details of 
which are shown in Figs. 2and 6and 7. The depth of 
water in the dock was not sufficient to float the caissons 
forming the piers on their completion, and they were 
removed with the help of a floating crane (see Vig. 10) 
capable of exerting hoisting effect corresponding to the 
insufficient height of immersion—approximately 42 
tons. When the armoured concrete caissons reached 
deep water, they were allowed to float freely, and 
were towed to the site they had to occupy in the 
harbour. 

In order to regulate their position, they were sus- 
pended from a wooden framing supported by the old 
masonry piers, as shown in Fig. 11. The framing was 
provided with four chains, the lower ends of which 
were hooked to four rings fixed to the roof of the 
working chamber and projecting outside the caissons. 
When compressed-air working was first started, and 
the lowering of the caisson commenced, it remained 
— suspended to the framing, thus making it 
possible to carry out suitable excavation work for 
preventing any deviation. 

The time taken for sinking each caisson and com- 

leting it up to water-level, from the time it was 

oated out of dock, amounted to twenty-one days, 
during which, owing to the presence of the barge con- 
taining the air-compressor, the ships could lie for 
unloading on one. side only of the viaduct. The 
remaining masonry work above water-level caused no 
delay to the service of the silos. The lattice towers 
and lengths of viaduct were erected in about one day, 
and the old piers, Nos. 5 and 6, were very quickly 
removed. 

We are indebted for the above data to Mr. Lodovico 
Biondi, engineer, Direzione dei Lavori del Porto, 
Genoa. 








PrrsonaL.—Mr. W. H. Simpson, A.M. Inst. C.E., of 
Corridor Chambers, Leicester, has accepted an appoint- 
ment under the Government, and Mr. E. J. Silcock, 
Sanctuary House, 11, Tothill-street, S.W., has made 
arrangements vith him to take over the engineering part 
of his practice. 





ILLUSTRATED Dictionary or SHor Trrms.—We have 
received from the Berlin publishers a copy of this pocket 
dictionary, which can be obtained in , oe Ba from the 
Hill Publishing Company. It is an English-German 
dictionary for the use of British firms having business 
connections with Germany, and for British technical 
students of the German language. It has over 260 
and is carefully compiled. A number of tools and devices 
are illustra’ in outline, the machine-tools having re- 
ference letters with the indication of names of the various 
parts. 
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WORKMEN’S COMPENSATION CASES. 
DivistonaL Oourt. 


Collier’s Fuel Allowance Part of ‘* Weekly Earnings.” — 
The cases under the Workmen’s Compensation Act 
which reached the Court of Appeal have been compara- 
tively few as yet during the present sittings. Some points 
of interest have arisen in the latest reported cases. On 
the 28th ult. the Divisional Court had an appeal from the 
Dudley County Court, which involved a matter of some 
importance to the miners of the Black Country. It arose 
out of a district custom as to contracts. Under the con- 
tract a miner was engaged subject to a fortnight’s notice 
or wages so long as he was at work. Further, the work- 
man, if he worked twenty-four shifts, was made an allow- 
ance of coal in addition to his w and if he met with 
an accident he was allowed a | of coal for every five 
weeks, 

The point in dispute was briefly this—that a miner 
having been hurt, and compensation fixed, was refused 
the coal allowance. The employers said that as the com- 
pensation had been fixed by the arbitrator, it was ‘not 

roper for the applicant to claim anything more. The 

ivisional Court held that the miner’s appeal must be 
allowed, as the custom had not been contested before the 
County Court, and the judge went wrong in not taking the 
coal allowance into account as part of the man’s weekly 
earnings. While the plaintiff's appeal was allowed, the 
Stourbridge Brick and Tile Company, the respondents, 
were granted leave to go to the Court of Appeal. This 
case .so far settles the point that a local custom when 
proved must be reckoned with by the arbitrator under 
the Workmen’s Compensation Act. 


Court oF APPEAL. 


Disease or Accident.—In the Court of Appeal, on the 
2nd inst., there was a futile appeal heard inst the 
award of the County Court Judge of Cheshire in the case 
of Dean v. London and North-Western Railway Com- 
ag The applicants were the dependants of a fitter 
in the employment of the company who suffered a shock 
from a gas explosion. He had returned to work after the 
accident and collapsed seven days after his return to work. 
The claimants alleged that ‘‘ gassing” was the cause of 
his death, but the medical evidence stated it to have been 
cerebrai hemorrhage. The excuse for the appeal was that 
the judge ‘‘ had not drawn the proper inference from the 
facts.” The Court of Appeal cannot legally interfere 
with the County Court Judge, except in the case where 
he is shown to have ‘misdirected himself,” or to have 
drawn a wrong inference from proved facts. The Court 
of Appeal has nothing to do with facts, and in this case 
the judge was guided by medical evidence which showed 
the workman ied from natural causes, and the Court of 
Appeal could not interfere, and the applicants’ appeal was 
dismissed. 

Recording Committee's Agreement.—An interesting point 
of some difficulty came before the Court of ~ on the 
28th ult., when the case of Mulholland v. the Whitehaven 
Colliery Company came up on the employers’ om from 
the award of the County-Court Judge of Whitehaven. 
The question in dispute arose under the provisions con- 
tained in the second schedule of the Workmen’s Com- 
pensation Act, 1906, which, it will be remembered, deals 
with the authority of a joint committee of employers and 
workmen. In Cumberland the colliery owners and the 
miners joined, years ago, to form a mutual insurance 
society. Since the Act of 1897 till now a great many 
cases have been dealt with by the representative com- 
mittees. The County Court Judge held in this case that 
there was illegal ‘‘ contracting out.” 

Section 3 of the Act which deals with ‘‘ contracting 
out,” provides that after the Registrar of Friendly 
Societies had ascertained the views of employers and 
workmen, he may certify any scheme of compensation 
which anigpe 9 scales of compensation not less favourable 
than those of the Act. So long as a majority of the 
workmen are in favour of the scheme applicable to them, 
the employer may contract with the workmen that the 
provisions of the scheme shall be substituted for the Act, 
while it is certified to be in force ; but, of course, it must 
be in accordance with the Act, and any ‘“‘ contracting 
out” that is contrary to the Act is illegal. In this case, 
in the Court of Appeal, the facts were that the applicant 
was nineteen years old, when, in a pit accident, he lost 
two fingers, on March 1, 1909, and was paid full w to 
July 19 last ; soon after, the joint committee decided that 
the ae | a should be commuted for a lump sum 
of 1002. e money was oe into the County Court, and 
the memorandum sent to be recorded. 

When the youth applied for the payment of the money, 
the Judge refused to record the agreement on the 

und that the agreed compensation was inadequate. 
This decision was appealed from, the appellants contend- 
ing that the Judge was bourd to record the agreement, 
and that the workmen made vhe contract of service and 


could legally agree to accept the 100/., for the agreement | 


was incidental to the contract of service, the youth being 
a member of the Cumberland Miners’ Association. 
_ The Court of Appeal held there was no ‘‘contract- 
ing out,” and that the claim was not one which required 
to be certified under Section 3 of the Act. The County 
Court Judge had no right to consider whether the com- 
pensation was 4 ae or not, although in the cireum- 
stances of this case he was entitled to refuse to record the 
memorandum of agreement. 

The 1007. was ordered to be paid out to the appellants 
and the parties left to pursue their legal rights. The 
Judge having refused to record the memorandum, the 


money, therefore, went back to the appellants, but this | 


does not mean that there m any violation of 
Section 3 of the Act. The question of the legality of the 


action of the joint committee was not in doubt. The, 








Judge, however, had the discretion in this, as in eve’ 
case, to refuse to record the agreement made with a south 
under age. 

County Court. 

Accident and ion.—In a singular case which 
came before the nchester County Court on the 2nd 
inst., the Bradford Colliery Company defended the claim 
for compensation brought by the widow of a collier who, 
as long ago as 1908, was injured in the pit, and sustained 
a rupture, and again, in June last, stumbled and hurt 
himself at work. He was seen by a doctor on reaching 
home, and was finally sent to the hospital, where an 
operation for strangulated hernia was performed, in the 
course of which the bladder was punctured, and this 
necessitated two further operations, and in the end the 
man died. 

The employers’ defence was that there was no proof 
that the man died from an accident, and, further, that 
the notice was not given at the time of the accident. The 
Judge held the claim was good, and awarded the widow 
300/. It will be noted in this case that no formal notice 
was given or regularclaim made, but a letter to the same 
effect had been written by the applicant’s solicitor. The 
deceased himself, when first injured at the colliery in 
1908, made no formal claim, but on arriving home he 
made a complaint which was not understood at the time. 
The Judge remarked that a complaint made at the time 
might yet legally be given in evidence, in the absence of 
any formal notice. -The whole circumstances satisfied the 
Judge that the original accident which had been neglected 
in 1908 was the —Z cause of the workman’s death in 
in the hospital, uly, 1909, and the employers’ responsi- 
bility under the Workmen’s Compensation Act was 
amply proved, despite the absence of a notice or claim 
having been made at the time fixed by the Act. 








RussEr.—The colonial rubber-producers in 1908 were : 
Ceylon, 1,146,656 lb.; Federa Malay States, 3,192,710 
lb.; Southern Nigeria, 1,222,203 lb. ; Gold Coast, 1,773,248 
lb.; and British Guiana, 1,096,156 1b. The stagnation in 
British colonial rubber-production explains the feverish 
eagerness displayed of late in connection with the growth 
of rubber in other countries. Increase in consumption 
further explains the recent course of rubber enterprise. 





Co.on1AL CoprEer.—The production of copper in various 
British colonies does not appear to have inc during 
the ten years ae | with 1908 inclusive, the yearly out- 
put having been as follows :— 


Year. Lb. Year. Lb. 

1899 12,050,000 1904 9,070,000 
1900 8,827,000 1905 9,818,000 
1901 063,000 1906 10,907,000 
1902 4,056,000 1907 11,940,000 
1903 5,288,000 1908 9,623,000 





BrazitiaN TorPEDO-Boat DeEsTRoYER “* PARANA.”— 
The official full-speed trial of the torpedo-boat destroyer 
Parana, built for the Brazilian Government by Messrs. 
Yarrow and Co., Limited, of Glasgow, took place on the 
17th inst. on the Skelmorlie deep-water measured mile at 
the mouth of the Clyde, when, with a load of 100 tons, 
the vessel maintained a mean speed of 28.736 knots during 
a continuous run of three hours, the mean air-pressure in 
the stokeholds being 2 in. The contract speed of this 
vessel, carrying a load of 100 tons, is 27 knots. The trial 
was under the supervision of Captain Joaquim Ribeiro da 
Costa, Captain Rosauro de Almeida, Captain Amynthas 
Jose Jorge, and Captain A. Heleno Pereira, who will 
command the vessel. The Paranda is the ninth of the ten 
destroyers ordered by the Brazilian Government from 
Messrs. Yarrow. The first seven are now in Brazil, and 
the eighth will leave the Clyde shortly. The dimensions 
of the Parand are :—Length, 240 ft. ; beam, 23 ft. 6 in. ; 
and steam is supplied by two double-ended Yarrow boilers 
of the latest type. In these Brazilian destroyers strength 
of construction and good sea-going qualities were deemed 
—as in the British Navy—of even ter importance 
than high speed. Thus both the British and Brazilian 
destroyers have a guaranteed speed of 27 knots. 





Wricut’s Patent SwitcH-ApDAPTOR.—An adaptor, by 
means of which an ordinary incandescent lamp-holder 
may be turned into a switch-holder without any change 
in the wiring, has been brought out by Mr. E. B. Wright, 
of 15, Bartlett’s Buildings, Holborn-circus, E.C. The 
upper part of the adaptor consists of a barrel, with two 
projecting screwed pins, and fits into the bayonet 
socket of an ordinary lamp-holder. The screwed pins are 
provided with nuts so that the adaptor may be clamped 
In position when it has been aren: ¢ The lower part of 
the adaptor is formed into an ordinary bayonet socket in 
which the lamp fits, while inside it there is an insulating- 
plug which carries two spring plungers which make con- 
tact with the lamp. These i" ungers connect to two sunk 
metal contacts which lie at the top of the insulating-plug. 
The contacts make connection with the spring-plungers 
of the ordinary lamp-holder to which the adaptor is fitted. 
The switch part of the arrangement is provided for by 
making the insulating-plug capable of being turned round 
through 90 deg., a handle, working through a slot in the 
adaptor barrel, being fitted for this purpose. The circuit 
is broken between the spring plungers of the original 
lamp-holder and the sunk metal contacts of the insulating- 
plug, the slight recessing of these contacts on the top of 


the plug forming a clip which prevents the switch opera- | 25} 


ting cag eg Similar blind recesses are provided in 
the plug to hold the switch in the off position. The device 
is manufactured by the General Brass Fittings Company, 
of Leeds and of 4, Oat-lane, Wood-street, E.C. 


NOTES FROM THE NORTH. 
Giascow, Wednesday 

Glasgow Pig-Iron Market.—Last Thursday morning ihe 
— market was quiet, and an easier tone prevailed. 

he dealings consisted of about 2500 tons of Cleveland 
warrants at 49s. 114d. cash, 50s. 14d. fourteen days 
50s. 104d. three months, and at the close there were 
sellers at 493. 114d. cash, 503. 3d. one month, and 
50s. 11d. three months. Hematite was also easier with 
cash buyers at 66s. 3d., and sellers at 66s. 9d. cash, and 
67s. one month. The market was the turn easier in tho 
afternoon, but no business was transacted. Sellers of Cleve- 
land warrants quoted 49s. 11d. cash, 50s. 24d. one month, 
and 50s. 104d. three months. Dull and quiet describe the 
tone on Friday morning, and about 2500 tons of Cleveland 
warrants were done at 49s. 84d. cash, 50s. and 50s. 01d. 
one month, and 50s. 84d. and 50s. 8d. three months. 
Closing sellers quoted 49s. 94d. cash, 50s. 1d. one month, 
and 50s. 8d. three months. In the afternoon the market 
was still quiet, and only one Cleveland warrant changed 
hands at 50s. 2d. June 20. At the close the quotations 
were a shade firmer at 49s. 10d. cash, 50s. 14d. one 
month, and 50s. 84d. three months sellers. Cash hema- 
tite was quoted at 66s. 3d. buyers, and 66s. 74d. sellers, 
On Monday the market was closed, being Whit Monday, 
but on Tuesday morning a weak tone prevailed, and 
1500 tons of Cleveland warrants were done at 49s. 84d. cash, 
and 50s. 7d. three months. The closing quotations were 
easier at 49s. 8d. cash, 50s. one month, and 50s. 7d. three 
months sellers. Hematite was quoted down to 66s. 43d. 
cash sellers. In the afternoon Cleveland warrants de- 
clined still further, and were done at 49s. 7d. cash and 
50s. 6d. three months. The turnover was 1500 tons, and 
at the close sellers’ quotations were unchanged from the 
morning. Hematite was again easier with sellers at 
66s. 3d. cash. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 62s.; Calder and Gart- 
sherrie, 62s. 6d.; Langloan, 64s.; Summerlee, 64s. 6d. ; and 
Coltness, 83s. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 64s. 6d.; Shotts (at Leith), 62s. 6d.; and 
Carron (at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—A somewhat quiet tone prevails 
in the sulphate of ammonia market, and there is little 
movement. The price is nominally steady round 12/. per 
ton for prompt business, Glasgow or Leith. The total 
ran exported from Leith Harbour last week was only 

tons. 


Scotch Steel Trade.—A fairly healthy state of affairs at 
present exists in the Scotch steel trade, and rolling-mills 
are being kept running steadily. The demand for both 
plates and angles is very good, especially the former, for 
the home market, but inquiries for new lots are rather 
limited. In export the conditions are just about the 
average. The demand for light and structural material 
continues good, and some satisfactory lines have lately 
been secured locally. Messrs. Brownlie and Murray, 
Limited, Possil Park, Glasgow, are reported to have 
been successful, against foreign competition, in obtain- 
ing some large contracts for steel-framed buildings 
for abroad. They have also secured the orders for the 
buildings for some engineering workshops in the South 
of England. The negotiations which have recently been 
going on between the associated makers and the firms 
desirous of severing their connection with the association 
have been partly successful, and it is anticipated that 
such  epmeened arrangements will be arrived at as to 
suit all. 


Malleable-Iron Trade.—The malleable-iron trade of 
the West of Scotland has shown little change of late ; 
whereas employment is fairly good, the makers report a 
scarcity of specifications for the home market. A large 
amount of material is being exported, but at prices a good 
bit under the local selling rates. 


Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
continue to turn out large quantities of the ordinary 
qualities of iron each week, and large deliveries are the 
order of the day. Prices remain firm. A slightly easier 
tone prevails with regard to hematite iron, and it 1s 
reported this afternoon that makers have eased their 
quotations. It is stated that not alone for June delivery 
has the price been reduced, but some lots for delivery 
towards the end of the year have been put through at ahout 
71s. 6d. per ton. The price quoted lately for the latter 
date was round 75s. per ton. 





RussiaN Merrauturcy. — The production of pig in 
Russia last year was 175,295,000 is, as compared with 
171,173,000 peods in 1908, and 171,995,000 poods in 
1907. The output of 1909 was made up as follows:~— 
Southern Russia, 122,879,000 s; Oural, 34,914,000 
poods ; Moscow, 4,226,000 s; Northern and Baltic 
provinces, epee eri Poland, 13,166,000 poods. The 
metallurgical uction of Southern Russia increased 
last year, but there was a decline in other quarters. It 
should be noted that a pood is equal to 36 Ib. English. 





Tur Unirep States Navy.—The state of advance- 
ment attained in April by the additions about to be made 
to the United States Navy were :—Ironclads—Nort 
Dakota, 993 per cent.; Florida, 59; Utah, 68}; Wyoming, 
153; and Arkansas, 194 per cent. Destroyers—Paulding, 
81 per cent. ; Drayton, 3h Roe, 81} ; Terry, 793; Per- 
kins, 673; Sterrett, 667; MacCall, 563 ; Burrows, 56}; 
Warrington, ; Mayrant, 697 ; Monaghan, 173 ; Trippe, 

Walke, 19}; Ammen, 19}; and Patterson, 12} per 

Submarines—Salmon, 91? per cent. ; Carp, ait: 
Barracuda, 46} ; Pickerel, ; Skate, 43}; Tuna, 21 
and Seal, 47} per cent. ]-ships—Prometheus, 100 per 


cent. 


‘ 





cent.; Cyclops, 63}; and No. 8, 18} per cent. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Tuesday. 

Shefield and Ezxports.—Taking all classes of steel 
together, exports from Sheffield are showing a very 
satisfactory Increase. South Africa is the best market, 
but there has been considerable improvement in trade 
with the other ey and a similar growth in 
regard to Japan. e value of steel bars and rods sent 
to South Africa last month was 12,265/.—an increase of 
100 per cent. over the figure for April, 1908. Exports of 
the same articles to America have shown a big jump, the 
figure being 53,0002. last month, as against 27,000/. in 
April, 1909, evidencing the recovery of trade with the 
United States. In spite of the new tariff, a bigger 
volume of trade has been done with France than in the 
corresponding period of last year, the increase amounting 
to 40007. Exports of railway wheels and axles have 

own 
a whilst there has been a decrease in imports of 
railway material, 


Increased Profits.—The Park Gate Iron and Steel Com- 
pany, Limited, whose report has just been issued, are able 
to show an increased profit on the year’s working and 
pay a bigger dividend. Last year the dividend was 74 
per cent. Itis proposed to raise it to 10 per cent. this 
year, on profits vy eso to 56,875/., wy ng, baleen nn 
of 98887. brought for _The works have m prac- 
tically fully em loyed during the year, and to meet a 
growing demand for steel, the directors decided to put 
down and equip a 60-ton melting-furnace, which will 
shortly be in operation. 


The Holiday Difficulty.—The marked improvement in 
the steel trades has made the question of a broken week 
like the present more serious than in a period of quiet 
trade such as was experienced last Whitsuntide. To 
make Monday, Tuesday, and Friday holidays was an 
almost impossible task. A few firms are closing for the 
week, but many recommenced work on Tuesday, to sto 
for part of Friday, and resume on poe | night. Seve 
steel works could not do with a complete stoppage on 
Friday, as it would mean a holiday on Saturday as well. 
The crucible-steel workers, for the most part, recom- 
menced on Tuesday, and will shut down on Thursday 
night for the remainder of the week. 


Iron and Steel.—Very little is doing locally in the iron 
market, consumers maintaining their attitude of-aloof- 
ness. A certain amount of underselling has been going 
on in forge and foundry iron. Hematites are in a firm 
position, and with the big consumption continuing, there 
are not likely to be appreciable reductions. A few 
makers have made easier terms, but as regards contract 
renewals they are holding steadily to official quotations, 
which remain unchanged. East Coast mixed numbers, 
delivered in the district, stand at from 74s. to 75s. net, 
and West Coast show no easing off from recent high 
figures. Some reductions have been obtained in Derby- 
shire foundry iron, but prices for Lincolnshire common 
irons have not altered. Bar-iron makers are working 
short time. A more widespread improvement is being felt 
in the steel trade, and prospects of a year of very big 

roduction are better than ever. The iron foundries are 
ouSy On armament castings, rolling-mills have more work, 
the shipbuilding demand is better, and there is a con- 
tinuance of the activity in high-speed-steel production. 
Special steels are finding a y market, and ay aoe 
tool-steel is being sent to the United States in the same 
satisfactory quantities as for weeks past. On the other 
hand, there is quietness in machine-tools and railway 
steel, and much more work could be done by file-makers. 
High-speed twist-drills are in great request for engineer- 
ing work abroad. A good brisk business is being done in 
garden tools, both for home and foreign requirements, 
and a continuance of fine weather will prove very profit- 
able to Sheffield makers. 


South Yorkshire Coal Trade.—In spite of the fact that 
this week practically nothing will be doing at the col- 
lieries, buyers made few increased demands to cover this 
period. Steam coal is in a much quieter position, and 
there is an expectation of some easing off in the increased 

rices. The Hull trade is affected by a smaller inquiry 
rom the Continent, though a large tonnage is still being 
sent to the port. With big supplies on contracts there is 
not so much surplus in best hard coal, and consequently 
this is in the most favoured position. Best South York- 
shire hards are selling at pits at from 9s. 3d. to 9s. 6d. per 
ton, and best Derbyshire, 8s. 9d. to9s. Secondary quali- 
ties are more affected and lower prices are being taken. 
Steam nuts and smaller steams are weaker, and there is 
quietness in coke. Slacks arein better demand. House- 
coal dépdts have been slightly busier, but there are heavy 
stocks at many collieries. It is stated that an advance 
will be quoted for contract renewals for twelve months. 
Prices generally are easier. Best house is quoted at pits 
at from 9s, 9d. to 10s. 3d. per ton; seconds, 7s. 9d. to 
8s. fid. ; and cheap, 5s. to 6s. per ton. 





Mors NorrincHAMSHIRE CoaL.—Boring operations for 


Coal on the estate of Earl Manners at Clipstone-on-the- 


Wolds, near a ae have proved successful, and it is 
sroposed to shortly sink a shaft. The already large de- 

— 8 2 Nottinghamshire coal will accordingly be 
creased, 





Brprorp Town AND InpusTRiaL Data.—The Bedford- 
shire Times Publishing Company, Limited, 22, Mill- 
Street, Bedford, have published a | booklet under the above 
title, which gives illustrated data upon the town, the 
schools, cost of living, recreations available, and interest- 
ing historical data. Copies of the book may be obtained 
er, 1, St. Paul’s-square, Bedford. 


free from Mr. G. C. Wa 


by 50 per cent., and of tyres and axles by 100 per | by 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The death of the King 
continues to cast a gloom over trade, and, in addition, the 
customary Whitsuntide holidays have contributed to the 
suspension of business. In the absence of transactions it 
is difficult to fix values. It is some gratification to 
know that there is confidence in the future, and that 
a general belief in a renewal of activity in the early 
future prevails. In the meantime, however, business is 
at a standstill. Deliveries of pig iron have fallen away 
somewhat lately, and shipments this month threaten 
to be a good deal below what was at one time con- 
fidently anticipated. No. 3 g.m.b. Cleveland pig is 
50s. f.o.b., but no doubt some second hands would 
accept a little below that figure. For certain named 
rands, however, makers ask up to 5ls. 
land pis is 52s. 6d. ; No. 4 foundry and No. 4 fo: each 
49s. 3d. ; and mottled and white, each 48s. 6d. East 
Coast hematite pig is very dull. Market rates are based. 
on 66s. for early delivery of mixed numbers, but it is 
understood that business could be done on easier terms. 
Foreign ore presents no new feature. There is little or 
no business passing, and Rubio of 50 per cent. agen 
remains at 20s. 6d. ex-ship Tees. Coke is plentiful, and 
average blast-furnace kinds range from 17s. 6d. to 18s. 
delivered here. 


Manufactured Iron and Steel.—Nearly all the finished 
iron and steel works are cl this week. Few new 
orders are in the market just now, but producers gene- 
rally are well off for work, and they look for advanced 
rates ruling shortly. The lull in buying is expected to be 
of short duration. Common iron bars are 7/.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s.; iron ship-plates, 
62. 10s.; iron ship-angles, 7/.; iron ship-rivets, 7/. 5s. to 
7l. 7s. 6d.; packing-iron, 5. 5s.; steel bars, 6/. 5s. ; 
steel ship-plates, 67. 10s.; steel ship-angles, 6/. 2s. 6d.; 
steel strip, 6/. 10s.; steel hoops, 6/. 12s, 6d.; and steel 
joists, 67. 2s. 6d.—all less the customary 24 per cent. dis- 
count. Cast-iron columns are 6/. 10s.; cast-iron railway 
chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 10s.; and steel railway sleepers, 6/. 12s. 6d.—all net 
cash at works. Iron or steel galvanised corrugated 
sheets, 24 gauge, in bundles, stand at 11/. 10s. to 111, 15s. 
f.o.b.—less the usual 4 per cent. 





SrrenctH oF Parts or Oxtp Iron-Bripcrs. — The 
Prussian Railway Department has for some years been 
testing the materials of old iron structures, with a view 
of establishing whether the continued concussions to 
which rails, bridges, and other structures are exposed, 
have any deteriorating effect upon the strength of the iron. 
In the case of old bridges, comparative tests of the original 
material, when built in, are unfortunately hardly ever 
available ; but in such cases conclusions can be drawn from 
the behaviour of different parts which had evidently been 
ex to different stresses. The iron of the Kamenz- 
Konigszelt bridge, in Silesia, which was built im 1856 and 
taken down in 1908, has been tested in this way, accord- 
ing to the Zentralblatt der Bauverwaltung. There were a 
number of longitudinal plate-girders of a span of about 
57 ft., and some cross-girders, all made of wrought iron. 
As the material had not originally been tested, specimens 
were taken from the centres and the ends of the spans, at 
points at which the stresses must have differed by about 
the amount of the fluctuations of the stresses during 
ordinary working. The experiments were conducted in 
the Materialpriifungsamt at Gross Lichterfelde, near 
Berlin, and the different parts were found to have very 
nearly the same breaking strengths and elongations. 
Test-rods, cut from the different portions and annealed, 
also gave fairly uniform results, so that the general con- 
clusion appears to be justified that fifty years of traffic 
— this Gidee had not materially impaired the strength 
of the iron. 





‘Tue Town-Piannine Revirw.”—In the recently- 
issued first number of Volume I. of the above publication, 
which is the Journal of the Department of Civic Design at 
the School of Architecture of the University of Liverpool, 
we find much that is of interest. We understand that 
the idea of the journal was encouraged by the munifi- 
cence of Mr. W. H. Lever, of the Department of Town 
Planning and Civic Design in the School of Architecture at 
the University of Liverpool. The department is based on 
a gift made in the spring of last year, when Mr. Stanley 
D. Adstead was invited to fill the new chair. The field 
to be covered is a wide one, and it was therefore decided 
that the best means to accomplish the desired end would 
be to start a quarterly review, in which the researches of 
the school should be published. For this purpose it was 
laid down in the constitution drawn up by the University 
that certain portions of the moneys available should be 
thus used. Up to the time of the appearance of the volume 
in question | tad had, in this country, been no journal 
entirely devoted to town-planning, and it is hoped that 
the new venture will prove a success in every way, for the 
subject that has inspired it is one of very wide interest, 
which is now attracting a good deal of attention, when 
we have garden cities and garden suburbs springing up 
around us. After an introduction, written by Mr. S. 
Adstead, in which the historical and sociological aspects 
of town life are dwelt upon, modern town-planning is 
discussed, with icular reference to garden cities, and 
afterwards to the Town-Planning Act. Some space is 
also devoted to town-planning in America, with illus- 
trated examples of different methods. The journal is 
well printed in large type, and is illustrated with numerous 
engravings. Its price is 2s. 6d. quarterly, net. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam coal trade has been affected by the 

holidays, and has, upon the whole, been quiet and 
irregular. For early loading, however, values have been 
maintained. The best large steam coal has made 16s. 3d. 
to 16s. 9d., while secondary qualities have ranged between 
15s. and 16s. per ton. "The best ordinary smalls have 
made 8s. to 8s. 3d. per ton. Household coal has shown 
little change ; the best ordinary qualities have brought 
15s. 6d. to 16s. 6d. per ton; No. 3 Rhondda large has 
made 17s. to 17s. 6d.; smalls, 9s. 9d. to 10s. 3d. per ton. 
No. 2 Rhondda large has been quoted at 12s, 9d. to 13s. 3d. ; 
smalls at 7s. 3d. to 7s. 9d. per ton. Foundry coke has 
realised 19s, to 20s., and furnace ditto 17s. to 17s. 6d. 
per ton. As regards iron ore, Rubio has made 19s. 9d. 
to 20s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to iff or 
ewport. 
H.M.S. ‘‘ Blanche.”—The six turbines of the Blanche, 
which were delivered at Pembroke by Messrs. Ww. 
Hawthorne, Leslie, and Limited, Newcastle-on- 
Tyne, about a fortnight ago, are now all in place. It 
is expected that the ship will be ready for her trials by 
the middle of July. 


Great Western and South-Western Railways. -- The 
event of the week has been the conclusion of less com- 
petitive working arrangements between the Great Western 
and South-Western ilways. The matter may be 
summed up thus :—Both systems will retain their inde- 
pendent existence, but they will carry on their business 
upon sounder principles—that is, they will have no more 
senseless competition, but will endeavour to secure a 
service for the public and aim at the same time at ensur- 
ing their proprietors a reasonable and decent return upon 
the t capital which they have invested. Tt is under- 
8 that the entente arrived at between the companies 
will secure running — over each other's lines, thus 
shortening distances both for passenger and goods trains, 
and so effecting a great saving in the consumption of coal. 
There will also be reductions of duplicate king and 
receiving offices, and an avoidance of unnecessary 
cartage expenditure. 


Portishead.—Portishead Lake now contains about 2 ft. 
of water. More water will be let in shortly, and when 
adjoining grounds have been laid out and the lake is full, 
it promises to be a great attraction. 


Dowlais.—There has been a good production in the 
Bessemer department of heavy steel rails. The Big 
Mill has rolled light railway material to a good average 
extent. 


Welsh Water for Birmingham.—The accounts of the 
water department of the Birmingham City Council for 
the year ending March, 1919, show a deficit of 81,000. on 
the Elan Valley undertaking, or slightly more than in 
the preceding twelve aan It will accordingly be 
necessary to make a considerable contribution from the 
rates. 





GroLocicaL Survey oF CarMARTHEN District.—The 
Board of Agriculture and Fisheries give notice of the publi- 
cation of a colour-printed geological map (sheet 229), and of 
a memoir of 177 pages on the logy of the country around 
Carmarthen, in the South Wales coalfield. The map is 
most carefully got up, and the memoir which accompanies 
it describes the area, including the western part of the 
Carmarthenshire coalfield, the tract of old sandstone 
which separates the Carmarthenshire and Pembrokeshire 
coalfields, and a part of the lower paleozoic region which 
lies to the north of the coalfields. Copies can be obtained 
from any mts for the sale of ordnance survey maps, at 
the price of 1s. 6d. for the map and 2s. for the memoir. 





Tue Exvecrricat Inpustry In GermMany.—The import- 
ance of the electrical industry in Germany has caused 
the Kolnische Zeitung to make inquiries as to the 

resent state of the industry from a number of leading 
irons The result has been that most reports are of a 
satisfactory nature. It is, in the first instance, interesting 
to note that the general depression, not to say crisis, 
which prevailed in the industry towards the end of the year 
1907, has not, practically speaking, affected the electrical 
technical industry. In the current financial year the 
deliveries of dynamos, electro-motors, and transformers, as 
well as installation materials, show an increase on the pre- 
vious year. As far as cables are concerned, last year’s 
period, without kartels, is still making itself felt. During 
the month, when the cable kartel was discontinued, so many 
cables were sold and bought at such a cheap price that the 
normal figures for contracts have not yet been fully reached. 
On the other hand, it is pointed out that, generall 
speaking, the improvement, which has manifested itself 
since the close of last year, is being maintained. The 
turnover in turbines, Syeemee transformers, cables, 
electric meters, and meta pay te ey shows increasing 
figures. There is especially a lively demand for running 
industrial material, which may be taken as a sign that the 
branch is getting ready for increased activity. For abroad 
the demand continues unsatisfactory ; and, moreover, the 
export trade suffers from the fact that the existing com- 
mercial treaties are more and more proving to be failures. 
As in certain foreign countries, the conviction is gaining 
ground with the German railway authorities that under 
certain traffic conditions electric traction will have to 
introduced on the ordinary gauge railways. The nt 
year has already shown an improvement, both in Ger- 
many and abroad, in the electric railway business. The 
volume of the trade has certainly increased, though it 
must be admitted that the prices have not exceeded those 





of the previous year. 
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FERRO-CONCRETE WORK AT THE PORT OF GENOA. 
(For Description, see Page 645.) 
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NITRO-CELLULOSE POWDER FOR 
NAVAL PURPOSES. 


A very remarkable article has recently appeared 
in vol. xv. of the Memorial des Poudres et Salt- 
petres, which is the recognised official medium of 
communicating official information from the French 
Government, and in it there are given the results of 
investigations by M. Vielle, M. Lheure, and others, 
on the subject of ‘*The Stability of Propellent 
Powders,” more particularly as regards nitro-cellu- 
lose powder—the French Service explosive com- 
pound. There appears to be little doubt that the 
article is intended to restore confidence in the 
French nitro-cellulose powder, which received such 
a severe shock at the time of the terrible Jena 
disaster ; but it must be at once confessed that, 
looked at from a broad-minded point of view, it is 
a pity that the French, in common with the United 


e647 | States Government, appear to be so enamoured of 


the nitro-cellulose powder—in spite of the prac- 
tical evidence afforded by other governments—that 
they will not recognise that such a type of powder 
is quite unsuitable for naval purposes, more espe- 
cially if the ships have to remain for any length 
of time in tropical er even subtropical climates. 
The British naval authorities carried out some few 
years ago a most pee and exhaustive series of 
comparative trials with both nitro-cellulose and 
nitro-glycerine powders, the net result of which was 


5| utterly to condemn the former on account of its in- 
656 | ferior stability. The German Admiralty, who have 


at their command chemists skilled in explosives and 


660 | experimental establishments unrivalled throughout 
,| the world, appear to have also arrived at precisely 


the same conclusion ; whilst the Italian and Japanese 
naval authorities, as well as several other Govern- 


663 | ments whoseterritories aresituated in warm climates, 


have adopted the nitro-glycerine type of propellents 
for their navies. Quite apart from the inherent 
want of stability in the gelatinised nitro-cellulose 
propellent powder—we are not considering the ques- 








tion of ungelatinised ow remains the 
great handicap that, for such a type of powder to 
preserve its ballistic regularity, it is necessary 
that the powder should kept in hermetically- 
closed cases, so as to retain the same exact amount 
of volatile substance; without this precaution the 
ballistic properties are soon altered, and conse- 
quently the accuracy of shooting is greatly impaired. 


read | Such precautions are unnecessary with the nitro- 


glycerine type of propellent, so that, both from 
the point of view of stability and evenness of 
shooting, the latter is superior to the nitro-cellulose 
type. It may be taken as a recognised axiom that 
the moment modern propellent powders, such as 
nitro-cellulose and cordite, are made, both are 
liable to begin to deteriorate, and the problem to be 
solved is to make a powder which shall resist for 
the longest time possible any changes, both as 
regards its safety and its ballistics. 

‘hese considerations are all the more important 


!for a navy which has but a comparatively small 


turnover of its propellent each year, such as is 
used up in practice, and they apply with even more 
force to such a navy if the propellent is kept for 
the most part in waters situated in tropical or sub- 
tropical dieuian. Even if the ships’ magazines 
be cooled artificially, this will not affect the con- 
sideration mentioned above in connection with 
hermetically-closed cases, as it has been found 
that in practice not only will a proportion of the 
cases become faulty in course of time, thus 
causing an alteration in the. amount of volatile 
matter in the powder, but if at any time a powder- 
case should be opened and the contents not be 
required at the moment, a similar disadvantageous 
occurrence takes place, thus practically destroying 
the even shooting quality of the contents of a maga- 
zine full of ammunition taken as a whole. The 
conditions of handling of powder-cases when dis- 
charging ammunition, previous to a ship going into 
dry dock, for example, are not such as conduce to 
the retention of a perfect state of hermetical sealing, 
and that this is an all-important factor is revealed 
by a study of the article in question in the 
Memorial des Poudres et Saltpetres, and also in 
the instructions for the care and preservation of 
propellent powder issued by the United States 
Government, which uses a nitro-cellulose powder. 
Taking a few quotations from the latter, it is 
observed that the ‘‘ percentage (of volatile matter 
left in the powder) varies from about 3 per cent. in 
1-pounders to 6.8 per cent. in 12-in. 40-calibre gun 
powders,” and, presumably, therefore, a good deal 
more in larger-sized powder intended to give high 
velocities in 12-in. 50-calibre guns. The maximum 
percentage for nitro-glycerine powders for a 12-in. 
50-calibre gun is about 2.2 per cent., and much less 
for smaller guns. The United States Governmental 
instructions further state that *‘ the purity of pyro- 
cellulose, from which the “capo was made, and 
the residual volatiles, play the two important parts 
in the non-deterioration of the powder. It may be 
stated that from these two features spring the two 
kinds of dangerous powder, which may be desig- 
nated as statically dangerous and dynamically 
dangerous, and, curiously enough, the quantity of 
volatile, or the amount of dryness at which the 
»wder was issued, plays a part in both of these. 
he part the volatiles play in this decomposition is 
a reflex one. If the powder has a tendency to de- 
compose, the dryness of the powder aids. As 
decomposition goes on, the residual volatiles are 
absorbed in uniting with the nitrous oxide gases, 
and if the rate of giving off gases is greater 
than the powder can supply volatiles, the evo- 
lution of heat is an increasing one. In other 
words, loss of volatiles alone renders a powder 
dynamically dangerous by drying out the powder. 
It is the giving off of this heat which renders the 
powder dangerous, from the fact that the process 
may be so rapid and the radiation of heat so slow 
that the ignition point of the powder, which in good 
powders is about 350 deg. Fahr. to 360 deg. Fahr., 
and in decomposing powder may go as low as 
250 deg. Fahr., may be reached. The condition of 
dynamically dangerous powders may be found in 
several ways.” Again :—‘‘ It is as well to state that 
the charge of smokeless powder, as designated by 
the Bureau of Ordnance, means the smokeless 
powder alone, exclusive of the bag and ignition, 
and it is also well for such ship to be provided with 
a set of accurate and repeatedly checked scales. 
In the case of strongly suspected drying out of 
powders, as indicated by loss of weight or other- 
wise, the Bureau of Ordnance should immediately 
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be notified, in order that firing samples may be 
sent to the proving ground for reassignment of 
charge.” 

In other words, if a lot of 50,000 lb. of nitro- 
cellulose tg already made up into charges is 
found to have altered in weight, it means that all 
vf this lot, scattered it may be in several parts of 
the world in different ships, has to be sampled, sent 
to the proving-ground, re-proved, and a fresh weight 
of charge assigned to the various parts of the lot, 
each of which to be separately re-proved. This 

rocedure seems a most cumbersome and costly 
»usiness, which is entirely avoided in the case of a 
nitro-glycerine powder. The instructions further 
state :—‘‘ When the powder for any cause requires 
to be dried or exposed to the air, the greatest care 
should be taken not to expose it to the rays of the 
sun for any length of time, as it is known that the 
actinic power of these rays exerts a deteriorating 
effect.” The above are but a few extracts from the 
United States naval authorities’ instructions as 
regards their nitro-cellulose powder, and a complete 
study of these remarks clearly shows that the powder 
is regarded with considerable fear and distrust. A 
study of many of the proof reports of acceptance 
tests of nitro-cellulose powder lends considerable 
colour to such want of confidence, as very variable 
results are obtained at proof; for example, in a 
10-in. gun using a charge of 153 |b. of nitro-cellulose 
powder the chamber pressures in consecutive rounds 
under identical conditions were 16.6, 18.1, and 31.65 
tons per square inch. 

As regards the article in the Memorial des 
Poudres et Saltpetres on the French nitro-cellu- 
lose powder, we cannot do better than quote from 
the synopsis which appears in the May number 
of Arms and Explosives, which states in refer- 
ence thereto :—‘‘ The results demonstrated that, 
whenever the solvent was allowed to escape, the 
stability decreased very rapidly ... the rela- 
tively greater stability of cordite would appear to 
be due to the liquid nature of the nitro-glycerine 
entering into its composition. Two things appear 
to have followed M. Lheure’s researches : one, the 

eneral use of amyl alcohol as part solvent for all 
rench propellents, and the other the adoption of 
hermetically-sealed vessels for storing gunpowders.” 
Both the French and United States Governments 
seem therefore to have arrived but lately at con- 
clusions which have long been recognised by other 
Powers as constituting grave practical objections to 
the use of nitro-cellulose powders for naval pur- 
poses; and yet, in spite of these drawbacks, 
and without any apparent compensating advan- 
tages, the two Governments named have so far 
rigidly clung to the use of such powder. For their 
own satisfaction, and for the satisfaction of their 
peoples, who are more nearly concerned with the 
safety of their fellow-countrymen and relatives on 
board ship, it is to be hoped that these Govern- 
ments may at an early date adopt a more open mind 
as regards the merits of the nitro-glycerine type of 
— powder. 
he sole recommendation apparently which it is 
thought is possessed by nitro-cellulose powder over 
nitro-glycerine powder is that the former is sup- 
posed to cause less erosion than the latter, but this 
view has in recent years been considerably modified, 
especially as regards large guns firing very heavy 
charges to obtain the high muzzle velocities now 
demanded, as it has been found by practical trials, 
some of which were carried out in the United 
States, that the amount of erosion is not merely 
dependent upon’ the temperature of explosion of 
the propellent, but is also dependent upon the 
quantity of gas evolved from the charge and the 
mean velocity of this gas during the rise of pres- 
sure tothe maximum. Now it isclear that, grant- 
ing for the moment that a nitro-cellulose powder is 
‘**cooler” than a nitro-glycerine powder, a much 
larger charge of the former will be required to pro- 
duce the same ballistics, and, this being so, it 
follows that the advantage of using a ‘ cooler” 
powder is to a very large extent nullified by the 
greater volume of gas evolved from the larger 
charge, and also by the concomitant necessity for 
using a grain of larger dimensions, thus bringing 
the point of maximum pressure further down the 
bore, with a consequent increase of the mean velo- 
city of the gases during the rise of pressure to the 
maximum, 

Another grave objection to the use of large charges 
of slow-burning powder is the resultant high muzzle. 
pressure, which is objectionable, both from the point 
of view of the gun-constructor and especially from 





the point of view of the artillerist, who knows that 
a high muzzle-pressure means bad shooting. This 
is due not only to the variable whip of the gun, 
but principally to the fact that the higher the 
muzzle-pressure the longer the time during which 
the pressure acts on the of the projectile after 
it has left the bore and is unsupported by the latter ; 
and any want of centering on leaving the muzzle is 
thus still further accentuated, with consequent loss 
of accuracy in shooting. 

A secondary consideration is the question of ex- 
penditure on each charge. A nitro-cellulose powder 
is by the nature of its composition more expensive 
than a nitro-glycerine powder ; but, in addition, a 
larger charge of the former is always required to 
obtain the same ballistics, and thus the effect on 
price is a cumulative one. Expense, however, 
should never be allowed to have any but a small 
influence on the choice of a propellent for naval 
purposes, as the factor which should be all pre- 
dominant is that of stability. The value of the 
powder equipment of a battleship is but small com- 
pared to the value of the ship itself, and is infini- 
tesimal compared to the value of human life aboard. 
To endanger the lives of hundreds of its seamen for 
the sake of paltry economy would be nothing short 
of a crime on the part of any government. 

Earlier in this article it is stated that modern 
gelatinised propellents, such as nitrocellulose and 
cordite, are liable to begin to deteriorate the 
moment they are made, and this is brought about 
principally by climatic and meteorological influences, 
which may be divided broadly into two heads— 
namely, dry and moist conditions, both of which 
are accentuated in hot climates. If the storage 
conditions be always dry, the volatile matter is 
dried out and the powder will develop dangerous 
pressures in the gun, whilst moist conditions affect 
the powder deleteriously in a chemical sense by 
hastening the catalytic action set up by initial de- 
composition, and at the same time cause a loss of 
ballistic efficiency by reducing the nitrogen per- 
centage. 

Nitro-glycerine powders, owing to the more 
colloidal effect produced by the nitro-glycerine (and 
incidentally by the mineral jelly now generally 
incorporated therein), are far less affected by cli- 
matic influences than nitro-cellulose powder, hence 
the scrupulous care stipulated as regards packing 
the latter in hermetically-sealed cases, which pre- 
caution is intended, though with but indifferent 
success, to have the same effect as the use of nitro- 
glycerine powders, which can be stored in ordinary 
cases without fear of undue changes. The French 
authorities practically admit, as indicated above, 
that it is desirable to endeavour to obtain the same 
qualities in their nitro-cellulose powder as in nitro- 
glycerine powders by using as part solvent amyl 
alcohol containing a comparatively large percentage 
of fusel oil, which it is thought will prevent the 
fluctuations of percentage of volatile matter—/.e., 
residual solvents and moisure ; but this can only 
have been thought to be satisfactory in a modified 
sense in view of the great stress still laid on the 
necessity for hermetically-sealed cases for storing 
the powder. The fusel oil, in fact, plays much 
the same part, though ina much lesser degree, as 
nitro-glycerine and mineral jelly, and still presents 
the same disadvantages previously mentioned—that 
the volatiles left in the nitro-cellulose must be 
present in a large a and must be kept 
constant by artificial means, which present grave 
practical difficulties. 

Of late years important developments have taken 

lace, especially among certain of the great 

uropean Powers, in the direction of still further 
increasing the stability of nitro-glycerine powders 
by the use of “stabilisers,” which must by no 
means be confused with ‘‘ indicators ;” the latter do 
not add to the stability of a powder, but merely 
indicate by change of colour when a powder should 
come under suspicion as regards its condition. 
‘* Stabilisers,” on the other hand, are designed to 
neutralise the nitrous oxides as soon as they are 
formed, and thus prevent any decided changes 
taking place in the powder. Such stabilisers are 
naturally of an alkaline nature, but it is essential 
that their action should be of the gentlest character, 
otherwise they would defeat their own object by 
causing saponification, with consequent loss of 
** stability-life ” of the powder. 

It is as well at this point to emphasise the fact 
that the only test of stability of any class of pro- 
pellent powder is that of time, and that theoris- 
ing on such matters has so far been proved by 





practice in the majority of cases to have been inis- 
taken. Abel showed by practical experimen! the 
great influence on retardation of decomposition of 
gun-cotton by the addition of alkalis, but it would 
not be safe to argue by analogy that a similar lene. 
ficial influence would be exerted on gelatinised 
propellent nitro-powders unless this fact had been 
proved, by lapse of time extending over a creat 
number of years, in actual experiment. Moreover, 
as stated above, it is essential that such stabilisers 
added to gelatinised propellent powder should 
exert an extremely mild influence, which influence 
should be properly proportioned to the rate of evo- 
lution of the deleterious nitrous oxides. In short, 
the stabiliser should merely neutralise the nitrous 
oxides as they form, but should not attack the 
nitro-cotton itself. 

Some theorists, in condemning the use of alkali 
stabilisers, have omitted this important considera- 
tion, and treated the question de haut en bas, quite 
forgetting that the degree or rate of neutralisation 
of nitrous oxides by alkalis is the main factor to be 
considered. There exists a wide choice of alkaline 
stabilisers, but only practical trial over long periods 
can determine which one is the best all round, and 
in this consideration there has also to be taken into 
account other factors regarding the effect of these 
‘*stabilisers”” upon the ballistic efficiency of the 
powder. The successful manufacture of explosives 
is one of the most highly technical of all industries, 
and no so-called ‘‘explosives expert,” either 
chemist or layman, is really qualified to pass an 
opinion upon an explosive without some very con- 
siderable experience, not only of the details of 
manufacture, but also of the practical conditions 
under which the explosive is stored and used. It 
is advisable, therefore, to avoid taking as final the 
opinion of anyone upon an explosive merely because 
the happens to be a chemist. 








WORKMEN AND INSURANCE 
COMPANTES. 

WorkMEN are accustomed to rely on the capacity 
of the employer to pay any compensation which, 
under the Act, he may be required to pay them. 
Cases sometimes arise which seem to justify the 
necessity of the workmen’s trade unions having an 
acknowledgment from the employers’ insurance 
company that the risk of the workmen’s employer 
has on duly covered by insurance. If workmen 
depend implicitly on the employer, in spite of the 
provisions of the Workmen’s Compensation Act, 
the result may be lamentable disappointment. It 
should be remembered that insurance is not com- 
pulsory on the part of the employer, except in the 
cases provided for in Section 8 of the Act. It may 
therefore be that an injured workman, after being 
duly awarded compensation, is unable to recover the 
amount from a poor employer who has not taken the 
precaution to insure the risk. Section 8 above men- 
tioned makes insurancecompulsory. When itappears 
that a mutual trade insurance society has been 
established for a particular trade, and a majority of 
the employers in the industry are insured in the 
society or company, the Secretary of State, with 
the insurance company’s consent, may require all 
employers in that industry to insure. ; 

here is no difficulty in the workman ascertain- 
ing if his employer is insured, for under Section 5 
of the Act it is provided that where a workman is 
unable to get proof from his employer of a contract 
with an insurance company in respect of his liability 
to the workman, the Court will make an order for 
the employer’s examination. 

With such provision to safeguard the interests 
of the workman, it may be assumed that no work- 
man need be left unprotected, unless he is outside 
a trade union, and carelessly depends on his own 
chance of being insured by his employer. How 

eat the risk for an individual workman is may 
. gathered from an important case heard before 
the County Court Judge at Bristol on April 27. 
The applicant, George Simmons, sued his employer, 
Mr. Ww. J. Wood, for compensation for injuries 10 
an accident in his employment on October 9, 1909. 
The employer acknowledged the claim, but pleaded 
that he had executed a deed of assignment. The 
point was the contention of the insurance com- 
pany that the employer was not insured at the time 
of the accident. The policy was taken out on A ugust 
16, 1909, and it contained a general indemnity from 
July 31, 1909, to July 30, 1910. The premium was 
not paid till.October 11, two days after the ac ident. 
It was then accepted by the company, and the 
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policy handed tothe insuree. Notice of the accident, 
which, according to the Act, should be given to the 
employer as soon as possible after the accident, was 
not given by the employer to the insurance company 
till October 18, although the policy required that 
notice should be given as soon as possible after the 
accident, and it was contended that the contract of 
insurance was not completed until the premium was 

id, and that the employer only paid the premium 
after the accident. The County Court Judge, after 
hearing the evidence, refused the application as 
against the insurance company, and the workman 
had no remedy except as against his employer, and 
an order of £1 a week was made. It may be stated 
that should an employer’s estate go into bank- 
ruptcy, the workman entitled to compensation 
would stand in the shoes of the employer if he 
happened to be insured, and be able to claim the 
amount insured for from the insurance company, 
and if it were less than the compensation he was 
entitled to, he could prove for the balance in bank- 
ruptey, but without priority. 

In case the employer were not insured, and were 
unable to pay the compensation, the workman might 
be without remedy. When the employer who has 
not insured goes into bankruptcy, and his assets are 
sufficient to pay a dividend to creditors, then the 
workman may rank as a preferential creditor, if his 
claim be for a lump sum not exceeding 1001. ; and if 
it be for a weekly payment, the workman may 
claim as creditor such lump sum representing the 
weekly payments, as may be settled by arbitration. 
It will be seen that in the case of small employers, 
the workman in respect of compensation runs a 
risk for which there may be no remedy. The duty 
of the workman in the service of an employer who 
is fmancially weak is to see to it that the risk is 
covered by valid insurance. 








THE LATE SIR WILLIAM HUGGINS. 
Tue death of Sir William Huggins, which took 
lace in London last week, on May 12, closes a long 
ife of useful activity devoted to pure science, a 
life full of recognition and honours. [If official 
recognition of his merits came late in his life—as it 
often does in this country, as well as in others— 
official honour was finally meted out in full measure, 
while his fellow-scientists had from the first paid 
tribute to the distinguished work in astronomy and 
solar physics accomplished by an earnest worker 
who was not a professor, not connected with any of 
the great national institutions, nor even a graduate 
of any English University, all his degrees being 
honorary. He was in his seventy-fourth year when 
the Order of the Bath, together with the knighthood, 
was conferred upon him on the occasion of the 
Queen’s Diamond Jubilee ; in 1902 the late King 
made him one of the twelve original Members of 
the Order of Merit. The Royal Society elected him 
a fellow in 1865, two years after the presentation of 
his first paper ; honorary degrees, medals, and other 
distinctions followed, and in 1900 Sir William 
Huggins succeeded Lord Lister as President of the 
Royal Society. As such he presided over the inau- 
guration of the National Physical Laboratory by the 
present King and Queen, while the numerous foreign 
distinctions awarded to him testify to the general 
esteem in which he was held all over the world. 
William Huggins was born in London on Feb- 
ruary 7, 1824, and was thus in his eighty-seventh 
year, when he died after an illness of only one day. 
He was educated at the City of London School and 
at home. Private tutors instructed him in classics, 


mathematics, and science, and it must not be thought 
that the Royal Society somewhat deviated from its 
custom by offering the presidency to one of their 


members who had confined his studies to one branch 
of science. Young Huggins, in fact, was long in 
doubt whether he should take up physiology and 
microscopical research, or pursue his life study 
chiefly with the aid of the telescope. His decision in 
favour of the telescope came at an opportune period. 
It was only a few years after he = been able to 
erect a telescope of his own at Tulse Hill, in 1856, 
that Kirchhoff and Bunsen published at Heidelberg, 
in 1859, the researches which at once put spectrum 
— on the footing of a novel and most impor- 
— means of investigation. Many physicists, Tike 
irchhoff and Bunsen, began to examine the sun ; 
ge went further and sought to ascertain whether 
— star y world gave evidence of containing the 
— constituents or some of them which it was 
en known or believed made up the earth and sun. 
this work Huggins collaborated with his friend, 








W. Allen Miller, professor of chemistry at King’s 
College. A star spectroscope did not then exist, 
of course; it had to be created. The light of the 
stars is exceedingly weak, and the identification of 
the lines of the spectrum with the instruments then 
available was most difficult. Progress was, in fact, 
in the first years of stellar spectroscope, as Sir 
William Huggins himself later remarked, ‘‘ much 
retarded by resting important conclusions upon the 
apparent coincidence of single lines, in spectro- 
scopes of very small resolving power.” 

By 1863 Huggins and Miller presented their first 
joint paper to the Royal Society, a ‘‘ Preliminary 
Note on the Lines of Some Fixed Stars.” The 
very day, it is said, that they read this paper they 
were informed that Rutherfurd, in the United 
States, and Secchi, in Italy, were engaged in similar 
work, The question of priority was hotly contested, 
not by the chief workers, but by their friends. 
Huggins never was the man to speak of his own 
achievements. His modesty could not but strike 
even the most casual acquaintance. But his friends 
felt all the more called upon to urge his claims. 
The whole controversy was futile. 1t would, in- 
deed, have been astonishing if stellar spectroscopy 
had been initiated without some such coincidence, 
and in fact one cannot now help wondering a little 
that the discovery of spectrum analysis should have 
lain dormant so long atime. In stating this we do 
not in the least desire to deprive Kirchhoff and 
Bunsen of the credit which is so justly accorded to 
them for their remarkable systematic investigation. 
A few words will explain our reasoning. Fraunhofer 
himself wrote in 1817 that, to judge by the (Fraun- 
hofer’s) lines, the light of Venus and of Mars was 
that of the sun, while the light of Sirius differed ; in 
other stars, moreover, he observed different bands in 
1821. J. F. Herschel stated in 1835 that the series 
of ‘* fixed lines ” in the spectrum of stars like Sirius 
was totally different from that of any known terres- 
trial flame. The elder Herschel had observed in 
1823 that the yellow sodium flame was characterised 
by a yellow line, and it was apparently the ubiquity 
of this line which prevented him and others from 
following the problem up. Still more noteworthy 
is Wheatstone’s report of 1835 to the British Asso- 
ciation, in which he describes the lines seen in an 
electric spark when striking into mercury ; there 
were the two D lines, one green, one blue, one 
indigo, one violet line, and sparks from other metals, 
he noticed, gave other lines. 

Continuing their studies, Huggins and Miller 
examined in their laboratory the puzzling differences 
between the spectra obtained under different con- 
ditions. One of his later successful researches, 
carried out in conjunction with Lady Huggins, 
who, after his marriage in 1875, had become his 
able and enthusiastic assistant and joint-author 
of his memoirs, should be mentioned in this con- 
nection. It had been noticed that the general 
sun spectrum displayed seventy-two calcium lines, 
while in the spectra of the chromosphere and 
of the prominences, only two lines could be attri- 
buted to calcium. That discrepancy was so strong 
that the whole identity of the solar calcium 
lines was questioned; everybody is aware what 
an importance is attached to calcium vapours in 
the solar atmosphere. In 1897 Huggins estab- 
lished that at sufficiently reduced pressure the 
number of calcium lines was, indeed, diminished to 
two. This difficulty having been cleared up, spectro- 
photography in calcium light could take its estab- 
lished position. 

Stellar spectro-photography had been attempted 
by Huggins in the early ’sixties. But the imper- 
fection and unsuitability of the old silver plates and 
of the wet collodion plates, which were then alone 
available, baffled his endeavours. When he resumed 
this branch in the ’seventies, the gelatine- bromide 
plate—almost perfect, apart from its grainy 
texture, as he remarked in his presidential 
address to the British Association at Cardiff in 1891 
—had been invented, and, thanks to the interest 
that the Royal Society took in his work, he was in 
possession of a 15-in. refractor and an 18-in. 
reflector, fitted with mirrors of speculum metal, 
besides a spectroscope provided with quartz lenses 
and prisms of Iceland spar, which did not stop the 
ultra-violet rays. Thus he was able to study the 


spectra of stars with a view to their classification, 
as proposed by Secchi in 1863, and modified by H. C. 
Vogel in 1874. The order in which Huggins arranged 
the stars from their photographic spectra in 1879 
was essentially that of Vogel—to quote Huggins’ own 
words. 


Soon afterwards he was able to show that 





the star-like nuclei in the Orion nebula really be- 
longed to the nebula, and were not in front or 
behind the nebula. 

He had been studying nebule since 1864, and had 
been able to decide whether nebule were to be 
regarded as portions of the fiery mist or shining 
fluid, out of which, in the clder Herschel’s words, 
the heavens and the earth had slowly heen 
fashioned, or whether they were external galaxies, 
cosmical ‘‘ sand-heaps,” too remote to be resolved 
into separate stars. The spectrum of the nebula 
in Draco proved to be the bright line spectrum of a 
glowing gas upon a background of a faint con- 
tinuous spectrum. Turning his attention to the 
spectrum of comets, Huggins found cabon vapours 
in it, thus confirming a suggestion thrown out by 
Donati in 1858. Laboratory experiments on 
olefiant gas and other hydro carbons confirmed 
Huggins in his opinion that hydro carbons were to 
be found in the constituents of comets. When de- 
livering the Bakerian lecture in 1885, Huggins re- 
garded the corona of the sun as similar in the cause 
of its formation to the tails of comets—that is, con- 
sisting for the most part of matter going from the 
sun under the influence of some force, probably elec- 
trical. Many of the corona particles might return 
to the sun, but those forming the long streamers 
did not return, and diffusing they might, he sug- 
gested, go to furnish the matter also of the zodiacal 
light. The cometary matter he considered identical 
with that of meteorites. 

One of the signal triumphs of the work of 
Huggins was his application of the Doppler prin- 
ciple to the study of the motion of stars in the 
line of sight. In _ his original paper on ‘‘ Das 
farbige Licht der Sterne,” published in 1841 at 
Prague, Doppler had suggested that the difference 
in colour observed in some binary stars might be 
produced by their motion. Doppler was right in 
so far as the principle is as true in the case of light 
as it is in the case of sound; but he was wrong in 
supposing that a change in colour could actually be 
recognised, even if the star were moving with such 
an enormous velocity as to alter sensibly its colour 
to the eye. Huggins understood that the principle 
became applicable as soon as lines of known sub- 
stances had been recognised in stellar spectra, and 
his first observations of 1868 were soon confirmed 
by Vogel and Scheiner at Potsdam, by Christie at 
Greenwich, and later by Keeler at the ee 
and the Lick Observatories. The latter was also so 
fortunate as to measure, with the magnificent in- 
struments at his disposal, the motion of planetary 
nebulz in the line of sight. How greatly this 
important method of research has since been 
developed by able observers on both sides of the 
Atlantic is now well known. 

Huggins also was a pioneer in solar physics. 
The suggestion that it would be possible to observe 
solar prominences any day—not only during solar 
eclipses—with the aid of the spectroscope was due 
to him. The idea was that the spectrum of the 
prominence would be sufficiently bright, while the 
prisms would disperse the air-glow. Huggins also 
suggested—and ediewe at the same time—that if 
a wide slit were slowly removed from the limb of 
the sun, the prominence would record its own 
width at different distances from the limb, and 
thus its shape. The first actual observations of 
this kind were secured by Janssen in 1868. 

When the phenomena of radioactivity were in- 
vestigated early in this century, Huggins took up 
the spectroscopic side of the problem. We cannot, 
however, further specify his work on the present 
occasion. That he continued to excel is best 
proved by a long series of distinctions conferred 
upon him. The Order of Merit, which we have 
already mentioned, he valued highest. The Royal 
Society, which admitted him in 1865, awarded 
him a Royal Medal in 1866, the Rumford Medal 
in 1880, and the Copley Medal, the highest honour 
at its disposal, in 1898. The Royal Astronomical 
Society, whose president he was in 1876, had 
given to him and to Miller a gold medal in 1867. 
Honorary degrees had come from Cambridge in 
1869 when he was Rede lecturer, and from Oxford 
soon afterwards. The Paris Academy awarded 
him the Lalande Prize for astronomy in 1872, and 
the Prix Janssen of the Institut fell to him in 
1888. He also held the Wilde and the Draper 
Medal, and the Medal of the Pacific Astronomical 
Society. During his presidency of the Royal 
Society in 1900 to 1905 he accentuated the value 
of the study of science against the advocates of 





humanistic studies, and’ selections from his presi- 
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dential addresses to the RoyalSociety were published 
in 1906 under the title ‘‘The Royal Society, or 
Science in the State and in the School.” His most im- 
rtant works are the ‘‘ Publications of Sir William 
uggins’ Observatory,” of which the first volume, 
entitled ‘‘ An Atlas of Representative Stellar 
Spectra,” appeared in 1899, while the second volume, 
‘*The Scientific Papers of Sir William Huggins, 
K.C.B,, O.M.,” was published only last year. 

In 1875 Sir William Huggins had married Miss 
Margaret Lindsay, daughter of Mr. John Murray, 
of Dublin, herself a great astronomer and joint- 
author with him also of the atlas just mentioned. 
A man of a happy, humorous disposition, very fond 
of children, whom he delighted to interest by simple 
demonstrations, Huggins became more retiring and 
reserved in his older days. He had the true 
modesty of the true scientist, ready to advise and 
to help fellow-workers, and he was a man of high 
culture. Sufficiently endowed with means to live 
in comfortable circumstances, he possessed quite 
a noteworthy collection of early Italian art treasures, 
and built himself a pneumatically-driven organ. 
The instruments which the Royal Society had 
entrusted to him were in 1908 offered by him to the 
Cambridge Observatory, and were at once accepted. 
He spent all his life practically at Tulse Hill. The 
end came as suddenly and from the same causes 
as that of King Edward, within less than a week 
of the King’s death. The funeral took place on 
Saturday last, the 14th inst., his remains being 
cremated at Golder’s Green. Lady Huggins sur- 
vives him ; he leaves no children. 








THE NEW RUSSIAN BATTLESHIPS. 

We have received from a correspondent in St. 
Petersburg the elevation, section, and plans, repro- 
duced on page 653, of the four battleships recently 
laid down—the Sevastopol and the Petropavlovsk, 
at the Baltic Works ; and the Gangut and Poltava, 
at the Obukoff Works. The designs for these 
ships were prepared at St. Petersburg, where there 
is considerable discussion in official circles as to 
their merits and demerits. The drawings which we 
reproduce show not only the internal arrangement 
of the vessels, but the disposition and emplacement 
of all the guns of the main and auxiliary armament, 
and the system of armoured protection. 

The principal dimensions of the vessels are as 
follow :— 

590 ft. 

89 ft. 
27 ft. 3in. 

23,000 


Mean draught ... 7 
Displacement in tons... 
Shaft horse-power _... 42,000 
Speed in knots... aa oe 23 

The outcome of the Russian experience in the 
war, and the examination of all the designs 
submitted in the competition of two years ago, 
together with the endless discussions which took 
place among the Russian naval authorities as to 
the type of ship best suited to meet all the con- 
ditions of modern warfare, has obviously resulted 
in a hybrid design, which discloses many serious 
inefficiencies from the fighting point of view. 
Taking first the arrangement of the guns, it will be 
seen from Figs. 1 and 3 that the main armament 
consists of twelve 12-in. triple-mounted guns, all 
on the centre line of the ship, having arcs of train- 
ing on both broadsides. Such concentration of 
fire within limited area has ever been regarded by 
experts as we risks which can only be justified 
by indisputable advantages, which do not exist 
here. In so far as the weight of broadside fire is 
concerned the arrangement may be a good one, but 
a single lucky shot from an enemy could put any one 
of the four barbettes out of action, and thus the 
vessel would at once lose the fire from three powerful 
12-in. guns. If this occurred to either the forward 
or the after barbette, the vessel would be quite 
devoid of any direct «head or astern fire from her 
main armament, although by yawing through about 
35 deg. from her course she could bring her amid- 
ship guns to bear on a point previously directly 
ahead. If should be remembered, however, that 
recourse to this expedient would mean a reduction 
of speed and a certain loss of position. 

As to the auxiliary armament of the vessels 
—sixteen 4.7-in. guns—the arrangement of these 
guns is such as to split them up into eight groups, 
each pair of ee ing in close proximity to one 
of the main barbettes (Figs. 1 and 4). en the 
12-in. guns are being used in action, it will be 
impossible to use the 4.7-in. guns, over which the 





12-in. guns may be firing, as the blast from three 
12-in. guns will in all probability render the 4.7-in. 
casemates uninhabitable. 

The casemate openings, always a weak point, are, 
because of their position relative to the big guns here, 
high-explosion shell traps to lead projectiles into 
the proximity of the barbettes. The auxiliary arma- 
ment consists, as already mentioned, of sixteen 
4.7-in. guns only, and yet, according to our St. 
Petersburg correspondent, the amount of armoured 
protection for these guns runs into a weight of 
something like 700 tons. 

The arrangement of magazines is shown in Figs. 5 
to 7. The magazines and shell-rooms for the 4.7-in. 
guns are split up into eight separate compartments. 
This, no doubt, has its advantages when reason- 
ably safe positions are found for them ; but these 
magazines are placed almost out to the sides of 
the vessel (Figs. 5 and 6) instead of being kept 
inboard, which involves serious risk from submarine 
explosions. 

Coming next to the armoured protection of the 
ships, it will be seen from Fig. 1 that the main 
belt armour protecting the machinery and the 
magazines is only 8.8 in. in thickness, which is not 
at all calculated to withstand the fire of the large- 
calibre guns being fitted to war vessels now build- 
ing, and the still larger guns projected for vessels 
about to be laid down for navies to which the 
Russian ships would be likely to be opposed in 
combat. It would seem that the idea was to pro- 
tect every part of the above-water portion of the 
vessel with armour, irrespective of its thickness, so 
long as it could be termed armour, and thus the 
armoured side is carried right up to the weather- 
deck forward. At the time the vessel was designed, 
it was intended to carry out the same arrangement 
aft, but our correspondent states that it was found 
that conditions of weight and the limit fixed for the 
displacement tonnage made this impossible, a fact 
which accounts for the after end—abaft the after 
barbette—being unarmoured above the height of the 
main deck (Fig. 4). 

In the design, there is a complete departure from 
the idea adopted in Russian ships for many years— 
viz., that of submarine longitudinal explosion bulk- 
heads against torpedo or mine explosions. There is 
in the new design, as shown in Figs. 5 to 8, only one 
longitudinal wing bulkhead on each side ; it is of 
ordinary mild steel, and is dangerously near to the 
sides of the vessel. 

It is unnecessary to point out the danger of such 
an arrangement, in view of large explosive shells. 
There are fitted, as shown in Fig. 5, longitudinal 
armoured bulkheads above the protective deck at 
a distance of about 11 ft. in from the sides of 
the vessel, running from the forward barbette to 
the after barbette. These bulkheads are from 3 in. 
to 4in. in thickness ; the idea being to keep out 
any projectile from the interior after it has pierced 
the outside armour. The space between these upper 
armoured bulkheads and the outside armour on 
each side of the ship is subdivided into water-tight 
compartments, the idea being that with such 
arrangement the vessel could always maintain her 
water-line area practically intact. Would the weight 
put into these bulkheads not have been much more 
effective if used for thickening the outside armour ? 

The arrangement of the rudders is notable. Each 
vessel is provided with two rudders, one placed 
immediately forward of the other in the centre 
line. If the rudders had been arranged to carry 
out the idea for which they were first proposed— 
viz., to be placed so far away from each other that 
an explosion which would destroy one of them 
would be likely to leave the other intact—the 
arrangement would have been a good one. As a 
matter of fact, however, the crowding out of the 
internal space by magazines, machinery, Xc., has 
resulted in the rudders being brought so close 
together that any explosion powerful enough to 
destroy one of them would probably at the same 
time render the other useless, 

Another novel innovation is the ice-breaker stem, 
but it is of questionable utility. The shape is 
there, but no special strengthening for ice-break- 
ing purposes has been made. The fitting of this 
stem. has added considerably to the resistance of 
the vessel, on account of the virtual shortening of 
length, necessitating that the lines forward cannot 
in any possible circumstances be made as good for 
pose purposes as if the ordinary stem had 

mn adhered to. 


@The designs for the guns and barbettes are) 
purely Russian ; and whilst giving no greater | 





efficiency in any direction than in similar bar|ettes 
being constructed for other navies at the present 
time, the weight of each turret is close on 200 
tons greater than in other types. 

In order to keep the weight of hull and littings 
as small as possible, it was decided by the Russian 
authorities that high-tensile steel should be used, 
it being apparently considered that on account 
of the greater tensile strength of this material it 
would be possible to reduce the scantlings through- 
out. This again, of course, is an error, because, 
in many parts of the structure, stiffness has to be 
obtained where longitudinal strength does not enter 
very much into the question. The idea of weak. 
ness is borne out by the fact that in order to get 
the necessary longitudinal strength the beams of 
the upper deck have been placed longitudina!ly, so 
as to be taken into the strength calculation. — 

Having thus designed their battleships for 
23,000 tons displacement, and having arranged 
for four such ships to be built, carrying triple bar- 
bettes whose weight was out of proportion to their 
efficiency, and having at the same time cut down 
on paper the hull weight to a dangerous figure, 
by assuming the use of high tensile steel through- 
out, the keels were duly laid down in two of the 
shipbuilding yards in Russia, and the work begun. 
At the very commencement it was found—as is 
usual in Russian naval construction—that there 
was a very serious hitch ; so serious, indeed, that 
whilst these four vessels are supposed to have 
been building now for nearly two years, com- 
paratively little work has been dove on the 
hulls, except the laying of the keel - plates. 
The fact is that, according to the Russian laws, 
no material for these vessels, or for any other 
Russian warships, can be purchased outside of 
Russia, and Russian steel-makers were found to be 
unable, and without experience, to deal with the 
manufacture of high-tensile steel of the quality 
required. Thus the first quantities received in the 
various yards from the steel manufacturers were 
found to be incapable of meeting the tests demanded. 

Coming to the question of machinery, the 
mechanical department of the Marine Technical 
Committee in St. Petersburg were desirous of 
having water-tube boilers of the large-tube type 
for the vessels, but on account of the necessity of 
keeping the weight of the machinery installation as 
small as possible, the advice of these experts was 
over-ridden, with the result that it was decided 
to fit water-tube boilers of the small-tube type. 
Further to this, discussion raged for many months 
over a proposal to fit Diesel oil-motors for cruising 
speeds in place of the ordinary turbines. Thus 
delay has occurred at every stage of the work on 
account of the wide differences of opinion as to the 
salient points to be embodied in the design, both 
in the hull, machinery, and armament sections. _ 

The Russian naval authorities were very sanguine 
at the outset that their four new battleships would 
all be delivered within three years, but knowledge of 
the conditions in Russia, as compared with those in 
England, where every detail is settled and all dis- 
cussions as to the features of the ship concluded 
before the keel-plate is laid, justifies the view that 
the vessels in question cannot possibly be delivered 
for several years, and that their cost will greatly 
exceed the estimate. In support of this one has 
only to point to the battleship now being built in 
St. Petersburg, the Andrei Pervozvannyi, which 
has already been eight years under construction, 
and which has exceeded her estimated cost by over 
1,000,000. When dealing with the question of 
cost, it should not be forgotten that the paper 
cost of a Russian battleship is always below the 
actual cost, because in the Armour-Plate and 
Gun-Manufacturing Works, the charges of the 
works come under another and distinct vote to 
that for shipbuilding, consequently to the paper 
cost given for each ship there should be added the 
enormous working charges against those establish- 
ments. 

To sum up the matter, it may be stated that the 
four Russian battleships now being constructed to 
the present designs promise to be of such doubt- 
ful efficiency as to suggest that their construction 
will be a waste of the country’s capital. Strength of 
hull has been sacrificed to carry excessive w‘ ight of 
armament, so disposed as to risk a large proportion 
of it being rendered hors de combat under conditions 
easily realisable in warfare, while for the purpose 
of having machinery to give the ships the unneces: 
sarily high speed of 23 knots, the boiler inst sllation 
decided upon is, in its main features, contrary © 
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within a reasonable period, it is absolutely neces- 
sary, taking the present capacity of her shipbuild- 
ing armour oa ordnance establishments into 
account, that many of these vessels must be built 
abroad, At the same time, duplicates could be 
built in Russia sufficient in number to keep all her 
trained workmen employed. In this way only can 
she hope to have an efficient modern navy. On the 
other hand, it would seem that, whatever may be 
said to the contrary in Russia, the ships designed 
and built there will be obsolete before they are in 
a fighting condition. 





THE JAPAN-BRITISH EXHIBITION. 

For charming scenic effect, for dreamy, soothing 
influences, for old-world romance, and for won- 
derful modern enterprise, the Japan-British Ex- 
hibition, which was opened at Shepherd’s Bush 
last Saturday, is unique. This is chiefly true in 
relation to the Japanese portion of the Show, for 
although there are many things to be seen in the 
British Section which are of interest, those relating 
to the far-famed Eastern nation will probably prove 
to be the attraction to the majority of visitors. 
Although the Exhibition is not yet complete, it is 
probably more nearly so than any previous similar 
exhibition at its opening. As a show place where 
different branches of engineering may be studied, 
and where machinery is much in evidence, it cannot 
be said to be of much importance, the Machinery 
Hall being only very poorly filled with exhibits, 
the chief feature noticeable being the dearth of 
Japanese machinery, although the Japanese indus- 
trial portion of the Exhibition is well worth seeing. 
What was known as the Machinery Hall is now 
occupied by Japanese and British exhibits, the 
former occupying the left wing, not, however, with 
machinery and engineering exhibits—with the ex- 
ception of one small collection—but with artistic 
treasures, collections of pottery, lacquer work, 
a sie ivory, and -tortoiseshell work, and also 

y forestry and sports ; and the latter being in 
the right wing, where the mechanical exhibits 
are collected, though, as previously stated, these 
are comparatively few in number. In the British 
Machinery Section the chief feature that strikes us 
as we enter is the very fine show of textile machi- 
nery. It is quite a different class from what has 
previously been shown at Shepherd’s Bush, and 
the makers have not, we believe, had stands there 
before. The machinery is devoted chiefly to the 
manufacture of cotton goods, and it is no doubt 
the finest installation of the kind that has, so far, 
been seen in the South of England. 

At the stand of Messrs. Platt Brothers and Co., 
Ltd., of Oldham, Lancashire, may be seen the whole 
process of manufacturing cotton from the raw 
material to the cloth, and also an historical collec- 
tion of spinning machinery, with which the name 
of Arkwright is associated. Messrs. Dobson and 
Barlow, Limited, of Bolton, in Lancashire, also 
have a similar collection of machinery for treating 
cotton. Messrs. Joseph Stubbs, Limited, of Man- 
chester, exhibit textile machinery in this part of 
the Hall, as do also Messrs. Robert Hall and Co., of 
Bury, Lancashire, who have on view sixteen dif- 
ferent types of looms, as well as spinning and silk- 
making machinery, and appliances for working 
wool, cotton, and jute combined. 

A firm that has not previously appeared at any 
of the Shepherd’s Bush exhibitions is the Hy- 
draulic Engineering Company, Limited, of Chester. 
On their stand are to be seen hydraulic-pressure 
pumps, an artesian well-pump, and an accumu- 
lator, the latter loaded with about 40 tons, and 
working up to a pressure of about 700 lb. per square 
inch, as well as an hydraulic ejector for emptying 
sumps, &c, This last apparatus, when used for 
draining a building, is preferably fixed in a pit 
below the floor, into which the water drains. It is 
actuated with water at high pressure, such as is sup- 
plied from public hodinali supply mains or similar 
sources of pressure supply ; but where no such 
supply exists the apparatus can be adapted to 
work with the ordinary town supply. It operates 
automatically, the starting and stopping being con- 
trolled by a foat, which rises and falls with the 
level of the water in the sump. When the higher 
level is reached the apparatus comes into action 
until the lower level is reached, when the action 
stops until further drainage becomes necessary. 
The firm also have on view one of Ellington’s well- 
known appliances for fitting on the ordi town 
hydrant, in order, with high-pressure water, to 





augment the pressure of the town supply, so that 
the water-jet may be able to reach the top of a 
building impossible of access by means of the 
supply from the town mains. The firm also show 
an hydraulic vacuum cleaner. 

Messrs. Andrew Barclay and Sons, Limited, of 
Kilmarnock, exhibit a locomotive built for the sugar 
plantations in Japan, but this exhibit will, we 
understand, be on view only for a short time, as it 
has soon to be shipped out East. A feature of the 
Exhibition not noticed in previous years is the 
collections of bicycles and their accessories. 
Messrs. Rudge-Whitworth, Limited, of Coventry, 
and the Raleigh Cycle Company, Limited, Notting- 
ham, being well represented among cycle-makers, 
while the Palmer Tyre Company, Limited, Shaftes- 
bury-avenue, W.C., exhibit some of their well- 
known tyres, and also a cording-machine, by means 
of which a special cord is fitted to the tyre in order 
to reduce the wear of the outer covers. In addition 
to their bicycles, the Raleigh Cycle Company show 
the Sturmey-Archer three-speed gear. 

As usual at these exhibitions, there are numerous 
ship models, Sir Wm. G. Armstrong, Whitworth 
and Co., Limited, Newcastle-on-Tyne, being well 
represented, and included in the group is a model of 
one of the first and also one of the latest battleships 
built in this country for the Japanese Government. 
Messrs. Vickers Sons and Maxim, Limited, Barrow- 
in-Furness, also have a comprehensive display, but 
this is mostly devoted to artillery, although there 
are some beautifully constructed models of battle- 
ships and cruisers built for the British Navy. This 
firm also exhibits a collection of electrical appliances 
manufactured at their Sheffield works, including a 
six-phase rotary converter with transformer gear. 
Among other exhibitors of models are the White 
Star Line, who show a model of the latest Atlantic 
liner now in course of construction at Belfast. It 
is said to be the largest model of a steamship ever 
made. 

Recent developments in steam-turbines and elec- 
tric generators may be seen at the stand of the 
Parsons Marine Steam Turbine Company, Limited, 
Newcastle-on-Tyne, as well as a fine collection of 
photographs. Among the former there is a model 
showing the interior of the engine-room with a four- 
shaft arrangement of turbine machinery, as fitted 
in large war vessels. There are two complete sets 
of engines, with an astern turbine fitted on each 
shaft, and a cruising turbine on each of the inner 
shafts. Another model shows the interior of an 
engine-room where there is a two-shaft arrange- 
ment. There is here a complete turbine as an 
independent unit on each side of the vessel. 

A small but interesting exhibit is that of Messrs. 
T. and J. Jackson and Co., 15, Hill-street, London, 
N.W. It consists of a collection of electrical appa- 
ratus, many of the appliances being new. The 
largest of these is an electric- lighting plant for 
country houses. The motive power is derived 
from an engine that will work with gas, petrol, or 
paraftin. The dynamo runs at 60 volts, and the 
whole installation is very compact. Connected 
with the engine is a rotary pump for supplying 
country houses with water. here is also plant 
for supplying light to cottages in small towns. 
Among machine-tools those of Messrs. Drummond 
Brothers, Limited, Ryde’s Hill, near Guildford, 
Surrey, are now too well known to require any 
description. A ‘‘ Comprehensive ” wood-worker 
at the stand of Messrs. Robert S. Allen and Co., 
Victoria Buildings, Gateshead-on-Tyne, is of inte- 
rest. 

We have, in this our first article on the Japan- 
British Exhibition, been able to give only a brief 
reference to the Exhibition and to the machinery 
to be seen there, but we hope at a future date to 
enter more into detail regarding special machinery. 








THE ARGENTINE CENTENARY. 
II.—ENGINEERING DEVELOPMENT. 


Tne results achieved by the Argentine rail- 
ways, and the extent of railway progress there, as 
given in the last article, are so remarkable as to 
overshadow the general engineering developments 
which are taking place in the Republic ; and as a 
matter of fact, these are not so remarkable as the 
te ane of the railways and of the country 
itself. , 

Nevertheless, there are some very important 
works of civil and general engineering, especially in 
connection with the ports. In past years Buenos 





Aires was almost the only port of the country, but 
very important works have since been executed at 
Rosario, Bahia Blanca, La Plata, and Santa Fé, to 
say nothing of lesser ports, such as Ibicuy and 
Parana. : 

At Buenos Aires one of the most inter: sting 
engineering developments now taking place is the 
reclamation of several square miles along the river 
front, which is being carried out jointly by the 
Buenos Aires and Pacific and Central Cordoba 
Railway Companies. The work consists in raising 
the level of several square miles of frontage by no 
less than 6 metres. The dredgers, which are per- 
petually at work to keep open the channel in 
the river to the Port of Buenos Aires, pump their 
contents into barges, which are brought alongside a 
mole which has been built to enclose the area to be 
raised ; the mud is then mixed with water until 
sufficiently liquid to be pumped on to the site, the 
excess water being afterwards drained off, leaving 
a firm foundation of mud. About a year will be 
required before this is complete. When this is done 
there will be laid a high-level line into Buenos Aires 
both for the Buenos Aires and Pacific and for the 
Cordoba Central Companies, who, as already stated, 
are sharing the expenses of the reclamation works, 
It will also be necessary to construct new terminals 
at Retiro, where the Buenos Aires and Pacitic and 
the Central Argentine Companies are at present 
using small and rather out-of-date terminals. It has 
not yet been decided whether there will be two ter- 
minals or one, but in any case they will be con- 
structed on a very large scale, and will rank amongst 
the most important buildings in Buenos Aires. 

Another important civil engineering work about 
to be undertaken in Buenos Aires is the recently 
authorised underground line for connecting the 
Western Railway Station at Once with the docks. 
Underground tramway lines have also been sanc- 
tioned, and, in fact, the transportation systems 
of the city of Buenos Aires have now reached the 
stage, which has already arrived in older capitals, 
when it is necessary to go overhead or under- 
ground, in order to cope with the increase of 
traffic. Both the tramway and the railway lines 
will be comparatively shallow, however ; for reasons 
of drainage would probably render it difficult 
to construct deep-level tubes, even if there 
were no other objections. The railway com- 
panies’ line, travelling for the most part under 
the wide central Avenida de Mayo, should not offer 
such difficulties of construction as thé subterranean 
lines which will traverse narrow streets, leaving 
barely enough room between the foundations for 
satisfactory tunnelling. The profits earned, how- 
ever, by the tramway, are so very great, and the 
troubles arising from the slow movements of traffic in 
the narrow streets so very annoying, that the tram- 
way companies will probably be quite justified in 
seeking to increase the speed of their cars by making 
underground tracks. ; 

Another most important work in Buenos Aires 
is the construction of the great Congress Building, 
which, as is the case with many of the fine build- 
ings in South America, is being veneered with 
marble. This arises not from the fact that marble 
is unobtainable in the country, for there is plenty 
of it in the neighbourhood of Cordoba, but because 
at present the marble quarries are not being deve- 
loped ; hence marble is being imported from Europe 
for the purpose of adorning these buildings. the 
principle of veneering appears to be very similar to 
that which was adopted in ancient Rome, and which 
can be well seen at Hadrian’s Villa, near Tivoli. 

At Buenos Aires there is by no means a perfect 
port, and there is a growing tendency in the 
country to develop the other ports ; Bahia Blanca, 
in particular, is developing very rapidly. At 
Ingeniero White, a few miles from Bahia Blanca, 
both the Buenos Aires Great Southern and the 
Buenos Aires and Pacific Railway Companies possess 
very fine ports, with some enormous elevators. = 
elevators of the Great Southern Company have eac 
a capacity of 9000 tons of bulk grain and 5000 tons 
of grain in sacks ; and in addition to this « great 
deal of grain is transhipped directly into the st« ane 
from floating elevators. The moles at Bahia blanca 
belonging to the Great Southern Company “— 
been specially arranged in echelon, so as to perm! 
several 5000-ton steamers to load at the game time 
and to be berthed without interfering wit! =< 
other. That the facilities of the port are good wl 
be seen when it is stated that a 5000-ton s'camer 
can be entirely loaded in eight hours. Nv = 
far from Bahia Blanca another port is being com 
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structed, known, as Puerto Belgrano, which is to 
be the terminal of the new French broad-gauge 
line from Rosario to Puerto Belgrano. This line 
has been designed to divert traffic from Buenos 
Aires, and every point on it lies nearer to Rosario, 
or to Bahia Blanca, than to the Federal capital. At 
Rosario, oneof the most wy SRI ports in the whole 
country, port works have been constructed by, and 
are leased to, a French company. By the terms of 
their concession very heavy dues have to be paid 
for all steamers loading along 20 kilometres of the 
river, whether they make use of the company’s 
quays or not. The banks of the river at this point 
are extremely steep, and it is possible to load the 
steamers directly by means of belt-conveyors from 
the railway company’s elevators without making use 
of the quays; but the dues have to be paid to the 
company all the same. Rosario ships more wheat 
than any other port in Argentina. The quays con- 
structed by the French company are in the lower 

yrtion of the town, where the banks of the river are, 
for a certain distance, insignificant. At the opposite 
endsof thetown are high cliffs, and the Central Argen- 
tine Company is about to construct a viaduct right 
across the front of the town, to connect the two 
sides on the level. It has not yet been decided 
whether the viaduct shall be of concrete or steel, 
but the local authorities are much exercised on 
esthetic grounds. 

Further great port works are being constructed 
at Santa Fé, also by a French company ; in fact, 
in civil engineering and port works generally the 
French are at present showing considerable activity 
in South America. 

One of the most interesting of the harbour 
works now being completed is that of Monte 
Video, also being carried out by a French Company 
at a cost of 60,000,000 francs ; this includes two 
breakwaters over 1000 yards long, and a sea-wall 
1} miles long, with an entrance channel, and two 
docks with a depth of 25 ft. at low water, which 
will ultimately be extended to 32 ft. The stone 
was obtained from a quarry about 4 kilometres off, 
where the concrete blocks were also made. Nearly 
2000 workmen were employed, 9,000,000 cubic 
metres had to be dredged, and 4,000,000 cubic 
metres of earth and sand were used. In the height 
of the work 20,000 tons of material were moved 
every day. The firm that carried out the work is 
the same that founded the piers of the Forth 
Bridge, Messrs, Hersent and Couvreux. 

Coming now to the interior, one of the most in- 
teresting works visited by the writer was the great 
dam near Cordoba, for water storage purposes. It 
is 32.3 metres high, 18 metres thick, while the 
valley at the point where the dam is constructed is 
about one-third of a mile across. The water, when 
discharged, is used for operating several power- 
houses where electricity is produced for lighting 
the city of Cordoba. Another interesting work 
visited by the writer was the Transandine Tunnel, 
then being constructed by the English contractors, 
Messrs. Walker and Co. This, which is about 
2 miles long, is now complete, and trains are regu- 
larly passing through it, forming the first con- 
nection between the Atlantic and the Pacific in 
South America. The whole construction of the 
Transandine Railway is a great civil engineering 
feat, but it was for the most part constructed many 
yearsago, The tunnel itself is the most recent and 
most interesting achievement. The tunnel is at a 
height of 10,466 ft. above the sea, but the working 
of it appears to be far less troubled by snow than 
is the case at similar levels in Europe. 

Argentina is so flat that there are few examples 
of civil engineering work of this kind in the 
countiy, but of irrigation works there are an in- 
creasiiy number. The water of the River Mendoza 
is utilised in the neighbourhood of Mendoza, which 


indeed largely depends upon the irrigation of the 
neigh! urhood for its livelihood. e methods 
adopted hitherto have been primitive, but owing to 
the impermeable nature of the soil less water has 


been wasted than might be expected. The Buenos 
Aires and Pacific Company are now taking the 


- ter in hand, a nd have an expert of their own 
° ho has had considerable experience of 1} 1} 
In 7 t a, and a very great im rovement i th 
metho in e 


ods, and an extension in the area to be irri- 
gated with the Mendoza waters, is to be expected. 
Another important irrigation scheme is being 


jointly carried out by the Great Southern Railway 
re ‘ny and the Government at Rio Negro. 

: Or ‘er interesting engineering works in the coun- 
ty re the various railway workshops. Several of 





these, such as Banfield and Liniers, were, of course, 
built complete at the start, but the workshops of 
the Pacific Company at Junin and of the Central 
Argentine Company at io are being so ex- 
tended as practically to be remodelled. The newest, 
however, and most important railway shops in 
Argentina are the great Sovenmhient shops at Tafi 
Viejo, some miles north of Tucumdn. The sur- 
rounding wall encloses a space of 1600 metres by 
200 metres. Some very fine machine-tools of 
British and also German make are being put down, 
and for driving the works there is a power-house, 
containing 350-horse-power triple-ex ion Borsig 
engines. The locomotive-erecting shop is a very 
fine one, with bays of 20 metres in extent. 
Altogether, those who visit the Centennial Ex- 
position at Buenos Aires this year will find plenty 
of engineering matters to interest them in the 
country generally, and it is to be hoped that the 
British manufacturers who are not exhibiting at 
the Exhibition will be alive to the great field 
which offers for British goods in Argentina, and 
especially for railway material. Other nations are 
increasingly taking advantage of this fact, and the 
British manufacturer must keep himself to the fore. 





NOTES. 
Pia Iron In SWEDEN. 

A QuEsTion, which is of considerable interest 
to English manufacturers, was made the subject 
of an address recently delivered by the chief 
engineer of Jirnkontoret (the Iron Office), Stock- 
holm, at the request of members of the Swedish 
Parliament. Dr. Brinell began by stating that 
Sweden, as early as the seventh century, was known 
as the ‘‘ Jirnbirerland ’—that is, the mother 
country of the iron; export of Swedish iron was 
known to have taken place about the year 1300. 
After a survey of the history of Swedish iron, Dr. 
Brinell turned to the questions of the day. The 
greatest advantage of electric pig-iron production, he 
said, was this: That with the same quantity of char- 
coal, three times as much iron could be produced as in 
a blast-furnace. Whether the electric process would 
be cheaper than blast-furnaces principally depended 
upon the cost of the electric energy. Quite 
recently some successful trials of manufacturing pig- 
iron with t powder in an electric furnace were 
aii have been undertaken. Should this 
new departure prove a practical success, it would 
be of great importance to Sweden. New methods 
in other directions for the production of iron were 
being tested, but none had been so far advanced 
that it could at present influence the question of 
duty on iron and iron products. In the meantime, 
Sweden’s iron industry, in order to exist and pro- 
gress, must, the lecturer said, have protection, and 
an effective one, so that the large capital required 
for modern industry could be made available. 
Only works with a large production could produce 
cheaply. The smaller concerns would disappear, 
with or against the will of their owners. A 
move had already been made in that direction. 
Having exhaustively dealt with the pros and cons 
of a duty on pig-iron, Dr. Brinell arrived at the 
conclusion that the country, on the whole, would 
have the benefit of a duty of that kind ; that if the 
foundry pig consumed was produced within the 
country by means of foreign coal, about 2,500,000 
kroner of what now went abroad would remain 
within the country. With reference toa duty on 
rails, the import of rails, sleepers, fish-plates, &c., 
into Sweden had been doubled within the last 
fifteen years, and there was every reason to believe 
that with the duty proposed in 1888, a regular and 
remunerative manufacture of all kinds of rails could 
be established in the country. The private rail- 
ways had now mostly substituted steel rails for 
iron rails, and it was to be remembered that Sweden 
now possessed an up-to-date rail-rolling mill. A 
further reason for adopting a duty on rails was to be 
found in the fact that the cond Kartel in rails, 
which of late years have sprung into existence, 
seemed bent upon not only fixing the prices, 
but also the quality to be used. If Sweden 
did not go in for an up-to-date manufacture 
of rails—and such could not exist in the long run 
without an import duty—the country would 
probably have to pay higher prices for foreign 
rails than for Swedish, considering the duty. 
The manufacturing of too many articles at the 
same works was far too common in Sweden, and 
cheap manufacture could not be expected until 
each works only produced a few specialities. Duty 





on rails and girders was a step in that direction. 
Swedish plate works had of late applied much 
capital to extending and modernising their works, 
and they therefore had a right to claim protection 
for their manufacture. 


Heat Transmission THrovuGcH BoILer 
INCRUSTATION, 


In the Magdeburg branch of the Verein Deutscher 
Ingenieure, i. eae reported, in October 
last, on some interesting experiments made by 
Mr. Eberle, of Munich, on heat transmission 
through boiler-plates covered with scale. The 
experiments were conducted in the following 
way: The plate in question formed the bottom 
of a tank filled with water, to which sulphate of 


calcium and other a were added. The 
incrustation was uced by boiling the water 
for many days oak weeks. e heating by means 
of gas burners was indirect, a heater-plate being 
mounted a little below the boiler-plate ; temperature 
measurements were taken of this hot plate, of the 
air cushion between the two plates, and of the 
boiler-plate itself. In the first series of tests, the 
layer of scale had a thickness of 1.48 millimetres ; 
in the second, a thickness of 5.5 millimetres, 
obtained by further adding magnesium carbonate 
to the water. Other coatings over the plate were 
produced by painting it with asphalt and rubber 
dissolved in the preparation known as Jellinck 
anti-corrosive. The following values were obtained 
for K, the number of calories passing through one 
square metre of the plate per hour per 1 deg. Cent. 
temperature difference between the heater-plate 
and the boiler-plate. 





| 800 Deg. | 500 Deg. 700 Deg. 

Temperature of Heater-Plate { | Cent. | Cent. Cent. 
Boiler-plate, clean . K=| 24.9 41.2 65 
Boiler-plate with 5.5 millimetres) 

of scale .. a -« ao we 34 56.5 
Boiler - plate with thin - asphalt 

me ¥s os ». Ke 17.3 32 53 
Boiler - plate with thick - asphalt 

coating of 0.3 millimetre K = 14.6 26 42 


The incrustated boiler-plate became very hot, 
though the temperature of the water never ex- 
ceeded boiling-point. Thus, for example, the clean 
boiler-plate marked a temperature of 130 deg.; the 
5.5-millimetre scale plate, a temperature of 188 deg. 
Cent. ; the plate with a thin asphalt coating, 270 deg. 
Cent.; and the plate with the asphalt coating of 0.3 
millimetre, even 510 deg. Cent. Although, therefore, 
the incrustation of the plate had a decided influence 
on the heat transmission through the boiler-plate, 
this feature, Mr. Heilmann pointed out, did not 
much affect the heat utilisation in the boiler. 
When the plates were coated inside, less heat was 
transmitted, and the temperature of the combus- 
tion gases was less rapidly diminished, the tem- 
perature gradient between and water being 
greater than with clean boiler-plates. A certain 
compensation was therefore effected. Eberle cal- 
culated that in the four cases above tabulated the 

would into the chimney at temperatures 
of 251 deg., 275 deg., 290 deg., and 320 deg. Cent. 
respectively, and the boiler efficiencies would be 
74.9, 72.5, 71, and 67.8 per cent. But Mr. Heil- 
mann did not give particulars of these calculations, 
and the exact determination of the thermal balance 
is not an easy matter. 


Tue Sassnitz-TRELLEBORG STEAM Ferry. 


The development of the traffic on the steam 
ferries which join Sassnitz, on the Prussian island 
of Riigen, to Trelleborg, on the southern coast of 
Sweden, has been quite as brisk as could be ex- 
pected. The service was opened in July last, 
as we mentioned on page 58 of our issue of July 9, 
1909, when we explained the considerations which 
led to the change-over from the ordinary mail-boats 
for steam ferries, and described the ferries. Within 
a month of the inauguration of the new service the 
great Swedish strike broke out, whose after-effects 
extended far beyond the month of its duration. 
Yet the nger traffic on the new route, we see 
from the Zeitschrift des Vereins Deutscher Eisenbahn- 
verwaltungen, increased by 50 per cent. in the nine 
months terminating last March, and the goods 
traffic has increased ten-fold in the direction 
Prussia-Sweden, and fifteen-fold in the direction 
Sweden-Prussia. The increase is thus most marked 
as regards exports from Sweden, and the same is 
true of the passenger statistics. The journey across 
the 65 miles of the Baltic (or East Sea) takes about 
four hours by the new ferry-boats, and since the 
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Baltic can be as unpleasantly stormy as other seas, 
passengers were formerly scarce during the winter 
months. There has been a decided improvement 
in this respect, and the sleeping-cars have always 
been fully occupied. But it is, as we have pointed 
out already, chiefly the goods traffic which ensures 
the success of the new undertaking. Two passenger 
ferries have been run each day in both directions, 
and goods ferries had often to be added to the 
four boats. The traffic has recently more easily 
been dealt with, since the Swedish Government 
added, in March, another ferry to the fleet, the 
Konung Gustaf V. ; the other Swedish boat is the 
Drottning Victoria ; the two German boats, which 
have been running all the time, are the Deutschland 
and the Preussen. There is some apprehension 
that the first Baltic steam ferry, which has been 
crossing the Baltic from Warnemiinde, in Mecklen- 
burg, to Gjesder, on the Danish island of Falster, 
since 1906, may suffer to a certain extent by the 
competition. This sea route has a length of 
30 miles, and both the routes depend partly on the 
fast train service from Berlin. The line Berlin- 
Sassnitz-Trelleborg runs almost exactly north ; the 
line Berlin- Warnemiinde-Gjesder, which joins on 
to Copenhagen, keeps also an essentially northerly 
direction, but it is deflected to the west. The 
former line is subsidised by Prussia as the direct 
Swedish mail route, the latter is subsidised by the 
German Empire for the mail service to Denmark, 
Norway, and also Sweden, to a smaller amount, 
however, for there are other convenient connections 
between North Germany and Denmark. The 
Warnemiinde-G jesder line did not for the first two 
years pay the Mecklenburg Government for the 
expenses incurred ; but it did pay, in so far as the 
general traffic of the country took a decided rise. 
As regards the other route, the Sassnitz Harbour 
is to be improved ; a sum of 70,0001. has been set 
aside for this purpose in the Budget of 1910. 


Mine Rescur-Stations IN THE UNITED STATEs. 


The serious loss of life that occurs annually in 
the coal-mines of the United States has led the 
Government to take steps towards remedying this 
unfortunate condition of affairs. Following some- 
what on the lines of other countries, a number of 
mine rescue-stations have been established, and 
though, up to the present, they have not been of as 
great assistance in life-saving after accidents in 
coal-mines as may have been hoped, their failure 
has been principally due to the size of the area each 
one at present has to cover, and to the distance 
they have been from the scene of such accidents as 
have recently occurred. This points rather to the 
need for an increased number of stations than to 
their lack of utility. Preventive or palliative mea- 
sures of such a kind must always be financially 
expensive, for a continual outlay is often only off- 
set at rare intervals by effective work of the first 
importance. When the opportunity does come, 
however, the drudgery of training and continued 
cost are more than covered. This is well recognised 
now both here and on the Continent, though it 
has not always been left to the State to provide 
such stations. In the United States the Federal 
Government has already installed four stations. 
One is located at Pittsburg Pa., and serves the 
western coal-fields of Pennsylvania, Northern 
Ohio, and Northern West Virginia. Another 
station is located at Knoxville, Ten., serving 
Eastern Tennessee, South-Eastern Kentucky, and 
South-West Virginia. A third at Urbana, IIL, 
covers the fields of Illinois and Indiana, while a 
fourth is at Seattle on the Pacific Coast. These 
stations are all equipped with apparatus, and are 
placed in the hands of experts, who train volunteer 
corps recruited from among the miners of the dis- 
trict. The number of the stations is likely to be 
very considerably increyséd before long, the re- 
commendation having been made to establish nine 
additional centres. The points selected are as 
follow :—(1) At a point central and accessible 
to the coal-fields of Southern Ohio, Western West 
Virginia, and North-East Kentucky ; (2) at or 
near Birmingham, Ala., for the coal-fields of Ala- 
bama, South-East Tennessee, and North-West 
Georgia ; (3) at some point accessible to the fields 
in South Indiana, West Kentucky, and South 
Illinois ; (4) at some point convenient to East 
Oklahoma and West Arkansas ; (5) at a point ac- 
cessible to East Kansas, West Central Missouri, 
and South Iowa; (6) at Trinidad, Col., for the 
fields of New Mexico and South and Central Colo- 
rado ; (7) at Salt Lake, U., for the mines of Utah, 





West Colorado, and South Wyoming ; (8) at some 
point convenient for the fields of South Montana 
and North Wyoming ; (9) in the anthracite fields of 
Pennsylvania and accessible also to the northern 
bituminous fields in that State. It will be seen 
that, although a considerable number of stations 
will be thus provided, the distances they will still 
be from some of the mining centres will be con- 
siderable. The Government, therefore, hopes that 
the work of the present and future stations will be 
so encouraging, that the collieries themselves may 
be induced later, to institute small local stations, 
which, being nearer at hand, would be able to 
render more prompt assistance in time of need. 





CATALOGUES. 

Piston-Rinys, Metallic Packing, Steam Dryers, &c.—A 
small catalogue from Messrs. Princeps and Co., Princeps 
Works, Sheffield, illustrates and describes the various 
specialities they manufacture for engineers. These in- 
clude piston-rings for pistons and piston-valves, metallic 
packing for piston and valve-rods, steam-dryers, oil-sepa- 
rators, steam-traps, &c. 

Hand Jib-Cranes.—The Appleby Crane and Trans- 
porter Company, Limited Tete Applebys, Limited), 
58, Victoria-street, Westminster, S.W., have sent us a 
copy of their catalogue, Section CO, relating to hand jib- 
cranes. The section illustrates and gives a general de- 
scription of permanent-way and portable cranes, fixed 
and wharf-cranes, whip-cranes and derricks. The prices 
are stated in a separate price list. 

Aeroplane Accessories.—We have received from Ey- 
quem’s Patents, 10, Dean-street, Oxford-street, W., a 
catalogue of all kinds of accessories for full-size and model 
aeroplanes. The articles listed include wire strainers, 
bam sockets and holders in aluminium, steel stay- 
wire, fabric, propellers, aluminium sheets and tubes, 

mboos, and also special light engines and accumulators 
for models. 


Machine-Tools.—Mr. George Addy, M.I. Mech. E., 
Waverley Works, Sheffield, has sent us a small album of 
illustrations intended to give a general idea of the class 
of machine-tools required in a modern engineering works. 
Among those illustrated are included machines for turn- 
ing, boring, screwing, and facing the flanges of large 

ipes, and also a variety of electrically-driven nanapens 
athes, capstan lathes, railway wheel and axle lathes, and 
ordinary lathes ; planing, shaping, slotting, and milling- 
machines are also shown. 

Cranes.—From Messrs. Marshall, Fleming, and Co., 
Motherwell, Scotland, we have received a copy of the 
fifth edition of their catalogue of cranes. The catalogue 
gives particulars of overhead electric cranes, and illus- 
trates examples.with lifting capacities ranging from 2 to 
80 tons. and-operated overhead-cranes are also dealt 
with. There are also included in this catalogue illustra- 
tions, with descriptive matter, of a number of special 
cranes for use in iron and steel works, as well as locomo- 
tive steam-cranes and electric wharf-cranes. 


Pumps.—We have received from Messrs. A. G. 
Mumfcrd, Limited, Culver-street Engineering Works, 
Colchester, a catalogue, Section D, of steam and electric- 
ally-driven pumps, for high and low-pressures. The 
catalogue, which is fully illustrated, deals with vertical 
direct-acting boiler-f and ballast-pumps, air-pumps, 
and liquid fuel-pumps, vertical and horizontal duplex- 
pumps, donkey-pumps, and pumping-engines of the 

ameron type. Prices, dimensions, capacities, shipping 
weights and other particulars of these pumps are given in 
a separate price list. 

Acid-Resisting Electric Cables.—We have received from 
Messrs. William Geipel and Co., Vulcan Works, St. 
Thomas -street, S.E., a circular giving particulars of 
‘“‘Firmacit ” cables. Firmacit is a fibrous substance pos- 
sessing great powers of resistance to atmospheric in- 
fluences and acid oralkaline vapours. The results of tests 
show that cables covered with this material are but little 
affected when subjected to acid or alkaline fumes under 
conditions which practically destroy some other acid- 
resisting cables. e circular states the prices of unin- 
sulated aerial cables covered with Firmacit and also prices 
for covering rubber insulated cables with the substance. 


Steam Dryers and Oil-Separators.—Circulars dealing 
with the Universal steam-dryers and purifiers and oil- 
separators have reached us from Messrs. Kater and 
Ankersmit, 14 and 15, Conduit-street, W. In both ap- 
pliances the separation is effected by passing the steam 
over the surfaces of a number of tubes, triangular in cross- 
section, placed vertically and at right angles to the direc- 
tion of flow of the steam. The surfaces of the tubes are 
perforated by a large number of longitudinal slots and 
the globules of water or oil pass through these slots and 
trickle down inside the tubes away from the main current 
of steam. The circulars also illustrate pumps for remov- 
ing the oil and water from separators working under a 
vacuum and oil-filters for recovering the oil. 


Locomotives.—From Messrs. Robert Stephenson and 
Co., Limited, Darlington, a pamphlet illustrating some 
of their recent productions, has come to hand. The first 
illustration contrasts a locomotive built in 1825 by the 
founders of the present firm for the Stockton and Darling- 
ton Railway, with a modern six-coupled mineral engine, 
built at the Darlington Works last year, and used on the 
same line which is now operated by the North-Eastern 
Railway Company. The weight of the modern engine, 
with tender in working order, is nearly ten times the 


corresponding weight of the old engine. The " 
also includes a number of illustrationa, with ioe 
dimensions, &c., of tank and tender engines for goods and 
mger traffic; the descriptive matter is printed in 
English, French, German, and Spanish. 


_ Reinforced Brickwork.—A catalogue dealing wit} ». 

inforced brickwork has come to hand from Messts Riche rd 
Johnson, Clapham, and Morris, Limited, 24 and % 
Lever-street, anchester. The reinforcement, as is now 
well known, consists of a strip of wire mesh with | ngi- 
tudinal tension wires, placed in between the courses. A 
number of tests show that walls reinforced in this way 
are capable of resisting a peer considerable bending 
moment, applied either vertically or laterally, and also 
that the resistance to crushing is increased. The cata] gue 
illustrates the application of the system to the construc. 
tion of partitions and cavity walls, and to the clothing of 
steel frame, and reinforced concrete buildings, and also 
gives estimates of the cost of reinforced walls of various 
thicknesses. : 


Turning-Tool with Roller - Steady. — Messrs. Alfred 
Herbert, Limited, of Coventry, have sent us a copy of 
a booklet entitled “‘ Bar Work,” which contains a full 
and well illustrated description of their roller-steady 
turner for use with their hexagon-turret lathe. The tool 
has been designed to enable full advantage to be taken of 
the increased cutting-speeds and feeds possible with 
modern high-speed tool-steels, this being impossible with 
the older flat steadies. Tests, the results of which are 
included in the booklet, show that with special high- 
speed steel and roller-steadies 7.4 lb. of metal can be re- 
moved in the time required to remove 1 Ib. using high- 
8 steel and flat steadies. The pamphlet describes 
the cutting-tool, which is of simple form, ground from a 
rectangular bar without any forging, and also illustrates 
several examples of work produced by this appliance. 


Paints, Oils, d&c.—Mr. Robert D. Stewart, 61, Mansell- 
street, Aldgate, E., has sent us a number of circulars 
giving particulars of the ‘‘ Prince” brand of asbestos, 
metallic, acid-resisting, and other special paints, dis- 
tempers and enamels. Particulars are also given of 
Stewart’s anti-corrosive paste. his substance is a 
solidified mineral oil used either for lubricating or for 
protecting the surfaces of polished brass or steel work. 
A substance known as ‘ Albeauline” is also described. 
It is a thin oil, which, when poured into cold water, 
immediately forms a perfect emulsion. The emulsion so 
formed can be used for lubricating cutting-tools of all 
kinds, and also in the cylinders of hydraulic machinery, 
where it serves to lubricate all the parts to which it has 
access. Another circular deals with boiler disincrustant 

ywder, belting syrup, and ‘‘ Vulcan” cement for making 
joints in steam and hot-water apparatus of all kinds. 


**Glyco” Anti-Friction Metal.—We have received from 
Messrs. —_ T. Ryerson and Son, of Chicago, U.S.A., 
a booklet, No. 13 of their Technical Library, dealing 
with ‘‘Glyco” bearing-metal. The booklet describes the 
properties of this alloy, of which the base is lead, and 
gives the results of tests, which show that its qualities 
a favourably with those of tin-base metals. The 
application of ‘‘Glyco” metal in stationary, marine, and 
railway practice is then dealt with, and several examples 
are illustrated. The booklet also describes a patented 
method of bearing construction, in which a perforated 
tinned steel sheet, bent to the required form, is fixed to 
the cast-iron shell of the bearing, and serves to secure and 
strengthen the ‘‘Glyco” metal liner, which is cast over 
it. A number of bearings of all kinds constructed on this 
principle are illustrated. In conclusion, several pages of 
information on lubrication, the design of crank-pins, 
— &c., are given, together with a number of useful 
tables. 


Steam-Turbines. —We have received from Messrs. 
Willans and Robinson, Limited, of Rugby, a circular 
calling attention to the advantages claimed for their new 
pattern combined impulse and reaction turbine. In this 
the high-pressure section consists of a single epee | 
pened impulse-wheel, which can be constructed wit! 
large clearances, whilst the nozzle-box which supplies it 
with steam is the only part of the turbine exposed to ex- 
tremes of pressure mat temperature. In this section of 
the turbine the steam is expanded down to atmospheric 
pressure. The remainder of the turbine is of the reaction 
type, which is generally recognised soueggertonety effi- 
cient in the use of low-pressure steam. e arrangement 
in question results in a short and very stiff turbine, since 
the reaction blading is, as usual, carried ona drum. The 
end-thrust on the drum is balanced on the Fullagar 
system by admitting steam to an annulus at the low- 
pressure end of the drum. The gland there has accord- 
ingly much the same pressure on each side of it, and the 
leakage of air thvongh it into the condenser is thus easily 
and effectively prevented. Turbines of the type in ques- 
tion are claimed to have special advantages in “mixed 
pressure installations. In such cases, when running with 
exhaust steam, the reaction blading is alone in use ; whilst 
when the available supply falls off, live steam is turned 
into the impulse wheel. 








Férrincer TRANSFORMATOR.—In order to facilitate 
negotiations with firms in Great Britain and Irelan 
interested in the English rights for the patents for the 
Féttinger Transformator, the Stettiner Maschinenbau 
Actien-Gesellschaft ‘‘Vulcan,” Bredow, Stettin, have, for 
a period of one year, appointed Mr. H. C. Powel, 72, 
Bromley-road, Catford, London, S.E., as their agent in 
Great Britain and Ireland and France for the disposal! of 
the rights of the Fiéttinger Transformator, of which the 





Stettin Company have the sole control. 
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MITSU-BISHI DOCKYARD AND 
ENGINE WORKS. 


Tur Mitsu-Bishi Dockyard and Engine Works, one 
of the most important exhibitors at the Japan-British 
Exhibition just opened at Shepherd’s Bush, is among 
the oldest and largest marine establishments in Japan, 
if not in the East. A review of its history and a de- 
scription of its establishments is therefore opportune, 
and is, moreover, justified by the splendid work com- 

leted recently, as proved by the exhibit and the 
illustrations of important steamers, published in Enu1- 
NEERING. The company have works at Nagasaki and 
Kobe, and these are equipped with the most varied 
of tools for the production, without subcontracting, 
not only of every type of ship, machinery, and boilers 
for land and marine use, but also of steel girders, 
stee] buildings, electrical machinery, Parsons marine 
steam-turbines and turbo-generators, Stone’s man- 
ganese-bronze castings, and Morison’s ‘‘ Contraflo” 
condensers, for which latter they are the licensees for 
the Far East. 

The Mitsu-Bishi Works are organised to do the 
maximum of work upon any ship, purchasing from 
outside sources only the materials and those articles 
which may be termed ‘‘ proprietary,” items where 
inventions and patents are largely involved. This 
condition not only conduces to efficiency, but is im- 
perative in view of the absence in Japan of the smaller 
factories cognate to shipbuilding and engineering works. 


History oF THE Works. 

The works have an interesting history, having 
been founded by the Shogun Government in 1856. 
Dutch engineers were employed originally, and the 
necessary machines and gears for commencing the 
works were imported from Holland. A portion of the 
jetty, on which the 150-ton hammer-head crane now 
stands, was constructed then by means of an old- 
fashioned diving-bell of Dutch make, which apparatus 
still remains in the works in memory of the founders. 
Work was then carried on only on a very small scale 
for repairing small steamers owned by the Shogun. 
At the Restoration the works came under the control 
of the Public Works Department and were much ex- 
tended. In 1871 a large dry dock at Tategami, now 
called No. 1 dock, was constructed, and the patent 
slip at Kosugo, then owned by a British merchant, 
was purchased. From time to time further develop- 
ments were made. In 1883 a wooden steamer, named 
Kosugo Maru, of 1500 tons gross, was built, and was 
a forerunner of the shipbuilding industry in this island 
empire 

n 1884, on the abolition of the Department of 
Public Works, the establishment, and the various sub- 
sidiary works connected with it, were purchased by 
the Mitsu-Bishi Company, who started this branch of 
business with only 800 men. Three years later the 
first iron steamer, of about 206 tons gross, the s.s. 
Tasie I.—Annual Production of the Works, dc., during 

the Last Twelve Years. 

















Number eal + Average 
Engines . Indicated 

Year. v ee 1 Son- _ Horse- | — of 

essels "structed. ; Power, | “a 

Built. | per Day. 
1898 4 4 7,703 4,225 3430 
1899 12 12 4,007 3,189 3558 
1900 18 9 11,617 18,519 3792 
1901 6 6 7,104 6,238 | 
1902 9 6 15,807 13,336 | 5193 
1903 8 8 13,078 11,463 | 5658 
1904 7 5 11,859 12,082 5233 
1905 9 7 12,973 12,731 6745 
1906 13 11 10,031 22,735 71 
1907 4 4 7,859 23,519 9669 
1908 4 4 23,332 36,417 9011 
1909 4 4 22,596 33,379 5703 


: Tapie I1.—Numbers and Gross Tonnages of Vessels 
Docked during the Last Twelve Years. 





Dry Dock. Floating Dock. 
Year. "2h? tas 7 
Number of Gross Number of | Gross 
Vessels. Tonnages. Vessels, _ Tonnages. 
1898 S4 | 254,069 19 3,589 
1899 96 | 272,146 29 9,042 
1900 103 20,269 32 9,271 
1901 lll | 283,977 30 10,015 
1902 7 | 177,418 31 10,121 
1903 47 133,840 20 5,295 
1904 65 155,279 26 6,271 
1905 117 352,758 22 7,77 
1906 97 $85,884 26 8,167 
1907 90 | 243,808 17 3,928 
1908 39 | 135,606 17 | 3,672 
1909 57 148,102 13 | 1,657 
J 


Yugawo Maru, was built, followed in 1895 by three 
steel steamers, each of about 700 tons gross, and a steel 
steamer, the Suma Maru, of 1592 tons gross, which 
last was considered as marking an epoch in the ship- 
building industry of the works. But the true de- 
velopment dates from the termination of the Chino- 
Japanese War. In 1896 a great stimulus was given 
to the growth of shipping and shipbuilding in Japan 








by the enactment of the Navigation Encouragement 
Law and the Shipbuilding Encouragement Law.* 
About this time the Nippon Yusen Kaisha first orga- 
nised its European line, and decided to build six 
steamers of 6000 tons each. The construction of one 
of these steamers was undertaken by the works and 
was finished in 1898.+ This was the first large steamer 
ever built in Japan, and subsequently there were built 
many vessels, including the turbine trans-Pacific liners 
of 13,500 tons,+ ships for the Japanese Volunteer Fleet,§ 
battleships, destroyers, despatch-boats, &c. The Mitsu- 
Bishi Company kept the works supplied with appli- 
ances and gears commensurate with the demands 
of their clients. Students were despatched to the 
European engineering centres to learn the methods 
of construction and the organisation in the Occi- 
dent, and a number of British experts were en- 
gaged as technical advisers and instructors. Profits 
were regarded as secondary, the main aim being to 
equip an establishment, alike as regards personnel 
and matériel, of which Japan might be proud for both 
workmanship and integrity. Thus the establishment 
has now grown to be the most important in the Far 
East. The accompanying tables afford some evidence 
of the work done during the past twelve years 


THE NaGasakt Works. 
The establishment, which is situated on the inner 
harbour of Nagasaki, extends along almost the whole 
length of the western shore of the harbour, having a 


water frontage of about 8000 ft., and covering an area | 


of over 114 acres, with numerous workshops and dry 


docks, &c. The works may be said to be constituted of | 


four principal sections—viz., shipbuilding yard, engine 
works, dry docks, and slip. Several views of these are 
given on page 657, and Plates XLIX. and L. The ship- 
yard at Tategami (Fig. 1), which is at the outer end of 
the harbour, has seven building berths, ranging from 
240 ft. to 700 ft. long, and an annual output capacity of 
over 30,000 tons. Mould-loft, scrieve-boards, plate and 
angle-bending shop, platers’ machine-shops, smiths’ 
shop, pa were Aaa A and machine-shop are arranged 
at this yard. The joiners’, cabinet-makers’, polishing 
and woodworkers’, upholstery, and other departments 
associated with shipbuilding are all laid out contiguous 
to the building-berths, and on a very extensive scale. 

The engine works at Akimoura (Fig. 2), which is at 
the inner side of the harbour, covers a large area, and 
embraces erecting and fitting- shops, boiler - shop, 
machine-shop, turbine-shop, electric-shop, blacksmiths’ 
shop, coppersmiths’ shop, pattern and foundry-shops, 
&c., most of them being adequately fitted with elec- 
trically-driven overhead cranes of different capacities. 

Between the shipyard and engine works there are 
three dry docks. The largest of the dry docks can 
accommodate vessels up to 714 ft. on the keel, 84 ft. 
beam, and 34 ft. 6 in. draught. ° 

There is a patent slip on the other side of the 
harbour opposite the shipyard, and capable of taking 
ships up to 1000 tons gross. The administrative 
department, or main office, is situated at Akimoura, and 
on the main entrance to the engine works, in three 
blocks of substantial brick building. Suggestion of the 
extent of the accommodation is afforded by the fact 
that the drawing-office for admiralty work is 84 ft. by 
51 ft., and has accommodation for 25 ship-draughts- 
men and 25 engine-draughtsmen ; the main enginedraw- 
ing-office is 69 ft. by 47 ft., with accommodation for 
110 draughtsmen ; the ship drawing-office accommodates 
42draughtsmen, and there is a second ship drawing-office 
in the yard, which is 120 ft. long by 40 ft. broad, 


devoted to detail and decorative work, with room for | & 


60 draughtsmen, and equipment for photographic work. 


Tue Buripinc-Bertus AND LAUNCHING-GROUND. 


The works have seven building-berths for vessels 
680 ft., 700 ft., 580 ft., 460 ft., 340 ft. and 300 ft. 
long, and two for vessels up to 240 ft. The berths 
are equipped with 3-ton jib-cranes. There are several 
locomotive-cranes throughout the yard, ranging from 
5 to 3tons. They are also used for stocking ship-plates 
and angles, &c., from the lighters. There are in the 
yard over 24 miles of rails. 


Surp-PLaterRs’ AND Fitrers’ DEPARTMENT. 

——— with departments one naturally begins with 
the moulding-loft, which is 380 ft. long and 70 ft. wide, 
with glazed top and sides. It is built partly over the 
scrieve-board and partly over a platers’ machine-shop. 
In the frame-bending shop, which is about 140 tt. 
square, there are two angle-furnaces, each 66 ft. long, 
and one plate-furnace 30 ft. long, with about 4300 
square feet of cast-iron blocks for setting the frames, 
ample scrieve-boards for laying them out, and two 
angle -bevelling machines adjacent to the frame 
furnaces. 

The platers’ machine-shops, which cover an area of 
over 54,070 square feet, are equipped with fourteen 


* See ENGINEERING, vol. ]xxxvi., page 234. 
t Ibid., page 142 ante. 


} Ibid.. vol. Ixxxvi., pages 444 and 592. 
§ Ibid., vol. lxxxviii., page 633, 
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unching and shearing-machines, ranging up to 
Thich shear 1}-in. sisbes and ound sine hi Fey 
the same thickness, while the gap is 36 in., enabling 
plates 6 ft. wide to be worked. ‘There is one hy«draulic 
manhole punch, capable of working holes of 28 in. by 
20 in. There is a large hydraulic flanging-machine 
for cutting plates for the keel and garboard strake, as 
well as for stiffening flanges in bulkheads ; it is « ipable 
of dealing with plates up to 24 ft., and up to a 
thickness of 1 in. There are three bending-rollers, 
dealing with plates up to 25 ft. long. The planing. 
machines number eight, and are all of considerable 
capacity. For straightening there is one mangle. with 
solid-steel rollers, taking plates 6 ft. wide and 1 in, 
thick. There are also plate-scarping machine, jog. 
ling-machine, hydraulic bar-cutting machine, ec, 
There are nine countersunk drilling-machines. Almost 
all of the tools in this shop are of British make, and 
the majority of them are worked from shafting driven 
by electric motors. 

The beam-bending shed is 90 ft. long by 35 ft. broad, 
and in it there are one bending and punching-machine, 
two bending machines, one bending and angle-cutting 
machine, one angle and channel-cutting machine, two 
cold-iron saws, &c., all operated by electricity. 

The iron-workers’ shed is on the south side of the 
yard, and contiguous to the building-berths ; it is 
85 = long by 65 ft. wide, and has modern machine- 
too 


The smithy, which is 262 ft. long by 40 ft. broad, 
has thirty-five smith-fires, ten steam-hammers ranging 
up to 20 cwt., and one 5-cwt. steam striker, and three 
rivet-making machines, the largest of which is capable 
of turning out 3 tons of rivets per 10 hours. The angle 
smith-shop is 175 ft. long and 40 ft. broad, and contains 
twenty-eight fires. The galvanising-shop is 110 ft. 
long and 40 ft. wide, and has five zinc-baths, the 
largest being 22 ft. by 2 ft. 2 in. by 5 ft., one refining 
furnace, and four water-baths. The shipyard machine 
and fitters’ shop is placed contiguous to the building- 
berths, is 140 ft. long by 60 ft. broad, and has a large 
variety of engineers’ tools, including fourteen drilling- 
machines ; the machinery is driven by two electric 
motors, each of 40 brake horse-power. 


Woop-Workixnc DEPARTMENT. 


The timber department occupies about 5 acres 
of ground, about one-third of which is devoted to 
drying-sheds. The timber for the joinery department 
is accommodated in sheds covering 3800 square yards. 
The buildings for deck-stowage cover 1760 square yards. 
The saw-mill is about 100 ft. long, by 70 ft. broad. 
There are three vertical log-saw frames, two four-side 
planing-machines, one circular saw, endless-band saw- 
ing-machine, reciprocating cross-cut saw and dowel- 
— machine, &c., with saw-sharpening machine 
tools. 

The joiners, cabinet-makers, and polishers are 
accommodated in a two-storey building situated at 
the side of No. 1 dock, and seen in Fig. 1. It has 
a total area of 80,440 square feet. The collection 
of wood-working tools is complete and representative 
of best British practice, and is driven by four electric 
motors of 146 total brake horse-power. ‘The carpenters’ 
shops, on the opposite side of No. 1 dock, cover an 
area of 13,750 square feet, and contain planing, mould- 
ing, and drilling-machines, also endless-band saw, all 
driven by electricity. 

THE GrAvinG Docks AND SLIP. 
There are three graving docks, all constructed of 


ranite, and one slip is at Kosugo. The following are 
the principal dimensions of the docks :— 








No. 1. : No. 3. 
(Fig. 1.) No. 2 (Fig. 3.) 
ft. in. ft. in. ft. in. 
Length on keel-blocks .| 510 0 350 0 714 0 
Breadth at entrance ontop ./| 8&9 0 66 0 % 7 
Breadth at entrance on bottom..| 77 0 53 0 88 i 
Depth of water on blocks a 
ordinary spring tide .. 51 @Vs 24 0 4 6 


“The patent slip is capable of taking vessels up to 
1000 tons gross. The length of rail is 750 ft., and the 
width is 36 ft. 


THE ENGINEERING SHops. 


The machine-shops, partly seen in Fig. 6, cover an 
area of about 23,150 square feet, and contain 124 
lathes, 32 drilling-machines, 15 milling-machines, and 
large machines of all types now desiderated in such 
department. Special mention should be made of one 
electric-driven quadruple-geared crank-shaft turning- 
lathe, having centres of 54 in. and a length ot 
of 42 ft., with a clearance between centres of 
27 ft. 3in. Two treble-geared shafting lathes, each 
having centres of 20 in. and a length of bed of 36 tt. 61n., 


and admitting between centres 28 ft.; but having 
& common centre line, they are capable, when com- 
bined together, of turning ‘up a job 68 ft. 6 in. long. 
One electric-driven vertical-cylinder boring-ma peg 

in dia- 


capable of boring up cylinders up to 100 1) 
le An deaieis dolven double-headed universal 
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horizontal, drilling, boring, tapping, studding, and 
milling-machine commands 10 ft. vertically and 20 ft. 
horizontally, and has a spindle 5} in. in diameter. A 
horizontal and vertical planing-machine has a hori- 
zontal stroke of 21 ft. and a vertical stroke of 18 ft., 
and is driven by a 25-brake-horse-power motor. The 
machine-shop is equipped with one 20-ton, one 15-ton, 
and three 5-ton electric overhead travelling cranes. 

The turbine-shop (Fig. 5) is 243 ft. by 102 ft., and 
contains a large variety of tools. Most notable amongst 
these are :—One large electric-driven quadruple-geared 
double-bed lathe for turbine - rotor turning, having 
centres 68 in., which may be raised to 79 in., a length 
of bed of 51 ft., and a clearance between centres of 
36 it.; one electric-driven * planing-machine, capable 
of planing 36 ft. in length, 14 ft. 6 in. in width, and 
7 ft. 6in. in height; an eleatric-driven turbine-cylinder 
boring-machine to bore up to 13 ft., and an electric- 
driven powerful slotting-machine having a stroke of 
48in. The machinery is driven entirely by electricity. 
There are two 50-ton and one 60-ton electric overhead 
travelling cranes. 

The erecting-shop, illustrated in Fig. 6, is 67 ft. 11 in. 
by 116 ft. 2 in., and is very lofty. There are three main 
bays, occupied respectively as electric-shop, erecting- 
shop, and fitting-shop. The erecting-shop has a suffi- 
cient space for the erection simultaneously of three twin 
sets of 8000 indicated horse-power triple-expansion 
engines, and it is traversed by one 30-ton and one 
20-ton electric overhead cranes. The fitting-shop has 
one 10-ton crane of the same type. 

The water-testing and shrink-on shop is 60 ft. by 
130 ft., is suitably equipped, and has a 20-ton electric 
overhead traveller. 

The boiler-shops are situated in juxtaposition to 
the turbine-shop; the buildings cover an area of 
53,282 square feet, and are divided into four sheds, 
respectively for machine work, boiler construction, 
hydraulic riveting, and flanging. There are several 
very powerful tools, notably one 125-ton hydraulic 
riveter, with 40-ton hydraulic crane and 8-ft. gap ; one 
150-ton hydraulic flanging-machine, with 4 ft. gap; 
one set of vertical plate-bending rollers, to deal with 
a plate 11 ft. 6 in. wide and 2 in. thick ; one elec- 
trically-driven boiler -shell drilling-machine, which 
can take one double-ended boiler up to 16 ft. in dia- 
meter and 18 ft. in length, or two single-ended boilers, 
each 12 ft. 6 in. long with a diameter of 10 ft.; one 
two-spindle boiler-shell drilling-machine, to deal with 
boilers up to 16 ft. in diameter and 18 ft. in length; 
one four-spindle boiler-shell drilling-machine, to deal 
with boilers up to 16 ft. in diameter and 23 ft. 6 in. 
in length ; one electrically-driven lever punching and 
shearing-machine, with angle-cutter to punch a 1}-in. 
hole through 14-in. plate, and to shear 1}-in. plate, 
and to cut angles 6 in. by 6in. by 1 in. with punch-gap 
36 in. and shear-gap 33 in ; one edge-planing machine, 
taking plates up to 30 ft. long. Besides these there 
are one large 30-ton portable hydraulic riveter, with 
7-ft. gap, and one oval and circular-hole cutting and 
marine-boiler flange and flue-turning machine to take 
boiler end-plates from 7 ft. 6 in. to 17 ft. in diameter, 
and one portable electrically-driven drilling and boring- 
machine. The shop is equipped with four 40-ton and 
one 7-ton electric overhead travelling-cranes, two 5-ton 
hydraulic wall-cranes, and eleven hand and wall-cranes 
ranging from 1-ton to 5-ton lift. 

The engine work’s smiths’-shop is 375 ft. long and 
60 ft. wide, with 23 single hearths, 5 double hearths, 
7 forges, in rows on each side, with 9 steam-hammers, 
ranging from 1} tons to 7 tons, arranged in the centre 
line. There are 5-ton, 10-ton, and 20-ton air furnaces. 
The shop is equipped with 12 cranes ranging from 
1} tons to 20 tons. There is also one steam-driven 
plate-shearing machine. 

The coppersmith-shop is a temporary building, 
144 ft. long by 72 ft. wide, amply equipped, wit 
12 hearths, and Root’s blower, actuated by a 31-brake- 
horse-power electric-motor to supply 640 cubic feet of 
air per minute. 

The foundry consists of two main parts for iron and 
steel work and brass work. The former is 510 ft. 
long by 102 ft. wide, and has a 2-ton Siemens steel 
gas-lurnace, four cupolas, with a casting capacity of 
50 tons, one annealing-furnace, three drying-furnaces, 
each 2) ft. long and 16 ft. wide, and one sand-mill. 
Two 15-ton and one 50-ton electric overhead travellin 
cranes, and fourteen 3-ton radial cranes are distribute 


et ently. There are six moulding-pits 25 ft. by 30ft. 
¥ /{t. The brass foundry, which is 100 ft. long by 102 ft. 
wide, contains two Stone’s manganese air-furnaces of 


8 tons and 5 tons capacity, with moulding-pit of 12 ft. 


by 7 {t. by 7 ft. on the iron and steel foun ry side, so 
: a M 1¢ heavy overhead cranes in the iron and steel 
“cag may be utilised for this pit. There are six 
Tass crucible furnaces of forced draught and four of 


natural draught, each of 200 lb. capacit » and two 
ae. 'vens. ‘There are eight sadiel oummn, of 3 tons 
a. distributed over the foundry. At the corner of 

: orass foundry there is a core-s op. 
x0 “q pattern-shop is a brick building 180 ft. long by 
‘9 tt. wide. The floor is used for stowing the patterns, 


with a spacious pattern store at the rear. 


The rigging and sail loft is a two-storey wooden 
building of 100 ft. by 50 ft. The ground-floor is oceu- 
pied by the riggers, and the upper floor by sail-makers. 

The electric shop covers 22,200 square feet. There 
are produced all kinds of electrical machinery and 
fittings, notably Parsons turbo-generators. There is 
also an electro-plating department. 


HamMeEr-HeEap CRANEs. 

On the jetty for shipping engines and boilers, &c., 
from the engine works, there is a 150-ton Titan-type 
giant crane, by Messrs. Applebys, Limited, Glasgow, 
as seen in Fig. 2. It consists of a square tower, 
136 ft. 34 in. in height and 40 ft. square at the base, 
carrying a large roller-path on top, upon which is 
suppor a horizontal jib, having a total length of 
239 ft. 93 in. The long arm of the jib has a total 
radius of 156 ft. 6 in., and there is fitted slewing 
gear to revolve it, racking-gear, and separate lifting 
motions for the main and auxiliary hooks. The 
speeds of the various motions are as follow :—Main 
lift, 150 tons at 6 ft. per minute; auxiliary lift, 
50 tons at 18 ft. per minute; racking, 150 tons at 
30 ft. per minute ; slewing, 150 tons one revolution in 
8 minutes. The total height of lift provided for is 
171 ft. 3} in., that is to say, 141 ft. 34 in. above and 
30 ft. below the quay Sovak The total height from 
the quay level to the top of the jib at the centre line 
of the tower measures 173 ft. 54 in. The racking and 
lifting machinery is placed in a house at the tail end 
of the jib, and assists in counterbalancing the crane. 
The slewing gear is placed in a steel-plated house over 
the circular rack at the back end. The operator's 
cabin, of steel plating, contains controllers and re- 
sistance, and is placed on the centre line of the girders 
of the jib. It is provided with projecting windows, so 
that a clear view is obtained of the load in all posi- 
tions. It is connected to the machinery-house by 
speaking-tubes, and to the ground by telephone. 
The works is also provided with 30-ton floating 
shear-legs. 

SaLvaGe DEPARTMENT. 

The works owns a salvage steamer, Oura Maru, of 
716 tons, and 12 knots speed, built specially for the 
purpose, and fitted with one 18-in. and three 12-in. 
centrifugal pumps; one 8-in. and one 4-in. special 
pumps, with all necessary gears. It is always ready, 
with experienced staff of workmen and divers, to under- 
take salvage work at short notice. 


Tue EXPERIMENTAL TANK. 

The addition of a model experimental tank to the 
works, illustrated in Fig. 7, on page Plate L., is but a 
further evidence of the progressive character of the 
management of the concern, and its utility is proved 
by the fact that since the tank was completed, about 
14 years ago, it has been kept fully employed in testing 
models of ships, past, present, and proposed, and of 
screw propellers. It is a noteworthy fact that there 
are only three properly-equipped experimental tanks 
in the world belonging to private shipbuilding firms. 
Of these the first is that of Messrs. Denny’s, at 
Dumbarton, the second that of Messrs. John Brown 
and Co.’s, at Clydebank, while the third is that now 
illustrated. The arrangement and design of this great 
marine laboratory was entirely placed in the hands 
of Mr. Archibald Denny, of Dumbarton, and has 
all the improvements evolved by experience. 

The waterway extends for 430 ft., and for 380 ft. 
the depth varies from 12 ft. 6 in. at the north end to 
12 ft. at the south end. This fall of 6 in. is gradual, 
and is for the purpose of drainage when emptying. 
The breadth is uniformly 20 ft. At the north end 
there are wet and dry docks (Fig. 7). One wet 
dock is for storing models, and the other, 
placed between the dry docks, is used for loading 
and trimming purposes. The towing truck can be 
run over the centre dry dock, and the dynamometer 
and propeller gears examined from it; the latter 
must be raised to clear the dock sill. Ballast bags 
are stowed in both dry docks. At the south end there 
is a sloping-beach 25 ft. long, to assist in breaking u 
the waves formed by the passage of a model through 
the water. A recess, however, is left up the middie 
to prevent screws or models being run aground. The 
basin, which is rectangular in cross-section, is formed 
of concrete and puddled clay backing. 

The building is of brick, and, besides the tank proper, 
provides accommodation for a drawing office and super- 
intendent’s office, with the necessary fireproof record- 
room, &c. In addition to the usual workshops necessary 
for tank-work, there is a well-equipped mechanics’ shop, 
thus wood or metal-work of any kind can be prepared, 
so that nothing about the nature of the research-work 
carried on within the wall of the tank need be divulged. 

As it is necessary to keep the temperature of the 
tank at or about a uniform degree, a complete system 
of hot-water piping is installed, and the heat is con- 
trolled at the calorifiers, of which there are two at the 
south end and one at the north end of the building. 
The offices and shops are heated on the same system. 
a is admitted to the tank by windows on both 
si 








ides and from the roof, which is in great part of glass, 





while a complete system of electric lighting is in- 
stalled throughout the buildings. 

The models used are generally about 12 ft., though 
the exception is made according to the nature of experi- 
ments. Like that of the Clydebank tank, which it 
—, resembles,* the carriage is electrically driven. 
Surrent is supplied from the central power-station, but 
as it would be too irregular if applied direct, it is passed 
through a motor-generator into secondary batteries, 
from which it is again discharged through the motor- 
generator at a suitable and regular voltage and de- 
livered into the tank. The trolley wiring is on the 
Ward Leonard system. The tank-carriage, with its 
apparatus and model cutting-machine and other acces- 
sories for the tank-work, were constructed and supplied 
by Messrs. Kelso and Co., Glasgow. 


TestinG-Hovsr anp Cuemical LABORATORY. 
There is installed Messrs. Buckton’s 50-ton material- 
testing machine, and 100-ton chain-testing machine, 
also a well-appointed chemical ‘laboratory for the 
analytical examination of materials. 


PowER PLANT. 

The system of generating and distributing power in 
such establishments is always interesting. Electricity 
is used on an extensive scale, not only for the lighting 
of workshops, sheds, the interiors of ships under con- 
struction, and of the yard generally, but also for the 
driving of the machine-tools. The central power- 
house at Kamoura is fitted with two 500-kilowatt 
turbo-alternators, direct-coupled to Parsons turbines, 
one 500-kilowatt direct-current generator, coupled to 
Willans patent central-valve engine, two 100-kilowatt 
direct-current dynamos, coupled to the same type of 
engines, two 225-kilowatt direct-current dynamos, 
coupled to McIntosh’s vertical cross-compound engine, 
one 300-kilowatt direct-current dynamo, coupled to a 
three-phase induction-motor, and also two 25-kilowatt 
dynamos, coupled to one three-phase induction-motor 
and used for ship-lighting, and 100-kilowatt booster 
or motor-generator, which is used for charging the 
secondary batteries, whose capacity is 3000 ampere- 
hours. The steam is supplied by seven Babcock and 
Wilcox boilers, which are also used for disposing of 
the saw-dust, shavings, &c., from the various wood- 
working -- and the rubbish collected from the 
interiors of ships under construction. 

The sub-station at Tategami shipyard is fitted with 
two 200-kilowatt rotary converters and six 75-kilo- 
watt transformers, and converts from 3450 volts alter- 
nating current to 250 volts direct current. 

There are in the works about 260 are-lamps of 
193,500 watts in total, and 2800 incandescent lamps 
of 16 candle-power. The arc-lamps are used princi- 
pally for outside illumination, and in the interior of 
the larger sheds and shops. The incandescent lamps 
are used in all the wood-working departments and 
offices, and for all bench-work. They are also adopted 
for the internal lighting of ships during construction. 

Electricity is largely used for machine-tool driving, 
the power utilised in motors amounting in all to about 
4300 brake horse-power. There are over 300 motors 
in use, varying in power from 200 brake horse-power 
downwards. 

An hydraulic-pressure system is installed through- 
out the shipyard, and is used for actuating the power- 
ful flanging-machine, also manhole punches, several 
portable punches and riveters, onl a number of 
cranes, &c. The pressure for this system is 1500 Ib. 
per square inch. There is also a complete installa- 
tion of the system throughout the engine works, for 
actuating the flanging- machine and a number of 
riveters in the boiler-shops, the power of the largest of 
which is, as already noted, 125 tons, with 8-ft. gap, 
and also several cranes and lifts throughout the diffe. 
rent shops. The pressure for this system is 1200 lb. 
per square inch. 

The pneumatic plant consists of one horizontal 
steam-driven Rand-Corliss air-compressor, capable of 
delivering 593 cubic feet of free air per minute, and 
two Ingersoll-Rand horizontal electric-driven two- 
stage air-compressors, each capable of delivering not 
less than 215 cubic feet of free air per minute, all 
having a terminal pressure of 100 lb. per square inch. 
They are used for the lighter class of works in riveting, 
drilling, caulking, and chipping, &c. 


EDUCATIONAL, SOCIAL, AND RECREATION DEPARTMENTS. 


The works has its own school in the premises, 
having accommodation for three classes, totalling 150 
boys, where they receive all the necessary elementary 
education to fit them for the various trades. The 
institution was organised by Baron Iwasaki, on the 
ground that an elementary, but thorough and sound 
special, education is of utmost importance to make 
good workmen. 

It is a brick building, covering about 12,500 square 
feet, with a spacious recreation ground. The basement 
contains four large mess-rooms, two cloak-rooms, 
locker for recreation and sports outfits, lavatory, and 





* See ENGINEERING, vol. lxxxi., page 541. 
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seullery. The first floor contains the hall, four class- 
rooms, each with accommodation for fifty boys, one 
drawing class-room, science class-room, instrument 
and apparatus-room, and instructors’ retiring-room 
and office. The large central space leading to different 
rooms, both on the Reouens and first floor, is so de- 
signed that boys may have recreation in rainy weather. 
The institution is open free to students from the general 
ublic. After going through the school curriculum, the 
ys are at liberty either to enter the works as appren- 
tices or to take their own course. 

A hospital is also one of the works equipment. It 

is carried on by a number of experienced surgeons and 
hysicians, and has accommodation for fifty patients. 
ere injured employees receive surgical and medical 
treatment at the company’s expense. The employees 
of the works have the privilege of free consultation, 
and of obtaining medicines at net cost price. The 
hospital is fitted with an X-ray room and apparatus. 
here is a large club-house outside of the Akamoura 
Works. It is entirely maintained by the firm, and 
open to all officials, each paying only his own actual 
expenditure. There is on the ground floor a large 
billiard-room with refreshment-bar and three billiard 
tables. On the first floor there is a library and read- 
ing-room with over 1500 volumes, all on engineering 
subjects, and mostly of English publication. 

Pensions and saving-bank systems, with other bene- 
volent schemes, are in existence to encourage thrift 
amongst the employees. Particularly noteworthy is 
the workmen’s protection scheme, in force from the 
end of the year 1897, with very satisfactory results. 
The scheme is based on the principle of an assurance 
system and has three sections—viz.: ‘‘ Injury,” 
‘* Pension,” and ‘ Sickness, Marriage, Birth, and 
Death.” For injury, the compensation, extended to 
the workmen, varies from 5/. to 300/., according to 
class and rate of wages and the nature of injury. It 
applies to the families of those who have died or 
been incapacitated through 7 received on duty. 
For pension each employee contributes to the fund a 
certain proportion of his wages, to which the em- 
ployers contribute a like amount; the nsion to 
workmen retiring owing to old age or other legiti- 
mate reasons varies considerably, according to the 

rade and time of service ; for example, the pension 
or those of ten years’ standing is from 9/. to 70/., 
whilst for those of twenty-five years’ standing it is 
from 40/. to 300/. For sickness, marriage, birth, and 
death each employee deposits a certain proportion of 
his wages, to which the employers contribute a like 
sum. The benefit accruing to the workmen by this 
fund varies from 2d. to 2s. per day for four months 
for sickness, 14s. to 5/. for marriage expenses, and 
4s. to 5/. upon the birth and death of near relatives, 
and 10s. for conscription. 

Tur Works at Kose. 

The Kobe works of the same company were in- 
augurated on August 8, 1905. Land had been reclaimed 
and a breakwater constructed. No. 1 Floating Dock 
of 7000 tons lifting capacity, built at the Company’s 
Nagasaki Works, and the necessary berths, shops, and 
plant were completed on the second anniversary, and 
the works stood as one of the most prosperous concerns 
of the kind in the Japanese Empire. To meet the 
growing business an extension on a large scale became 
a matter of urgent necessity, and, before the second 
anniversary, the keel-blocks for No 2 floating dock 
of 12,000 tons lifting capacity were laid, and per- 
manent steel buildings for further workshops were in 
the course of construction. No. 2 floating dock 
(Fig. 4) was launched in November, 1908, and on the 
8th of the succeeding month s.s. Mishima Maru, one 
of the new European liners of Nippon Yusen Kaisha’s 
8000-ton class, was docked as the first vessel, and now 
the works are fully equipped with the latest machine- 
tools and appliances, mostly of English make, to con- 
struct a vessel of 10,000 tons. 

The works, of which a general view is given on 
Plate L. (Fig. 8), are situated on the western shore 
of the Harbour of Kobe, northward of the Wada- 
Misaki Lighthouse at the entrance of the port. They 
have been laid out on a liberal scale, covering an area 
of about 82 acres, in order to provide room for ex- 
pansion. The sea-frontage of the works is more than 
5000 ft. long, and a og of it is reserved for ship- 
building berths suitable for the simultaneous construc- 
tion of seven vessels of over 500 feet in length. To 
the north of the building-berths there is a basin, 
having an area of about 13 acres, protected by a break- 
water of 1000ft. long, of masonry work, leaving an 
opening for the entrance from the north, the opening 
being naturally sheltered by the shore of Hyogo, 
which lies at a distance of a little over half a mile. 

Along the basin a masonry quay-wall was con- 
meee. | for the purpose of mooring vessels under 
repairs, and of new vessels during completion. <A 


100-ton steel tripod shear-legs has lately been erected 
on the quay-wall, and there are four strong mooring- 
buoys outside the breakwater, forming a safe deep- 
water anchorage. As the establishment is connected 
with the Wada branch line of the Imperial Govern- 





ment, Railway, it occupies a good position in reference 
to communication by land and sea. 

The equipment of workshops follows generally the 
lines found by experience at the Nagasaki works to 
suit conditions in Japan ; and as we have described 
these in some detail, it is not necessary, in connection 
with these works, to give the same complete enumera- 
tion of the apparatus. Electric power and light are, 
of course, adopted, and the shops are connected with 
each other by a railway, which has a junction with the 
Government line. 

The shipyard machine-shops cover 22,250 square 
feet, and the machines are adapted for plates 14 in. 
thick, and up to 25 ft. in length in the case of the 
hydraulic keel- plate bending-machine. The black- 
smiths’ shop, 15,900 square feet in extent, has a 
600 - ton hydraulic forging-press. The boiler-shop, 
which has an area of 28,750 square feet, has machi- 
nery for plates up to 14 in. thick and of 24 ft. in 
length, the hydraulic flanging-machine being of 150 tons 
pressure, the hydraulic riveter of 160 tons pressure, 
and the overhead traveller of 50 tons lifting power. 
The miscellaneous departments are of corresponding 
amplitude. The electric power plant includes two 
, gg of 100-kilowatt and 150-kilowatt capacities, 

riven by Parsons steam-turbines ; a 450-brake-horse- 
power kerill gas-engine, driving a 300-kilowatt 

enerator, the gas being supplied by a Mond gas-pro- 

ucer of 800 brake horse-power capacity, which also sup- 
plies gas to the furnace in the blacksmiths’ shop. Since 
the opening of floating dock No. 1 (on August 8, 1905), 
308 vessels have been taken into the dock, the aggre- 
gate tonnage being 735,536 tons. The dock is of the 
sectional pontoon type, designed by Messrs. Clark and 
Stanfield, of London, and the particulars are :— 


Length on blocks 387 ft. 64 in. 
Length overall ..., 412 ,, ‘~ 
Breadth over pontoons 85 ft. 
Breadth inside rollers aes Xe 60 ,, 
Maximum length of ship to be 

taken into ... 4.3 An 2 460 ,, 
Maximum beam of ship to be 

taken into ... 18 a ey 50 ,, 
Maximum draught of ship to be 

taken into ... ods ae ts 22 ft. 6 in. 
Lifting power “ur sg es 7000 tons 
Time occupied in pumping out for 

lifting a ship of 7000 tons gross 24 hours 


No. 2 floating dock (Fig. 4) was built at the com- 
ny’s shipyard, ver, with home-made materials 
rom the Imperial Steel Works in Kyuslm, and thirty- 
nine vessels were taken during one year, beginning on 
December 8, 1908; their aggregate tonnage was 146,352 
tons gross. This dock is ~ ¢ the sectional pontoon type, 
designed by Messrs. Clark and Stanfield, and the 
following are the leading particulars :— 


Length on blocks... si 505 ft. O}4 in. 
Length over all a ws — Po ee 
Breadth over pontoons 100 ,, OH,, 
Breadth inside rollers ¥ ek 8. a 
Maximum length of ship to be 

taken into ... “ Lie sy 580 ft 
Maximum beam of ship to be 

taken into ... a Se we 66 ,, 
Maximum draught of ship to be 

taken into ... es ae - SE 
Lifting power a as 12,000 tons 
Time occupied in pumping out 

for lifting a ship of 12,000 tons 

7 : 4 hours 


The machine and erecting shops have an area of 
28,000 square feet, and are fitted with forty-one lathes, 
four planing-machines, twelve drilling-machines, and 
many other tools. 

Besides building and repairing vessels and their 
equipments, the works manufacture land boilers, 
engines, hoisting-machines, dredgers, steel-girders, 
steel-buildings, pipes and columns, various alloys, 
and the electrical machinery with accessories. There 
is attached to the works a floating shear-legs of 40-tons 
working load, built at the Nagasaki Works, and a 
salvage steamer named Arima Maru, with powerful 
pumps of 2000-tons capacity per hour, is added also to 
the equipment of the works. 

As in the Nagasaki Works, there is a works hos- 
pital, and pension scheme, under the style of ‘‘ Work- 
men’s Friendly Scheme.” 

Finally, it will be interesting to the British readers 
to know that both in the Nagasaki and Kobe Works 
the specification and wording in drawings, books, 
forms, orders, &c., issued from the office, &c., in fact, 
every writing in the establishment, are in English, 
besides a greater portion of the correspondence. 
Indeed, it is rather curious to notice a workman carry- 
ing out the work to the letter with a drawing worded 
entirely in English, although he is not able to quote a 
simple intelligible sentence. 








Our Rats Asroap.—Rails were shipped from the 
United Kingdom in April, this year, to the extent of 
36,862 tons, as com with 50,073 tons in April, 1909, 
and 43,087 tons in April, 1908, while the total attained 
for the four months ending April 30 was 147,121 tons, 
as compared with 194,451 tons and 124,676 tons. 





INDUSTRIAL NOTES, 


Tue fifty-ninth issue of the annual report of the 
Amalgamated Society of Engineers records that the 
** year 1909 was one of general depression in trade, and 
that numerically and financially the society suffered 
badly, as was general with all trade unions.” The fol. 
lowing statement is important, and is worth reprodue- 
tion im extenso:—‘‘ During the year several central 
conferences have been held, consequent upon failures 
to agree at local conferences. About twenty-one 
applications were submitted by the Employers’ Fede. 
ration for a reduction in wages and in piece prices, cover- 
ing large and important districts. e may fairly say 
that, having regard to the state of employment, the 
result, on the whole, may be regarded as satisfactory, 
as eleven of the twenty-one applications were with. 
drawn by the employers, but in some cases conditionally, 
with a period of time when either side could ask for a 
change. In the other districts we did, after much 
consideration, submit to a reduction, but not to the 
extent desired by the Engineering Employers’ Federa. 
tion ; and, looking back into the years of depression, 
we have emerged with comparatively small reductions 
in wages, and have maintained our influence and power 
in the industrial world.” This is a good record, con- 
sidering the adverse conditions in trade. 





As regards membership, the year 1909 commenced 
with 108,120 members and ended with 107,140, a de. 
crease of 980. In the previous year the reduction was 
1964, making a loss of nearly 3000 in two years. 
This, of course, includes losses by death as well as 
exclusions for arrears, &c. There were altogether 
6441 new members in 1909, and in the previous 
year 7044, so that the losses of old members must 
have been very considerable. At the commencement 
of 1909 the general fund stood at 324,472/. 3s. 10d.; 
at its close, 191,252/. 18s. 2d., showing a loss of 
133,219/. 5s. 8d. in the year. This decrease indicates 
the great strain on the society’s exchequer. The 
superannuation reserve fund stood at 348,728/. l4s., 
while at the close of the year it was 382,046/. 9s. 6d., 
showing an increase of 33,317/. 15s. 6d., against 
32,1147. 4s. 10d. in the previous year This fund is 
supported by a special levy of 4s. per member per year, 
supplemented by dividends and interest, which in 1909 
amounted to 14,115/. 10s. 4d. The aggregate funds 
at the commencement of the year amounted to 
673,200/. 17s. 10d.; at its close to 573,299/. 7s. 8d., 
a net decrease in the year of 99,901/. 10s. 2d., after 
adding the increase in the one fund, and the net 
balance in the other. The income from all sources 
was 399,406/. 6s. 3d., of which 21,624/. were from divi- 
dends and interest. The cost of donation benefit was 
204,684/., or less by 40,062/. than in the previous year. 
Sick benefit cost 59,813/., against 61,752/. in the year 
previous. Superannuation benefit cost 136,797/.; and in 
1908, 61,7527. In benevolent grants 10,091/. was dis- 
tributed, and 408/. 3s. 4d. as federation benefit, as com- 
pared with 35,931/. 17s. 6d. in 1908. The costs in the 
final Appeal Court, held in Sheffield, amounted to 
9711. 2s. 5d. 





The report contains a series of tables regarding the 
engineering and shipbuilding industries over a number 
of years, showing the fluctuations and the progress 
made, especially with regard to exports of machinery. 
There are also statistical tables showing the progress 
of the society in membership during the last fifty-nine 
years, as also the yearly income and pecs Pema 
the costs of each of the several benefits and the aggre- 
gates up to the close of last year. These show the fol- 
lowing results : Donation benefit cost 3,702,961/. ; sick 
benefit, 1,634,665/. ; superannuation, 2,180,311/. ; 
accidents, 99,318/. ; benevolent grants and assistance 
to other trades, 327,482/. he aggregate was 
8,579,587/., or a cost per member of 146/. 18s. This is 
a goodly record of provident work. Of course, some 
of the money spent on donation benefit covered pay- 
ments on account of disputes, but the total disbursed 
on this account is not large compared with the other 
benefits. Superannuation alone is a large item, amount- 
ing to over two millions and a quarter sterling. Most 
of these superannuated members will be eligible for 
old-age pensions when they arrive at the stipulated 
age. It is to be hoped that strikes will be averted 
for some years to come, as provided for in the agree- 
ment made after the dispute on the North-East Coast. 





The report of the Amalgamated Society of Uar- 
penters and Joiners is able to announce a decrease 
of 978 on donation benefit in the past month ; it was 
2859 less than a year ago. The total at date was 
4725. This is the best show as regards the unem- 
ployed for a long time past. But even thus the 
average number out of work in the three first months 
of the year was 6185. The report states that **t: 
is undoubtedly on the increase in both the hous: 
shipbuilding industries,” and the hope is expresse« that 
a further increase may be seen as the season prog': sses. 
The general council meets in the middle cf June, and 
it is expected that some scheme will then be evolved to 
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lace the society on a sounder footing than it now is. 

The long trade depression has tried its resources 
severely, and the membership has decreased. The total 
at date was only 55,146 ; of these, 3277 were unem- 
ployed of all grades, 2464 being in receipt of dona- 
tion benefit, 1429 on sick benefit, and 2688 on 
superannuation benefit. Trade in South Africa has 
improved, and is now in most districts moderate. In 
Australia, however, it appears to be not so good; in 
Canada it is moderate. In the United States it varied 
from bad to moderate. The society is taking care to 
keep separate the contributions to the Parliamentary 
fund, so as not to infringe the judgment of the 
House of Lords. A financial statement is given 
for the past three months, which shows a balance 
of 3193/. to the good. The society celebrates its 
jubilee this year at Manchester; some of the local 
districts will also celebrate it in theirown way. Some 
of the railways appear to be willing to issue cheap 
tickets to Manchester on the occasion. 


The monthly report of the Associated Iron-Moulders 
of Scotland states that there was an increase of 161 
in working membership in the month, which means 
a corresponding reduction in the list of unemployed. 
This is encouraging so far as it goes, but it shows 
how slow the improvement in trade is in all sec- 
tions of the engineering and shipbuilding trades. The 
return as to membership shows a decline of 26, but 
the officials of the union deem that to be a mistake 
from a perusal of the branch reports sent in. The 
council therefore asks for greater care in compiling 
the returns. The report gives a comparative view of 
the decrease of unemployed in this year up to the date 
of the report—and of April—as 455, against 474 of a 
year ago. It also states that there are calls for men, 
and the branch officials and members are urged to 
to do their best to fill up the vacancies by trade-union 
members. It is stated that what improvement there 
is in the state of trade is mainly in the jobbing de- 

rtment, ‘‘ the light shops” being worse off for work. 

n spite, however, of the slow recovery, the society 
has maintained a movement for an advance in wages 
of 5 per cent.—the restitution of the 5 per cent. reduc- 
tion submitted to in September last. A notice to 
that effect has been sent officially to the Scottish Em- 
ployers’ Federation of Iron and Steel Founders, dated 
April 13, which the secretary of that body acknow- 
ledged on the 14th, stating that the matter would have 
the attention of the Executive Board of the Federation. 
The report gives a table of the rise and fall of iron- 
moulders’ wages in Scotland from January, 1880, to 
February of this year. 





The report of the Operative Cotton-Spinners states 
that the united membership was 19,440, showing a 
decrease in the month of 86, but an increase of 229 
for the year. Of these, 11,134 were piecers. There 
were 8306 full members. Of the latter, 9.90 per cent. 
were unemployed, as compared with 9.41 per cent. in 
the month previous, and 13.48 per cent. a year ago. 
But of the total only 1.30 per cent. were entirely out of 
situations, compared with 2.23 per cent. a year ago. Of 
the remainder 607 were out of work through temporary 
causes, 36 due to accidents, and 72 on scale of pay as 
piecers. The officials dealt with 35 grievances, as 
against 31 last month and 27 a year ago. The acci- 
dents reported were 52, last month 41, and a year ago 

The officers think that the total number of acci- 
dents for last month is high considering the short time 
worked. In one case 100/. was awarded for total disable- 
ment. ‘here were 59 compensation cases sent in to em- 
ployers; last month 51, against 72a yearago. The total 
claims sent in since the Act came into force had been 
3844. Most of these were mutually settled. The lock- 
out at Medlock Old Mill still continues, but nothing 
further respecting it is said. In another part of the 
report, however, is a statement regarding the proposed 
reduction of 5 per cent. in wages, as to which the report 
adds “there is every indication thata lock-out will take 
place.” Then follows a statement of the position, and 
of the operatives’ reasons. for refusing to submit to a 
reduction. The operatives’ unions appear to be agreed 
upon the policy of resisting the proposal. 





The Jronworkers’ Journal contains a long report, 
apparently verbatim, of the prosecution of fifteen men 
for ‘unlawful assembly,” under an old political Act 
ofacentury ago. It appears that there was a dispute 
at the Shotton Iron Works, Hawarden Bridge, which 
developed into open hostilities between the members 
of the Associated Iron and Steel Workers’ Union and 
- Steel-Smelters’ Union. The former allege that 
: latter, through an official, had agreed with the 

rm to supply a number of workers to take the places 
4 those on strike, at a reduced scale of wages. 
ee s on the scene allege that some of the men 

unlawful weapons—iron or clubs. There does 
not appear to have been much violence, but one of 
men was found to be peavey bleeding from a blow 
= ag mouth, and two of the constables complained of 
Th 8. The case was heard at the Mold Police Court. 
© time of the assembly of the men arrested was 





midnight. It was alleged that they assembled for an 
unlawful purpose. The magistrates heard a good deal 
of evidence, and in the end decided that the case must 
go to the assizes, each being bound over to appear on 

il of 107. The case is sub judice, and therefore all com- 
ment would be out of place. The dispute had been 
before the Parliamentary Committee of the Trades 
Union Congress, and a truce had been entered into ; 
but one of the parties is alleged to have broken that 
truce. A special conference of the Ironworkers’ Asso- 
ciation is to be convened to consider the whole ques- 
tion. The documents relating to the dispute are re- 
produced in the Journal. The General Federation of 
Trade Unions have appealed to the Ironworkers’ Asso- 
ciation to become affiliated to that body. Delegates 
are to be appointed to meet in conference to decide 
upon this and other matters. 





The monthly report of the Steam-Engine Makers’ 
Society says :—‘‘ We are pleased to be in a position to 
report a further improvement in trade, although not 
so brisk as we should like to see on the North-East 
Coast and in Lancashire. A year ago the proportion 
of unemployed on the North-East Coast was 19.9 per 
cent. ; Manchester district, 11.9 per cent. ; Oldham, 
Bolton, and Blackburn, 15.9 per cent. ; the respective 
percentages now are 11, 8, and 13.2 in these very im- 
portant centres, employing 47,256 members of trade 
unions in the industries alluded to. In the Glasgow 
district, in which there are 15,140 such members, the 
proportion of unemployed a year ago was 21.7 per 
cent., now only 7.1 percent. At Belfast and Dublin 
a year ago the percentage was 14.2 per cent., now only 
6.6 per cent.”” In the Midlands—Birmingham, Coven- 
try, Wolverhampton, &c.—employment is good, espe- 
cially in the motor industry, where a good deal of 
overtime is being worked. The percentage of unem- 
ployed in these districts is now as low as 3.3 per cent. ; 
a year ago it was 7.2 per cent. Complaint is made of 
excessive overtime in the Midlands, instead of extra 
hands being employed. It is intimated that the hands 
are by no means averse to this extra overtime, which 
is more or less systematic in some firms. This is 
not to be wondered at after so long a depression in 
trade, when so many were entirely out of employment. 
For nearly sixty years the engineers have been fight- 
ing this question, but little progress has been made in 
the curtailment of overtime. After many conferences 
between the representatives of the society and the 
employers in Lancashire, it was agreed ‘‘ that there 
shall “ no reduction in wages for a period of four 
years from date of signing the agreement.” This gets 
rid of the notices for a reduction in time wages of Is. 
per week, and 2} per cent. in piece rates. 





The situation in Lancashire as regards the cotton 
trades, at time of writing, remains practically un- 
changed. There were rumours of a postponement of 
the notices for the reduction in wages of 5 per cent., 
but all such have been officially denied. The officials 
of the card-room operatives appear to be in favour of 
prompt action to end the dispute one way or the other, 
but the other sections are more reticent as to the 
action to be taken. Many persons, other than the 
operatives, question the policy of a reduction. 


The executive committee of the Northumberland 
Miners’ Association have issued an exhaustive state- 
ment to all the miners’ lodges in defence of their 
action in connection with the Eight Hours Act, and 
the agreement with the employers in relation thereto. 
In it they declare that never has greater benefit been 
conferred on the workers than under the Act. Yet 
it will be remembered that for years the Association 
opposed the Bill in Parliament through their mouth- 
pieces, Messrs. Burt and Fenwick. 





The House of Commons’ vote of condolence to the 
Queen-Mother was carried in silence, with every show 
of deep sympathy on all sides. In its presentation 
Mr. Thomas Burt, as the Father of the House, was 
selected as one of the delegation, and it fell to him 
to read the address before Her Majesty. This was an 
honour that all workmen should recognise, for he was 
the first Labour member elected. 

In all the reported speeches of Labour members on 
the death of King Edward VII. there has been a tone 
of deep loyalty which should not be overlooked. Many 
of the speakers must have remembered the late King’s 
attitude to Labour members. 





Although the iron market in the Midlands was well 
attended last week, there was but little business done. 
The iron and steel trades seem to be lagging behind in 
activity, though there is improvement in most of the 
iron and steel-using trades. The fact that most of the 
chief works are closed during the current week—owin 
to the Whitsuntide holidays in the earlier part, an 
the funeral of the late King in the latter part—indi- 
cates that there is no great demand for material at the 
present time. 





The annual report of the National Society of Amal- 





gamated Brassworkers and Metal Mechanics for the 
past year deplores the drain upon its funds, and states 
that either the contributions must be increased or the 
benefits reduced. The latter would be regrettable. It 
would be better to increase the contributions, if only 
for a time, until trade gets better. 








THE PHYSICAL SOCIETY OF LONDON, 

Ar the meeting of the Physical Society of London, 
held on April 22, Professor i L. Callendar, F.R.S., 
President, in the chair, Mr. W. A. Scoble read a paper 
entitled ‘‘ Further Tests of Brittle Materials wnder Com- 
bined Stress.” A former paper described tests on cast 
iron, which is the brittle material most commonly em- 
ployed in engineering practice. The cast iron yielded 
somewhat, and it was necessary to assume a redistri- 
bution of stress before fracture. Then the maximum 
principal stress appeared to be the best criterion of 
strength. The tests described in the present paper were 
made on hardened cast steel, which material was selected 
because it obeys Hooke’s law as to fracture. The specimens 
were # in. in diameter and 30 in. in effective length, and 
were tested under combined bending and torsion. As it 
was not possible to ensure that the hardened bars were 
of exactly equal strengths, a bar was first fractured under 
combined loading, then one portion was tested under 
bending alone, and the other part in simple torsion. Thus 
each bar afforded independent evidence on the law of 
failure. 

Neither the maximum shear stress nor the maximum 
strain was constant at fracture, but the results indicated 
that the maximum principal stress is the best criterion of 
strength for a brittle material under combined stress. In 
general, the hardening did not affect the strength of a bar 
to resist bending, but it doubled the torque which was 

uired to cause failure. 
r. Russell asked the author for a definition of a brittle 
material. 

Mr. R. 8. Whipple asked what were the advantages of 
hardening in vitriol. 

Mr. Scoble, in reply, said a brittle material was one 
which did not yield before fracture, although cast iron, 
which was usually classed as brittle, yielded to a slight 
extent. Tool-hardeners found that hardening in vitriol 
was preferable to hardening in oil. 

A paper on ‘‘ The Magnetic Balance of MM. Curie and 
C. Cheneveau, by C. Cheneveau, with an Appendix by A. C. 
Jolley,” was read by Mr. A. C. Jolley. This balance is 
intended for the determination of the coefficient of 
specific magnetisation, susceptibility, and permeability of 
feebly paramagnetic and diamagnetic ies. The body 
under investigation is suspended from one arm of a torsion 
balance, which measures the force exerted on the body 
when it is placed in the non-uniform field of a permanent 
magnet. ‘The torsion balance is formed by a horizontal 
rod suspended by a long fine platinum wire and carrying 
at one end a hook, from which the substance under in- 
vestigation can be suspended in a small enclosing 
glass tube. On the other end of the torsion arm a copper 
sector is fixed which moves between the poles of an 
auxiliary magnet, and thus provides efficient damping. 
A second branch arm is also provided, upon which may 
be placed suitable counterweights to balance the speci- 
men. The suspension carries a mirror, and the move- 
ments are read on a translucent scale in the ordinary 
way. The magnetic field is that of a large circular per- 
manent magnet mounted in such a way that the vertical 
gap may be made to describe a semi-circle of radius equal 
to the length of the torsion arm, and the movements of 
this magnet are controlled by the observer at the screen 
by means of cords. An empty containing tube is first 
mounted on the balance, nf the maximum deviation 
of both sides of the zero is obtained by bringing up 
the magnet towards each side of the specimen. The 
tube is then filled to a given mark with a known 
mass of pure distilled water and the variations ob- 
served as before. The water is then replaced by a 
known mass of the substance to be examined occu- 
pying the same volume or the same vertical height, 
and in the deviations are observed. The paper indi- 
cates how the value of K my ! be calculated from these 
observations. Experiments have been performed with 
various metals and alloys, and the results are tabulated 
and discussed in the paper. 

Mr. A. Campbell nid that for certain experiments, and 
in the construction of certain instruments, it was essential 
to know that the materials used were non-magnetic ; and 
he thought the author’s instrument would be useful, It 
was very difficult to obtain non-magnetic brass. 

Mr. W. Duddell asked if the specimens used were 
specially cleaned, as the oxides and sulphides of many 
metals were magnetic. It would also be necessary to keep 
them clean to get trustworthy results. 

Mr. D. Owen expressed a doubt as to the accuracy of the 
results attainable by this apparatus used as deserted by 
the authors in the paper. Theory uires that the 
specimens of the standard substance and those under test 
should be exactly equal in size and shape, and similarly 
situated in the variable magnetic field when the observa- 
tion of maximum force is taken. In many ways this con- 
dition may be departed from in the experiments de- 
scribed. The size of the test-tube used to hold the speci- 
men is a considerable fraction of the eo 8 » 
and, excepting in the case of liquids, it would be difboult 
to ensure identity of form of the samples in the correlated 
pair of experiments. Absence of coincidence between the 
axis of rotation of the magnet and the axis of the torsion 
wire would cause an error of position varying with the 
deflection of the balance-arm. Again, the magnetic pull 
parallel to the balance-arm will cause movement of the 
specimen to an extent depending on its susceptibility and 
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its density, though the effect is likely to be very small. 
These causes may account for the authors’ observations of 
apparent dependence of K on the mass and length of 
specimen. 

The authors were also asked whether they had an 
experimental data as to the independence of K wit 
respect to temperature. 

r. Russell regretted that the author had not explained 
more fully how the magnetisation of the specimen under 
test was maintained uniform. Any lack of uniformity 
would seriously affect the accuracy of the results. He 
thought that the great discrepancies found by Mr. Jolley 
in the apparent value of the coefficient of the specific 
magnetisation of copper for specimens of different lengths 
must be due to an uneven distribution of the magnetic 
field. When the specimens were very feebly magnetic, 
he considered that it was legitimate to make the assump- 
tion that the intensity of the magnetisation was pro- 
ae to the field. He did not see, however, how the 

alance could be employed to test strongly magnetic sub- 
stances. He suggested that the specific magnetisation of 
water might vary largely with temperature. It was 
interesting to find that the discrepancies between the 
calculated and the observed values of the inductance of a 
certain brass conductor had been traced to the magnetic 
qualities of the brass. In his opinion, errors in the com- 

uted values of inductance standards, due to the permea- 
vility of the conducting material differing from unity by 
a very small fraction, would in ang be negligible. 

The Secretary read a letter from Dr. C. V. Drysdale, 
in which he stated that Mr. Jolley’s experiments with the 
magnetic balance proved its value, both scientifically and 
nes = tee as a means of rapidly estimating the com- 
position and purity of alloys and other materials. The 
instrument enabled the magnetic qualities of materials 
to be obtained as easily as the specific gravity measure- 
ments which are usually employed as an aid to practical 
analysis, and it formed a kind of magnetic hydrometer, 
which gave the specific magnetisation instead of the 
density of the substance as compared with water. The dis- 
cee principle of Poisson and the derivation of the 
orce as the slope of potential were both of great import- 
ance, and an apparatus, such as the author’s, which showed 
the practical application of these principles, was welcome. 

Mr. C. W. 8. Crawley drew attention to the fact that if 
the brass rods were cut with steel shears they would be ren- 
dered magnetic. Brass tubes, prepared by drawing through 
steel dies, were generally magnetic. He asked if the varia- 
tion of the value of K for copper was due to impurities. 

Mr. R. S. Whipple asked if the author had performed 
any experiments on wood or ebonite, and, if so, with what 


results. 

Mr. Jolley, in reply, said he could fully endorse Mr. 
Campbell’s remarks concerning the difficulty of obtaining 
non-magnetic brass, which seemed to be quite rare. In 
reply to Mr. Duddell’s point concerning tthe cleaning of 
the specimens, a fair amount of care was taken to keep 
the specimens clean; they were handled with ivory 
forceps, and in most cases they were bright new samples 
of rod and wire, which to the eye certainly did not seem 
in any way oxidised ; and if any such oun or other salt 
were present, unless it were very highly magnetic, it 
would not be sufficient in quantity to account for the high 
values of K generally obtained. 

Mr. Owen raised a point in connection with the theory 
which would be of importance if the maximum deflexion 
were obtained with the specimen in the interpolar gap, 
but, asa matter of fact, the maximum deflexion as Pai. 
cated in the paper is always obtained when the specimen 
is considerably out of the gap of the magnet, and conse- 
quently the position of the specimen does not become so 
important. An excellent datum is, however, provided 
by the damping sector, which has to be accurately 
between the poles of its magnet for perfectly free rota- 
tion, and when this is so the tube is rightly centred 
relatively to the gap of the deflecting magnet. No ex- 

riments have been made either as to side pull, which, 

owever, in feebly magnetic bodies must be very slight 
indeed, or as to temperature. 

With regard to the question of the uniformity of magneti- 
sation of the specimen raised by Dr. Russell, he believed 
that some experiments on this had been made by MM. 
Curie and Cheneveau ; but the point would have to be re- 
ferred to M. Chenevesau before anything definite could be 
said. With regard to Mr. Crawley’s point as to the cut- 
ting of the specimens and the presence of iron from the tools 
employed in manufacture, they had no special method of 
cutting the lengths, and had to resort to the usual work- 
shop processes. The experiments with acid treatment 
show that although in some part the magnetic quality is 
a surface effect, this is by no means accountable for all, 
and the amount of magnetic material left on the surface 
from tooling was far too small to account for the values 
of K found. With regard to copper, the value of K 
certainly was due to impurity; but it is considered that 
the magnetic balance gives .ndications of the presence of 
such impurity with far greater reliability than any 
chemical test lee such minute quantities. 

In reply to Mr. Whipple, both wood and ebonite had been 
tested, but not tabulated. In both these cases the results 
were variable, and it was practically impossible to free 
the material from the effects of tooling ; in‘any case, the 
results always showed the specimens to be very magnetic. 





MeTALLIC PERMANENT-Way.—The value of the chairs 
and metallic sleepers exported from the United Kingdom 
in the first four months of this year was 124,3971., as com- 
pared with 117,238/. in the corresponding period of 1909, 
and 164,498/. in the corresponding period of 1908. In this 
year’s ageregate value the shipments to Portuguese East 
Africa figured for 27,6501. ; to British South Africa, for 


9,2202.; and to British India, for 59,0787. Upon the whole, 


this branch of British export trade exhibits little progress, 





FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineering 
projects, for several of which tenders are asked. Further 
particulars concerning the same can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Transvaal; H.M. Trade Commissioner for South 
Africa (Mr. R. Sothern Holland) reports that the con- 
struction is proposed by the Transvaal Government of a 
line of railway, about 60 miles in length, from Alkmaar or 
Nelspruit to Graskop, in the Pilgrim’s Rest District. 

Uganda Protectorate: The aes Intelligence 
Branch of the Board of Trade are informed that the con- 
struction of the railway from Jinja to Kakindu has been 
approved, and that the work will be put in hand as soon 
as possible. 

Italy; With reference to the notice on page 614 of the 
Board of Trade Journal of February 24 relative to tenders 
for the execution of works in connection with the enlarge- 
ment of the port of Viareggio, the Gazzetta Ufficiale 
(Rome) of May 3 announces that, as no award has been 
made in this competition, tenders are again invited, and 
will be opened at 10 a.m. on June 1, before the Direttore 
Generale delle Opere Marittime, Ministero dei Lavori 
Pubblici, Rome. The upset price is put at 920,200 lire 
(36,808/7.), and a provisional deposit of 50,000 lire (20007. ) 
will be required to qualify any tender, to be increas: 
by the successful tenderer to 10 per cent. of the “one eon 
contract price. Although it is probable that the above 
contract will be awarded to an Italian firm, nevertheless 
the carrying out of the work may involve the purchase of 
some materials out of Italy.—The Sole (Milan), of May 3, 
reports that the Italian Minister of Public Works has 
introduced a Bill relative to railway concessions in Basili- 
cata and Calabria. The project will include the granting 
of concessions to private individuals for the construction 
and working of the following lines :—Bari to Gruma and 
Atena; Potenza to Laurenzana and Valle del Sinni- 
Navasiri; Gravina to Valle Bradano, Acerenza and 
Avigliano; Lagonegro to Castrovillari and Spezzano 
Albanese ; Pedace to Cotrone; Porto Santa Venere to 
Monteleone and Serra Mongliana; Roglione to Marcel- 
linara ; Saline di Lungro to Spezzano Albanese ; Giojosa 
Piana di Palmi to Gioja Tauro. The concessions will 
carry with them State subsidies.—According to a report 
in the Bolletino Finanze (Rome) of April 28, the Minister 
of Public Works is going into the general question of 
public works in Sardinia, and has arranged, among other 
things, for the putting in hand at once of the work of 
draining the Santa Giusta marshes in Campidano di 
Oristano, the cost of which will amount to 2,600,000 lire 
(104,000/.). Tenders will also be given out immediately for 
improving and dredging the Rivers Flumineddu, Mannu, 
Di Tuili, Platanione, and Temo, for draining the Calik 
Marshes, and for various works in the Gulf of Avanci 
and at Porto Torres, the aggregate cost of which is esti- 
mated at 10,850,300 lire (434,000/.). Similar works are 
shortly to be undertaken in the lower reaches of the Tirso 
at a cost of 5,000,000 lire (200,000/.). Arrangements have 
also been made for the drawing up of plans in connection 
with harbour works at Terranova Pausania and Cagliari, 
at a cost of 3,700,000 lire (148,000/.). Important road 
construction works are also to be undertaken in the pro- 
vinces of Sassari and Cagliari, which it is estimated will 
involve an expenditure of 5,000,000 lire (200,000/. ). 

Canada : The Imperial Trade Correspondent at Toronto 
(Mr. F. W. Field) has forwarded a copy of the eighth 
annual report of the Temiskaming and Northern Ontario 
Railway Commission. The railway is owned and worked 
by the OntarioGovernment. The report, which contains 
copies of agreements for various contract work performed 
for the railway, notes and prices of contracts awarded, 
—- of power equipment, &c., may be seen by 

ritish firms at the Commercial Intelligence Branch of 
the Board of Trade, 73, Basinghall-street, London, E.C. 
The Imperial Trade Correspondent at St. John, New 
Brunswick (Mr. W. E. Anderson), reports that the Grand 
Trunk Pacific Railway has purchased 70 acres of land at 
the head of Courtenay Bay, on which it is proposed to 
construct large railway terminal facilities. It is expected 
that tenders will be invited this summer by the Federal 
Government for the construction of warehouses for the 
new steamship berth now nearing completion on the west 
side of the harbour of St. John. The dredging for an- 
other berth is almost completed, and operations will be 
continued to provide for more wharves to meet the 
growing demands of winter-port business. It will 
eoer agg | to demolish the present harbour lighthouse 
a the channel, and to erect a new one further in- 
shore. 

Cape Colony: The Imperial Trade Correspondent at 
- Town (Mr. E. J. Cattell) reports that a line of 
railway is shortly to be constructed from Ceres-road to 
Ceres, and that it is hoped that in the near future the 
Eendekuil line will be extended to Calvinia. The Govern- 
ment have decided to modernise the equipment of the 
Salt River railway workshops at a cost of about 26,000/. 

Netherlands: The Nederlandsche Staatscourant of 
May 9 notifies that tenders will be received up to June 1, 
by the Minister van Waterstaat, at the offices of the 
Department van Waterstaat, The Hague, for the carrying 
out of works connected with the improvement of the 
River Waal, at Tiel. The upset price is put at 92,000 
gulden (7666/.). Plans and specifications governing the 
contract may be purchased from Gebroeders van Cleef, 
Spui No. 28a, The Hague. 

Netherlands East Indies : The following information is 
from the report by H.M. Consul at Batavia (Mr. J. W. 
Stewart), on the trade of Java in 1909, which will shortly 

issued :— Supplies have been voted by the Government 
for the carrying out of harbour improvements on a lar 
scale at Samarang. The proposed works include the 





lengthening of the breakwaters, the construction of 
harbour for lighters, and the construction of a subsidiary 
canal with customs wharves and warehouses for the accom. 
modation of imported goods, leaving the present canal 
free for outward traffic. 

Roumania: The following information is from the 
report by the British Vice-Consul at Constantza (Mr. T 
Broadwood) on the trade of that district in 1909, which 
will shortly be issued. There is a new railway projecte. 

od fi Y projected 
from Medjidea, on the Bucharest-Constantza line, to 
Tulcea ; it will be from 112 to 120 kilometres in lenzth 
and the estimated cost of construction is about 24,000,000 
francs (960,000/.), the chief expense being for works 
such as viaducts and bridges. The route is at present 
being surveyed. The Vice-Consul understands that most 
probably the work will be given out under contract in 
small sections, with a view to its completion at as early a 
date as possible. ; 

Burma : According to the Rangoon Gazette of April 18 
a Note on the finances of the port of Rangoon, to accom. 
pany the Port Trust Budget estimates for 1910, states that 
the principal works that will probably be necessary at the 
port during the next ten years are as follow :—Comple- 
tion of the river training works scheme, Rs. 91,00,000; 
removal of the Hastings shoal, Rs. 30,00,000 ; completion 
of fixed moorings scheme, Rs. 8,50,000; construction of 
new salt godowns, Rs. 10,060,000; completion of equip- 
ment of Botatoung estate, Rs. 8,00,000; completion of 
equipment of Pazundaung estate, Rs. 2,00,000; recon- 
struction of Phayre and Brooking - street wharves, 
Rs. 40,00,000 ; new warehouse, Rs. 10,00,000 ; purchase of 
a floating-crane, Rs. 4,00,000. Of these works the first 
two are now necessary. The remainder should not be 
‘oom in hand until there is a clear demand for them, and it 
ecomes apparent that they will be paid for by increased 
trade, and without any enhancement of existing port rates, 

Brazil: The Diario Official of April 8 states that the 
Brazilian Government will shortly invite tenders for 
works in connection with the harbour of Rio de Janeiro, 
comprising the dredging of the principal river-bars and 
the freeing from obstructions of F sme rivers and of other 
existing waterways.—The Diario of April 16 publishes 
a decree, No. 7959, approving a contract with the State 
of Sio Paulo respecting a concession for the construc- 
tion of the Fumilense Railway extension from Arthur 
Nogueira to the River Mogyguassi. The concession 
carries with it a subsidy of 15,000 milreis (about 9401.) 
per kilometre. Two years are allowed for the construc- 
tion of the line, which is to be of 1-metre gauge. 

Bulgaria: According to the Bulletin Commercial 
(Brussels) of May 7, the municipal authorities of Varna 
invite tenders for the carrying out of drainage and sewage 
works at that place. The upset price is put at 2,000,000 
francs (80,000/.), and a deposit of 100,000 francs (4000/.) 
will be required to qualify any tender. Tenders, which 
will be opened at 4 p.m. on June 8, should be addressed 
to ‘‘ Monsieur le Maire, Conseil Municipal,” Varna. 

Argentine: The Boletin Oficial of April 9 contains a 
decree approving the plans submitted by the Port 
Argentine Great Central Railway Company, Limited, 
for the construction of a seaport in the bay of San 
Borombon (see Board of Trade Journal of April 28, page 
168). Sixty days are allowed for the drawing up of speci- 
fications and estimates for the carrying out of the work. 
So soon as the port shall have developed to such an 
extent that more goods than 700 tons per lineal metre of 
wharf are handled per annum, the company is to proceed 
with the enlargement of the dock accommodation.—The 
Boletin of April 11 publishes a decree approving the 
plans and specifications submitted by the Direccién 
General de Ferrocarriles on behalf of the Empresa del 
Ferrocarril del Sud relative to the construction of the 
section of line, 47 miles long, from Dorrego station. 
Two years are allowed for the completion of the work. 
Another decree signifies approval of a contract with 
the Compajiia de los Ferrocarriles de Entre Rios for 
the extension of the Caseros- Villa Elisa section of line to 
the most suitable point between Jubileo and San Salvador 
stations, on the Villaguay-Concordia Railway.—With 
reference to the notice on page 518 of the Board of 
Trade Journal of December 16, relative to the Quequen 
Grande and Mar del Plata Harbour Works, the Boletin 
Oficial of April 13 publishes a decree to the effect that 
the Harbour Commission, which is studying the practica- 
bility of these works on the spot, has not yet completed its 
investigations, and that consequently the adjudication of 
the contract will be postponed until two months after the 
date (some time in April) on which the Commission sub- 
mits its report. 





Tur Locomotive Eneinrers’ Pocket-Book ANP 
Drary.—The latest edition of this little publication 1s & 
distinct advance on its predecessors. Like other pocket- 
books, it tends to increase in size. The additions em- 
bodied in the latest issue form some of the best matter 
within its covers. The booklet contains some 200 odd 
pages all told, and of these about 140 are devote d to 
matters of interest to locomotive men. The great feature 
of the pocket-book is undoubtedly an article covering 
some thirty-two pages, with tables and diagrams, on the 
conditions controlling locomotive engineering and design. 
This article, we understand, is by Mr. J. Frame, of the 
North British Locomotive Company, Limited, Glasgow. 
It is divided into sections and deals with general condi- 
tions, train-resistance, tractive-power of locomotives an 
balancing, and contains more information, in epitomised 
form, than many of the larger text-books. This artic‘e 1s 
followed by the charts for tractive power, &c., which have 
figured in this pocket-book for some time, and by tables, 
di ms, &c., relating to current British practice. The 
little book is issued by the Locomotive Publishing Com- 

ny, Limited, 3, Amen Corner, Paternoster-row, %\- 

he price is 1s. 6d. bound in cloth, and 2s. 6d. in Jeather. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELEOTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 
number of views given in the Specification Drawings is stated 
= case; where none is mentioned, the Specification is not 
trated. 2 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
ranch, 25, Southampton Buildings, Chanzery-lane, W.C., at 
the wniform price of 8d. 
The date of the advertisement of the mce of a Complete 
ification is, in each case, given after the abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the ance of a Complete Specification, 
give notice at the Patent 0, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


44. W. T. Henley’s Telegraph Works Com- 
sam Limited, London, and W. H. Nichols, West- 
cliff-on-Sea. e-Carriers. (4 Figs.) May 29, 1909.— 
This invention relates to fuse carriers of the detachable type. 
The fuse-carrier comprises a cylindrical container A of insulating 
and non-combustible material, having an internal diameter con- 
siderably larger than is necessary to accommodate the fuse-wires 
B which extend through it from end to end. The ends of the 
container are closed by metal plugs C which are integral with 
tongues D whereby wedging contact is established between the 
respective ends of the carrier and the fixed spring terminals nor- 
— bridged by the fuse, each plug C being furnished with a 
baffle in the form of a disc E, which is kept out of contact with 
the extremity of the container by distance-pieces, and whose 
periphery carries a flange f. Mounted fast on each end of the 
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container, at a short distance clear of the edge of the correspond. 
ing flange f, is a relatively wide shield F of insulating material, of 
a shape adapted to protect the adjacent parts against flame. 
Each plug C has a central hole just large enough to give passage 
to the fuse-wires B, whose ends are made fast to bindin, screws, 
and has in addition peripheral passages H leading from within the 
container A to the space between the end of the container and 
the disc E, the result of the arrangement being that (in the event 
of the fuse blowing) the gases, which are unable to escape to any 
appreciable extent by way of the central hole in each plug, will 
pass through the peripheral passages H and strike against the 
inner surface of the disc E, by whose flange f the flames will be 
prevented from spreading, and will be diverted backwards against 
the shield F, on reaching which their force will be virtually spent. 
(Accepted March 2, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


4524. K. I. Crossley and T. Rigby, Manchester- 
Gas-Producers. (3 Figs.) February 24, 1909.—This inven- 
tion relates to those gas-producers which recover the original 
nitrogen in the fuel as ammonia. According to this invention, 
the incoming fuel is arranged in a layer or layers on a mechani- 
cally-operated breaking device or devices, in such a manner that 
the fuel, whilst undergoing distillation by the hot gases from the 
producer, is either prevented from caking or is broken up after 
caking, and before entrance into the gas-producer proper. The 
heat necessary to produce caking is obtained by passing the 
from the gas-producer A in intimate and direct contact with the 
fuel, and a3 a result the volatile matter is given off, and, mixing 
with the hot vases from the producer, passes away for use. The 




















my in the first place, is admitted to the producer by means of 
automatic feed-device B, which is operated by the same 
mechanism as also operates the breaker D. The fuel is spread in 


& layer on bars E, which are mechanically operated in such a 
ae that cach bar is operated sepavately and alternately, 
ereby the fuel is kept constantly agitated and broken up. The 
= ene Se producer A are by way of the opening G to 
oe erside of, and passed through, the fire-bars and the layer of 
ood a. into the space a dove the layer, the volatile gre 
a 4 by the caking fuel being passed away, together with the 
Producer.gas, to the outlet K. e agitation of the fire-bars, at 
Same time, overcomes the caking tendency of the fuel, and 


into the gas-producer A. (Accepted March 2, 1910.) 


5406. W.J. Pearman and Hewitt Engi 
London. Carburettors. [2 Figs.) March 5, 1 


cating by holes e with a groove f in the valve-seating proper. 


against a collar on the valve-stem. e fuel-pipe screwed 


and f by the hole hl. The cylindrical liner @ has four rings 


between the liner @ and the outer casing 6, and thus into 
the engine induction-pipes k!, the remaining rings of ports J and 
0 opening into the atmosphere. The lower ring of ports l' is 
surrounded by a regulating ring ™, by rotating which the total 
area of the ports /) can be regulated, and this ring m also carries 





a gauze dust-filter ». The fuel valve-seating is also surrounded 
by an annular space 7! in communication with the exhaust of the 
engine, thus keeping the fuel-valve warm. The piston-valve o 
has a deep groove p, and is formed with a large conical opening 
pat its lower end, communicating with a ring of portsy. The 
groove pand ports q are in the centre of the piston, the end por- 
tions of the piston being plain cylinders without ports or passages. 
The action of the carburettor is as follows :—With the valve o at 
its lowest position, the main induction-ports j are closed so that 
no suction is exerted on the fuel-valve c, and the main air-inlet 
ports J) are also closed. Both rings of auxiliary ports j! and l 
are open and in communication with one another by the annular 

cove pin the valve ; thus the engine is drawing in air alone. 
When the valve o is lifted up the ports j! and / are closed, while 
the ports /' are uncovered by the bottom of the valve, and the 
ports j are also opened by the ports q in the valve registerin 
with them. In this position the suction of the — is exer’ 
through the ports j, and, acting on the fuel-valve, draws a conical 
ring of spray up through the valve ¢, the air is drawn through the 
ports 71 at nearly a right angle to the fuel spray, across which it 
cuts, thus breaking it up. The mixture is then drawn through 
the ports j into the induction-pipe. The induction-ports j act as 
a throttle, and are so covered or uncovered in relation to the air- 
inlet ports J! that the suction on the fuel-valve remains correctly 

roportioned for any speed. The auxiliary ports j} and / may 
_ arranged either to be closed entirely or to remain open some 
time when the ports j and [| commence opening. Ciccepted 
March 13, 1910.) 


GUNS AND EXPLOSIVES. 


10,020. F. Wigley and R. Redpath, Westminster. 
Ordnance. [4 Figs.) April 28, 1909.—This invention relates 
to safety devices for ordnance, and provides means whereby the 
gun cannot be fired until the truonion-bearing locking-blocks are 
inserted in corresponding recesses in the iage, movement of 
these blocks being effected by rotation of a spindle. a is one side 
of the carriage, the upper part of which forms the trunnion-bear- 
ing, a recess a] being formed in the carriage in which is seated 
the trunnion-bearing block b, which carries one of the trunnions 

















¢ of the cradle. Mounted on a pin b! formed in one with the 
trunnion-block 6 is the locking-block 02, this locking-block being 
free to rotate on the pin, such rotation be effected by means of 
an ordinary sf or wrench applied to the spindle b® secured 
to the locking-block. At the upper and lower sides of the locking- 
block are projections 64, b5, which, when the block is in the 
locking position, e in recesses a”, a3 formed in the trunnion- 





that no pieces larger than those of a suitable size shall be admitted 


Limited, 
. —This in- 


vention relates to carburettors, and has for its object to provide 
an automatic carburettor that, when adjusted, can be operated by 
one lever to vary the quantity of the mixture without materially 
affecting its quality, to vary the amount, to cut off the mixture 
entirely, and after cutting off from the fuel chamber to admit 
fresh air alone to the cylinders by a slight further movement of 
the lever; and to provide an automatic fuel or spray - valve 
arranged in such a manner in relation to the air ports and the 
throttle-valve that an injector-like action is produced. The car- 
burettor body is in two parts, the part a being cylindrical, and 
carrying at its lower end the seatings for the fuel-valve. The 
other part } surrounds the cylindrical part a, which is thus virtu- 
ally a liner within the carburettor body. The fuel-valve c is a 
conical valve, and is seated in a removable seating d held in place 
by the cap dl. This valve-seating d has a groove d? communi- 


into the socket A is in communication with the grooves d2 


| shown in Fig. 1, these projections are disengaged from the recesses, 
and the trunnion-block, with its locking-block, can be freely with- 
drawn from the trunnion-bearing. Mounted on the spindle L° are 
electrical contacts U8, b7, and on the part of the carriage forming 
the trunnion-bearing are mounted electrical contacts a4, a5, these 
being so situated with respect to the contacts b6, b7 that when the 
locking-block is in the locked position contact is made between 
U6 and a4, and also between U7 and a5 ; but when the locking-block 
is in its unlocked position these contacts are severally disengaged, 
as shown in Fig. 1. A similar arrangement is provided for the 
other trunnion of the cradle at the other side of the carriage, and 
| each electrical ms circuit is led through the contacts L6 and a+ 
| (or 07 and a@*) and also through the corresponding pair of contacts 
| On the opposite side of the carriage. (Accepted arch 2, 1910.) 
| 


LIFTING AND HAULING APPLIANCES. 

|_ 5772.—_Sir W. G. Armstrong, Whitworth, and Co. 
Limited, Newcastle-on-Tyne, and R. Matthews and 
c. Wale, Openshaw. draulic Hoists. (2 Figs.) 


March 10, 1909.—This invention relates to the working-valves for 


The valve c is held down on its oe a spring bearing | hydraulic hoists. a,a! are valves of the ‘floating ” or “pilot” 


| type, each composed of a main-valve of tubular form with a 
“ pilot” seated within it and opening in the same direction. They 
cover pressure-inlet and exhaust-ports b,! in the chamber c as 


of ports, the ports j and j! opening into the annular space k | shown, having a branch J? leading to the hoist-cylinder. En- 


larged ends of the valves a, a! slide in the chambers c”, c%, that of 
a being suitably packed to hold pressure in the space c*, which 
| communicates with the pressure-supply by a small hole a2 through 
| the valve. Similarly chambers c3 and ¢ are in free communication 

through the hole a* in the valve a). Pilots d,d! control the 
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pressures which operate the main-valves a, a! by establishing or 
closing communication between the spaces c2 and ¢, and c* and b!, 
when the main-valves will lift or close, as the case may be. The 
pilots d,d! connect by a bar e to a handle / through a link g, of 
which one end may be adjusted in slot f! to limit the lift of the 
valves if it be desired to check undue speed in the hoist. The 
valves are closed by a spring / > my to bar e between the centres 
of pilots d,d! and nearer to d, so as to balance the working- 
pressure tending to lift d, and also provide sufficient reaction on 
a! to close it. Non-return valves a*, preferably in the form of 
spring-plates, are used to close the holes a2, a% through the 
valves a, a! to avoid water-hammer or shock, and act as cataracts 
to prevent too sudden centering of the handle. (Accepted 
March 16, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


8993. H. H. Benn, London, the Unbreakable 
Pulley and Mill-Gearing Company - 
chester, P. A. Ransom, Shortlands, G. F. Buck, 
ie, and W. E. Buck, Withington. Friction 
Clutches. [7 Figs.| April 16, 1909.—This invention relates to 
clutches of the type in which friction-plates are moved into and 
out of their service position by means of toggle-levers acted upon 
by springs, the latter serving to hold and maintain the friction- 
ye in their service position when the clutch is in operation. 

e shaft A has keyed thereon adrum ©, The drum C and cover 
K provide the friction faces for plates D, operated by means of the 
toggles E and levers F from the sleeve G1, For holding the 
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plates D either in their in or out-of-service position springs G are 
provided, which are arranged to act when in compression, By 
the employment of compression coil-springs the defeet experienced 
with tension coil-springs, due to their straining or breakage when 
not properly set or adjusted, is obviated. The friction-plates D 
ride upon a central drum L, which serves as a guide therefor 
throughout practically their entire inner surface. For driving the 
rin keys are provided upon the drum L. The plates D can 
slide axially upon the drum L with its keys under the action of 
the toggle-lev ers. To limit the inward stroke of the inner friction- 
plate D a removable ~ s is provided adjacent thereto, but so 
laced that it can be readily moved from position when it is desired 
open out theclutch. (Accepted March 2, 1910.) 
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6172. Stothert and Pitt, Limited, and H. H. Ford, 
Bath. Single-Chaiz Gra’ (9 Pige.] March 15, 1909,— 
This invention relates to single-chain gra @ are the pivoted 
jaws of the grab connected by links c to the frame d. ¢ is a single 





bearing, thus holding the trunnion-bearing block b securely in ite 
position and preventing any rearward movement of it when the 





either prevents cakin i 
g or breaks it up after caking, and before 
catrance to the producer A, The breaber D is provided to ensure 


gunis fired. When the locking-block is rotated to the position | 





chain by which the = is suspended ; this chain is wound on and 
its end is fixed to the barrel 6! on the shaft b. f,f are chains, 
each having one end fixed to the frame d, and ite other end to the 
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smaller diameter of barrel b1, the arrangement being, as usual, 
such that a pull on thechain e tends to unwind it from and rotate 
the barrel, and thus wind thechains f on to the barrel, and con- 
sequently draw the parts b and d, and forcibly close the jaws to- 
gether. g is the ordinary Soa ae which is suspended 
on chains from the jib of the crane. e action is as follows :— 
Assuming the grab to be closed and hanging on the single chain 
e ready for discharging, in order to open it without the aid of 
the suspending ring g, the grab is first lowered into a wagon, the 
chain is then lowe out until ball e! passes pawls h, so pivoted 
inside the trough-shaped levers j as to allow the ball to in 
a downward direction. After the ball el has passed the pawls h, 
they fall back into their original position ; the chain is then 





Fig.1. 





hoisted and the ball ¢! engages with the undersides of the pawls 
h, and the weight of the grab is taken on balle! and suspended 
by thechain. Onthe grab being lifted from the ground, the slack 
of the chain e, which is now below the ball e! and the pawls A, 
allows the barrel }! to descend and the grab to open. The grab 
now being open, the slotted weights k, k inside the links c, which, 
as shown at Fig. 2, were previously supported by cams a! fixed 
to the jaws a, are now suspended by levers j, to which they are 
attached by means of chains, the bell-crank levers / and coupling- 
rods m; and on the grab being lowered to the ground for grab- 
jm another charge, and the strain on thechain being relieved, 
the levers j are released from the ball el, and the weights k pull 
the pawls / on the levers j clear of the ball e!, when the ball and 
chain are hoisted and the grab closed (Accepted March 2, 1910.) 


MOTOR ROAD VEHICLES. 


24,869. F. E. Baker, Northfield. Chassis. (7 /iys.) 
October 29, 1909.—This invention relates to the frames of motor 
vehicles. As is well known, the general mechanism adopted for 
motor-cycles is less powerful and less costly than that for motor- 
cars generally, the latter being, of course, of a more powerful and 
heavier character. The present invention, therefore, is intended 
to provide an improved system of framework and general con- 
struction of a light yet strong character, which is adapted to 
convert the ordinary motor-cycle into a four-wheel vehicle. The 
framé consists of the two side-rods 9 and 10 and the middle rod 
or rigid connection 11, connected at their ends or at intermediate 
places by cross-supports. The triangulated support at the front 
end consists of the lower cross-bar 12 having the angular junc- 
tions 13 to which are connected the inclined bars 14, their upper 














ends being furtherconnected by the pivot-plate 15. The junctions 13 
are connected to the side-bars 9 and 10 respectively. 16 are lugs 
formed upon the rods 14 for bolting thereto the engine-case 17. 
18 is a forwardly extending pivot-pin which is rigidly secured to the 
plate 15, said pin engaging with the bearing bracket 19 which is 
connected to the spring 20, the latter being in its turn connected 
to the cross-bar 21 to whose outer ends the front wheels 22 are 
pivotally connected at 23. The engine-case 17 is rigidly bolted to 
the gear-box 24, and to this box is d the tubular dist 
piece 11, through which the propeller-shaft is carried, which piece 
is rigidly secured to the disc 25, which forms of the rear-end 
connectional support of the frame. To the lower 
of this disc 25 is secured the cross-bar 26, which, by angular 
unctions 27, is connected to side-bars 28, which, in their turn, are 
again connected at 29 to the disc 25. The junctions 27 are con- 





differential gear-box 30. To the rear-ends of the side-bars 9 and 10 
are further rigidly secured the brackets 31, whose upper parts are 
made to grip and support the tubular axle-casing 32, the latter 
being connected to the differential gear-box 30. 33 are the rear- 
wheels. -The middle part of the frame consists of the disc 25, the 
distance-piece 11, the gear-box 24, the engine-cradle 17, and the 
lugs 16, upon the end-connection all being rigidly connected to 
each other as one continuous girder-like piece. (Accepted 
March 16, 1910.) 


W. A. Woodeson, Ga I I 
rators. [4 Figs.) June 22, 1909.—According to this invention, 

r drum 6 and a lower drum a, having groups or nests of 
straight water-tubes ¢ connected thereto, are arranged so as to 
extend longitudinally from the furnace, and so that the general 
direction of flow of the gases traversing their ayraee 5! tubes is 
lengthwise of the drums, though the gases are caused by means 
of baffles to take a vertically zigzag course from end to end thereof, 
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the lower drum a being suspended from the upper drum by the 
straight water-tubes, and being otherwise unsupported in order 
to efficiently provide for expansion and contraction in a manner 
adapted to avoid all injurious strainings of the parts. The tubes c 
are arranged in groups in a straight row, as shown in Fig. 2, 
which is a plan of the water-drum, although in some cases the 
groups may be staggered in relation to each other, as shown in 
Fig. 3, instead of being in a straight row. (Accepted March 2, 
1910.) 


Boiler Com » Limited, 
burgh. (The Babcock and Wilcox 
om New U.S.A.) Water-Tube Boilers. 
(2 Figs.) March 10, 1909.—This invention relates to vertical 
water-tube boilers of the kind in which upper central and outer 
steam-drums are connected to one another and to lower mud- 
drums adjacent firing openings at both ends of the boiler. 2, 3, 
and 4 represent steam and water-drums, of which the central 
drum 2 is preferably of larger capacity than the drums 3 and 4. 
These drums extend transversely of the setting, and below them 
are two mud-drums 5 and 6, also parallel and transverse to the 
setting, and placed near each other between the bridge walls 7. 
The mud-drums are preferably connected by tubes 8, and the 
drum 6 connected with drum 2 by a bank of tubes 9 and with 


17,033. The Stirlin: 
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provided with the usual springs to ensure prompt closure. 


u itt, being adjustable by nuts. The gua = 
with a rim 20 fitting over the reduced inner end of the val “ 
seat casting and turned on its outer edge to the same ¢ xterna 
diameter as the 
the corr “4 
The guard has an airway for each of the valves. 


type, and are shown as upper and lower drums 19 and 9 
connected by superheating tubes 21. The upper drums 19 
are connec’ by steam-pipes 22 with the drum 2, and by steam- 
pipes 23 with the drums 3 and 4. These tubes exten: 
nearly one-half of the drums 19, these drums haviny o 
age se plates which give an up-and-down pass to the st 

he steam outlets 25 are in the opposite upper chambers of the 
drums 19. The lower drums of the superheater are prcferably 
provided with the flooding connections consisting of pipes lead 








ing from the water spaces of the steam and water-drums 3 and rf 

STEAM ENGINES, BOILERS, EVAPORATORS, &c = drums 3 and ‘ are preferably connected with the drum 2 by 
irect water circulators 28, which are staggered relative! r 

14,661. Clarke, Chap: and. oe Limite = superheater tubes and extend between them. In the om he 


of the boiler, the flame and products of combustion rise from the 
combustion-chambers 15, among the opposite banks of the tubes 
10 and 12. They then flow inwardly towards each other, and 
down among the superheater tubes to the lower ends of the 
baffles 18 whence they rise among the sets of tubes 9 and 11, and 
divide and pass to the outlets 26. The steam generated in the 
three steam and water-drums passes to the superheater, and 
thence to the outlet in the ordinary manner. (Accepted March 


16, 1910.) 
MISCELLANEOUS. 


20,657. _W. T. Cottrell and the Farringdon Works 
and H. Pontifex and Sons, Limi Londo 
Water Boilers. (2 Figs.) October ogg le ya... 



















yy relates to safety-valves of the class known as externally-loaded 
Wy : dead-weight valves. The column 1 is furnished at its lower end 
YW) Fig.2. a with a screw-threaded portion and nut, by means of which it 

WW P: can be secured in place upon the boiler. The upper end of the 
‘ as ZA = = - = column 1 is furnished with an enlargement 4 and a projecting- 

WY 2808c0809009o8002s80 nipple 5, which constitutes the valve-seating ; 6 is an axial bore 

7 88050 eaocosgosoegoSe longitudinally of the column 1, through which the steam from the 
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boiler will rise and lift the valve when it has attained a certain 
pressure ; 7 is the tubular outer part of the valve, the bore of 
which is made slightly larger than the enlargement 4 upon the 
column 1, and it is provided at its lower end with a laterally- 
projecting flange for supporting the load-weights 9,9; 10 is a 
screwed cap fitting into the upper end of the tubular part 7, and, 
according to this invention, at its inner lower end is secu a 
seating 11, which constitutes the valve, and it is kept in place by 
means of an internally screwed flanged-collar threaded upon to 
a correspondingly screwed part 13 of the cap 10. (Accepted 
February 23, 1910.) 


4400. H. B. Watson and T. C. Billetop, Newcastle- 
on-Tyne. Air-Compressors. [11 Figs.) February 23, 
1909.—This invention relates to valves for air-compressors. The 
air-inlet valves are arranged circularly at the top and bottom ends 
of the air-cylinder with their axes vertical, a set of inlet-valves 
and a set of outlet valves being located at each end. The valve- 
chambers extend over the whole area of the cylinder-cover and 
cylinder-bottom, and are divided by partitions so as to form an 
inlet-valve chamber and an outlet-valve chamber at each end; 
the inlet-chambers communicate by side ports with the air-inlet 
branch, and the outlet-valve chambers communicate similarly by 
side ports with the air-outlet branch. The valves are arranged 
in clusters of, say, four or more, each cluster forming a self-con- 
tained unit. Referring to Fig. 1, which shows the inlet-valves, 
the valve-seats and spindle-guides for each cluster are made as a 
single casting 10 which fits closely in co-axial holes bored through 
the outer metal 11 and the inner metal 12 of the inlet valve- 
chamber 5, ports of ample area being formed in the cylindrical 
walls of the casting for the air-ways to the inlet chamber. The 
spindle-guides are formed in the cross-piece 14 which has perfo- 
rations affording additional air-ways. The valve spindles are 
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abut against-the collars 17, which also serve to regulate 


a rd 19 is a casting 


It has a shoulder 26 which abuts against 
Ider in the metal 12 of the inlet chamber 5. 
Referring now 
the outlet valves : as before, the valve-seat 


latter. 


at 








drum 4 by a bank of tubes 10. Correspondingly mud-drum 5 is 
connected with central drum 2 by a bank of tubes 11, and with 
drum 8 by a bank of tubes 12. 13 and 14 are the front and rear 
walls of the setting, from which extend the firing openings lead- 
ing to the it busti hambers 15 having grates .16. 
These b 8 are separated from each other by the 
bridge walls, and extend across the setting and below the 
inclined banks of tubes 10 and 12. Baffles 17 extend along the 
rear portions of the banks of tubes 10 and 12, and depend- 
baffles 18 extend downwardly the banks of tubes 2 and 10 
and the tubes 11 and 12 ively. This provides a space 
between the two baffles 17 and 18, in which triangular space 
two superheaters are located in the second passes of the gases 





ath, teers 








nected to the side-bars 9 and 10, and the disc 25 is bolted to the 





over the two furnaces. These superheaters may be of any 


to Fig. 2, which shows 


casting 29 fits closely in the co-axial holes bored through the 


metals 11 and 12 of the outlet chamber 6, and is secured in ny 4 
by the cover 23a. No guards are here necessary, and phen Ps 


shouldered, as shown, to abut against the corresponding ed 
in the metal 12. The spindle-guides are made separate wom om 
seat casting in order to permit of the introduction of the 7 a “a 5 
and are in the form of a cylindrical casting 30 fitting concentr | 
within the seat casting. Shoulders are fitted to give cor 


longitudinal location, and the end of the spindle- ide casting 
poy abuts st the cover 23a, and is held in place therety. 
The cover is made with a central projection 31, tormint a 


stopper for the ends of the valve-spindles to limit the 





(Accepted March 2, 1910.) 
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—_—_—— 
The Naval Annual, 1910. Edited by T. A. Brasszy, 
A.LN.A. J. Griffin and Co., 60, Chandos-street, 
London, W.C., and 2, The Hard, Portsmouth. [Price 
12s. 6d. net.] 
Wueruer regarded from the standpoint of accuracy 
in the elaborate tables of the composition of fleets 
and in the well-produced plans of important ships, 
or of the excellency of the contributions to contem- 
poraneous literature on naval problems, Brassey's 
Annual takes first place amongst the world’s 
periodical publications on naval subjects. This 
remark is as true of this year’s publication as of 
any since Lord Brassey founded this invaluable 
work in 1886. The editor has inherited the judicial 
spirit dis jlayed in the earlier issues by his father, 
who tackled the problems of naval administration as 
a born administrator, and as one keenly interested 
in maritime affairs. As a consequence, one would 
sooner question official records than doubt the 
genuineness of the extensive information each year 
brought together within the 500 pages of this indis- 
pensable work. 
The earlier chapters deal, as usual, with current 
rogress in naval shipbuilding, but owing to Mr. 
rassey’s absence in South Africa in the early part 
of the year, the task of reviewing foreign navies de- 
volved upon Mr. John Leyland. The editor, however, 
has brought his judicial mind once more to forming 
an impartial measure of the comparative strengths 
of the principal fleets, and, having examined the age 
and efticiency of the various ships, he decided to 
include in his comparison of first-class battleshi 
only the vessels of those classes which are wholly 
or partly in commission, since these only can be 
considered fit for the first line in the opinion of the 
respective naval administrators. This comparison, 
of course, includes pre-Dreadnought as well as 
Dreadnought ships, and it shows that we have 
built, or are building, 62, as compared with 37 by 
Germany, and 33 by the United States—together 
70; while France has 23, Japan 15, Russia 14, and 
Italy 12. Of vessels now building, Britain has 7, 
Germany 11, the United States 4, France 6, 
Japan 3, Russia 8, and Italy 1. There are thus 40 
battleships in various stages of construction, ex- 
cluding vessels projected and not laid down; and 
when one reflects on the enormous cost involved 
in the completion of the present-day ‘‘ capital ” ship, 
the fact alone seems stupendous. But there seems 
no relief for the tax-payer, because Britain has 
only in commission 55 ships, as compared with the 
same number in commission by the United States 
and Germany combined, while the number building 
in Britain is only 7, as compared with 15 by the 
same two Powers combined. Thus we are short 
of a safe standard—an equality with any two 
Powers combined, with a 10 per cent. margin. 
The question as to our relative position in Dread- 
nought ships at any given time is, of course, 
dealt with by the editor, and his conclusions, 
taking ships launched in 1906 or subsequently, 
show that Britain has built, or building, sixteen, 
as compared with thirteen by Germany, and eight 
by the United States—together twenty-one ; while 
in addition France has six, Japan four, Russia six, 
and Italy one. In a later chapter the subject of 
the command of the Adriatic is dealt with, and the 
position there is disquieting from an indirect point 
of view, because Italy and Austria-Hungary are 
entering on a period of naval expansion which must 
have its effect on the situation in the Mediter- 
ranean. The Dual Monarchy contemplates the 
building of four Dreadnoughts ; two of these are 
already in progress, although the orders may not 
yet have been placed. We understand, although 
It is not stated by the writer of this chapter, that 
the financial support for the carrying out of this 
work is afforded by the Berlin banks—a state of 
affairs which is too significant to require further 
comment. Italyris certain to display at least as 
much cnergy in naval expansion as her neighbour 
on the Adriatic, and this development cannot make 
for complacence as to the Britis position. 
Following the reviews of progress in each navy, 
there is a series of articles on topics of current im- 
portance, and first place is very properly given to a 
contribution by Admiral Sir Cyprian Bridge, G.C.B. 
A close student of naval history, and a trenchant 
yet classical writer, one naturally looks for con- 
vincing reasoning in any. pronouncement by Sir 
7 but it is doubtful if, in his consideration 
question of ** Navy War Councils and General 








Staffs,” he appears to full advantage. There is 
too much of the controversial spirit in his considera- 
tion of a question of such Imperial importance ; his 
views would have carried more weight if they had 
not seemed to be contaminated with indirect per- 
sonal questions. The burden of his contention is 
that a navy is so essentially different from an army 
that a general staff must become an excrescence. 
In the case of the army such an organisation is 
necessary to ensure ‘‘ suitable co-ordination of the 
federal elements,” whereas a navy is ‘‘so situated 
that it contains its general staff in itself.” He 
condemns what he regards as ‘‘imitative policy ” 
in the creation of the Navy War Council, but he 
can scarcely forget that many admirals, who have 
been diametrically opposed to other reforms of the 
Admiralty, agree with the creation of this Naval 
War Council as a most commendable move. More- 
over, Sir Cyprian has omitted to take into con- 
sideration the need for a council in view of the 
development of Colonial navies, which will surely 
create the necessity for co-ordination. . Apart from 
this there is a strong disposition to look to the 
Naval War Council as a step towards a full recogni- 
tion of what many writers have desired—namely, a 
closer study of strategy and tactics as they affect 
modern conditions. 

Vice - Admiral Sir Sydney Eardley - Wilmot, 
K.C.B., writes on the types of warships and their 
origin. He is inclined to the view that the smaller 
the battleship—as settled by financial and -other 
considerations—the heavier the guns she must 
carry, the number rather than the power of the 
weapons being limited. Here is a declaration pro- 
nouncedly in favour of our Dreadnought class, and 
this in the face of the larger ships with a greater 
number of primary guns projected by some foreign 
Powers. Sir Sydney pronounces in favour of the 
Dreadnought excelling the King Edward alike in 
regard to handling and shooting. As to the oft- 
declared superiority of the 6-in. guns in the battle 
of Tsushima, he states that, however suggestive 
the experience, three causes prevent it from being 
conclusive. ‘‘ First, the Russian fire had little 
effect upon their opponents, whose light guns would 
not, therefore, suffer to any considerable extent. 
Secondly, the appliances for controlling and direct- 
ing heavy gun-fire were, at that time, crude. 
Thirdly, the Russian accounts dwell upon the 
terrible effects of the big shells, ‘ portmanteaux,’ 
as they are called.” If 6-in. or even 8-in. guns 
had effected such execution against the Russian 
ships as is assumed, the Admiral is drawn to the con- 
clusion that such guns would be found in the shi 
of their reconstructed fleet. He inclines generally 
to the opinion that, even without compact or treaty, 
a halt may be called in connection with the steady 
growth in displacement tonnage of the battleship, 
and that time will be given for reflection. 

In this connection it is important to note that 
Captain Robinson, in dealing with armour and ord- 
nance, is with Sir S. Eardley- Wilmot in refusing to 
accept the accredited superiority of the German 
1l-in. guns to the British 12-in. guns, and points 
also to the view, gradually becoming general, that 
it would be a mistake to increase the number of the 
guns at the expense of their calibre. On the other 
hand, as Captain Robinson says, there are many 
indications that an increase in the calibre of the 
guns for the principal battery mounted in British 
ships is in contemplation, and it has been stated 
that the second quartette of ships of the 1909-10 
programme will carry the 13.5-in. gun in place of 
the 12-in. gun. The United States, according to 
the same writer, propose to mount in their future 
battleships 14-in. guns of 45 calibres in length, 
firing a 1400-lb. projectile with a velocity of 2600 
foot-seconds, representing a muzzle energy of 
65,600 foot-tons. This gun is reported to have 
been tested on the proving-ground with marked 
success, and it is said that ten will be fitted to each 
of the new ships. 

It is inevitable that we should have a special 
chapter of the ‘‘ Annual” devoted to German 
naval development, and Mr. John Leyland has 
had special opportunities enabling him to write in 
an informing way on this important subject. We 
agree with him that no one who has studied the 
economical composition of the German Empire, and 
its gradual transformation from a mainly agri- 
cultural to a mainly industrial state, can doubt for 
a moment that the creation and expansion of the 
modern German navy are due to one of those 
unquestionable national impulses which have in all 
times shaped the destinies of the human race. We 





cannot object, but we must prepare to meet the 
consequences which may be inevitable. There may 
be hope for a cessation in the fact that Germany in 
her naval development is building up a heavy finan- 
cial charge against the future, because a large pro- 
pe of the expenditure on ships, &c., is raised 
oy loan. This year the sum raised by loan was 6} 
millions, and 15,690,0001. on ordinary expenditure, 
while next year the loan total will be quite as great, 
and the ordinary expenditure 1,170,000/. greater. 
We are inclined to think, however, that Mr. 
Leyland is a little sanguine in his views as to the 
possible expansion of the producing capacity of the 
naval construction concerns of Germany. There is 
no doubt, however, that Germany is moving forward 
systematically in the provision of personnel and the 
other accessories of a naval fleet. The work done 
at Wilhelmshaven is intelligently summarised in the 
article, and it is shown that dredging operations have 
rendered available a depth of about 33 ft. A large 


area has been reclaimed from the river by the con- 


struction of a great sea-wall, beginning at the old har- 
bour entrance, and extending in a curve vorthward, 
to form a new entrance channel between two large 
moles, and with two entrance locks 853 ft. long, and 
respectively -131 ft. 3.in. and 114 ft. 9 in. wide at 
the entrance. The locksare closed by floating pon- 
toons, and the basin within has been deepened and 
extended, while three new dry docks, 624 ft. long, 
with a mean width of 98 ft. 6 in., have been pro- 
vided within the harbour. Wilhelmshaven will thus 
rank with Kiel as a naval base, and the river is to 
be linked by a canal with the mouth of the Elbe 
—— to Brunsbiittel, where the Kaiser Wilhelm 

anal debouches into the Baltic. These and other 
developments, and the provision of workshops, not 
only at Government establishments, but at private 
works, show that provision for the increase, repair, 
and upkeep of the Germany Navy is being systema- 
tically made. 

As is fitting, there is a chapter on the engineer- 
ing problems, and Mr. Alex. Richardson, who con- 
tributes it this year again, has been able, in a 
complete thesis on the ‘‘ Efficiency of the Factors 
Contributing to Speed in Ships,” to afford infor- 
mation regarding the developments of the moment. 
He pleads for a fuller measure of efficiency in speed, 
contending that engineers are now beginning to 
realise more fully that what must be aimed at is not 
the best results of the boiler, engine, or propeller 
separately, but the efficiency of the whole combina- 
tion, taking into account the proportions of the 
hull for a given displacement, the lines of the ship, 
the quality of the coal, the evaporation of the boiler, 
provision against heat radiation from the pipe-con- 
nections, the thermo-dynamic efficiency of the tur- 
bines and the auxiliaries, the value of high vacua, 
and the efficiency of the propeller. He shows that 
the steady development in the length of battleships 
and cruisers has conduced to higher speed. A 
careful estimate of the probable effective power re- 
quired for overcoming the resistances in a 27-knot 
ship shows that, in a vessel 530 ft. long between 

rpendiculars and of 17,250 tons displacement 

like the Invincibles), the power required to over- 
come skin-friction resistance is equal to about 0.84, 
and that to meet residuary resistance to about 0.85 
effective horse-power per ton displacement; whereas 
in our latest cruisers, of 660 ft. long between per- 
eae and 26,350 tons displacement—-these 

gures may be 0.75 and 0.68 respectively per ton 
displacement, a saving of about 15 per cent. in the 
total effective horse-power per ton diplacement. As 
confirmation of this, it is stated that had the Lusi- 
tania and Mauretania been 700 ft. long instead of 
785 ft., the power necessary to attain their speed 
would have been at least 10 per cent. greater. The 
influence of recent changes in the proportioning of 
boilers is also dealt} with in order to show the 
source of improvements in efficiency. The ad- 
vantage of ensuring the same efliciency at low 


‘| power as at liigh power with turbines naturally 


comes in for consideration, and data are given 
regarding trials of the Parsons partial-admission 
turbine, wherein it is shown, by comparison with 
an ordinary high-pressure cruising turbine, that the 
increase in total power for the same quantity of 
steam is about 7 per cent. This, however, is sure 
to be improved upon with experience. But per- 
haps of os interest is the practice of fitting an 
impulse first-stage wheel in combination with reac- 
tion blading in turbines. Mr. Richardson gives in- 
formation regarding the work being done in this 
connection in Continental navies’; and it would 
seem that there is a great possibility of increased 
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economy, especially at low powers, by such a com- 
bination, while at the same time greater simplicit 

and strength in manufacture is achieved than wit 

compound-impulse turbines as fitted to each shaft 
in some European ships. For the lower powers 
the steam would pass from. the impulse stage to 
the second stage in the reaction part of the turbine. | 
One point which is strongly enforced is that there 
is no obstacle to the application of the Parsons 
type as an independent unit on each shaft ; indeed, | 
such an application is at present in course of con- | 
struction. The system of working in series with | 
Parsons turbines on four shafts lends itself to. 
higher economy; and it is pointed out that in| 
the new Spanish ships, as well as in the French 
trans-Atlantic liner France, the turbines in all four | 
ships may be worked in series. There is one high- | 
pressure, one intermediate, and two low-pressure 
turbines, the last on the wing shafts. The high- 

pressure turbine on the port inboard shaft exhausts 
into the intermediate - pressure turbine on the 
starboard inboard shaft, and the steam passes 
thence to both low-pressure turbines. It will be 
interesting to note the effect on steam consump- 
tion of this arrangement. The subject of gearing 
is also dealt with, and the advantages of the 
mechanical, hydraulic, and electric systems are 
analysed. These and other problems dealt with 
indicate the comprehensive character of this con- 
tribution to the ‘‘ Annual,” and there is proof of 
the conclusion that ‘‘none of the elements which 
conduce to the efficiency of warship speeds is being 
neglected ; on the contrary, there is to-day greater 
vigilance in detail and a wider grasp of the com- 
prehensive problem.” 

Captain Kobinson has a very informing chapter 
on the ‘‘ Resources of the Colonies for Naval Ship- 
building and Equipment.” He seems to have 
displayed his characteristic care in the selection of 
reliable information. It is not possible, however, 
within the compass of a review, to indicate the 
extent of these resources. There is undoubtedly 
an ambition on the part of some of the Colonies to 
meet their own demands, but at the present time 
there is lacking not only the experience, but, in 
many instances, the necessary mechanical appliances. 
In Dein for instance, there are no works for 
the production of armour-plate, ordnance, projec- 
tiles, or turbines. Shipbuilding firms and steel- 
makers are considering the question of expanding 
their resources, but no definite action seems to 
have been taken. This applies with even greater 
force to Australia, although there a beginning is to 
be made with the fitting together of one of three 
destroyers, the say: parts of which will be sent 
from this country along with the two other vessels 
built on the Clyde. ; 

We have already made reference to the informa- 
tion regarding guns which is contained in Captain 
Robinson’s chapter on ‘‘ Armour and Ordnance,” 
constituting Part III. of the ‘‘Annual.” On the | 
subject of gun-mountings, a significant fact is that | 
the United States authorities now propose to fit | 
the two-stage loading system, which has been | 
adopted for a long time in the British Service and 
in many other navies, The subject of the electric 
mountings of the Invincible is referred to, and it is | 
pointed out that. when the Admiralty decided to | 
make a trial of this system they determined that 
the ‘‘ specification which was to govern the manu- | 
facture of the electric turrets should insist on all | 
the details which experience has shown can be, with 
advantage, used with hydraulic gun-mountings. 
Such an experiment had. never before been made 
in any navy, and it is not to be wondered at that 
adjustments were found to be necessary after the | 
ship’s crew had worked the guns.’”’ Electric turrets 
have been made for foreign ships in this country, 
and the machinery supplied has proved perfectly 
efficient ; but the system was not so comprehensive | 
as that usual with hydraulic turrets. The result of 
the experiment has beer that all new ships will be 
fitted with hydraulic mountings. As regards pro- 
jectiles, the tendency, it is pointed out, has been 
in the “direction of increasing the capacity of 
shells, not so much in respect of the penetration of 
armour as in the weight of the bursting charge 
which they can take. Little that is new is pub- 
lished regarding recent armour trials. The Ad- 
miralty insist on extreme secrecy. As to gum 
control, more than one new system is under trial. 
In principle every system is more or less alike, but 
there has been constant improvement in instru- 
ments employed in the indicating appliances 








between the control-station and the guns, and in. 





the sighting of the guns themselves. A new tele- 
scope.of low power—about 24—has been adopted 
by one or two countries, and is called the ‘‘ dirty- 
weather telescope,” because objects can be detected 
clearly in foggy weather and even in a heavy 
snowstorm, whereas with larger telescopes there is 
great difficulty in such observation. In order to 
reduce the amount of light entering the telescope, 
so as toclear up the object and get better firing 
results, the object-glass end of the telescope is 
fitted either with a series of caps having varied 
sized holes, or with the ‘‘Iris” diaphragm. Further, 
in order to remove the glare of a dazzling sun or of 
a searchlight which may be switched on at night to 


| upset the laying of the gunners, the telescopes are 


provided with coloured or smoked glasses, which 
may either be fitted to the object or eye-piece end 
of the telescope as desired. 

As regards the effect of explosives, Captain 
Robinson gives us a very clear and judicial analysis 
of the results of the Iéna trials by the French 
Government, pointing out that thin plating 
proved no protection against the more powerful 
guns, and that the explosion of the shell took place 
after passing through the armour. Considerable 
damage was done within the ship, and there was 
such a breaking of communications as to make 
special arrangements necessary. It will be remem- 
bered that dogs, rabbits, and pigeons were placed 
in the casemates, with microphones so adapted that 
those on the ship firing might be able to hear the 
beating of their hearts; these refinements were 
found useless and were soon abandoned, the animals 
being mostly found alive and undismayed by their 
experience. The medical officers attached to the 
Committee found that in the case of some who died 
death was caused by actual injury, and not at all by 

ison. There was thus some evidence that the 
idea.of ‘‘ carbonic acid gas bombardment” was an 
idea only, and the moving account given by Semi- 
noff in his ‘‘ Agony of a Battleship”’ is still seeking 
further support. 

The ‘‘ Annual” concludes most fittingly with a 
report of a lecture given by Lord Brassey on the 
state of the Navy in Cape Town, in which he 
reviewed, in an inspiring way, the conditions 
which the British Navy had to fulfil, and con- 
trasted the progress of the British and German 
navies, concluding with a broad interpretation of 
the Imperial needs, and with a confident predic- 
tion as to the future. He insisted that British 
statesmanship harbours no aggressive designs, is 
generous in all dealings with commerce, and while 
its single aim is peace with honour, its firm inten- 
tion is to maintain our heritage against all attacks. 





The Life of William Thomson, Baron Kelvin of Largs. 


By Sitvanus P. Txompson. In Two Volumes. 
<< yo Macmillan and Co., Limited. [Price 30s. 
net. 


Wuen Lord Kelvin died the world lost not only 
the greatest man of science of the nineteenth cen- 
tury, but also one of the most charming personalities 
of our time. Held in reverence by all for his 
genius and great achievements, he was, to those 
who knew him, an object of sincere affection by 
reason of his great personal charm and the singular 
purity and simplicity of his character. The bio- 

pher of such a man has a difficult task to per- 
orm. Even to give a faithful account of the work 
done by Lord Kelvin, supreme in so many different 
branches of science, is no easy undertaking ; but 
the biographer must try at the same time to present 
the man as he was, so that the public who knew 
him not may learn to know him and to realise at 
second hand what others have learned from actual 
intercourse. This, in the present case, is a still 
more difficult duty to accomplish, and for the extra- 
ordinary success with which Professor Silvanus 
Thompson has performed it, he has earned the 
sincere thanks and congratulations of all who knew 
Kelvin, 

It would be well if students of physical science at 
the present time would read closely these two 
volumes, as they will there find ‘ in the making ” 
much that is to-day well established, and will also 
find themselves again and again taken back to 
fundamental principles in a way that is, we fear, 
too rare in some modern teaching, but which is 
all-important for any one whose knowledge is to 
deserve to be described as ‘‘thorough.” Apart, 
therefore, from the personal and historical interest 
of these two volumes, they have an educational 
value of the highest importance. 

The pages in which Dr. Thompson describes the 
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career of Kelvin as an undergraduate at Gla 
and Cambridge Universities form most interes 
reading and give many amusing glimpses of ¢} vir 
subject at work and at play. But the most lasting 
impression is that of the enormous vigour and «eat 
intellect displayed hy a mere youth in the produc. 
tion of scientific writings of great originality. is 
classic papers ‘‘On the Linear Motion of Heat,” 
and ‘‘On the Uniform Motion of Heat in Homo- 
=— Solid Bodies, and its Connection with the 
athematical Theory of Electricity,” were published 
in 1842 and 1843 respectively, while he was stii! a 
Cambridge student. ‘‘ Here,”’ says his biographer, 
‘* was an undergraduate of eighteen handling difii- 
cult methods of integration readily, and with 
mastery —at an age when most mathematical 
students are being drilled assiduously in so-called 
geometrical conics and other dull and foolish 
devices for calculus-dodging. And not only was 
he handling with mastery the processes of the 
higher mathematics, but he was here attacking 
and solving problems, and laying down general and 
important theorems in physical science, to which 
three of the finest mathematicians in Kurope ” 
Chasles, Sturm, and Gauss] ‘‘ had independently 
m led. And yet his methods were not theirs. 
That of Chasles was geometrical rather than 
analytical, while Thomson had arrived at his hy 
discussing Faraday’s paradox of the curved lines of 
force at a moment when his mind was steeped in 
Fourier’s treatment of the flow of heat.” 

Fourier’s treatise had a great influence on Thom- 
son, and he was never tired of praising it to his 
students, speaking of it as a ‘‘ mathematical poem.” 
No one has used the Fourier method of analysis 
more successfully than Thomson, who was quick to 
see its applicability to other problems than those of 
the theory of heat. 

It would be pleasant to follow the author through 
his story of the life of Thomson, but for the short 
review possible in these columns it may be better 
to confine our attention to the account of his work. 
We would therefore only remind readers that at the 
age of twenty-two Thomson returned to his first 
university, and his own home, as professor of 
natural philosophy, and that he held that post for 
the long period of fifty-three years. It was there- 
fore in Glasgow that his life’s work was mainly 
done, and generation after generation of Glasgow 
students had the inestimable privilege of attending 
his classes and receiving inspiration from him. It 
is true that he was not always intelligible to his 
students ; his great mind could not always adapt 
itself to the slow pace of an elementary class, but 
his digressions were a source of constant delight to 
those who could follow him, and even the dullest 
could not fail to be roused at times to share his 
obvious enthusiasm over the simplest demonstra- 
tion of the operation of physical laws. 

In any classification of Thomson’s work, that on 
‘* Thermodynamics” naturally comes first, and 
nowhere has the biographer better shown his skill 
in dealing attractively with a difficult subject than 
in his chapter on ‘*‘Thermodynamics.” We find 
there an account of the state of knowledge when 
Thomson first turned his attention to the subject, 
and of the circumstances which led him to do so— 
notably his obtaining a copy of Carnot’s treatise of 
1824, and, later on, his meeting with Joule at the 
British Association, both events being of high 
importance in the life of Thomson. The mental 
processes by which Thomson finally arrived at the 
enunciation of the fundamental principles discovered 
by him are admirably described, and one is able to 
understand why problems which are to-day ordinary 
matters of the class-room should, little more than 
fifty years ago, have been the subject of agitated 
discussion among the learned scientific men of the 
world. ‘Conservation of energy” and ‘‘dissi- 
pation of energy” are common-place expressions 
to-day, but in this chapter we are taken back to 
the time when even the term “energy,” used as 
we use it, was new, and we see the birth of these 
great principles. z 

The next phase of Thomson's work brings us to 
a different enna of science—that of p! vctical 
electricity, as involved in the laying of the first 
Atlantic cable. Here agairi the story must be read 
for one to appreciate the difficulties of that problem 
—difficulties of a mechanical nature, and difiiculties 
purely electrical, arising from the imperfections of 
measuring-instruments and of cables, and from the 
lack of data on the properties of materiuis em- 
ployed. Thomson’s invention of the mirror galva- 





nometer made success possible, and in the ubles 
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and trials of the engineers he was ever ready to 
devise methods of overcoming difficulties. There 
is an excellent description of the scene on board 
the cable-laying ship at a particularly critical 
time, which makes us realise the confidence 
which his colleagues had in him and the nervous 
energy which he brought to bear upon his work. 
If Thomson had done nothing more than his 
work on the Atlantic telegraph, he would still 
have been famous; but, as we have seen, the 
laurels here won are added to a brow already 
crowned, and still further honours were in store 
or him. 

The peculiar feature of Thomson’s genius was 
the happy combination of great mathematical ability 
with what may be called ‘‘the practical sense.” 
He was quick to see how a theoretical result could 
be turned to practical account, and almost equally 
quick in devising a method to attain that end. His 
electrical instruments have carried his name into 
every corner of the world ; his mariner’s compass 
and his sounding-machine are the constant com- 
panions of those who go down to the sea in ships ; 
and his siphon recorder—beautiful in conception 
and in performance—marks an enormous advance 
in submarine telegraphy. These achievements by 
themselves mark greater success than is usually 
accorded to one individual. Yet to these and to 
the work already described there has to be added 
that great output of original papers and of lectures 
and addresses which, printed merely as a biblio- 


phical list of titles, ——— fifty pages of 
Salen II. of this biography. The papers collected 
into the three volumes known as the ‘*‘ Mathematical 


and Physical Papers,” and the two volumes on 
‘‘ Electrostatics and Magnetism,” are standard 
works; while no student should be without the 
‘‘epoch-making treatise” on ‘‘ Natural Philo- 
i ny by Thomson and Tait. To this long list 
Lord Kelvin added in the last years of his lifea 
volume containing a revised and enlarged edition 
of his ‘‘ Baltimore Lectures ” on the ‘‘ Wave Theory 
of Light.” 

It is obvious at once that to attempt to discuss 
so great a record of work, or even to deal with the 
account of it given by Professor Silvanus Thomp- 
son, is quite impossible in the scope of a short 
review ; but we have thought it right to try here to 
remind readers how various were the activities of 
Kelvin, how wide his knowledge and how great his 
achievements, hoping thereby to induce them to 
turn to Professor Thompson’s volumes and to read 
the full story for themselves. Anyone who does so 
will assuredly not regret it. The book is admirable 
both as a portrait of the man and as a record of his 
work ; the work was great, but the worker was 
equally great, and there is much to be learned from 
a study of his life. 

In reading these volumes the present writer has 
again been impressed by what he often felt in actual 
intercourse with Kelvin—namely, how excellent an 
illustration Kelvin supplies of the benefit to a man 
of science of a thorough general education, including 
some knowledge of the classics. The tendency 
nowadays is to specialise at a very early age. Kelvin, 
educated at home by his father, certainly turned to 
mathematics and science at a very early age, but his 
general education was not sacrificed either then or 
while he was an undergraduate at Glasgow 
University. He thereby had his outlook widened 
and his sympathies broadened ; 
character was allowed a fuller development than if 
his education had been entirely specialised. This, 
We Say, is our impression,.and we rather think that 
Professor Thompson will agree with our view.: In 


any case, we tender him our hearty thanks for his 
excellent work. 
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BREAKWATERS AT VORNPOR AND 
HANSTHOLM, JUTLAND. 

Two breakwaters, one at Vornpér, the other 
at Hanstholm, on the west coast of Jutland, which 
are now approaching completion, constitute an 
interesting piece of engineering work, and are the 
outcome of much discussion. The coast is a 
dangerous one for the large tay of fisher- 
men who from there ply their risky trade, and the 
construction of one or more fishing harbours on 
the west coast of Jutland has long Neus urgently 
needed. The cost, however, has stood in the way, 
and the West Coast Harbour Commission therefore 
recommended, in the year 1900, the building of 
the two breakwaters as some protection for the 
fishermen, pending a final decision about a harbour. 
Some three years afterwards the Danish Rigsdag 
voted a grant of 2,000,000 kr. (111,0001.) for this 


urpose. 

The location of the two breakwaters was influ- 
enced by several circumstances, a somewhat similar 
breakwater having already been built further north, 
on the coast at Hirtshals, while still further south, at 
the Thyborén canal, a salvage steamer is stationed, 
always ready to go out and render the fishermen 
assistance when such is needed. The fishing popula- 
tion at Hanstholm and Vornpor is fairly numerous, 
and the sea bottom at both places is much more 
favourable for the construction of breakwaters than 
further south, where sand is plentiful. 

The object of these breakwaters is partly to pro- 
cure for the fishermen additional safety during 
their work in beaching their boats in stormy weather, 
and partly to prolong the fishing season by enabling 
the men to go to sea under circumstances which 
would otherwise make it impossible for them to do 
so ; the men will also be able to remain longer on 
the fishing grounds, and, when a storm comes on, 
have time to save their tackle and catch, inasmuch 
as they can land under the shelter of the break- 
waters. As will be seen from the plans, Figs. 1 
and 2, annexed, both breakwaters form approxi- 


mately a right angle with the coast, but that at! 





Vornpér has a direction N.W. to N., whilst the 
one at Hanstholm runs due north. There will, 
consequently, always be shelter at the one side of 
one of the piers. 

The breakwaters are each 1000 ft. long ; the dis- 
tance of that at Vornpér from land is about 300 ft., 
whilst that at Hanstholm was originally 150 ft., 
but its construction has caused the shore to extend, 
so that there is now no water between it and the 
shore. The firms of P. V. Blom, J. Saabye, and 
O. Lerche, of Copenhagen, secured the contracts 
for both breakwaters, for an aggregate sum of 
1,769,700 kr., or about 100,0001. The basis for 
this contract was the plan worked out by the Water 
Construction Department, according to which both 
breakwaters were to consist of concrete blocks of 
up to 20 tons weight, which were to be placed 
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within a framework of iron on a foundation layer 
of shingle, laid to level the irregularities in the 
limestone underneath. The grooves between the 
iron frame and the concrete blocks, and’ between 
the concrete blocks themselves, were afterwards to 
be filled with neat cement. The size of the iron 
boxes was 16 ft. in the direction of the length 
of the breakwater, whilst the breadth at the top 
varied from 20 ft. to 22 ft.; the batter of the sides 
was 1:6. An iron box filled with concrete blocks 
was estimated to weigh from 300 to 750 tons. The 
surface of the iron boxes was to be of the same height 
as the ordinary water-level. 

The contractors, however, proposed a modified 
construction—viz., the adoption of reinforced-con- 
crete boxes instead of iron boxes, which were to 
form the section of the pier, and yet at the same 
time, like the iron: boxes, form the outer casing for 
the filling, which consists of concrete blocks. The 
contractors’ reason for these alterations was a desire 
to use larger, and consequently. fewer, concrete 
blocks, and to avoid the use of the temporary iron 
framework. This suggestion was accepted by the 
authorities, and the contractors were given the 
option of either entirely or partly building the piers 
in this manner. These concrete boxes have the 
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g.3. LONGITUDINAL ELEVATION OF PIER AT HANSTHOLM. 
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Fig.4. LONGITUDINAL ELEVATION OF PIER AT VORNPOR. 
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same length and breadth as the iron boxes, and a| 
weight of 80 to 90 tons, being divided vertically 
into three pieces. They are filled with solid con- 
crete blocks, which also have a weight of 80 to 
90 tons. The proportion of mixture forming the 
— boxes is 1 : 2: 4, and in the solid blocks 


The illustrations, 
tudinal profiles of 


farthest out stands 


Bripek Between SHORE AND BREAKWATER. 


being that at Hanstholm, and the latter the one 
at Vornpor, and it will be seen that they each 
consist of sixty-two sections, of which the one 


firm limestone bottom. 



































Fig. 5 a section of one of the outer boxes, from 
which the details of the construction will be 
understood. The section shown consists vertically 
of three boxes. The interior space is filled with 
solid blocks, and the large intervals between the 
blocks with small stones averaging about an inch in 
size, similar stones forming the layer upon which 
the blocks rest. - As soon as the inside blocks were 
brought into position, these intermediate spaces, 
with the stones, were filled with cement through a 
pipe, for which provision was made in the corners 
of the block. In order to prevent the cement from 
running out into the sea, the bottom was covered 
with sackcloth, nailed to a timber frame, which 
was moulded in the lower side of the bottom box. 
This sackcloth was fixed by divers as soon as the 
lowest box section was placed in position and 
weighed down by stones. Figs. 6 and 7 are sec- 
tions of the pier at other points. 

upper monolithic portion of the pier was 
formed on the top of the boxes, the topmost of 
which reaches to from 1 ft. to 2 ft. above ordinary 
water-level. Into the upper portion were placed 4 
number of old rails, in the longitudinal direction 
of the pier. These may be seen in Fig. 8, above. 
As will ap from the drawings, both the outer 
sides of the boxes and the upper structure are 
covered all over with a granite facing bedded into 
the concrete. 
Outside the breakwater, on both sides and in 
front of it, is placed a protecting apron in the 
shape of concrete blocks, 3 ft. to 5 ft. high, also 
covered with granite pavement. These also are 
shown in Fig. 5. This is quite necessary, owing 





Figs. 3 and 4, show the longi- 
the breakwaters, the former 


in about 20 ft. of water on a 
There is also shown in 
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the wear and tear from sand and pebbles through the 
incessant motion of the waves. These protecting 
blocks have a weight of 8 to 15 tons each, and lie in 
pairs; in the outer portion there isa triple row. Fig.9 
is a side elevation of a portion of the breakwater, a 
plan of a portion of the top being shown in Fig. 10. 

A space, as already mentioned, was left between 
the shore and the nearest end of the breakwater, 
80 thata current could pass between the breakwater 
and land, This gap had, of course, to be bridged, 
which was done in the manner shown in Fig. 11, 
which is a reproduction from a photograph. On 
account, of the heavy traftic which had to pass over it, 
this connecting piece had tu be constructed of sub- 
stantial materials. The transverse beams consist of 
eight timbers of dimensions varying from 14 in. 
14 in. to 16 in. by 16in. The rails along whic 
the crane lie at 11 ft. above datum, and all 
the rails on shore, where the blocks were made, are, 
of course, at the same level. 
plan to build the bridge of wooden piles, but in 
the whole of the outer section heavy iron piles had 
to be adopted, as it was found im 
the piles properly in the limestone bottom. 

The upper structure of the breakwater was built 
in the following manner :—Concrete blocks, made 
on shore, were placed on both sides in final posi- 
tion, and the space between these was filled in on 
the spot with concrete. The arrangement will be 
understood on reference to Fig. 8. The perspective 
view, Fig. 12, page 669, shows how the upper 
structure blocks are placed. In the distance is the 


pier-head, where the upper structure is a couple | bl 


of feet higher than on the rest of the pier. 

The arrangements on shore comprised three cast- 
ing-pits, which formed a right angle with the direc- 
tion of the pier. The blocks were transported from 
the casting-pits to the rails by means of a Goliath 
crane, which is shown in Fig. 13. This crane 
placed the block on a truck, which then conveyed 
it to the crane at the end of the pier. Fig. 14 
shows some of the blocks on a truck ready to be con- 
veyed to the breakwater head, while Fig. 15 shows 
the crane at work lowering the blocks into the sea. 

The work at Vornpér was commenced in the 
summer of 1904 by constructing the moulding-pits 
for the concrete blocks and the building of the 
pile bridge to the breakwater, when the placing of 
the boxes was commenced. In the autumn of 1905 
six boxes were laid ; in the following year, nineteen 
boxes ; in 1907, fourteen boxes ; in 1908, nineteen 
boxes ; whilst the two remaining boxes were placed 
in the spring of 1909, when the work upon the upper 
structure was taken in hand, proceeding from the 
outer end in the direction of the shore. The Vornpér 
breakwater will be ready in the course of this year. 
’ The work has proceeded satisfactorily and there 
have been no mishaps; stormy weather has, of 
course, proved a hindrance now and again, and in 
order to be more independent of turbulent seas, 
concrete screens, so arranged that they could be used 
at different depths, were made and occasionally used. 
They, in a way, answered their purpose, but their 
practical value was not very great ; still they were 
serviceable in cases of emergency. The buildin 
of the a breakwater has had the unexpec 
effect that the sea north of the breakwater has made 
considerable inroads on the shore, both on the fore- 
shore and the more elevated coast, some houses 
having been washed down. 

At Hanstholm the work was commenced in the 
spring of 1904. The original scheme with iron 
boxes was adhered to at this breakwater as faras the 
work hitherto done isconcerned. The first box was 
placed in position in April, 1905, and in the course 
of the same summer eight additional boxes were 
located. The work was then discontinued, pend- 
ing the completion of the Vornpér breakwater, 
when the heavy plant will be conveyed from there 
to Hanstholm, and the work proceeded with, in 
accordance with the modified system used at 
Vornpér. The Hanstholm breakwater is expected 
to be ready in the course of some two or three years. 





FOUNDRY PLANT AND MACHINERY. 
No, X 
By Joszrn Horner. 

A CONSIDERATION of the provision to be made 
for the supply of blast follows in natural sequence 
the subject of cupola design. The question of the 
proper volume and pressure of air to supply to a 
cupola is one, the answer to which cannot be given in 
detinite and exact figures, nor on a strictly theore- 





It was the original | 


ible to drive | 


‘attempting to make conclusive comparisons by | 
| means of a few isolated tests. The fan still has its | 


tical basis. The reply depends on the melting 
ratio, on the diameter of the cupola, the nature of 
the charges, &c., which are variable. A soft, diffused 
blast is -better than one which is of a sharp and cut- 
ting character. The distinction between pressure and 
volume of air supplied must be recognised. Of late 
years the tendency has been steadily in the direc- 
tion of lower blast pressures following the high pres- 
sures which were necessary for melting in most of the 
old cupolas, where the tuyere area was insufficient. 
The value of a large ratio of tuyere area to cupola area 
is seen not only in the melting of the iron, but in 
the economy of power. If the collective area of the 
tuyeres is only one-twentieth of the area of the 
cupola, the power required to melt a given quantity 
of iron will be about double that necessary if they 
are about one-ninth or one-tenth of that area, which 
is good modern practice. As tuyere area has been 
increased and the flaring form of opening adopted, 
pressures have been reduced without sacrifice of 
;volume. There is less surface friction, less power 
to drive required, less chilling effect producing 
slag in the vicinity of the tuyeres, and less cutting 
action on the lining, while the iron melted is softer. 
The varying resistances of charges due to different 
proportions of pig and scrap, or between the pro- 
portions of light and heavy scrap, or coke harder or 
softer, require variations in the pressure indepen- 
dently of the volume of air sent in, and irrespective 
of the tuyere areas. And these variations also occur 
in the course of the regular day’s work in any one 
cupola from the commencement to the end of a 
ow. 

The cupola is a more economical melter than the 
air furnace, because the fuel and the metal are in 
immediate contact. But the superimposed arrange- 
ment of alternate layers of fuel and iron somewhat 
hampers the application of blast, which is in con- 
sequence always insufficient for perfect combus- 
tion. A larger volume of blast might be used than 
is used, but for the chilling effects which would 
result from so large a volume of air in the melting 
zone. These effects are minimised, as explained in 
the previous articles, by the employment of upper 
rows of tuyeres, and the flaring shape given to 
tuyere openings. But combustion is still imper- 
fect, and as there is always a danger of bunging- 
up of tuyeres, if too much air be used, the conse- 
quence is that a large quantity of unburnt gases 
and gases imperfectly burnt invariably go to waste. 

The air supply is usually reckoned on a basis of 
30,000 cubic feet per ton of iron melted, but a low 
melting ratio will require more air, and a high 
melting ratio less air per ton. The blast supplied 
to cupolas is necessarily sent in under pressure, 
because otherwise it would be impossible to obtain 
the volume required for melting with sufficient 
rapidity. The pressure may range from 8 oz. to 
16 0z. per square inch, subject to the wide varia- 
tions just noted, the principal conditions being 
cupola diameter and melting ratio. The reason 
for the employment of pressure may be readily 
grasped by comparing the cupola and the blast- 
furnace. The latter requires a pressure ranging 
from, say, 6 lb. to 15 lb. per square inch. This is 
due to the much greater height through which it 
has to be forced, and to the close texture of ore, 
which is closer than pig and scrap. Though the 
cupola is a pigmy beside the blast-furnace, the 
conditions are analogous. 

Whether air pressure and volume shall be supplied 
by a centrifugal fan, or by a positive blower, has 
long been a disputed question. Fans came first 
in point of time, and are still employed exten- 
sively, but blowers are generally thought to be 
better adapted to the present conditions, which 
involve larger cupolas, higher melting ratios, and 
demand precise and positive results. Yet the 
question of the relative merits of each is not yet 
lifted out of the region of controversy. Few ex- 
periments made under identical conditions are 
available, and most of these have given rather 
unsatisfactory results. Some com tive tests 
have been made between fans and blowers under 
practically identical conditions in the same cupolas 
similarly charged; yet these have been rather 
inconclusive, due to the effects of variation in the 
volume and pressure of blast, and the fact that 
other conditions change throughout the continuance 
ofa blow, as has often been proved experimentally. 
On the whole the balance of favour seems to lie 
with the blower. But those who have under- 











taken these experiments testify to the futility of 


strong advocates as well as the blower. The sub. 
ject is a wide one, into which many considerations 
enter, a from those which are concerned) with 
the theoretical efficiency of a cupola. The vai ying 
conditions which exist in foundries, lengths of ieat 
time gained for moulding by the more rapid action 
of a blower, have to be set off against its greater cost 
and its cutting effect on the linings. One th is 
clear, that both machines require to be used with 
much discretion, and to be employed as neariy ag 
possible under the conditions for which they are 
designed, tested, and rated by the manufacturers, 
Moreover, either a fan or a pressure-blower may be 
condemned when the cause of inefficiency lies out- 
side in the pipe installation, as has been frequently 
the case. j 

Pipe arrangements are of great importance. A 
short, straight length of pipe larger than the 
blower outlet, free from leakage, yields practically 
the same pressure at the cupola as at the fan. A 
long connection of small pipe and the presence of 
= bends will reduce the pressure by some ounces, 

n this case the melting capacity will be. lessened 
unless the speed of the fan is increased, and if it 
is, then more horse-power will be required. The 
bunging-up of the tuyeres with slag, the hard or 
soft nature of the coke, and the resistance offered 
by the materials, are vital elements in modifying 
blast results. The last conditions render it de- 
sirable to vary the pressure of the blast at different 
= of the blow. Regulation of the blast can 

effected by means of a blast gate located in the 
main pipe, which goes to the cupola. This is more 
useful with fans than with blowers. By it the 
blast can either be regulated or shut off altogether. 
Shutting off is desirable during a temporary stop- 
page of the fan in order to prevent accumulations 
of gas escaping through the cupola tuyeres, which 
might cause explosion. 

A fan must be selected of a size suitable to give 
the maximum results desired with a low, rather than 
a high, pressure, and its normal speed ought not to 
be exceeded. The speed may be reduced, but any 
reduction of volume had better be made at the 
blast-gate. In hot weather a larger volume of air 
is required than in cold weather to melt the same 
quantity of iron. The table by the Sturtevant Com- 
pany, given in a succeeding paragraph, is a guide to 
average fan practice deduced from experimental data. 

The term ‘‘ centrifugal ” applied to fans signifies 
that the air is delivered by centrifugal force at the 
circumference of the wheel. The rotation produces 
a partial vacuum about the centre, into which air 
rushes at the axial openings. The air pressure is 
produced by the movement of the circumference of 
the fan, the pressure increasing with increase in 
rapidity of movement in the ratio of the square of 
its speed. The volume of air, which measures the 
capacity of the fan, is practically constant during 
each revolution, and therefore directly proportional 
to speed—an important distinction. The air pres- 
sure, being thus increased above that of the atmo- 
sphere, is utilised to produce velocity. It also has 
to overcome the frictional resistances of the casing 
and of the delivery-pipes. If the discharge opening 
be closed, no air will be delivered, and the power 
required to move the fan will be reduced to that 
amount only which is necessary to overcome the 
friction of the air within the case, and of the 
machine-bearings. With the delivery outlet open, 
the velocity of the circumference of the fan and the 
velocity of discharge will be practically, though not 
quite, identical, provided the opening is of suitable 
proportions. The velocity of discharge in an ordi- 
nary fan, with vanes directed forward, is about one- 
ninth greater than that of the peripheral speed. 

Any one fan of given dimensions is rated for 
a given speed at which it is estimated to yield 
the best efficiency. Any increase on this speed 
increases the horse-power required for driving 
in the proportion of the cube of the number of 
revolutions. Hence the desirability of selecting 4 
fan proportioned as nearly as possible to its work. 
Peripheral velocities required for various pressures 
are given in the following table. 


ing 


Pressure, Peripheral Velocity. 
. . in. ft. per min. 
sities 5 — thsi 
9 15,378 
10 16,193 
ll 16, 966 
12 17,702 
13 18,406 
14 19,08! 
15 19,731 
16 20,358 
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Such a table is useful for finding the speed of 
a fan to give acertain pressure at the cupola, whence 
revolutions per minute for different diameters can 
be deduced. 4 

The question of the size of fan outlet is one of 
much importance. It is based on an area large 
enough to maintain when driven at a speed suit- 
able for the size of fan—that is, within its capa- 
city, the pressure corresponding with the velocity 
—an area which is termed the ‘‘ capacity area” 
or ‘‘square inches of blast.” If this area be in- 
creased, the pressure will be lowered, but the 
volume will be increased. But if the area be de- 
creased, the pressure will remain constant. Fans 
are rated by manufacturers on this—the Sturtevant 
—basis of ‘‘capacity area,” or ‘‘square inches of 
blast.” Though empirical, it is generally accepted. 
The formula is, 

Capacity of area = oe : 
where 
D = diameter of wheel in inches, 
W = width of wheel at circumference in inches. 

The area of outlet is made considerably larger 
than this capacity area in order to avoid excessive 
velocity and friction. Further economy may be 
sought by making the area of the blast-pipe greater 
than that of the outlet of the fan. 

The capacities of fans corresponding with certain 
speeds, air pressures, power required to drive, and 
tons of metal run down per hour, are given by the 
manufacturers as averages determined by actual 
tests of working, by means of the blast-gauge, 
blast-pressure recorder, and the anemometer, Xc. 
They can therefore only be accepted as average 
values taken under a certain set of conditions, which 
must be medified with unusual and different con- 
ditions. Failure to take account of these will 
result in dissatisfaction. Every cupola, with its 
installation of fan, blast, and tuyere pipes, its 
charges and methods of working, isa unit or system 
by itself, and it has to be handled and treated 
with intelligent adjustments to secure the ultimate 
result desired—that of bringing down the greatest 
quantity of hot iron with the least expenditure of 
power and fuel; so that it becomes desirable to 
vary the pressure and volume of blast to suit the 
different densities of fuel, and the conditions of the 
tuyeres, in addition to the controlling influences of 
construction and lay-out of pipes, diameters of 
cupolas, tuyere arrangements, and soon. Hence the 
same fan may not give identical results in cupolas of 
the same size in different foundries. These, the 
original factors, are subjects which are better under- 
stood by foundry experts and makers of fans, but 
the variations effected during the running-down of 
a heat are under the control of the experienced 
furnaceman. Hence in any single table of data for 
operating fans supplied by various firms of manu- 
facturers, a very considerable latitude is noticeable 
in the figures of speeds, pressures, and power 
required. This range affords a fair gauge of the 
variations which occur in practice, since the averages 
deduced from experience, and embodied in these 
tables, lie between the wide range of figures given. 
The Buffalo Forge Company gives data based on 
two different blast-pressures, a higher and a lower, 
for choice, the latter being recommended. A small 
table, by the Sturtevant Company, is inserted here 








to illustrate these variations. 

- ] | PEE PUR: 

Size No ro “as | Melting | Speed of _ 4 

of Fan ‘defining |Capacity.| Fan. 8 
Inside Lining. } | sure. | quired. 
in. tons per | revs. per | in. of | B.H.-P. 

hour | min, | water 

1 16 0.7 | 3900-4800 | 8-12 | 1.6-3.0 

9 18 1 | 8250-4000 | 8-12 | 2.2-4.0 

3 20 1.5 | 8150-8750 | 10-14 | 4.04.5 

4 26 2.5 | 2750-3250 | 10-14 | 5.0-8.5 
5 29 3.5 | 2550-2960 | 12-16 .| 9.0-13.0 

6 35 6 = | 2850-2700 | 12-16 | 11-16 

7 41 | 6 | 1900-2200 | 12-16 | 16.24 

47 z= Se 2200-2400 | 16-20 | 24-33 

8 53 |} i 1900-2150 | 16-20 | 31-42 

8 59 | 125 | 2150-2350 | 20-24 | 42-45 

9 70 18 | 1850-2000 | 20-24 | 56-74 

10 80 22 |: 1600-1750 | 20-24 | 73-95 
_ Thus, taking an example: Fan speed for melting 
ix tons per hour is given as ranging between 1900 
and 2° “) revolutions per minute, with an air-pres- 
Sure o' trom 12 in. to 16 in. of water, and horse- 
power required of 16 to 24. And these figures relate 
md ® variations in ordinary working conditions. 

nder 


‘nusual or even rather exceptional conditions, 
much greater variations would be manifest. It is 
Stated that, under favourable conditions, from 10 





to 20 per cent. more iron might be melted than the 
table gives. The flexibility of the fan is a point in 
its favour. Within small limits the fan the 
power of self-adjustment to the demands made 
upon it, the air supply varying with the varying 
conditions. 

The power required to drive a fan under normal 
conditions increases with the air-pressure used, 
both becoming necessarily larger for cupolas of 
large diameter than for smaller sizes, to ensure 
sending the blast to the centre of the furnace. 
The air-pressure is read on the blast-gauge. But, 
as already stated, the distinction between volume 
and pressure must not be overlooked. The gauge 
indicates pressure, and not volume, and increase 
in power and in volume may be accompanied by 
a diminution of pressure ; while if tuyeres be- 
come bunged up, pressure is increased, notwith- 
standing that a smaller volume is passing. At 
extremes it has been found that a fan running at 
1800 revolutions per minute with a closed outlet— 
that is, doing no work--requi 
power to drive it, while the same fan with a fully 
open outlet required 144.6 horse-power. 

The foregoing statements concerning variations 
in the several classes of conditions explain why 
calculations based on scientific data, if taken 
alone, afford insufficient guidance to practical re- 
sults. Yet these calculations need not be ignored, 
since they indicate the direction in which good prac- 
tice would lie. 

The peripheral speed of a fan necessary to produce 
a given pressure is theoretically the velocity which 
would be acquired by a body falling from a height 
equal to that of a column of air which would give 
the required pressure on its base. The velocity V 
of a falling body is V = /2 qh, where ¢ is gravity, 
32.2, and h the height of fall; therefore, V = 
./64.4 h, or, approximately, V = 8 Jh. Water is 
taken for comparison, and air has a density of, 
roughly, about <4, that of water, so that to obtain 
the pressure of a column of air to be equal to that 
of a given column of water its velocity of move- 
ment has to be increased in the inverse proportion 
of the densities or heights. 

Assuming that charging is done in a usual way, 
without excessively large pieces of scrap, the 
following empirical formulze deduced from practice 
are given by W. H. Carrier, of Buffalo. These 
assume also that the speed of melting is pro- 
portional to the amount of air supplied to the 
cupola, a basis usually accepted. 

Since the resistance to the air offered by the 
working of the cupola follows the general laws of 
fluid friction, the amount of air forced through it 
will vary as the square root of the pressure, so that 
doubling the amount of air will increase the 
pressure four times. Hence, if the speed of melt- 
ing is proportional to the amount of air supplied, 
that melting speed must vary as the square root of 
the pressure. 

The air per minute required for various sizes of 
cupolas is stated as 


- D/P 
Oz _— 


where 
C = the cubic feet of air per minute required. 
D =the diameter of the cupola inside the lining, 
in inches. 
p = the air pressure in ounces per square inch. 


This allows of about 10 per cent. loss through 
leakage. 

The average speed of melting deduced from a 
number of tests is given as 


W =2 D?,/ P 
where 

W = the weight of iron in pounds per hour. 

D = the diameter of the cupola inside the lining 
in inches. 

p = the air pressure at the cupola in ounces per 
square inch. 

The horse-power required to operate a cupola at 


any pressure is given thus :— 


D/P, 
H.P. = ~3300 
where 
D = the diameter of the cupola inside the lining 
in inches. 
p = the air pressure at the cupola in ounces per 
square inch. 


A rule given for the horse-power required for a 
fan is 





uired only 37.2 horse- | POSS 





Tons melted per hour x pressure in ounces 
‘le wae eee : 
In this formula the devisor 3 is for average, and 4 
for good, practice. Tons of iron melted per hour 
in a cupola may average 
Diameter in inches? x 0.0035. 


Mr. Snow, in a paper read before the American 
Society of Mechanical Engineers, gave the follow- 
ing as rough averages of current cupola practice. 
Efficiency will range from 50 per cent. to nearly 70 
per cent. in a good fan installation, and up to a 

ible maximum of 90 per cent. with a first-class 
lower equipment. No allowance is made in these 
figures for drop in pressure caused by an extended 
system of piping. The actual melting range of a 
cupola is ordinarily between 0.6 and 0.75 ton per 
hour per square foot of cross-section of the cupola. 
The limits of air supply per minute per square 
foot are roughly 2500 and 4000 cubic feet, the mean 
of which is representative of fair practice. The 
ible power required varies more widely, rang- 
ing from 1.5 to 3.75 horse-power per square foot, 
corresponding respectively to 2.5 and 5 horse-power 
per ton per hour for the melting rates just specified, 





THE GLASGOW MAIN-DRAINAGE 
WORKS. 
(Concluded from page 603.) 

In order to complete our description of the 
treatment and disposal of the sewage, it only 
remains to describe the two vessels which are used 
for conveying the sludge from the Dalmuir and 
Shieldhall purification works down the river to a 
point outwith the 3-mile limit, beyond the islands 
of Cumbrae and Bute, where they discharge their 
contents in an area where the depth of water is 
70 to 90 fathoms, and from 45 to 50 miles from the 
Shieldhall Works, In the past year the number 
of voyages made by the Dalmuir was 280, the 
amount of sludge sent to sea 320,529 tons, and the 
cost 3.1d. per ton, including 0.9d. per ton for land 
charges. 

The two sludge steamers were designed and con- 
structed under the direction of Mr. T. M. Broom, 
consulting engineer, Glasgow, and were built and 
engined by Messrs. William Beardmore and Co., 
Limited, Dalmuir. The first of these steamers, 
named the Dalmuir, has been in satisfactory work 
for six years. She was built to carry 1000 tons of 
sludge, although, owing to the increased density of 
the sludge for the reason given in our previous 
article, she, as a matter of fact, carries a great deal 
more. The twin-screw sludge-steamer Shieldhall 
is designed to carry 1500 tons, and was completed 
before the inauguration ceremony on the 2nd inst. 

As the latter vessel represents the latest prac- 
tice, we confine our description to that boat, and 
reproduce on Plate LI. a perspective view, longitu- 
dinal and cross-sections, and plan. The Shield- 
hall is 260 ft. long, 42 ft. broad, and 16 ft. deep. 
She has been built under special survey to British 
Corporation rules for the highest class for both 
hull and machinery, and to meet the special require- 
ments of the service for which she is intended. 

The sludge is carried in four compartments, each 
70 ft. long by 21 ft. broad by 7 ft. 6in. deep, which 
are obtained, as shown in Figs. 112 to 114, by 
means of a fore-and-aft and three transverse bulk- 
heads, all of which are water-tight. The bottom 
of the tank when empty is about 9 in. above tho 
light load-line, so that the vessel discharges her 
cargo by gravitation. Between the bottom of the 
tank and the bottom of the ship, a height of about 
6 ft., is an air space to give the requisite buoyancy 
(Figs. 112 and 113). The sludge is discharged 
through this space by means of tubes (Fig. 112). 

The four compartments are filled through the 
— rm per, eo is fitted with a slide-valve to 
each tank for regulating purposes (Fig. 114). The 
sludge is discharged inte this ho rhe ma of 
two sets of swivel loading-pipes, {8 in. in diameter, 
which are fixed on the wharf. When not in use 
these pipes are hung vertically from a point near 
the swivel inside a small gantry. A block and 
tackle, working through the yard-arm attached to 
the mast of the boat, is attached to the discharge- 
end of the swivelling pipe, which is thus drawn out 
and held over the central hopper when the sludge 

uires to be delivered to the boat. 

ix round hatches, about 24 in. diameter, on each 
side of the ship, and as nearly as possible amidshi 
are provided upon the decks to admit of access for 
cleaning the sludge-tanks with the hose, and also 
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for the escape of air when sludge is being loaded, 
and the drawing in of air when sludge is being 
discharged. 

The sludge is discharged from the sludge com- 
partments by means of eight mushroom valves, 
set in the bottom of the tanks. These are 24 in. 
in diameter, and are not unlike those already 
described in our previous article for the liquor- 
vipe. These deliver into tubes leading from the 
re of the tanks through the air space below 
to the bottom of the ship. These tubes are open 
at their lower ends. The mushroom valves are 
operated by hand-wheels placed on the deck. The 
vessel can be completely loaded in forty-five minutes, 
and is capable of Didanuing the full load of 1500tons 
in less than ten minutes. . 

As shown on the section and plan (Figs. 112 and 
114), the captain, officers, and engineers are berthed 
aft, and the crew forward, roomy and comfortable 
quarters being provided for all hands. A large 
dock-house has been provided on the deck between 
the funnel-casing and the loading-hopper, containing 
the galley, a commodious saloon, a chart-room, and 
also a steering-engine compartment at the forward 
end. On the top of this house is the bridge, 
with wheel-house and flying-bridge over. A com- 
plete installation of electric light has been fitted 
up by the builders’ electrical staff. To avoid run- 
ning the ship's auxiliary engines when she is at the 
wharf, plugs are provided on the wharf and on the 
boat, by means of which the ship can then be lit 
from the electric plant at Shieldhall Works. 

The propelling machinery consists of two sets of 
inverted triple-expansion engines, having cylinders 
15 in., 24 in., and 41 in. in diameter, with a stroke 
of 27 in., supplied with steam by two multitubular 
boilers, each 13 ft. in diameter and 11 ft. 6 in. in 
length, the working pressure being 180 lb. On 
trial the vessel attained a mean speed of 11} knots 
for two hours on the measured mile, and a speed of 
about 114 knots was maintained for a continuous 
run of six hours’ duration, the contract speed being 
104 knots. 

e may conclude our series of articles with some 
reference to the extent and cost of sewage purifica- 
tion as disclosed in the most recent report by Mr. 
Thomas Melvin, the general manager of the sewage 
purification works. At the Gnleutncsk works 
the amount of sewage dealt with last year was 
18,925,445 gallons per day, while the quantity of 
sludge extracted was 38,490 tons 17 cwt., the work- 
ing expenses equalling 29s. 8.9d. per million gallons 
treated, and 3s. 1.4d. per ton of sludge pressed 
into cakes. 

The figures for the more modern station at Dal- 
muir, whence the sludge is sent to sea in the steamer 
Dalmuir, may be given more fully :— 





1907-8. 1908-9, 
Sewage dealt with per 
day (gals. ) ; Be 39,783,854 36,749,332 
Cost of chemicals per 
oe =. se ... Ils, 10.4d. 12s, 9d. 
Cost of Treatment per Million Gallons :— 
Precipitation, labour, 
and chemicals as 17s. 8.8d. 18s. 11.2d. 
Sludge disposal (land 
charges) te an 1s. 9.2d. 1s, 9.9d. 
8.8. Jalmuir (water 
charges) : ; 5s. 2.4d. 4s. 4.6d 
24s. 8.4d. 25s, 1.7 


To this there fall to be added the charges for 
raising the sewage from the low-lying mains ; at the 
Partick pumping-station this came to 11s, 3.6d. 
per million gallons in 1907-8, and 18s. 8.1d. in 
1908-9 ; while at the Clydebank station the cost 
was 8s. 11.1d. and 10s. 5.2d. in these respective 
years. The average quantity pumped at these 
stations for 1908-9 was 17,260,297 gallons and 
5,465,000 gallons. 

The crude sludge produced at the Dalmuir 
purification station tota'led 338,279 tons in 1907-8, 
and 324,318 tons in 1908-9, the average moisture 
being 86.69 per cent. and 89.68 per cent. respec- 
tively, while the proportion per million gallons of 
sewage was 23} tons and 24} tons respectively. At 
the Dalmarnock station the proportion of sludge 
per million gallons of sewage is considerably higher, 
veing, for the two years named, 32 tons 6 cwt. and 
29 tons 3 cwt. This is due to the greater number of 
factories in the district. The percentage of moisture 
was also higher: 92.48 per cent. and 90.26 per 
cent. The difference is a result of the improved 
system: of draining the sludge already described. 
The cost of pressing the sludge— the process 
adopted at Dalmarnock—was for the past year 
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Fie. 2. 


2s. 2.5d. per ton of cake, to which there falls to be 
added 10.9d. per ton for sending the cakes to the 
tips. The gross revenue from the sale of manure 
was 3672I., but this does not bring the cost of dis- 
posing of the sludge to the same low figure as is 
returned in connection with the Dalmuir station, 
whence the sludge was sent to sea for a cost of 3.1d. 
in 1908-9 and 3.6d. per ton in the previous year. 





Taking both the Dalmarnock and the Dalmuir 














25-Brake-Horse-Power Suction Gas-Enarne. 


works, we have a total of 20,320 million gallons of 
sewage treated in the year, and of 525,000 tons of 
sludge removed before the chemically-purified and 
aerated effluent is passed into the river. ‘lhese 
figures will be very greatly increased now that the 
Shieldhall station is working and similarly dealing 
with the sewage of the part of the city and district 
south of the.Clyde. The figures prove conclusively 
the beneficent character of the work which we 
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have described and illustrated so fully, not only 
because of its great engineering interest, but 
because of its probable effect upon the health of 
the community. 








CAMPBELL GAS AND OIL-ENGINES AT 
THE BRUSSELS EXHIBITION. 

THe CAampsBeLL Gas-EnGing Company, LimiteEp, 

Halifax, show, at the Brussels Exhibition, an interest- 


| ing variety of their engines. 


Fig. 1 illustrates the company’s 200-brake-horse- 
power open-hearth plant. which is to supply gas to the 
three gas-engines shown in Figs. 2, 3, and 5, on pages 
672, 673, and 676. The special features of the plant are 
the following: 1. The facility with which ashes and 
clinker can be removed, thus rendering it particularly 
suitable for working with inferior fuel. 2. The posi- 
tion of the evaporator in the zone of most intense com- 
bustion, ensuring the durability of the producer lining, 
which is thus not exposed to any excessive tempera- 
tures, the arrangement at the same time preventing 
the adhesion of clinker to the sides of the producer. 
3. The facility with which the plant can adapt itself 
to continuous running without the necessity of a 
duplicate producer, as ashes and clinker can be re- 
moved without the least difficulty while the engines 
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are running. The scrubbing and cooling arrange- 
ments have no particular features requiring special 
comment. 

We illustrate in Fig. 2 a 25-brake-horse-power hori- 
zontal ordinary suction-gas engine by the same com- 

ny, also at the Brussels Exhibition. In its main 
eatures it is practically similar to the 100-horse-power 
engine described below, but is fitted with a hit-and-miss 
governor. The small end bearing is carried in the 
connecting-rod itself, suitable means for adjustment 
being provided. Lubrication is exactly the same as 
that provided for the larger engine. 

A 100-brake-horse-power vertical four-cylinder en- 
sine of their standard type, designed for direct coup- 
ing to an alternator, is illustrated in view Fig. 3, on 

page 673. Practically the whole of the working parts 
are connected to a system of forced lubrication, sup- 
plied by a pump of the valveless type, operated from 
the crank-shaft, and delivering oil under pressure to 
the various points where required. Adjustment of 
the lubrication is effected by a by-pass and pressure- 
gauge. ‘The oil-pump is immersed in an oil-tank, into 
which the waste oil from the various bearings drains ; 
it re-enters the pump after passing through a filtering 
device. The engine is provided with magneto igni- 
tion, an independent magneto being fitted for each 
cylinder, with means for adjusting the point of ignition 
to suit the quality of the gas supplied ; adjustment 
can be carried out while the engine is running. The 
governor is of the Hartung type, carried on a vertical 
spindle, and driven by means of an independent set of 
helical wheels from the crank-shaft. It acts on the 
throttle-valve of the engine, and controls both the air 
and the gas-inlets ; the engine works with a constant 
mixture at all loads, and the charge is varied in accord- 
ance with the power to be developed. A dashpot, with 
adjustment, is provided on the governor to ensure 
the necessary amount of sensitiveness of control. The 
crank-shaft is of the quality specified in the British 
Standard specification for locomotive crank - axles. 
Special gear is provided on the first cylinder to 
enable the engine to be run up to speed by means of 
compressed air. 

Fig. 4 shows the 15 - brake - horse-power crude-oil 
engine. ‘This is designed to be operated without a 
lamp, except at starting, and is on lines similar to 
those of the smaller gas-engines, having its cylinder 
bolted to the engine-bed, as shown in Fig. 4. The oil 
is contained in a reservoir forming part of the engine- 
bed, and is drawn into the vaporiser on the suction 
stroke. Governing is effected on the hit-and-miss 
principle by propping open the exhaust-valve when 
it is required to cut out a charge, the exhaust gases 
being then drawn in and out of the cylinder until the 
speed of the engine is reduced sufficiently to release 
the exhaust lever, while the exhaust-valve is then 
kept closed on the suction stroke. The suction of 
the engine then draws in a fresh charge of air 
and oil, the two being intimately mixed by the arrange- 
ment of inlet valve adopted. Water-injection is pro- 
vided to prevent pre-ignition when running for fen 
periods at full load, a small quantity of water being 
drawn into the vaporiser at each suction stroke of the 
engine. The composition of the explosive mixture 
and the intensity of the explosion are the same at every 
charge. 

The Campbell Company also exhibit a 100-brake- 
horse-power horizontal electric-lighting type engine, 
which we illustrate in Fig. 5, page 676. The crank-shaft 
bearings are provided with ring lubrication. The caps 
are made solid without any openings ; there is there- 
fore no risk that dirt will enter the oil-chamber. A 
door is provided in the front of the bearings through 
which the working of the rings can be seen. The 
crank-pin is lubricated by means of a centrifugal oiler 
from a fixed sight-feed lubricator on the bed, the 
piston-pin being lubricated from a similar oiler pro- 
vided with a wiper. The rr is shrunk into 
the connecting-rod end, and carried in adjustable gun- 
metal-lined bearings on the piston itself. These bear- 
ings are of a plain type, with loose cap, and can be 
readily adjusted without the necessity of withdrawing 
the piston from the cylinder; the arrangement also 
enables the bearings to be efficiently locked, thus 
reducing the risk of shaking loose. The cylinder- 
jacket is cast in one piece with the bed, the breech-end 
being bolted to the end of the’ jacket. The inlet 
and exhaust-valves are oth vertical, the exhaust- 
valve being removable through the inlet-valve plug. 
The exhaust-valve seating is loose, and is provided with 
a loose guide fitted with adequate means for lubricating 
the spindle. 

The governor is of the Hartung type, and controls 
a special throttle-valve in the gas supply, the valve 
being designed to ensure freedom from sticking when 
using gas fikely to cause deposit in the pipes. This 
system of governing is very eflicient in dealing with 
variable loads on suction gas, as it ensures the pro- 
ducer being kept at a more constant temperature, 
owing to a more steady draught, than when the hit- 
and-miss system is adopted. 

Ignition is by a magneto operated by an eccentric 
trip-gear, adjustable while the engine is running. The 





crank-shaft and other parts are of material similar in | 
quality to that of the vertical engine. 

The company’s compressed-air starting apparatus is 
illustrated in Fig..6. This consists of a single-acting | 
air-compressor, direct coupled to a horizontal oil- | 
engine, and delivering air at a pressure of 180 lb. 
per square inch into a steel receiver. The latter is 
connected up to the various engines in the exhibit, 
enabling them to be started by means of compressed 
air. The driving-engine is of the company’s standard 
type, and calls for no special comment. The com- 
pressor is provided with automatic inlet and delivery 
valves ; the cylinder is water-jacketed. 











Tue Suez Canat.—The transit revenue of the Suez 
Canal Company amounted last year to 4,825,707/., as | 
compared with 4,338,089/. in 1908, and 4,640,004/. in 1907. | 
The number of vessels which passed through the canal 
last year was 4239, as compared with 3795 and 4267 respec- 
tively. In these totals British ships numbered 2561, 2233, 
and 2651, respectively. The proportion of British shipping 
was, accordingly, 60h per cent. last year. The German 

roportion was 14} per cent. The average time occupied 
“ each vessel in agg bpm the canal last year was 
17 hours 13 minutes. e corresponding average in 1908 
was 17 hours 24 minutes. 





Tue LATE Mr. Joun Harwoop Simpson.—We regret 
to announce the death of Mr. John Harwood Simpson, 
M. Inst. M.E., which occurred at his residence, 1, Har- 
gwyne-street, Stockwell, S.W., on the 13th inst. Mr. 
Simpson was born in 1828, at Stokesley, Cleveland, where 
he served his apprenticeship in his father’s works. At 
the of 21 he was employed in large works at Middlesbro’ 
and Stockton, and at the age of 24 he left the North of 
England for London, where he had a varied experience in 
water works, gas works, and general engineering for about 
ten years. He superintended railway construction in 
Ceylon, in London (a part of the District Railway), and 
in Hungary. He had charge of the pumping installation 
used in the construction of the Severn Tunnel, of the 
machinery plant for the construction of the Manchester 
Ship Canal, and for new docks at Buenos Aires. 





TRADE Prospects IN AMERICA.—An interesting letter 
rom the New York correspondent to the German 
Export Jowrnal deals somewhat exhaustively with the 
prospects of trade in America. The financial and indus- 
trial affairs in the States, says the correspondent in 
Sane sa leave very much to be desired, and their further 
evelopment, more especially in the Eastern States, is 
watched with increasing misgivings. The high prices 
ruling for articles of food and other necessaries, which 
have for months been widely commented upon, have 
created much and increasing dissatisfaction amongst the 
labouring classes all over the country, which finds its 
expression in the demand for higher wages. The position 
within several industries is consequently very difficult, 
the strike bogey looming, so to speak, in all factories. 
The serious aspect of the present position is enhanced 
by the fact that the danger cannot be staved off, and 
that a number of industrial branches are entirely unable 
to meet the demand for higher wages. 





NorTH-EASTERN ENGINEERING.—There was a gathering 
in the Bolbec Hall, Newcastle-on-Tyne, on Monday, to 
inaugurate new rooms of the North-East Coast Institu- 
tion of Engineers and Shipbuilders. The premises 
include a large library and reading-room, a council-room, 
a smoke-room, and secretarial offices. The president, 
Mr. W. Summers Hunter, was in the chair, and was sup- 
ported by Mr. W. Boyd, one of the chief founders of the 
institution, and its first president, Lord Armstrong, Sir 
Benjamin Browne, Sir Andrew Noble, Professor Welch, 
and others. Mr. Boyd declared the roomsopen. He said 
that the institution now had 1200 members, as compared 
with 450 when it was formed in 1884. Having reviewed the 
triple-expansion engine, the introduction of the turbine, 
and the adaptation of electricity for power purposes, Mr. 
Boyd observed that, owing to the improvement in educa- 
tion, the present staffs in shipbuilding and engineering 

ards were much superior to those in his youngdays. Mr. 

- was presented with a marble bust of himself, which 
had been subscribed for by the members of the institution, 
and executed by Mr. Christian Neuper. 





Batpwin Locomotive Works’ ExuIBit AT THE BUENOS 
Arres Exuisition.—The Baldwin Locomotive Works, 
Philadelphia, Pa., U.S. A., haverecently issued a pamphlet, 
in Spanish, French, anc English, descriptive of their 
exhibit at the International Exhibition of Railways and 
Land Transport at Buenos Aires. The pamphlet gives a 
short description of the locomotive works and also of the 
Standard Steel Works, of Burnham, Pa., and the products 
of both as displayed at the Exhibition. The Baldwin 
Locomotive Works show a ten-wheeled nger (2-6-0) 
engine and a Consolidation engine, both built for the 
Entre Rios Railway Company. [Illustrations and parti- 
culars are given of both these, while another locomotive 
illustrated is a 1-metre-gauge Mallet compound, of the 
2-6-6-2 wheel arrangement, constructed for the Sorocabana 
Railway, Brazil. ‘This engine weighs 190,800 lb., or, with 
tender, 280,000 lb. It has a total heating surface of 2536 
square feet, and grate area of 42 square feet, for cylinders 
17 in. and 26in. by 22in., and driving-wheels 45 in. on the 
tread. The total wheel-base of this engine is 42 ft. 9 in., 
and of engine and tender 66 ft. 4in. The Standard Steel 
Works’ exhibit consists of duplicate parts, such as cast- 
iron steel-tyred engine-truck wheels, and cast-steel truck 





wheels, tyres, axles, springs, &c., for locomotive work. 


STEAM TRIALS OF H.M.S. ‘* GLASGOW.” 


Tuk firstof the second-classunarmoured cruiserso{ the 
‘* City” or ‘** Town” class has completed her trials, and 
the results exceed the expectations of the design, alike 
as regards speed and economy. This vessel is named 
the Glasgow, and was built by the Fairfield Shipbuild- 
ing and Engineering Company, Limited, Govan. ‘The 
other four vessels were laid down about the same time, 
while a year later four more were ordered, so that 1:ine 
of the class are at present being built. These vessels 


| have a length between perpendiculars of 430 ft., an 


extreme breadth of 47 ft., and a mean draught of 
15 ft. 3 in., at which the displacement is 4800 tons, 
The armament consists of two 6-in. breech-loading 
guns, one mounted on the forecastle-deck forward, 


| and the other on the upper deck aft ; ten 4-in. breech- 


loading guns—five on each broadside—on the upper 
deck, and two Maxim guns on the navigating-bridge. 
There are also two submerged torpedo-tubes. The 
vital parts of the ship are protected by a nickel-steel 
armoured deck running fore and aft, and sloping at the 
sides to well below the water-line. The coal-bunkers 
also extend along each side of the ship over the entire 
length of the machinery spaces above this deck, 
and for the length of the boiler-rooms under this 
deck also. 

The machinery in the case of seven of the vessels is of 
the Parsons turbine type; the other two ships, the Bristol 
and Yarmouth, are being fitted with Curtis turbines. 
The Glasgow belongs to the former category, and there 
are four lines of shafting, each with one propeller ; the 
high-pressure ahead and separate high-pressure astern 
turbines are on the wing-shafts in separate engine- 
rooms ; the low-pressure ahead and low-pressure astern 
turbines (in one casing) are on the inboard shafts, in 
one central compartment, which also contains the 
manceuvring-gear for all the turbines. These are the 
first cruisers to be fitted without cruising turbines, a 
special series of blades for cruising speeds being fitted 
in each high-pressure turbine for use only at low 
speeds. The steam is passed to an intermediate stage 
for the higher speeds. There are two condensers, and 
these, along with the auxiliary machinery, are fitted in 
two separate compartments abaft the main engine- 
rooms. The boilers are of the small-tube water-tube 
type, using coal or oil, and are worked under the closed 
stokehold system. 

The practice with British warships has hitherto been 
to have a 30-hours’ trial at one-fifth power, a 30-hours’ 
trial at about 70 per cent. or 75 per cent. power, and 
an 8-hours’ trial at full power. In this case, however, 
it was decided to have only one 30-hours’ trial, 22 hours 
of which were to be run at about two-thirds power, 
the remaining eight hours being run at about 80 per 
cent. of full power. The following table gives the 
mean results on the respective trials :— 








22 Hours’ | 8 Hours’ , : 
on Trial at | Trialat | flours 
66 per Cent. 80 per Cent.) p.)) pw. 
Power. | Power. Full Power, 
Air pressure. . ee --| ©5 in. 0.7 in. 1.1 in. 
Mean _—irevolutions per | 
minute... a aol 430 471 499 
Shaft horse-power .. * 14,055 18,220 22,500 
Fuel consumption per 
shaft horse - power per 
hour " ee --| 1611b. | 1.57 1b. 1.68 Ib. 
Speed .. i me ..| 23.7knots | 24.9 knots | 25.8 knots 


| 


On the full-power trial coal and oil were used in 
comb‘nation, but the fuel consumption given is the 
equivalent cal. At all powers the economy, it will 
be seen, is most satisfactory. The legend speed was 
25 knots for 22,000 shaft horse-power, so that the 
result is very satisfactory. 





Tur Surveyors’ InstiTuTION.—Ov ing to the death of 
His Majesty King Edward-VII., it has been decided 
to annul the arrangements made for the visit to Liverpool, 
and dinner, on the 26th and 27th inst. The annual 
general meeting of the Institution, to receive the report 
of the Council and the announcement of the result of the 
election of officers for the ensuing year, will be held in 
the Lecture Hal), 12, Great George-street, S.W., on 
Monday, the 30th inst., at 5 o’c!ock. The prizes awarded 
to successful candidates in connection with the recent 
preliminary and professional examinations will be pre- 
sented by the President at the annual general meeting. 


Tue INcoRPORATED Municipat EvecrricaL Associ. 
TION.—The official programme of the 15th annual con- 
vention of the above association, which will take place 10 
Glasgow from the 14th to the 17th of June, has now been 
issued. A preliminary paragraph relating to this matter 
will be found in our issue of April 1 (see page 414 ante). 
The arrangements there outlined will be adhere d to, with 
the exception that the convention will be opened, on the 
14th inst., at 10 a.m., instead of 10.30a.m. In addition 
to a list of meetings, &c., the programme contains infor- 
mation in reference to hotels, and to special arrange- 
ments for reduced railway fares which have been made. 
The offices of the association are at Staple Inn Buildings 
Holborn, W.C. 
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COLONIAL COAL PRODUCTION. 


It may be interesting to illustrate the progress made 
in colonial coal-mining during the fifteen years ending 
with 1908, inclusive. The quantity of coal raised in 
the United Kingdom and its dependencies in the 
period in question was as annexed in round figures :— 





United ‘Year, _United 








Year. Kingdom. Colonies. Kingdom. Colonies. 

a! sialoa —eat - 
tons, tons. tons. tons. 
1894  188,277,0C0 | 11,345,000 | 1902 227,095,000 24,544,000 
1895 | 189,661,000 | 11,939,000 | 1903 , 230,334,000 26,080,000 
1893 195,361,000 | 12,912,000 | 1904 | 232,428,000. 26,350,000 
1897 202,129,000 | 13,702,000 | 1905 236,129,000 29,091,000 
1898 202,055,000 15,257,000 | 1906 | 251,068,000 33,159,000 
1899 220,095,000 | 16,477,000 | 1907 | 267,831,000 36,§93,C00 
1900 225,181,000 | 19,197,000 | 1908 261,529,000 39,715,000 
1901 219,047,000 | 22,058,000 


The Empire production—that is, the output of the 
United Kingdom and its Colonies—was, accordingly :— 





Year. Tons. * Year. | Tons. 
1894 199,622,000 1902 | 251,639,000 
1895 201,600,000 1903 | 256,414,000 
1893 208,273,000 1904 | 259,778,000 
1897 215,831,000 1905 | 265,220,000 
1898 217,312,000 1906 284,227,000 
1899 236,572,000 1907 304,724,000 
1900 244,378,000 1908 301,244,000 
1901 241,105,000 


The progress of colonial coal-mining has been slower 
than is probably generally supposed ; still, a good 
start has been made, and the growth of the output 
is certainly encouraging. The three principal sources 
of colonial coal supply are British India, the Australian 
Commonwealth, and the Dominion of Canada. The 
yearly production of India and Australia for the 
fifteen years comes out as follows :— 














. India. Australia. y India. Australia. 
Year. Tons. Tons. | Yea? Tons. ‘ons. 
1894 2,823,907 4,145,363 1902 7,424,342 6,859,488 
1895 | 3,540,019 4,290,608 1903 | 7,437,386 7,112,078 
1896 | 3,863,698 4,554,210 | 1904 8,216,436 6,853,727 
1897 | 4,066,204 5,021,379 1905 8,417,736 7,494,427 
1898 4,608, 196 5,409,669 1906 9,783,250 8,596,416 
1399 | 5,093,260 | 5,450,866 1907 11,147,339 9,681,095 
1900 | 6,118,692 6,385,446 1908 12,769,685 10,193,135 
1901 6,635,727 6,884,229 


The Canadian production for the 15 years was :— 











Year. Tons. | Year. Tons. 
1894 3,434,884 | 1902 6,666,669 
1895 3,105,664 1903 7,107,468 
1896 3,444,389 | 1904 7,370,174 
1897 3 380,453 | 1905 7,739,239 
1898 3,725,520 1906 8,716,608 
1899 4,395,367 1907 9,385,202 
1900 5,158,320 1908 9,738,130 
1901 5,791,362 





With the present rapid growth of Canadian popula- 
tion, the yearly totals will, no doubt, beeome much 
more important. 

_The steady increase in British Indian coal produc- 
tion is decidedly satisfactory, as it supplies just the 
element required to enable manufacturing industry to 
be developed upon a great scale among a teeming 
population. As regards the coal output of the Aus- 
tralian Commonwealth, the increase which has occurred 
has taken place almost entirely in New South Wales, 
which possesses vast stores of still untouched coal 
wealth. The only other Australian colony which has 
made any progress in working its coal is Queensland, 
which increased its output from 270,705 tons in 1894 to 
696,332 tons in 1908. New South Wales, however, 
had a coal production of 9,147,025 tons in 1908, so 
that it is pre-eminently the coal settlement of the 
Antipodes. New Zealand is rich in coal, and is work- 
ing it to an increasingly important extent, production 
having risen from 719,546 tons in 1894 to 1,860,975 tons 
in 1908. With a larger population a great deal more 
will, no doubt, be done. Natal, also, has become a coal 
producer of some importance, having raised 1,669,774 
tons in 1908, while the corresponding production 
- 1894 was only 141,010 tons. Natal coal is of excel- 
ent quality, and finds a ready market not only in Natal 
— but also at Capetown. The Cape Colony has not 

one much at present in the matter of coal-mining, 
production having only increased from 62,223 tons 

11, 1894 to 109,700 tons in 1908, The Transvaal has, 

Owever, already taken a good position as a coal- 
producing colony, its es having amounted in 1908 


ped sa tons. The Transvaal appears to be well- 
endowed with coal, and has also sufficient capital for 


Its development, although the Dutch section of the 
= ation show little disposition to engage in mining 
pag The Orange River Colony, again, is working 
; to “wer _ having raised 468,292 tons in 
. there is a little d i i i 
Southerr, Rhodesia e done in working coal in 








We must not, however, consider the present de- 
velopment of colonial coal-mining as at all final ; all 
that can be said is that a commencement has been 
made with a production which will in all probability 
acquire a greatly increased importance as years move 
on. From an Imperial point of view the working of 
colonial coal is a matter of great moment, as 
it is calculated to assist the coal supplies of the 
Imperial Navy by rendering the formation of colonial 
coal depéts a much easier matter. As population 
also accumulates in the various British colonies, it 
will be necessary for them to undertake manufacturing 
operations upon a larger scale; and, of course, the 
more coal which can be made available for these 
operations, the more rapid will be their development. 
The time may also come when even the United 
Kingdom, at present one of the largest coal-producers 
of the world, may be glad to obtain supplies of coal 
from her colonia off-choote. The working of British 
colonial coal is altogether a matter of the highest 
interest and importance. 








WORKMEN’S COMPENSATION CASES. 

The Loss of an Eyc.—One or two recent County- 
Court decisions have called attention to the measure 
of compensation for the loss of an eye. Under the Act 
there is, of course, no specific sum of compensation men- 
tioned in such cases. The principle of the law of work- 
men’s compensation is that the workman may be com- 
pensated for incapacity to perform his work, and each 
case is decided on its merits at the discretion of the arbi- 
trator. If, in consequence of an accident, a workman is 
compensated by a weekly allowance, that, of course, is 
only payable during the term of incapacity. In the 
case of a —— injury, such as the loss of an eye, 
there should be no question of the person’s capacity asa 
wage-earner being reduced for his lifetime, even though 
he may be able, with the remaining eye, to resume his 
work. Where total or partial incapacity for work results 
from the injury the Act provides for a weekly payment 
during the incapacity—not exceeding 50 per cent. of the 
workers average weekly earnings during the previous 
twelve months, or for any less period, during which he 
has been in the employment of the same employer—such 
weekly payment not to exceed 20s. 

In practice it has been held that partial incapacity will 
be deemed to result from the accident where the appli- 
cant’s chances of finding employment have been lessened 
in consequence, and that it is impossible for him to earn 
the same wages as he might have earned before the acci- 
dent (Clark v. Gas Light and Coke Company (1905), 
21 T.L.R., 184 C.A.) 

An application was made before Judge O’Connor on 
May 11 vy an engineer in the employ of Messrs. er- 
son, of Wolsingham Steel Foundry, in respect of the loss 
of an eye, suffered in the course of his employment on 
February 18, 1909. An ement had been recorded for 
payment of half the weekly wages, and the employers 
now contended that the man had recovered, and had one 
me eye left, and could now resume his trade work, 

ad the injury been of a ye pnd character, and his 
ability to work as formerly had been quite restored, the 
employers doubtless could have determined the weekly 
compensation. 

The workman, although he had a perfect eye, was to 
some extent incapacitated for life, in the sense of incapa- 
city to earn wages, which is all the Act provided for. 
Occupation in the steel workshop of the employers was 
somewhat dangerous, being in the midst of moving machi- 
nery, and it was alleged that a man with one eye had an 
increased risk, and that the consciousness of his infirmity 
might handicap the workman, As the) judge truly re- 
marked, the eye is not only an organ, but part of an organ- 
ism, and that organism the man. The delicate nervous 
system with which the eye is inseparably associated was 
permanently injured by the loss of an eye, and the man was 
naturally unnerved, and his capacity for working amidst 
whirring machinery was lessened as a consequence of his 
accident. On an application for settlement by a lump 
sum, the parties agreed to the judge’s award of a sum of 
971. The employer’s application to determine the com- 
pensation failed use the judge could not say the man 
was as fit to earn the same wages to-day as he was before 
the accident, 

Loss of an Eye—An Extraordinary Award.—The case 
of the engineer at Wolsingham County Court was ended 
fairly, but another case on May 12 at Southwark County 
Court had an ending which is regarded as a miscarriage 
of justice, and is moving readers of The Daily News to 
subscribe for the hearing of the case in the Court of 
Appeal. A domestic servant lost the sight of one eye in 
the course of her employment. For the insurance com- 
pany it was contented that the one eye left does not 
incapacitate the servant for her usual work, and the 
Judge took the view that in her case one eye is practi- 
cally as good as two, and for compensation awarded her 
only the nominal 1d. a week, thus keeping the claim 
open. It may be good law to contend that the Act 
compensates only for the diminution of earning = yr 
and does not compensate for the loss of an eye. It does 
not take into account the loss suffered in the girl's 
“p rance, having regard to her chance of marriageé— 
although appearance counts for much if the girl sought 
employment in a shop or in high-class domestic service. 

‘o the general public the loss of an eye is, in itself, 
reason enough for substantial compensation ; but from 
the point of view of the law of workmen’s compensation 
it is the diminution of wage-earning capacity that is con- 
templated. 

The curious thing in these two cases we have noted is 








that the engineer gets 13s. Gd. a week for two years, 
and finally a lump sum of 97/., whereas the unfortunate 
domestic servant got no weekly compensation and no 
lump sum awarded her. 

Taxt-Cab Owners’ Liability.—The Workmen's Compen- 
sation Act appears to present interminable difficulties to 
the Court of Appeal. Of course, the County-Court 
Judge, as arbitrator, is the final judge of the iacts in 
every case, but it is always a question of law, to be de- 
cided by the Court of Appeal, whether there is legal 
evidence. It may be remembered that in the recently 
reported case of Dogett v. Waterloo Taxi-Cab Company, 
the County-Court Judge awarded 249/. compensation to 
the widow of a driver who was killed by accident in the 
course of his work as.driver. The Judge held that thedriver 
was the daily servant of the Company. The law relating 
tomotor-cabs is thesame as to horse-cabs. In either case the 
owner is liable for the negligence of the driver, and in that 
sense is the ‘* master.” While the master is responsible 
to the public, the Court of Appeal holds he is, in this case, 
not responsible for compensation to the driver, because 
there is no ‘‘contract of service.” The driver is not paid 
any wages, and the driver takes his remuneration in the 
shape of a percentage of his takings. he proprietor 
exercises no control as a ‘‘master.” The driver may 
keep the cab from day today. The County-Court Judge 
relied on the fact of notice that drivers were subject in 
certain circumstances to dismissal. Notwithstanding the 
apparent relationship of master and servant, there was no 
contract of service which is a condition precedent to any 
successful claim under the Workmen’s Compensation 
Act. There may, of course, be cases where the relation- 
ship of master and servant is created by the contract, 
but in this case the relation was one of bailment and not 
of service. Theappeal of the Cab Company was allowed, 
and the widow was held not to have proved that compen- 
sation was due as from master to servant. 








Tue Avustro-Huncarian Navy.—The Austro-Hun- 
garian ironclad Franz Ferdinand attained a speed in her 
trials of 204 knots, her engines working up to 20,600 horse- 
power. The prescribed speed was 20} knots, and the 
engines were to work up to 20.000 horse-power. 





FreNcH TRANS-ATLANTIC NAVIGATION.—The revenue of 
the French General Trans-Atlantic Company for 1909 was 
3,087,998/., while the working expenses of the year were 
2,593,285. From the balance of 494,713/. the sum of 
366,407/. was allocated to the reserves or set apart for 
boilers and repairs, &c. leaving 128,306/. available for 
dividends. 


Conrracts.—The Underfeed Stoker Company, Limited, 
have recently booked orders for 74 of their apparatus dis- 
tributed among 18 British firms, and for 25 apparatus 
for seven foreign firms.—The Paterson Engineering Com- 
pany, Limited have recently booked nine orders for their 
water-purifying plants from British Government offices, 
the provinces, and abroad, a large proportion of these 
being repeat orders. 





Prosect For A Suip CANAL BETWEEN THE TYNE AND 
THE Sotway FirtH.—No one can question the enterprise 
of the British engineer when they read Mr. J. Watt 
Sandeman’s paper, read on Monday, the 23rd inst., at 
the North-East Coast Institution of Engineers and Ship- 
builders, because of the boldness of its conception in 

roposing the construction of a ship canal between the 

'yne and the Solway Firth. It is true that in 1795, 
1817, and 1824, proposals were made for such a canal, but 
only to accommodate barges, the depth to be 9 ft., and 
the cost, in the last-mentioned scheme, 978,000/. Mr. 
Watt Sandeman, on the other hand, proposes a battleship 
canal, with a depth of at least 30 ft. over the lock sills 
at low-water level, a width at the bottom of over 
100 ft., and a cost of 49,900,000/. This is for what is 
termed a ‘‘ low-level canal,” which would afford a quicker 

e, since locks would only be required at each end 
just steve highest tide level. This the author prefers to 
a high-level canal with flights of locks on each side, which, 
although cheaper to the extent of 5,700,000/., would in- 
volve serious disadvantages, in respect of water supply, 
time of transit, and maintenance charges for locks, weirs, 
&c. The eastern entrance would be opposite the vil- 
lage of Ryton; the cost of deepening the Tyne to this 

int is not included. The canal would follow the Tyne 
Valley to a point near Haltwhistle, where the maximum 
depth of cutting would be 300 ft.; thence a tunnel 
94 miles in length, 110 ft. wide, and 126 ft. high, is pro- 
posed through limestone and sandstone. From this tunnel 
which would be straight, the canal would follow the valleys 
of the Irthing and Eden, pass between Carlisle and Stan- 
wix, and join the Solway estuary at the marshes north of 
Burgh-by-Sands. From this point for 34 miles to the 
village of Glasson the canal would be dredged and em- 
banked across a bay of the Solway. For the remaining 
6 miles the waterway would be dredged through Glasson 
Moss and Bowness Common. The western lock would 
be at Cardurnock, whence the channel would be dredged 
for 134 miles through the Solway estuary to the lightship, 
7 miles below Silloth, and 64 miles north of Maryport, 
where there isa ‘‘deep” of 30 ft. at low water, in continua- 
tion of which there is a channel sufficiently deep and wide 
to afford and anchorage to ships. The length of 
the canal between the locks would be 66 miles, the depth 
of the canal would be 36 ft., and its bottom width 148 ft. 
The locks, which would be in duplicate at each end, would 
be 110 ft. wide, capable of passing ships 1000 ft. long, but 
subdivided by three pairs of — to deal with shi 
from 400 ft. to 700ft. long. @ upper sills would 
36 ft. below canal-level, and the lower sills 30ft, below 
the respective low-water levels of the Tyne and Solway, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 18. 

Tue general curtailment in the production of iron 
has depressed the market for coke, and prices have 
declined, at which a few large consumers have placed 
twelve-month contracts at terms that are regarded 
as highly favourable to purchasers. The general 
tendency in the trade is to lower prices, though 
reductions are not general. Bessemer pig iron has 
dropped 0.50, basic has also dropped, and malleable 
has tollowed the same course. This weakness is 
rather surprising in view of the fact that the present 
curtailment is for a brief period only. All the con- 
sumers are independent, as they are making their own 
supplies, and the smaller consumers are influenced by 
considerations which ought not to affect their policy. 
In all the finished iron and steel products buying is re- 
stricted to absolute necessities of the next three months. 
This, of course, does not apply to crude material, in 
which many consumers have covered their wants for 
the rest of the year. Railroad building on several 
western systems, notably in the south-west, will prob- 
ably bring orders to rail-mills for autumn delivery. 
Quite an amount of short-line construction has been 
determined upon. The assurance that railroad interests 
feelin the expansion of agricultural activities makes 
them feel quite willing to anticipate traffic require- 
ments in new localities, It is true that this railroad- 
building enterprise is hampered to some extent by 
antagonistic legislation in Congress. Congress has 
been at odds over a Bill for several months in which 
the railroad interests were seeking legislation that 
would confer upon them privileges and independence 
in the fixing of rates, and in charging as much less for 
a long haul to competitive points as they saw fit. 
Against this combination of powerful influences was 
arrayed the interests of shippers, manufacturers, and 
the general public. The latter ,interests have tem- 
— triumphed, but the crucial contest remains to 
ve fought out in the Senate. As indicative of the 
strength of the opposition to the advancing of freight 
rates a strong representative body of organisations 
from all sections of the United States met in Chicago 
on Tuesday, the 17th, to take action by way of protest 
against the projected advance in freight rates, which 
it is estimated will cost the shipping interests, and 
through them the people at large, upwards of one 
hundred million dollars in extra freights. 








Motor Firk-EnGinrs For SALrorD. — Two powerful 
petrol-motor fire-engines of Merryweather’s ‘‘ Hatfield” 
pattern were recently tested at Salford. Each of the 
machines has a pumping capacity of 450 gallons per 
minute, and is fitted with arrangements for carrying a 
60-ft. fire-escape. When lifting water from a total depth 








Fig. 5. 100-Brake-Horst-Power Gas-ENGINE. 

















Fie. 6. Compressep-ArrR STARTING APPARATUS. 


of 24 ft., pressures of 140 lb. to the square inch were 
maintained on jets 1 in. in diameter. With a single jet 
1g in. in diameter a pump pressure of 120 lb. to the 
square inch was maintained through 25 yards of 4-in. 
diameter hose. The motors had an R.A.C. rating of 52 
horse-power, and the results thus obtained constitute, we 
believe, a record for efficiency. The machines ran with- 


out a hitch from start to finish, and with a remarkable 
absence of vibration, considering the power of the engine. 
The pump is on the reciprocating type. The engines are 
of s ially strong construction to meet the exigencies, of 
fire-brigade work, and can travel at a speed of 30 miles 
an hour on the level. Two similar ones have recently 


been delivered to the London Fire Brigade. 
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APPARATUS FOR MEASURING FEED-WATER’ ON 
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Ir has become a regular practice to measure the water 
passing to the boilers for the generation of steam for use 
respectively in the turbine propelling machinery and 
the auxiliary machinery of warships, in order to deter- 
mine approximately the efficiency of the machinery. 

To-day we illustrate the tank arrangements which the 
Stettiner Maschinenbau-Aktien-Gesellschaft Vulcan 
uses in its determinations of the amount of condensed 
water, and which Mr. H. Féttinger described at the 
autumn meeting of the Schiffbautechnische Gesell- 
schaft, held in Berlin in November, 1909. The title of 
Mr. Fittinger’s paper was ‘‘A New Solution of the 
Marine Turbine Problem.” Figs. 1 to 5 show one 
arrangement of the tanks, Fig. 6 illustrates another 
disposition of the tanks. A special tank is fitted into 
the pipe system between the air-pumps and the hot- 
well. The condensed water flows into this tank and 
leaves it again through nozzles. The tank (Figs. 1 
to 5) is vertically subdivided. The water ‘‘settles” in 
the first compartment ; measurements are made in the 
second compartment. The arrangement measures 
the water consumption of the main engines. As soon 
as steady conditions have been attained in the second 
compartment, the water will assume a certain level, 
which will remain constant if supply and discharge are 
kept equal. The measurement is confined to the ae. 
mination of the height of the water column above the 
middle of the discharge nozzles. If this height is h and 
the open section of the nozzle f. then the mass of con- 
densed water will be Q=c. f. V2 g h, where c is a co- 
efficient. Exact determinations, made under different 
conditions, prove that this coefficient has \ery nearly 
the value 1, provided the nozzles are sufficiently large 
and truly cylmdrical. The dimensions marked in milli- 
metres refer to tanks to deal with 100 cubic metres 
(about 3500 cubic feet) of water per hour. 

The modification of the tank, illustrated in Fig 6, is 
used when the pipe system is not under atmospheric 
pressure. In this case the division is made horizontal, 
and the nozzles, which are opened and closed from 
outside, are fitted into this division. The water flows 





into a jacket surrounding the upper compartment, and 
one into the tank proper above the nozzles, and the 
— « the water above the nozzles is read off on 
teak ge outside. The discharge is from the lower 
“ - in order to render the same formula, 


. /2 7h, applicable, the pressure must be 
ept the same in the two compartments ; for this pur- 
the lateral pipe connection has been added. he 


Ower tank is also provided with a water-gauge ; this 
8 for control, lest the water shuuld not reach 


Gauge serve 











Fig. 2. 







MARINE-ENGINE TRIALS. 
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up to the nozzles. This disposition has of late been 
applied by the Vulcan Company in all trial runs for 
determining the water condensed in the surface pre- 
heaters of the auxiliary machinery. Thesystem is the 
same which the well-known turbine manufacturers of 
Gotha, Messrs. Hansen, have long been using for 
stationary tests in their establishment, and it has proved 
convenient for tests on board. The method has given 
complete satisfaction on torpedo-boats, and has hence 
been adopted by the German torpedo-boat inspection, 
the Imperial yards at Kiel, and also by the Allgemeine 
Elektricitits-Gesellschaft. On the maiden trip of the 
George Washington, which we illustrated in our issue 
of August 27 last, the port quadruple-expansion engine 
consumed from 6.4 to 6.5 kilogrammes of steam per 
indicated horse-power per hour, and 6.8 kilogrammes 
per effective horse-power per hour, as measu 

means of the torsion-indicator on the propeller-shaft. 








THE ASSOCIATION OF WATER ENGINEERS.—The fifteenth 
annual general meeting of the Association will be held at 
York on Thursday, Friday, and Saturday, June ?, 3, and 


Y | Preston, F.G.S. 









4 next, under the presidency of Mr. W. H. Humphreys, 
Assoc. M. Inst. CE. engineer and manager of the York 
Water-Works Company. The meetings will be held in 
the Lecture Theatre of the Yorkshire Philosophical 
Society’s Museum, St. Mary’s Abbey. At the opening of 
the proceedings the Association will be welcomed to York 
by the Right Honourable the Lord Mayor, Alderman 
James Birch, J.P. The programme will include the pre- 
sentation of premiums awarded by the council for papers 
read during the year 1909. The following papers have 
been promised for reading and discussion— viz.:—1. “ Re- 
servoir Outlets,” by Mr. George N. Yourdi, M. Inst. C.E, 
2. ** Notes on the Colour of Waters,” by Dr. Ad. Kemna, 
of Antwerp. 3. ‘‘ The Effect of a Sinking Head on Large 
Castings,” by Mr. Thomas Kennedy. 4. ‘The Welling- 
borough Water-Works and Softening Plant,” by Mr. 
Y. Harrison, Associ M. Inst. C.E. 5. ‘Observations on 
the Permanency of Overflow Springs,” by Mr. Henry 
. A discussion will also take place on 
“The Water-Supplies Protection Bill,” now in Parlia- 
ment. A description of the York Water Works, by the 
resident-elect, will be circulated at the meeting, and a 
escription of the Leighton Reservoir and other works of 
the Leeds Corporation Water Works will be circulated 
among those taking part. in the visit to those works. 
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UNIVERSAL SHEARS FOR CHANNELS, 
ANGLES, AND PLATES. 


Tue need in shipyards for a machine to cut, square 
or mitred, the various sized channels and angles re- 
quired for shipbuilding purposes has, it is claimed, 
been met 8, e machine shown in Figs. 1 and 2 on 
page 680. hile especially built for the marine depart- 
ment of the Maryland Steel Company, Sparrows Point, 
Maryland, U.S.A., this machine is intended for any 
class of iron-workers. It is provided with a copin 
attachment at one end, a plate shear at the other, an 
two angle shears, operating at an angle of 45 deg., in 
the centreofthe frame. The latter havea capacity for 
cutting up to 15-in. by }-in. channels, and 6-in. by 6-in. 
by 1-in., or 8-in. by 8-in. by §-in. angles. The plate 
shear has a capacity forl-in. material. Kachset ofshears 
is controlled by its own clutch, and the machine may 
be operated by different groups of men, all working at 
the same time, and without interfering with each other. 

The frame, plungers, pendulums, clutches, and all 
parts subject to shock are made of semi-steel cast- 
ings. Hammered steel shafts, containing 0.4 to 0.5 
carbon, are used for the shafts, and the question of 
lubrication has been given especial consideration. The 
gears are provided with long sleeve hubs, and the 
covers which protect the gears are bored to receive 
them. The gears in turn support the shafts, which 
have bearing surfaces throughout their length. 

A patent stop motion is used, which automatically 
throws out the clutch on each shear when it reaches its 
highest point. For the coping attachment, which ma 
also be used for punching, the stop mechanism is ad- 
justeble, so that the plunger may be stopped at any 
pe.nt in its down stroke. 

It will be noted by the illustrations that the plates 
for supporting the angles or channels while being cut 
are so placed that they are out of the way of plates 
while being sheared, as the latter pass under them. 

The machine in question weighs about 23 tons. It 
is driven by a 25-horse-power electric motor, and is 
manufactured by the Covington Machine Company, 
Covington, Virginia, U.S.A. 








‘* HELMHOLTz.”—The new periodical, Helmholtz, the 
first number of which we have just received, is de- 
scribed as a journal devoted to exact science with eee 
regard to its applications. It is edited by Dr. T. von 
Simson, and isto be published—apparently as a monthly, 
in large octavo—in numbers of about fifty pages, at the 
orice of 16s. for twelve numbers, in Neustadt-an-der- 

aardt, a small Bavarian town, once the seat of a univer- 
sity. We cannot rr! that the first number quite justifies 
the assumption of the name, though the first article— 
possibly in reminiscence of the fact that Helmholtz was 
originally a physiologist—by Svante Arrhenius, discusses 
the laws of digestion and resorption, on the grounds of 
experiments, made in 1905 by E. 8. London, at St. Peters- 
burg. Harald Lundén briefly describes the Nobel Insti- 
tute for Physical Chemistry at Stockholm, the professors 
of which engage in research, and are not expected to 
lecture ; and J. von Kowalski, of Cracow, gives an account 
of experiments made with the aid of the Elizabeth 
Thom: 0. grants (of Boston), on deviations from Stokes’ 
law conceraing fluorescence. There are other articles. 





Fire Tests with Doors.—Some tests have been re- 
cently carried out by the British Fire-Prevention Com- 
mittee on two ferro-asbestos doors, termed ‘‘ Dreadnought 
doors,” in order to ascertain their fire-resisting capa- 
bilities, the results being vee in ‘‘ Red Book” No. 149. 
The doors were submitted by Fireproof Doors, Limited, 
London. No, 1 test was carried out on an iron-cased 
composite door, panelled on both sides, while No. 2 test 
was applied to an iron-c door, the external faces of 
which had vertical V-shaped grooves on the surface. 
With the first door the effect of a fire of 4 hours’ 
duration at a temperature gradually increasing to 1800 
Fahr., and not exceeding 2000 deg. Fahr., was tried, 
followed by the application of water for 5 minutes on the 
fire side, with a view of classifying the door as affording 
‘Full protection” (Class B). In the case of No. 2 door 
the effect of a fire of 24 hours’ duration at a temperature 
gradually increasing to 1800 deg. Fahr., and not exceed- 
ing 2000 deg. Fahr., was tried, followed by the applica- 
tion of water for 2 minutes on the fire-side, with a view 
of being classified as affording ‘‘ Full protection” (Class 
A). In both doors the s between the plates was 
packed with ‘‘askieselas,” a special fire-resisting ma- 
terial, composed mainly of asbestos and kieselgubr. 
In 17 minutes from the tine the fire was applied No. 1 
door began to bulge inwards, the bulge having increased to 
24 in. at the end of 170 minutes. On the application of 
water at the end of 240 minutes the force of the jet broke 
down the inner steel casing, and washed out the interior 
composition, causing the outer steel casing to bulge out- 
wards; but the fire did not through the door, and 
full classification was obtained. In the case of the second 
test, No, 2 door began to bulge inwards at the end of 
16 minutes, and in 130 minutes the bulge had reached a 
maximum of 3fin. In 110 minutes the channel-iron into 
which the door ran on one side buckled, and parted from 
the brickwork between the third and fourth cleat from 
the bottom, the flame coming through. On the applica- 
tion of water at the end of 150 minutes the force of the 
jet broke down the inner steel casing, as in the previous 
test, and the outer steel casing bulged outwards. This 
door did not o)txin classification. 





ROYAL METEOROLOGICAL SOCIETY. 


THE afternoon meeting, which had been postponed on 

account of the late King’s death, was held at the Society’s 

ms, 70, Victoria-street, Westminster, on Wednesday, 

the 25th inst., Mr. H. Mellish, President, in the chair. 

An address of condolence and homage was adopted for 
presentation to His Majesty the King. 

A paper on ‘‘ The Daily Rainfall at the Royal Observatory, 
Greenwich, 1841-1903,” by Mr. W. C. Nash, was read. From 
the statistics given in this paper it was shown that the 
average annual rainfall for the sixty-three years was 
24.19in. with 157 rain days. The day with the maximum 
number of rain my to its credit is December 5, while 
the days with the least number of rain days are April 18 
and 19, June27, and September 13. There were ninety-four 
occasions during the whole period on which the rainfall 
exceeded 1 in. in the day. e greatest fall was 3.67 in., 
on July 26, 1867. 

Mr. L. C. W. Bonacina read a paper on ‘‘ Low Tempera- 
ture Periods during the Wintcrs 1908-9 and 1909-10.” It 
is often observed that if a given week, month, or other 

riod, in one year is marked by some very special meteoro- 
ogical character with respect to one or more elements 
of weather, the corresponding period the following year 
shows exactly the opposite character. Dealing with the 
last two winters, the author drew attention to four very 
remarkable frosts which stand out prominently—viz.: 
(1) December, 1908, in the South of England ; (2) March, 
1909, in the South of England ; (3) November, 1909, in 
Scotland and Ireland ; and (4) January, 1910, in Scotland 
and the North of England. 

Mr. R. Corless also read a ron ‘‘ The Rate of Rain- 
fall at Kew in 1908,” in which he described a method of 
obtaining information about the rate of fall of rain from 
the records of a self-recording rain-gauge, which yields a 
continuous trace, showing by the position of the pen the 
amount of rain fallen. 








Lasour ExcHANGES IN GERMANY.—According to recent 
official statistics there were during 1909 a total of 462 
labour exchanges in Germany, 372 of which were in 
Prussia and 66 in Bavaria. Work had been found 
altogether for 943,981 applicants, a figure which shows a 
slight decline compared with the previous year. Of the 
above aggregate, 860,901 applicants, as against 932,956 for 
the previous year, had labour found for them through 
labour exchanges belonging to the Union of German 
Labour Exchanges. In view of the fact that the opinion 
is held that labour exchanges would be of greater benefit 
to unskilled than to skilled labour, it is interesting to note 
that, out of the above total, the number of skilled hands 
somewhat exceeds that of unskilled. The labour ex- 
changes are also working satisfactorily as far as agricul- 
tural labourers are concerned. 





PREVENTION OF THE ForMATION OF CoaL-Dust.—The 
sprinkling of the coal with water, which the law enforces 
in some countries in order to prevent dust-explosions, is 
none too popular with masters and colliers. To keep 
vertical faces wet, the sprinkling has frequently to be 
repeated, the atmosphere becomes very damp, and the 
mine muddy, and a good deal of labour is required. The 
new Kruskopf process substitutes a paste for the water. 
This process ie been tried in a Westphalian col- 
liery, and in the experimental gallery of the Westpha- 
lian colliers. Coal which dried in 6 hours when sprinkled, 
remained damp for 3000 hours when treated with this 

aste, and there was penetration of the paste into the 

ssures of the gangue, where ordinarily a good deal of 
water is wasted, subsequently to cause trouble. Com- 
parative experiments showed that a dynamite charge of 
5 grammes produced a coal-dust explosion ; but when the 
coal was treated with the paste, twelve successive charges 
of 160 grammes failed to produce an explosion. When 
the coal was sprinkled with water, the dust caught fire 
after the third explosion. It is, therefore, hoped that if 
certain lengths a the levels are treated in this way, as 
has often been a Cage and tried, the propagation of an 
explosive wave will be effectually stopped. 





Tue Copprk MArKET.—Messrs. James Lewis and Son, 
in their report, dated the 17th inst., state that, from 
55. 17s. 6d. on the 2nd inst. Cash Standard declined, on 
continued unfavourable reports from the United States, 
to 55/. 1s. 3d. on the 4th inst., from which there was a 
reaction next day to 55/. 17s. 6d., and subsequently to 
7l. 7s. 6d. on the 11th inst. Up to 58/. 10s. was paid 
for three months pronipt, the increase in the American 
stocks of 9033 tons advised on the 10th inst. being less 
than was expected, due to an increase in the deliveries 
to consumers, the daily production being slightly more 
than in March. This sudden advance was short-lived, 
and followed by a fall to 567. on the 13th inst. The 
closing values on the 17th inst. were 56/. cash and 
562. 18s. 9d. three months prompt, after 56/. 7s. 6d. and 
572. 5s. had been paid. A considerable business in electro- 
lytic copper was reported from New York—about 7500 
tons in the first half of the fortnight, on the basis of 
12} cents per pound, and further large sales up to 13 cents 
for delivery over the next three months. The largest 


roducers were credited with holding a very large stock, | q 


or which they declined to accept current prices. English 
and Continental manufacturers had bought freely, as 
they experienced a good demand from railway companies 
and engineers, high-conductivity wire being also in good 
patio An active inquiry for sulphate of copper for | 
delivery next season was met by sales from 18/. to 18/. 10s. | 
r ton. The stocks held by producers in the United | 
tates and the public stocks in England and France 
showed an increase of 6008 tons for April, representing the 





excess of production over consumption for that month. 


NOTES FROM THE NORTH. 
Guascow, Wednes¢: y, 
Glasgow Pig-Iron Market.—Last Wednesday mo ing 
the pig-iron market was norm, but a good tone prev iiled. 
The business was limi to 500 tons of Cleveland war. 
rants at 50s. one month, and closing sellers quoted 4{)s. (4d, 
cash, 50s. 1d. one month, and 50s. 84d. three months, 
The tone improved further in the afternoon, when 1500 
tons of Cleveland warrants changed hands at 50s. 14d, 
one month. At the close the quotations were 49s. i(d. 
cash, 50s. 2d. one month, and 50s. 9d. three months 
sellers. On Thursday morning the market was steady, 
and the dealings amounted to 4500 tons of Cleveland war. 
rants at 49s. 94d. cash, with sellers over at 49s. 10d. cash, 
50s. 14d. one month, and 50s. 9d. three months. In the 
afternoon the tone of the market was rather stronger, but 
business was once more very quiet. The turnover consisted 
of only 500 tons of Cleveland warrants at 50s. 9d. three 
months, and closing prices were a trifle firmer at 49s. 104d, 
cash, 50s. 2}d. one month, and 50s. 94d. three months. On 
Friday—the day of national mourning for the late King 
Edward—the pig-iron market, like other markets, was 
closed. When business was resumed on Monday morning 
the market was firm, and Cleveland warrants were done 
at 50s. cash, 50s. 34d. and 50s. 44d. one month, 50s. 104d. 
and 50s. 11d. three months. At the close sellers quoted 
50s. 1d. cash, 50s. 44d. one month, and 50s. 114d. three 
months. The turnover was 4500 tons. In the afternoon 
the market was almost unchanged, and about 5000 tone 
of Cleveland warrants were dealt in at 50s. four days, 
503. 34d. and 50s. one month, and 50s. 10h 
three months. Closing prices were named at 50s. 0id, 
cash, 50s. 44d. one month, and 50s. 114d. three months 
sellers. On Tuesday morning the market was dead idle, 
but prices of Cleveland warrants were nominally steady, 
The quotations given by sellers at the close were 50s. 1d. 
cash, 50s. 44d. one month, and 50s. 114d. three months, 
In the afternoon the market was easier, and about 2000 
tons of Cleveland warrants were done at 49s. 11d. cash, 
50s. 34d. and 50s. 10d. three months. The closing prices 
of sellers were 49s. 114d. cash, 50s. 3d. one month, 
and 50s. 104d. three months. When the market opened 
to-day (Wednesday) the tone was practically unchanged, 
and 2000 tons of Cleveland warrants changed hands at 
49s. 11d. cash and 50s. 10d. three months. At the 
close there were sellers at 49s. 114d cash, 50s. 3d. 
one month, and 50s. 104d. three months. In the 
afternoon the market continued quiet but steady, and 
Cleveland warrants were put through at 49s. 11d. cash, 
50s. 24d. one month, and 50s. 64d. July 27. The busi- 
ness amounted to 5500 tons, and closing sellers quoted 
49s. 11d. cash, 50s. 3d. one month, and 50s. 104d. three 
months. Cash sellers of hematite quoted 663. 3d., but 
there were no buyers. The following are the market 
ee for makers’ (No. 1) iron :—Clyde, 61s. 6d. ; 
alder and Gartsherrie, 62s. ; Summerlee and Langloan, 
64s.; and Coltness, 83s. (all shipped at Glasgow) ; Glen- 
arnock (at Ardrossan), 64s. ; Shotts (at Leith), 62s. ; and 
arron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—There has been little change in 
the tone of the sulphate of ammonia market lately, and 
the inquiry is quiet. The current price is round 12/. per 
ton for prompt business, Glasgow or Leith. The ship- 
ments from Leith Harbour last week amounted to 731 tons. 

Scotch Steel Trade.—Some improvement has made itself 
felt in the Scotch steel trade this week, and producers are 
all fairly busy. The demand for plates is especially good, 
and in some cases it is actually urgent, and not only is 
the demand for local requirements, but Continental con- 
sumers have also been purchasing freely. Makers of 
light plates continue to very well employed, and the 
inquiry for structural material is likewise very satis- 
factory. In the latter connection prices are firm, and, 
indeed, on the rise. 


Malleable-Iron Trade.— Although one or two good lines 
have been fixed up this week, the general tone in the 
malleable-iron trade of the West of Scotland has not 
ey | improved. The local selling price is based on 
6l. 17s. 6d. per ton, less 5 per cent. for crown bars, but 
export rates are a bit under that figure, and makers are 
also being faced with competition from producers on the 
Continent. 


Scotch Piy-Iron Trade.—The main feature in , the 
Scotch pig-iron trade of late has been the easier tendency 
of hematite. At the slightly lower rates which have been 
quoted a fair amount of material has been booked. With 
regard to the ordinary qualities of pig iron there has been 
no change, and producers are making good deliveries 
against contract. Prices are practically unaltered. 


Shipbuilding.—An order has just been placed with the 
Clyde Shipbuilding and Engineering Company, Limited, 
Port Glasgow, to build and engine a steamer of 300 ft. 
keel. This vessel is for a firm of British owners.— Messrs. 
A. McMillan and Co., Dumbarton, have secured an order 
from Messrs. Isaac B. Pearson and Co., Glasgow, for a 
steamer of 9250 tons carrying capacity.—The Ailsa Ship- 
building Company, Limited, Troon, have contracted to 
build a twin-screw mger and cargo steamer for 
Colonial owners. Triple-expansion four-cylinder balanced 
engines will be fitted, and also four multitubular boilers, 
esigned to give the vessel a speed of 18 knots loaded.— 
Messrs. Mackay Brothers, Alloa, have received the order 
to build a small coasting steamer of 500 tons for Liverpoo 
owners. 








British Motor-Boat Civs.—The British Motor-Boat 
Club’s first race meeting this season will be at Erith on 
June 10 and 11. The Whiteun three days’ meeting at 
Lowestoft and Oulton Broad have been postponed until 
September 3, 5, and 6, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The French Tariff.—Difficulties in regard to aie 
tion are still being experienced under the new French 
tariff. In spite of the adjustments which have been satis- 
factorily made, several Sheffield manufacturers are uncer- 
tain how various branches of their trade will be affected, 
and consequently cannot arrive at an exact estimate of 
the general effect of the new duties. In some quarters, 
however, there is not quite such a pronounced pessimism 
as was expressed earlier in the year. The phenomenal 
rush of ordering is, of course, over, but there are manufac- 
turers in Sheffield who do not look upon their market 
with France as being anything like closed. 


Hullamshire Stecl Company.—A net profit of 6670/. is 
shown on the year’s working of the Hallamshire Steel and 
File Company, Limited, according to the report of the 
directors just issued, The total, including a balance from 
last year of 5552/., is 12,222/. Of this, 6000/. is to 
appropriated for a dividend of 40s. per share, and the 
remainder will be carried forward. 


South Yorkshire Coal Trade.—The week has been rather 
aslack one at pits, with the stoppage last Friday, and a 
general demand that is not really vigorous. The inquiry 
for first-grade steam coal has been pretty good, however, 
and recent quotations of 9s. to 93. 3d. per ton at pits 
have ruled. Delivery of contract supplies has been some- 
what accelerated. Second grades are in a weaker posi- 
tion, though, with the reduction of stocks, better prices 
may shortly be obtained. There is a surplus production 
of coke, and slacks are also quiet. Gas-coal contracts are 
being arranged in the district at slight advances. Buying 
is not appreciably more active in the house-coal trade, 
although prices have been reduced. The best position is 
still held by coal of first quality, the price of which remains 
fairly even. Values of secondary sorts have a more un- 
certain tendency. The following are pit quotations :— 
Best house, 9s. 9d. to 10s. 3d. ; seconds, 7s. 9d. to 8s. 6d. ; 
and cheap, 5s. to 6s. per ton. 


Tron and Steel.—The quietness that has marked the 
last few weeks in the iron market is maintained. Hema- 
tite quotations have undergone no official change, though 
a few transactions have taken place at easier rates. The 
reluctance of buyers to face high prices will keep them 
out of the market as long as they have any stocks to work 
upon. East Coast mixed numbers figure at from 74s. to 
75s. 9d. net, West Coast are unchanged, and Lincolnshire 
and Derbyshire common irons show but little fluctua- 
tion. Inthe steel trade the resumption of work has found 
things generally in a better position. A good deal of 
ordering which was looked for earlier has now been done, 
giving more assured prospects in several branches of the 
trade. Home inquires have showna gratifying increase. 
In the case of supplies of engineering and mining 
requisites, this is in part due to the settlement of various 
industrial disputes. One Sheffield firm has just received 
a very big contract for drill steel for South Wales, whence 
have recently come other substantial orders for the min- 
ing industry. South Africa is taking a large quantity of 
best steel, and the demand from this colony is one of the 
promising features of the over seas trade. There is some 
danger that progress may be impeded by the high price 
of steel, for, in addition to recent increases, makers of 
steel bars and billets are now asking for a further ad- 
vance. Foreign and colonial agricultural requirements 
are steadily on the increase, and Sheffield makers of 
scythes and parts for machines are at present dealing 
with a heavy demand. Several Government contracts 
have been placed in Sheffield. Screwing engineers’ 
tackle will be supplied to the Admiralty by two Sheffield 
firms, and fire-hearths by another. Two other companies 
have obtained War Office orders for files. Manufacturers 
of saws, hammers, and general tools are fairly busy. 








Tur Frencn Navy.—The French torpedo-boat de- 
stroyer Spahi, built at Havre, by the Forges et Chantiers 
de la Mediterranée, attained a speed of 26? knots in 
her trials off Cherbourg. 





THE AusTRIAN Luioyp’s.—The revenue of this im- 
portant Austrian navigation company has considerably 
improved this year. The receipts to March 31 were 
ge -, Showing an increase of 61,197/., as compared 

1 the 


corresponding quarter of 1909. 





PrxsonaL.—On and after June 22 the Newcastle Stores 





and (ifices of the Edison and Swan United Electric 
Light ( ompany, Limited, will be removed to Swan’s- 
builc lings, St. James’s street, Leazes Park-road, Newcastle- 
on-Tyne. The management remains in the hands of 
Mr. H. Smith. 
oan ‘\NIUM STREL.—Experiments on the results of the 
Ox ‘ton of titanium to steel have been made at the 
Snabiiicker Eisenwerk. The molten steel of a Martin 


urnace was divided into two equal portions, the one 


a on being used as it was, while titanium was 
a. the other portion, the amount ranging from 
> ole 0.14 per cent. Various steels were treated in 
The way according to Stahl wnd Eisen of April 29, 1910. 
of od Ppearance and composition of the steel were little 
me Se had been the case in previous experiments, 
pee dey titanium percentage was varied between 0.02 
ee per cent. ‘he billets rolled well. The strength 
in the i much improved. This showed particularly 
quite pact Senta, the work done in fracture rising to 
een and four times the original amount. “The 
oe vad the appearance of wrought iron ; the speci- 


gave way slowly, and showed a long fibrous texture. 
The bending tests also indicated aotewerthy toughness. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—After the holidays, and 
the suspension of operations in consequence of the death 
of King Edward, business has been resumed this week, 
but transactions have been on a most limited scale. 
market is certainly more favourable to sellers than it has 
n for some time past, but this is largely due to more 
favourable reports from America, and stronger Stock Ex- 
change business, neither of which have any lasting influence 
on the Cleveland market; at the same time the position 
here is regarded as fairly satisfactory, notwithstanding that 
shipments of pig iron this month fall a good deal short of 
expectations and stocks of Cleveland iron are accumulating. 
No. 3 g.m.b. Cleveland pig can be bought from merchants 
at 503. for early f.o.b, delivery, and that may be given as 
the general market quotations at which both makers and 


be | merchants are prepared to sell, but some of the former ask 


a higher figure, and for certain named brands up to 51s. is 
mentioned. No. 1 Cleveland pig is quoted 52s. 6d. to 
523. 9d.; No. 4 foundry, 49s. 3d: No. 4 forge, 493.; and 
mottled and white, each 48s. 6d. East Coast hematite pig 
is, if anything, rather stronger, but there is practically no 
business passing. Makers are well placed, and, believing 
that values are likely to improve, are not pressing sales. 
Mixed numbers rae | at 66s., though it is understood that 
some second-hands are prepared to dispose of small parcels 
at 65s. 9d. Foreign ore keeps quiet, and values are still 
based on 20s. 6d. ex-ship Tees for Rubio of 50 per cent. 
quality. Supply of coke is plentiful, and average blast- 
— qualities range from 17s. 6d. to 18s. delivered 
ere. 


Manufactured Iron and Stcel.—Very little new can be 
reported concerning the finished iron and steel indus- 
tries, but in the latter a change for the better is notice- 
able. Producers of steel ship-plates and angles, as well 
as railway material, are busily employed, and report a 
fair number of inquiries. Common iron bars are 71.; 
best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing-iron, 
J. 5s.; iron ship-plates, 62. 10s.; iron ship-angles, 7/.; iron 
ship-rivets, 7/. 5s. to 7l. 7s. 6d.; steel bars, 6/. 5s.; steel 
ship-plates, 6/. 10s.; steel ship-angles, 6/. 2s. 6d.; steel 
strip, 6/. 10s.; steel hoops, 6/. 12s. 6d.; and steel joists, 
61. 2s. 6d.—all less the customary 2) per cent. discount, 
Cast-iron railway chairs are 3/. 10s.; light iron rails, 
6l. 10s.; heavy steel rails, 5/. 10s.; and steel railway 
sleepers, 6/. 12s. 6d.—all net cash at works. Iron or steel 
galvanised corrugated sheets, 24 gauge, in bundles, are 
111. 10s. to 127. f.0.b.—less the usual 4 per cent. 








Tron-OrE DeEposiITS OF VANCOUVER AND TEXADA 
Istanps.—The Canadian Department of Mines has re- 
cently issued a report by Mr. Einar Lindeman on the 
above subject, which is of interest. It has only been within 
the last thirty years that anything has been done towards 
the establishment of an iron industry on the Pacific Coast, 
the first attempt in this direction being made in 1880, 
when a small blast-furnace was erected at Irondale, in the 
State of Washington, on American territory, for the manu- 
facture of pig-iron. Its capacity was 10 tons per day, and 
charcoal was used for fuel, the blast being heated. After 
being in operation for six months it was replaced by a 
50-ton furnace, which was reconstructed shortly after- 
wards, and for many years turned out a good grade of 
iron, until, in 1891, it was closed down. | 1901, how- 
ever, the industry was again revived, capital from Penn- 
sylvania was attracted to it, and a company called the 
Pacific Steel Company was organised to operate it. e 
plant was modernised, about 100,000 dols. being spent 
upon it, and the manufacture of pig iron commenced 
again in 1901. The ores used were from Texada Island, 
and from Hamilton, Skagit County, and Washington, 
and they were mixed in the proportion of 700 tons of 
Texada ore to 50 tons of Hamilton ore. Success, how- 
ever, did not follow this enterprise, and the plant was 
soon shut down. Notwithstanding this, new efforts 
were soon made to continue the industry. This enter- 
prise on American territory, bordering the frontier 
of Canada, has stimulated the prospecting for iron ore 
on the coast of British Columbia, and the report we have 
mentioned describes some of the work carried out during 
the summer of 1907 in connection with the iron-ore 
deposits of Vancouver and Texada Islands. It appears 
that the most common iron ore on the coast of British 
Columbia is magnetite, and outcrops of this mineral are 
found both on the east and on the west side of the 
island of Vancouver. The ore almost always occurs along 
with and adjacent to limestone and some eruptive rocks. 
How far the ore extends below ground it is not always 
easy to ascertain, ay the highly magnetic character 
of magnetite can often be taken as a guide. Where 
the attraction is strong, the fact should encourage further 
development. The magnetites of the coast are said to 
be high in iron, some of the masses containing over 70 per 
cent. of iron; it is probable, however, that the ave 
will be more than 55 to 60 per cent. The phosphorus is 
very low, most samples showing a percentage well below 
the Bessemer limit; the amount of sulphur contained 
is, however, high. It might, therefore, be necessary 
to roast the ore thoroughly. In addition to magnetite 
there is hematite in Admiral Island, and limonite or bog 
iron ore has been found in several places at the north en 
of Vancouver Island. The conclusion arrived at by Mr. 
Lindeman is that if a blast-furnace were erected in the 
vicinity of the coal-mines the cost of producing pig-iron 
would be 16 dols. per gross ton, and as the cost of import- 
ing pig-iron into the country is from 22 dols. to 31 dols. 
per ton, the local pig-iron industry ought to be remune- 








rative, 





The | 


NOTES FROM THE SOUTH-WEST. 


| Cardif.—The steam -coal trade has ined more 
| activity, but some buyers appear disposed to adopt a 
waiting policy in the hope of being able to secure better 
terms later on. The best large Admiralty coal has made 
16s. 3d. to 16s. 6d. per ton, while secondary qualities have 
between 15s. and i6s. per ton. The best ordinary 
| smi have brought 8s. to 83. 3d. per ton. The house- 
| coal trade has shown little change; the best ordinary 
ualities have made 15s. 6d. to 16s. 6d. per ton; No. 3 
bondda la has brought 17s. to 17s. 6d.; smalls, 
9s. 9d to 10s. 3d. per ton. No. 2 Rhondda large has been 
quoted at 12s. 9d. to 13s. 3d. per ton ; smalls at 7s. 3d. to 
7s. 9d. per ton. Foundry coke has realised 19s. to 20s. 
per ton, and furnace ditto 17s. to 17s. 6d. per ton. As 
regards iron ore, Rubio has been quoted at 19s. 6d. to 20s. 
per ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Keyham.—The semithery in the North Yard factory 
having proved unequal to the demands made upon it by 
ships in course of construction or repair, it has been 
| necessary to transfer a deal of work to the smithery 
in the South Yard. The Lords of the Admiralty have 
now concluded contracts for the erection of a large 
smitherv on the extension. 


The Swansea Valley.—After the holidays and Royal 
mourning a good spell of activity is anticipated. The 
spelter factories and blast-furnaces have been kept going 
while other works were stopped, it being found costly to 
damp any of the furnaces down, even for a short time. 


Welsh Coal.—The Administration of the Belgian State 
Railways requires 500,000 tons of small steam - coal. 
| Tenders are to be delivered by June 6. The German 
| Admiralty has divided orders for 40,000 tons of best 
Welsh steam-coal between two Cardiff firms—Messrs. 
Paul Merryweather and Co. and Messrs. Simpson, 
Proctor, an The coal is to be delivered between the 
resent month and October. The Great Southern and 
Western (Ireland) Railway Company has let contracts for 
100,000 tons of Griffin Nantyglo large steam-coal. Deli- 
veries are to be made between August, 1910, and August, 
1911. The contract price is about 14s. 3d. per ton free on 
board at Newport. 


The ‘‘ Blonde.” —The plating of the shell of the Blonde 
has been completed within twenty-two weeks from the 
day on which the first of the keel-plates was laid down. 
The riveting of the shell-plating is not completed, but it 
is expected to be finished within a fortnight. The con- 
tractors have only been allowed seven weeks for boring 
and fitting the four shafts, and the launch of the ship has 
been fixed for July 6. If this programme is successfully 
worked out, the first stage a construction will have 
occupied just seven months, 

Pontardilais.—A company which proposes to erect tin 
works at Pontardulais has been registered under the title 
of the Dulais Tin-Plate Company, Limited. The new 
undertaking is to have up-to-date works, consisting of 
four mills and modern wash-house, &c. The erection is 
to be proceeded with at once. The capital of the com- 
pany is to be 25,000/., in 10/, shares. 


Co. 








CoaL-MINING IN GERMANY.—The depth of the German 
coal-pits is rapidly increasing, and an expert has pre- 
dicted that the average depth of the important Dortmund 
district in another ten years will be 2000 ft. or more ; at 
present it averages 1700 ft., the limits being 1000 ft. and 
2600 ft. The country along the River Lippe contains 
coal deposits, which have been tested and found to reach 
to a depth of as much as 3280 ft. These will probably be 
worked before very long. At amine near Chemnitz there 
is a coal-pit 3117 ft. deep, and at Dortmund the maximum 
working depth is 2625 ft. 





Fire Tests with Roor Coverines.—‘‘ Red-Book,” 
No. 151, of the British Fire-Prevention Committee, 
recently published, contains fire tests with roof coverings 
of lead, zine, corrugated sheet-iron, ‘‘ pabco” and ‘* mal- 
thoid” the doors being submitted for test by the Paraffin 
Paint Company, San Francisco, Cal., U.S.A., whose 
London representative is Mr. William Baldwin. The 
materials used were divided into three groups—namely : 
Group L., flat roofs. Group II., sloping roofs; and 
Group III., curb roofs. The first of these groups com- 
pri four different tests in which the coverings con- 
sisted of board and lead, boarding and zinc, boarding 
and reinforced ‘‘ malthoid,” and boarding with reinforced 
“‘pabeo.” The second group consisted of coverings of 
open slating on battens, close slating on battens, close 
slating on boarding, galvanised corrugated sheet-iron 
on boarding, ‘‘ pabco” on boarding, and ‘* pabco” D.S., 
on boarding, while the third group included tests with 
coverings of open slating on rding, close slating on 
boarding, galvanised corrugated sheet-iron on boarding, 
and ‘“pabco” on boarding. In Group I. the test was 
to ascertain the effect of a fire of a limited area placed 
on the top of each roof and allowed to burn for 
30 minutes, followed by the | goa nae of sufficient water 
to quench the fire. Group 11. was to ascertain the effect 
of a fire of a limited area placed on the top of each roof 
and allowed to burn for a period of 45 minutes, followed 
by the application of water from a steam fire-engine for 
30 seconds, while in Group III. the effect of the radiation 
of heat from a fire placed in juxtaposition to each of the 
roofs for 60 minutes was tried, followed by sufficient water 
from a steam fire-engine to quench all the material alight. 
The result of the tests showed that ‘“‘pabco” and 
**mathoid” as roof coverings, applied as descriLed, are as 





fire-resisting as any of the roofing materials which were 
tested 
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COLLEGE TRAINING FOR ENGINEERS. 


Our article on the subject of college training 
for engineers which appeared in our issue of 
February 11 last (page 179 ante), called forth 
a certain amount of correspondence, and the sub- 
ject is one of such great importance that we feel 
compelled to refer to it again. In doing so, we 
would like to first remark that our correspondent 
‘* Perplexed, ” whose letter appeared in our issue 
of February 25, page 241, seems to take all our 
remarks as being directed against himself, per- 
sonally, but this we did not in the least intend. 
We did not suppose that he was ignorant of the fact 
that engineering factories were run for the purpose 
of making money. What we did intend to imply 
was that this is not always made a salient point in 
discussing the question of engineering education ; 
and, further, that it is not always kept in a suffi- 
ciently prominent position in actually educating 
men in our technical colleges. 

On one point, however, if we understand ‘‘ Per- 
plexed” right, we think issue may be joined with 
him, and that is on the question whether or not the 
college is the place in which an engineer should 
receive the greater part of his education. We under- 
stand that ‘‘ Perplexed” assumes that engineers 
must be educated in the college, and further 
assumes that if such men are not successful it is 
the fault of the college. These do not, however, 
seem to us to be fair assumptions, and the question 
is rather whether it is better for young engineers to 
be taught the greater part of their knowledge in a 


es6 | college, or whether it is not better for them to 


acquire it in the shops. 

This is, of course, a subject which cannot be com- 
pletely discussed in a limited space, for the simple 
reason that the requirements of different branches 
of engineering vary considerably, and that the works 
are the better place in which to learn some things 
and the college the better for others. Besides this, 


6ss | the amount of money available varies with different 


men, as well as the time they can devote to their 
education before they have to earn their own living. 
There can be no doubt that the college has many 
advantages in the facilities it affords for acquiring 


e696 | knowledge of abstract principles, as it is not ham- 
696 | pered by commercial considerations, and it ought 
697 | for the same reason to be also in the best position 


to aid laboratory research, though this is not neces- 
sarily always the case ; in some instances the com- 
mercial firms are better situated in this respect. 








In considering the question of what form of 
education will be the best for a Fane man, it 
is as well to have some sort of idea of the kind of 
a job he expects to get when he has finished his 
education. This will, of course, vary greatly 
according to the class of work he intends to take 
up, but for the a majority of cases the only 
road to the higher branches of the profession is 
through the lower ones, and the important point is 
that a young engineer should be fit for some position 
of moderate trust. That is to say, if he is working 
in the drawing-oftice, he must be capable of taking 
charge of the design of minor details; if he is in 
the works, he must be capable of commanding men 
and seeing that any work given them is properly 
executed at the least possible cost. Should he be 
successful he will be promoted to a higher grade, 
and if he is not successful he will not be. More- 
over, he will be expected to take charge of machinery 
and make it go, remedying, by the aid of his own 
common-sense, any defects which may arise. These 
defects will all be in ordinary details, and the amount 
of mathematics necessary to remedy them will usually 
be very small, but the amount of practical expe- 
rience considerable. Mathematics, for instance, 
will not enable a man to cure leaky tubes, yet-the 
whole success of an engine may depend on whether 
the tubes can be kept tight, and the man who can 
keep them so is necessarily valuable. In-such an 
instunce—as, in fact, in all cases of trust—one of 
the most important requirements is to be able to 
manage men. This is largely a matter of detail 
knowledge, and experience as to what they can and 
will do and what they can’t and won't do. In all 
these matters the man who has served in the shops, 
and has kept his eyes open while there, is likely to 
get on a great deal better than the man who has 
had a college education only. The shop-educated 
man will be much more likely to be aware of the 
ordinary difficulties with machines, and will also 
be more familiar with the methods of overcoming 
them. Besides this, he is more likely to succeed 
in charge of men, for the reason that he has worked 
alongside them, and understands them better. The 
greater part of engineering, like other trades, is 
more or less routine work, which has to be carried 
out with variations according to circumstances. 
It does not consist so much in making great in- 
ventions, as in carrying out manufacturing details 
with judgment and common-sense, 

Probably, however, the point on which the shops 
have the chief advantage over the college lies in the 
commercial atmosphere of the place. Everyone is 
trying to make money—this isthe thing thought most 
of, and, from the owner of the factory downwards, the 
whole of the men employed are in business to make 
as much as they can. Everyone is on the look-out 
for ‘‘a rise,” and everyone is therefore looking out 
for what will make him worth one. However high 
up a man has got, he would like to get higher ; and 
however low down he may be, there is a step just 
above him. It may be objected that the gradual 
climbing process does not afford the best criterion 
for choosing the men for the most responsible 
positions, and that a great deal of the knowledge 
which a man needs, and gets, in the subordinate 
positions is of little or no use to him when he 
arrives at the top. Thus a man who is in charge 
of large works will seldom make a detailed drawing 
himself, and still more seldom a tracing, for these 
things can be done for him ata low cost. Similarly, 
he will not work with his own hands. It is, 
however, impossible to command men_ properly 
unless one has a practical knowledge of the work 
they have to do, and, as a matter of fact, it will be 
found that few men have been successful who have 
not learnt these things. The truth is that the 
theory of educating some men specially for the 
higher positions, and teaching them only what will 
be useful to them when they,get there, is impracti- 
cable in every way. The plan of the selection of 
the fittest, on the other hand, works very well 
in practice, and is thoroughly sound. 

It must always be remembered that the positions 
of high trust and large salary are very few in 
number, and that it is only men who have quite 
exceptional ability who can really get to the top. 
The large bulk of any profession must be content 
to accept fairly ordinary jobs, and to get a comfort- 
able living. Education should therefore be con- 
sidered from the point of view of these men, rather 
than from that of the very exceptional few. It 
should further be remembered that those men who 
do get quite to the top do not arrive there until 
many years after the age at which they would leave 
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college. This means that, in the present times 
of rapid progress, things will have changed very 
much since the days when they were at college 
and received their education. or instance, there 
are many good appointments to be had as designers 
of motor-cars, or managers of motor-car works; 
but what was taught in colleges twenty years ago 
about petrol- motors running 2000 revolutions a 
minute / 

A further matter of very considerable importance, 
from the point of view of the young engineer 
anxious to make money, is that nothing is so valu- 
able in the engineering profession as a knowledge 
of business. It is no use whatever designing or 
making machines unless they are what people will 
buy. Machines are, in fact, designed more by their 
users than their makers, and this is on the whole 
right, for the user sees the machine in actual work, 
and therefore is in the most advantageous posi- 
tion to tell in what ways the work can be most 
satisfactorily done. He also knows what best 
suits the men who have to carry out the work, 
and this is a very important thing. In some 
instances, no doubt, users are governed by preju- 
dices, and will not buy the machine which is really 
the most suitable for the job; but these are 
exceptions. In any case, however, there can be no 
doubt that commercial success comes to the man 
who makes what his customers want, and there- 
fore it is important that he should have good 
judgment on this point. In this matter a young 
engineer who works in a shop where customers 
ideas have to be attended to, is more likely to get 
into touch with them than is a man who is brought 
up entirely in a college. Similarly, he is more likely 
to get some idea of how to sell things, and it is 
certain that there are always plenty of jobs for 
technical men who are good salesmen. 

It must not be supposed from the above remarks 
that we consider engineering colleges to be com- 
paratively useless. On the contrary, there can be 
no doubt that they do a vast amount of excellent 
work, but possibly they might be made to do more. 
The outlook of the college ought to be, in many 
ways, wider than that of the shop, as the endeavour 
should be made to teach not what is done in one shop, 
but what is the average practice of manyshops. Most 
shops have some peculiarities of practice, and a man 
brought up in one works only will necessarily only 
learn what is done in those works. The college, 
on the other hand, ought to be able to give some 
idea of the practice of many different works and of 
the principles on which these variations of practice 
are founded. The college ought also to be able 
to teach a great deal of pure theory in a way 
impossible in a works. Undoubtedly there are 
certain vacancies open for purely theoretical men, 
but these are not numerous, and if too many engi- 
neers with purely theoretical knowledge only are 
turned out by the colleges they will get very low 
salaries. Certainly a greater amount of theoretical 
knowledge is now necessary than in days gone by ; 
but it must not be forgotten that there is also a 
great deal more published in book-form, and there- 
fore available to those who do not acquire it at 
college. 

While the advantages of the college in these 
points are admitted, it must not, however, be for- 
gotten that even there theories are mainly based on 
practice. Thus if one learns to determine the 
strength of structures by the calculation of stresses, 
one must remember that the estimation of what 
stress a part will safely bear is only made by 
observing what sizes are necessary in practice to 
avoid breakage. Hence it appears that to secure 
good all-round results a young mechanical engineer 
should certainly spend a considerable time in the 
shops and, if there are funds available, should 
supplement this by a certain time in college. 

An assumption often made in discussions on 
engineering education is that it is at present in a 
very unsatisfactory state, and that the bulk of 
English engineers are not competent. As regards 
the bulk of the men brought up in the various 
engineering works of the country, there does not 
appear to be any justification whatever for this 
assumption. English engineering products, and 
English engineering works all over the world, 
compare, on the whole, very favourably with 
those carried out by the engineers of any other 
country. It is not, of course, ssible that a 
country with a very small population, such as 
England, should hold a commanding lead in every 
single one of the innumerable products of engineer- 
ing, but there seems to be little doubt of the general 





superiority. As England is a country with free 
imports, there is nothing to prevent any foreign 
goods which may be better than the home-made 
ones from being sent here, yet the total amount of 
our imports of engineering products is very small, 
and far less than our exports. It is, of course, 
impossible to send goods to countries which have 
high import duties, but where there is no impedi- 
ment of this kind English engineering products 
certainly hold their own. Further, in many cases 
where import duties prevent goods being sent into 
a foreign country, English engineers have put up 
works there to manufacture their goods inside the 
tariff, and have had no difticulty in competing with 
the foreign engineers in their own country. In 
other cases goods are made there from English 
designs. Again, Colonial development in new 
countries is largely a matter of engineering, and 
the hopeless slowness of the development of the 
colonies of some of the foreign countries, which are 
held up for our example, is notorious. 








ALCOHOLIC FERMENTATION. 

CONSIDERATION of the problems of fermentation 
may appear to be out of place in the columns of a 
journal devoted to the science of engineering, even 
though engineering science plays a part in breweries. 
But the chief value of the study of science lies in its 
generality and unity, and it is tempting for the 
specialist to make excursions into domains which 
are foreign to his particular work. From that 
point of view a glance at the modern aspect of 
the theory of fermentation may be justified, a 
we shall arrive at the conclusion that the real prob- 
lems remain as obscure as they were before the 
days of Pasteur. The statement may sound as 
surprising as it is disappointing. For the busy man 
may believe that the problem was settled—so far as 
we settle any fundamental problem—by Pasteur 
when he summed up his life work in the conclu- 
sion: ‘‘ No fermentation without organism.” The 
belief in this ‘‘ vitalistic theory ” of fermentation 
has been shaken. Fermentation, science now says, 
is caused by enzymes, substances which as yet 
can only be produced by living organisms, but 
which are themselves no more alive than ‘alcohol, 
dye-stuffs, and the ordinary compounds of metals 
and metalloids. We will briefly consider the subject 
in connection with a serics of three lectures de- 
livered at the Royal Institution in April, on ‘‘ The 
Modern Development of the Problem of Alcoholic 
Fermentation,” by Dr. Arthur Harden, F.R.S., 
head of the biochemical department of the Lister 
Institute, London. 

That fermenting sugar yields essentially alcohol 
and carbon dioxide was proved by Lavoisier. Gay 
Lussac showed that the reaction may quantita- 
tively be expressed by the equation: C, H,, O, 
(sugar) = 2 CO, (carbon dioxide) + 2C, H,O (ethyl! 
alcohol). The yeast was regarded as unessential, 
until Theodor Schwann (1837) and others demon- 
strated quantitatively that the yeast, played a most 
important part, and that the yeast-cell seemed to 
live on sugar. This view was derided by the great 
chemist Berzelius, of Stockholm, and even Justus 
von Liebig criticised it in a humorous vein. 
According to Liebig, the oxidic decomposition of the 
yeast caused chemical movements which were 
transferred to the sugar. That the germs in the 
air would produce fermentation and decay of or- 
ganic matter, unless kept off by filters of cotton 
wool, was shown by H. Scliréder in 1853. The work 
of Pasteur (1822 to 1895) at last secured general 
recognition for the vitalistic theory. It is now 
known, however, and was peed recognised then, 
that the yeast-cell, regarded as a body assimilating 
sugar, works at a very poor etticiency. The yeast 
assimilates only 1 per cent. of the sugar in which 
it thrives ; 95 per cent. of the sugar is converted 
into alcohol and carbon dioxide, and 4 per cent. 
into glycerin and other compounds. 

Already, in 1858, Moritz Traube had asserted 
that the fermenting agents were certain compounds 
{the enzymes) occurring in the yeast-cell and in 
other organisms. Pasteur searched for such 
enzymes (alcoholase, he called the alcohol enzyme) 
without success. Eduard Buchner, a Berlin chemist, 
and his brother, Hans Buchner, a bacteriologist in 
Munich, found the yeast enzyme soon after Pasteur’s 
death, and the modern science of enzymes owes much 
to E. Buchner. The yeast-cell is a small bladder-like 
organism, containing within an elastic membrane 
(which is mechanically strong, though permeable) 
the living protoplasm, liquid and solid albuminoids, 








In order quickly to isolate the contents, which are 
subject to spontaneous decomposition, Bucliner 
ground the dry cells down with quartz and kiecsel- 
guhr in an agate mortar. The mass turned into a 
brownish paste, which, strongly compressed, yie!ded 


a clear liquid, yellowish brown in colour, which 
fermented most sugars, but not the unferment:})le 
milk sugar, and not so quickly as yeast. The 


fermentation produced by this yeast-juice micht 
have been due to the living protoplasm or to the 
presence of some undestroyed yeast-cells. But the 
yeast-juice could be heated to moderate tempera- 
tures, though not be boiled; it could be mixed with 
chloroform, toluol, acetone, and other substances, 
which will kill any organic life, and protoplasm 
in particular ; it could be filtered through porce- 
lain, be dried in a vacuum, and it remained yet 
active asaferment. Thus an agent had been found 
—and various enzymes were later traced and proved 
to resemble common, though complex, organic 
compounds—which was certainly not alive in the 
ordinary sense and yet capable of producing fer- 
mentation. Pasteur’s dictum, ‘‘No fermentation 
without organisms,” could hardly be maintained. 
The yeast-juice contains, in addition to the 
albuminoids which coagulate on boiling, and to the 
fermenting enzyme proper, or zymase, other diges- 
tive enzymes which cause its own deterioration. 
On the other hand, it contains substances which 
favour fermentation. This latter side of the pro- 
blem has particularly been studied by Dr. Harden, 
at the Lister Institute. The researches are very 
elaborate ; nothing but the most painstaking 
systematic quantitative investigation is of any 
use. The favourable influence of phosphates, 
which apparently play so important a part in 
the phenomena of growth, was soon recognised. 
When phosphates are added to yeast-juice, the 
rate of fermentation rises rapidly at first, finally to 
come down to the initial rate; a renewed addi- 
tion of phosphate has the same accelerating 
effect. The phosphates were partly applied 
in the boiled, and thus sterilised, yeast-juice. 
Almost any phosphate will do, and there is a 
definite chemical reaction between the phosphate 
and the sugar, and a quantitative relation between 
phosphate and fermentation. In the fermented 
liquid the phosphoric acid can no longer be precipi- 
tated by magnesia in the ordinary way ; but it can 
be pee by acetate of lead. The phosphate 
has combined with the sugar to a hexosephosphate, 
which is a stable acid, some of whose salts have the 
fortunate, and somewhat unusual, quality of being 
less soluble in hot water than in cold water. 
There are other remarkable points. The various 
sugars—glucose or dextrose (different names for 
grape sugar), levulose (fructose, or fruit sugar), 
mannose—all give the same hexosephosphate ; but 
when the hexose is afterwards decomposed—it 
undergoes hydrolysis with reliberation of the 
phosphoric acid—fructose is found to predominate, 
so that the same conversion of one sugar into 
another is accomplished by the fermentation, which 
can be effected by other means in the _labora- 
tory. When too much phosphate is added to 
yeast-juice, the favourable influence on the rate of 
fermentation ceases. Of the very many other salts 
—nitrates, sulphates, chlorides, &c.—tested by 
Dr. Harden, only arsenates and arsenites increase 
the rate of fermentation, but not in the same 
manner. Their effect is much more lasting, provided 
the concentration of the arsenate be not carried too 
high, when it acts like a poison. Too concentrated 
solutions, even of sugar itself, we should add, will 
not ferment. ; 
Another series of experiments on_the dialysis of 
fresh (not boiled) yeast-juice led Dr. Harden to 
peculiarly interesting results, though they rather 
seem to obscure the issue. When a colloidal solu- 
tion, ¢.g., of ferric hydrate (which consists of ferric 
hydrate dissolved in an excess of the ferric chloride 
from which the hydrate was precipitated) is dialysed 
—i.e., placed in a cell which is closed by a mem- 
brane, and the cell lowered into water—the mineral 
salt passes through the membrane into the water, 
while the colloid, being unable to permeate through 
the membrane, remains in the cell. As the ordi- 
nary dialysis of yeast-juice would have been too 
slow a process, for the juice would decompose, 
the juice was filtered through a Martin candle, 4 
device due to Professor J. Martin, director of the 
Lister Institute. This candle consists of a tubular 
filter, made of biscuit porcelain, of the Pasteur- 
Chamberland type, whose walls are impregnated 
with gelatine and which is jacketed with a brass 
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casing; the liquid is forced into the inner tube 
by a pressure of about 50 atmospheres, and blood 
serum, proteins, &c., are dialysed in this way. 
This dislysis separated the fresh yeast-juice into 
two portions, neither of which would alone produce 
fermentation, but which became active as ferment- 
ing agents on being re-mixed. Thus Dr. Harden 
distinguishes the enzyme proper (the residue) from 
the co-enzyme (the filtrate). When acetone yeast 
is washed with water, the residual powder will 
not ferment sugar, nor will the washings ; re-mixed 
the two become active again. 

The dual character is repeated in many physio- 
logical processes ; the enzyme which splits up fats 
in the animal system seems to be so constituted, 
for instance. When foreign blood is introduced 
into some living animal, the animal system pro- 
duces a protective substance, which breaks up the 
foreign blood corpuscles; this substance is also 
dual, and the one component is more easily de- 
stroyed by heat than the other, as Dr. Harden 
demonstrated. As none of the enzymes have so 
far been isolated in the pure condition, biochemists 
have to rely on such reactions, and the law of mass 
action, which holds for purely chemical reactions, 
does not apply to these processes. When hydro- 
iodic acid is decomposed by hydrogen peroxide, the 
rate of decomposition depends upon the amounts 
of both the reagents present ; when more acid or 
more peroxide is added, the rate is accelerated. 
This is a purely chemical reaction. But the rate 
of fermentation is not increased by increasing the 
sugar concentration. 

That the fermentation goes on inside the yeast- 
cell was established by Mitscherlich. Recent re- 
searches have disclosed the fact that the yeast- 
cell contains, among other constituents, glycogen, 
which is there converted into sugar and fermented. 
When, however, glycogen is brought in contact with 
yeast, it will not ferment, because the glycdgen does 
not penetrate the yeast membrane. This glycogen 
of the yeast seems to be identical with the glycogen 
which is contained in the animal system and 
stored up in the liver and muscles as a reserve for 
sugar. The formation of glycogen then appears to 
accompany fermentation, but what really goes on 
in the yeast-cell remains dark. There are possibly 
several yeast enzymes and co-enzymes; their 
chemical constitutions are unknown, and the whole 
subject is as obscure as any life problem. 

The reader may feel a certain suspicion that 
the enzymes are not dead, and this not merely in 
the metaphysical sense, in which nothing is abso- 
lutely dead. The enzymes are not quite insensitive 
to antiseptics, to which we have already referred. 
In this respect they differ from organisms in degree 
only. Human beings cannot survive a temperature 
of 45 deg. Cent., at which the cell globulin coagu- 
lates. On the other hand, certain protophyta live 
in hot springs at 93 deg. Cent. Perfectly dry 
yeast may be heated to 85 and even 97 deg. Cent. 
without losing all its activity. It is largely a 
question of moisture. Spores can resist 100 deg. 
Cent., as well as the most intense cold, and appa- 
rently-destroyed life is often merely arrested life. 

We have already pointed out a general lesson 
which these investigations emphasise. Qualitative 
experiments and rough quantitative tests will not 
elucidate problems in which many obscure factors 
are concerned. Itis only by systematic quantitative 
research and tests, such as Dr. Harden performed 
during his lectures, that real progress can be made, 
though it be slow progress. There is still too much 
inclinat on among some engineers to rely on a few 
qualitative tests which may mislead rather than 
guide. — They have an excuse, of course. A real 
Scientific research requires ability, perseverance, 
and means, which cannot always be secured. 








METAL-WORKING IN JAPAN. 

At a meeting of the Institute of Metals, held 
on Tuesday evening last, at the Institution of 
Mechanical, Engineers, Professor W. Gowland, 
sey delivered a lecture on the ‘* Art of Working 
Metals as Practised in Old Japan.” In opening his 


discourse, he said that Japanese methods were of un- 

— ‘nterest to metallurgists and craftsmen, being 

— ‘que in character, excellent results being 
ec 


ced 2 many cases with crude appliances. Gold, 
oer, wal copper, with the addition of iron and tin, 
Chi, a only substances recognised as metals in Old 
plana Japan, being known as the five metals, 
with supposed to have some mystic connection 

the five colours and the five planets. They 


were, moreover, not considered to be simple bodies, 
but a combination of masculine and feminine prin- 
ciples under the influence of the sun, and thus 
capable of transmutation one into the other. Gold 
was called the king of the five metals, because it 
never rusted and could be repeatedly re-melted 
without loss of weight. It was believed that under 
special conditions the other metals could be trans- 
muted into gold, but as it was held that even 
celestial agencies, acting under the most favourable 
conditions, would need 200 years for the operation, 
the occult science of Hermes and Albertus Magnus 
had not been practised in Japan, where there 
were no records of attempts at transmutation. 
The original source of the gold was the sands of 
the rivers. Later, veins in quartz were discovered, 
and the gold obtained by powdering the quartz, 
and washing out the gold by passing the powder 
through troughs lined with cotton cloths. So 
skilfully was this operation effected that veins 
were worked which would not pay with ordinary 
Western methods. No wages were paid the work- 
men, who were, however, entitled to any gold-dust 
adhering to their clothes, and it was rumoured that 
on occasion even nuggets became thus accidentally 
attached. 

The old voyagers gave glowing accounts of the 
amount of gold found in Japan. This view was 
based on the misconception that the sheets they 
saw ornamenting the temples and buildings were 
gold, whereas they were really copper with a 
slight coating of gold. The sumptuary laws of Old 
Japan, in fact, proved that gold was but sparingly 
used. These provided that all officials below the 
sixth rank should not wear gold save on their 
armour, swords, or official robes. As a consequence 
up till recent years the only gold jewellery worn 
by a Japanese lady consisted of a hair-pin, and 
by a Japanese gentleman of the mounts on his 
sword, pipe, or tobacco-pouch. 

The great demand for gold arose with the intro- 
duction of Buddhism, for the ornamentation of the 
temples by gilded copper plates, and a similar use 
of the metal was made by the Shintoists. The 
gold leaf used for this purpose was very thick. In 
China, the speaker had seen gold leaves weighing 
seven to the ounce. The process of applying the 
gold to the copper was very simple. The object to 
be coated was immersed in vinegar made from the 
juice of unripe plums, which cleaned the surface. 

he article was then washed, dried over a brazier, and 
its surface amalgamated. To this surface the gold 
was then applied and the mercury volatilised by heat. 
Gold plate, Praia Gowland continued, was prac- 
tically unknown even in the wealthiest Japanese 
families, who possessed nothing of gold save tiny 
wine-cups and pipe-mounts. In the Shinto temple, 
to the Sun Goddess at Issy, there were, however, 
two large caskets, weighing 300 oz., which in 1883 
it was decided to melt down and replace by new. 
The speaker was in charge of the re-melting, and 
was particularly careful to insist on some of the 
riests being present during the operation. The 

tter were surprised to find that the resulting 
ingots were white, and, in fact, subsequent assay 
showed that the metal contained about 16 per cent. 
of silver, though the caskets had been given the 
colour of gold by a process to which he would refer 
later on. 

The early gold ornaments were made of very 

ure gold, and this wasnever alloyed with copper, 
but with silver only. As years went on, however, 
the coinage became debased and the jewellers fol- 
lowed suit, so that ornaments produced in the last 
century contained but from 35 per cent. down to 
12 per cent. of gold, yet were all indistinguishable 
to the eye from pure gold. 

The first Japanese mint was established in the 
sixteenth century, up to which time the gold cur- 
rency had consisted of dust carried in quills or 
small paper packets. The mint, in addition to 
issuing coins, also produced gold bars, to be held in 
store as a reserve against famine, pestilence, or 
war. These bars measured 13 in. by 8 in. by 5 in., 
and it was forbidden to use them to cover ordinary 
expenditure. This system of creating a gold reserve 
for emergencies began, the speaker stated, four or 
five centuries ago. The methods adopted in the early 
mints were for the most part identical with those 
practised elsewhere. The assay was made by the use 
of a touchstone of black silicious shale, the streak 
made on this by a sample under investigation being 
compared with the streaks made by alloys of known 
composition. No acid whatever was used, and, where 





the alloy contained silver only, the method proved 








extremely successful, and the speaker had him- 
self habitually made use of it for the purpose of 
estimating what weight of a specimen should be 
taken for a regular assay. It gave results correct 
to about 1 part in 1000. Where the alloy was 
copper a curious method was employed to deter- 
mine if there was too much of the latter. The bar 
was heated to redness, and then wiped across with 
a piece of pine- wood, following which it was plunged 
into water, when the resulting colour indicated the 
amount of copper present. 

As already stated, in Old Japan gold was alloyed 
with silver only, so that the coins were nearly all 
naturally white. To give them a gold colour, the 
silver was dissolved from the surface by a process 
which left on it a layer of gold of considerable 
thickness. This plan was followed by all art- 
workers up to the present day. 

Silver, Pocdemet Gowland continued, had been 
in use in Japan from very early times, and had 
always been more abundant than gold, though its 
colour had unfitted it for the gorgeous display 
desired by the builders of Buddhist temples. 
After the Civil War the metal came largely into 
use for sword and pipe mounts, particularly as 
alloyed with copper. These alloys were given the 
appearance of pure silver by methods similar to 
those used to colour the gold-silver alloys. The 
value of a silver-copper alloy was also determined 
by use of the touchstone, and an expert could 
thus estimate the value of a rich alloy correctly 
within 1} to 2 per cent. 

If too impure, such alloys were cupelled with 
lead, and the process was so skilfully conducted 
that the resulting silver was never less than 98.5 
per cent. fine, and often 99.7 per cent. The alloy 
was generally used in the old days because the 
pure metal was difficult to cast free from cavities, 
and was not hard enough. Until the nineteenth 
century, however, sword ornaments usually assayed 
94 per cent. silver. The metal then became de- 
based with copper. In casting it the metal was 
melted in a hole in the ground and cast under water 
in linen moulds. In this way the surface of the 
ingot remained clean, and not coated with oxide of 
copper. To give this debased metal the colour of 
silver it was first heated to redness over a brazier 
and then boiled in plum vinegar mixed with salt, 
which was followed by a second boiling in vinegar 
alone. This dissolved out the copper from the sur- 
face, leaving the latter of pure silver. The method 
was still in common use, and was effective, even 
when the alloy contained but 15 per cent. of 
silver. 

The principal specimens of Japanese metal art 
work were not carried out in pure gold or silver, 
but in certain alloys, such as Shibuchi, a term 
meaning 1 in 4, and the alloy consisted of 1 part 
silver to 3 of copper.. Another alloy was Shakudo, 
which was copper containing a small quantity— 
viz., from 4.16 to 0.49 per cent.—of gold. To 
get the best colour with this alloy, however, 
the gold content should not be less than 3 per 
cent. These alloys were essentially Japanese, 
and were unapproached in beauty of surface b 
Chinese metal-workers. Shakudo gave deep or | 
tones of black, and took a splendid polish, making 
it particularly suited as a ground for inlaying. As 
cast the alloy looked just like gun-metal, and to 
produce the special patina the object, after burnish- 
ing was boiled in a lye of wood ashes. Then, after 
polishing with charcoal, it was immersed in plum 
vinegar mixed with common salt. Following this, 
it was washed first in weak lye, and then in water 
to get rid of the alkali, and digested in a mixture of 
copper-sulphate verdigris and water, until the 
desired patina was produced. 

The Japanese metallurgists, Professor Gowland 
continued, were still adding to the number of their 
alloys, and his late assistant, Mr. Koga, had pro- 
duced from captured bronze Chinese guns, an alloy 
which was used by the Government for the medals 
presented to the troops. This, though containing 
no gold, took a very fine black patina. It was 
made by melting the bronze with a small amount 
of an iron-arsenic speiss, assaying 60 per cent. of 
iron and 32 per cent. of arsenic. After the medals 
were struck they were given the desired patina by 
treatment with a mixture consisting of 2} grammes 
of copper sulphate and 8.3 grammes of verdigris 
dissolved in 2 litres of water. 

The Shibuchi alloy, though nominally 1 in 4, 
often consisted of 1 part of silver to 2 parts of copper. 
As cast, it was indistinguishable from gun-metal ; 
but treated similarly to Shakudo, it took a patina 
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of various grades of gray which were afforded by no 
other alloy. 

Copper, the speaker continued, was emphatically 
the metal of Japan, being used not only for bronze, 
but in many other applications. The furnaces used 
in reducing it were of ancient origin. Originally 
small, they had been increased in size, so that they 
were able, even during the past two centuries, 
to supply the native demand for the metal. They 
were still in use in the case of small and remote 
mines, though the larger and more accessible had 
modern plants. Some of these furnaces seemed to 
him eminently adapted to the needs of prospectors, 
and for use in the first development of a mineral 
property. For blast purposes two forms of bellows 
were used. The smaller type consisted of a 
wooden box, in which was reciprocated a wooden 
piston pce with feathers. This was a double- 
acting blower, and could be knocked up at need 
by any carpenter. Another and more powerful 
form consisted of a box on the ground covered 
by a weighted plank supported see-saw fashion 
on a central knife-edge, the latter dividing the 
ground box into two chambers. Inlet valves were 
provided on each half of the see-saw plank, and 
the bellows were worked by men at each end 
stepping on and off in alternation. This system, 
worked by eight men, was used for the production 
of large bronze castings, and could supply enough 
blast to melt 2 tons of cast iron in an hour. The 
men got each 1d. per hour for their work. 

The furnace was arranged below the ground line, 
and consisted of a hole in the ground 15 in. to 
18 in. in diameter and 14 in. to 15 in. deep, lined 
with very refractory clay. On its edge rested the 
blast-pipe. If a charge of 600 lb. of copper ore were 
to be reduced, it was divided into four equal 
parts. A fire was made at the bottom of the fur- 
nace, and as soon as this was well alight, a layer 
of ore was put in, followed by another of charcoal, 
Other layers were subsequently added, so that by 
the time the 150 Ib. of ore was in, there was a pile of 
mixed charcoal and ore standing above ground- 
level. As the charcoal burned away the pile sank, 
and then the second portion of 150 lb. was added 
in the same way, the mancuvre being repeated 


OF CIVIL ENGINEERS; DESIGN 


MILLER, F.R.I.B.A., ARCHITECT, 
(For Description, see Page 688.) 


JAMES 





—_— 


FOR THE NEW BUILDING. 


GLASGOW. 








until the whole of the original 600 lb. of ore had 
been treated. The result was a copper regulus or 
matt. If this were sufficiently rich, the bellows were 
brought from the back to the front of the furnace 
and the tuyere directed down on to the molten matt, 
thus burning out the sulphur from the surface. In 
no case did the tuyere dip below the surface of the 
molten metal. As the metal was refined it was re- 
moved in rosettes, formed by sprinkling water on to 
the molten mass and removing the layer thus soli- 
dified bya bar. The copperthus prepared wasusually 
argentiferous, and from it the silver was extracted 
in a very ingenious way. To this end the copper 
was put back in the furnace and melted with lead. 
When molten a cold iron ball was plunged into the 
metal, and round it a solid skull then formed. The 
ball was then withdrawn, and the skull knocked 
off. After cooling the ball, it was again used to 
withdraw another skull. The advantage of this 
system was that the lead and the copper forming 
the skull were cooled so quickly that they had not 
time to separate. These skulls were taken to a 
charcoal furnace, having a temperature below the 
melting-point of copper, but above that of lead, 
and in this the lead was melted out of the copper 
sponge. The lead as it ran out carried with it 
not only the silver, but also most of the arsenic and 
antimony, and all the bismuth. This, Professor 
xyowland said, was the only known method of 
removing bismuth from copper by a melting pro- 
cess. The copper, after undergoing this treat- 
ment, generally contained less than 10 oz. of 
silver to the ton. 

The silver was extracted from the lead by cupel- 
lation. To this end a square hole was formed in 
the ground and filled in for two-thirds of its 
depth with burnt clay, and the remainder with 
wood ashes washed clean from soluble salts. A 
cavity was formed in the ashes, and a wall having 
been built up around it, the charge was placed in 
and the blast started. When hot the charcoal was 
raked away from the surface of the metal, but 
maintained around the sides. The blast playing on 
the molten surface converted the lead into litharge, 
which was raked off, and ultimately the whole of 
the lead was oxidised and the silver obtained. The 











method, the speaker said, was a capital one for the 
prospector. 

Continuing, Professor Gowland said that the 
copper, after refining, was cast under water in 
canvas moulds, which lasted a very long time. He 
showed one which had been used at Osaki, and 
through which more than 100 tons of copper had been 
passed. The water-trough was about 2 ft. longer 
than the mould, 6 in. wider, and about 14 in. deep. 
Near it were maintained a caldron of boiling water, 
and another of cold water, and these were used 
to bring up the temperature of the trough to 
between 150 deg. and 175 deg. Fahr. If the tem- 
perature fell below the lower limit, there was a 
danger of explosion; whilst if higher than 175 deg. 
Fahr., the casting would lack the desired brilliant 
colour. For melting the copper, in producing cast- 
ings, crucibles were used of a peculiar form. These 
had to be very thick, as no very refractory clay was 
found in Japan, and they were heated by fire inside. 
The furnace used was a cavity in the ground, the 
space between the crucible and the walls of this 
cavity being filled with powdered charcoal. The 
crucible itself was filled with ignited charcoal, and 
then the copper to be melted was added in frag- 
ments and allowed to melt very slowly, so that it 
trickled in drops in front of the blast of air by 
which the fire was maintained. In this way the 
sulphur in the copper was burnt off. The pouring 
of the melted copper was effected very gently. 
As soon as the cake was solid it was taken out 
with tongs and held for an instant in the steam of 
the boiling caldron, an operation which gave the 
metal cake its peculiar colour. To get the best 
results, as to this colour, it was necessary that the 
copper should contain 0.1 to 0.2 per cent. of lead, 
which was accordingly added to the metal in the 
pot. Oxide of copper was removed by holding 4 
stick of charcoal in the molten metal till it became 
tough. A very large quantity of copper was used 
for spouting and for roofing, as well as for making 
bronze. : f 

The bronze - founders underwent a five or Six 
years’ apprenticeship, during which they served 
their masters, not only in the foundry, ut 4s 
domestics, being treated as subordinate members ° 
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the family. The methods of casting presented 
some peculiar features. In the first place an 
object such as a vase was always cast without 
a bottom. This plan was adopted owing to 
the nature of the core used. he latter was 
built on a collapsible wooden framework, which 
was wound round with bamboo strips and then 
coated with clay to a considerable thickness. The 
artis: then covered this clay with wax, on which he 
worked his design in relief or bas relief. When 
compiete, the wax was carefully painted over with 
> of clay, making a coat of considerable 
ee Further clay was then added by 
— completing the mould. The wooden collap- 
Stble Tramework was then removed and the wax 
melted out. 
red 
hot 
was 
by 
two 


Before casting the mould was made 
hot, all Japanese bronzes being cast in 
moulds. To heat the mould a wall of slabs 
built round the mould, and the latter heated 
nted charcoal within and without. After 


red three hours it became hot, and the tem- 
perature was maintained for another hour. 





The 





CIVIL ENGINEERS; 
JAMES MILLER, 


READING 


Seve 8s. 9 


F.R.I.B.A., ARCHITECT, 
(For Description, see Page 688.) 





DESIGN FOR THE NEW BUILDING. 


GLASGOW. 


PLAN 


FLooR 












Counce 


COMMITTEE 
Room 





a9 .o 8.4 F 


























pPaeartrnce s 





room 





UPPER Part 


or 


mould was provided with four in- gates about 
half-way up, and there were three additional at 
the top. The bronze was melted in a cupola, and 
when it was nearly ready the charcoal was removed 
from around the mould, which then rested on four 
bricks on the foundry floor. Four men filled the 
mould through the lower in-gates. These were 
closed by clay stoppers when the metal reached 
their level, and the remainder of the mould 
was then filled by the three upper in-gates. 
During the whole operation of pouring two men 
kept tapping the mould in different parts with 
very light sticks, so as to dislodge any air. 
On removal from the mould the casting required 
little or no trimming. A bronze-founder, he said, 
kept a stock of cupolas of all sizes. These were 
built up of segments, the lower one being of cast 
iron lined with fireclay. The cupolas were thus 
portable, and, if a heavy casting of 30 to 40 tons | 
were required, the cupolas were taken to the spot 
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and the casting made in situ. 
The alloys used varied much, assaying 71 to 89 






LECTURE THEATRE 


per cent. copper, 2 to8 percent. tin, and 5 to 15 per 
cent. lead. A little arsenic and antimony was also 
added in order to secure hardness and patina. The 
latter was mainly due to the lead present. These 
alloys had all low melting-points, and were very 
fluid when hot, taking very sharp impressions. 





EMPLOYERS 
AND WORKMEN ACT, 1875. 

Tuts Act, no doubt, had for its object a cheap 
and expeditious mode of settling disputes between 
employers and workmen. Where an employer 
made a claim against a workman for breach of con- 
tract of service, and the workman counterclaimed 
for wages due, the County Courts and the Courts 
of Summary Jurisdiction acquired under the Act 
enlarged powers, which could not be exercised in 
such cases by the High Court. 

The most serious objection to the operation of 
this Act is that the County Court may deal with 
one part of the dispute, while the magistrates in the 
Court of Summary Jurisdiction may deal with 
another. The interpretation of the Act is difticult, 
for in a case of Kates r. Lewis Merthyr Con- 
solidated Collieries, Limited, the decision of the 
magistrates for the Petty Sessions of Pontypridd, 
Glamorganshire, was taken to the Divisional Court 
and there upheld by the unanimous decision of three 
judges. The matter concerned a trifling amount, 
but as an important principle was at stake affecting 
colliery workers, the workman’s case having been 
decided against him by the magistrates and by the 
Divisional Court, it was taken to the Court of 
Appeal, when interesting judgments were delivered 
in support of the previous decisions by Lord Justice 
Vaughan Williams and Lord Justice Farwell, while 
a judgment to the contrary was delivered by Lord 
Justice Fletcher Moulton. 

The facts of the case were simple enough. The 
Collieries Company at the Pontypridd Sessions 
claimed damages against Eates, who, with other 
workmen, was absent from the colliery without leave 
on April 30, 1909, thus stopping the colliery for 
the day. 

On August 19 the magistrates found there had 
been a breach of contract of service, and awarded 
the employers 5s. 9d. damages and 5s. 6d. costs, 
and at the request of the employers’ solicitor, ascer- 
tained the wages due to the workman, and in 
accord with the Act of 1875 adjusted the — 
claims for damages and wages, and set off the one 
against the other. 

On appeal to the Divisional Court the workman 





686 





ENGINEERING. 


(May 27, 19106. 








contended this adjustment was illegal, on the ground 
that there was no claim for wages before the 
magistrates, and that at no time before the pro- 
ceedings had any claim been made by the workman, 
and that therefore the employers who made the 
claim for damages had no right to have the damages 
and wages set off by adjustment of the magistrates. 
It was contended that if there was no claim for 
wages there was no jurisdiction to comply with the 
request of the employers’ solicitor. The magis- 
trates held that, according to Section 3, Sub-Sec- 
tion 1, of the Act of 1875, the pay-ticket showing 
the employers’ indebtedness to the workman of 
ll. 15s. 8d. was in effect a claim, although the 
workman, at the date of the proceedings, had him- 
self made no claim. Therefore the Court was 
obliged to comply with the employers’ request to 
adjust the claims for damages and wages and set 
off the one against the other. 

The point that came to the Court of Appeal, and 
has now been decided against the workman and in 
favour of the employers, turned upon the interpre- 
tation of Section 3 (1) of the aioe and Work- 
men Act, 1875, which provides that in any dispute 
between an employer and a workman, arising out of 
or incidental to their relation as such, the Court 
may adjust and set off the one against the other all 
such claims on the part of the —— or the 
workman as the Court may find to be subsisting, 
whether such claims are liquidated or unliquidated 
and are for wages, damages, or otherwise. 

It is the opinion of the Court of Appeal that the 
County Court Judge, or the magistrate, is only Joing 
that which it is his duty to do under the Act, even 
though neither party puts forward a claim. 

Lord Justice Fletcher Moulton dissented from 
the view of the majority in the Court of Appeal on 
the ground that the employers’ claim that the wages 
due to the defendant be adjusted and set off the 
claim for damages was in no sense a claim, but 
merely a request that the Court should exercise a 
certain jurisdiction, whereas the section refers to 
claims that are money claims. The date of the 
summons was May 18, 1909, and it could not have 
taken cognisance of wages for the workman’s time 
expiring on August 14, 1909. This judgment is 
doubtless logical, but it is, perhaps, a too strict and 
narrow view of the administration of the Act, which 
was obviously intended to give the County Court 
Judge and the magistrate, respectively, a certain 
discretion, and so to put an end to litigation between 
employers and workmen. The Court of Appeal 
took the reasonable view that the absence of a claim 
on the workman’s part was due to his intention of 
preventing the dispute between himself and the 
employers being effectively disposed of as the Act 
intended, 








ILLUMINATING ENGINEERING 
SOCIETY. 

Last Monday, May 23, the Illuminating Engi- 
neering Society held its first anniversary meeting 
in the Theatre of the Royal Society of Arts, Dr. 
S. P. Thompson, F.R.S., the re-elected President, 
being in the chair. The report of the Council, 
read by the Hon. Secretary, Mr. Leon Gaster, 
pointed out that the main object of the Society was 
the provision of an international and impartial 
platform for the discussion of all problems relating 
to illuminating engineering. No organisation with 
that aim had previously existed in this country, nor, 
in fact, in any country except the United States. 
Dr. Thompson added, afterwards, that there seemed 
to be no desire on the Continent at present to 
establish cognate bodies, and it was all the more 
gratifying to acknowledge the valuable contribu- 
tions to their own discussions, sent in by experts 
and scientists from France, Germany, the United 
States, &c. The American Illuminating Society 
had a membership exceeding 1000 ; they had them- 
selves 230 members on their lists, comprising 
engineers, gas engineers, electricians, architects, 
surveyors, medical men, opticians, &c. General dis- 
cussions had been arranged on ‘‘ Glare, its Causes 
and Effects,” and on ‘‘The Measurement of Light 
and Illumination,”’ and it was desired to bring up for 
discussion subjects such as the lighting of streets, 
shops, libraries, schools, and, further, units and 
standardisation ; the organisation of courses of 
instruction upon illumination and photometry was 
also contemplated. That would be useful ; for it 
must be admitted that the profession is not much 
ahead of the general public in these problems. 

Two novel photometric instruments were shown 


THE 


at the conclusion of the meeting. Both were ex- 
ceedingly simple and portable, yet intended for 
research work ; as they were still in the experi- 
mental stage, figures as to the accuracy realisable 
were not offered. Mr. T. C. Harrison described 
his instrument as a ‘‘luminometer.” It consists 
of a box about 2 in. square, 14 in. in length, 
made of wood, and containing a small glow-lamp ; 
the dry-cell battery giving the current is carried 
in the pocket. The experimenter reads off, instan- 
taneously at any place, the amount of light falling 
upon a screen which is exposed when the lid of the 
box is opened. This screen is below the lid, and 
covers the whole top of the box ; it consists of two 
lateral longitudinal strips of thick cardboard or 
opaque material, one at each side of a central strip 
of translucent material ; the scale is marked on this 
central strip. The lamp is fixed at the one end of 
the box underneath the screen. The scale reads 
from 100 candle-feet down to 0.2 candle-foot. The 
experimenter sees a certain length of the central 
strip more brightly illuminated than the opaque 
surfaces to the side of it, and the stronger the light 
falling upon the screen the shorter will be this 
length, the lamp-light from below balancing the 
light from above. The chairman read candle-feet 
at the desk and under the desk-lamp off at once ; 
the reading will depend upon experience ; the task 
looked somewhat like determining the end of the 
faint tail of the comet. The instrument is cali- 
brated by the cosine law. 

The other instrument, exhibited by Messrs. J. 8. 
Dow and V. H. Mackinney, measures brilliancy. 
It is a rectangular box of wood, the length—the 
maximum dimension—being about 6 in. over all. 
The box is fitted on the top with an eye-piece, and 
there is a corresponding tubular opening in the 
bottom, with an inclined tube for the reception of 
a cylindrical glow-lamp. In front of this lamp is a 
screen of opal glass, serving as the source of light ; 
in front of this screen, again, a double diaphragm 
shutter. The observer, looking through the eye-piece 
and the length of the box at the surface to be ex- 
amined, sees a disc (the light reflected by the surface) 
superimposed upon the circle of the opal-glass screen, 
and he matches the two against one another, not 
quite in the usual fashion, the shutters being of 
novel construction. The shutters are two sectors 
pivoted outside the screen, which is itself not really 
circular, but trapezoidal, in shape, parts of the edges 
being blackened. The first sector is provided with 
an are-shaped slit ; this sector cuts down the illu- 
mination from unit to one-tenth. The other sector 
is whole, and cuts the illumination further down to 
zero. The two scales are marked on a piece of 
brass rising from the box, the handles of the 
shutters moving the one on the upper, the other on 
the lower, surface and scale of this brass. When 
the light to be examined is too brilliant for the 
short scale, a tube containing a piece of dark glass 
is fixed in the tubular opening below. An iris 
diaphragm, Dr. Thompson remarked, might pos- 
sibly be substituted for the two shutters ; but the 
two sectors were ingenious, as they supplied from 
one source two scales through a long range. The 
little instrument has the advantage that it measures 
the actual brilliancy of the light as it is available— 
not as it might be available—for instance, the light 
actually falling upon a tool. A schoolroom may 
appear well illuminated ; but the pupil sitting in 
his own light receives little of the light entering 
the window, and the brilliancy of that illumination 
can be determined by anyone taking up his position. 








THAWING WATER-PIPES BY 
ELECTRIC CURRENT. 

THERE appeared in our columns on April 22 a 
letter referring to the practice in some places of 
thawing frozen water-pipes by means of the electric 
current, and asking for information as to the 
apparatus necessary for doing this. The subject is 
an interesting one, but has naturally received more 
attention in countries where very severe winters 
are experienced than here, for, although we have 
occasionally temperatures sufficiently low and con- 
tinued to cause trouble, as was the case about 
16 years ago, as a rule in England water-pipes 
that require thawing are not of very frequent 
occurrence. Of course, in some exposed situa- 
tions, even during our average winters, there are 
pipes that become frozen, but, as a rule, we do 
not suffer much in this way. The case is, how- 
ever, very different in countries where long and 





severe winters are common, as in the Northern 





States of America and in Canada. The dept): to 
which, on occasions, frost will penetrate the 
ground in these countries is surprisingly great, 
being, in some cases, as much as 7 ft., while we 
believe pipes have been known to be frozen at even 
greater depths than this. In this country, if water- 
ipes are placed at a depth of not less than 3 ft, 
rom the surface they are considered practically 
safe. During the winter which has just passed 
unusual trouble appears to have been caused by 
frost in the United States, as the weather was 
exceptionally severe, and many water-pipes, which 
had Som placed so deep that they were regarded as 
beyond the danger zone, were affected. The in- 
convenience caused thereby was such that it 
stimulated in a marked degree the use of the 
electric current as a means of thawing the 
pipes. Some interesting and valuable informa- 
tion has been the outcome of this, which will, 
we think, prove helpful to those of our readers 
who may at some future time wish to apply a 
method of thawing frozen pipes, which, after all, 
does not appear to be attended with any particular 
difficulty. e are indebted for this information 
to the kindness of the Edison Electric Illumination 
Company, of Boston, U.S.A., who have placed at 
our disposal particulars they have received from 
various firms in America who have used the 
process, 

The apparatus employed appears in all the cases 
mentioned to be of quite a simple character, con- 
sisting essentially of some form of carriage or truck 
on which to transport the necessary appliances 
from place to place, and a transformer varying in 
capacity to suit the ordinary current carried by the 
city mains. One example may be taken of a 600- 
light transformer, with 50-volt secondary connec- 
tion ; twosingle-pole primary transformer cut-outs, 
oneammeter, one double pole single-throw switch, 
one choke coil, and sufficient No. 5 wire to make 
the connections from the transformer to the pipe. 
This constituted the plant. One lead from the 
secondary current is usually connected to a hydrant 
in the street, close by the frozen pipe, and the 
other to a point just beyond the frozen section. 
Some interesting results obtained by this small 
plant are as follow :— 





Length Time taken to Maximum 


Size of Pipe. 





Thawed. haw. Amperes. 
in. | ft. minutes 
0.75 75 5 100 
0.75 150 15 100 
0.75 | 200 | 6 110 
1 600 | 60 60 
2 } 60 4 160 
4 | 50 | 15 300 
4 160 10 400 
4 | 300 60 140 
6 50 30 160 


In cases where the time required to thaw pipes 
of the same size and nearly the same length varied 
considerably, the cause was probably due to the fact 
that only a portion of the pipe was frozen. 

There appears to be no particular rule as to the 
size or kind of apparatus used; the appliances 
nearest at hand at the time, or most readily 
obtainable, being adapted for service. The Fair 
Haven Electric Company employed two 5-kilowatt 
transformers connected in parallel, because, al- 
though they would have preferred a single trans- 
former, they could not spare one of suflicient 
capacity. ne of the secondary leads (at 100 volts) 
was connected directly to the cock in the house 
where the pipe had to be thawed, while the other 
was brought through a simple form of resistance 
(consisting of a vessel filled with salt water, with 
copper plates on the ends of the wires) and an 
ammeter to the cock of another house. The 
current was then turned on within the limit of the 
capacity of the transformers, the current generally 
used being from 90 to 100 amperes. In ordinary cases 
the water came through the pipe to both the houses 
in from 15 to 35 minutes, and in no case was a longer 
time required than 1 hour 10 minutes. Another 
case, that of the Little Falls Water Power Vom- 
pany, of Minnesota, shows that a 320-ft. block of 
6-in. pipes was thawed out in four hours. 

Considerable latitude in the capacity of the plant 
employed is evidently allowable, the main thing, of 
course, being to pass a sufficient current through 
the frozen pipes to raise their temperature sufli- 
ciently to thaw the water as rapidly as possible 
without damaging the pipes or the joints; one 
firm used four transformers placed in multipie—@ 
total of 15 kilowatts—with a voltage of 50, the com- 
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nections being made in the usual way—one at a! 
hydrant and the other at a stop-cock in the house 
to which the frozen pipe led. The experience of 
another firm seems to show that a current of 150 
amperes will thaw out 100 ft. of j-in. pipe under- 
ground in less than an hour, and 200 to 250 amperes 
will be required on a 14-in. diameter pipe of the 
same length for 14 to 2 hours. The time taken, 
however, seems to be very irregular, as the following 
figures indicate. They are supplied to us by the 
Edison Electric Illuminating Company. 


Length of 





Size of | , qi 
Pipe. Current. Voltage. Time. Pipe. 
in. amperes | minutes ft. 
4 150 20 45 100 
} 100 | 30 120 200 
} 300s 30 10 80 
1 200 | 40 20 150 
2 500 50 120 50 
2 300 25 30 125 


The varying voltage for similar lengths of pipes 
is supposed to be due to the resistance of the 
joints in the cast-iron mains. 

In some cases 120-volt direct current from under- 
ground mains, controlled by water rheostats, was 
employed, the connections being made at a man- 
hole, lamp-post, or any convenient place, while 
sometimes a storage battery with suitable connec- 
tions for different voltages was used.] One important 
thing in the thawing of frozen pipes by electricity 
is to have the cock open at the end of the pipe, so 
as to allow the water to run through the pipe as 
soonas the thawing commences, as this very materi- 
ally increases the speed at which the ice melts. 





THE INTERNATIONAL PRINTING, 
STATIONERY, AND ALLIED TRADES’ 
EXHIBITION. 

Tue above Exhibition, which was opened at the 
Royal Agricultural Hall, Islington, by the Lord 
Mayor on Wednesday last, although it only par- 
tially fills the Hall, strikes one as being in some 
ways better than the last, which was held six 
years ago, the class of machinery on view being, 
on the whole, more comprehensive. There are not 
many novelties, but the improvement in details 
and general finish is very marked, and the applica- 
tion of electric driving to this class of machine has, 
of course, made great strides. Unfortunately, on 
the opening day many of the stands were in a very 
unfinished condition, and some of them lacked 
attendants altogether, so that it was not always an 
easy matter to obtain information about the machi- 
nery on view. 

Type-casting machines are well in evidence, both 
Linotype and Machinery, Limited, 188, Fleet-street, 
London, E.C., and the Lanston Monotype Corpo- 
ration, Limited, 43 and 43a, Fetter-lane, London, 
E.C., having very fine stands, at which machinery 
may be seen in motion. The former of these firms 
also have a Miehle pririting-machine on view. It 
is a No. 1 size, which will print a sheet measuring 
36 in. by 52 in. at a speed of 1900 per hour, as well 
as an lL. and M. litho rotary machine of No. 1 size, 
suitable for a sheet 44 in. by 64 in., bearing a 
design 43in. by 65in. It is adapted for aluminium 
or zinc plates, a type which, we understand, is now 
im use in some of the largest lithographic offices in 
England and on the Continent. In addition there 
is an automatic metal furnace for melting linotype 
slugs and recasting them into ingots, besides other 
appliances of various kinds. Many of the machines 
exhibited by the Monotype Company are of im- 
proved patterns. The type-casting machine, how- 
ever, which will, we think, attract attention, is one 
exhibited by Messrs. Soldan and Co., Limited, 
72 to 75, Turnmill-street, London, E.C., which 
is now shown for the first time at a London 
Printing Exhibition. It is comparatively simple in 
construction, and is consequently cheaper than 
many other more complicated types. The machine 
deals with all sizes of types from 4 to 14 points, 
& complete change from one size to another being 
effected in the space of a few minutes. Although 
introduced into this country only about two years 
go, we understand that it has now become well 
established here, there being about ninety installa- 
tions at work. It was fully described and illustrated 
E, & paper read before the Institution of Mechanical 
— by Mr. L. A. Legros, on December 18, 

8, and referred to by us on page 98 of our eighty- 
seventh volume. The firm also exhibit many other 


machines, among them being a ‘‘ Lightning ’”’ proof 
press, a ‘‘Conqueror” platen machine, wire-stitch- 
ing machines, &c. 

Messrs. Kampe and Co., 2, Sandland-street, Red 
Lion-street, Holborn, London, W.C., have a very 
good stand, where most of the machinery may be 
seen in motion. Among the exhibits are a double- 
cylinder disc ruling-machine, which will rule both 
sides of the paper at the same time (or only one 
side if necessary), in one or four colours, by passing 
the sheet once through the machine, in addition to 
which all kinds of stop head-lines may be ruled so 
as to suit complicated business-books, rubrics, 
music-paper, &c. The adjustment of the machine 
is very simple and quickly performed. It is 
arranged for working by hand or power, and can 
turn out from 4000 to 5000 sheets of straight- 
through ruling per hour. Among other exhibits 
the firm have on view a new model ‘‘ Rapid” four- 
pillar gold-blocking, embossing, and cameo inking- 
press, a ‘‘ Monopal”’ platen printing-machine, and a 
**Duplex” corner-cutting machine. They have alto- 
gether 47 machines on show. 

Mr. A. Wantzen, 3, Torrens-street, City-road, 
London, E.C., exhibits a ‘‘ Universal” adjustable 
envelope machine, a type now very widely known, 
the chief speciality of this exhibitor being this class 
of machinery and appliances for making paper 
bags. In addition, however, there are a ‘‘ Seybold 
Twentieth Century” automatic cutting-machine and 
a ‘‘ Simplex” sheet-to-sheet lining machine. The 
former of these is new and of American origin, and 
the latter of particular interest to box-makers who 
do their own lining, and to lithographers for mount- 
ing show-cards and similar work. 

Some very good specimens of machinery for book- 
sewing may be seen at the stand of Mr. Oscar Fried- 
heim, 7, Water-lane, Ludgate Hill, London, E.C., 
among them being a thread-stitcher for doing all 
classes of work which have hitherto been stitched 
by wire, such as exercise - books, note - books, 
pamphlets, &. It is claimed that one of these 
machines will do as much work in a given time as 
ten girls. Another exhibit of interest at this 
stand is a new machine which punches holes and 
eyelets at one operation. It has a special attach- 
ment which makes the feeding of the eyelets very 
reliable. There is also a new matrix-moulding 
machine which entirely supersedes the old-fashioned 
method of making matrices by hand with very 
superior results. In construction it is simple. The 
newspaper machine of this series has, it is said, 
produced news-size plates at the rate of one in 
17 seconds. 

Among Wharfedale machines, that on the stand 
of Messrs. W. H. Lockett and Co., Dean-street, 
Fetter-lane, E.C., should be seen. It is of an 
entirely new design and is manufactured by Daw- 
sons, of Otley, Yorkshire. It is called the ‘‘ Re- 
versus,” and has the driving-shaft at the opposite 
end to the one at which it is usually placed—that 
is, under the feed-board instead of under the duct. 
This alteration, it is claimed, enables the machine 
to be run fully 20 per cent. faster than any other 
under -fed Wharfedale, because the cylinder is 
‘* picked up” when the bed is at the slow end, the 
connecting-rod at this end iving the slower motion. 
This firm also exhibitsa ‘ Star’ self-clamping guil- 
lotine paper-cutting machine, a Dawson ‘‘Summit”’ 
three-colour Wharfedale, and an improved pattern 
demy Dawson Wharfedale. On an adjacent stand 
Messrs. Lockett have on view a full range of Messrs. 
Waite and Saville’s goods, for which they are the 
London agents. These include five sizes and types of 
the well-known safety ‘‘ Falcon” platen-machine, the 
Waite die-press, the ‘‘ Biased ” round-cornering 
machine, and a “‘ Peerless ” eyeletting-machine. A 
feature of this stand is that nearly all the machines 
are in motion, and doing actual work. Messrs. 
Harrild and Sons, Fleet Works, Norwich-street, 
Fetter-Lane, London, E.C., also have some very 
good machines on view, among them being a small 
rapid cylinder printing-machine, which will run up 
to 3000 per hour, and a 6-ton blocking-press. 

The Victoria Press Manufacturing Company, 
Limited, Clifton-buildings, Vandy-street, Worship- 
street, London, E.C., have on view one of their 
well-known platen printing-presses, which will do 
work of great variety, including cutting, creasing, 
embossing, and box-making, which can all be done in 
one operation; and Messrs. R. Hoe and Co., 109-112, 
Borough-road, London, S8.E., exhibit some good 
types of machines. The former of these two firms 
have on one of their machines an arrangement for 








feeding two sheets at a time and an automatic sheet- 





adjuster. Among other stands to which attention 
may be called are those of Messrs. George Mann 
and Co., Limited, Larchfield Works, Hunslet, 
Leeds ; Messrs. Furnival and Co., Limited, Red- 
dish ; Mr. E. A. Braddick, 9, Gough-square, Fleet- 
street, London, E.C., and Messrs. Wesselhoeft and 
Zimmermann, 46, Houndsgate, Nottingham. 

The upper galleries of the hall are entirely de- 
voted to stationery and fancy goods. The Exhibi- 
tion will close on June 9. 








NOTES. 
Tron-SMELTING IN SourH AFRICA. 

In a recent report to the Transvaal Mines Depart- 
ment Mr. F. W. Harbord reviews the possibilities 
of establishing an iron and steel industry in that 
Colony, drawing its raw material from native ores 
and minerals. He points out in the first place that 
the demand for pig iron is small in the colony, and 
that it would, accordingly, be necessary to erect a 
steel-making plant, and this, to secure a remunera- 
tive trade, would have to be very completely 
hg, for the production of every variety of sec- 
tion. It would be useless to quatenahe the erection 
of a plant producing less than 1000 tons per week, 
which is about half the colony’s total consump- 
tion of iron and steel. A large ore body would be 
necessary for the permanent supply of such a plant, 
but Mr. Harbord reports that the only such mass 
of ore yet reported is titaniferous, and, accordingly, 
so far as present knowledge goes, unsuitable for 
reduction in the blast-furnace. Other ores, free 
from titanium, however, exist, though their occur- 
rence is somewhat patchy. Even these, however, 
are high in silicon, and contain enough phosphorus 
to render the basic process of steel production 
essential. As to fuel, he reports that fair coke can 
apparently be made from selected portions of the 
native coals, but this coke will be relatively expen- 
sive and of second quality at the best. As to lime- 
stone, matters appear even worse, the known deposits 
suitable for use in the blast-furnace being few in 
number and limited as to quantity. The only 
possibility of works succeeding would be found in 
the imposition of a high tariff on imported steel 
and in an agreement of the South African railway 
departments to take 30,000 to 35,000 tons of rails 
and sleepers per annum. In that case, instead of 
having to rely upon a miscellaneous trade with an 
irregular demand, a considerable proportion of the 
total output necessary would be Aefinitely assured, 
One large mill for rails and sectional steel, and a 
smaller mill for lighter sections, would then suftice, 
thus greatly reducing the necessary capital expendi- 
ture. Whilst the prospects of success for a com- 
plete plant are, as stated, small, Mr. Harbord 
thinks that better fortune would attend the erection 
of plant for the manufacture of steel from the 
enormous accumulation of scrap now lying in the 
railway yard at Pretoria and at other points in the 
Colony. The capital cost would be small, and 
the finished products would largely consist of high- 
priced materials offering a fair margin of profit. 
An output of 3000 to 4000 tons per annum might 
be expected at the outset, and would steadily in- 
crease as time went on. After the exhaustion of 
the present accumulations of scrap it would prob- 
ably be necessary to supplement such purchases 
by small quantities of pig iron, to be produced by 
preference in a small Swedish furnace. Mr. Harbord 
advises that the Héroult electrical system should 
be used for working up the scrap, thus avoiding 
the contamination of the steel from the sulphur 
prevalent in the native coals. 


Tue INVENTORS OF THE SIEMENS-MARTIN 
PROcEss, 


In concluding a lecture upon Sir Henry Besse 
mer, delivered Letese the Société d’Amis: de l’'Uni- 
versité at Paris, in March last, Mr. Henry le Chate- 
lier commented upon a few inventors who had been 
less fortunate than Bessemer; his discourse, we 
may add, was essentially based upon ‘‘ An Auto- 
biography,” by Sir Henry Bessemer, which we 
published some years ago. The first of these 
inventors was the French gardener Monnier, who 
recently died at the age of eighty-six years, in 
actual want; he never reaped any benefit from 
his invention, though the Monnier ferro-concrete 


hardly had a rival for a considerable period. The 
other was Pierre Martin, the co-inventor with his 
brother Emile and Sir William Siemens, of the 
of 
né 


Siemens-Martin steel process. The metallur, 
this process dates back to about 1725, when 
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Antoine de Réaumur, of thermometric fame, de- 
scribed the conversion of wrought iron into steel by 
fusing it with pig. Réaumur was a metallurgist of 
distinction ; he was the first to publish details about 
the manufacture of cemented steel, which had so 
far been kept secret. His steel process was tried in 
fireclay and plumbago crucibles ; but the heat was 
insufficient. So far as we are aware, the success was 
mainly due to the adoption of the regenerative gas- 
furnace of Friedrich and Wilhelm Siemens in 1864, 
originally designed by Friedrich Siemens for glass 
works. Experiments made at Birmingham having 
proved successful in 1867, Sir William Siemens 
started the Landore-Siemens steel works in Wales 
in 1869, and made steel both by the Martin process, 
from pig and scrap, and by his own process, from 
pig and oxidic ore. The flame reactions of the 
regenerative furnace were essential to the processes. 
In France the name ‘‘ four Martin ” has prevailed ; 
over here and in most other countries it is 
customary to speak of Siemens-Martin furnaces. 
Professor H. le Chatelier did not refer to these 
features at all, nor did he mention the name of 
Siemens. He told his audience that the completely 
forgotten Pierre Martin had recently been re-dis- 
covered, an old man of eighty-five years, living 
unknown and neglected in very poor circum- 
stances in a small village near Nevers. Although 
as much steel was now made by his process 
as by the Bessemer process, which it would soon 
surpass in importance, Martin’s patents had been 
annulled, and he had lost all his fortune in fighting 
for them; he had given up the struggle twenty- 
five years ago, and nobody was aware that he was 
still living. French metallurgists were, however, 
determined to render all the honour due to him 
and to make amends. The Comité des Forges de 
France had headed a subscription list with a dona- 
tion of 100,000 francs. e may add that the 
German metallurgists, the Verein Deutscher 
Hiittenleute, are joining their French colleagues, 
and will take part in the presentation of a testi- 
monial to Pierre Martin, at Paris, in June. English 
metallurgists are likewise participating, and other 
countries are not keeping aloof. An influential 
committee of the Iron and Steel Institute, headed 
by Sir Hugh Bell and the Duke of Devonshire, the 
Presidents past and present, issued an appeal to 
all open-hearth-steel makers four weeks ago, and 
we believe that there has been adequate response. 
There was never any litigation, we should state, 
between Martin and Sir William Siemens. The 
brothers Martin were manufacturers in France, and 
they came to an agreement with Sir William. 


AEROPLANE STABILITY. 


For some considerable time past it has been recog- 
nised that the natural stability of an aeroplane 
varies as the fourth power of its transitional velo- 
city, and inversely as the moment of inertia of the 
machine. Any increase in the weight carried should 
be accompanied by a corresponding increase in the 
speed of flight, and, if large weights are to be trans- 
ported safely, very high speeds indeed may be 
required. There is, as yet, no settled opinion as to 
whether or not in practice such high velocities will 
necessitate very large engine powers. Langley, of 
course, held that the higher the speed the less the 
resistance to motion, but Lanchester is in disagree- 
ment with this view. Even if further experience 
shows that Langley was correct, so far as mere 
gliders are concerned, it would by no means follow 
that his theorem was applicable to actual flying- 
machines, since, whilst the head resistance of the 
former arises solely from that of the useful area of 
support, an actual machine must, of necessity, have 
surfaces which, whilst offering considerable head- 
resistance, do nothing in the way of aerodynamic 
support. Under the most favourable eonditions, 
however, a heavy machine must require time to get 
up to the speed at which it will be automatically 
stable, during which a large inertia may prove to be 
a source of serious danger. A very ingenious method, 
whether practicable or not, of turning this difficulty 
has been suggested in a qo read before the Royal 
Society of New South Wales by Mr. Lawrence 
Hargrave, who has been, as is well known, respon- 
sible for much highly valuable pioneering work in 
aeronautics. He suggests the abolition of all rigid 
connection between the supporting surfaces of the 
machine and the load it carries, the latter being 
merely suspended. from the wing surfaces. These, 
therefore, can oscillate freely about the point of 
suspension, and, being themselves light, can almost 
instantly change their orientation to suit any varia- 
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tion in the air currents. A box-kite, constructed 
as shown in Figs. 1, 2, and 3, above, is, he finds, 
stable in every direction, the supporting surfaces, 
of double curvature, automatically adjusting them- 
selves to every gust and tremor in the air, and it 
requires no diagonal bracing in the fore and aft 
direction. To lift a large weight a string of such 
surfaces, one above the other, should, he suggests, 
be employed, thus keeping down the size and weight 
of each unit, so that it can maintain its power of 
rapid automatic adjustment to varying conditions. 








THE NEW BUILDING OF THE INSTITU- 
TION OF CIVIL ENGINEERS. 

THE new premises of the Institution of Civil Engi- 
neers will, when completed, form a striking feature at 
the corner of Great George-street and Princes-street, 
Westminster. They will occupy an area of about 
21,000 square feet, and will face both the streets 
named, the intended widening of the latter street 
being likely to add much to the desirability of the posi- 
tion. On pages 684 and 685 will be found illustrations 
of the Ag ae building, from which a very good 
idea the external appearance and the internal 
arrangements may be obtained. Fig. 1 is a view, as seen 
from St. James’s Park, of the present design, which, 
however, may be subject to modifications in detail. 
Figs. 2, 3, and 4 are a ground-floor plan, a first-floor 
plan, and a second-floor plan a. As shown 
in Fig. 1, the style of the building is a modern ren- 
dering of the later Renaissance. It has been designed 
by Mr. James Miller, F.R.1.B.A. 

The arrangement of the different rooms will be under- 
stood on reference to Figs. 2,3, and 4. The council and 
committee rooms, the reading-rooms, and the general 
offices are situated on the ground floor, while the lecture 
theatre, the great hall, and the main library occupy the 
greater part of the first floor, an object kept in view 
when singing the rooms being the convenient accom- 
modation of a large number of people at certain times. 
The library accommodation is, however, not confined 
to the first floor, there being a second library on the 
floor above, as will be seen from Fig. 3. On this floor 
there will also be a writing-room and smoking-room, 
which will, no doubt, be fully appreciated by mem- 
bers. The basement and the third floor will be 
occupied ge | by the heating and ventilating appa- 
ratus, extra c -rooms, &c., as well as by rooms 
for storage purposes. The great hall rises through 
two floors, as also does a part of the lecture theatre. 
This hall will enable the Institution to hold its annual 
social gatherings in the building, and is of handsome 
proportions. e staircase, however, scarcely seems 
adequate for the crowds that may be expected. Both 
it and the outer door of the building might have 
been given more imposing dimensions with advantage. 
A feature of the building will be that the timbers 
and certain other products of various parts of the 
British Empire will be introduced, the idea being 
that this will in some degree symbolise the close 
relationship between the members of the Institution 
in different parts of the world. The new site appears 





to be an admirable one, and is at no great distance 
from the old one at 25, Great George-street, where the 
buildings of the Institution have been since 1838. 








THE LATE MAJOR PHILIP CARDEW. 
WE regret to have to record the death, at the com- 
owing | early age of fifty-nine, of Major Philip 

ardew (R.E. ret.), which took place on the 17th inst. 
Major Cardew had been ailing from last antumn. At 
the end of January of last year he paid a visit to 
Sydney for his firm, to advise in connection with the 
extension of the electrical system there. He returned 
to England via Japan and Hong-Kong, having some 
business engagements at the latter place. While in 
Japan he was ill for a time from the effects of blood- 
ny and on his arrival in England appeared to 
far from well. About August last diagnosis re- 
vealed the presence of a tumour at the back of the 
nose. This was operated on in November, but the 
operation was not entirely successful, and further 
operations on the neck were necessary in the early 
part of this year. Major Cardew, however, gradually 
ot worse, and died about midday on the 17th inst. 

e suffered comparatively little pain, and was in 
touch with the business of his firm up to within about 
ten days of his death. 

Major Cardew was connected with electrical interests 
for the greater part of his life, and his name is familiar 
to all who are concerned with the industry, owing to 
his eleven years’ service as electrical adviser to the 
Board of Trade, and to the many important works 
with which his firm of Preece and Cardew were con- 
nected. His name will also always be associated with 
the well-known hot-wire type of voltmeter, and the 
Cardew earthing device for automatically earthing the 
windings of a transformer in the event of a breakdown 
between the primary and secondary sides. 

Philip ew was born on September 24, 1851. He 
was sent to the Royal Military Academy, Woolwich, 
and when ing out in 1871 was awarded the Pollock 
Gold Medal as the best cadet of his year. Holding his 
Commission in the Royal Engineers, he was placed in 
charge of the military telegraphs at Bermuda in 1876, 
and in 1877 joined the submarine mining service. In 
1878 he was appointed assistant instructor in electri- 
city at Chatham, and in 1883 was promoted to the post 
of instructor, In 1888 he became electrical adviser 
to the Board of Trade, holding the position until 
1899, when he resigned to go into partnership with Sir 
William Preece and his sons, forming the well-known 
consulting firm of Preece and Cardew. Major Cardew 
was a director of the London, Brighton, and South 
Coast Railway Company, and in that capacity doubt- 
less had much influence in connection with the recent 
adoption of single-phase electric traction on that line. 
He was a member of the Institution of Electrical Engi- 
neers and served on the Council for three periods from 
1886 to 1900. He was a vice-president in 1901 and 
1902. He contributed several papers to the pr eed 
ings of the Institution, and also delivered a course of 
Cantor Lectures before the Royal Society of Arts, 0” 
“« Electric Railways,” in 1901: He leaves a widow, 
three sons, and two daughters. 
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CONDENSER TELEPHONES. 


Tue condenser telephones recently brought out by 
C. Karl Ort and Josef Rieger, of Koschlitz, Bohemia, 
are based on observations which date back to earl 
telephone days. It was observed that ordinary tin-foil 
condensers provided with paper insulation would give 
out notes nto the foils were charged up to potentials 
of several hundred volts. Telephones of this type were 
constructed by Varley and ge ip and later by 
Dunand and by Marshall. ey all required high- 
tension batteries, however. 

In their experiments Ort and Rieger started from 
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the well-known combination, due to Duddell, of an 
arc-lamp, fed by direct currents, with a condenser and | 
acoilin a shunt. The burning of the are produced 
current fluctuations in the shunt-cireuit which were 
audible. This combination was soon replaced by the 
arrangement illustrated in the diagram, Fig. 1, in 
which M is a microphone, B a battery, and C a con- | 
denser. Potentials of more than 25 volts were, | 





however, needed to secure fair articulation. It! 
was noticed, moreover, that the free edges of the | 
sheets of tin-foil oscillated in an irregular manner, | 
interfering with distinct articulation, and the ex- | 
perimenters also ascribed a high hysteresis effect to 
the paper insulation. The sheets of tin-foil were, 
therefore, clamped, and the insulation was effected 
by means of shellac. Figs. 2 and 3 illustrate the new 
oe The layers of tin-foil F are clamped at 
ae | 1 uN 


- ,and kept stretched by the screws S, and Sy 
te photograph, Fig. 4, shows various ways in whic 


| 
| 
| 


the condensers are mounted. Fig. 5 explains another | 
en grea The terminals of the condensers C, and | 

2 are joined to batteries of two or three cells, which 
are inserted in the microphone circuits. With another 
ne ment, again, one battery sufficed; but loud 


* which would be audible all over the receiver- 
— required more than the fifteen dry cells which 

“y used on an experimental line of 5 miles length, 
and the experimenters returned to the dynamo as | 


os gn e of current. | 
‘As a low current density suffices, a small dynamo | 
os In Fig. 6 the secondary of the microphone 


tmer T damps the common current fluctuations 








in the d 0 circuit, which would otherwise be un- 

leasantly noticeable. The microphone currents, on 
the other hand, react on the dynamo circuit, as in the 
case of the speaking arcs. A more efficient connection 
is indicated in Fig. 7. A special coil 8, of several 
turns is wound over the shunt-coil of the dynamo, and 
joined to the microphone M and the battery B. The 
condenser is connected with the dynamo terminals. 
Other combinations are possible. 

The chief point seems to be to keep the potential 
sufficiently low—that is, below the natural vibrations 
of the sheets of tin-foil. As a consequence, the arti- 
culation is superior, and stronger microphones can be 
used, yielding higher potentials in the secondary, 
so that the intensity of sound is increased. For the 
ordinary telephonic service the dimensions of the con- 
densers as built by Ort and Rieger are small—1} in. 
by 24 in., the capacity ranging from 0.015 up to 0.04 
microfa When loud speaking is desired, larger 


dimensions—S in. by 4 in.—and higher capacities, up 
Fig.5. 
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to 1 microfarad, are required for the condensers, and 
the potentials, which will range from 4 up to 20 volts 
in the first instance, may have to be raised to 120 volts. 
In the latter case a dynamo will be the source of 
current. 

Earth currents, it is also claimed, have no influence 
upon these condenser telephones, and if the condenser 
is made of gold foil and rubber, the telephone may be 
used also in rooms ex to dampness and acid 
vapours. With the aid of an ordinary plug contact 
the telephones may be worked from the leads of an 
electric-lighting installation. 





INDUSTRIAL NOTES. 

Tue latest memorandum of the Labour Department 
of the Board of Trade on employment and pope 
ment is based on the following extensive and reliab 
returns from the sources set forth, as follows :— 

In addition to the 2834 employment returns from 
trade unions used for the chart, 3733 were received 
from employers relating to 1,122,963 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6567 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 

le unions, local co ents, and other sources. 

Employment continued to improve generally. 


improvement was particularly noticeable in the metal, | 
Jiipbuilding trades, and there was | 


engineering, and 








The | 


increased seasonal activity in the building and other 
industries. As compared with a year ago, employment 
in all industries, except cotton, showed considerable 
a. 

he 416 trade unions making returns had a net 
membership of 699,932, of whom 30,475, or 4.4 per 
cent., were reported as unemployed, compared with 
5.2 per cent. at the end of the month previous and 8.2 
per cent. @ year ago. 





Employment in coal-mining continued good, and 
showed improvement as compared with a year ago. 
The average number of days worked per week was 
5.19, as compared with 5.49 a month ago and 4.86 a 

ear ago. he averages, however, were affected by 
olidays, which amounted to 0.32 of a day. 

Employment in iron-mining was good, and showed 
little change on the whole compared with a month ago 
and a year ago. The average number of days worked 
per week by all mines and open works included in the 
returns was 5.88, as compared with 5.90 a month ago 
and 5.60 a year ago (reduced on account of holidays, 
which amounted to about a quarter of a day per week). 

In the pig-iron industry employment was fair, and 
befter than either a month ago or ayear ago. Returns 
relating to the works of 108 ironmasters, employing 
23,000 workpeople, showed 310 furnaces in blast, as 
compared with 304 a month ago and 280 a year ago, 
when 11 furnaces were damped down owing to a 
dispute. 





Employment in iron and steel works showed a slight 
improvement on a month ago, and was much better 
than a year ago: The volume of employment (i.e., 
number employed multiplied by the number of shifts 
worked) at the works from which returns were received 
showed an increase of 0.5 per cent. on a month ago 
and of 13.9 per cent. on a year ago. 

In tin-plate and steel-sheet manufacture employment 
continued very good, and was much better than a year 
ago. The number of tin-plate and steel-sheet mills 
working was 482, as compared with 479 a month ago 
and 438 a year ago. 

In the engineering trades employment continued to 
improve, and was much better than a yearago. Trade 
unions with a membership of 169,352 reported 6.1 per 
cent. unemployed, as compared with 7.1 per cent. a 
month ago and 12.4 per cent. a year ago. 

Employment in the shipbuilding trades was mode- 
rate. It was better thana month ago and much better 
than a year ago. Branches of trade unions with 57,862 
members reported 10.7 per cent. unemployed, as com- 
pared with 13.2 per cent. a month ago and 23.3 per 
cent. a year ago. 





In the spinning branch of the cotton trade employ- 
ment continued bad, and was worse than a year ago. 
Organised short time to the extent of 154 hours 
weekly was worked in mills spinning American cotton ; 
some~short time was also worked in the Egyptian 
section. In the weaving branch employment was also 
bad ; it was better than a month ago, but worse than a 
year ago ; much slackness and waiting for warps were 
reported. Returns from firms employing 122,705 
workpeople showed an increase of 3.2 per cent. in the 
amount of wages paid as compared with a month ago, 
and a decrease of 8 per cent. as compared with a 
year ago. 

Employment in the woollen trade continued good, 
and was much better than a year ago. Returns from 
firms employing 29,62] workpeople showed an increase 
of 2 per cent. in the amount of wages paid compared 
with a month ago, and of 13.9 per cent. compared 
with a year ago. 

Employment in the worsted trade continued good, 
and was much better than a year ago. Returns from 
firms employing 45,965 workpeople showed an in- 
crease of 3.3 per cent. in the amount of wages paid 
compared with a month ago, and of 11 per cent. com- 
pared with a year ago. 

In the linen trade employment continued good, 
and was much better than a year ago. Returns from 
firms employing 48,514 workpeople showed an increase 
of 0.4 per cent. in the amount of wages paid compared 
with a month ago, and of 11.8 per cent. compared 
with a year ago. 

Employment in the jute trade continued good, and 
was better than a year ago. Returns from firms em- 
ploying 17,597 workpeople showed an increase of 0.5 
per cent. in the amount of wages paid compared with 
a month ago, and of 7.6 per cent. compared with a 
year ago. 

In the lace trade employment continued fair, and 
was better than a year ago. Returns from firms em- 
ploying 8127 workpeople showed an increase of 0.9 per 
cent. in the amount of wages paid as compared with 
a month ago, and of 5 5 per cent. as compared with a 
year ago. 





—_ in the boot and shoe industry was good. 
It was slightly better than a month ago and much 
better than a yearago. Returns from firms employ- 
ing 66,496 workpeople showed an increase of Oo. per 
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red with a 


cent. in the amount of wages paid com 
with a year 


month ago, and of 8.2 per cent. compa: 


ago. 
“The other leather trades continued fairly busy on 
the whole, and were better than a year ago. Trade 
unions with 3110 members repo’ 5 per cent. un- 
employed, as compared with 4.9 per cent. a month 
ago and 7 per cent. a year ago. 

Employment in the pee meting trades continued 
good. It was rather better than a month ago and 
much better than a year ago. 

Employment in the printing and book-binding 
trades was fair with printers and slack with book- 
binders. It was slightly better than a month ago and 
much better than a year ago. Trade unions in the 
printing trades with a membership of 50,655 reported 
4.5 per cent. unemployed, as compared with 5 per cent. 
a month ago and 57 - cent. a year ago. In the 
book-binding trades the corresponding percentages 
were 6.6, 7.1, and 9.7. 





In the building trades employment, though still 
slack on the whole, was better than a month ago and a 
year ago. The percentage of unemployed among trade- 
union carpenters and plumbers was 7.4, as compared 
with 8.9 a month ago and 11.4 a year ago. 

Employment in the furnishing and wood-working 
trades was moderate on the whole, and better than a 
month ago and a year ago; it continued good with 
coach-builders and Ceesb-tashers. Trade unions with 
a membership of 34,112 reported 3.7 per cent. of their 
membership unemployed, as compared with 5.3 per 
cent. a month ago and 6.3 per cent. year ago. 





Tn the glass trades employment continued moderate, 
but was, on the whole, better than a month ago and 
a year ago. Returns received from firms employing 
8184 workpeople showed an increase of 2 per cent. in 
the amount of wages paid as compared with a month 
ago, and of 6.7 per cent. as compared with a year ago. 

Employment in the pottery and brick and tile trades 
was fair on the whole, and the improvement was main- 
a but there was still a good deal of short time 
worked. 





Employment of agricultural labour was generally 
regular, though a few day labourers in certain districts 
occasionally lost time through rain. The supply of 
such men was equal to requirements. 

Employment of dock and riverside labour in London 
was fair generally, and better than a month ago and a 
year ago. At Liverpool it continued dull, and at the 
other principal ports it was on the whole moderate 
and about the same as a month ago. The average 
number of labourers bens a — at the docks and 
principal wharves in London (exclusive of Tilbury) 
was 13,529, an increase of 4.7 per cent. as compared 
with a month ago, and of 3.9 per cent. as compared 
with April, 1909. 





Thirty-three labour disputes began in the month, 
as compared with 32 in the previous month and 24 
in the same month a year ago. The total number of 
workpeople involved in disputes which began or were 
in progress was 53,304, or 10,938 more than in the 
month previous, and 44,341 more than in the same 
month a year ago. The aggregate duration of all the 
disputes of the month, new and old, amounted to 
465,900 working days, or 161,100 less than in the pre- 
vious month, but 359,200 more than in the same month 
a year ago. Definite results were reported in the case 
of 33 disputes, new and old, directly involving 100,413 

rsons. Of these 33 disputes, 9 were decided in 

avour of the workpeople, 11 in favour of the em- 
ee and 13 were compromised. 
he changes in rates of wages taking effect affected 
81,000 workpeople, of whom 68,500 received advances 
-and 12,500 sustained decreases. Amongst those whose 
wages were increased were 38,000 coal-miners in 
Northumberland, 10,200 ironstone miners and lime- 
stone quarrymen in Cleveland and Weardale, 8750 
blast-furnacemen in Cleveland and Durham, Cumber- 
land, North Staffs and South Wales, and 5000 iron 
and steel workers in South Wales. The principal 
decreases were seasonal changes affecting 12,600 coal- 
miners in Cumberland, Bristol, and Radstock district. 
The total computed effect of all the changes was a 
net increase of 850/. per week. 


The report of the National Union of Boot and Shoe 
Operatives states that ‘‘trade has been above the 
average during the past month,” and a hope is ex- 
pressed that it will so continue. Nevertheless, there 
was still a large number on the out-of-work list, over 
1000/. being paid for that benefit. ‘‘At Leicester 
a was fairly good, better than a month ago 
and a year ago.” At several firms overtime was being 
worked, and there was a shortage of women workers. 
At other t centres of this industry improvement 
was manifest, except in the heavier branches of 
men’s gear. The Labour Exchanges are extolled and 
members are u to take advantage of them and to 


register, as the best means of getting. employment, 


as they are used by employers to obtain workers. 
No complaint is e of interference with the work of 
trade unions. There is a strong caution against 
members leaving their employment without authority 
—the rules on this subject are notified. It says: 
—‘‘A difference of opinion, or an alteration in 
method, is not a justification for leaving work, and is 
contrary to rule;” it also lessens the chances of a 
redress of grievances by the officials without stoppage 
of work. The dispute at Glasgow over the quali- 
fication of some members of the Conciliation Board 
was referred to arbitration, the decision being in favour 
of the union. Disputes in the month were few and 
unimportant. Kingswood is quoted as a sample to the 
contrary ; but there trade is bad, and that often leads 
to disputes from one cause or another. 





The American Federationist for this month opens 
with a very learned article by an American judge on 
“Trial by Judge and Jury.” Its arguments are 
directed gr injunctions, which have been causin 
sore trouble to labour organisations in the Unite 
States. The learned judge decides wholly against 
injunctions as an abuse of power by the Courts. The 
final decision in the case of the Stove Company and 
the great labour leaders has not yet been given by the 
Supreme Court of the United States. An editorial 
attributes all the concessions recently announced by 
the United States Steel Corporation to the action and 
investigations of the American unions, and quotes, on 
their side, the denunciation of ‘‘ the seven days’ week” 
in a number of newspapers. In other parts of the 
Federationist reports are given briefly of the work of 
the gage throughout the American Continent, 
not only in the United States, but in Canada and in 
the South American Republics. 


The latest detailed reports of the Labour Depart- 
ment on the state of trade and employment indicates 
clearly in what industrial centres there is improvement 
in the iron and steel trades, and in the engineering, 
shipbuilding, and other iron, steel, and metal-using 
industries. In the pig-iron industry there were in 
blast 310 furnaces, an increase of six in the month, and 
of 30 over a year ago. There was an increase in all 
districts except Yorkshire, Leicester, Lincoln, Wol- 
verhampton, and South Wales; in Stafford and Wor- 
cester there was a decrease of one only. In the tin- 

late and steel-sheet works there was a decrease of one 
in the month, but an increase of five over a year ago. 
The mills in operation showed an increase of three, 
and 44 over a year ago. Iniron and steel works 817 
more men were employed than a month ago, and 
8694 over a year ago, but the average number of shifts 
did not correspond. In the engineering trades there 
was a decrease of unemployed of 1 per cent. in the 
month, and of 6.3 compared with a year ago. The 
improvement was only manifest in the Midland dis- 
tricts, and in Dundee, Leith, and Aberdeen, Dublin 
and Belfast, and in the Metropolitan area. 
shipbuilding trades there was a decrease of 2.5 per 
cent. of unemployed, and of 12.6 per cent. compared 
with a year ago ; but in Dundee, Leith, and Aberdeen 
there was an increase of 5.1 per cent., and on the Tees 
and at Hartlepool of 0.9 per cent. ; in all districts there 
was improvement compared with a year ago. The 
recovery is very slow all over the country. In the 
miscellaneous iron, steel, and metal trades employ- 
ment was fair ; the unemployed decreased by 0.4 per 
cent., and by 1.2 per cent. compared with a year ago. 
There was little activity in builders’ ironmongery, 
though the building trades have improved consider- 


ably. 








The work of the Labour Exchanges appears to be 
oing on satisfactorily, as shown by the Board of 
Tra ereturns. Nearly 24,000 places were found for 
applicants last month, as compared with the previous 
month, when they numbered 26,395. The demand for 
workers exceeded the supply in the textile, boot and 
shoe, clothing, painting and coach-building industries, 
and among women laundry workers. The vacancies 
filled were in this order proportionally: Building 
trades, 18.1; iron, steel, and metal trades, 13.3; 
ser mac labourers, 12.6 ; transit trades, 11.9, The 

xchanges have been in existence less than three 
months, so that their operations may be regarded as 
satisfactory ; but there is still a large percentage of 
unemployed in different trades and occupations. 





The series of reports and statistical returns by the 
Board of Trade, under the head of ‘‘Census of Indus- 
try,” supplies a long-felt need. It was only in 1854 
that the same Board began its valuable series of 
Abstracts of Trade for the United Kingdom, followed 
later on by Abstracts for the Colonies, India, and 
foreign States. But these were confined to our over- 
sea trade, and by that. standard has been judged the 
volume of British trade. That it was an insufficient 
standard has long been felt, and now we are to have a 
truer test of British activity. Of course, the first 
series of tables will be more or less incomplete, but 





they show how enormous is the extent of our indus- 


In the} P 


tries, in volume and in value. It is to be hope. that 
the facts and figures will be tabulated present!,, and 
presented in a compact form, like the Stalistica] 
Abstracts. Then, and then only, shall we be able to 





appraise the vast industrial activity of our British 
people. 
Two important disputes in the South Wales and 


Monmouthshire coal trade have been settled, ti: men 
resuming work this week after the Whitsun holidays, 
The stoppages involved thousands of men and pii-lads, 
One dispute began soon after the Eight Hours Act 
came into force. That at the North Navigation col. 
lieries arose out of the refusal of the men to abide by 
the new agreement, especially as to the over! »pping 
shifts. When the men were willing to resume work 
the management refused to let them start. The dis. 
pute at the collieries of Messrs. Corry Brothers was 
over the list of prices for one of the seams. The cases 
were brought before the Conciliation Board just on 
the eve of the Whitsun holidays, both sides being 
heard in evidence. At the end a committee of repre- 
sentatives of the coalowners and of the men was 
empowered to effect a settlement, and thus end the 
strike, in both cases. In the meantime the men were 
to resume work, this week. 


In Northumberland, the members of the Miners’ 
Association have selected Mr. Burt, M.P., and the 
other officials to the same posts as heretofore. This 
seems strange after the votes of censure passed upon 
them and the executive in respect of the agreement 
they entered into with the employers under the Eight 
Hours Act. It is an indication of peace, and of a 
return to a more prudent policy. 


The dispute as to wages in the cotton trade con- 
tinues. The ballot of the members of the Employers’ 
Federation and others was completed last week, but 
the votes were not counted, so that the result is not 
known at date of writing. The return, it was agreed, 
was to be held over until the meeting of the Federa- 
tion. Then the operatives will have to ballot. 





Almost everything in connection with the iron and 
steel trades was at a standstill during last week. 
Most. of the works were closed, and the attendance at 
market was small, little business being done. The 
commoner brands of iron did not maintain their price, 
but little material changed hands. The best brands 
appear to hold their own. 





During Whitsun week most of the great orders of 
friendly societies held their annual conference. Most 
of the proceedings were confined to internal affairs, 
but a determination was expressed to render the 
branches solvent within the actuarial lines of the 
Government and the Chief Registrar. The question 
of the old-age pensions was discussed, and also the 
roposed intention of the Government to establish 
industrial insurance. There is still a divided opinion 
on these matters. 1t is proposed to interview Mr. 
Lloyd George on the subject when convenient to him. 

he National Clerks’ Union and a section of the 
Labourers’ Union also held conferences ; at the former 
it was complained that so few of the great army had 
enrolled themselves. 

The Co-Operative Congress at Plymouth was a great 
success, and many questions of general interest were 
dealt with, one being the alleged sweating of employees 
at some of the stores. 





There is a strike of miners at one or two of the 
Warwickshire collieries over the question of the 
checking-man being the recognised intermediary in 
cases of dispute. 





Tue Wearnerinc or Coat.—‘‘The Weathering of 
Coal,” by 8. W. Parr and W. F. Wheeler, issued as 
Bulletin No. 38 of the Engineering Experiment Station 
of the University of Illinois, reports a continuation of the 
experiments on the weathering of coal published under 
the same title in 1907, in Bulletin No. 17. The — 
ments described in the present bulletin deal with car- oad 
lots of coal under conditions comparable with actual 
experience in the storage of coal. Jar-load lots of both 
nut and screenings were exposed in covered bins, in 0 
bins, and under water for a period of one year. 
initial values were determined for the freshly-mined coal, 


and analyses were made approximately after two days, 
ten days, two months, six months, and one yer, 


neral, the conclusions are that coal of the type 7 
llinois and neighbouring States is not affected ser! 


during storage when only the changes in weight 
leapee in heating value are considered. The los-es due to 
disintegration of the coal and to spontaneous ignition 


seem to be of far greater a than any changes 2 


4 ; hi mnot be ex- 
weight or heating value, a though om cortala 


ressed in figures for comparison. : 
vavennons is hvew of storing coal under water, there 
seems to be very little to be said in favour of any a 


cular method of storing coal. sone of oo 
may be obtained tis on application to TO! 
WF. M. Goss, Dirsotor of the Engineering Experiment 





Station, University of Illinois, Urbana, Illinois. 
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THE CUTTING PROPERTIES OF TOOL- 
STEEL.* 


By Epwarp G. Herpert, B.Sc. Lond. (Manchester). 


TooL-STEELS may, for the purposes of this paper, be 
defined as steels which can be made hard enough to cut 
metals. The ability of one substance to cut another is 
dependent on a difference in their hardness. Therefore, 
jn comparing the cutting properties of various steels, it 
might at first sight as od sufficient to range them in a 
series of increasing ness. But this would give a very 
imperfect and misleading impression of their cutting 
properties, since the hardest steels are not necessarily 
the best adapted for use in cutting operations. It is 
important that a tool should not only cut, but continue 
cutting for a considerable time before becoming blunt. 
If, therefore, we can arrive at a definition of ‘bluntness,” 
or (since bluntness is a variable quantity) at a standard 
of bluntness, it will obviously be possible to arrange all 
tool-steels in a series, according to the lergth of time 
they would continue cutting a given material under 
specified conditions, before arriving at the standard con- 
dition of bluntness, and such a series would give a more 
correct representation of their relative value as materials 
for use in ony tools. 

In order to do 


— | test-tube turned away. 
this, it would be necessary to select | from 20 ft. per minute to the highest s 
certain definite conditions—namely, the shape of the | tool will cut, and the results are plot 

cutting tool, the thickness and width of the shaving, and | ‘‘s 


| With this machine all the conditions ofa cutting test 
| can be regulated and kept constant. The cutting speed 
can be exactly regulated by means of the friction gear, in 
conjunction with a pendulum speed-indicator on the 
machine. The material of the tube is uniform. The width 
| of the shaving (equal to the thickness of the tube wall) is 
constant. thickness of the — is regulated by 
adjusting the weight on the steelyard. Itis shown by the 
slope of the di m, and is kept constant in a manner to 
be described. e blunting of the tool is measured by 
the micrometer as the test proceeds, and all tests are 
stopped when the predetermined degree of bluntness has 
been attained, this condition being indicated by the ring- 
ing of an electric bell connected to the micrometer. 

Fig. 5 shows the character of the diagrams produced. 
Lines are ruled on the squared paper, sloping to the right 
at an angle ere to the stan traverse (1.2 in. 
- 1000 revolutions). The pencil is set on one of these 
| lines ; and, by suitable adjustment of the weight on the 
| steelyard, the tool is caused to take the proper thickness 
of shaving, which is indicated by the pencil travelling up 
the ruled line. The test is continued until the micro- 
meter shows that the cutting edge has been blunted by 
the predetermined amount ; it is then stopped, and the 
durability of the tool is given by the number of inches of 

Tests are made at cutti aoote 

at which the 

in the form of a 
curve,” in which ordinates represent the dura- 





the speed at which the tool should travel across the | bility of the tool, and abscisse represent cutting speeds. 


material being cut. These conditions aang been stan- 
dardised, it would be possible to express the quality of 
any tool-steel by a number (which might be called its 
durability), denoting how many minutes it would con- 
tinue cutting under the standard conditions before becom- 
ing blunt, just as its strength can be expressed by a 
number, denoting how many tons weight per square inch 
of section would be required to break it. 

But here the question arises whether the relative 
durability of various steels is independent of the condi- 
tions of cutting. If steel A is quite as durable as steel B 
in cutting iron, will it also be twice as durable in cutting 
brass’? ‘There is some reason to believe that it will not. 

Equally important is the question whether, and to what 
extent, the relative durability of tool-steels is dependent 
on the cutting speed. Will they stand in the same order 
of merit whether tested at 20 ft., at 60 ft., or at 100 ft. 
perminute? To determine this, it is necessary to make 
cutting tests with each steel at each of a series of speeds. 
This can be done in a lathe by turning down a bar; but 
in practice such tests are apt to be inconclusive, because 
of the difficulty of standardising the conditions. It is 
difficult to secure a uniform material, to maintain a 
uniform cutting speed as the diameter of the bar de- 
creases, to maintain a uniform thickness of shaving as 
the tool wears, and it is especially difficult to ensure that 
all tools are worn to the same condition of bluntness. 

The tool-steel testing-machine was designed to overcome 
these difficulties. The machine is illustrated in Fig. 1, 
page 692, and its principle and construction will be under- 
stood from the diagram, Fig. 2, in which A represents the 
element on which the cutting tests are made—that is, a 
tube, usually of steel, ? in. in diameter and § in. bore, 


formed by drilling from the solid bar, and subjected to a | ; 


heat treatment which renders it uniform in hardness. 
The tube A revolves about a vertical axis, while its lower 
end rests on a fixed abutment B of hardened steel. The 
sample of steel to be tested is made into a cutting tool C, 
which is ground to a standard angle, and held in a vice D, 
with its cutting edge radial to the tube. The vice D is 
mounted on knife-edges E lying in the plane of the end 
of the tube. By means of a steelyard F, with a movable 
weight and scale, the tool can be caused to press upwards 
against the edge of the tube with any desired force, and 
cut it away with a turning action. 

The tube is held in contact with the abutment B by 
means of a weight G, the downward pressure of which is 
always greater than the upward pressure of the tool. As 
the tube is turned away by the tool, it is fed downwards 
by the weight G, so that the end of the tube, though it is 
constantly being turned away, is constantly held in con- 
tact with the abutment B, and the point at which cutting 
takes place is stationary. A dashpot H is connected to 
the vice to prevent jarring or vibration. 

As the test proceeds, the cutting edge is gradually worn 
away, and as this takes place the vice tilts on the knife- 
edges. The angle through which the vice tilts is propor- 
tional to the blunting of the tool, and this is actually 
Measured in thousandths of an inch by means of the 
micrometer K, which is mounted on the pillar of the 
machine, and is brought to bear on a projection from the 
end of the steelyard, so as to measure its movements due 
to the wear of the tool. 


A set of speed-curves is shown in Fig. 4, in which A is 


| the curve of a carbon steel. B, B! are both from the same 





.. Turning now to the illustration of the machine, Fig. 1, 
it will be seen that the tube is driven by a spindle, which 
receives its motion through cone and friction disc gearing, 
capable of giving it a wide and continuous rauge of 


— A paper-covered drum, mounted 
column of the machine, is driven through worm and spur | 


ide. the | 2PPears that at the very 


high-speed steel, differently hardened, and C is from 
another high-speed steel. 

It will be noticed that at the low speeds, up to 50 ft. 

r minute, the carbon steel is more durable than the 

igh-speed steels ; but at the higher speeds the carbon 
steel is (as might be expected) less durable. 

The fact that a high-speed steel tool will not keep its 
edge so well asa carbon-steel tool under a light cut at a 
low speed (a finishing cut) has long been familiar to engi- 
neers ; but the fact that the durability of a high-speed 
steel tool, working under a light cut, can be greatly in- 
creased by running it at a high speed, and that under 
these. conditions—a light cut and a high speed—it will 
keep its sharp edge better than a carbon-steel tool, was 
not generally known before the first publication of the 
aekennven produced by the tool-steel testing-machine. 

Perhaps the most striking and unexpec feature of 
the speed-curves is this—that the durability of all steels, 
without exception, is be low at low speeds (under light 
cuts), and that the durability of the cutting edge increases 
as the speed is raised. 

In considering these curious facts, it is important to 
bear in mind that we are here dealing with durability as 
measured, not by the length of time the tool will continue 
cutting before becoming blunt, but by the amount of 
metal it will cut away before becoming blunt. To turn 
away an inch of tube at 40 ft. per minute obviously takes 
twice as long as turning away an inch at 80 ft. per minute 
cutting speed, the thickness of the shaving being the same 
in each case. If the speed-curves are drawn out on a 
time basis, they assume a rather different form, as shown 
in Fig. 5. From this it appears that the maximum time- 
durability of the carbon steel was actually higher than 
that of the best high-s steel, but that this maximum 
occurred at a low s' “ 

Neither the curves in Fig. 4 nor those in Fig. 5 give a 
correct view of the relative value of carbon and high-s; 
steels for the rapid removal of metal. The best steel for 
this purpose is not the one that will keep its edge longest 
when run at a slow speed, nor even the one that will 
remove the greatest amount of metal before becoming 
blunt. The engineer usually requires the steel that will 
remove the greatest amount of metal per hour without 
requiring too frequent sharpening. If we multiply the 
number of inches of tube turned away by the correspond- 
ing cutting speed, we obtain a quantity which may be 
termed the “‘duty,” and which is proportional to the 
time-rate of removing metal, and to the durability of the 
tool. It is reasonable to assume that when this quantity 


| attains a maximum, the ideal working conditions have 


been reached. In Fig. 6 are shown duty-curves obtained 
by calculation from the speed curves, Fig. 4, and this 
diagram shows the relative values of the steels for the 
rapid removal of metal. Fig. 7 gives an even more 
striking comparison between the duty-curves of A, a 
carbon steel; B, a good high-s' steel; and D, one of 
the new vanadium steels. en the vanadium steels 
were first brought out, it was generally supposed that 
they were not capable of working at higher speeds than 
the older tungsten steels. The tool-steel testing-machine 


| has shown that they are capable of working, and that 


they may attain their maximum durability, at speeds 


| which are much too high for the ordinary tungsten steels, 
| and this has now been ms = confirmed in practice. It also 


ow speeds these steels are much 
less durable than either high-speed steel or carbon steel. 
It might indeed be infe: from Fig. 7 that, in order to 


ments of Lue Searing from the spindle. Vertical move- | get good results from the vanadium steel, it would be 


che spindle are communicated through a fine 
in to « pencil mounted on a vertical sliding bar. 


we © machine is set in motion the pencil draws a | 
oe” n which horizontal distances represent the | 


' revolutions made by the tube, and vertical | 


Patance tepresent vertical movements of the spindle— ls 
a the longth of tube turned away by the tool. The 
Pe of (ue line represents the rate at which the tube is d 
verse turz -d away, or, in other words, the feed or tra- 
oF tae tool in inches per 1000 revolution of the tube. 


-_ 





necessary to work it at a high speed; but this inference 
would not be correct, as will be shown later. , 
Two questions here present themselves for considera- 
tion. What is the cause of the differences in the dura- 
bility of the cutting edge of a given steel at different 
What are the changes in the physical con- 


dition of the steel which correspond to these changes in 


urability ? 
If it had been found that an increased cutting speed 


| involved a simple decrease in the durability of the cutting 


edge, it would have been natural to answer the first 


May 3? * read before the Iron and Steel Institute on ny saying that we were dealing merely with the 


| rubbing 





metal against metal; that this rubbing was 





more severe at the higher speeds, and therefore caused 
more rapid wear. But when we find that an increase in 
the cutting s is actually accompanied by an increase 
in the durability of the tool, that this durability attains a 
maximum at a certain speed, which is different for steels 
of different chemical composition, and that the durability 
then declines as the speed is further increased, it becomes 
evident that this explanation is insufficient. The dura- 
bility of the cutting edge cannot depend simply on the 
rubbing of metal against metal, but it ma Savend on 
that which results from the rubbing—namely, the evolu- 
tion of heat and the consequent rise in the payenten 
of the cutting edge, a rise which naturally mes 
greater as the s increases. 

Assuming this to be the case, we find that the dura- 
bility or wear-resisting property of all tool-steels is rela- 
tively low at normal atmospheric temperatures, that it 
increases as the temperature rises, attains a maximum at 
a certain temperature (depending on the composition of 
the steel), and declines as the temperature is further 


raised. 

If this theory be correct—if it be a fact that the 
observed changes in the durability of the cutting tool are 
mainly or entirely due to changes in the temperature of 
the cutting edge—it should be possible to produce the 
same chan of durability in a tool running at constant 
speed by simply varying its temperature. 

The most obvious method of “ing the temperature 
of a tool cutting at constant speed is that of varying the 
weight of the cut, since we know that the.heat generated 
by a light cut is less than the heat generated by a heavy 
cut at the same speed. In order to test the theory, it 


would therefore be sufficient first to measure the dura-° 


bility of a tool cutting at a slow speed under a light cut ; 
the depth of cut should then be increased (the speed 
neneng unaltered), and the durability again be 
measured, and so on with gradually-increasing cuts ; and 
we should expect to find the durability of the cutting-edge 
increase with the depth of cut until it attained a maximum 
with a particular cut, after which the durability should 
decrease as the cut was further inc . The results 
when plotted out, should give a curve similar to the speed 
curve of the same steel. 

Experiments have been made on these lines, and the 
results are shown in Figs. 8toll. A carbon-steel tool 
was run at 20 ft. per minute, and its durability was 
measured at each of a succession of feeds. Similar series 
of tests were made at 40ft. and 60ft. per minute. The 
resulting curves are shown in Fig. 8. speed-curve was 
then made from the same tool in the ordinary way, with 
constant feed and varying s s, and this curve is shown 
in Fig. 9. It will be seen that in each case the durability 
of the tool increases to a maximum and then decreases. 
In Figs. 10 and 11 the results of the same experiments are 
given, with the durability of the tool expressed in minutes 
instead of in inches of tube turned away ; and here, again, 
the similarity of the curves is sufficiently striking. 

These results give onpnet? to the heat theory ‘but they 
cannot be said to establish its truth, since there is a pos- 
sibility that the variations in durability which follow 
from changes of feed and from changes of speed, though 
similar in character, may due to different causes. It 
therefore seemed desirable to test the theory further by 
applying artificial heat to the tool while it was cutting. 

Jurability tests are normally made on the testing- 
machine, with the cutting-tool flooded with a copious 
stream of cold water, which is pumped up the interior of 
the test-tube by means of a circulating-pump. In this 
way both the tube and the body of the tool are kept cold, 
and a rise of ae ay can only take place in the 
extreme cutting edge, which is embedded in the metal, 
and therefore protected from contact with the water, It 
may be supposed that at high speeds the cutting edge is 
raised to a temperature sufficiently high to draw its 
temper, thus permitting successive portions of the edge 
to be more readily rub away ; and it would seem to 
follow that at moderate speeds the rise of temperature is 
not sufficient to soften the steel, but that it has the con- 
trary effect of hardening it, or otherwise increasing its 
capacity for resisting wear. 

Although the water does not come into actual contact 
with the cutting edge, it is certain that it exercises a 
considerable cooling effect, by conducting heat away from 
the shaving as it is formed, and the amount of cooling 
will depend upon the temperature of the water. 

As -curve was made from a vanadium-steel tool, the 
tests being made in the ordinary way, with cold water 
flooding the tool. Thiscurve is shown in Fig. 12, 693. 
The durability of this steel rose with great suddenness 
when the speed of 40 ft. was exceeded, and this portion 
of the curve was selected for the heat experiment. Gas- 
burners were placed under the tray of the testing-machine, 
and the water was caused to circulate until its temperature 
became constant at 65 deg. Cent. The durability of the 
tool was then tested while cutting at 40 ft. per minute 
and flooded with hot water. The tool cut away 6.6 in. of 
tube under these conditions, whereas it had only cut away 
1.4 in. at the same speed in cold water. This clearl 
shows that the increase of durability shown by the speed 
curve between 40 ft. and 50 ft. per minute was due to a 
rise in temperature caused by the increase in —- The 
result is not surprising, since it is known that high-speed 
steels have the property of increasing in hardness as their 
temperature is raised, and it is probable that the new 
vanadium steels have the same property. 

It does not, however, appear to have been established 
that the carbon steels possess this property ; hence it was 
— interesting to ascertain whether the application 
of artificial heat would have the effect of raising the 
durability of a carbon-steel tool. 

An experiment was made with a steel containing 1.33 

r cent. carbon, which was quenched in water at 780 deg. 





t., and tempered by immersion in a water-bath for 
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30 minutes at 100 deg. Cent. A speed-curve was made 
from this tool cutting under cold water. This {curve is 
shown at A, Fig. 13. The gas-burners were then placed 
in position, Acs 4 the circulating water was brought to a 
temperature of 67 deg. Cent. A complete speed-curve 
was made with the tool cutting in hot water, and is shown 
at B, Fig. 13. The result is exactly what would be ex- 
pected, assuming the heat theory to be correct. The 
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speed-curve is moved to the left; the durability of the 
tool is increased at all speeds below 48 ft. per minute, and 
decreased at all higher speeds. It will be noticed that 
the maximum durability of the tool was considerably less 
when cutting in hot water ; and this is difficult to account 
for, except on the supposition that the tool had become 
somewhat softened, either by continued immersion in the 
hot water or by repeated grinding. In order to test this, 
a further Baad Ganon was made from the same tool under 
cold water. This curve is shown at C, Fig. 13. It is 
much lower than either of the preceding curves, and it 
lies further to the right than the first curve, A, made with 
cold water. It will be shown later that a normal result 














of drawing the temper of a tool jis to lower the [speed- 
curve and move it to the right. _ 

These results appear to establish the heat theory of the 
durability of cutting-tools, working under the special 
conditions of the tool-steel testing-machine. It remains 
to inquire how far this theory holds good when the tools 
are working under ordinary workshop conditions. 

Many scientific tests of cutting-tools have been made, 
the best known being those of Mr. F. W. Taylor, de- 
scribed by him in a paper read before the American 
Society of Engineers in 1906. In these, and in most of 
the other tool steel experments whose results have been 

ublished, no attempt was made to measure variations of 
urability due to changes in the working conditions. 
Instead, a standard time durability was adopted, and the 
conditions of cutting were varied until a standard tool 
just failed at the end of the specitied time—usually twenty 
minutes. A series of combinations of speed, feed, and 


Fig2. “et TESTING MACHINE. 
TE 

















6000 


2000 4000 8000 10000 





an assumption which may appear somewhat extravag 

Tt was assum t the Pe ra of the portion of — 
which is in process of being cut away by a tool is similar 
to that of a jet of water impinging on a fixed obstacle - 
that the tool is a rigid body on which a stream of steel 
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A, Carbon Steel. B, High-speed Steel. 

B} Same Tool Re-hardened.C, High speed. 
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depth of cut was found, under which the condition of 
constant durability was fulfilled. 

According to the heat theory, constant durability in- 
volves constant. temperature of the cutting edge. In 
order, therefore, to test the heat theory by means of Mr. 
Taylor’s results, it will be necessary to pe me a law of 
constant temperature in terms of speed, feed, and depth 
of cut. If this law of constant temperature, deduced from 
general dynamical considerations, proves to be the law of 
constant durability under which Mr. Taylor’s results range 
themselves, it will be safe to conclude that constant tem- 
perature is the essential condition of constant durability. 

In attacking this problem the author began by making 











impinges; and that the law governing the evolution of 
heat by this stream of steel is the same law which governs 
the evolution of heat by a jet of water suddenly checked. 
This law is that the rate at which energy is dissipated in 
the form of heat is proportional to the cube of the velocity 
of the jet, and to the area of the jet. Assuming this law 
to hold good in the case of a cutting-tool, let us examine 
the evolution of heat as it affects the temperature of a 
very small portion of the cutting edge a (Fig. 14). 
portion of metal which actually impinges on this element 
of cutting-edge is that contained between the parallel 
lines, and the heat generated in unit time will be propor 
tional to the sectional area of this portion of the shaving, 
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Itiplied by the cube of the cutting-speed. Since the 
aay ce = between the par: lel lines ~is _propor- 
tional to the thickness of the shaving, it follows that 


ha Sz, 


h being the heat evolved in unit time, S the cutting 
speed, and ¢ the thickness of the shaving at this point. 
If only this element of the shaving were in — the 
temperature at @ would depend on the rate of heat evolu- 
tion h; but heat is also being generated in all the adja- 
cent parts of the shaving, and this additional heat H; 
which, when a is very small, is proportional to the whole 
sectional area of the 7 affect the tempera- 
ture at a by conduction. The temperature at a therefore 
depends upon the total heat h + H, which is pocgeetions 
to the thickness of the shaving, multiplied the area 
of the shaving, multiplied by the cube of the cutting 


— h+H «tas, 
Therefore the condition for constant temperature at the 


point a is that ¢aS* should be constant, and the law of 
constant temperature, which should also, by hypothesis, 


STEN-VANADIUM STEEL CUTTING WITH 


” UN. 
Rig." . COLD AND HOT WATER. 





duced from ,, in. to }in. This gave point B, and a 
further calculation, assuming constant feed and = 4 
area of cut, gave the dotted curve through B, whi 
= corresponds with that obtained by experiment. 
ow starting again from point A, and calculating for 
constant area and a reduction of feed from ; in. to ¢y in., 
we obtain _ C and curve z!. This does not agree so 
well with the results of enpenen, but this non-corre- 
spondence is accounted for by the fact that, with a broad- 
nosed tool working on very light cuts, the thickness of 
shaving is not proportional to the feed. Ascertaini 
graphically the actual thickness of the shaving in eac 
of Mr. Taylor’s experiments, and substituting these 
values in the formula, we obtain the curve 2%, which 
agrees perfectly with the results of the experiments. 

The cube law of cutting s is therefore definitely 
established, and its practical utility is obvious. It may 
be thus expressed in words: For constant durability of 
the cutting tool, the speed varies inversely as the cube 
root of the product of area of cut by thickness of shaving. 

The value of the cube law as evidence of the correct- 
ness of the heat theory of durability is considerable, 
though it is possible that the validity of the reason- 





increases the durability of the cutting edge (in carbon as 
well as? high-speed steels), then it follows that a tool 
cutting at alow speed with a light cut should be more 
durable when dry than when flooded with water. ‘The 
effect of omitting the water should be to compress the 
speed-curve to the left—an effect similar to that caused 
by substituting hot water for cold, but probably still 
more marked, because the rise of temperature is likely 
to be much greater. . 
This crucial experiment was tried, and the result is 
shown in Fig. 16. A is the speed-curve of a carbon steel 
cutting under water. B is the speed-curve of the same 
tool cutting dry. The compression of the speed-curve, 
and the increase of durability at the lower speeds, are 
what the heat theory would lead us to expect ; but we 
are confronted with an unexpected phenomenon in the 
extraordinary increase in the maximum durability of the 
cutting-tool. This experiment has been repeated with 
differently shaped tools, and on tubes of different com- 
position, and similar results have been obtained. As a 
ible explanation of the great increase in the maximum 
Surability of the tool, it may be suggested that the tube 
itself may have become sufficiently heated to undergo 
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be the law of constant durability, may be expressed by the 
equations 


(44,8,)5 = 40,8, 
.s 
=§8 / 4%. 
%=8, teas 
In cutting with a round-nosed tool, failure will gene- 
rally take place where the shaving is thickest, and ¢ may 
taken a8 representing the maximum thickness of the 
Meo which is generally proportional to the feed. 
1 . Fig. 15 the full lines represent the results of Mr. 

a ors experiments, abscisse representing areas of cut 
(feed x depth of cut), and ordinates representing the 
ee bondin cutting speeds at which the tool failed in 

minutes. The experiments were made on a mild-steel 
T, with a round-nosed tool of standard shape. 

. The dotted curves in Fig. 15 were obtained by calcula- 
a a.m ploying the cube formula, and taking the point A 
yd ? datum point. Thus the dotted curve through A 

r tained by assuming the thickness of shaving con- 
sant (feed, °; in.), and calculating for varying areas of cut. 
ds resu'ting curve agrees almost ently with that 

tained by experiment. A was then taken as the datum 
point for a calculation, assuming the area of cut to remain 
constant, and the thickness of hove (feed) to be re- 
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ing by which it was deduced may be called in ques- 
tion. One fact may be mentioned which is at variance 
with the assumption that the action of the “stream 
of steel” is similar to that of a jet of water. The pres- 
sure which a jet exerts on an obstacle against which 
it impinges is proportional to the square of its velocity ; 
but it seems to be established that the pressure exerted i 
the shaving on a cutting tool is nearly constant for all 
cutting speeds. It certainly does not vary as the square 
of the speed. No explanation of this discrepancy can be 
offered at present. The cube law was arrived at from 
theoretical considerations of the heat evolved in cutting, 
and it is confirmed by the results of most carefully-con- 
ducted experiments. It correctly expresses the conditions 
for constant durability of the cutting tool, and it must be 
taken as expressing shee the conditions for constant tem- 
perature until a more correct expression can be found. 
One further piece of evidence may be adduced in favour 
of the heat theory. It has inted out that the tool- 
steel tests are normally made with the cutting tool flooded 
with water, and that this must exercise a considerable 
cooling effect on the actual cutting edge, although the 
latter may never come into contact with the water, owing 
to its being embedded in the metal. By cutting without 
water, came, Wp shall allow the edge to become hotter, and 
if we are right in believing that an increase of temperature 
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some softening. Against this explanation it may be 
noted that the same phenomenon occu when the tube 
was of soft low-carbon steel, which would scarcely be 
softened by the heat generated in cutting it. 

Considerable stress has been laid upon the heat theory 
of durability—the theory that the durability of the 
cutting edge is mainly, if not entirely, dependent on the 
temperature to which it is raised in cutting, and in- 
dependent of the cutting speed and weight of cut, except 
in so far as these affect the temperature. Apart from its 
scientific interest, this theory ie an important bearin 
on the character and meaning of the results obtain 
on the testing-machine. Minute cuts, taken under special 
conditions, are being dealt with, and it might appear 
that the results would give very little information as to 
the probable behaviour of steel under the very different 
conditions of the workshop. 

When, however, it is realised that each speed on the 
testing-machine corresponds to a definite temperature of 
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the cutting edge ; that the range of temperatures so ob- 
tained includes the whole range of cutting temperatures 
occurring in wameneg: puaetes, and that the er 
of a tool (of a given shape and cutting a given material) 
depends entirely on its temperature, then it becomes 
evident that the changes of durability which we have 
been considering are changes which must always take 
place at these temperatures, no matter how they are pro- 
duced. The heat theory is the connecting-link between 
the results obtained on the testing-machine and the 
whole — of metal-cutting operations of the engineer- 
ing workshop. : 

Already dese is an accumulation of confirmatory evi- 
dence on the workshop side. It has been found, for 
instance, that a tool stands up better if it is put in the 
fire immediately before being set to work, so that it 
‘starts warm,” while in quite a number of workshop 
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operations it has been found possible to increase the 
durability of the cutting tool by increasing the cutting 
speed, although such an inc ease of speed goes against the 
instincts of the average workman. 

In considering what follows, it will be useful to bear in 
mind that ‘‘ cutting speed” and ‘ temperature” are inter- 
changeable terms, and that the speed-curve is really a 
temperature-durability curve. It is necessary for the 
present to study changes of durability in relation to 
cutting speed, because the speed is definitely known, 
whereas the corresponding poe of the cutting 
— cannot be directly measured. 

_ Most of the speed-curves hitherto examined have a 
simple form, consisting of a rise to a maximum durability, 
followed by a fall towards zero durability as the speed is 
raised. It will have been noticed, however, that the 
speed-curve in Fig. 12 is less simple in form. This curve 
has two points of maximum durability, at 60 ft. and 120 ft. 
respectively, and a very distinct depression between them, 
the lowest point occurring at 80 ft. This phenomenon 
is exceedingly common, and is not confined to any one 




















class of steel.. The double-peaked curve has been ob- 
tained from carbon, tungsten, and tungsten-vanadium 
steels. A set of double-peaked curves is shown in Fig. 17, 
in which A is a carbon steel; B a low-tungsten steel, 
which was made white hot and quenched in water. This 
steel is remarkable for its high durability at very low 
speeds, far exceeding that of the carbon steel. The 
makers of this special steel have used it in their own 
works for machining articles of hard material which 
could only be run at very low speeds, and the curve 
confirms its special suitability for this class of work. 
Curve C is from a tungsten steel, and curve D from a 
tu n-vanadium steel. Each of these curves is of the 
double-peaked variety, and it was for some time thought 
that the position of the depression (to the right of the 
main peak in carbon steel, about the centre of the curve 
in tungsten steels, and to the left of the peak in tungsten- 
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Fig. 20. PERCENTAGE OF CARBON 
& DURABILITY.CARBON STEEL. 
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vanadium steels) would be a definite indication of the 
class to which the steel belongs. This is not the case. 
Experience shows that the depression may occur at any 
point in the curve of any steel, and that its ition 
varies according to the particular treatment the steel 
has received in ening 

The depression, or dimple, in the speed-curve is perhaps 
the most remarkable fact brought to light by the tool- 
steel testing-machine. The phenomenon is so marked— 
amounting sometimes to an almost total loss of durability 
at a particular s , Which may be intermediate between 
two speeds, each of which gives the tool the highest dura- 
bility of which it is capable—that it is almost incredible 
it should have entirely escaped observation in the thou- 
sands of cutting operations of every-day practice. That 
the phenomenon may exist, and yet have been unobserved, 
will be seen in the case, for example, of a turner who 
had set his lathe to a speed and cut corresponding toa 
depression in the speed-curve of his tool. He would 


40 
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notice that his tool rapidly became blunt, and he would 
conclude either that his speed was too high or that his 
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| tool had become softened. In the former case he w 
reduce his speed, and so get to a higher point on 
gr An increase of speed would be e 
effective, but the workman would be very unlike! 
experiment in this direction. If he concluded tha‘ 
tool was soft, he would have it re-hardened, and, as 
be shown later, this would be likely entirely to c} 
the form of its speed-curve and the position of the deprcs. 
sion. Unaccountable failures of cutting-tools are among 
the commonest of workshop experiences, and may be 
frequently due to working at the critical temperature of 
low durability. 

But suppose the speed and cut to be such as to bring 
the tool to a point on the right-hand peak of the speed. 
curve. Before the tool can arrive at the high tempers- 
ture corresponding to this point, it must obviously pass 
through the lower temperature corresponding to the 
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depression ; and if the rise of temperature 1s gradual, 
the tool might be expected to be considerably damaged, 
while passing through the critical temperstare. corre- 
sponding to the depression. It might be anticipated, 
however, that if the tool were allowed to continue cutting, 
it would soon attain a higher temperature corresponding 
to some point on the right-hand peak of the curve, when 
it ouabi vain its durability, and, although in a some- 
what damaged condition, would continue cutting for ® 
considerable time before finally failing. 

Now it is a fact that evidence has come from several 
independent sources to the effect that this is precisely 
what does frequently take place in cutting with bigh- 


speed tools. 

The tool, soon after being set to work, apparently 
fails—it becomes blunted to some extent; but if if 1s 
allowed to continue cutting, it “builds up, according 
to the workshop expression, it recovers its dura vility, 


and may continue cutting for a considerable time \ithout 


further loss of ess. It ap then, that the 
phenomenon exhibited in the suued eart is one which 
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has b = frequently observed in practice, though its 
precise character has never been suspected. 


Carson Steet—Errect or TEMPER ON DvRABILITY. 

In order to ascertain in what manner the durability of 
a tool is affected by its temper, several series of experi- 
ments were made with carbon steels. These experiments 
were carried out in co-operation with Mr. Harry Brear- 
ley, who undertook the heat treatment and the chemical 
analysis of the steels. ; s 

The first experiments were made with a steel having 
the following analysis :— 


Per Cent. 
Carbon... ae os me ~ 1.33 
Manganese... = ea sd ad 0.39 
Silicon we ee ei - soi 0.19 
Sulphur... “ie are cee wes 0.038 
Phosphorus os ey oe “ 3.033 


The tools, all cut from the same bar, # in. by 4 in., 
were quenched in water at 780 deg. Cent. Onv was left 
dead hard, and the remainder were tempered by being 
immersed for thirty minutes in an oil-bath at the follow- 
ing temperatures respectively :—100 deg., 150 deg., 
175 deg., 200 deg., and 275 deg. Cent. The speed-curves 
of these tools are given in Fig. 18 (page 694). 

It will be seen that the dead-hard tool gave a narrow 
curve with a high maximum durability at 60 ft. The tool 
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tempered at 100 deg. gave a broader curve in the same 
position. 

The curve of the 150 deg. tool shows a remarkable 
change. It is broader than the preceding one, and is 
broken into two distinct peaks, with a very deep depres- 
sion between them. 

The next tool tempered at 175 deg. also gives a double- 
peaked curve, but the first peak has increased and the 
seoond shrunk in size, 

In each of the remaining curves only one peak persists, 
and moves progressively to the right, so that the highest 
durability :t the high speeds was obtained from this par- 
ticular stee! from the tool that was the lowest in temper. 

In order to confirm and to trace out more completely 
the changes in the form of the s curve, a second 
Series of tests was made with a steel having the following 
composition :— 


Per Cent. 
Carkx i — aon oie a 1.25 
Mang:nese Jf ¥ an > 0.27 
Silic: ; ets = me see 0.16 
Phosphorus _ = inl ee 0.015 
SNE oe ie ee oe 
The too!s were treated in exactly the same manner as 
those in i 


-~ ‘he first series, but were tempered at a closer 
nge of temperatures, The speed-curves are shown in 


Fig. 19. 
fn this, as in the preceding series, the dead-hard tool 
. sa curve with a tall narrow peak, but with the maxi- 
um at the rather higher speed of 70 ft. At 100 deg. 


= 15 red the curve retains its position, but becomes 
ond ‘At 125 deg. the maximum moves to 80 ft., 
10 d Me right-hand branch loses its concave form. At 

©g- we have the remarkable appearance of a first 


rah uting, as it were, from the base of the second. 
deg. the first peak has outgrown the second, 








and at 150 deg. and higher temperatures only the 
first peak remains. It shrinks in size, but does not 
move to the right at high temperatures, as in the first 
series, except at 200 deg., where there is a slight move- 
ment to the right. The development of the two peaks 
is similar to that in the first series, but occurs at a rather 
lower tempering temperature. 


Errrct OF PERCENTAGE OF CARBON ON DURABILITY. 


In Fig. 20 are shown speed-curves taken from a series 
of steels of varying percen of carbon, which were 
kindly prepa and analy: by Mr. Brearley for the 
purpose of these experiments. The tools were quenched 
in water at 780 deg. Cent., and were not tempered. The 
percentage composition of each steel is given beside the 
corresponding speed-curve. 

It is possible to trace a curious analogy between this 
series of curves and the second series taken from tem- 
pered tools, Fig. 19. Curves A, B, and C are charac- 
teristic of the dead-hard high-carbon steel. In curve D 
the peak is thrown very much to the right, and otherwise 
resembles curve 125 deg., Fig. 19. In E we see the deve- 
lopment of a first peak. In F this has increased in size, 
while the second has shrunk (compare curve 140 deg., 
Fig. 19). In G wehave a single peak far to the right (see 
200 deg., Fig. 19).. In H the single peak moves again to 
the left (see 225 deg. to 275 deg., Fig. 19). 

As these steels were not tempered, the whole of their 


Fig.24. TUNGSTEN-VANADIUM STEEL 
8 





Durability Inches 


1 


40 60 80 400 = 120 
— Feet per Mimuute. 


carbon would be in the form of hardening carbon. One 
may, perhaps, hazard the conjecture that the correspond- 
ing curves in the tempered series indicate the same per- 
centages of hardening carbon remaining unconver by 
the tempering process. Whether this be so or not, it 
seems probable that comparisons between parallel series 
of curves produced from different classes of steel, or from 
steels of the same class differently treated, will eventually 
furnish a clue to the nature of the molecular changes 
which take place in steels subjected to varying cutting tem- 
peratures. 


Hicu-Sprep Steets—Errect or CooLtine Process 
on DvuRABILITY. 


We have next to consider the results of some experi- 
ments which were made with a view to ascertaining how 
the durability of the high-speed steels is affected by the 
various methods of hardening commonly employed. The 
heat treatment of these steels was kindly undertaken by 
Mr. 8..N. Brayshaw, who was largely responsible for the 
plan of the experiments. 

The tools for the first series of these experiments were 
all cut from the same bar, ay uare, of a well-known 
brand of tungsten steel. © tools were all heated alike 
by being placed in the top chamber of Mr. Brayshaw’s 
twin-chambered furnace at a temperature of 950 deg. 
Cent. They were left in this chamber for 2 minutes 
30 seconds, at the end of which time they had attained a 
temperature of about 850 deg. Cent. ey were then 
transferred to the bottom chamber at a temperature of 
about 1275 deg. Cent for 50 seconds exactly, and were 
subjected respectively to the following cooling processes : 


Tool A was stirred vigorously in cold water (11 deg. 
Cent.). 

Tool B was stirred vigorously in boiling water. 

Tool C was stirred vigorously in cold oil. 

Tool D was plunged into fused salt at 668 deg. Cent. 

Tool E was cooled in an air-jet. 

Tool F was placed in wire-netting, and allowed to cool 
in still air. 

The tools were then tested, and the resulting speed- 
curves are shown in Fig. 21. These curves are placed 
as far as possible in the order of slowness of cooling, 
but the series is not in this respect a perfectly uniform 
one. Tool D was quenched in liquid salt at a high 
temperature ; the cooling would therefore be extremely 
rapid down to this temperature, and this process is not 
strictly intermediate between the oil and the air-jet. 
Again, it is not certain whether the oil or the air-jet 
was the more rapid in action. these facts in 
mind, it will be seen that the curves, which are all of the 








double - peaked variety, display a fairly uniform and 
highly interesting series of c . 

msidering first curves A, B, E, and F, which are 
certainly in the correct order of cooling, we see that A 
has a small first y and a much larger second peak. In 
B the first peak considerably increased in size. In E 
the hae has further increased, while the second has 
dec . In F the first peak has enormously increased, 
while the second has almost disappeared. 

In curve C the first peak had nears coalesced with the 
second. It is difficult to determine the position of this 
curve in the order of cooling, since a tool quenched in oil 
is probably surrounded Ln Cog envelope of incandescent 
oil-vapour for an appreciable time. x similar difficulty 
arises with regard totool D. This curve has two features 
of special interest: the very low durability at all speeds 
below 70 ft., and the high durability at a comparatively 
wide range of high eek. It is instructive to compare 
the behaviour of tools D and F at 60 ft. and at 110 ft. In 
view of such a complete reversal, produced by a simple 
change in the manner of cooling, it is not difficult to 
account for the disappointing results which sometimes 
follow the substitution of a better or a more correctly 
hardened steel, when it is put to work under the same 
conditions which were found suitable for an inferior steel. 
Taking a general view of the results, one cannot fail to 
be impressed by the enormous influence exercised by the 
method of hardening on the cutting properties of the 
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steel—an influence which is not merely quantitative in 
its effects, as hitherto supposed, but which may totally 
alter the characteristics of the steel. It would obviously 
be impossible to identify two samples of the same steel 
differently hardened. it is equally impossible to form 
an estimate of the quality of any steel by testing at any 
one speed, or even at a whole range of speeds, unless the 
hardening were known to have been such as to produce 
the best results. It also appears that the hardening pro- 
cess which gives the best results for rapid or heavy cutting 
is the least suitable for light work. 

These conclusions are confirmed by the next series of 
tests, made with tools cut from a bar d in. square, of a 
standard tungsten - vanadium steel. hese tools were 
treated by Mr. Brayshaw in exactly the same manner as 
the preceding, except that they were allowed to remain 
in the top chamber of the furnace for only 1 minute 40 
seconds, and in the bottom (high-temperature) chamber 
for 40 seconds. The various cooling processes were exactly 
the same as before. 

The tools, when tested, gave the curves in Fig. 22, above, 
which are arranged in the same order as those in Fig. 21. 
The most striking feature of these results is the very low 
durability of all the tools, as com with that of the 
ordinary high-speed steel. This was not due to any 
defect in the quality of the steel, but to the fact that very 
little had been ground away in preparing the tools, so 
that the cutting-edge came very near to the original sur- 
face of the bar. en this had been remedied by grind- 
ing well below the surface, the same tools gave the curves 
in Fig. 23, page 694. A comparison of the two series of 
curves is instructive. It would be possible to name at 
least one engineering works where it has been the prac- 
tice to use expensive high-speed steels in tool-holders 
without forging, and without taking special care to 
remove the outer surface of the bar. e discontinuance 
of this practice dates from the production of the curves 
in Figs. 22 and 13. 

A comparison of the curves in Fig. 23 with those in 
Fig. 21 réveals a remarkable difference in the order of 
the changes which take place. The quickest cooling (in 
cold water), in the case of the vanadium steel, produces a 
relatively large first peak, and a small second peak— 
exactly the reverse of what was found in the simple 
tungsten steel. With slower cooling both peaks increase 
in height, but retain much the same relation. The salt 
bath broadens the curve and throws the second peak to 
the right, and the slowest cooling produces only one peak. 

The tool cooled in the air-jet gave two distinct curves. 


The single-peaked curve was first obtained, but, as the | 


tool was ground away in repeated sharpening, it was 
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noticed that the durability at some speeds was altering. 
A complete curve was therefore made from the opposite 
side of the tool, and this curve, shown dotted, has two peaks. 

The probable explanation of this is uneven cooling in 
the air-jet, and a comparison with the curves above and 
below suggests that the double-peaked curve was given 
ry the side of the tool on which the jet directly — 

he cooling of the opposite side of the tool would be 
slower, the result being similar to that obtained by cooling 
in still air. : 

A somewhat similar phenomenon may be observed in 
the curves at the bottom of Figs. 22 and 23. These curves 
were obtained from the same tool, but the outer surface, 
which came into direct contact with the oe a double 
peak (Fig. 22). When this outer surface had been ground 
away, the single-peaked curve in Fig. 23 was obtained. 

A great deal remains to be done in the way of deter- 
mining the relation between hardening temperature and 
durability in high-speed steels. A number of experi- 
ments have been made with a view to taking a pre- 
liminary survey of this field of inquiry, but no definite 
conclusions can yet be put forward. The experiments 
were made with the tungsten-vanadium steel, which gave 
the curves in Figs, 22 and 23. Two methods of cooling 
were adlopted—See bath of fused salt and still air. In 
Figs. 24 and 25 are given examples of the resulting 
curves. Those in Fig. 24 were obtained by heating to 
about 1200 deg. Cent., and those in Fig. 25 by using a 
temperature of about 1275 deg. Cent., the tools being 
‘‘soaked” at this temperature for three minutes. The 
chief interest of these curves lies in the very definite 
development of the second peak by the use of the salt 
bath. In Fig. 24 the first peak remains practically un- 
altered in form and position, the maximum being at a 
speed of 60 ft. per minute in each case, but the salt-bath 
cooling produces a perfectly distinct peak at 100 ft. 
Hardening at the higher temperature ig. 25), the first 

occurs at the rather Sieber nat of 70 ft., and, as 
fore, the salt-bath develops the second peak ; but in 
this case there is a great loss in durability at the lower 
speeds, and a AR extension of the curve to the right. 

Taking a general review of the results put forward, it 
is clear that the three classes of steel experimented with 
are all capable of producing either a single or a double- 

ked curve. The second, or high-speed, curve is strongly 

eveloped in high-speed and carbon steels which have been 
quickly cooled. The first, or low-speed, peak is developed 
in high-s steel by slow cooling, and in the case of car- 
bon steel by tempering at a high temperature. The effect 
of tempering high-speed steels has not been determined. 

A moderate rate of cooling, or in carbon steels a mode- 
rate tempering, produces a double-peaked curve, the 
steel having t durability at both low and high speeds, 
but very ttle durability at some intermediate speeds. 
The curve of the tungsten-vanadium steel differs essen- 
tially from that of the tungsten steel similarly treated ; but 
whether this is generally characteristic of the two classes 
of steel, or peculiar to the particular brands used in 
the experiments, has not yet been determined. Salt- 
bath hardening seems to be generally beneficial in the 
case of tools intended for high-temperature cutting. 

No plausible hypothesis can yet be offered in explana- 
tion of the peculiar changes in the durability of steels— 
indeed we have yet to determine what constitutes dura- 
bility. It cannot be mere hardness, since there is no 
increase of hardness at increasing temperatures corre- 
sponding to the increasing durability shown by the rise 
of the left-hand portion of the speed-curve. It seems 
more probable that this first increase of durability is due 
to a decrease of brittleness—a stronger coherence of the 
molecules as the temperature is raised. The decrease of 
durability shown by the descending portion of the curve 
may be due to an actual softening or tempering of the 
steel by the heat generated in cutting, The decrease of 
durability pes ieee to the depression in the double- 
peaked curve can scarcely be due to a tempering process, 
since the steel could notin that case be expected to regain 
its durability at higher temperatures. This temporary 
loss of durability may, however, be due to an increase of 
brittleness occurring at certain temperatures. 

If this can be established by means of breaking tests on 
hot specimens of steel which have been so treated as to 
give a double-peaked curve on the tool-steel testing- 
machine, it should not be difficult to establish a partial 
temperature scale corresponding to the testing-machine 
seale of cutting speeds. 

Nothing has been said about the relation between the 
speeds used in the tests and the corresponding speeds 
appropriate to any given set of actual working conditions. 

is relation cannot be established by direct application 
of the cube law, since this takes no account of the shape of 
the cutting tool and the hardness of the material operated 
upon, 

In the absence of any means of measuring actual cutting 
temperatures, the relation can only be established by 
making a complete speec-curve in the lathe under ordi- 
nary working conditions, and comparing this with the 
curve made from the same tool on the testing-machine. 
By preference, the tool chosen should be one which 
ives a double-peaked curve, since it would in that case 
possible to correlate three distinct points on the 
curves, two maxima and a minimum. he author is 
not aware that a speed-curve has ever been made on 
the lathe, and no doubt it would be a matter of some 
difficulty, but it is possible to hope that the attempt 
will be made » By institution having special equip- 
ment for this c of investigation. 








Tue Funerat or His pare Masesty Kine Epwarp VIL. 
-——At the memorial service for the late King, which was 
held at Westminster Abbey last Friday, the Institution 
of Civil Engineers was represented by Mr. R. 
Cooper, Vice-President. 


Elliott- 





FOREIGN ENGINEERING PROJECTS. 


WE publish below a list of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further particulars concerning the same can be obtained 
from the Commercial Intelligence Branch of the Board of 
Trade, 73, Basinghall-street, E.C. : 

Belgium; A notice, issued by the Town Council of 
Malines, and published in the Moniteur des Intéréts 
Matériels (Brussels), invites tenders for the g out 
of sanitary works for account of the Malines Corpora- 
tion. The upset price is put at 688,930 francs (27,557/.). 
Tenders, which will be opened at 11 a.m. on June 21, 
should be addressed to Monsieur le Bourgmestre, Hotel 
de Ville, Malines. Plans and specifications governing 
the contract may be seen at the offices of Monsieur le 
Secrétaire Communal, Malines, and may be obtained on 
payment of 194 francs (16s. 5d.). 

Russia: H Consul at Batoum (Mr. P. Stevens 
reports that the town of Batoum has recently receiv 
authority from the Viceroy in Council to raise a loan of 
2,200,000 roubles (about 232,000/.) for the execution of the 
following works:—Establishment of a sewage system, 
construction of a refuse-destructor, building of a hydro- 
pathic establishment, street improvement works, com- 
pletion of certain works in connection with drainin 
marshes at the back of the town. The authority et A 
adds H.M. Consul, is subject to the approval of the 
Council of Ministers. [It should be noted that, according 
to a recent Government circular, municipal public works 
performed by means of loans must be carried out, save in 
very exceptional cases, by means of home industry (see 
Board of Trade Journal of March 10, page 503). ] 

Brazil: With reference to the notice on page 221 of the 
Board of Trade Journal of May 5 relative to the proposed 
execution of port works at Corumbd, the British Acting 
Consul-General at Rio de Janeiro (Mr. E. Hambloch) 
now reports that tenders are invited for this work, and 
will be received up to August 16. The upset price of the 
contract is placed at 70,000/.—The Duario Official of 
April 26 publishes a decree, No. 7928, approving an 
amended contract relative to the construction of the S. 
Paulo to Rio Grande Railway, and to the leasing of the 
Parana and D. Thereza Christina Railways to the Com- 
panhia Estrada de Ferro 8. Paulo-Rio Grande. Under 
the terms of the contract the Companhia engages to 
relay the line from Serrinha to Porto Amazonas ; to build 
an extension of the Parana Railway with Guarapuava, 
through the valley of the Tibagy by way of Prudentopolis, 
and to join up the San Francisco line with the Paraguay 
lines at a suitable point near the mouth of the RiverI ul. 

Uruguay: The Diario Oficial of April 25 publishes the 
terms of a 99 years’ concession, granted to the Compajiia 
Agricola y de Fuerza Eléctrica del Rio Conchos, for the 
construction and working of a railway in the State of 
Chihuahua—viz., from Carmago to Babisa. Three years 
are allowed for the completion of the line, and during this 
period the concessionnaires will be allowed to import con- 
structional materials free of duty. H.M. Vice-Consul at 
Monte Video (Mr. H. Hall Hall) reports that a concession 
has been granted to a firm at that place for the construction 
of a railway 205 kilometres (about 127 miles) long from 
the port of La Paloma to Treinta y Tres. Definite 
plans for the line are to be presented for approval within 
eight months from the date of signing the conces- 
sion, and. work is to begun within six months after 
the approval of the plans. The Diario Oficial, of 
April 14, contains particulars of a Bill laid before Parlia- 
ment on April 12 relative to a contract with Mr. Edwin 
Steer for the construction and working of an electric 
railway, to be called the *‘ Ferrocarril Expreso Eléctrico 
Monte Video-Buenos Aires.” The line will run from 
Monte Video via Libertad, Santa Ecilda, La Paz, and 
Rosario to Colonia, whence there will be a steamship 
service to Buenos Aires. The concession includes powers 
for the carrying out of irrigation and water works, and 
also for hydro-electric works. @ concession is for a 
term of 90 years. The issues of the Diario Oficial of 
April 9 and 19 contain notices accepting the tenders 
of Messrs. Monteverde and Fabini for the construction 
of (1) a bridge across the River Maldonado, at a cost of 
55,000 pesos (11,700/.), and (2) a bridge across the River 
Couventos, at a cost of 73,350 pesos (15,6002.). The Diario 
of April 19 also publishes two notices approving plans 
for the construction of brid, across the Rivers Agua 
Sucia, Illescas, Caballero, Villasboas, and Chileno, and 
authorising the Departamento Nacional de Ingenieros, 
Monte Video, to arrange for the necessary tenders for 
——s out the work. 

exico: With reference to the notice on 428 and 
429 of the Board of Trade Journal of May 27, 1909, 
relative to the granting of a concession for the construction 
of a railway from Salina Cruz to Acapulco, H.M. Consul 
at Salina Cruz (Mr. W. 8S. Buchanan) reports that survey- 
ing operations in connection with the line were begun on 
April 15 last. 








Tue Lystirution oF Crvit EnGIngers.—In consequence 
of the death of His Majesty King Edward VII., the 
Council have decided that the Institution conversazione 
will not held this year. The eighteenth James 
Forrest Lecture will be delivered at the Institution on 
June 22, at 8 p.m., as already announced. 


Tue Dutcu Navy.—The Dutch naval budget for 1910 
recommends an expenditure of 1,711,644/. It is proposed 
to build three submarines and two torpedo-boat destroyers. 
Two other torpedo-boat destroyers of the same t 

that is, 233 ft. long by 22} ft. beam and 415 tons displace- 
ment—have also m ordered. The four par oe ce 
destroyers will be fitted with engines which will work up 
to a speed of 30 knots ; they will also each carry four guns 








and two torpedo-tubes. 


—=—= 


CATALOGUES. 
Accumulators.—The Brockie-Pell Arc-Lamp C\ mipany 
Wimbledon, 8.W., have sent us a price-list of **};,.P°> 
accumulators, specially designed for ignition and |i shting 
a in connection with motor-cars, motor-boats, &« 
ingle cells, or batteries of cells, for 2, 4, 6, and 25 volts 
are listed, the 25-volt batteries being used for lighting 


installations employing metallic filament lamps. 


Commercial and Pure Metals.—We have received from 
the Metallic Compositions Company, 333, Gray's Inn. 
road, W.C., rice-list of various metals for use in 
chemical, AE soe ey and physical laboratories, or in 
the arts. The firm supplies cadmium, calcium, cobalt, 
magnesium, molybdenum, potassium, sodium, tungsten, 


&c., as well as the more common metals in various forms, 

Electrical Instruments, Arc-Lamps, and Fittings.-—I)lus- 
trated leaflets received from the Edison and Swan United 
Electric Light Company, Limited, Ediswan Buildings, 
Queen-street, E.C., refer to ammeters and voltmeters 
of the moving-coil and moving-iron types, enclosed 


arc-lamps for continuous and alternating curreuts, and 
combined switch sockets and plugs. Prices and full 
particulars are given in each case. 


“Root” Water- Tube Boilers.— A small booklet illustrating 
three types of this boiler has been issued by the makers, 
Messrs. Conrad Knap and Co., Limited, 11, Queen Vic- 
toria-street, E.C. ese boilers can be set in brickwork 
or enclosed in an iron casing, and one of their chief 
advantages is that they can be easily transported in small 
sections and erected by unskilled labour. For this reason 
they can be used in places to which it would be impos- 
sible to take other boilers. The booklet mentions several 
improvements that have recently been made in the boilers. 


Ornamental Zinc and Copper-Work for Roofs, &c.—We 
have received from Messrs. Frederick Braby and (o., 
Limited, 352-364, Euston-road, N.W., a catalogue illus- 
trating several very fine examples of ornamental copper 
and zinc roofing carried out by them. These include the 
aes to domes, turrets, &c., of several important 
buildings, some examples of complete zinc roofs, and also 
towers and domes coyered with zinc or copper tiles. The 
catalogue also deals with Braby’s patent glazing, and 
illustrations are given of structures on which it has been 
used. Ventilators and ventilating shafting and cornices 
and mouldings in zinc, copper, and galvanised iron are 
also illustrated. 


Forges, Blowers, Power-Hammers, Gas and Oil Fur- 
naces, &c.—From the Alldays and Onions Pneumatic 
Engineering Company, Limited, Great Western Works, 
Birmingham, we have received several circulars illustrat- 
ing and giving full particulars of the above-mentioned 
articles. One of the circulars deals with portable forges, 
mostly blown by means of hand-driven fans or Root’s 
blowers. In one of the forges illustrated the blast is 

roduced by a small electric fan, and in another the 

raught is induced by a small ag of compressed air 
supplied from the same mains as the pneumatic riveters, 
in connection with which the forge is intended to be used. 
Another circular is devoted to ‘‘ Duplex” blowing-fans. 
These fans are suitable for blowing cupolas and smiths’ 
hearths, and also for organ-blowing and high-pressure 
ventilation. They are made in ten sizes, with outlets 
varying from 4 in. to 16 in: in diameter, and are fitted 
with dust-proof ball-bearings. Prices and full particulars, 
with dimensions and weights in both English and metric 
systems, are given. Other circulars and leaflets deal with 
belt-driven pneumatic- power hammers, oil and gas- 
burners for heating all kinds of industrial furnaces, and 
also complete furnaces, gas or oil-fired, for hardening, 
annealing, and other purposes. 


Bowden Wire Mechanism and Speed-Indicator.—W e have 
received from E. M. Bowden’s Patents Syndicate, Limited, 
Baldwin’s Gardens, Holborn, E.C., a catalogue illustrat- 
ing the application of this useful invention to the control 
of motor-cycles, motor-cars, and motor-boats. A great 
variety of levers and fittings for operating brakes, adjust- 
ing carburettors and ignition gears, are described and 
illustrated, and prices stated in each case. The catalogue 
also illustrates the Bowden speedometer for motor-cars, 
&c. In this instrument a metal disc driven from one of 
the road-wheels through a flexible shaft revolves about a 
vertical axis inside a shallow hardened steel cup. Five 
radial slots are cut through the disc, and in each of these 
slots is a steel ball which rests on the curved surface of the 
cup. On the top of the balls, which have a diameter 
greater than the thickness of the disc, rests another disc, 
controlled by a light spring, and connected to the indicat- 
a rack and pinion. When the 











ing needle by means of ; 
lower disc revolves. the balls are carried round, and rise 
up the surface of the cup until a position of equilibrium 
corresponding to the speed of rotation is attained. In 
rising the balls lift the upper disc, and so actuate the 
indicating needle. The instrument is also fitted with a 
mileage recorder. 

TrcHNICAL GUIDE THROUGH VIENNA.—Messrs. 6: rlach 
and Wiedling, publishers, Elisabethstrasse 15, Vienna, 
have forwarded us a copy of a guide, written i the 
German entitled *‘Technischer Fiihret durch 
Wien,” edited by Dr.-Ingr. Martin Paul. The guide 
is sold at 20 crowns, or 17 marks. It covers (4) pages, 
is admirably illustrated by plans and maps, 8"¢ give 
complete and interesting descriptions of the situation am 
development of the town, the geological formations = 
which it is built, the architectural and engineering WO! 
carried out at different periods, together with much infor- 
mation on the roads, ube navigation, railways, post, 

ph, and telephone systems, sewerage, Wet! ney 


bution, and so forth. It is completed by a good 1 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF REOENT PUBLISHED SPEOIFI- 

CATIONS UNDER THE ACT OF 1907. 

( mber of views given in the Specification Drawings is stated 

et cae whee nene is mentioned, the Specification is not 
illustrat 

Where inventions are communicated from abroad, the Names, &c., 
0) te ee are Go chegtned af tho Patent Odie: Gls 
opi S; may ti 

. om 25, Southampton Buildings, Chancery-lane, W.C., at 
the Cpa of 8d. 

The date of the advertisement of the of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the t of a lete 8; 


of mp ipecification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grow 


mentioned in the Act. 
ELECTRICAL APPARATUS. 

29,582. A. P. Lundberg, G. C. Lundberg, and P. A. 
Lundberg, London. Plug and Socket Connections. 
(2 Figs.) December 17, 1909.—This invention relates to plug and 
socket connections and provides means for locking the plug in the 
socket so that it cannot be pulled or fall out accidentally. The 
socket part 1 is provided with a hinged flap 3. According to this 
invention, the flap 3 is formed with a hole 4, and the plug 2 is pro- 




















Fig.1. Fig. 2. 
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vided with a laterally extending pin or pins 5, so that when the 
plug is engaged with the socket, the flap being turned away from 
the upper face of the socket for this purpose, the pin 5, or one of 
the pins 5, will be in a position to engage the hole 4. The pin 5 
engages the hole 4 when the flap is ry at right angles 
to the upper face of the socket, and the plug 2 is then locked or 
held within the socket 1 and its accidental displ 

vented. (Accepted March 16, 1909.) 


6504. E. Wilson and W. H. Wils London. 
Electric Meters and Transformers. (9 Figs.) March 
18, 1909.—-The object of this invention is to combine an electric 
supply-meter of the induction type with a transformer or auto- 
transformer, or both, so that they have a common magnetic 
circuit, or a common coil or coils, or both. In this manner one 
instrument would serve the purpose of an electric supply-meter 
and a transformer or auto-transformer. In Fig. 1, the source 1 
supplies energy to the circuit 2, such energy being metered in 
well-known manner by a meter whose shunt coil 3 is placed across 
the circuit, and whose eeries coil 4 is placed in the circuit. In the 
case of the combined meter and auto-transformer, shown in Fig. 2, 
the shunt, which usually consists of a conductor of small cross- 


t pre- 



















Fig.t. Fig.2. 
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5 
section, is replaced by a shunt 5, 6, of sufficient cross-section to 
carry the required currents associated with the circuit 2, the cir- 
cuit 2 having a potential difference which is some suitable fraction 


of the potential difference of supply 1. In Fig. 2 the meter re- 
gisters the whole energy given by the source 1, with the exception 
of that dissipated in the series coil4. In Fig. 3 the magnetic cir- 
cuit is wound with a primary coil 8, which is connected to the supply 


source 1. A secondary circuit 9 supplies energy to the circuit 2. 
In Fig. 4 two secondary circuits 10, 11 are provided, and in 
addition to the primary coil 8 the magnetic circuit is wound with 


an auto-transformer coil 5,6. The circuit 2 is three-wire, and its 

potential differences are dependent partly upon ordinary trans- 

a. ae partly upon auto-transformer, action. (Accepted 
arch 31, 1910.) 


7187. H. W. Handcock, A. Handcock, and J. J. 
Rawlings, London; and W. Dieselhorst, Old Charl- 
ton. Electrical Conductors. [3 Figs.) March 25, 1909.— 
This invention relates more particularly to the sheathing of elec- 
trical conductors by means of hard metal strip or band in approxi- 
mately two or more complete turns, the whole being swea 

together to form in effect a homogeneous sheathing a 


equivalent to a solid-drawn tube. In carrying out the invention, 
the strip or band of sheathing material a is first_ thoroughly 
tinned or coated with a suitable soldering metal or alloy on eac 


side, and is then passed through suitable dies and folding devices 
d, ¢, /, 9, which are kept at a proper soldering heat, and which 
cause it to curve over and convert it from a flat strip or band 








Aan 


_ a folded-over tube of, say, two or more turns. During the 
a ‘ver Operation the strip itself is kept heated, so that its 
‘atin. of solder (or the like) is properly fluid, and a suitable flux 


oor te | to both sides of it by the pads ¢, so that when it passes 
ch a last or finishing die asa complete tube, its layers or folds 


> ee ‘ue efficiently clinched or compressed and homogeneously 
aeeats ‘\ together. At the moment of leaving the last die the 
terete be cooled or chilled by a jet A of water or in any 
the what Bp me way. The finished sheathing is thus left with 
> mae of its outer surface coated with solder or the like, which 

“«\s a8 @ protection from the weather and also gives it a 


superior silvery appearance. The conductor b, which is to be 
sheathed, is fed into the partly folded or curved-over strip, and 
passes with it through the finishing die ; but as the motion is 
rapid, it is only subject to the heat for an instant, and its insula- 
tion does not suffer in any way. (Accepted March 31, 1910.) 


769. L. M. Waterhouse Hametes Wick. Ceil- 

{4 — October 28, 1909.—This invention relates 

to ceiling roses for electric lamps, and the object is to provide the 
ceiling rose with a device adapted to prevent transmission of 
vibrations to the lamp. The base 1 is provided with a cylindrical 
depending part 2, which serves to guide the upper end of a tube 3, 
to which the flexible conductor 4, which connects the ceiling rose 
terminals to the lamp, is secured, say, between the insulating 
washers 7 mounted on the tube 3. A spring 8 surrounds the tube 
and is located between the washers 7 and the inside of the ceiling 


FG t 


"|= 
til 





a 
5 





WOES. 






rose cover; when the weight of the lamp comes on the flexible 
conductor, the spring 8 is partly compressed and so elastically 
supports the lamp. The electrical continuity of the flexible con- 
ductor is not broken at the washers ; the insulated conductor is 
merely gripped between the washers to connect it to the elastic 
support ; the part of the conductor between the washers and the 
terminals is of such length and is so disposed that no vibration 
can be transmitted therethrough to the washers. The depending 
part 2 is provided with slots through which the flexible conductor 
is led to the washers. (Accepted March 31, 1910.) 


LIFTING AND HAULING APPLIANCES. 


29,760. Sir W.G. Armstrong, Whitwo and Co. 
Limited, Newcastle-on- e, and R. Matthews an 

Cc. Wale, Openshaw. ydraulic Hoists. (4 Figs.) 
March 10, 1909.—This invention relates to the control-valves of 
hydraulic hoists. In the control-valve shown, a valve-block h 
tapered at each end is free to slide upon a rod i, which can be 
slidden endwise to and fro as the ram makes its inward or out- 
ward stroke. 1 is a branch passage leading to the cylinder, and m 
a branch leading to the working valve. When the parts are in 
the position shown, the ram has just completed its inward stroke 
and the flow of water from the cylinder has been ly 
arrested by the left-hand tapered end of the valve h having 
been allowed to gradually close the passage n and so arrest the 
flow of water from the cylinder, the rod i then travelling in the 
direction shown by the arrow. When the working valve is shifted 
to reverse the flow and allow water under —_ to be delivered 
to the cylinder, the flow of water carries the valve h along with it 
until the valve comes against a stop o on the right-hand portion 
of the rod, and when in this position a full e-way is pro- 
vided for the water to the cylinder. The ram of the cylinder then 
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commences to make its outward stroke and the rod i is moved 
endwise in the opposite direction to that shown by the arrow. 
Towards the end of the outward stroke of the ram the right-hand 
end of the valve h commences to close the passage n! and so 
arrest the upward movement of the cage. After the ram has 
completed its outward stroke, and when the working valve has 
been set into such a position as to allow of its making its inward 
stroke, the flow of water from the cylinder will carry the valve 
along with it until it comes against the stop or abutment p. As 
shown, the rod i is made in two lengths, screwed together end to 
end. The stop p is on the left-hand portion of the rod, and the 
stop o on the right-hand portion ; by turning the right-hand 
portion of the rod by its projecting end the stop or abutment 
o can be set nearer to or further from the stop of abutment p to 
control the stopping of the lift-cage when at the top of its lift. 
For the bottom position of the cage adjustment is made between 
the left-hand end of the rod i and the mechanism which gives 
endway movement to it. As shown, recesses are formed in the 
ends of the sliding-valve for the abutments o and p to enter into 
to reduce shock. (Accepted March 16, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

12,002. Sir W. G. Whitworth, and Co., 
Limited, and J. M. G ester. Milling 
Cu (6 Figs.) May 21, 1909.—To harden milling and other 
cutters with the best results, it is only the exterior, or cutting 














parts, that should be hardened, whilst the interior of the cutter 
should be kept soft, so that there will be sufficient toughness in 
the body of the cutter to resist the strains set up during cutting 
operations. The object of this invention is to achieve this condi- 
tion. To attain this object, instead of plunging the cutter direct 


into water or other cooling liquid, the exterior only of the cutter 
is subjected to the action of the cooling liquid in the form of 
spray through a series of fine jets at high re, whilst the 
interior of the cutter is kept free from the action of the spray or 
cooling liquid, so that the teeth of the cutter only are hardened, 
whilst the interior is kept soft. » is a pipe-coil with holes on the 
interior surface, connected with the source of supply at d. This 
is set in a tank e, on the bottom of which, resting on the bearin 
l, isa carrier f, with vanes g, on which the heated cutter A is 
laced for hardening, and is caused to revolve by the action of a 
et ¢ on the vanes g. The water is drained away through an 
outlet j at the bottom of the tank. (Accepted March 16, 1910.) 


RAILWAYS AND TRAMWAYS. 


29,522. J. D. Twinberrow, Hexham-on-Tyne. Draw- 
Gear. (2 Figs.) June 11, 1909.—The object of the present inven- 
tion is to produce a volute spring in such a manner as to ensure 
the rapid increase of resistance as the end of the stroke is 
approached during compression, and to give an equal intensity 
of stress throughout the spring when all the turns are brought 
home upon the base-plate or other stop. In carrying out the 
invention, a steel strip of uniform section throughout, except for 
a short portion at each end, which is drawn down to give an 
approximately circular form to the central hole and to the 
external shape, is wound, at the desired pitch, round a former or 
solid formed by the revolution of a plane curve round its axis, 
which curve is graphically determined from an initial parabola 
constructed on a base-line equal in length to the mean diameter 
of the outer coil of the spring and with a vertical axis of a 
length equal to the calculated deflection of that coil with the 
desired intensity of working stress. The following geometrical 
construction is employed to obtain a template from which to 
make the mandrel or former :—On a base-line of length equal 
to the mean diameter of the outer turn p of the volute 
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spring hk, and with a vertical axis qg, 7 of length equal to the 
calculated deflection of the turn p with the desired intensity 
of working stress, a parabola is constructed. The base-line is 
divided into lengths equal to the intended pitch of the coils 
of the spring, and perpendiculars are erected, the intercepts 
of which, with the parabola, give the lengths of the mean 
diameters of successive coils. These diameters intercept the 
axis of the points 2, t, vu, v, w and so on, according to the number 
of turns in the spring, and the distances rs, rt, ru, and so on, 
give the deflections corresponding to the respective diameters 
when subjected to the desired uniform intensity of working 
stress. By superposing these deflections as shown by rq, rs, rt, 
on a line parallel to the axis, and by drawing horizontal lines to 
intercept their respective verticals from the base line, a series of 
points are obtained, and a fair curve may be drawn through them 
to give the outline of a figure as shown by the outer curve in 
Fig. 1, about which the steel must be coiled at the given pitch 
to ensure the required result. It is not essential that the strip 
should be actually coiled to the desired form in one operation. 
It may be found convenient to coil it when in the soft condition 
to a form of steeper inclination, and to get the desired form at a 
— in the process of manufacture. (Accepted March 16, 
1910. 


25,249. E. Peckham and F. 8. Andrews, West 
minster. Axle Bearin (2 Figs.) November 2, 1909.— 
This invention relates to bearings for axles of high-speed railway 
or tramway vehicles. The casing 1 is of the usual rectangular 
shape, provided with off-set projections 2 adapted to fit in corre- 
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sponding recesses, and thus retain the casing in place within the 
axle-journal box. The casing on the under s'de is provided with 
the usual arch-shaped recess 3, adapted to receive the axle-journal. 
and into this recess 3 the brass-lining 4 is formed by pouring 
molten brass therein. The dovetailed openings 5 and ch 1 5) 
are filled with molten metal, which is, when cool, thereby per- 
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manently locked in place. The brass — is then faced in the 
usual manner, and the casing is then ready to receive the anti- 
friction metal lining 6. The dovetailed openings 7 are provided 
in convenient places, so that the anti-friction, or white, metal, 
when molten, will run into the openings, and thereby the anti- 
friction lining is securely held in place. (Accepted March 16, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


28,182/08. R. H. Paterson, Edinburgh. Steam-Traps. 
(3 Figs.) February 8, 1909. This invention relates to steam-traps 
of the expansion-tube type. The application of the invention is 
described in connection with a trap which comprises usually an 
iron tube @ and a subjacent brass tube b, which tubes at one end 
are secured to a rigid bracket c, and at the other end to a hollow 
head d containing the valve e and seating therefor, dividing the 
head into inlet and discharge chambers, which are in commu- 
nication with the contiguous ends of the iron and brass tubes a 





5779. ©. N. ‘ate. Economisers. 


Highg: 
[4 Figs.| March 10, 1909.—According to this invention, the flames | 


and hot gases are caused to act indirectly on a portion, or the 

whole, of the tubes of economisers or the like by protecting such 

portion, or the whole, of the tubes with an encircling sheet of thin 
metal. Each protector comprises a piece of sheet-metal 1, of a 
width that will enable it to encircle the tube. In the construc- | 
tion illustrated in Figs. 1 and 2, each vertical edge of the piece of | 
sheet-meta! 1 has a piece of angle-iron 2 riveted thereto. The two | 
flanges a of the angle-irons 2 are brought into contact, and are so | 
held by bolts 3. The flange b of each angle-iron, which is in | 
contact with the piece of sheet-metal 1, is curved to correspond | 
with the shape of the tube. Fig. 2 shows protectors of the con- | 


















409.1, Fig.2. 
uf 
q a 
j 
a: 
3 
5 


struction just described attached to tubes 4 of an economiser of 
the Green type, 5 being the bottom header orbox. The length of 
the protector must be such that it will protect the desired portion 
or length of a tube. As economisers are usually fitted with 
scrapers, which travel up and down the tubes, a modified con- 
struction of the protector may be necessary. In the construction 
illustrated in Fig. 3 each protector is made up of two pieces of 
sheet-metal 1, la. The vertical edges of the pieces or sheet- 
metal 1, la are brought into contact, and are folded over some- 
what in the manner shown, and pressed down. Two small ridges, 
or projections, are thus formed, and these will offer little or no 
obstruction to the working of the scrapers. (Accepted March 16, 
1910.) 


17,032. The Stirling Boiler Company, Limited, 
Westminster and Edinburgh. (Vhe Babeock and Wilcox 
Company, New York, U.S.A.) Water-Tube Boilers. (7 Figs.) 
July 21, 1909.—This invention consists in providing in water-tube 
boilers devices for baffling and directing the products of combus- 
tion as they flow towards the escape flues. The drawings show a | 
fire-drum boiler having two outer upper drums 2, 2, and an inter- 
mediate and preferably larger drum 3. 4, 4 are the lower mud- 
drums ; all of these drums being preferably parallel and extending 
transversely of the setting. Tne drums 2 and 4 are connected by 
banks of tubes 5, while the drum 3 is connected wiih the mud- 
drums 4 by the banks of tubes6. Each of the drums 2 is connected 
with the drum 3 by water-circulators 7, and also by the upper 
steam-circulators & The furnace-chamber 9 preferably extends 
beneath the entire boiler, and is preferably provided with a central 
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and b, whose opposite ends are in connection with the steam and 
drain-pipe lines. The iron tube a is of compound structure, and 
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the racking and operative delay consequent on the differential 
expansion and contraction existing between it and the brass tube 
b is thereby obviated. Within the iron tube @ a corrugated or 
plain flexible copper tube a! is arranged to fit tightly at each end, 
though between such ends there is, as shown, an annular space 
between the tubes. Thus the tube a! constitutes the “way” 
through the iron tube a, so that the latter is only affected by 
radiation, whereby efficiency of action is obtained. The valve is 
held stationary and controls the discharge of the trap by the 
arc-like movements of the head d under the influence of the 
expansion and contraction of the tube a and strut b. (Accepted 
March 16, 1910.) 


7809. Willans and Robinson, Limited, and E. G. 
Izod, Rugby. Condensers. [2 Figs.) April 1, 1909.—This 
invention relates to condensers. a is the steam inlet to the main 
condenser x. b is the inlet for circulating water. cisa ~ led 
away from the lower part of the condenser, through which water 
is drawn off by a centrifugal pump h. J is a passage through 
which air and vapour are led away from the main condenser by 
the action of asteam-jet n supplied with live steam through a pipe 
s, iis a receiving-chamber, into which the air and vapour delivered 
from the jet n are collected. mm is a water-jet condenser by which 
air and vapour are drawn away from the receiving-chamber. 
Whatever vacuum is maintained at /, it is necessary to have a 
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oressure of about one and a half pounds higher in the receiver. 
Fis a branch-pipe extending from the discharge-pipe d of the 
pump A, through which water is supplied to the ejector m. By 
the employment ofa steam-ejector n, discharging into a receiving- 
chamber #, in conjunction with a water-ejector m for drawingaway 
airand vapourfrom this chamber, a very efficient vacuum-producing 
plant is obtained, which entirely does away with the necessity for 
an augmentor surface-condenser, and for a reciprocating pump. 
It is necessary that the steam-jet should discharge into an en- 
larged receiver to ensure the steam-jet working satisfactorily in 
conjunction with the water-jet, as it has been found that if the 
steam discharges directly into the water-jet, very unsatisfactory 
results are obtained. (Accepted March 31, 1910.) 


3320. G. Westinghouse, Pittsburg, U.S.A. Tur- 
bines. [7 Figs.) February 10, 1910.—This invention relates to 








bridge-wall 10. The boiler is fired at both ends, the grates 12 

being inclined downwardly towards the central bridge-wall. Each | 
mud-drum is preferably protected by a refractory arch or roof 13, | 
and the gases rising between the banks of tubes 6 divide at the | 
upper part of the chamber, and flow in opposite directions through | 
up and down passes and over suitable baffling. Each divided half 

of the gases is ag three es by means of baffles 14 lying on | 
the banks of tubes 6, and the baffles 15 spaced apart therefrom, | 
and having their lower ends supported on cross-bearers. 17 are the 

outlet flues leading to the stack and controlled by dampers 18. | 
The intermediate or downward passes of the gases between the 

baffles 14 and 15 are provided with superheaters, which thus re- 

ceive heat from the =— after they pass over the tubes 6, and 

before passing upwardly 

flues. 


(Accepted March 16, 1910.) 





among the tubes 5 and to the outlet turbines of the re-entrant type. 
| leakage from one stage to another is prevented by providing re. 
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silient packing means located between shrouding on the ends of 
the turbine blades and a portion of the turbine casing, a!.o 
between the lateral faces of the wheel and a portion of the tur! 

casing adjacent to the blades. The rotor element carries a sin le 
row of impulse-blades 20 provided with shroud portions, whi’; 
when hined, form a practically continuous smooth shroud. Th. 





outer periphery of the rotor on each side of the row of blades is 
machined, and segmental nozzle members, which together form 4 
ring, have their inner peripheral surfaces machined so as to lie in 
close proximity with the outer periphery of the rotor. The casin« 
is machined so as to provide a shouldered recess 24, and each of 
the sections forming the nozzle-ring is provided with flanges 25, 
which are held against the shoulders of the recess 24 by means of 
steam pressure passing into the recess 24 through arestricted port 
from one of the lower stages of expansion. e€ nozzle sections 
are grooved at 27 to receive sectional packing-strips, which lie 
within the groove, and are fluid-pressure-pressed toward the shroud 
of the blades. The grooves 27 are provided with offset shoulders 
29, which limit the movement of the packing-pieces toward the 
shroud. Blocks 30 are provided with fluid-pressure - pressed 
packing-strips corresponding to the packing-strips just men- 
tioned, which yieldingly bear against the lateral faces of the roto: 
element and prevent leakage of steam to the interior of the 
casing. These packing-strips are limited in their movement 
towards the wheel by means of shoulders formed for that purpose 
in the blocks 30. The interior of the casing, or that part lying 
within the inner packing-ring, may be connected to the condenser 
or to atmosphere, or, if desired, to one of the stages of expan- 
sion, in order to maintain a predetermined pressure within the 
casing to minimise leakage from stage to stage. (Accepted March 31, 
1910.) 


1 S. E. Alley, Glasgow. Governors. [1 Fi,.) 
June 30, 1909. This invention relates to governors of the centri- 
fugal type for high-speed engines. The weighted arms A, B move 
alee under the centrifugal force against the action of a 
spring C. The arms A, B are journalled on their inner ends on 
spindles D, E in brackets G,H, formed on a boss J fixed on the 
crank-shaft K. Pins L,M are secured in sockets formed in the 
inner ends of the arms A, B, the projecting ends of the pins en- 
gaging in apertures formed in a sleeve S capable of moving end- 
wise on the crank-shaft K. The end of one arm ofa bell crank- 
lever T engages the sleeve S, the opposite end of this lever operating 




















the usual throttle-valve rod vy. The ends of the pins L, M, where 
they engage the apertures in the sleeve S, whilst being a fairly 
accurate fit, are not a tight fit. Oil is fed to a central passage W 
in the shaft K, and finds its way by centrifugual force through 
radial passages in the shaft and passages drilled through the pins 
L, M, to lubricate both the sleeve S and the weight-hinge spindles 
D,E. When the engine is running, the sleeve 5 is rotated by the 
pins L,'M engaging the apertures in it, and when the weighted 
arms A, B turn on their hinges D, E the sleeve is moved endwise 
and adjusts the position of the throttle-valve through the bell- 
crank lever T. (Acéepted March 31, 1910.) 


MISCELLANEOUS. 

The Hoftman Manufacturing Company, 
Limited, London and Chelmsford, and W. B. , 
Chelmsford. - [5 Figs.| December 30, 
1909.—According to the present invention, the dust-proof washer 
is concavo-convex, and is adapted to be flattened so that it 
engages with an undercut recess, and is forced into such revess 
and held while the free edge of such washer is caused by the 
operation above described to come close against the outer peri- 
phery in the case of the inner ring, or the inner periphery 
in the case of the outer ring, according to whether the re- 
cess is in the outer or inner ring, and substantially flush with the 








a has formed on each outer 


outer face of same. : 
and the washer cis a p's 


The outer ~~ 
face a continuous undercut groove 
concavo-convex ring in form, and has its outer edge parallel ( 
axial line passing through the bearing when the washer is first })\' 


1 

n 
in the groove b, and is of such a size that it will freely pass inté 
such groove, as shown in Fig. 1, after which it is subjecte to 

ressure and flattened, this causing its edge or periphery “ie 
eooed into and firmly held held in the under-cut portion of he 
groove. A disc in its flattened position is shown in Fig. ~ +5 
operation further brings the free edge d of the washer close 0)» 
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According to this invention, 





the outer mS the inner ring and substantially flush » 1°" 
the outer faces of both rings. (Accepted March 2, 1910.) 
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, BOILER-'TESTING INSTALLATION 
“AND THE ECONOMICAL COMBUS- 
TION OF FUEL. 


By CuarLes Epwakp Lararp, Assoc. M. Inst. C.E., 
M.I. Mech. E. 


Preamble.—Very little advance has been made 
during the last ten or twenty years in maintaining 
consistently high efficiencies during the regular or 
day-by-day working of ordinary steam-boiler plant. 
The efficiencies of steam boilers vary from 55 to 85 
per cent. in very much the same way as they did 
years ago, except, perhaps, in the comparatively 
few cases where users of steam-power do make 
systematic endeavours to attain high results, 
though, it is to be feared, for the most part in 
ignorance of the conditions of successful stoking. 
It is obvious, therefore, that all users of steam- 
power are alike interested in the question, By what; 
means can uniformly high efficiencies be main- 
tained at a minimum of cost ? 

For a given boiler installation using a given fuel, 
there are, manifestly, conditions of working which 
will ensure maximum efficiency ; and all interested, 
whether from a practical or scientific point of view, 
should endeavour to find out what these conditions 
are. The difficulty in maintaining uniformly high 
efliciencies in every-day work, and in determining 
the conditions for maximum efficiency, is due to 
the large number of variables, and the wide range 
of variation of each, which accompany combustion 
and steaming. These variables are conveniently 
indicated in the following table :— 





PRINCIPAL VARIABLES ACCOMPANYING THE 


plant is required for commercial work only, for 
purely scientific testing, or for both. Practical users 
of steam-power have not hitherto been very much 
concerned with the scientific side of boiler-testing, 
and they have for the most part contented them- 
selves with the more practical aspect of the problem, 
leaving the scientific side to be dealt with by the 
engineering staff at the university colleges and 
technical institutions. 

Unfortunately, however, it is very seldom that 
there is put down at a technical institution a boiler 
installation by means of which results of much prac- 
tical value can be obtained. This state of things 
arises from several causes. The scope of this article 
will only allow of a passing reference to two or three 
points in this connection. It is usually considered 
sufficient to arrange the boiler plant to satisfy the 
requirements of elementary engineering students, 
and to furnish a supply of steam to turn a shaft or 
to heat a building, with the result that the boiler 
is very often placed in some dark, hole-and-corner, 
dreary basement, cram beyond the ibility of 
useful work, and fit only to make students realise 
the unscientific and uncomfortable side of boiler- 
working ; while the unfortunate stokers in such 
cases suffer loss in morale by working under very 
unsanitary conditions of ventilation, temperature, 
dust, &. How can the stoker be expected 
to take pride in his work under such conditions ? 
And yet these conditions are the daily experience 
of many. A mistake sometimes made at a technical 
school is to instal the boiler before the engineering 
professor is appointed. The author can give an 





instance where, at one technical institute, the 


WORKING OF AN ORDINARY STEAM Borer. 
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gulation of draught just after 
charging and afterwards. 


flues, &c.; air leakage. 





surfaces on water- 
side and gas - side. 





Unfortunately, the solution of such problems as 
these is further complicated by the fact that many 
of the instruments and appliances on the market 
for boiler-testing are not of sufticient precision, 
regarded from a strictly scientific point of view, 
for the purposes for which they are intended. It 
18 possible, however, by a careful study of the 
published results of steam-boiler trials and of other 
information available, to make certain general de- 
ductions of universal application rélating to boiler- 
workiny at high efficiencies, Further information 
of general application has been obtained by the 
author from elaborate tests on a specially-equipped 
steam-boiler plant. Some of the results will be 
referred to in the present article, full trial results 
being reserved for later publication. 

Genercl.—It is unnecessary to enlarge upon many 
of the ¢ ditions of general application for efficient 
boiler working ; they are now well known. They 
relate to the condition of the boiler and flues, the 
method of stoking, the condition of the heating 
surfaces on both sides of the plates, the regulation 
of the draught, and the composition of the flue 
ao ; more aeryery- = 4 with respect to the amount 

presen i 
tempein wey at the gas exit), and the furnace 
e boiler, the auxiliaries, and the equipment 
thereof will, of course, depend upon the specie 
Purposes for which they are intended ; whether the 





boiler-room was fully equipped under the direction 
of the architect of the building, with the results 
that the furnaces were placed too high above the 
floor-level, stoking had to be effected upwards as 
well as forwards, and insufficient room was left for 
the fire-irons, which had to be tilted up ata con- 
siderable angle before they could be inserted into 
or drawn out from the furnaces. The author has, 
however, been somewhat more fortunate in this 
direction, in that the two boilers installed at his 
Institution (the Northampton Institute, Clerken- 
well, E.C.) were set down, prior to his appoint- 
ment, with some idea of experimental work to 
follow. Consequently, he has been able to equip 
these boilers with a view to obtaining valuable 
information from systematic tests. He pro 8, 
in the following articles, to describe the iler 
installation and its equipment, which has been 
arranged with a view to determining, under prac- 
tical as well as scientific working, the conditions 
required to maintain a high efficiency of combus- 
tion throughout regular daily work. 

Then, again, few are prepared to face the heavy 
capital and annual cost of a scientific boiler instal- 
lation, which, if faced, will require constant and 
unremitting attention, if the additional outlay in 
capital, and interest on capital expenditure, is to be 
covered by the saving on the annual coal bill. 





Taking into account the facts that the cost of a 








scientific boiler equipment is necessarily very great, 
that to be of any value unremitting care fom atten- 
tion is required bya trained staff, and that it would 
be quite impossible for the ordinary user of steam- 
power to test his boilers under ideal conditions, it 
would seem to the author that the technical insti- 
tute is eminently the place for carrying on researcher 
on economical boiler-steaming. If it fail in this, 
and is content to go on installing boilers from 
merely the utilitarian point of view, and in order 
to afford a little practice for elementary students, 
it is neglecting one of its obligations. Although in 
a factory such elaborate equipment would not be 
justifiable, yet certain indicators and recording in- 
struments, when properly attended to, are valuable 
adjuncts to the plant. 

Next in importance to a good boiler plant must 
be ay: the human element as embodied in the 
stoker. It is not too much to say that tens of 
thousands of pounds sterling are thrown away 
annuaily by consistent neglect in this direction. 
It is to be feared that the stoker is commonly 
looked down upon asa man of a low grade of intelli- 
gence, and he is remunerated accordingly with any 
wage, say, from 15s. to 30s.a week. It is true that 
in first-class power-stations he fares somewhat 
better, but we have possibly in these stations the 
present high-water mark of boiler economy, and 
consequently the best stokers are to be found 
there. No attempt has been made up to the 
present time to deal with the stoker as a skilled 
artisan, to bring within his reach the benefits of 
technical education with direct application to his 
own particular work, and generally to raise his 
status, so that he may feel that his work is well worth 
doing, instead of sharing the erroneous view of a 
good many who regard stoking as a low order of 
manual labour. The efticient stoking and steaming 
of a boiler at a consistently high efficiency requires 
intelligent and trained workmanship of no mean 
order. 

Hence the great need for the establishment of 
courses of instruction to meet the requirements of 
the stoker and of others who intend to undertake 
the charge of steam boilers. This work might be 
very properly undertaken by the polytechnics and 
technical institutions. A technically-trained and 
intelligent man would be invaluable, and worth a 
considerably higher wage than is usually paid to the 
average stoker of to-day. He would be able to 
realise throughout higher efficiencies in regular and 
continuous work. To stimulate his interest in his 
work, his attention should constantly be directed 
to his instrument records, and under certain cir- 
cumstances a bonus might be paid to him, varying 
in amount with these records. From the daily 
records it would also be possible to detect a man 
who performed his work with little intelligence, or 
who endeavoured to carry it through with a mini- 
mum of labour, irrespective of good efficiency of 
combustion. If these suggestions were carried 
into practice, the status of the stoker would be 
considerably raised, more intelligent men would be 
obtained, and much greater economies would result. 

With respect to the efficiency of working, it has 
become the fashion in many quarters to rely on 
CO, recording apparatus and the volumetric per- 
centages of carbon-dioxide gas indicated for the 
gases leaving the boiler flues. Intelligently used, 
the CO, apparatus is undoubtedly of much value, 
but considerable care and attention are required 
if the results obtained and recorded are to be of 
value. Percentages of CQO, varying from 7 to 16 
(or over) are considered by those who use the 
recorders to indicate good boiler efficiency, and 
generally it is thought that the higher the per- 
centage the greater the efficiency. 

It is well known that if it were possible to admit 
only the theoretical quantity of air required for the 
complete combustion of the fuel, the flue gases 
would contain from 18 to 21 per cent. CO, ; but as 
this is impracticable, it is necessary to admit vary- 
ing proportions of excess air, with resulting per- 
centage decrease of CO,. It cannot be too strongly 
emphasised, however, that to rely entirely upon 
high percentages of CO, as giving maximum efli- 
ciency is quite misleading ; and the author’s ex- 
periments have shown that high percentages of CO, 
are very often obtained together with varying 
Se of CO, and this fact is usually over- 
ooked. 

Another factor which should be taken into account 
is that although the percentage of CO,, with absence 
of CO, may be taken as giving an indication of 
efficiency, there should also be taken into considera- 
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tion the evaporative efficiency of the boiler at the 
same time, for it is quite conceivable to have good 
efficiency of combustion with insufficient evapora- 
tion per square foot of heating surface. ‘In many 
boilers working badly there may be a uniformly 
high percentage of CO,—sometimes over 12 per 
cent.—with low efficiency due to other factors men- 
tioned. In such cases lower | aguas of CO, 
would give higher efficiencies. By cutting down the 
supply of excess air, higher percentages of CO, are 
obtained with the formation of CO, and very often, 
as a result, a reduction in the evaporative output of 
the boiler. 

Considerations such as these and the results of 
his own experiments have convinced the author of 
the necessity of a CO apparatus which would 
record the percentages of carbon monoxide. The 
results of the two instrument taken together, sup- 
plemented by observations giving furnace tem- 

ratures, excess air, and evaporation, would render 
it possible to make general deductions concerning 
the best working conditions for any particular 
boiler. 

Reference has been made to the condition of the 
heating surfaces of the boiler on both sides of the 

lates ; and in this connection it is surprising how 
ew make any attempt to keep clean the heating 
surface of the plates on the gas side. Experiments 
have shown that the gain in efficiency merely by 
sweeping the outside of the boiler-heating sur- 
faces in contact with the hot gases may be as 
much as from 10 to 15 percent. In a well-designed 
boiler plant accessibility so as to render this easily 
possible should be a desideratum ; and boiler-flue 
and tube-heating surfaces should be swept daily. 
It is not by any means such an easy matter to keep 
the plate clean on the inside, owing to the forma- 
tion of scale, though where water-softeners are used 
this evil is lessened. It is scarcely necessary to 
state that much still remains to be done in this 
direction. 

Another factor of primary importance for efficient 
combustion and steaming is the proper control of 
the furnace temperature. As a scientific problem 
variation of furnace temperature should be studied, 
together with the percentages of CO and CO, at the 
gas exit, and the air supply and the regulation of 
the draught. From the purely practical point of 
view it will be sufficient to state that the higher the 
furnace temperature up to a certain definite value, 
which gives maximum efliciency, the better the 
results. The author’s experiments have given good 
indication of the truth of this statement. 

There are other factors of primary importance 
which may be said to be of general application ; 
such, for instance, as the avoidance of unnecessary 
air leakage into the flues, the proper regulation of 
the draught just after charging the furnaces, and 
throughout the interval between two stokings. If 
the furnace is fed at a constant rate and continu- 
ously, then for given conditions of working it will 
only be necessary to find the best draught for 
maximum efficiency, and fix the dampers accord- 
ingly. Many additional and obvious conditions for 
increasing boiler efliciency will suggest themselves 
by a consideration of the variables given in the 
table. 

The Ideal Boiler-Testing Plant.—In carrying out 
the equipment of a boiler installation for scientific 
testing it is helpful to try to form some idea of the 
essential elements in what might well be called an 
‘ideal boiler - testing installation.” These will 
include :— 

(a) An ideal steam-boiler with the necessary 
auxiliaries, 

(b) Regulators for controlling each of the im- 
portant independent variables. 

(c) Indicators and recorders. 

With respect to (a) very little need be said at this 
time, though the writer very much doubts whether 
present-day boiler met.iods of generating steam are 
the best. With respect to (b) an inspection of the 
chief variables given in the table will be sufficiently 
indicative. These regulators should be under per- 
fect control from either the stokehole or test-room. 
An indicator, as such, would show at any given 
instant the value of the variable ; and it would be 
convenient to place all indicators close to the work- 
ing end of the boiler, so that the attendant in 
charge, who has received the necessary preliminary 
training, could see how variation in his methods of 
working affected the output and general efticiency 
of the boiler. Constant reference to these indi- 


cators would in time produce a highly-skilled and 
A recorder, on the other hand, is 


valuable man. 


an instrument by means of which changes in the 
values of the variables can be registered automatic- 
ally and continuously as ordinates on a time base. 
Such an instrument would give the record for a 
full trial or day’s working. 

Ideal indicators and recorders for such an equip- 
ment should show any change in the value of the 
variable at the moment it took place ; all records 
should be made on charts having a common time- 
scale as base, and each day’s trial results should be 
mounted on one large sheet, referred to the common 
time- base. The important calculations usually 
made for evaporation, air supply, and efficiency 
would also be plotted as ordinates to this common 
base, and an inspection of the several curves ob- 
tained and the curves from the recording instru- 
ments would show how the variables were mutually 
dependent on one another, how they varied amongst 
themselves, and the effect of variation on the evapo- 
ration and efficiency. At the same time the best 
working conditions could be readily ascertained. 

It is hardly necessary to state that, although the 
ideal sketched out should be kept in view, it is not 
strictly attainable in practice. From the nature of 
things there must, in the first place, be some time- 
lag or interval between the time of a change in the 
value of the variable, and the time the changed 
value is recorded. The author’s experiments have 
shown time - lag for pyrometers as well as CO, 
recorders and other instruments. The practical 

roblem is to reduce the time-lag to a minimum, 
or the reason that in the case of rapid or mode- 
rately rapid changes in the variables hysteresis or 
time-lag will result in records being given some- 
what below the maximum value during rise, and 
somewhat less during fall in the value of the 
variable. It would not, however, be a difficult 
matter to make the necessary approximate correc- 
tions for time-lag, especially where all the charts 
were mounted to a common time base—an inspec- 
tion of the full curves would, in a general way, be 
sufficient. Otherwise the time-lag would have to 
be found experimentally. 

The cost of providing indicators and recorders 
for all of the important variables, even if it were 
possible to obtain them, would be prohibitive for 
all except a research committee, well-endowed, or 
a technical institution receiving aid from public 
funds. Notwithstanding, a good deal of useful 
work can be done even at the present time, ata 
moderate cost, by making a judicious selection of 
certain instruments already on the market, supple- 
menting them by additional instruments which are 
urgently required, and which experience has shown 
to be indispensable for boiler research. 

The indicating and recording apparatus should 
include instruments to enable such indications and 
determinations to be made as the rate at which 
the fuel is supplied to the furnace, the air supply, 
draught, furnace temperature, draught or pres- 
sure below, in the heart of, and above the furnace ; 
rate at which the feed-water is being supplied to 
the boiler; rate of steam output; moisture in 
steam ; the constituents in the furnace gases, in 
the flue gases, and at the gas exit ; the tempera- 
tures at different positions in the flues and at the 
chimney base ; the degree of smoke referred to a 
suitable smoke-scale, and the other usual, though 
no less important ones. 

The expensive recording instruments should be 
placed in a special test-room near the boiler ; and 
to avoid too much duplication, they should be so 
arranged that, where several boilers are in use and 
under test, a simple switch-over device is all that 
is necessary to connect the recorders from one boiler 
set to another. When the attempt is made to 
establish and use some such test-room, with, of 
course, a few selected instruments for a practical 
boiler plant, it will be found necessary to place a 
specially-trained assistant in charge, who would be 
responsible for keeping the apparatus in good work- 
ing condition, filing and changing the record-charts, 
and entering up daily the chief practical results of 
the performance of the plant. The responsible 
engineer in charge would find such records of great 
value in many ways; and in none more than that 
he would be able to effect very considerable saving 
on his annual coal bill. 

Reference has been made to smoke and a smoke- 
scale. What an achievement it will be, and what a 
fortune for the individual who first produces a 
smoke-recording instrument ; or, failing this, even 
a reliable smoke-indicator ! Vast economies would 
follow from the use of this apparatus alone, cheaper 





coal could be burnt without’ trouble, and fewer 


visits to the police courts, with consequent heavy 
fines, would be one very desirable result. 

Every user of steam-power understands tha‘ the 
coal bill is reduced by using a cheaper fuel, and the 
writer himself has records, extending over five or 
six years, which show that for the ordinary, hap- 
hazard, unscientific stoking, the annual cost of fuel 
for a steam-generating plant, doing much the same 
work year by year, was a linear function of the 

rice per ton of the coal used, and almost entirely 
independent of the heat value of the coal. But, as 
pointed out, there is the smoke to be consi: red, 
and it is this factor, and not so much the calorific 
value of the fuel, which, at the present time, neces. 
sitates the more expensive coals being used. 


(To be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

On Friday last, the 27th ult., an adjourned 
ordinary general meeting of this Institution was 
held at Storey’s Gate, Westminster, the chair 
being taken by Mr. E. B. Ellington, Vice-Presi- 
dent, in the unavoidable absence of Mr. J. A. F. 
Aspinall, the President. 


ADDRESS TO THE KING. 


On rising, the Chairman referred to the death of 
his late Majesty, King Edward VII. He said it 
was his duty and privilege to ask the meeting to 
approve of a humble address to His Majesty, ex- 
pressing condolence for the great loss all had sus- 
tained by the death of His Majesty, King 
Edward VII. Mr. Ellington spoke in fitting 
terms of the position his late Majesty had occu- 
pied in the hearts of all his subjects, concluding by 
stating that there was an additional reason why, 
at the first meeting of the Institution since His 
Majesty’s lamented decease, there should be an 
expression of appreciation of his great services, and 
of regret at his loss. That reason was to be found 
in the fact that while on the Throne he had 
graciously allowed himself to remain an Honorary 
Member of the Institution, a position which he had 
occupied as Prince of Wales. Mr. Ellington then 
read the address, which had been adopted by the 
Council, and which, after the meeting’s approval, 
would be forwarded to the proper authorities. 
This address was as follows :— 


To THE Kine’s Most EXckELLENT MAJESTY. 
May it please Your Majcsty, 

The President, Council, and Members of the Institution 
of Mechanical Engineers present their humble duty to 
Your Majesty and desire to express their profound sym- 
pathy with Your Majesty, with the Queen Mary, and 
with the Queen-Mother and the members of the Royal 
Family at the loss which they and the whole Empire 
have sustained by the death of his most Gracious Majesty 
King Edward the Seventh. d 

The great services He rendered to the Nation, and the 
beneficent influence which he exercised in the promotion 
of peace and international concord, have enshrined His 
memory in the hearts of all His people. — 

The interest He displayed in engineering achievements, 
both at home and aipend, and especially His gracious 
acceptance of the Honorary Membership of this Institu- 
tion in 1890, were highly valued, and the loss of His 
Royal Name from the Roll of Membership will be very 
deeply felt. , 

e President, Council, and Members aiso desire to 
offer their dutiful and humble congratulations to Your 
Majesty on Your Accession to the Throne. ; 

They pray that the blessings of health, long life, pros- 
perity, and » Gomer Ahr may be vouchsafed to Your Majesty 
and to Your august and beloved Consort, Queen Mary. 


Harpentnc or Carson snp Low-TuncstEN 
Too.-STEELS. 

After the usual formal business the discussion 
adjourned from the meeting held on April 15 was 
resumed by Professor J. O. Arnold. This dis- 
cussion was on a paper entitled ‘‘A Research on 
the Hardening of el and Low-Tungsten Sort 
Steels,” by Mr. ShipleyN. Brayshaw. We reportec 
the earlier part of this discussion in our Issue of 
April 22 (page 506 ante), and on page 524 of the 
same issue we commenced the reproduction of the 
paper in condensed form, concluding it in ow! issue 
of April 29. 

Professor Arnold said he desired, : 
place, to correct a mistake which he had made ho 
observing that at the Hecla Works, Shettield, “4 
maximum for the change point had beer within 
1 deg. of that obtained at the Sheftield Unis a ; 
the maximum referred to had been obtained by ™r- 


in the first 





Brayshaw at his own works. [This point had ilready 
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been adverted to in a letter which we received 
from Mr. E. R. Brayshaw, and which we published 
on page 542 —_ Since April 15 the speaker had 
conferred with Mr. Brayshaw, and had suggested 
that the latter’s investigations would be incomplete 
without some micrographical evidence relating to 
the steels dealt with in the paper Mr. Brayshaw 
had sent him three samples, and he had examined 
these micrographically. Adopting his own (Pro- 
fessor Arnold’s) nomenclature, the steels dealt with 
were of three sorts—the unsaturated, saturated, 
and supersaturated. He was of opinion that it 
would be better in future investigations to select a 
saturated steel; the tests under discussion were 
complicated by the presence in the steel used of 
two constituents. 

A series of micrographical lantern-slides were 
then thrown on the screen. The first slide showed 
pure iron— ferrite in crystals—a single white etching 
constituent. On the introduction of carbon, as 
shown in the second slide, a new dark etching 
constituent—pearlite—was introduced. The second 
slide was of a specimen containing about 0.4 per 
cent. of carbon. This pearlite consisted of about 
87 per cent. of iron, and contained diffused 
through it about 13 per cent. of ill-formed plates of 
carbide of iron. The third slide showed the structure 
at the saturation point—that was, where there was 
enough carbon present to convert the whole of the 
ferrite into pearlite. In this case there was nothing 
but crystals of pearlite, making a single constituent. 
He thought it would have simplified the research 
if Mr. Brayshaw had selected such a steel as that, 
instead of the supersaturated steel he had chosen, 
containing nearly 1.2 per cent. of carbon in lieu of 
0.9 per cent. The next slide showed that a new 
constituent came into the supersaturated steel. 
There the cells of pearlite were surrounded by hard 
cementite. At most of the temperatures at which 
Mr. Brayshaw had worked the cell-walls of white 
cementite did not disappear, but remained un- 
changed as the transformation product of pearlite 
steel. This was shown by the succeeding slide, 
which exhibited the transformed, structureless 
pearlite, with the cell-walls of the hard, white 
cementite constituent. Mr. Brayshaw’s tests, 
therefore, were complicated by two constituents. 

Some of the steels used by Mr. Brayshaw con- 
tained, Professor Arnold said, about1.18 per cent. of 
carbon and about 4 per cent. of tungsten. One 
sample appeared to have been heated for half-an- 
hour to 700 deg. Cent. and quenched. As the 
speaker had shown, the original steel was similar in 
structure to that containing cells of pearlite sur- 
rounded by cementite. Heated for half-an-hour, 
the structure changed to plates of cementite ; the 
cell-walls showed a tendency to become globular, 
but no hardenite was produced ; there was no trans- 
formation whatever. In the case of the sample 
heated to 717 deg. the change was carried further, 
the mass consisting of pearlite with globular cemen- 
tite round the crystals. A very important point was 
now reached. The sample heated to 728 deg. Cent. 
was capable of being machined, but the transforma- 
tion from the pearlite, with a hardness of 5 on the 
mineral scale, to that of hardenite with a hardness 
of 7 on the scale, had commenced, and it was in- 
teresting to see how the change had begun. The 
change from the pearlite to the flint-hard martensite 
did not take place all at once, but from a series of 
centres, so that in the 728 deg. Cent. quenched 
steel the main mass exhibited almost globular 
cementite, due to stewing for half-an-hour at that 
temperature. Then, from a series of centres through 
the mass, there was a formation of structureless 
hardenite, and within the hardenite were globules 
of cementite. This raised a most important point, 
upon which the speaker would make no _ pro- 
hounceinent, the matter being one for investigation. 
The poini was this: Mr. Brayshaw had referred to 
the chanve-point at 730 deg. Cent. He (Professor 


Arnold) had just said this change was not imme- 

diate, bi:: proceeded from a series of centres. If it 

Were sucd:len, steel would be an explosive material. 

Conseqicutly the change-point had-an amplitude. 

= confirmed by the heating curves. For the 
eo t 


= sument it might be stated as between 
725 dey. «nd 735 deg. Cent., with the point of 


the curve at 730 deg. Cent., as Mr. Brayshaw had 
peated t. This gave an amplitude of 10 deg. 
He with a progressive formation of hardenite. 
the Would ask the author to consider whether he 
a that keeping the steel at a constant tempe- 


complete the transformation ; or whether the trans- 
formation would depend on going up to higher 
temperatures. For his part, notwithstanding an 
experience of twenty years with this matter, the 
speaker felt uncertain on the matter. 

Another theoretical point of importance was the 
question of lag. Could it be said in the case of the 
steel transformed at 728 deg. Cent. from a series of 
centres that, with the resistance pyrometer, the 
steel had never reached 732 deg. Cent.? The 
speaker did not think it could, and he thought 
it should not be taken as absolutely certain 
that the 730 deg. Cent. point determined the 
whole case ; there was an amplitude to consider. 
In connection with the Brinell test and the sclero- 
scope tests, from ‘samples given him by Mr. Bray- 
shaw, he gathered that the Brinell tests were made 
on the skin of the samples, and the scleroscope test 
about s4, in. below the skin. If this were so, the tests 
were hardly comparable, and he could not accept Mr. 
Brayshaw’s conclusion that there was a softening, 
on quenching, towards 800 deg. or 900 deg. Cent. 
Of course, softening was a relative term. Mr. 
Brayshaw had distinctly stated that the samples 
were glass hard. Professor Arnold then éxhibited 
three samples of 0.9 carbon steel, which had been 
quenched at 750 deg., 800 deg., and 850 deg. Cent. 
Abrasion tests showed that all the samples scratched 
feldspar with ease, but scratched quartz with diffi- 
culty ; the abrasion hardness was identical. The 
speaker concluded by observing that, at the Shef- 
field University, he would gladly give any assistance 
he could for the settlement of the points raised. 

Dr. Carpenter was the next speaker. He stated 
that in recent years there had been very great ad- 
vances in the direction of preparing special alloy 
steels, but less work had been done in making the 
best of the steels already known. As these steels 
were very much cheaper, it was, from a practical 
point of view, important that the best results 
should be obtained from them—i.e., the pure 
carbon tool-steels. He believed that at the previous 
meeting reference had been made to the possible 
action of the salt of the baths on the steels. It 
would be needful to see whether objection on that 
ground was valid or not ; but under the ordinary 
methods of hardening, whether in the smith’s fire 
or in a muffle, the tool was also contaminated. It 
was contaminated by gas, and there was a great 
risk of the surface film being decarburised. He 
thought it would be surprising if, under Mr. Bray- 
shaw’s method of hardening, there were a more 
serious change in the composition of the tool than 
under existing methods. A great advantage of the 
author’s system was that a much more uniform 
temperature was reached in the tool. 

The speaker was present, six years ago, at a 
meeting of the Institution when Mr. Brayshaw 
had remarked that one degree difference at the 
hardening temperature made a considerable dif- 
ference to the hardness of the tool. At that 
time he had been sceptical, but he had not known 
the author’s method of hardening. He thought 
that the present paper contained evidence which 
was conclusive on this point ; the hardness tests 
particularly proved this, as would be seen on refer- 
ence to Fig. 20 of the paper, where great differ- 
ences of hardness were shown for small ranges of 
temperature between 728 deg. and 734} deg. Cent. 
What Mr. Brayshaw had called the 880, or upper 
change, point was of great interest to the speaker, 
and he thought the evidence given was quite con- 
clusive. Judging from the curves which he and 
Mr. Keeling had worked out some years ago, the 
speaker would not have expected that in Mr. Bray- 
shaw’s sample (containing 1.2 per cent. of carbon) 
the cementite would be completely dissolved until 
a temperature of about 840 deg. to 860 deg. Cent. 
was reached. He could not place the point more 
definitely than that at the moment, but that fact 
might explain why Mr. Brayshaw found the hardest 
tool was obtained by heating for a short time to 
about 880 deg. Cent. At that temperature the 
whole of the cementite was dissolved, and there- 
fore the greatest hardness would be expected. At 
lower temperatures, with the cementite not all 
dissolved, a lower hardness would consequently 
be expected. He would much like to test the 
point whether there was any conversion at about 
880 deg. Cent. on heating. Mr. Brayshaw himself 
had mentioned that he had found indications of a 
retardation at the letter Y (Fig. 5 of the paper). 
That happened to be about 870 deg. Cent., and 
that would be the temperature at which the cemen- 


would consequently be expected. Dr. Carpenter 
said he would be very pleased to take heating and 
cooling curves from a sample of that steel if Mr. 
Brayshaw would furnish him with it, and he would 
test that point. 

The influence of the temperature of annealing 
upon subsequent hardening (Table XX. of the paper) 
was another point of great practical importance. Mr. 
Brayshaw had given a series of tests in which the 
temperature on cooling varied between 700 deg. 
Cent. and 940 deg. Cent. It would be observed that 
in the case of steels hardened from 759 deg. Cent. 
the hardness figure dropped steadily from 95 to 77 ; 
whereas, when hardened from 859 deg. Cent., a 
practically constant figure was obtained. This the 
speaker regarded as important, because though he 
had imagined that 860 deg. Cent. was rather on the 
high side for hardening these tools, yet it seemed 
to give the best result. The table appeared to 
show that not only the hardening temperature, but 
also the previous annealing, must be specified if the 
utmost was to be got out of the particular tool. In 
conclusion, the speaker would refer to Mr. Bray- 
shaw’s remarks on the question of fracture, in 
which he had shown that it was quite impossible to 
detect accurately any difference by these means, 
and that the fracture of a steel was no index to 
hardening having been done at the proper tempera- 
ture ; it was quite true that at 880 deg. Cent. there 
was a very marked difference, but that was due to 
the solution of cementite. 

Dr. W. Rosenhain considered that the standard- 
isation of (or rendering precise) the methods of 
hardening was one of the most important points in 
the metallurgy of steel, and the paper under dis- 
cussion was a step forward in that direction. He 
thought, with Professor Arnold, that a detailed 
micrographical study of the steels would have been 
very helpful ; he hoped that such an investigation 
might be undertaken, and that the difficulties of 
grinding specimens from hardened steels might 
somehow be overcome, as he thought they might. 
He even wished that Mr. Brayshaw had taken 
the heating and cooling curves of his steels in a 
more extended manner. The Callendar recorder 
might be an admirable instrument for workshop 
purposes, as Mr. Brayshaw had claimed, but he 
(the speaker) did not think that the accuracy and 
delicacy—particularly the delicacy—of the curves 
obtained with it were sufficient to justify some 
of the suggestions made in the paper. Dr. 
Rosenhain then had a diagram thrown on the 
lantern screen. This diagram, reproduced in Fig. 1 
herewith, was one taken by Dr. Carpenter and 
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Mr. Keeling some years ago. The speaker had 
been engaged in verifying certain points, and had 
great success in this work. The diagram showed 
the well-known line representing approximately 
the separation of the cementite and also the line 
just below 700 deg., representing the separation of 
rlite. There was also a horizontal line, shown 
a series of dots placed between A and B. Like 
Dr. Carpenter, the speaker believed that the 880 
point was connected with the absorption and solu- 
tion of cementite. But that was not all; the whole 
thing depended upon the rate of heating and 
cooling, and upon the maximum temperature at 
which the specimen had been heated before the 
cooling curve was taken. He had only had time 
to take cooling curves of one of Mr. Brayshaw’s 
steels by a very sensitive method. In this con- 
nection he would draw attention to the succession 
of points A B in Fig. 1, through which no line 
had been drawn. It would be seen that the tem- 
peratures ranged through 100 degrees. 
The next slide, Fig. 2, represented a differential 
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differential curve of one of Mr. Brayshaw’s steels, 
which had in this case been heated to 980 deg. 
Cent. and cooled down again. This had been 
done in a high vacuum, so that at the end of the 
operation the specimen was absolutely bright. 
It would be seen that the transformation of the 
carbon in the heating curve occurred at a good deal 
higher temperature than that found by Mr. Bray- 
shaw. The speaker believed there was no doubt 
that the temperatures given were right within 
3 deg. Cent., and quite free from any error of lag. 
He did not suggest that Mr. Brayshaw’s figures 
were wrong ; but wished to point out that the rate 
of heating, and the manner of heating, affected the 
temperature at which the transformations occurred. 
He was of opinion that a great many of the variations 
in the properties of these quenched steels were 
merely questions of the time of heating and the rate 
of heating, and, in some cases, of the intermediate 
cooling while the specimens were being transferred 
from one furnace to another. It would be seen that 
there was no point on the heating curve to which 
importance could be attached ; even the absorption 
of the cementite, if it occurred, must occur quite 
gradually at that rate of heating. There was no 
absorption of heat, except at 910 deg. Cent., where 
a slight point would be seen in the curve ; but he 
doubted whether this was a real point. On the 
cooling curve there were two points which were 
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rather important—viz., at 785 deg. and 750 deg. 
Cent. The first of these would lie on the diagram 
of Messrs, Carpenter and Keeling, and fell beauti- 
fully on the cementite curve. The other was on the 
line of points below it, to which he had drawn atten- 
tion in Fig. 1, Another curve wasalso shown, Fig. 3, 
taken from the same specimen, with the heat carried 
to a considerably higher temperature. The heating 
was carried up to 1100 deg., and, neglecting the 
minor points (he would state that he had repeated 
the curve many times before he was certain), it would 
be seen that here the two points were again slightly 
displaced. The pearlite formation point was also 
lower, partly as a result of a different rate of cooling, 
and partly as a result of the fact that the steel had 
been reheated to 1100 deg. Cent. instead of 970 deg. 
Cent. The time in this case was long—about four 
hours. He would explain that the heating was slower 
than the heating adopted in the case of Mr. Bray- 
shaw’s curves, which were plotted for heating and 
cooling in one hour. He had carried out the curves 
in vacua in order to eliminate any superficial decar- 
burisation or oxidisation. The specimen had been 
heated a third time for the purpose of taking an 
inverse rate curve, and it was not by any means 
sensibly oxidised. Osmond’s explanation of super- 
ficial oxidisation certainly broke down here entirely, 
and it must be recognised that something really 
occurred in carbon steel at the 760 deg. point. In the 
present connection the pointof interest wasthatthere 
was another transformation, which Mr. Brayshaw 
had called the commencement of the pearlite for- 
mation, suggesting that there were there indica- 
tions of a commencement of recalescence or of 
pearlite formation as a temperature equal to, or 
slightly higher than, the arrest (Ac) point of heating. 
On the face of it, the speaker regarded this as 
unlikely. Dr. Rosenhain showed other curves 
(reproduced in Fig. 4) to indicate that the results 
obtained with Mr. Brayshaw’s steel of 1.14 per cent. 
carbon were not abnormal. The three curves in 
Fig. 4 were plotted on the derived differential 
system, so as to make them visually comparable 
with other curves. Fig. 5 showed a curve taken by 
the speaker. Both the differential and the derived 
differential curves were reproduced, and the cemen- 
tite point (760 deg. Cent.) was clearly shown where 
indicated. The temperatures of recalescence were 
between 685 deg. Cent. and 690 deg. Cent., differ- 


ing somewhat from Mr. Brayshaw’s figures ; that 
might depend upon the temperatures to which the 
samples had been heated, which were higher in the 
case of the speaker's experiments than in those of 
the author. 

Dr. Rosenhain quite agreed with Professor 
Arnold in thinking that theoretically it would 
have been better to have used a eutectoid or 
‘* saturated” steel; the reason being that in the steel 
examined by the author three actions were going on 
more or less simultaneously, all of which must 
influence the structure, the constitution, and the 
hardness for mechanical properties of the steel after 
quenching. In the first place, after passing the 
pearlite transformation point, there was gradual 
diffusion—he would say ‘‘gradual,” because he 
believed that that was what took place over a short 
range of temperature—of the carbide in the iron, 
which then passed through the beta into the gamma 
modification. Beyond that, the cementite was gradu- 
ally dissolving in the gamma iron, the solubility of 
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carbide in the gamma iron increasing as the tempera- 
ture rose, until finally the whole of thecementite was 
dissolved. But all the time there was a third action 
going on—namely, the gradual increase in the size 
of the structure. Howe had shown clearly—and 
Sorby had confirmed this—that when the steel had 
passed through that transformation the structure 
began to grow, and went on growing as the tem- 
perature rise increased. There were then these 
three matters to consider, with their consequent 
large variety of mechanical results. In a paper 
which Mr. Kroll contributed to the Iron and Steel 
Institute, he had shown in an interesting way how 
the polyhedral structure of the steel persisted after 
passing the transformation above mentioned. 

Mr. F. W. Harbord remarked upon the import- 
ance of attention to details. He thought that in 
actual practice in the workshop it would not be 
possible to carry out experiments with quite the 
same degree of nicety as had been secured in 
Mr. Brayshaw’s work. Mr. Brayshaw’s paper 
forcibly illustrated the extreme sensitiveness of 
steel; but it was not to be expected that the 
variations obtained in dealing with small masses 
would be repeated with large masses. In anneal- 
ing, tempering, and quenching these there could not 
be approximation to the regularity expected, and 
sometimes insisted on. With a huge mass, especi- 
ally of irregular section, it was hardly possible to 
heat it up to anything within a few degrees in 
different parts, and a uniform quenching condition 
was even less possible. These were matters to be 
borne in mind in heat treatment of masses. 

Mr. Brayshaw, replying to the discussion, said 
that Professor Arnold had spoken about the im- 
portance of examining saturated steel—that was to 





say, a steel with 0.895 carbon or thereabouts—and 
Dr. Rosenhain had also referred to the matter. 





The speaker recognised the importance of carrying 


out experiments on such steel, but pointed ou: that 
it was not in his line of work. He was dealiny with 
tool-steel of a commercial character, such as would 
be supplied by recognised steel-makers for too! like 
milling cutters, taps, &c. With regard to the 
question of amplitude, raised by Professor Ariold, 


in which the change took place, he had dealt 
with the point in Figs. 23 and 24 of the paper, 
He had endeavoured to find out whether the change 
took place at a particular point or not, and he had 
therefore soaked the steel for varying pericis of 
time, from ten minutes up to two hours, at certain 
fixed temperatures—729 deg. Cent. and 732 deg. 
Cent. He had found that there was a detinite 
condition appertaining to a temperature of 72!) deg, 
Cent , and there was no progression beyond that 
condition, even when the soaking was prolonged for 
a number of hours. He had shown that there was 
an amplitude in which the change took place. 

He did not think the temperature ever rose a 
couple of degrees without his knowledge. The ex- 
periments had been carried on in a bath, the pot of 
which, with its contents, weighed over 3 cwt., and it 
was thus not easy to change the temperature ina very 
short time. The bath was also in continual motion. 
It was true that there was lag in his instruments, 
but as the temperatures could not rapidly vary in 
a bath, the instruments would have recorded any 
rise. On the question of softening with the rise of 
temperature, while it might be difficult to believe, 
the experiments could be verified. He was con- 
fident that softening took place, and that ultimately 
it would be generally credited. The higher the 
temperature the softer the steel would become after 
quenching, within certain limits. In the paper he 
had merely referred to it, but it was a matter with 
which he was well acquainted, and about which he 
had no doubt. At the same time, in order to get 
the hardest steel, a high temperature must be main- 
tained for a very short time. When speaking of 
steel getting softer ata high temperature, he in- 
tended his remarks to carry with them the proviso 
that the steel was kept at that high temperature 
for a sufliciently long time to reach the condition 
appertaining to that temperature. 

Micrographical work, also, he (the speaker) did 
not touch. At the same time, this was of assist- 
ance, and he had derived much advantage from 
the reports of the Alloys Research Committee. 
He would remark that the Callendar recorder 
curves were all taken by hand. The boom on the 
recorder, which swung from side to side, had been 
watched very carefully, and he had moved the 
contact-pieces that went along the bridge by hand 
all the time ; in this way he kept the boom afloat, 
so as not to touch one side or the other, and there- 
fore it was fairly sensitive. He had not waited for 
the recorder to effect the movement, but did the 
work himself. He would repeat, that on going up to 
a temperature of 880 deg. Cent. the point of subse- 
quent recalescence was lowered. This might have 
to do with the carbide. Possibly a more stable 
carbide, on the heating side, was formed at that 
point, and it did not change back so readily. There 
was no doubt that the rate of heating, and the time, 
were of profound importance. He had dealt 
with these points at various places in the paper. 
He thought that accurate work could be done in 
the workshop. Anordinary workman could manage 
a Callendar recorder, which was not too delicate an 
instrument for workshop use. He was convinced 
that a good deal of this hardening work would have 
to be done in the workshops, and done more accu- 
rately than at present. He believed that in the 
future the uniformity reached would exceed anticl- 
pation. Attention had been drawn to Table XX. 
in the paper dealing with the effect of previous 
annealing, and, in the speaker's opinion, this had a 

rofound influence on the subsequent hardening. 
t was of importance that these matters should be 
investigated, so that with foreknowledge they might 
reach the desired result with greater certainty. 
The time would come when the hardening shop 
would be under control, and the processes carried 
out with the same precision as that attained with 
the processes of other parts of the works. 


ComPpaRATIVE Metnuops oF TESTING STEEL. 


At the conclusion of the discussion on > 
Brayshaw’s paper, Captain H. Riall Sankey : ad, 
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This paper we reprint in another part of the present 
jssue (page 727). 

Before the discussion was opened, Mr. Blount 
made a few remarks, explaining that the object of 
the research was to endeavour to formulate some 
method of testing by impact steels, such as were 
acceptable under the rather stringent, yet reason- 
able, conditions of the British Standard Specifica- 
tions. All these steels had admirably withstood 
the impact tests, which, short of notching, were as 
searching as could be devised. It was desirable, 
however, that the investigations should not stop at 
that point. It would be necessary to examine 
abnormal or diseased steels to discover whether 
the impact test, or some modification of it, would 
detect the cause of disease, and so lead to the con- 
demnation or passing of steels which were on the 
borderland of good and bad. All that was claimed 
was that the paper established the fact that good, 
normal steel would resist an impact test of the 
class applied as excellently as it withstood the 
customary static tests. 

Mr. W. G. Kirkaldy also made a few remarks 
prior to the discussion. He hoped the discussion 
would elicit some information as to the best lines 
on which to make impact tests. Much had been 
heard about notched-bar tests, but personally he 
had always been rather opposed to notching, as it 
introduced many complications. He was, therefore, 
desirous of securing impact tests with a normal 
form, and without notches. As Mr. Blount had 
explained, with a good steel, their impact test had 
not brought out more than the static test ; but, in 
the case of steels with abnormal constituents, he 
believed in the valuable possibilities of the shock 
test. Strong views were held with regard to the 
different forms of shock test, and he trusted the 
discussion would carry the matter forward. He felt 
prepared to fall in with whichever form of shock 
test might prove to be the best ; he had no bias as 
to any particular method. 

Mr. C. H. Wingfield opened the discussion, and 
spoke first as to the speed of application of the 
stress on the specimen. Of course, that was a very 
essential part of the paper. Sometimes the authors 
tested from a great height, and sometimes from a 
lower one, but in the future investigations to which 
reference had been made, it would be desirable to 
ascertain, if possible, the effect of the velocity at 
which the specimen was broken. In the ordinary 
lever and travelling-weight machine the stress was 
applied gradually ; the test-bar contracted, the 
area on which the weight acted was reduced, and 
the speed at which the load increased was con- 
tinually augmenting. In the impact test, when a 
large amount of energy was left in the weight after 
it left the specimen, the whole of the operation was 
conducted with great velocity, and, if sufficiently 
fast, there was probably equal contraction all along 
the specimen. He recalled an experiment made at 
Woolwich, in which a piece of gun steel was 
attached to a plug in a gun fired off by gun- 
powder, the other end being held tightly, with 
the result that it had no time to break, and 
simply stretched throughout its length. It had 
been pointed out, in relation to the drop testing, 
that there was a greater error if the tup had a 
great speed left after the break than if there was a 
small velocity left. When there was a small 
velocity left after the break, it signified that the 
stress had been applied more gradually at the end 
of the fracture than it was at the beginning. This 
was almost exactly the reverse of the ordinary 
method of testing, and it would be interesting, 
bearing that in mind, to compare methods, and see 
if it had any effect on the results. He was not 


clear if the weight of the broken specimen was 
added to the tup in calculating the stress ; this 
would make a difference of 0.3 to 06 per cent. in 
the result. He was familiar with Captain Sankey’s 
machine, which certainly gave very consistent 
results, as was shown by the curves from that 


machine, 

Professor Arnold was the next speaker. He 
expressed himself as most interested in the repeated- 
bendius tests. He believed he was the first to intro- 
duce this method of testing, having brought it for- 
ward «' the Engineering Congress seven years ago. 
Heh ince been steadily working at the testshe had 
proposed, and the matter had been carried further 
than « «ptain Sankey was probably aware of. A lot 
of result s had been obtained, which had been com- 
munic:'cd in some cases to the Institution of Civil 
Engine rs, and in others to the Institution of Naval 
Architects. With regard to the authors’ tests, it 





appeared to the speaker that the angle of bending 
—46 deg.—-was somewhat large. He noticed that 
the test-pieces were similar in size to those he 
himself used (3 in. by 3 in.), so the results were 
fairly comparable ; but he feared that the authors 
were missing some of the most essential and valu- 
able features of the test by the methods they 
adopted. In the conditions the speaker adopted 
the deflection was only 7 deg. instead of 46 deg., 
while his rate of alternations for standard condi- 
tions was 650. It did not appear from the des- 
cription of the apparatus in the paper that there 
were any means of registering the rate at which 
the stress was applied. He considered the 3-ft. 
hand-lever, which was worked in the author's 
machine, was an unfortunate feature. In the 
speaker’s early experiments a lot of tests had 
been made on the rate of alternation, and with 
boiler-plate steel of fine quality. He had used a 
rate of alternation of 170 per minute, and he had 
found the average endurance before fracture to be 
1400 alternations. He then arranged his machine 
for another 100 alternations per minute (making 
270), when the average endurance fell to a mean of 
800 alternations. He had not yet worked it out 
fully, but evidently there was some definite relation 
between the rate at which the stress was applied 
and the endurance of the material. The experi- 
ments carried out at Sheffield University now 
extended to many hundreds, and one of the most 
valuable results was this—that with the j-in. sec- 
tion, and with the stress applied slightly beyond the 
elastic limit, there was a plastic strain on the 
steel. Given a steel of even texture, theoretically 
that steel should begin to break almost simul- 
taneously at two points diametrically opposed to 
each other in line with the direction of the plastic 
strain produced, and the fracture should proceed 
inwards from each point. As a matter of fact, 
that was found to be the case with a steel which 
was really of even texture. They found that the 
last strip of metal always broke in tension. Under 
ideal conditions of even texture, there was a grey 
film right on the zero line at right angles to the 
lines of fracture, and onthe diameter. By this 
means it was known where the last tension took 
place. The two sections might, in other cases, 
vary so much that the final strip was vot on the 
true diameter, but was displaced towards one side or 
the other, meaning that the fracture commenced 
in one section long before it commenced in the 
other. In another case the zero line might be 
diagonal, showing again variation in texture. 

Mr. Harbord said he had always been of opinion 
that impact tests should be carried on with un- 
notched bars. He had also been particularly 
desirous that experiments should be carried out in 
the direction of the length of the specimen rather 
than on the cross-section, as had been done in the 
cases under discussion. The great value of the 
experiments was that they were comparative, and 
it was desirable to find out how far they would 
differentiate between different qualities of steel. 
Apparently, as had been mentioned, the tests had 
been unable to detect any great difference between 
the good steels. He noticed that there was 
a certain amount of difference in the tests— 
12 per cent., he believed, was referred to in the 
paper. This difference would have been less, he 
thought, if the authors had normalised their steels 
before testing them—i.e., heated them to a low 
temperature, below the point at which any micro- 
graphical change took place ; but relieving all rolling 
strains, and so on. They would then have had a 
material as constant as possible, and the variation 
would probably have been less. He presumed the 
authors did not take that course because they 
thought they were dealing with commercial ma- 
terials. [Mr. Blount at this point observed that 
the micro-photographs of all the steels would be 
offered for publication in the ‘‘ Proceedings.” 
Mr. Harbord, continuing, said that it would be in- 
teresting to modify the machines, so that, instead of 
breaking the samples at one blow, they could be 
broken by a series of blows. He would be inte- 
rested to hear the results of further work on the 
low-grade steels, and it might assist the authors to 
take samples of the steels and actually destroy 
them—make them brittle purposely. They would 
then, perhaps, sec how far the apparatus would 
differentiate Sesion good and bad steels. 


Captain Sankey then replied briefly to the discus- 
sion, reserving his main remarks for a written com- 
munication. With regard to Professor Arnold’s 
remarks about the bending machines, it was true | 








that both were repeated- bending machines, but the 
machine the speaker had used was quite different 
from that at the Sheffield University. The Pro- 
fessor’s machine bent the specimens backwards and 
forwards, as had been explained, at a high rate of 
alternation, and there was great difference of detail 
in the results, depending on the rate of alternation. 
With the machine used for the authors’ experi- 
ments, the backward and forward bending was not 
a matter of even 100 alternations, but probably 
some 10 or 12. With such low alternations there 
was not, at all events in their experiments, anv 
observable difference which depended on rate ot 
alternation. Therefore the results in the two cases 
were essentially different. If his memory were 
correct, Professor Arnold’s machine not only beni 
the specimen backwards and forwards, but also 
administered a blow every time. In the authors’ 
machine there was bending only, and the effect on 
the steel would be different. Therefore the two 
machines were scarcely comparable. While he had 
a great admiration for Professor Arnold’s machine, 
it did not, so far as he was aware, determine the 
energy absorbed in breaking, which was done in the 
hand-machine used by the authors ; this figure was 
one of the most valuable obtained. It would be 
seen from the paper and the figure that there was 
a great difference in the amount of energy absorbed 
in breaking the test-piece. This was one. of the 
most important figures in connection with the 
characteristics of steel. The authors had been 
desirous of trying some of the ‘‘ low-grade” steel, 
but found it to be unobtainable, a circumstance 
which precluded the use of any but high-grade 
specimens. Had time permitted, they had intended 
to take one or two kiads of steels and subject them 
to different heat treatments, such as annealing for 
a considerable time, heating to a white heat and 
soaking at a white heat for a long time, and ham- 
mering (after heating it again toa red heat) at a 
blue heat to produce a crystalline structure, and 
other things of the kind. Captain Sankey con- 
cluded by stating that he would reply to the 
discussion more fully in writing. The meeting 
then terminated. 








TEXTILE MACHINERY AT THE 
BRUSSELS EXHIBITION. 

One of the most striking features of our industrial 
rogress is shown in the vast improvement which 
as characterised the construction and adaptation of 

cotton machinery during recent years. Seldom a 
week passes but some important invention is 
brought out for the benefit of users of spinning and 
manufacturing plant. And though, in the main, the 
vital principles of cotton machinery remain unchal- 
lengéd, the thousand-and-one details which make 
the up-to-date machine a profitable entity belong 
generally to modern developments. 

England requires much cotton for its 50 million 
spindles. Every week, when the mills are in full 
work, each spindle produces 18,000 yards of yarn. 
The mills consume 80,000 bales of raw cotton per 
week, these bales averaging about 400 lb. each. 
Curtly put, we require 1500 million pounds of raw 
cotton annually for our own domestic needs, and 
for an export trade amounting to 250 million pounds 
of yarn. We have also an export trade in cotton 
cloth amounting to 5000 millions of yards annually, 
at a valuation of 52 million pounds sterling, of 
which our own Colonies are purchasers to the 
extent of 2500 million yards per year. The im- 
me of this vast industry cannot, therefore, 

e over-estimated. 

In the construction of machinery for producing 
all this yarn and cloth we stand supreme, and it is 
matter for congratulation that we are adequately 
represented in this respect at the Brussels Exhibi- 
tion. There Messrs. Dobson and Barlow, Limited, 
of Bolton, among others, show a complete set of 
machines for dealing with cotton from the time it is 
picked on the field until it is bundled as yarn for 
export. This fine exhibit we illustrate on Plates 
LIT. to LV., and on pages 704 and 705. In order 
to explain its use to readers who are not versed in 
textile matters, we propose to narrate the course of 
manufacture, detailing the object and purpose of 
each machine in the series. 

When gathered, the cotton-seed is wrap in a 
bundle of fibres, which must be separated from the 
seed-pod. The fibrous part only is wanted for 
manufacturing, the seed being utilised for further 
cultivation, or for the extraction of oil. To strip 
the fibre from the seed, and injure neither, is an 
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Fie. 17. Quick-Traverse Drum Winpinc-FRAME. 


interesting process, usually performed near the 
cotton-fields themselves. To do this work by hand, 
without machinery, would indeed be a laborious and 
unprofitable business. Gins are therefore used 
to complete this important operation. A hand- 
gin (Fig. 1, Plate LII.) is well adapted for this 
urpose where steam or water-power is unavailable. 

e machine shown in our illustration is a hand- 
saw gin, having 10 saws accurately spaced, and 
mounted to run between specially-formed grate- 
bars. The seed-cotton is fed by hand into the 














Fig. 18. 


feeder and delivered into the gin breast. As the 
saws revolve, the seed-cotton is rolled about ; the 
lint penetrates the grate-bars and is stripped by a 
revolving brush. This throws the lint forward on 
to a perforated cage, from which it falls as fleecy 
material on the floor. This machine is suitable for 
short and medium staple, and woolly seed-cotton. 
A power-gin, known as the single-action Macarthy 
gin, is seen in Fig. 2. This is suited to finer 
staples of cotton, such as Egyptian and Sea Island. 
A 6-in. leather roller, 40 in. long, revolves close to 











Upricut-SpInDLE WINDING-FRAME. 


a stationary knife. Under this knife a recipro- 
cating beater-knife is working at high speed. The 
action of the machine is extremely simple and 
effective. The cotton-seed is placed in the hopper 
at the top of the machine, and falls on the seed- 
grid. A feeder-bar, or pusher, urges it forward 
against the leather roller and knife. The recipro- 
cating seed-grid then spreads the cotton throughout 
the length of the roller to prevent irregu'sr accu- 
mulations. The lint is seized by the leather roller 
and drawn against the stationary knife, while the 
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(For Description, see Page 703.) 
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Fig. 1. Hanp Gin with Ten Saws. Fic. 2. Sryete-Action Macartuy Gry. 





























Fig. 3. Hopper FEEDER AND PoRCUPINE OPENER (VERTICAL CYLINDER). 
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reciprocating knife beats against the seed from 
below, and assists in the separation of lint and seed. 
When the seed is stripped of lint it falls through 
the grid on to the floor, or ona light conveyor 
arranged for the purpose. The production of this 
gin is about 30 lb. of cleaned cotton per hour. 

The fleecy lint is gathered into canvas bags in 
quantities varying between 300 lb. and 700 Ib. 
An average weight is 480 1b. for American bales. 
The bales are placed in hydraulic or steam-presses, 
and secured by iron bands riveted or locked at the 
piecings. In this form they are shipped abroad. 

Arriving at the mill, the bales are stacked end-up 
in the cotton-chamber, to dry for a short period, if 
necessary. The first machine, the bale-breaker, is 
close at hand. Several bales of the same or dif- 
ferent qualities are unhooped ; layers are spread 
on to the bale-breaker lattice, and the raw material 
is loosened preparatory to its transfer to the opening 
machinery. A vertical opener is shown in Fig. 3 
with other adjuncts immediately connected with 
its working. On the extreme right of the engrav- 
ing is an automatic hopper feeder, which passes the 
cotton to a porcupine opener driven by a rope 
from the upper part of the cylinder of the vertical 
opener. A patent self-regulating feed-motion is 
also applied to the hopper to prevent irregular 
supplies to the porcupine. The vertical opener is 
seen in the centre of the series driven by a belt 


from the overhead shaft. The vertical shaft inside 
the opener carries seven discs with hardened-steel 
plates of different diameters, and having steel teeth 
riveted to them. The production of this opener 
amounts to about 30,000 lb. per week. 

Following the opener is a single scutcher, which 
cleanses the fibrous material, freeing it from sand 


and dirt, very short fibres and broken leaf. The 
extracting-fans in these machines are arranged for 


up or (own draughts. When the cotton leaves the 

Vverticai opener it is conducted to the beater- 

cham!<: of the scutcher. Here it encounters the 

“beater,” by which it undergoes further disinte- 

gration. the object of which is to ensure the complete 

ra ion of the fibre and the dirt. The fibres are 
us fin 


: ly divided and blown over the dust-cages, 
which «llow the dust to be extracted, and pass the 
cleanse: cotton to the lap-forming machine. This is 
Seen ai the extreme left of the engraving. Here 
again the raw material is well beaten and fanned to 
clear away unnecessary dirt. It then issues from 
the caleuder-rollers as one uniform layer of fibrous 
cotton and is rolled into a solid cylinder, or ‘‘ lap. ’ 
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If not sufficiently cleansed, it is passed through 
another scutcher, where it is beaten and fanned as 
before, and rolled into a finer lap. 

The essential element in all opening and scutching 
operations is to separate the individual fibres, and 
dissociate from them all the refuse which comes 
from the cotton plantations, and is so deleterious 
to good yarn. In this regard it is well to note here 
another important machine, shown in Fig. 4-—the 
Roving Waste-Opener. In every spinning-mill 
there is a considerable quantity of waste given off 
from the frames in the card-room. This is ‘‘ soft” 
waste of a very valuable character, and is compara- 
tively free from dirt and stain. It is, therefore, 
recouped and spread on the lattice of the waste- 
opener. The lattice, in travelling, takes the waste 
to a fluted feed-roller and a saw-toothed cylinder, 
known as the ‘‘licker-in,” which delivers it to the 
main cylinder. This is about 24 in. in diameter, is 
covered with interchangeable lags with hardened- 
steel teeth, which completely dissever the partially- 
twisted strands of roving waste and pass the divided 
fibres on to the cleansing dust-cage. Here again 
the cages carry the cotton to the delivery end of 
the machine, from which it evolves in a perfectly 
homogeneous condition ready for mixing with 
unused material. Obviously, with the high speed 
of the main cylinder the cover should not be lifted 
while it is in motion ; to prevent this a cover-lock- 
ing arrangement is applied ; this also prevents the 
cylinder starting until the cover is in position. 

The ‘“‘lap” of cotton from the lap machine and 
scutcher is transferred to the carding - engine 
(Fig. 5). Here the ‘‘ lap” is gradually unrolled ; 
the fleece is passed through fluted feed-rollers on 
to a saw-covered cylinder which divides the fibres 
more finely than ever and conducts them to the 
large cylinder of the machine. The laps are 38 in. 
long and are delivered to the same space on the 
cylinder. This is covered with fillets of card-wire, 
the points being in close proximity to each other. 
The 50-in. cylinder revolves at about 160 revolu- 
tions per minute, and is relieved of its cotton by the 
doffer cylinder ; this has a diameter of 26 in. and 
revolves at about 15 revolutions per minute. The 
upper part of the main cylinder is encased with 
slowly-revolving flats, containing also fillets of card- 
wire. The whole series of flats embraces 199, of 
which 44 are constantly at work in conjunction with 
the main cylinder. From the doffer-cylinder the 
fine gauzy fleece is strip by a reciprocating 
doffer-comb, and the cotton proceeds through a 
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trumpet-shaped tube to the calender-rollers, For 
the first time it now assumes a definite rope-like 
form, or ‘‘sliver,” loose and soft, but holding well 
together. The coiler, seen in the right of the 
engraving, receives this sliver from the calender- 
rollers and coils it into a tall can. 

When finer qualities of yarn are to be spun it 
is necessary to treat the cotton by special machi- 
nery, which will give greater acaateiiation to 
the fibres than would result from the draw-frame 
alone. The sliver-lap machine (Fig. 6) is therefore 
brought into operation. This machine is arranged 
to make laps 9 in. wide, and is fed by a V-table 
with eighteen cans of sliver from the carding- 
engine. Each sliver passes over a lightly-balanced 
spoon, which is so arranged that if any sliver 
breaks, the spoon rises and stops the machine. The 
sliver traverses three lines of draught-rollers, as well 
as calender-rollers, from which it is delivered to 
the front bobbin and formed into a “‘lap.” The 
machine therefore makes a lap from card-slivers. 

The draw-and-lap machine, otherwise known as 
ribbon-lapper, takes the product of the sliver-la 
machine. In Fig. 7 we have a ribbon-lapper with 
six heads, or six laps from the sliver-machine. 
Here the laps are unrolled and pass through four 
lines of draught-rollers, where they undergo con- 
siderable attenuation owing to the increased velocity 
of each succeeding pair of rollers. The ribbons of 
cotton are then moved over curved guide-plates, and 
are superposed in their progress towards the delivery 
end of the machine. Allalong from the first ribbon 
to the sixth the parallelisation of the fibres is im- 
proved, and the necessary solidity of the resultant 
ribbon is secured by the doubling. 

The comber completes the trio of these special 
machines for fine counts, such as 80’s to 250’s and 
beyond. Combers are also used for medium counts, 
40’s to 80’s, where a specially high quality of yarn is 
required. Fig. 8 shows a combing-machine of 
eight heads. The laps are obtained from the ribbon 
lapper and placed on fluted wooden rollers, to be 
gradually unrolled and passed through the combing 
appliances. Here the cotton is acted upon by 
nippers which bring it into contact with the needles 
on the combing-cylinder. This in turn is cleaned 
by revolving brushes. The combed material is 
passed through draught and calender-rollers, from 
which it emerges as a uniform sliver to be coiled 
in a vertical can. The waste of the machine is 
collected in fleecy form and delivered into tins at the 
back. One important feature of this machine is its 
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patent aspirator for removing the waste from the 
combing cylinder. This permits of the doffer and 
doffer-comb being dispensed with, and consists of 
an air-duct placed at the back of the machine in 
connection with an exhaust-fan. The combing- 
cylinder and brushes are enclosed in casings and 
connected to the air-duct. The waste thrown off 
by the action of the brush is deposited on a perfo- 
rated tin cylinder, which carries it under a small 
presser-roller forming a fleece for the tins. 

From the carding-engine or comber the sliver is 
transferred to the drawing-frame, which combines 
several slivers into the dimensions of one, and 
increases the draught and parallelism of the fibres. 
Fig. 9 shows a drawing-frame with three heads 
arranged on alternate sides, each head having two 
deliveries of six slivers. The slivers pass over 
delicately-balanced spoons, which .are connected 
with a stop-motion, so that if any single sliver is 
broken the machine ceases operations. The draught 
and cylindrical formation of the sliver are special 
functions of the drawing-frame, and determine the 
ultimate finish of the spun yarn. As the cotton, 
now assuming a thread-like form, passes through 
the four pairs of draught-rollers, and is combined 
in one strong round sliver, it bears ample evidence 
of fitness for the next process of twisting. Up to 
this point all operations have tended to the cleans- 
ing, straightening, and parallelising of the fibres. 
When the drawing-frame has deposited the sliver 
in the coiling-can, the cotton is ready for assimi- 
lating in the form of a twisted thread. The slub- 
bing-frame (Fig. 10) is the first machine to accom- 
plish this work. The engraving shows the front 
part of the machine where the slivers from the 
coiler-cans behind are passed through three pairs 
of draught-rollers with slightly-varying speeds. It 
will be clear that the loose material is now 
assuming a more tenuous form. As it leaves the 
rollers, and is conveyed to the wooden bobbins, it 
is twisted by the action of the spindles, which make 
400 to 500 revolutions per minute. As the twisting 
proceeds the thread is wound on the bobbin in 
regular layers by the rising and falling of the 
bobbin-spindle. 

The bobbins of moderately-spun yarn from the 
slubbing frame are taken to the upright creel of 
the intermediate frame (Fig. 11). Pairs of threads 
are combined, passed through another series of 
draught-rollers, and wound on smaller bobbins. The 
twist given by the intermediate frame considerably 
strengthens the yarn at this stage. The spindles 
revolve at 600 to 750 revolutions per minute. 
The roving frame (Fig. 12) completes the trio of 
‘*speeds”’ and receives the bobbins of yarn from 
the intermediate for further twisting and draught. 
The spindles here revolve at 900 to 1100 revo- 
lutions per minute and add very materially to 
the sustaining quality of the yarn. Where fine 
counts are spun there is yet another stage of roving 
performed by the ‘‘ Jack” frame. Its general 
action is similar to that of the frames just men- 
tioned, adding further twist and tenuity to the 
yarn. 

The ring spinning-frame issupplanting theold-time 
throstle. It spins yarn on the continuous system, 
as distinct from the intermittent spinning of the 
mule, The throstle was found inadequate for 
continuous spinning after the advent of the ring- 
frame ; its flyers took up a considerable part of the 
machine ; if high speeds were attempted, the flyers 
gave way or collided with each other. Then the 
cost of production was in excess of that of the mule 
with its many advantages. The ring-frame dis- 
posed of the flyers entirely, substituting fixed rings 
on a ring-rail and a small travelling-loop on each 
ring-edge to guide the thread on to the bobbin or 
cop. Besides, the same length of frame would 
accommodate double the number of spindles used 
on the throstle. The speed of the spindles was 
considerably increased beyond the highest attain- 
ment of the throstle, present-day frames making 
5000 to 10,000 revolutions per minute. The ring- 
frame shown in Fig. 13 is designed to spin 20's 
twist, American cotton, on bobbins or paper tubes. 
The bobbins from the roving-frame are placed in 
the creels and threaded through draught-rollers on to 
the spindles, which are turned by bands passing 
from the spindle-wharves round tin rollers under 
the middle of the frame. The ring-frame for weft 
(Fig. 14) differs little in essential particulars from 
the last machine. The weft is spun on wood pirns 
or on paper tubes, so that the cops may be readily 
fitted to shuttles at the loom. The build of the 


cop is secured by the tension of the yarn being kept 





constant as it leaves the draught-rollers, and by vary- 
ing the speed of the frame automatically and con- 
tinuously. The output of the ring-frame generally 
is confined to low or medium counts, ranging from 
20’s to 50’s. 

Ring-doubling is an essential process where very 
strong threads are required, such as sewing-cotton, 
netting, sail-yarn, and healds. For these and kin- 
dred purposes two or more spun threads are twisted 
together. The ring doubling - frame, shown in 
Fig. 15, is supplied with bobbins, cops, or ‘‘cheeses” 
of thread on slanting holders, from which the yarn 
is drawn by the single line of rollers in front of 
the machine, these being sufticiently heavy to nip 
it. There is no draught in the doubling-machine, 
hence several lines of rollers are unnecessary. 
Otherwise the operation of the machine is very 
similar to that of the ring-spinning frame. Doublers 
are designed to twist two or more threads accord- 
ing to requirement. The machine here illustrated 
is for doubling 42’s two-fold. 

The self-acting mule was invented in Bolton, and 
one of Crompton’s original machines is still to be 
seen among its choice collection of cotton-spinning 
machinery. The mule still holds a paramount 
position in the cotton-mill for spinning all counts 
from, say, 20’s to 250’s and over. It spins inter- 
mittently from roving-frame or jack-frame bobbins, 
either on the bare spindle or on short cop-tubes. 
The machine (Fig. 16, page 704) consists essen- 
tially of a creel, where the bobbins are erected on 
skewers, a traversing carriage, with the spindles on 
which the cops are to be spun, and the headstock 
gearing to operate the carriage and its appur- 
tenances. The carriage—the crown of Crompton’s 
invention—traverses over 60 in. to 64 in. of floor- 
space. As it comes outward from the creel the 
threads are gradually attenuated and rapidly twisted 
until the carriage reaches the end of the traverse ; 
as it runs inwards to the creel, the twisted thread 
is wound on the spindle to form the cop. The 
mule illustrated bears a travelling scavenger which 
automatically cleans the roller-beam and top of the 
carriage. The machine is designed for spinning 
20’s counts from American cotton. 

A vast number of cops and ring-spun bobbins are 
required for export ; and for this purpose the yarn 
is made up in another form, generally in hanks 
closely bundled together. The quick-traverse 
drum-winding frame (Fig. 17) materially helps 
towards that object. It is fed with cops or bobbins 
from the self-acting mule or the ring-spinning 
frame, and winds the threads, from 3 to 6 at once, 
in a cylindrical, or tapering, ‘‘ cheese,” which can 
readily be attached to the reeling-machine and 
converted into hanks. These ‘‘ cheeses” are 
made solid and stable by the quick traverse motion 
crossing the threads layer over layer, thus prevent- 
ing unravelling. The machine is adapted to wind 
cotton, wool, worsted, silk, linen, or any other 
kind of fibre, and can be fitted with slow traverse 
for winding thread on to ordinary bobbins with 
heads. An instantaneous stop-motion is provided 
for each thread, so that any thread breaking will 
immediately arrest the winding of the ‘‘ cheese.” 
Bobbins are made from 2} in. to6 in. high, with 
diameters up to 9 in. ; as much as 5 Ib. of yarn can 
be wound on a paper tube weighing about 4 dwt. 
For the completion of warper’s bobbins the upright 
spindle winding-frame (Fig. 18) is employed. Cops 
and bobbins from the mule and ring-frame are 
arranged in line on either side of the machine ; and 
the threads are wound on headed bobbins set on 
upright spindles. The operative engaged in ball- 
warping places these bobbins on a large curved 
creel, from which the threads are drawn to the 
warping-mill—a circular lattice about 18 yards in 
circumference. On completion of this process the 
yarn is stripped from the mill and rolled in ball- 
form to be treated with sizing materials. 

When yarn has been wound, reeled, and made 
into hanks, it is bundled for facility of transit and 
export. The yarn-bundling press (Fig. 19) per- 
forms this operation either by hand or mechanical 
power. The press consists of a strong table, on 
which the hanks of yarn are placed between two 
sets of upright bars, five in number, arranged nearly 
close to each other. To the tops of one set horizontal 
bars are hinged, and when the press is filled with 
hanks the free ends of these horizontal bars are 
locked to the tops of the other set. The box is thus 
composed of a table at the base, and three sets of 
five bars on the sides and top. The slits between 
the bars allow of four strings being inserted to tie 
up the hanks when under pressure, this being 





applied under the table by a double eccentric 
motion. The machine shown is also fitted wit! an 
automatic arrangement for opening and closing the 
horizontal bars, and will make bundles of 5 Ib. snd 
10 lb. each. 

Itis the practice in many spinning-mills to use the 
waste cops produced in the spinning department 
for the manufacture of banding, for driving mule 
and ring-spindles. Tubular banding is made of 
—_ threads with a hollow core, while solid 

anding is made of twisted strands like rope and 
twine. The tubular kind is much more durable, 
and is now produced from high-speed machiues, 
Fig. 20 illustrates a high-speed banding-machine 
winding from sixteen bobbins. Two racks are com- 
prised in the machine—one stationary, the other 
revolving at high velocity. The plaiting is effected 
by means of pinions geared to the racks. Bobbins 
or ‘‘cheeses” may be used with the machine. 
A stop-motion is provided to each thread, so that 
if bobbins run empty, or if a thread breaks, the 
machine stops. esides spindle - banding, the 
machine is used for the manufacture of picture- 
cords, laces, and other braided articles. 








SUPERHEATER TESTS ON THE 
ATCHISON, TOPEKA, AND SANTA 
FE RAILWAY. 

In view of the interest evinced in this country and 

on the Continent, at the present time, in the 

application of superheating to locomotives, the 
figures for tests carried out on the Atchison, Topeka, 
and Santa Fé Railway, which we present herewith, 
will no doubt be carefully scrutinised. It will be 
remembered that the paper read recently by Mr. 
Hughes, before the Institution of Mechanical Engi- 
neers, dealt with results obtained with four-cylinder 
compound engines, superheater engines, and ordi- 
nary engines. Most of the paper was devoted to the 
work of goods locomotives, though the economy of 
superheating in passenger work was also touched 
upon. The trials on the Santa Fé line were con- 
cerned with freight work only, and, for the chief 

tests, tandem compounds of the Santa Fé, or 2-10-2 

type, were selected. This company has been one 

of the foremost amongst the pioneers in the United 

States in the development of the heavy locomotive. 

The line works through country which necessitates 

long and heavy grades, and it is only by the 

employment of such machines that the tonnage can 
be handled in accordance with American ideals in 
freight transport. 

In the tests carried out no attempt was made 
to reproduce laboratory conditions. The runs were 
made in ordinary working, as it was desired to 
arrive at some determination of the effect of super- 
heating in actual freight service, rather than at the 
economy that should be possible of attainment 
under conditions never prevalent. 

The more important records were kept for runs 
between La Junta and Trinidad, in Colorado. 
The distance. apart of these two places is 81.5 miles. 
Of this distance some 50 miles are at an almost 
constant gradient of 59.7 ft. per mile, while for 
the remainder the ruling grade is similar, but the 
line is over undulating country. La Junta stands 
at an altitude of about 4100 ft. above sea-level, and 
Trinidad at 5800 ft. 

While Mr. Hughes’s paper dealt more particu- 
larly with the over-all economy taken for a long 
period, and concerned only the high-degree system 
of superheating, the Santa Fé tests have been con- 
fined to a few separate trips, and the system tested 
was one of those commonly known as the moderate- 
degree systems. The adoption of this class of 
superheater on the road was, it may be remarked, 
consequent upon the satisfactory results experienced 
with a “sey: ete superheater, giving only about 
40 deg. superheat. 

As mentioned above, the engines selected, Nos. 
901 and 923, were of the 2-10-2 type. Both were 
recently out of the shops. The general type 18 
shown in Fig. 1, opposite. The engines were 
similar, except that the boiler-tubes of the super- 
heater locomotive were shorter than those in the 
other. Fig. 1 shows the position of the super- 
heaters in the smoke-box. The chief particulars 


we give in tabular form, for convenience, annexed. 
The tons used here, and below in connection with 
the description of another type of locomotive, 


are units of 2240 lb. The units used for the 
measure of performance, and in the table eiving 
the results of the tests, are United States tons of 
2000 Ib. 
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Locomotives : of motive power. It consists of two drums placed | of 70 in., and length between tube-plates of 30} in. 
Cylinders, diameter, high-pressure 19 in. in the smoke-box, each containing a number of |It contains 746 14-in. tubes and one 20-in. flue. 
a low-pressure xe tubes. The rear-drum, placed between the boiler | This heater provides a heating surface of 784 square 
ma stroke 0 ve 32 ” tube-plate and the blast-pipe, is flattened on the |feet. The rear, or low-pressure, superheater has 
Wheels, —e diameter... 20} ” top so as to allow room above it for the steam-pipe. |a heating surface of 1227 square feet. It contains 
pened 7 0 The tubes in this drum are rolled and expanded, | 691 1}-in. tubes and one central 5.67-in. flue. 
Wheel-base, driving 19 ft. 9in. and then welded to the tube-plates in order to|The length between tube-plates in this case is 
a SS eo ee ensure tight and permanent joints. The other | 53.13 in. 
oiler - barrel, diameter, front = drum is placed between the blast-pipe and the| Fig. 1 shows the location on the engine of the 
Firebox waitin — smoke-box front. The tubes in this drum are rolled, | instruments, &c., used on the tests. The coal was 
ate a : — expanded, and beaded as in ordinary boiler-tube weighed into sacks, and used a sack at a time. 
Tubes, number”... a 391 work. In the centre the front drum is provided Sampling was carried out in a regularmanner. The 
outside diameter .. 2} in. | with a flue 20 in. in diameter. This is continued | water was measured by hot-water meters on the 
Thermometer__._ Steam Gauge 
Throttling Calorimeter Pyrometers. 
Fig.1. = See ee 
— mum? /7aN 
Barrus YW! (Sf eer 
Calorun 2 
© - = “4 —, 
7 (oSieten ) 
6 
Z| ps V7 Ae. > Z ——— ~~ WA . he . sr . a. ) \ -. 4 
Thermometer Indicators Pump Stroke Gunter Overflow Meter ° Water Meter 
Fig. 2. & PRESSURE DIAGRAM. ENGINE 901. 
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<—« High Pressure Steam 


<—— Low o ia 


90 lbs 


<+— Feed Water. 
° «— Smoke Gases 








tg.3. 


From Injector — 


2300° 


(1734.C) 


Tubes, length 
leating surface 
Grate area 
Boiler pressure 


Weight in working onder on drivers 


Weight in working order, total 
engine ose eee + — 
Tenders 
Wheels, diameter 


Wa ter Capacity 


Coal space 27,000 Ib. 
Engines ind Tenders ¢ 

Total weight in working order 202.25 tons 

Ov.” wheel-base = 66 ft. 

ver-oll length 77 ft. 10 in. 

‘ Owing to the fact that the length between the 
bube-pl: Ss was 16 ft. 5 in. in the case of the} 
Superheaier engine, and 19 ft. 11 in. in the non-| 
superheater, the total heating surface amounted, 
> dh ‘mer engine, to 3582 square feet, and in 


to 4299 square feet. 


fitted to encine N . : 
by Ms. ngine No. 901 was of the type designed 





_—> 


<—« High Pressure Steam. 
<= Low ” ” 


(see below) 
(nee below) 
58.5 sq. ft 


. 220 Ib. per sq. in. 


104.72 tons 


128.23 tons 


3 hye 
8500 gals. (U.S.) 


The superheater 
H. W. Jacobs, assistant superintendent 


TEMPERATURE & PRESSURE DIAGRAM. ENGINE 923. 


‘ 


<+— Feed Water. 
~«— Smoke Gases. 


| back until it joins up with a circular uptake, which 
|forms a downward continuation of the chimney. 
| The blast-nozzle is enclosed within this uptake. The 
|arrangement is shown diagrammatically in Fig. 2, 
which will be referred to again later. In operation 
the boiler-flue gases are drawn forward through the 
tubes of the rear heater and then through those of 
the front heater. On reaching the front end of the 
smoke-box they are sucked back by the action of 
the blast, through the 20-in. central flue, and carried 
up to, and out of, thechimney. Steam is carried to 
the front superheater, whence, after following a 
circuitous path, it passes out to the high-pressure 
cylinders. The high-pressure exhaust is led to the 
rear heater, and, after circulating in this, is passed 
out to the low-pressure steam-chest. Diaphragms 
are inserted among the tubes, so as to compel the 
steam to follow a predetermined path on its passage 
through the heaters, with the object of bringing it 
in intimate contact with all the heated surface 
available. The front superheater on these engines 





for the high-pressure steam has an outside diameter | and records made in it of speed, draw-bar pull, &c, 








lbs. 


383° 


water-supply pipes to the injectors. The tanks 
were also calibrated, and tank column - gauges 
provided for checking. The overflow was collected 
in calibrated cans, and also checked by meter. The 
quality of the steam was determined at the dome 
in one case, and in the dry pipe in the other. For 
this a Peabody throttling calorimeter was used, 
while a Barrus calorimeter was used for determin- 
ing the quality of the steam leaving the high- 
pressure cylinders. Crosby steam - gauges were 
employed. U-tube gauges were employed for deter- 
mining the draught in the smoke-box, between 
the superheaters and in the fire-box and ash-pan. 
Smoke-box temperatures were taken with a Hoskins 
pyrometer, while thermometers were used for taking 
the temperatures of the feed-water and steam. 
Crosby continuous indicators were used, and three 
cards taken at each reading, the first and last 





| 


being used as checks on the middle one, which was 
used for the purposes of the deductions, &. A 
dynamometer car was attached behind the tender, 
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30-HORSE-POWER FOUR-CYLINDER AEROPLANE ENGINE. 


CONSTRUCTED 


BY THE 


Lilie ity 


ieee 


WOLSELEY TOOL 


AND MOTOR-CAR 


COMPANY, 


(For Description, see Page 710.) 








Tonnage records were taken rom the trathe reports. |515 deg. Fahr. in the non-superheater locomotive. 
Figs. 2 and 3% show the average temperatures! The small arrows show respectively the paths of the 


recorded at various points of both boilers. 


Trinidad. 
_ e é 
3s AS 
h 3 
eu .@ 
38 Ht 
% . & x 
s2 és 
2~ es 
Total time onroad h.m 6 34 | 6 14 
Running time .._,, 446 | 5 438 
Speed mis, per hr. 17.07 | 14,23 
Train tonnage (20001b.) 1333 1220 
1000 gross ton-miles 108.5 | 99.4 | 
Coal, total fired Ib, 21, 940 | 25, 300 | 
Coal per 1000 ton- 
miles .. es Ib. 202.1 255 
Coal per square foot 
grate area per hr. Ib,, 78.6 | 75.4 
Coal per square foot of 
heating surface Ib. 1.28 1.02 
Draught, smoke-box, 
top .. in. of water 5.4 5.8 
Draught, smoke-box, 
bottom..in. of water, 4.7 
Draught, front of tube- 
sheet in. of water 3.8 4.4 
Draught, side of fire- 
box ..in, of water 1.4 2.1 
Draught, ash - pan 
in. of water 07 0.4 
Water supplied to boiler 
Ib 166,919 173,932 
Temperature of feed 
deg. F. 73 72 
Pressures, boiler lb, 189 292 
Pressures, high-pres- 
sure superheater Ib. 182 
Pressures, low-pressure 
superheater .. Ib, 82.3 
Pressures, atmospheric 
Ib. 18.47 | 13.49 
Steam per sq. ft. heat- 
ing surface per hour = 8.57 6.51 
Steam, quality at dome 
per cent. 98.9 93.8 


be noted that the temperature of the gases passing water, and the flue gases. The steam-chest pressures | more dry steam per pound of coal than the n 


La Junta- 











II. III. 
Timpas- Trinidad- 
Simpson. La Junta. 
f & ~ & — 

> leslie jas 
D air Ss 
aeigeiics sé 
SS 8s | 82 Se 
se ss i| ¢ 2 ss 
z= Ze |g Ze 

241 | 2 53 || 6 19'| 6 39 Steam, quality, high- 

218 | 2 29 || 413 | 4 21 pressure exhaust p.c. 

14.05 13.03 || 19.39 | 18.97 Superheat leaving high- 

1332 | 1221 || 3017 | 3111 pressure superheater 

43.04 39.42 || 245.7 | 253.5 deg. 

10, 158 11, 966|| 9253 | 10,798 Superheat leaving low- 

| pressure superheater 

244.4 304 37.7 | 42.6 deg. 

| Coal - heating, value 

78.7 | 82.6 ||. 37.6 |42.9 B.T.U. 

| Coal, dry, per sq. ft. 

1.29 1.12 || 0.61 | 0.58 grate area per hour.. 

| Ratio of total water to 

5.6 6 || 4.3 5.8 total coal mi 

Equivalent evaporation 

4.8 i 3.9 per hour at dome* .. 


3.8 4.5 2.1 

1.4 2.1 0.5 

0.7 0.5 0.4 
79, 014 83, 356) 68, 597 


74 75 66 
198 205 205 


195 os 183 
84.8 79.6 
13.5 13.5 || 13.41 
851 7.73 | 4.56 
99 98.7 | 99.3 
* From 


Equivalent evaporation 
4.5 per sq. ft. heating 
surface per hour* 

1.5 Equivalent evaporation 
per pound of coal* 

0.4 Equivalent evaporation 

per pound of dry coal* 

73,364 Equivalent evaporation 

crediting heat to 

69 superheaters per 

213 pound of coal* ws 

Equivalent evaporation 

crediting heat to 

superheaters, per 

pound of dry coal*.. 

Indicated horse-power 

13.48 Draw-bar pull .. Ib. 

horse-power 


» 
3.95 Machine efficiency, p.c. 

Locomotive _,, - 
99 Boiler » ” 


and at 212 deg. Fahr. 





I. IL. 
La Junta- Timpas- 
Trinidad. Simpson. 
S — S & 
Bs es 
S as iis |4s8 
ND 2 Dn | 
,2 .o@ 
35 8 |iss | St 
5 eet St Bet 
s2 os 62 ss 
Z,= PA D Y al Z a 
96.9 97 
22.6 19.3 
93.3 95 
12,992 13,488|/12,992 13,488 
75.5 74.6 73.8 83.1 
7.17 6.70 7.10 6.81 
36,675 33,724)/35,099 38,160 
10.23 7.81 9.79 8.85 
8.27 7.68 810 7.81 
8.32 7.72 8.15 7.86 
8.83 8.67 
8.89, .. 8.72 ‘ 
1,262 1,185|) 1,269 1,229 
24,705 24, 168) /29, 194 28, 395 
1,001 970|| 1,077 1,068 
79.3 S8L9 || 85.3 | 86.3 
4.5 4.2 4.9 4.1 
65.9 53.5 65.2 56.3 


It will | high-pressure and the low-pressure steam, the feed- 





IIL. 
Trinidad- 
La Junta. 
Fy & 

a 
|= |24e 
a | 3 
Ss / 728 
S| o8 
z A 
96.8 
22.9 
8L3 
13,090 13, 488 
37.3 42.4 
7.43 6.80 
19,423 19, 065 
5.40 4.46 
8.79 | 7.63 
8.84 7.65 
9.42 
9.48 


to the chimney ranges between 425 and 450 deg. | and temperatures are also noted on the diagrams. 


Fahr, in the superheater engine, and is about! It should be mentioned that the superheater 


ADDERLEY 


PARK, BIRMINGHAM. 


engine No. 901 had a blast-pipe nozzle o% im. in 
diameter, while No. 923, the non-superheater, had 
one 5? in. in diameter, the smaller nozzle in the 
former case being necessary in order to ensure the 
clearing of the superheater tubes. One run was 
made with.each engine without the brick-arch, but 
neither engine steamed as freely without, as with, 
it. In the accompanying table we give the chief 
items regarding these trials. As pointed out 
above, it should be noted that the tons given in 
these tables are short tons of 2000 lb. In each case 
the figure given is the average for several trips. 
In some cases, in sets I. and II., these figures are 
the mean of two trips only, but the others are 
averages for three trips. The figures for the trials 
marked I, are average results for working over the 
81}-mile section in the direction in which the pre- 
railing gradient is a rising one. Those marked II. 
are for a part of this section, on a continuous up- 
grade for 32.3 miles. The latter were extracted 
from the former, in order to determine the capacity 
of the locomotives on continuous up-grade work. 
The averages shown under III. represent the per- 
formance of the locomotives in down-grade work. 
The following summary of conclusions is given In 
the report issued in connection with these tests :— 

There is a marked decrease in coal consumption for the 
superheater engine. The decrease averages 20.5 pe cent. 
per 1000 ton-miles for up-grade runs, 11.5 per cent. for 
down-grade runs, and 19.6 per cent. for constant hard 
| working of engine on heavy grades. 
| There is a reduction of total water for up-grade and 
| down-grade runs, also for heavy-grade work with the 

superheater engine. 

‘The superheater engine uses 10 per cent. less water per 

hour, developing more draw-bar horse-power on heavy 
| working. 

The superheater engine shows, for heavy wo! 
| decrease of 16.3 per cent. in coal per indicated horse- 
| power hour. 
| The superheater engine shows, for heavy working, 4 
| decrease of 12.9 per cent. in dry steam per indicated 

horse-power hour. 

There is a reduction in coal of 14.1 per cent. p 

bar horse-power hour in favour of ag ome ig gine. 

The superheater engine shows a decrease in heat units 
| per draw-bar horse-power of 17.3 per cent. 





ing, @ 


er draw- 


There is a marked increase in the evaporatio! of the 
superheater engine. It gave an average of 11.6 per cent. 
)-super- 


heater engine. 
The superheater engine with 16.6 per cent. less heating 
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RADIAL DRILLING-MACHINE 


CONSTRUCTED BY 


MESSRS. 


BRUSSELS EXHIBITION. 
MANCHESTER. 


AT THE 
KENDALL AND GENT, LIMITED, 
(For Description, see Page 710.) 


ENGINEERS, 








surface gives equivalent evaporation of 10.6 per cent. | 
more water per square foot of heating surface than the | 
non-superheater engine. 


The superheater engine shows a boiler efficiency 7.6 per 
cent. greater than the non-superheater engine ; with 
credit for heat to superheater from waste gases the boiler 
efficiency is 15.8 per cent. greater. 

Boiler capacity is increased because of the heat | 
recovered in superheated steam by 7.1 percent. Boiler | 
requirements are further p evenoneti | on account of lower 
water-rate of engine due to superheated steam. The 
resulting effect of superheating, as shown by the tests, 
18 to increase the effective capacity without increasing its 
actual cap uity. 

No diticulty was experienced in working from the 
presence of water in the steam, as the moisture was 
evaporated under all conditions. 


Steam from the low-pressure superheater was super- 
‘0 deg. to 125 deg., and supplied to cylinders at 
not over 450 deg. 


Superheat was sufficie i ippi 
rhea f mt to prevent entirely the drippin; 
of meter trom cylinder-cocks. ” sb iid 
= was great uniformity of superheat under varying 


rates of fuel consumption. 





'so that they are now superheater locomotives, with | foot of heating surface. 





The tests show that for operation under local conditions 


160 lb. The driving-wheels are 57 in. in diameter, 
and the engines (without tender) weigh, in working 
order, 116.8 tons (2240 lb.), of which 89 tons are 
on the drivers. The boiler affords 4748 square feet 


with usual side-track delays, a superheater engine gives 
greater economy than a non-superheater engine. 

The efficiency of the low-pressure superheater is greater 
than that of the high-pressure superheater. On_ this ; p & 
account superheating low-pressure steam is more desirable of heating surface, with a grate area of 58.5 square 
than superheating high-pressure steam. feet. The superheater is of the Jacobs two-drum 

The superheater developed 20 per cent. more draw-bar | type, steam from the boiler being carried to the 
horse-power per square foot of heating surface than the | ¢.54¢ drum. whence it is led off to the back drum 
non-superheater engine. Sef : 

The superheater engine gave for best performance 10 | and then passed to the steam-chests. The front 
per cent. more horse-power for same cylinder volumes | drum gives 761 square feet of heating surface, and 
than the non-superheater engine. | the back 436 square feet. The tests of this type of 

| engine were carried out, up grade, over the same 

Other tests were made of an engine of the/| stretch of road as the trials described above. On 
‘‘Mikado” type, No. 898. This is an eight-coupled | the trials the train-tonnage averaged 1049 short 
freight engine of the 2-8-2 classification. The type|tons, and the speed 14.51 miles per hour. The 
was introduced on the Santa Fé road for pusher ser- | coal consumption averaged 240.1 1b. per 1000 ton- 
vice on the heavy grades. Since their introduction | miles. The rate of consumption averaged 62.1 Ib. 
material alterations have bean made to the engines, | per square foot of grate area, or 0.76 lb. per square 
The total superheat in 


cylinders 19 in. by 32 in. and a boiler pressure of | the steam averaged 83.3 deg., the temperature of 
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the steam being raised 48.6 deg. Fahr. by passing 
through the front drum, and a further 35.7 deg. in 
passing through the back drum. The quality of 
the steam at the dome was 99 per cent. The equi- 
valent evaporation was 31,409 1b. of water per hour, 
or 6,62 1b. of water per square fuot of heating surface 
perhour. This was equivalent to 8.98 lb. of water 
per.lb. of coal, crediting the proper amount of work 
to the superheaters. . The superheaters were found 
to transmit heat approximately in proportion to the 
water evaporated, the degree of superheat being 
fairly constant under varying rates of engine per- 
formance, 





30-HORSE-POWER 4-CYLINDER 
AEROPLANE ENGINE. 

Tue engine illustrated on page 708 is one constructed 
by the Wolseley Tool and Motor-Car Company, Limited, 
for aeroplane work, and has been entered for the 
Alexander Competition. It is a four-cylinder internal- 
combustion engine, the cylinders, of cast iron, being 
3? in. bore by 54 in. stroke, and being cast in pairs 
with heads and linersin one piece. The water-jackets 
are of sheet metal. The crank-shaft is carried in three 
bearings. The big ends are of phosphor-bronze and 
are white-metalled, The valves are all on the same 
side of the motor and are worked from the cam-shaft by 
hardened-steel tappets. The cylinders are mounted 
on analuminium crank-case. Circulation of the jacket 
water is by thermo syphon. Bosch high-tension mag- 
neto ignition is fitted, and forced lubrication of bear- 
ings, &c., is provided for by. means of a geared pump. 
The engine, without fly-wheel, weighs 205 lb. , complete 
with magneto, water-pipes on engine, and exhaust-pipe. 
The engine is intended for driving the propeller direct. 
There has been no attempt in this design to cut down 
weight below what is known to be a safe limit, and 
the engine will run at full load for long periods without 
giving trouble. The engine develops 30 brake-horse- 
power at 1100 revolutions per minute, and 37 horse- 
power at.1400 revolutions per minute. 








RADIAL DRILLING, TAPPING, AND STUD- 
DING MACHINE AT THE BRUSSELS 
EXHIBITION. 

We illustrate on page 709 a Dixon’s patent radial 

drilling-machine, which is one of two manufactured 

by Messrs, Kendall and Gent, Limited, Victoria 

Works, Belle Vue, Manchester, and now on view at 

the Brussels Exhibition. This machine is one of a 

number of tools by this firm which are at the Exhibi- 

tion, and is the first that we illustrate out of a number 
that we intend to describe. The two drilling-machines 
are alike except for size, and are arranged for motor- 
driving by constant-s motors, one on each machine, 
mounted on a bracket at the back of the pillar, as shown 
in our illustration. The starting mechanism is placed 
in a box at the side of the pillar in a convenient 
position for the attendant. The principal dimensions 
of the machine we illustrate are as follow :—Maximum 
radius of tapping spindle, 6 ft. ; diameter of the holes 
tapped, 2in.; diameter of drilling-spindle, 29 in ; 
height admitted under the spindle-nose, 6ft. 3 in; 
vertical adjustment of arm, 2 ft. 6 in. ; feed of spindle, 
lft. 3in. In the other drilling-machine at the exhibdi- 
tion, which we do not illustrate, the leading dimensions 
are :—Maximum radius of tapping-spindle, 4 ft. 9 in. ; 
diameter of holes tapped, 1} in. ; diameter of drilling- 
spindle, 2}in. ; height admitted under the spindle- 
nose, 5ft. ; vertical adjustment of arm, 2 ft. 6 in., and 
feed of ee lft. 2in. The change-speed gear is 
contained in the box which carries the driving-pulley. 

The bed:plate is provided with T grooves, and 
the standard is planed for carrying the radial arm, 
which latter is raised and tobe’ by power, and 
can be rigidly locked when desired. Its weight is 
supported on-a ball-bearing. The drilling spindle 
is balanced and slides through cast-iron sleeves revolv- 
ing in cast-iron bushes, the end pressure being taken 
by a heavy type of ball-bearing. The gearing is 
of steel, two ratios being provided on the saddle for 
light and for heavy work, either of which can be quickly 
changed by means of a lever while the machine is run- 
ning. Inorder to avoid torsion when doing heavy work, 
the driving is arranged c ose to the bottom bearing of 
the spindle, and it is provided with hand and variable 
self-acting feed motion by steel rack cut on the sleeve. 


The drilling spindle has twelve speeds, and has 
self-acting feed motion, the different s s being 
easily changed without stopping the machine. With 


each of the twelve speeds there are six rates of feed, 
and an automatic adjustable stop motion is provided 
for stopping the self-acting feed at any desired depth. 
The topping and studding spindle is Lilenasd, and is 
geared down to the drilling spindle at about 3.8 to 1, 
and has a reversing motion for quick reversing and 


withdrawing the tap. There is also an automatic 
arrangement by means of which the tap stops as soon 
as it reaches the bottom ofthe hole, or in case the hole 
is too small, 








THE LATE MR. ALFRED COLSON. 

GENERAL regret will be experienced in engineering 
circles at the death of Mr. Wifred Colson, the well- 
known gas and electrical engineer to the Corporation 
of Leicester, which took place on the 27th ult. Mr. 
Colson, who had been ill for some time past, recently 
underwent an operation which incidentally revealed 
the presence of a malignant growth, so that, although 
the suddenness of his death was unex 
friends were not altogether unprepared for it. Mr. 
Colson, who was one of the leading members of his 
branch of the profession, had held the position of gas 
engineer to the Leicester Corporation since 1882, 
while,'on the granting of an electric-lighting order 
in’ 1890, he was appointed electrical engineer. in 
addition. 

Mr. Colson was born in Newport, Mon., on 
January 31, 1849, and was thus 61 years of age at 
the time of his death. He was the fifth son of 
the late He Colson, sometime district superin- 
tendent of the London and South-Western Railway. 
His education was from the first directed towards an 
engineering career, and after some years of private 
tuition he became a student of King’s College, London. 


‘He afterwards passed three years in his father’s office, 


and, from 1867 to 1871, was assistant surveyor to the 
Wandsworth District Board of Works. In 1871 he 
became Clerk of Works to Mr. Robert: Morton, engi- 
neer to the London Gas Light Company, and superin- 
tended the construction of several large gas-holders. 
Leaving this position Mr. Colson was, in 1873, 
appointed assistant engineer to the Birmingham Gas 
Company; where, in addition to the general superin- 
tendence of the works, he assisted in the large exten- 
sions and remodelling carried out by Mr. Charles 
Hunt, the company’s engineer. As stated above, 
he was, in 1882, appointed a. engineer to the 
Corporation of Leicester, and retained the post 
from that time until his death. During his régime 
many important extensions and additions to the 
works were carried out, of which the chief were 
the extension of the Aylestone-road Gas Works, at 
a cost of 35,000/., in 1884; the erection of new 
chemical works for dealing with tar and ammoniacal 
liquor, at a cost of 25,000/.; and in 1887 the further 
extension of the Aylestone-road works, at a cost of 
150,000/. During Mr. Colson’s term of office the 
annual manufacture of gas rose from 650 million cubic 
feet to 2100 million cubic feet, and the number of 
consumers from 20,000 to 58,500. In addition to his 
work as gas engineer, Mr. Colson, on his appointment 
as electrical engineer, established a generating station 
and supply system at a cost of 33,000/., which was put 
into commission at the end of 1894. Since that time 
many important extensions have been made. 

Although Mr. Colson did good work in connection 
with the electrical supply of Leicester, he will chiefly 
be remembered in connection with gas engineering, on 
which he was looked upon as an authority. He was 
some years ago offered the chief engineership of 
the Gas Light and Coke Company, but elected 
to remain at Leicester. In connection with -his 
special branch, he, in 1894, introduced a system of 
washing with creosote oil in order to overzome the 
stopping up of gas-pipes, owing to deposits of naphtha- 
lene ; while he also did work in connection with the 
invention and introduction of prepayment meters, He 
was frequently consulted in connection with gas eo 
blems and the laying down or extension of works. Mr. 
Colson was a member of many societies, and took a 
practical interest, not only in the work of his profes- 
sion, but also in the general activities of his town. He 
was amember both of the Institution of Civil Engi- 
neers and of the Institution of Electrical Engineers ; 
and in 1894 was elected President of the Institution of 
Gas Engineers. He was chairman of the executive 
committee and honorary secretary on the occasion of 
the visit of the British Association to Leicester in 1907, 
while the breadth of his interests is indicated by his 
a of the Leicester Literary and Philosophical 
Society in 1898, and the work he did on behalf of the 
local men who served in the South African War. Mr. 
Colson was, personally, a man of high character and 
ideals, who brought energy and enthusiasm into both 
his work and his recreation. He was a strict discipli- 
narian, but was always fair and just to his subordi- 
nates, and enjoyed the confidence both of his com- 
mittee and his staff. He leaves a widow and a grown-up 
family. 





German Stget Propuction.—The production of steel 
in Germany and the Luxembourg during the decade 
ending with 1909, inclusive, was as annexed :— 


Year. Tons. Year. Tons. 

1900 6,645,869 1905 10,066,553 

1901 6,394,222 1916 11,307,807 

1902 7,780,682 1907 12,063,632 

1903 8,801,515 1908 .. 11,186,879 

1904 os 8,930,291 oe 1909 =... ~—s«:12,049, 834 
Basic steel figured in last year’s output for 11,485,032 tons. 


Tn 1900 the corresponding proportion was 6,223,417 tons. 
It will be noticed that last year’s total output of German 
steel was 13,798 tons less than that of 1907. 


ted, his|d 








TRAIN RESISTANCE. 
To THe Epitor or ENGINEERING. 

Sir,—Permit me to call the attention of your many 
readers interested in train resistance to the paper read 
this month at the spring meeting of the American Society 
of Mechanical ineers by Professor Schmidt, viving 
the results of a series of over 30 tests with freight trains 
upon 91 miles of practically straight track of the I'linois 
Central Railroad. The results are set forth in tables and 
iagrams, which will doubtless be found interesting and 
valuable, as they clearly demonstrate that train resistance 
varies, not only with the s , but also with the average 
weight of the cars of which the train is composed. The 
data collected is considered to warrant the conclusion that 
winds up to 20 miles per hour velocity do not influcnce 
train resistance except to a very small extent. Other 
interesting points touched upon relate to the influence 
upon train resistance of atmospheric temperature through 
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Train Resistance, Lb. per Ton. 


Miles per Hour. 





Average Weight per Car-Tone. 
RELATION BETWEEN RESISTANCE AND AVERAGE Car WEIGHT 
AT VARIOUS SPEEDS, 
The range over which the train data for all of the tests 
varied is as follows :—Total train weight—minimum, 747 tons; 
maximum, 2908 tons. Number of cars per train, 26 to 89, 
a. weight of cars composing the train, 16.12 tons mini- 
mun 69.92 tons maximum. Train-length, 1120 ft. to 
3480 ft. Wind velocities up to 20 miles per hour. Tem- 
<= eae 34 deg. to 82 deg. Fahr. Weather, both fair and 
wet. 
The track was 91 miles long, of which only 7850 ft. was 
curved. It was carefully surveyed beforehand. The maxi- 
mum grade against. north-bound traffic was 29 ft. per mile, 
and 31.9 ft. against south-bound traffic. Grades, accelera- 
tion, and other factors foreign to “‘ train resistance,” which 
means the number of pounds of tractive effort required for 
each ton of train in order to keep it in motion on straight and 
level track at uniform speed, have been eliminated in plotted 
results. The average deviation (for all tests) of calculated 
resistance from the mean values derived from curves is about 
6 per cent. above and 7 per cent. below the mean expressed 
in percentage of the mean value. 
its effect on the lubrication of the journals, and the sur- 
prisingly regular decrease in train resistance over about 
the first ten miles of journey due to variations in the 
lubrication cauzed by increase in journal temperature. 

The results deduced point to the advantage of large 
wagons in one very important aspect, which I do not 
think was dealt with in the discussion upon “ Large ¢. 
Small Cars,” I remember following some years ago, a case 
in point being that a train of 20-ton cars at 30 miles an 
hour offers a resistance of 10 lb. per ton, whereas that of 
a train of 70-ton cars at same speed is only 44 lb. per 
ton. The diagram herewith further illustrates this. 

I am, Sir, yours faithfully, 
Wiiuiam YoraTH Lewis. 

49, Queen Victoria-street, London, E.C., 

June 2, 1910. 








THE SETTING OF PORTLAND CEMENT. 
To THE EpiToR OF ENGINEERING. 

Sir,—The letters of Mr. H. K: Bamber, which appeared 
in your issues of April 15 and May 20, possess a degree of 
interest and importance not, perhaps, fully apparent to 
those of your readers who are not engaged in the manu- 
facture or use of Portland cement. 

When “rotary ” kiln cement first came upon the market 
it was evident to the skilled observer that an unfortunate 
stage in the history of the cement industry had been 
entered upon—unfortunate for those manufacturers who 
were sinking their capital in pees | plants, inasmuch as 
they were embarking in the production of a material 
which was likely to cause friction and trouble with the 
users, and unfortunate for the cement trade at large owing 
to the certain prospect that the market would soon become 
flooded with low-priced cement. ; 

It is well to bear in mind the fact that the rotary kiln 
was not evolved from within the cement industry itself. 
It was a mechanical engineering contrivance design 
primarily to reduce the cost of production. 

I have said that a skilled observer might have foreseen 
that the peculiarities displayed by rotary kiln cement 
would lead to trouble, for this reason, that in the oe 
intermittent kilns a small quantity of similar materia 
was always produced at each burning. 


Before the introduction of the tube mill as a finisher in 
or 


the grinding process, manufacturers made exteus!v 
of sifting machinery in their endeavour to meet the grow. 
ing demand for finely ground cement. The sifting of the 
cement was a simple and easy process, but the r: duction 
of the coarse tailings to fine powder was anything DU 
easy before the advent of the tube-mill. ' 
ow, anyone who had tried the experiment of = | 
cement tailings separately front the bulk, and ho nat 
tested the cement made from the tailings only, © — 


seen the similarity between this material and th 
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burnt in rotary kilns. There was the same flash setting 
and general eccentricity under the usually applied tests. 
From a technical point of. view, a) from all chemical 
theorising, it was ome that the cause of the eccen- 
tricity lay in the combination of high liming with unduly 
heavy burning. That the cause was not high liming 
alone was evident from the fact that sufficiently, but not 
excessively, burnt cement, having the same chemical 
composition as the ground tailings, was normal in beha- 
viour when tested in the usual way. 

It can hardly be doubted,.I think, that the cement 
industry has in recent years been rather dominated by 
chemical theory, based in most cases upon inadequate 
induction. A very characteristic example of this may 
be seen in Mr. Bamber’s first letter. He there states, in 
a form that is almost axiomatic, that no Portland cement 
should contain more than 60.5 per cent. of lime. But a 
scientific theory to be even temporarily tenable should 
fit in with all known facts bearing upon the subject in 
hand. And it isa well-known fact that any a to 
maké a Portland cement with so low a percentage of lime 
as 60.5 from some raw materials will result in the pro- 
duction of an unmistakably under-limed cement —a 
cement, in fact, not worthy of the name of Portland 
cement. © This alone appears to render unsound Mr. 
Bamber’s contention as to the maximum lime require- 
ment, notwithstanding the apparent skill and accuracy 
with which he has led up to his conclusion. pa 

The publication and general acceptance of the British 
Standard Specification for Portland cement have, without 
doubt, been of advantage and convenience to makers and 
users. But this specification has, I fear, had a tendency 
to “level down,” as well as to ‘‘level up,” the quality of 
cement. Perhaps the most desirable step that could be 
taken at the present time would be the issue by the — 
neering Standards Committee of a dual specification for 
Portland cement, the existing one to remain the 
standard for cement for ordinary use, and a special one 
to be added which makers and users might adopt by 
arrangement when necessary. The special specification 
might prescribe a tensile strength of 600 lb. per square 
inch at seven days, with an increase of 10 per cent. at 
28 days, and might reduce the permissible expansion 
under the Le Chatelier test to 5 millimetres after 24 
hours’ aeration, and 2.5 millimetres after seven days’ 
aeration. A step of this kind would do much towards 
grading the cement produced under different processes 
and in different districts. At present there are almost 
as many qualities of cement produced as there are manu- 
facturers. The factors which govern these differences of 
quality are differences of raw material, differences in 
appliances and plant, and, not least, differences of idiosyn- 
crasy in works managers and chemists. : 

With the issue of a dual specification the industry 
hight safely be left for a few years to ‘‘ work out its own 
salvation,” undisturbed by crude chemical theory on the 
one hand, and by the rather forceful domination of 
mechanical engineering on the other. 

Yours truly, 
G. P. Gitpea. 

Shepreth, Royston, Cambs., May 31, 1910. 








BLAST-FURNACE GAS. 
To THE Eprtor oF ENGINEERING. 

Sir,—I read with great interest the paper which Mr. 
D. L. Selby Bigge read to the spring meeting of the Iron 
and Steel Institute concerning the waste of energy in the 
blast-furnaces. This paper shows the advantage of 
utilising blast-furnace gas in high-power gas-engines 
coupled with blowing-engines, and with dynamos for 
electric rolling-mills. 

In England we have not the opportunity to use the 
gas-engines in such large proportions as in yore 
where the percentage of pig-iron manufactured into mild 
steel is much higher. 

In 1907 the production of pig-iron was—in Germany, 
13,045,760 tons; in England, 10,082,638 tons. Mild steel 
—in Germany, 12,063,630 tons; this is 92.5 per cent. ; in 
England, 6,627,112 tons, or 65.5 per cent. In 1908 pig- 
iron—in Germany, 11,813,511 tons ; in England, 9,438,477 
tons. Mild steel—in Germany, 11,186,379 tons, or 94.5 
per cent. ; in England, 5,380,373 tons, or only 57 per cent. 

This goes to show that the rolling-mills in England are 
not so much developed as those in Germany. In many 
works in England the quantity of gas produced by the 
blast-furnaces is t enough to supply the steam for the 
modern rolling-mill steam-engines, and the price of supple- 
mentary coal is less than the interest on the money laid 
out In very expensive gas-engines and electric rolling- 
mills. At the same time we have in England, and 
y mane y in Scotland, many single blast-furnaces in which 
there is no use for gas-engines. This is the reason that 
the gas-engines have not conquered the English market. 

I believe that the only way to avoid the waste of 
energy in single blast-furnaces and small rolling-mills 
18 to use the gas in -engines for driving electrical 
machinery for other influstrial and public purposes. 

Tam, yours faithfully, 
Lron Herz. 

9, Lime-grove, Oxford-road, Manchester, 

May 19, 1910. 








Tre 7) -PLATE TRADE.—Preparations are being made 
for the ‘ustallation of four new mills at the Dafen Tin- 


poly ‘ks, where a cold-roll department was recently 





Tue Usirep States Navy.—The United States Con- 
has passed a Bill making an appropriation for re- 


ing ‘le Ameriean ironclad Maine, which foundered 
at Havana in 1898. 


WORKMEN’S COMPENSATION CASES. 
Court oF SEssIon. 

What is Contract of Service ?—The question frequentl 
arises whether the relationship between employer 
applicant is that of master | servant, for validity 

the workman’s claim for compensation depends on 
whether there is a contract of service expressed or im- 
plied. It has been defined in judgments of the Court 
that a test is to ascertain whether the workman is bound 
to obey the orders of the employer, or whether the work- 
man is an independent contractor. It is only when the 
workman is under the control of the employer that there 
is unders to a contract of service, which, there- 
fore, involves the liability of the employer as master 
under the Workmen’s Com ion Act. Very often 
subtle distinctions are © in cases where workmen 
a oy to be independent contractors on piece-work. 

e fact that there is an agreement to treat the work- 
man as one protected under the Workmen’s Compensation 
Act will not of itself give a man a mons pp byt compensa- 
tion. His remedy in such case would damages for 
breach of contract. 

On the 19th ult. a stated case came before the Court 
of Session which raised the difficult point of the employer’s 
liability as a master for workmen’s compensation. The 
applicant, had suffered from lead-poisoning, which he 

leged he contracted while at work in the service of 
Messrs. Burnham, of Glasgow. The applicant was in the 
habit of obtaining employment from Messrs. Burnham as a 
fixer of enamelled letters. 

He sometimes took them orders from other people for 
letters which he fixed for them, and Messrs. Bu paid 
him by the piece, but he had to pay his own expenses. 
The Sheriff found he was a workman within the meaning 
of the Workmen’s Compensation Act, and on appeal the 
Division Court affirmed this judgment on the ground that 
the employment was not inconsistent with a contract of 
service. 

This case agrees with many similar decisions in the 
— Court of a. In the case of Evans v. Peny- 
welht Dinas Brick Company (18 T.L.R., 58 C.A.) the 
applicant was a-quarryman, who was paid by the ton; 
his tools were provided for him, and he hired and dis- 
charged the men who worked under him. Having been 
injured in the course of his employment, the Court of 
Appeal upheld the decision of the County Court Judge 
that the applicant was a workman and entitled to com- 
pensation. : 

On the other hand, this case may be distinguished from 
those where the applicant was found to be an independent 
contractor, and not a workman. Forexample, in the case 
of Simmons v, Foulds (17 T.L.R., 352) the applicant 
tendered to respondent for building work, and he was to 
draw on account as the work advanced. He tendered for 
labour only, the materials being supplied to him. On the 
job he met with an accident and claimed compensation 
for injuries. The Court of Appeal held that he was not a 
servant, but a contractor to supply labour. 


County Court. 


Miners and Explosives.—An enepeing point was raised 
at Newcastle County Court on the 12th ult., where the 
applicant was the widow of a stonemason who had been 
engaged in work with explosives on December 2, 1909, 
when he absorbed nitro-glycerine, which set up toxemia 
and caused his death. 

This explosive freezes at 40 deg., and before being 
used it required to be thawed ; the workman thawed it 
by warming it next tohisskin. Prior to this, he had been 
suffering from a mysterious ailment, and at the infirmary 
the doctors could not discover anything the matter, but on 
the fourth day after his di he again showed symp- 
toms like those first noticed, when he complained of 
sickness and headache. He collapsed, and it was ~~ 
that nitro-glycerine poisoning was the cause of death. He 
carried the stuff under his clothing with the innocent 
intention, it wasargued, of making the stuff ready for use 
at his work. 

The Judge found that there was doubt as to the cause 
of death. The doctors thought it was due to the absorp- 
tion of gelignite (the explosive), but there was evidence 
that the man had suffered from the same symptoms for a 
long time, which disposed of the allegation that his 
death was due to his carrying the stuff under his 
clothes to thaw it ready for work. The application was 
dismissed on the und that no accident had been 
proved.’ If gradual poisoning by the frequent use of the 
explosive caused death, this was not an accident within 
the meani of the Act. The Judge relied on the 
authority of Lord Cairns, who, in a case of lead-poisoning, 
declared that there must be something in the nature of an 
accident, to which a date could be fixed, and in this case 
no date had been fixed when the man had put the 
explosive next his skin. 

n this case the facts were not clear, and, although there 
might be a reasonable suspicion, there was no proo 
that poisoning was the cause of death, or that the use 
of the explosive could with ——- be connected by 
accident with the unfortunate man’s death. 

Award Renewed After Suspension.—At Sheffield County 
Court a miner named Gothard opplied for an increase in an 
award made against the Sheffield Coal Company. The 
case came before the Court in August, 1909, when an 
award of 11s. 3d. per week was made in respect of neg & 
the applicant’s leg.. It was afterwards reduced to 5s. a 
week, and later to 1d. In November last, a few days after 


his last application was dismissed, the man again suffered 
by his I y becoming: so inflamed that he to leave off 
work. or the. employers it was contended that no 


increase was . as the man would be offered work 
that he could do. 


necessary 
Medical evidence showed that the first 
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hitherto he could do, and the J 4 awarded him again 
the original award of 11s. 3d. a week. 

Loss of an Eye.—There seems to Le an erroneous notion 
that the loss of an eye may not incapacitate a mechanic 
who has one good eye left to guide his hands. Another 
case of claim for loss of an eye came before the County 
Court, when a machinist was awarded 8s. 9d. per. week. 
His employers contended afterwards that he could now 
resume work at his old rate of wages, and they sought a 
review and diminution of this award.’ The Jud used 
the _— of his employers, Messrs. Eadon and 
Sons, Limited, on the ground that it was not right to con- 
tend that a man, after losing one eye, could go into the 
labour market and earn the old rate of wages. 

Accident Accelerating Disease.—At Rotherham County 
Court, on the 27th ult., a miner sought compensation 
from the Dalton Main Gollieries for injury to his wrist, 
which was crushed by accident at his work. The medical 
evidence showed that the disease from which the appli- 
cant suffered was osteo-myelites, affecting the marrow of 
the bone at the wrist, which was eventually amputated. 
The defence was that a carbuncle was the natural cause 
of the disease, ard not an accident. The fact was, how- 
ever, that operations upon the wrist followed the accident, 
and the inference was that even if there was a disease, the 
accident accelerated it, and caused the man the loss of 
his hand. The Judge awarded him 9%. 1d. a week 
compensation. 

is case recalls a rule laid down in the Court of 
Agee, If the chain of causation is broken, so that the 
old cause goes, anda new one is substituted for it, a new 
act arises and gives a f; origin to the after conse- 
uences. It is proper to consider, as the Master of the 
lis said in another case, whether the accident had 
not accelerated a disease already existing—that is, whether 
the accident had not given life to the disease. 








Tar Great NorTHERN TELEGRAPH Company.—The net 
promis meng the balance brought forward) realised 

y the Great Northern Telegraph Company in 1909 were, 
417,758. The corresponding net profits, with balance, for 
1908, were 407,702/. ‘The dividend for last year is main- 
tained at 1/. 16s. per share. 





Tue InstiturK oF Metats.—Engineers, metallurgists, 
and users of non-ferrous metals will be interested to learn 
that the Council of the Institute of Metals have decided 
to undertake an investigation into the causes of the corro- 
sion of non-ferrous metals by sea-water, acids, &c., and by 
other chemical and electrolytic reactions. A committee, 
to be known as the Corrosion Committee of the Institute 
of Metals, has been appointed for the purpose of carrying 
out the investigation, and has been constituted as follows : 
—Sir Gerard Muntz, .Bart,, Chairman of Committee 
(President of the Institute of Metals); Professor H. C. H. 
Carpenter, M.A., Ph.D. (of the University of Man- 
chester) ; a G. G. Goodwin, R.N. (Deputy 
Engineer - in - Chief, al Navy); Professor A, K. 
Huntington, Assoc. R.S.M. (of King’s College, London) ; 
Mr. J. T. Milton (Chief Engineer Surveyor, Lloyd’s 
Register of British Shipping) ; Mr. A. Philip, B.Sc., 
Assoc. R.S.M. (Admiralty Chemist) ; Mr. nard 
Sumner, M.Sc. (of the Broughton yx ood Company, 
Limited); Professor T. Turner, M.Sc. (of the Universit 
of Birmingham) ; Sir William H. White, K.C.B., F.R.S. 
(Past-President of the Institute of Metals). The first 
meeting of the Committee was held at the offices of 
the Institute of Metals, Caxton House, Westminster, 
S.W., on May 24, all the members being present, 
with the exception of Sir William White, who had 
just left for a visit to the United States of America. 
Realising the magnitude of the task before them, and the 
vast number of ramifications to which such an investiga- 
tion must lead, the committee have decided, in the first 
instance, to confine theirattention to the question of the 
corrosion of condenser tu in marine engines and in 
> engines using foul water or being subject to 
violent electrolytic action, such as often occur in electric 
power-stations. Before commencing experimental re- 
search the committee pro to have prepared an epitome 
of such information on the subject as is already available 
from previous research in the same direction. Mr. G. D. 
Bengough, M.A., of the Metallurgical Department of the 
University of Liverpool, has been asked to undertake 
this work and to become a member of the committee. 
On the completion of the work by Mr. Bengough, it 
will be submitted to the committee, who will then con- 
sider what steps sha]] next be taken in the matter of 
further investigation and experimental research, with a 
view to elucidating the various mysteries of corrcsion 
which are the source of so much trouble and anxiety, both 
to users and manufacturers of articles composed of copper 
and its alloys. Professor H. C. H. Carpenter, M.A., 
Ph.D., of the University of Manchester, whose work 
Jommittee of the Institution of 
Mechanical Engineers is so well known and highly 
appreciated, has kindly undertaken to act as honorary 
secretary to the committee. The result of the committee's 
researches will be at the disposal of the members of the 
Institute of Metals, which already includes in its member- 
ship most of the leading manufacturers and users of non- 
ferrous metals, This trouble of corrosion is one which 
has long given infinite cause of annoyance and anxiety to 
all who have to deal with non-ferrous me’ and, above 
all, to marine engineers, and it cannot fail to be a matter 
of general congratulation that the solution of the problem 
has now been undertaken seriously by a so competent 
to deal therewith as the Institute of Me which com- 








accident had incapacitated him from doing work that’ 


prises within its membership makers, users, and scientists, 
and, therefore, has at its 3 Gen information such as no 
other body possesses, or could hope to possess, 
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300-HORSE-POWER 


IMPULSE 





STEAM-TURBINE 


CONSTRUCTED BY MESSRS. COOPER AND GREIG, ENGINEERS, DUNDEE. 




















Fie. 1. 


On this and the opposite pages and on page 716 we | loaded’and somewhat flexiblegshaft, which is necessary 
give illustrations showing the principal features of a| when the high-pressure and low-pressure sections of a 
steam-turbine recently constructed by Messrs. Cooper | really large turbine of the disc pattern are combined into 


and Greig, of the Britanr.ia Works, Kast Dock-street, 
Dundee. The machine is of the multicellular impulse 


type, having partial admission and one wheel per |mental work involved in developing the details of a | 


one casing. In the present instance the arrangement 


& 4 





rest centres mainly in the mechanical details of the 
new machine. Commencing with the blading, this is 
secured in the discs by a modification of the De Laval 
device, as indicated in Figs. 3 and 4, and to an 
enlarged scale in Fig. 7, page 716. We show in Fig. 8 
a separate view of two of these blades, which are 
made in pairs, the roots being right and left-handed, 
and machined, so that the two, when paired, are & 
driving fit for the slot into which they are driven. The 
roots make, moreover, a slight angle with the axis 
of the blade, so that each component of a pair, when 
driven home, stands truly radial with the disc which 
carries it. The blades are of steel, and are machine- 
cut out of rectangular sections, the work being mostly 
done on a capstan lathe. To form the concave faces 
of the blades, three of the rectangular blanks are 
assembled in a jig, and a drill between them to 
the depth required. This is followed by a flat-ended 





was adopted solely with a view to facilitating the experi- 


reamer, which, besides finishing the concave faces of 


stage throughout. A general view of the machine is | new type. As will be seen from Fig. 5, both cylinders | the three blanks, squares out the shoulder at the bottom 


represented in Fig. 1, whilst Figs. 3 and 4 show the | of the turbine are carried upon a solid foundation. | of the blade. - 
interior, the covers having been removed to this| Each cylinder is free to expand in a fore-and-aft | blades are produced by turning, 


end. As will be seen from these views, as from 
the general arrangement (Fig. 5, page 716), the 
turbine is divided into separate low and high-pres- 
sure sections, with an intermediate bearing between. 
This arrangement has the advantage of shortening 
the unsupported length of the shaft, which is neces- 
sarily associated with the disc type of construction. 
This point is of special importance in the case of 
very lage machines, with which there have been 
many failures arising from the bending of the heavily- 





direction, being supported on flanges working between 
planed guides, as Test seen in Fig. 1. These guides 
do not exercise any control on the lateral or athwart- 
ship motion of the cylinders, which is stop by 
brackets placed between each cylinder and the cor- 
responding end bearing, whilst any tendency to a 
fore-and-aft motion of the cylinders, as a whole, is 
provided for at the central bearing. 

In essentials turbines of the impulse multicellular 
type have a strong family resemblance, so that inte- 


The external convex surfaces of the 
two being clamped 
|on to a mandrel and finished 4 at once. The roots 
|are formed subsequently by milling, a score or more 
| being finished at one setting. a f 
| Another highly interesting detail is the method 0} 
| fixing the wheels on the shaft. This is an adaptation 
|of the principle of the interrupted screw commonly 
|used for the brecch-blocks of guns. The shaft yo 
turned on it a series of collars, there being ‘w ad 
each turbine-wheel. These collars are then — 
away in four segments, as best seen in / ig. ‘4 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 25. 

Tue policy of curtailment of pig-iron production in 
the West having accomplished its purpose, an early 
blowing in of furnaces is contemplated. Extensive pur- 
chases have been made within a week at a drop of 
1 dol. below the usual early spring prices. The crude- 
iron situation is now settled for the rest of the year. 
Bessemer billets are once more in active demand. All 
kinds of crude steel are not in excessive supply at this 
time. One thing may be set down as settled— 
namely, that there may be no such expansion of 
crude iron and stee! production as will jeopardise 
the maintenance of prices at about their present 
limit. On the other hand, there are those who say that, 
notwithstanding the heavy increase in capacity, demand 
will be of such magnitude as to force prices of crude 
material to a higher level. This might result if con- 
sumers anticipated their requirements as they have 
done in years past, but there is no occasionfor the 
carrying out of such a policy. 

Inquiries for steel rails this week figure to 45,000 
tons, which will be placed before the end of the month. 
Railroads in general are good buyers, and the financin 
of a few hundred miles of railroad construction will 
bring a batch of hurry orders into.the market. The 
Grand Trunk has just placed orders for 2000 steel 
freight cars, including 500 automobile cars, and the 
Hawley lines have placed orders for 72 locomotives. 
Orders from Chinese railroads this week call for 3 
Lima locomotives, 4 Baldwin compounds, 2 Baldwin 
suburbans, 4 Baldwin standard makes, and 3000 tons 
of rails. The demand for steel and iron bars 
from agricultural makers continues to be an en- 
couraging factor in the situation. To-day’s rumour 
points to large orders for locomotives and _ steel 
cars, the number of locomotives inquired for being 
432, and cars being estimated in round numbers at 
10,000. It is quite clear from recent inquiries that the 
main feature of the steel industry will be railroad 
equipment requirements. All railroad statistics show 
@ very pronounced increase in requirements for rail- 
road extension and the expansion of facilities. A 
notable feature of recent development is calls for bridge 
material. One of the most recent developments in that 
line is the announced purpose of the Pennsylvania 
Railroad Company to build a bridge across Hell Gate 
on Long Island Sound, at an estimated cost of 
12,000,000 dols., the cost of which will be participated 
in by New York, New Haven, and Hartford Road—a 
controlling interest in which is to be secured by the 
Pennsylvania system, as evidenced by the making of a 
loan this week of 14,000,000 dols. 





MonTREAL AND Cu1cAGo.—A new freight and passenger 
service by boat between Montreal and Chicago has just 
been inaugurated, the steamer City of Montreal having 
arrived at the great American centre. This was the first 
time for eight years that an all-water service has been 
carried on from the St. Lawrence to the Great Lakes via 
the Welland Canal. ‘The experiment failed in 1902 in 
consequence of excessively high insurance rates, but this 
is now to be guarded against. 





‘Contracts.—We have been requested by Messrs. Ed. 
Bennis & Co., Ltd., Little Hulton, Bolton, and 28, Victoria- 
street, Westminster, S. W., tostate that they have recently 
obtained orders for fifty-seven of their stokers and furnaces, 
among which are six Bennis stokers and self-cleaning com- 
cee furnaces for 9-ft. boilers for the South Stafford- 

ire Mond Gas (Power and Heating) Company, Limited, 
Dudley Port, Tipton ; four Bennis stokers and self-clean- 
ing compressed-air furnaces for 8-ft. Lancashire boilers 
for Messrs. John Lysaght, Limited, Orb Iron Works, 
Newport, Mon.; and four similar stokers for 8-ft. boilers, 
from Messrs. F. A. Frost and Sons, Steam Flour-Mills, 
Chester, for a new mill at Ellesmere ‘Port. We under- 
stand that this last firm have been users of Bennis ma- 
chines for twenty years. The majority of the orders 
received are repeat orders.—Messrs. C. and A. Musker, 
Limited, Liverpool, have recently secured an order for 
13 electric cranes for the Indian State Railway and one 
for two electric derrick-cranes for the same railway, per 
Messrs. Rendel and Robertson.—Messrs. Leech, Goodall, 
and Oo., Pepper-road, Hunslet, Leeds, which firm is an 
amalgamation of Messrs, Graham, Morton, and Co., 
Leeds, and Messrs. R. H. Longbotham and Co., Limited 
Wakefield, have secured the contract for the pit-head 

t, heapstead, picking-be’ts,. bunkers, conveyors, &c., 
or the Lambton Collieries, Limited, in connection with 
the extensions at their North Biddick Colliery. —We have 
been asked by Messrs. J. igs Ys and Co., Limited, 
72, Bishopsgate-street Within, E.C.. to state that they 
have recently supplied some of their ‘* Apexior” boiler 
compound to the ship Terra Nova, which is connected 
with the British Antarctic Expedition of 1910. The firm 
have also received orders to supply the material for 
boilers on the steam-yacht Osprey and the steam-yacht 
Albion, as well as to the Cunard Steamship Company, 
the Atlantic Transport Line, the Atlantic Sea Navigation 
Company, H.M. Office of, Works, and the Metropolitan 
Asylums Board.—The Government of Natal have placed 
with Messrs. Wm. Simonsand Co., Limited, Renfrew, an 
order for a 2000-ton Simons cutter hopper-dredger. e 
vessel will be chiefly employed in reclamation work in the 
Bay of Durban, 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with an easier tone, and the 
total business consisted of 1000 tons of Cleveland war- 
rants at 50s, 14d. one month. Closing sellers quoted 
49s. 10d. cash, 2d. one month, and 50s. 9d. three 
months. In the afternoon prices improved and Cleve- 
land warrants were dealt in at 49s. 104d. cash and 50s. 2d 
and 50s. .one month. The turnover was 4500 tons 
and sellers’ closing quotations were 1d. up from the 
morning. On Friday Pag | the market was again 
a shade harder, but the dealings only amoun to 
2500 tons of Cleveland. warrants at 50s. cash, and 
50s. 3d. and 50s. 34d. one month. The closing prices 
were 493. 114d. cash, 50s. 34d. one month, and 503. 104d: 
three months sellers. At the afternoon session there was 
little doing, the sum total being one Cleveland warrant 
at 50s. 3d. one month, and closing sellers bg 49s. 114d. 
cash, 50s. 34d. one month, and 50s. 11d. three mont 
On Monday morning a dull tone prevailed, and 2000 tons 
of Cleveland warrants were done at 49s. 11d. cash and 
eight days, and 50s. 10d. three months. The closing quota- 
tions were easier at 49s. 11d. cash, 50s. 3d. one month, and 
503. 104d. three months sellers. Weaknessagain asserted 
itself in the afternoon, when only two lots—1000 tons—of 
Cleveland warrants changed hands at 50s. 2d. one month, 
and 50s, 9}d. three months. Sellers’ closing quotations 
were again easier at 49s. 104d. cash, 50s. 24d. one month, 
and 50s. 94d. three months. The downward tendency 
was once more in evidence on Tuesday morning, when 
1500 tons of Cleveland warrants were put through at 
49s. 84d. cash, and 50s. 8d. three months. Closing sellers 
were quoting 49s. 9d. cash, 50s. 04d. one month, and 
50s. tha. three months. -In the afternoon the tone 
was weak, and only one lot of Cleveland warrants 
changed hands at 5Us. 74d. three months, the session 
closing with sellers at 49s. 84d. cash, 50s. O}d. one 
month, and 50s. 8d. three months. When the market 
ts) ned. to-day (Wednesday) there was no improvement in 
the tone, and Cleveland warrants were done at 49s. 64d. 
cash, 49s. 7d. five days, 49s. 10d. one month, and 50s. 54d. 
three months. The turnover was 2500 tons, and oe 
sellers quoted 49s. 7d. cash, 49s. 104d. one month, an 
50s. 6d. three months. In the afternoon the market was 
almost unchanged, and 2000 tons of Cleveland warrants 
were dealt in at 49s. 7d. and 49s. 64d. cash, and 49s. 8d. 
sixteen days. At the close of the session sellers again 

uoted 493. 7d. cash, 49s. 104d. one month, and 50s. 6d. 
three months. In addition to the above, one lot of 
hematite changed hands at 66s. 2d. cash. The follow- 
ing are the market quotations for makers’ (No. 1) iron: 
—Clyde, 61s. 6d.; Calder and Gartsherrie, 62s.; Sum- 
merlee and Langloan, 64s.; and Coltness, 83s. (all ee 
at Glasgow) ; ee (at Ardrossan), 64s.; Sho 
(at Leith), 62s.; and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The sulphate of ammonia] Frid 


market remains steady, but quiet, and inquiry is only of 
a limited nature. The quantity shipped from Leith 
Harbour last wcek amounted to 1894 tons. 


Scotch Steel Trade.—Quite a healthy tone prevails in 
the Scotch steel trade at the present time, and almost all 
the makers are being hard pressed for delivery of material 
on order. ‘The urgency in the demand for plates is such 
as has not been experienced for some considerable time 
back, and producers are a good way behind with their 
supplies. Fresh orders for lots which are wanted at once 
cannot be faced here, with the result that buyers are 
endeavouring to get their requirements either from 
England or the Continent, but makers in both these areas 
are also busy, and not able to do much better than the 
local manufacturers. Inquiries continue good, and some 
new business in plates has been booked this week, but 
delivery is not a ee until after the annual holidays 
in mid July. The demand for angles is easier, but that 
for light material generally is much better. India and 
Australia have each —— ay some respectable 
orders for the latter. e inquiry for structural sections 
must in be reported as very satisfactory, and this is 

rticularly so in the — departments, the demand 
rom the Colonies for early deliveries being exceedingly 

. A meeting of the Scotch Steel- ers’ Associa- 
tion was held in Glasgow yesterday (Tuesday), for the 
purpose of cqpelderee ar resignation of Messrs. Stewarts 
and Lloyds, Limited, but the meeting was adjourned. 


Wages in the Iron Trade.—The following intimation 
has been made to Messrs. James C. Bishop and James 
Gavin, joint secretaries of the Scottish Manufactured 
Tron Trade Conciliation and Arbitration Board, by Mr. 
John M. MacLeod, C.A., G w :—‘‘In terms of th 
remit, I have examined the employers’ books for March 
and April, 1910, and I certify the average realised net 
selli rice at works brought out ig 5/.-19s. 9.61d, per 
ton.” This means no change in the wages of the workmen. 


Mailleable-Iron Trade.—Malleable-iron makers in the 
West of Scotland have been in receipt of rather more 
specifications during the past week, but-these are almost 
wholly against old contracts made when the ruling prices 
were a good bit easier than at present. They report that 
inquiries for new lots are very scarce, and that German 
bars are being sold here at prices considerably under the 
local selling rates. 

Scotch Pig-Iron Trade.—There has been no new de- 
velo) t in the Scotch pig-iron trade this week, and 
producers are still making deliveries of the ordinary 
qualities against contract. inquiries for fresh lots 


are not very plentiful. The hematite position is practi- 
a 6 I , but the demand from the various steel 
works is large and deliveries are heavy. 





Shipbuilding.—The shipbuilding industry in Scotland 





at the present time is in a fairly healthy condition, and 
the contracts placed during the past few weeks, amount- 


ing to an te of close on 50,000 tons, have ensured 
many months of steady employment. But despite the 
general improvement, and therefore more work for the 
employees, everything is not well at present, as the latter 
are now demanding 4 rise in their w Negotiations 
are about to be opened, and it is to be hoped that a satis. 
factory solution of the trouble will soon be arrived at. 
The output of new to during the past month cor: 
sisted of 42 vessels, of 40,535 tons, made up as follows : 


Vessels, Tons. 

The Clyde ve a ws Se 33 37,521 
The Forth aN ‘ bs 7 1 7 

The Tay .. 3 2,490 

The Dee .. A 5 449 

Total 42 40,535 


The Clyde figures while less than those of the previous 
month, and also of the corresponding month of May, 1{109, 
were over the average monthly output for this year to 
date. The total for the five months is now 184,601 tons, 
which is exactly 57,791 tons less than the record five 
months of 1907, when the output was 242,392 tons. When 
these figures are considered, it must be agreed that the 
present year is shaping very well.— Orders have just been 
laced with Messrs. Napier and Miller, Old Kilpatrick, 
or two mger steamers for foreign owners. The 
vessels will be respectively 125 ft. and 175 ft. in length. 








Tue GreRMAN Navy.—It Poe that the German new 
construction programme will this year reach its culmi- 
— point, three replacement battleships and an addi- 
tio’ armour-plated cruiser having been ordered in 
April. In each of the two following years three units 
are to be laid down, but no augmentation ships will then 
be commenced, and until 1917 only two ships are pro- 
posed to be built annually—viz., one battleship and one 
armour-plated cruiser. The effective strength of the 
battleships and cruisers comprised in the German fleet will 
thus be maintained at fifty-eight. The German Naval 

e is, however, dissatisfied with the check with 
which the new construction policy appears to be threat- 
ened, and demands that until 1917 at least three 
vessels of first-rate importance shall be built annually. 
The battleship Frithjof, which has been building at Dantzic 
for several months, will be launched in the course of 
June ; she will have a displacement of 23,000 tons, and 
forms one of a group comprising also the Friesland, 
the Heligoland, and the Thuringen, which will be ready 
for service by the close of 1911. 





THE ADMIRALTY AND CLtypE Navat Works.—The 


ts | First Lord of the Admiralty, the Right Hon. Reginald 


McKenna, the Controller of the Navy, Rear-Admiral 
Sir John Jellicoe, and staff, visited on Thursday and 
riday of last week the various works on the Clyde 
where British Admiralty contracts are being carried 
out. The Lordsof the Admiralty arrived by the Ad- 
miralty yacht Enchantress, on which there were also, as 
uests of the First Lord, Mr. Asquith and several others. 
he visit of inspection to the various works was undertakcn 
only by the officials of the Admiralty, who were accom- 
pon. Se | by Rear-Admiral Bearcroft, the superintendent on 
the Clyde of contract-built ships. On Thursday the 
inspection commenced with a visit to the works of Scotts’ 
Shipbuilding and Engineering Company, of Greenock, 
where the battleship Colossus is in course of com- 
pletion. Subsequently their Lordships proceeded to 
the Fairfield Company’s establishment, where there is 
preparing for commission the cruiser Glasgow and 
an Australian destroyer, while in various stages of 
construction are a number of British destroyers and 
the armoured cruiser being built for the Navy at the 
expense of the New Zealand Government. Their Lord- 
ships lunched here, under the chairmanship of Mr. Alex. 
Gracie, M.V.O., the chairman of the company, and pro- 
ceeded afterwards to the yard of the London and Glasgow 
Company, where they saw the cruiser Yarmouth in 
course of construction. On the following day the first 
establishment visited was that of Messrs. Yarrow, of 
Scotstoun, where great interest was taken in the special 
machines and appliances for the construction of the 
vessels, of which the firm has made a special study— 
torpedo-boats, destroyers, and craft of exceptionally 
light shallow draught. They afterwards proceeded to 
the Rothesay Docks, where, by the courtesy of Captain 
Lessa, they inspected the Brazilian destroyer, Santa 
Catharina, lately handed over to the Brazilian Govern- 
ment by Messrs. Yarrow. The party next went to 
the yard of Messrs. John Brown and Co., of Clyde- 
bank, where they were received by Sir Charles Maclaren, 
the chairman of the company. They spent a con- 
siderable time inspecting the Curtis turbines which 
are being built here for British warships, and were «lso 
interested in the British destroyers, the Australian Dread- 
nought cruiser and other vessels being constructed. At the 
works of Messrs. William Beardmore and Co. the com- 
ny were entertained to lunch under the chairmanship of 
Mr. William Beardmore, and afterwards visited the exten- 
sive works, inspecting the battleship Conqueror and the 
cruiser Weymouth, which are on the stocks, and the cruiser 
Gloucester, which is preparing for trial. They next pre- 
ceeded to the yard of Messrs. William Dennyand Brothers, 
of Dumbarton, where they saw several of the various 
destroyers bei petal ene ey later in Messrs. Denny § 
tender to the Admiralty yacht Enchantress, which left 
on the following day for the West Coast of Scotland, 
The members of the Board were naturally interest 10 
the Brazilian battleship Sao Paulo, which was anclored 
in the evening, at the conclusion of her various trials, 
alongside of the Enchantress at the Tail of the Bank. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. — 
Edgc-Tool Demand.—The demand for edge-tools of all 
classes is now on a very large scale. Since the beginning 
of the year, improvement in the trade has been’ con- 
tinuously growing until now Sheffield is producing a big 
output. fiekers have to look largely to quantity for 
profits on account of price cutting engendered by keen 
competition. Considerable —— of joiners’ tools are 
being sent to the Colonies, whence comes also a bi 
demand for agricultural implements. In these last-nam 
articles requirements are much more numerous all round, 
and prospects of a good hay season are having a beneficial 
influence. Many small makers around the city are busy 
on sickles for out-of-the-way places abroad where manual 
labour is the rule. An active business is being done in 
sheep shears and digging tools. Heavy stocks of garden 
tools, held at the beginning of the year, have been sold, 
and record business is experienced by manufacturers of 
these goods. Sheffield articles have largely displaced 
those of foreign make in the home market, and there is a 
good export to the Colonies. 


Swedish Tarif.—A new tariff trouble threatens Shef- 
field industries. The tariff revision scheme shortly to be 
submitted to the Swedish Parliament embodies proposals 
for raising duties, which may seriously hit some Sheffield 
trades. The increases range from 50 to over 1000 per 
cent., and cover high-speed steel, steel wire, twist drills, 
saws, and other goods. The duty on high-speed steel is 
to be raised from 2.5 kroner to 25 kroner per 100 kilo- 
grammes (the kroner represents 1s. 14d.). The proposed 
duties on twist-drills involve an increase of 50 per cent., 
and duties on wire are to be doubled. Negotiations are 
being carried on through the Sheffield Chamber of Com- 
merce with a view to obtaining better terms for Sheffield 
manufacturers who take so much Swedish iron and steel. 


South Yorkshire Coal Trade.—The quantity of coal that 
is going out of hand is disappointing. Collieries are 
working pretty well, and there is not much alteration in 

rices, but the demand has not realised expectations. 

his is mainly accounted for by the falling off in shipping 
orders and smaller requirements for ‘‘ bunkering.” Ha: 
coal for industrial consumption shows practically no 
change in conditions. Shipments of steam coal are 
lessened by a weaker Continental inquiry and reduced 
tonnages for some of the other regular markets. Prices 
a ee deal below pit quotations are being obtained in 
some instances by middlemen. The depression is most 
obvious in secondary qualities, but best grades are going 
out of hand at practically unchanged prices. At collieries 
quotations are :—Best hards, 9s. to 9s. 6d. ; secondary, 
8s. to 8s. 6d. ; cheap steam cobbles, 7s. 3d. to 7s. 6d. per 
ton. Gas fuel is steady, and there is a good demand for 
slack. House coal is in a somewhat better position, 
though the output is in excess of the demand. Prices are 
not so steady, best quality being, of course, least affected. 
Reductions Coss been made, especially on spot sales. Pit 
quotations are :—Best house, 93. 3d. to 10s. 3d. ; seconds, 
7s. 9d. to 8s. 6d. ; and cheap, 5s. to 5s. 9d. per ton. 


Tron and Steel.—The pig-iron market remains in a state 
of quietude, and hematites show a little weakening. 
Prices have not come down, and consequently consumers 
—the majority of whom have stocks—are holding aloof, 
thus reducing the amount of business. With the con- 
tinued and growing activity of the steel trades, however, 
this condition of hematites 1s not a very pete phase. 
Forge and foundry iron have been somewhat neglected, 
and in the transactions that have been effected concessions 
in price have been obtained on both sorts. A revival 
of Continental competition in billets has been responsible 
for a certain amount of dumping in this locality. Shef- 
field prices have been undercut as much as 10s. The 
iron foundries continue to show a lamentable contrast 


to the busy steel foundries, and finished iron does 
not seem to eas improved at all. Moulders just now are 
very busy. The local output of steel is growing, with 


every prospect of further large expansion, although rail- 
way steel is still unsatisfactory. Armaments are pro- 
viding the biggest business, and eee all the 
large works dealing with this branch are on full time, 
some of the departments even running overtime. Engi- 
neering and shipbuilding is largely responsible for more 
work in the tool trade, and a big business in mining steel 
is being done with South Africa. Light steels are being 
produced in very large quantities, and there is a generally 
active trade both with the colonies and abroad. 





MeLsovrne Tramways.—The Melbourne Tramways 
Trust is composed of seventeen members elected annually, 
seven representing the Melbourne City Council and the 
remaining ten the ten suburbs served by the lines. The 
Trust constructed the lines which are leased to the 
Metropolitan Tramways and Omnibus Company for 32 
no July 1, 1884, 7 worn gf undertaking to 
ceep the lines in repair an rly equipped, to pay 
license fees for ca e Fm tg and oe Be and 
municipal rates, and also to pay to the Trust the interest 
accruing upon the borrowed capital with an additional 
1} per cont. during the first ten years, an additional 2 per 
cent. during the second ten years, and an additional 3 per 
cent. during the third ten years, the Trust to invest this 
additional interest as a sinking fund. The total borrowed 
18 1,650,000/. and the sinking fund amounted, at the close 
of November, 1909, to 1,160,000/. The system of pro- 
pulsion adopted is sub-surface cable for 434 miles, and 
se-traction for 33 miles. Victorian Minister for 

ways recommends that the Victorian Government 
should t2ke over the tramways and work them in con- 
hection with the Victorian State Railways. The Minister 


further recommends the electrification of the tramways. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp.essrovueH, Wednesday. 
The Cleveland Iron Trade,—Business in pig iron is on 
a very limited scale just now, but traders take a rather 
cheerful view of the future, and look for renewal of 
activity before long. Producers of pig iron have good 
orders booked, and under these favourable conditions 
they are not pressing sales. On the other hand, buyers 
are very kward, as is usually the case in an easing 
market. There is little or no speculative business to 
report, and, indeed, gambles in warrants by people other 
than those interested in the iron trade seem to be a 
feature altogether of the past. Merchants just now are 
not dis to undersell makers to any extent. No. 3 
gud. Cleveland pig has now broken the 50s., parcels 
‘ing offered at 49s. 104d. f.o.b., and down to 49s. 9d. has 
been named. No. 1 is scarce, and is quoted 52s. 6d. The 
lower qualities are steady. No. 4 foundry and No. 4 
— each stand at 49s.; whilst mottled and white are 
each 48s, 6d. East Coast hematite pig is very quiet with 
mixed numbers at 65s. 9d., though some makers adhere to 
66s. Foreign ore maintains its value well. A sale of 
Rubio of 50 percent. quality has been' recorded at 20s. 6d. 
ex-ship Tees, and market rates are still based on that 
quotation. Coke is very plentiful, and average blast- 

furnace qualities are offered at 17s. 6d. delivered here. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel are more 
busily employed than for some time past. Some good 
contracts have recently been made, and there are fair 
orders still in the market. Under these improved condi- 
tions values naturally tend upward, but prices are not as 
yet quotably changed. Manufacturers of plates, angles, 
sheets, and railway material are turning out a lot of work. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d. ; best 
best bars, 7/. 15s. ; iron ship-plates, 6/. 10s.; iron ship- 
angles, 7/. ; iron ship-rivets, 7/. 5s. to 7/. 7s. 6d.;-packing- 
iron, 5/. 5s. ; steel bars, 6/. 5s. ; steel ship-plates, 6/. 10s. ; 
steel ship-angles, 6/. 2s. 6d. ; steel strip, 6/. 10s, ; steel 
hoops, 6/. 12s. 6d. ; and steel joists, 6/. 2s. 6d.—all less the 
customary 24 per cent. ; whilst cast-iron railway-chairs 
are 3/. 10s. ; light iron rails, 6/. 10s. ; heavy steel rails, 
5. 10s. ; steel railway-sleepers, 6/. 12s. 6d. ; and iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
11/. 10s. to 11/. 15s.—railway material net cash at works, 
and sheets less the usual 4 per cent f.o.b. 


Iron and Steel Shi; ye pam shipments for May 
fell very considerably short of expectations, the total 
being. officially returned at 85,524 tons, 71,911 tons of 
which went from Middlesbrough and 13,613 tons from 
Skinningrove, as compared with a total clearance of 119,107 
tons during the previous month, and 114,200 tons during 
May last year. Of the shipments from Skinningrove last 
month 12,533 tons went to Scotland and 1080 tons to 
customers abroad. Of the pig sent from Middlesbrough 
last month 18,554 tons went to coastwise customers, and 
53,357 tons to foreign buyers. Scotland once more being 
the largest receiver with 12,733 tons; whilst Ital 
imported 9092 tons; Germany, 7465 tons; Canada, 687 
tons ; Sweden, 5675 and France 5193 tons. The manu- 
factured iron shipped last month amounted to only 11,823 
tons, 7931 tons of which went coastwise, and 3092 tons 
foreign, India, as usual, being the largest receiver with 
an import of 2147 tons. Of the 48,722 tons of steel 
loaded last month 10,155 tons went to coastwise buyers 
and 38,567 tons went abroad. India was the largest im- 
porter of steel, also, taking 9878 tons ; whilst the Argen- 
tine received 5854 tons; Canada, 4059 tons ; and Portuguese 
West Africa, 3069 tons. 


Pease and Partners.—The net profits realised by Pease 
and Partners, Limited, during the past five years, after 
providing for debenture interest, were as follows :— 
1905-6, 125,802/.; 1906-7, 160,078/.; 1907-8, 216,779V. ; 
1908-9, 97,7812. ; and 1909-10, 143,417. The dividends de- 
clared for the five years upon the ordinary shares were :— 
1905-6, 8 per cent. per annum; 1906-7, 12 per cent. per 
annum ; 1907-8, 124 per cent. per annum; 1908-9, 8 per 
cent. per annum ; and 1909-10, 10 per cent. per annum. 
Substantial progress has been made with colliery sinkin 
at Thorne, and an option over a considerable additiona 
royalty has been acquired. Stead n 
made with thedevelopment of Windlestone Colliery. Some 
30 additional by-product eoke-ovens at Bankfoot were 
broughtintooperation in October, and the wholeinstallation 
of 120 ovens is working satisfactorily. The total cost of 
this installation was 112,744/., and it has been considered 
prudent to charge a moiety of the amount to capital, and 
to meet the balance out of the reserve for renewals and 
improvements. Contracts have been entered into for a 
further installation of 120 by-product coke-ovens at 
Bowden Close Colliery, and for washing-plant and storage 
hoppers in connection therewith. It has been decided 
to double the capacity of the electrical generating-station 
at Bankfoot. 








Tur Panama Canat.—The United States Government 
has now completed its sixth year of Panama Canal con- 
struction. According to a recent return 105,888,072 cubic 

yards of earth and rock have been removed ; this leaves 

. 232,052 cubic yards of material to be taken out of the 
water ap hes of the canal, while steam-shovels have 
still to dig out, 38,867,617 cubic yards of solid earth and 
rock. ‘The Culebra cutting remains the hardest problem, 
as 31,128,845 cubic yards have still to be excavated. The 
excavation has attained, however, a rate of 1,240,000 cubic 


yards per month, so that the end is now considered to be | 


in sight. As rds the great dam and locks on the canal, 
it is ised he an average of 2500 cubic yards of con- 
crete will be laid daily this month (June). 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The tore of the’ steam-coal trade has not 
improved; forward quotations have been fairly main- 
tained, but buyers continue to pursue a waiting policy. 
The best large steam coal has made 16s. 3d. to 16s..6d. per 
ton; secondary qualities have ranged between: 15s. and 
16s. per ton. The best ordinary smalls have brought 8s: 
to 8s, 3d. per ton.. House coal has shown little change ; 
the best ordinary descriptions have brought 15s, 6d. to 
16s, 6d. per ton. No. 3 Rhondda large has made 17s. to 
17s. Gd. ; and smalls, 9s. 9d. to 10s. 3d. per ton. No. 2 
Rhondda large has been quoted at 12s. to 12s. 6d., and 
smalls at 7s. to 7s. 6d. per ton. Foundry coke has realised 
19s. to 20s., and furnace ditto, 17s. to 17s. 6d. per ton. As 
regards iron ore, Rubio has been quoted at 19s. 6d. to 20s. 
per ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


The Welsh Coal Trade.—It was recently stated that the 
administration of the Belgian State Railway was in the 
market for 520,000 tons of small steam coal. It may now 
be noted that this total is to be divided into 100 lots of 
5200 tons each. The Belgian State Railways also require 
130,000 tons of patent fuel in 25 lots of 5200 tons each, 
and 9000 tons of forge coal in three lots of 3000 tons each. 


P esate hel = has been resumed i. | So omens 
epartments, after a stoppage owing to a labour difficulty, 
and there is. now a quel satoat, The Goat Mill has 
worked a fairly large tonnage of tin bars, together with 
heavy steel rails (partly on Colonial account) and steel 
sleepers. 


Cardiff Channel Docks.—The Cardiff Channel Dry 
Docks and Pontoon Company, Limited, has given up the 
dock. and shops on lease at Newport from Messrs. 
Mordey, Carney, and Co., Limited, and has built and 
equipped new works with electrically-driven modern 

ant and a suite of new oftices, all on the company’s own 
reehold land at that port. The company has entered 
into a contract with Messrs. Topham, Jones, and Rail: 
ton, Limited, to make extensive additions to its present 
dry-dock accommodation. The company has further 
acquired new works on the western side of the Usk (which 
are now being electrically equipped), to enable the 
management to deal more effectively with repairs afloat 
in the wet docks, while considerable extensions and im- 
provements have been carried out at Barry. 


The Swansea Valley.—The collieries have been fully 
employed round Birchgrove, Clydach, Glais, and. Morris- 
ton. The output of steel has been large, but there has 
been a restricted production of large sheets. e tin- 
plate trade has been active. 








SovurH AMERICAN NUMBER OF THE “‘ RAtLway GAZE??PE.” 
—A wel]l-produced special number of the Railway. Gazette 
was published on May 25, devoted entirely to South 
American subjects, and more especially, of course, those 
of interest in connection with the Argentine Centenary 
Railway and Land Transport Exhibition at Buenos 
Aires. The number is printed in English and Spanish 
in parallel columns, and is lavishly illustrated. The 
articles are for the most part comparatively short, and 
the range of subjects, while confined to transport ques- 
tions, is consequently wide. There are articles on South 
American railways, on organisation, engineering, rolling- 
stock, &c., on the transport of grain to the sea on 
mountain railways. Some 32 pages are devoted to typical 
views on South American railways, and the scenes de- 
picted will probably come — as a revelation to many 
people at home who have only a very indefinite idea as to 
the railway development in the Latin American States. 
Many of the railways are given individual articles, while 
railway affairs in the various States are also discussed in a 
more general way. ‘Twelve pages on art paper are given 
up to half-tone reproductions of photographs of modern 
South American rolling-stock, which, both as regards 
locomotives, mger, and freight stock, is of the best 
that the world can produce. © price of this special 
issue is 2s. 6d. : 





Tue Institution or Gas Enorineers.—The annual 
geen) meeting of the Institution of Gas Engineers is to 
held in the Hall of the Institution of Mechanical Engi- 
neers, Westminster, under the presidency of Mr. James 
W. Helps, M. Inst. C.E., engineer and general manager 
to the Croydon Gas Company, on Tuesday, Wednesday, 
and Thursday, June 14 to 16. The President’s addrers 
will be delivered at the opening of the proceedings, after 
which a paper on ‘ Public Lighting from a Municipal 
Point of View,” by Mr. Jacques Abady, London, will be 
read and discu - In the afternoon a meeting of the 
joint commercial sections of the United Kingdom will be 
eld. The report of the Gas Heating Research Com- 
mittee is to be read and discussed on Wednesday, the 
15th inst., followed by papers and discussions on ‘‘ Gas 
as a Universal Fuel,” by Mr. H. L. Doherty, New 
York; ‘‘Gas Calorimetry in the United States,” by 
Mr. J. B. Klumpp, Philadelphia ; and ‘The Manage- 
ment of Small Gas Undertakings and Works,” by ‘Mr. 
F. J. Ward, Knowle. On Thursday, the 16th inst., the 
report of the Institution’s Carbonisation rch Com- 
mittee will be presenta. after which papers on ‘‘ Experi- 
ments in Carbonisation on_ the Birmingham Coal Test 
Plant,” by Mr. William B, Davidson, Birmi m ; 
‘The Latest Installation of De Brouwer Staking achi- 
bey and Coke-Handling Plant,” by Mr.,8. Y. Shou- 
bridge, Lower Sydenham, aré to be read and discussed. 
The report of the Institution’s Refractory Materials Com- 
mittee concludes the technical programme of the meeting. 
A, visit of inspection tothe works of the Croydon Gas Com- 
pear will take place on Fridky. the. 17th inst., the party pro- 
ceding in the afternoon to the Japan-Brit‘sh Exhibition, 
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300-HORSE-POWER IMPULSE STEAM-TURBINE 
CONSTRUCTED BY MESSRS. COOPER AND GREIG, ENGINEERS, DUNDEE. 
(For Description, see Page 712.) 
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Hut Docks.—The North-Eastern Railway Company | On this the coal is discharged from a hopper, and, | or when 1 i bel 
. . é : . id ° ow of “4 _ 
a ee oe riments with belts for woo 5 mp coal | travelling along the belt, passes over a inca, shea |along the Boge aoe ah Po 8 ft. below 
. \ — k, Hull, and shippers and traders are to | it is directed into a spout training into a ship’s hold. | the rail-level; the coal wagons are discharged into the 
pp toate do ae demonstration of the new appliance. |The belt is worked by a gas-engine, and there is an| hopper, and returned to the “empty” yard by means 
w com te ae a design, have been | ingenious mechanism for elevating it to the required |of gravitation. The speed at which the belt travels 
y $2, om », docks engineer of the | height. This can be adjusted according to the height of |can be easily regulated; and in this way, while 
— + peaagne — he ae of a coal-belt is the hatches in relation to the quay-wall, which, of | continuous stream of coal is being discharged, it can be 
of an endless chain of trough-shaped solid rubber. | course, varies when the vessel is lying high and light, | adapted to the speed of the trimmers in the hold. 
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AEROPLANE VERSUS DIRIGIBLE. 


TuHE recent remarkable flights have again directed 
attention to the question whether the dirigible bal- 
loon or the aeroplane will be the predominant power 
of the air in future warfare. We referred to the 
question of the command of the air generally in our 
issue of December 31 last, page 893, and need not 
therefore again dwell upon its importance. The 
question of whether this command will be attained 
by the dirigible or the aeroplane, or whether these 
will both be used for different purposes, is, however, 
of considerable interest. We incline to the view 
that they will be accessories to each other in the 
same way and in the same relative degrees as the 
battleship and torpedo-firing craft. e ‘‘com- 


ts,| mand of the air,” like the ‘‘command of the sea,” 


will only be gained by hard fighting, and until it 
is secured by combat in the sky aerial invasion of 
the enemy’s country will be impossible, although 
forays and reconnaissances may be attempted under 
favourable conditions of darkness or fog. In this 
work the aeroplane will find its true vocation. 

What is probable is that in actual war each com- 
batant would have a fleet of flying-machines of 
various kinds, and that in the case of any enemy 
appearing it would be the first duty of the opposing 
aerial fleet to attack him. Obviously, the home 
fleet would have the same advantage of acting near 
its base which a home fleet at sea has, and therefore 
an attacking fleet would not be allowed to sail over 
an enemy’s territory unless it had such a decisive 
superiority that it could defeat the home fleet near 
that fleet’s own base. In order to be of any use, 
therefore, a flying-machine, whether balloon or 
aeroplane, must be able to fight in the air, and the 
only types which will be of actual use in war will 
be those which can fight with a fair prospect of 
victory. 

It is yet too early in any way to forecast what 
will be the development of aerial warfare, though 
it is certain that it will be a most important factor 
in the battles of the future. It is, however, of 
interest to endeavour to forecast what will be the 
probable merits and disadvantages of the aero- 
plane and balloon respectively, as applied to war 
purposes in the next few years. e question, 
therefore, arises, what chance the dirigible would 
be likely to have in a fight if it met with aeroplanes ; 








and, further, what chance each has of doing effective 
work without fighting. 

Taking the last point first, there can be no doubt 
that the dirigible could never do any really effective 
work without fighting, for the very simple reason 
that it is not so fast as the aeroplane. The latter 
might, under some circumstances, do a good deal of 
effective scouting work if it were only opposed by 
dirigibles, for the reason that the latter could not 
be of very great numbers, and, owing to their slow 
speed, could not cover a very large area. Thus, let 
us suppose a frontier several hundred miles long and 
a considerable number of aeroplanes available. No 
reasonable number of dirigibles could alone protect 
the frontier from invasion, as the aeroplanes would 
have a speed many miles per hour faster than the 
dirigibles, and, however well the latter protected a 
part of the line, there would always be spaces where 
the aeroplane could cross, and having taken all the 
observations required, could return without being 
brought to action. Onthe other hand, having superior 
speed, the aeroplanes could always force the slower 
dirigibles to action if the latter crossed their own 
frontier. But the choice of combat would depend 
fighting strength, in which case the dirigible 
would have great advantages, as the aeroplane 
cannot carry anything but the lightest guns ; while 
the bursting charge of such guns as the dirigible 
may carry must an important factor in the 
result of aerial tactics. 

In considering the question of which would come 
off best in case of a fight in the air, it must always 
be remembered that the dirigible is a very expen- 
sive machine, and that for a given expenditure the 
aeroplanes would always be in a very great numerical 
superiority. This is a most important point, often 
overlooked, but it is easy to attach too much 
significance to it. Some yearsagoa French Minister 
of Marine argued that, as a torpedo-boat could send 
an ironclad to the bottom, and only cost one-fortieth 
as much, it was the best policy to spend the money 
on torpedo-boats, and noton warships. As a result 
France lost her old place among the naval nations 
of the world. In matters of armament cost is not 
the guiding principle ; there is nothing so expen- 
sive as defeat, and to avoid this the most efficient 
weapons must be provided in sufticient numbers. 
Battles, aerial or terrestrial, are won by hard hitting, 
in which the dirigible, like the battle ship, must 
excel, The aeroplane has its function in warfare, 
just as the torpedo-boat has, and will always be a 
cause of grave anxiety to the commander of the 
dirigible on account of its superior speed. It will 
be to him what the torpedo-boat and the sub- 
marine are conjointly to the Fleet Admiral. 

Aerial battles will be fought in three-dimensional 
space, and will call for a new set of military prin- 
ciples, and for an all-round resource on the part of 
the commanders far in excess of any yet seen. At 
the present time the dirigible balloon is regarded 
by the military authorities of the world as the only 
aerial vessel suitable to their needs. Germany has 
fourteen in commission and nine under construction, 
while 1000 officers and men are under training to 
form their crews. Docks and hangars are bein 
constructed at strategic points, et a system o 
tactics is being evolved. No doubt the aeroplane 
is also being studied and improved by the German 
military authorities, but of this we hear less, for the 
good reason that to-day, at least, it is not a military 
machine at all. For actual fighting purposes the 
aeroplane cannot as yet be reckoned. the dirigible, 
on the other hand, can carry a crew of as many as 
twenty-six, and can be fitted with guns much above 
rifle calibre. It can remain in the air 30 to 40 hours, 
and can in that time traverse several hundred miles. 
As compared with the aeroplane, it is, as already 
stated, as the battleship to the torpedo-boat. 

The battleship has no absolute immunity from 
the attack of the torpedo-boat, and very little 
safety indeed unless the officers and Ran both 
vigilant and skilful. Size, in its influence on 
buoyancy, is an important safeguard, and this will 
apply also to the airship. The more numerous the 
enemy’s torpedo-boats the greater the danger that 
one or two will escape notice, or will have the good 
fortune to run the gauntlet of shot unharmed until 
within striking distance. The same is true of the 
dirigible. When the time arrives, as it surely will, 
that the aeroplane can carry a couple of fighting men 
in addition to the steersman, and these can be armed 
with something of the nature of a mitrailleuse, 
then the efficiency of aeroplanes will be increased, 
if they cruise in fleets against isolated -dirigibles. 
The small target and high speed of the aeroplane 
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will be all in its favour, in spite of its opponent 
being far more heavily armed, while the inevitable 
confusion attending a ‘combat waged upwards and 
downwards, and on all sides, should afford many 
a chance to a daring fighter to get in a telling blow. 

Even if hit, an aeroplane might be very little 
damaged, unless a spar was broken. It may be 
said, on the other hand, that a great many bullets 
might be put through the gas-bag of a dirigible 
without hurting it, but this appears to require 
demonstration. The dirigible with its gas-bag 
under considerable pressure is in a very different 
position in this respect to the ordinary balloon, 
and the comes out very much faster. More- 
over, it should not be difficult to invent some form 
of projectile which would set on fire the gas issuing 
from a puncture. In this case, of course, the 
balloon would be in flames in an instant. In fact, 
there are many ways in which the inflammable 
nature of the gas in a balloon might be taken 
advantage of to attack it. 

For the present the dirigible is the more reli- 
able weapon than the aeroplane, and that is enough 
for the military authorities, who can only use the 
means inventors put in their hands. Some think 
that if the aeroplane once gets above the dirigible, 
the fate of the latter is sealed, for the gas-bag 
prevents its firing at its enemy ; but gun-platforms 
can be arranged on top, with a conning-tower from 
the gondolas below, through the gas-bag, as is pro- 
posed, if not actually being adopted, in the later 
German airships. At present the dirigible can 
ascend to heights to which the aeroplane has not 
yet reached, but the maximum height reached by 
an aeroplane is over ten times what it was a year 
ago, and it is probable that it will be much greater 
still. 

The whole subject of aerial warfare is necessarily 
a culative one at present, as the aeroplane 
would have to undergo very considerable improve- 
ment before becoming of any great practical use at 
all, except for scouting, especially as the load carried 
is so small, and as it is impossible for the occupants 
to take ‘‘standing” aim. But if it be assumed 
that this development makes the progress which 
may be expected, it certainly appears that the 
aeroplane is likely to become a very eflicient fighting- 
machine, notably for scouting and as the accessory 
of the dirigible. In this respect the latter will 
resemble the battleship which dare not enter the 
enemy’s harbour unless his submarines and torpedo- 
boats have previously been destroyed or driven off. 





THE VICTORIAN RAILWAYS. 

Once again we have to note the fact that the 
gross revenue of the Victorian Government Rail- 
ways has exceeded all amounts hitherto recorded. 
In the year 1908-9 this satisfactory condition was 
brought about in spite of the considerable set-back 
in the previous year, due to rate reductions and the 
renunciation by the Railway Commissioners of claims 
on the State Treasury. In 1906-7 the gross revenue 
of the system amounted to 4,012,641/. Owing to 
the much sounder financial position of the railways 
the Commissioners, in the next year, made sundry 
reductions in goods rates, while, at the same time, 
the claim which, under Act of Parliament, they 
have to reimbursement from the Exchequer for loss 
on traffic conducted by order of the State at 
unremunerative rates, was virtually renounced. 
Following upon this the revenue fell, in 1907-8, to 
3,873,3681., but for the year 1908-9 considerable 
expansion of traffic in several directions has resulted 
in the gross revenue reaching the figure of 
4,178,124!., and this without reverting to the 
former policy. hak 

It may be taken that the Commissioners feel that 
events have justified their action in this matter of 
refunds. In last year’s ~ Eo it was stated that 
the reductions in rates and fares made since the 
Commission had taken charge of the railways, to- 
gether with the claims, of the kind stated above, 
which have been relinquished, work out at an 
annual value of 250,0001. Nevertheless, the reten- 
tion of the Act appears to be necessary as a check 
against ill-advised and extreme legislative inter- 
ference. For the railways to be maintained on a 
sound commercial basis the Commissioners should 
undoubtedly be allowed discretion in rate-making. 
If the Legislature desires to grant terms to certain 
sections of the community which the Commis- 
sioners feel are not commercially permissible, the 
latter ought to be ina position to maintain their 


authority bya counter-claim on the State Exchequer. 





Only by some such means can the balance be fairly 
maintained between the eminently desirable prin- 
ciple of working the railways on a commercial basis, 
and the popular wish to see new tracts of country or 
new industries developed rapidly. It is well known 
that in several of the States of the Commonwealth 
the relative importance with which these matters 
have been regarded has led to conditions only 
describable, from the railway point of view, as un- 
satisfactory. The railways have been expected to 
show profits, though, concurrently, they have been 
hampered by rate restrictions and by high prices 
imposed upon them by the Legislature. Equity 
requires some off-set, and this, in Victoria, has been 
provided by the Act referred to above, of which full 
advantage is no longertaken. The Commissioners, 
however, still avail themselves of its provisions to 
some extent in connection with the carriage and 

urchase of Victorian coal. Coal mined in the 
State is carried at reduced rates, while Govern- 
ment has fixed a price to be paid by the railways 
for this coal which the Commissioners consider 
unduly high. The result is that the State Treasury 
makes good the loss to the 1ailways. The amount 
so repaid is, however, small compared with the 
claims relinquished in the past. 

With the gross revenue amounting to the figure 
given above, and the working expenses amounting 
in 1908-9 to 2,409,430/., a net revenue of 1,768,6851. 
remained for interest charges and profit, &c. Of 
this sum, the interest charges at the rate of 3.51 
per cent. on the current loans absorbed alto- 
gether 1,430,093/., leaving a balance (including net 
revenue from the St. Kilda and Brighton Electric 
Street Railway) of 340,458/. In accordance with 
an Act which came into force in 1908, the railway 
surplus had now to provide direct the money needed 
for pensions, &c., os its staff. The amount dis- 
bursed in this way during the year was 105,4151., 
thus leaving a final surplus of 235,043/. In our 
article on the Victorian railways, published last 
year, we commented favourably upon the fact that 
a law had just been passed instituting an interest 
reserve fund, and an additions and improvement 
reserve fund. The former was intended to meet 
deficits in unfavourable years, the surplus in good 
years being in part set aside for this purpose. To 
the latter fund part of the surplus in good years 
was to be paid, in order, as the title implies, to meet 
the cost of required additions or improvements. 
Any railway surplus was to be divided between 
these funds until they amounted to 300,000/. and 
200,000/. respectively. The move was a decidedly 
good one in view of the great fluctuations to which 
the railways of the Australian States are subject. 
The period which the last report covers was the 
first for which any payment to these funds became 
possible, and it is rather interesting to note that, at 
what was therefore the first opportunity, the work- 
ing of the Act was suspended, and the railway sur- 
plus for the year 1908-9, amounting to 235,0431., paid 
over to the consolidated revenue, as before, as if no 
such Act had ever been framed. The peculiarity of 
the situation is enhanced by the fact that the State 
Treasury will now allow the Commissioners 3} per 
cent. for this money until it is made good to the 
two funds to which it should properly have been 
paid. If prepared to pay interest in this way, the 
question naturally arises as to why the State, if 
in need of the money, did not raise it in the ordinary 
way, and allow the railways to build up its reserve 
funds. The only likely explanation appears to 
be that probably the terms arranged with the 
Commissioners are more favourable to the State 
than those which would be obtainable in the finan- 
cial market. The institution, and almost immediate 
suspension of the working, of these funds is another 
instance of the difficulty of keeping State-controlled 
railways as self-contained working organisations. 
It may happen in the future that the Commissioners 
will feel it incumbent upon them to undertake 
improvements in order to maintain the system at 
an efficient standard, at a time when the State will 
only be able to borrow on terms even less favour- 
able than those now obtaining. In the event of 
this happening, it would be quite conceivable for such 
caaesesy as is possible to be brought to bear on the 

ommissioners with a view to delaying the improve- 
ment to a later date which, from the State’s point 
of view, might be considered more opportune. This 
departure from what appeared to be intended for a 
common-sense policy is to be regretted, but is not 
altogether surprising in a continent long noted for 
its inscrutable conduct of railway finance. 

We noted above that the gross revenue in 1908-9 





stood at a higher figure than ever before. The 
increase over the previous year amounted to 
304,7561., equivalent to 7.86 per cent. A very 
material increase occurred in passenger traflic, 
partly due to the visit of the American fleet to Mel- 
bourne. The most notable development, however, 
was in goods traffic, which showed an increase of 
13.52 per cent., the sum of 216,2331. being the actual 
measure of the improvement in this traffic. This 
was principally due to heavy grain traftic, as the 
result of a good harvest. Live-stock traffic de- 
creased to some extent, but this does not necessarily 
betoken reduced prosperity, for the figures for this 
class were abnormally large in the preceding year 
owing to a prevailing drought, and thé need of 
moving stock to districts where their maintenance 
was possible. It is reported, however, that weather 
conditions were not altogether favourable during 
the last year, and a falling-off in receipts from wool 
and dairy produce is recorded. 

The increase of 7.86 per cent. in traffic receipts 
is accompanied by an increase in working expenses of 
123,5421., or 5.40 percent. The situation has, there- 
fore, improved during the year, the ratio of working 
expenses to gross revenue having sunk from 59.02 
in 1907-8 to 57.67 in the year under review. The 
total increase in traffic train-miles was equivalent 
to 9 per cent. on the previous year, so that the 
working of these was evidently conducted economic- 
ally. he total train-mileage for the year was 
11,290,578, on the system which has a length of 
3397 miles. The length of the system was prac- 
tically unchanged during the year, so that the 
expenses per mile open increased. On the other 
hand, the expenditure per train-mile decreased 
from 52.84d. per train-mile to 51.22d. in 1908-9. 
This figure is above any previous year except that 
immediately preceding, which is not quite satisfac- 
tory ; though, with the continued increases in 
wages and materials, it is not surprising that the 
figure tends to grow in spite of efforts to keep it 
down. With increasing wages and prices, the only 
means of reducing costs is to be found in improved 
organisation and methods, and the general improve- 
ment brought about during the régime of the Com- 
missioners is sufficient proof that close attention is 
given to these matters. 

In the matter of equipment a policy of steady 
improvement is being pursued. During the year 
19 locomotives were built at the railways’ New- 
port works, and others were in hand at the 
time of issue of the report. Twenty-four carriages 
and three dining-cars had also been turned 
out, besides 314 other vehicles, some of which 
were additional, and some replacement, stock. In 
this and the following years large sums are to be 
spent in altering passenger stock capable of im- 

rovements, and in building new stock. On the 

ormer work an expenditure of 180,0001. is planned, 

and for the latter some 400,000/. are estimated as 
the cost of. 119 corridor lavatory cars and 121 
suburban cars. This expenditure will be charged 
to working expenses, and will be spread over about 
four years. When this programme is completed 
practically all country trains will be equipped with 
corridor lavatory carriages, and the suburban trains 
with bogie carriages 58 ft. in length ; while a num- 
ber of older, but still serviceable, carriages will be 
available for special excursion traflic, replacing the 
stock sometimes now used for this purpose, which 
amounts to nothing more than trucks (numbering 
at times 450, according to the report) fitted with 
seats and canopies. 

On the occurrence in February last of a regret- 
table accident on these railways, the attempt was 
made in the Australian papers to prove that the 
rolling-stock was not properly equipped for the 
service worked. The train in question consist 
of two engines and thirty-one trucks loaded with 
wheat, and it got out of control down an incline of 
1 in 50, in spite of the fact that the engines and 
twenty-seven of the vehicles were equipped with 
the Westinghouse brake. Whether the accident 
was due to the failure of equipment or not, it 15 
very evident that the Commissioners are desirous 
of bringing stock up to a safe standard, for at the 
end. of the 1908-9 year 87.4 per cent. of the goods 


trucks had been fitted with the Westinghouse 
brake, and practically the whole of the rem iinder 
piped. . ; . 
Again reference is made in the report to the 
urchase of American rails. The rails were manu 
Looseed by the Loraine Steel Company, | S.A, 


and supplied at a price of 5/. 7s. 9d. per ton 
aenveesl into trucks at Williamstown pier, oF 
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15s. 9d. less than for similar rails by the same 
makers delivered. in the previous year. It is also 
stated that in purchasing fish-plates, the railways 
have given a 10 per cent. preference in price in 
favour of a firm of manufacturers at Lithgow, in 
the State. It is also to be noted that the new 
Flinders-street Station in Melbourne is likely to 
exceed the estimated cost of 440,0001. considerably, 
on account of the decision to use Australian instead 
of imported materials. 

Construction is in hand on several extensions, 
and next year a considerable increase in the length 
of the system will probably be recorded. At the 
same time the capital expenditure incurred in the 
construction of lines abandoned shows a slight 
increase owing to the dismantling of the Geelong 
racecourse line. The total expenditure thus ren- 
dered valueless now amounts to 392,8541. As time 
goes on it is probable, of course, that this figure 
will not show any marked increase, construction 

ropositions being more carefully weighed in the 

lance now than formerly. 





WORKMEN’S LIABILITY FOR 
NEGLIGENCE. 

Tue subject of workmen’s liability to em- 
loyers for negligence was discussed by us on 
March 11, in a Note which referred to the decision 
of the County Court Judge at Oldham in a case 
where a firm brought an action against two of 
their employees for an indemnity in respect of 
compensation paid by them to a boy who was 
injured as a result of the negligence of the 
defendants, who were his fellow-workmen. The 
action was brought under Section 6 of the Work- 
men’s Compensation Act for an indemnity, which 
was granted by the Judge, who thought ‘‘it was 
only right if the accident was caused by a work- 
man’s negligence that the master should claim 
against the man responsible.” We pointed out 
in our Note on the case that the reported decision 
of the County Court Judge seemed to suggest that 
employers have a remedy against negligent work- 
men, who are not, generally speaking, liable for 
negligence under the Workmen’s Compensation 
Act. The claim of the employers was opposed by 
counsel, who argued, in the County Court, that 
in seeking an indemnity under the Workmen’s 
Compensation Act (Section 6), instead of damages 
at common law, the employers were trying to 
shift the responsibility under the Act from the 
employers to the workmen where there is negli- 
gence. 

The point is debatable, and, as we expected, 
it went to the Court of Appeal on the 2nd ult., 
when Section 6 for the first time came up for the 
interpretation of the High Court. The facts of the 
case, it will be remembered, were that a boy named 
Gibson was paid compensation by his employers, 
Dunkerley Brothers, for injuries received, when he 
was working at the cleaning of a spinning-mule by 
order of one of the defendants, as a result of the 
machinery, which should have been stationary 
during the cleaning, having been started by the 
other of the defendants. Both defendants were 
fined at the Police Court for a breach of the Factory 
Act. The question for the Court of Appeal was 
whether the County Court Judge, as arbitrator 
under the Workmen’s Compensation. Act, was 
correct in his judgment that Section 6, in the 
words ‘‘Some person other than the employer,” 
applied to the injured boy’s fellow-workmen, and 
entitled the employers to recover from the two 
defendants. The Court of Appeal took the same 
view as the County Court Judge, and the appeal 
was dismissed. This decision is very important to 
workmen, as it settles the disputed question of the 
workinen’s liability to employers for negligence. 

e section is held not to apply only to outsiders 
other than the employers. : 

The words of the section ‘if the workman has 
recovered compensation, the person by whom the 
compensation was paid, and any person who has been 
called upon to pay an indemnity . . . shall be en- 
titled t. be indemnified by the person liable to pay 
damaces, are now to be understood to be ap- 
Plicable to fellow-workmen who have been guilty of 
negligence. 
,, This decision does not refer to the doctrine of 

conuion employment,” which is only applicable 
now at common law. Negligence of a fellow-work- 
man &' common law is a complete defence to any 
action for damages brought - a workman. This 
Was amended by the Employers’ Liability Act, 1880, 








and under the Workmen’s Compensation Act the 
claim against the employer for compensation is 
good, in spite of a fellow-workman’s negligence. 
t will be noted by workmen that, although the 


injured workman gets compensation from the em- | 
large drums a length of 14 ft. They were placed 


ployer for injuries caused by the negligence of a 
fellow-workman, the employer may be indemnified 
for the compensation he has paid by a fellow-work- 
man of the injured person who was liable for the 
accident through his negligence. 

We may add that this decision appears to suggest 
an anomaly. An employer may take an action 
against an employee who is guilty of negligence, 
while the Wedenate Compensation Act provides 
for arbitration, and takes no account of negligence. 








THE “SHERARDISING” ZINC- 
GALVANISING PROCESS. 
An interesting paper on the galvanising zinc 
process, which os bee 
of the ‘‘Sherardising” process after its inventor, 





ome known under the name | 


Mr. Sherard O. Cowper-Coles, was read at the | 


Faraday Society on Tuesday last by Mr. J. W. 
Hinchley, M.Sc., of London. The invention dates 
back nine years, the practical working seven years. 
Last spring Mr. Cowper-Coles gave an account of 
the practical application of his process before the 
Society of Chemical Industry. The title of Mr. 
Coles’ paper was ‘‘ Vapour-Galvanising ;” but he 
described two processes. In the one the iron to 
be galvanised was embedded in zinc dust within a 
drum, which was heated from outside and turned 
during the operation. In the other the object was 
suspended over the heated zinc dust. Mr. Hinchley 
confined himself to the first process, and he wished 
to reserve the name ‘‘ sherardising ” for this method 
of coating iron and steel with zinc. 

Mr. Hinchley stated that he could not accept the 
usual explanation of the process which regarded zinc 
vapour as the important factor. If that were so, 
time and temperature should control the process ; 
but he found that the percentage of the zinc in the 
dust (which always contains zinc oxide) and the 
direct contact between the zinc and iron were the 
essential factors. Neither very rich dust (above 
80 per cent. of zinc) nor very poor dust (below 5 per 
cent.) was suitable. If the temperature exceeded 
425 deg. Cent.—zinc melts at about 420 deg. Cent. 
and boils at 910 deg. Cent.—sherardising became 
impossible; the best temperature was between 
250 deg. and 400 deg. Cent. At 250 deg. Cent. the 
vapour tension of zinc was not higher than that of 
mercury at freezing-point. As long as the articles 
remained bright, they would not sherardise. The 
iron had to become covered with a film of magnetic 
oxide, which could sometimes be discerned as a 
black band, =; in. in thickness, and this oxide must 
be in actual contact with the zinc, which reduced 
the oxide more and was itself deposited. The zinc 
and iron alloyed to a compound, on which more zinc 
was deposited, and which might finally contain up 
to 10 per cent. of iron. The zinc probably diffused 
into the metal, though he had not been able to 
observe this under the microscope. The black 
oxide could be found on dissolving the coating in 
caustic potash ; the filter paper used often took 
fire, because of the presence of finely-divided iron. 

On cast iron sherardising would not start below 
250 deg. Cent., and sometimes not at all; nickel 
steel was also difficult tu sherardise; annealed sheet 
iron, on the other hand, could be treated directly 
without pickling. A little oil on the surface of 
the iron was rather advantageous than detri- 
mental; Silica could be added to the zinc dust ; 
carbon, sometimes recommended, was injurious. 
Impurities of zinc were, on the whole, to be 
avoided, especially hygroscopic substances; for 
this reason pickling was not always advisable. 
Yet the same dust could be used for. years, 
if replenished after each operation by a little 
more than the spent amount of zinc. Forty per 
cent. of the volume of the dust consisted of air, 
which was important. At the same time hydrogen 
was present in the drum, and the hydrogen flames 
were seen; this hydrogen was produced by the 
decomposition of moisture by the zinc. The 
honaliosh articles turned yellow, and gradually 
black ; in the black condition they could once more 
be sherardised. They did not keep so well in 
liquids as inair, but when dipped in vaseline or 

troleum they lasted a long time. This was done 
in ey Bye States, where more than thirty 
wor taken the process up, for special pur- 
poses, while here in England ioe had so far ba 
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m|for satisfactory inspection before three to four 


little demand for sherardising, except for job-work. 
The special treatment of tubes to be galvanised 
inside and outside, and of sheet metal, had now 
been taken up at Birmingham, however.- The 
small drums used had a length of 64 ft., the 


on trolleys, on which they were turned, and 
which were run on rails into the furnace, where 
gas flames played directly upon the drum. The 
temperature was determined by means of electric 
pyrometers. In treating iron sheets of 20in. by 
14 in., the sheets were i upon one another, and 
separated by combs of steel. The pile was then 
placed edgeways, and the combs were withdrawn, 
while zinc dust was run between the sheets. From 
40z. to 20z. per square foot could thus be deposited 
on sheet iron, which remained elastic and had the 
characteristic cry of zinc. 

Some further information, partly corrective of 
Mr. Cowper-Coles’s statements, to. whose r Mr. 
Hinchley had not referred, was elicited during the 
discussion. The process did not answer for alu- 
minium, which, if amenable to this treatment, 


could easily be galvanised with other metals subse-. 


quently. Experiments to treat antimony like zine 
had also failed. The strength of the iron might 


be improved or weakened by sherardising. Rolled: 


and wn materials were a little weakened ; 
but sherardised wire could afterwards be drawn. 
Sherardising brought out flaws ; tramway springs, 
for instance, had sometimes broken after this treat- 
ment, thus showing defects which might have led to 
serious trouble afterwards. Sherardised welds also 
showed their weakness. Several speakers having 
expressed the opinion that zinc might have a sufli- 
cient vapour tension at 200 deg. Cent. to diffuse into 
the iron, Mr. Hinchley repeated his statement that 
actual contact seemed necessary ; the mere vapour 
treatment had not answered. . The zinc was par- 
ticularly deposited on thin parts, for instance, on 
the sharp edges of a screw-thread; the thread thus 
became very slightly deepened. Mr. Coles had 
said that the iron walls of the drum did not become 
coated with zinc, which would be difficult to ex- 


plain on the contact theory, though the repeated: 


direct heating of the iron, even from the outside, 
might destroy any initial coating formed. But 
Mr. Hinchley did not confirm this statement when 
questioned. He made out a good case for. his 
contact theory, which Mr. Cowper-Coles had also 
favoured, and for the process on the whole, though 
the process may not fulfil all that was expected 
of it. 








THE BRUSSELS INTERNATIONAL 
EXHIBITION. 


In the course of a visit we paid to the Exhibition 
a few days ago we were able to gather data con- 
cerning a number of the displays. A few of ‘these 
form the subject of descriptions in the present 
issue ; we hope to refer to others in subsequent 
issues. Several of the shows, however, both in the 
British and in the foreign machinery sections— 
those which appeal the most to our readers—are 
still uncompleted. The British Industrial Hall, 
constituting, as stated in one of our former articles 
(see page 401 ante), a passage through the Exhi- 
bition from the main entrance, is now practicall 
finished, although several stands, when we called, 
required completion and a few final touches. - This 
hall, as already stated in our article referred to, is 
a magnificent and lofty building; it, however, 
strikes the visitor as being rather bare, especially 
when viewed from the tep of the stairway leading 
to the foreign industrial sections and Machinery 
Hall. The show-cases and exhibits appear few and 
far between. In the latter hall the Brisish machi- 
nery items are arranged in the centre, as shown in 
the plan on page 402 ante. They make a very fine 
and interesting display ; but several of the stands, 
we were sorry to see, were still in a backward 
state. The names of the exhibitors were not all 
fixed, the ens in several of the stands was not 
yet covered with linoleum, and the gangway in the 
vicinity of the stands was HP at several p ; 
The same remarks are applicable to a number of the 
neighbouring foreign machinery stands ; in the case 
of the Belgian firms, whose works are located on 
the banks of the Meuse, there is some excuse 
for delay, owing to the imundations which  pre- 
vailed in February and March last. The rolling- 
stock is being received in the special pavilion set 
apart for it; we hardly think this can be read 
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weeks. The German section still remains the most 
forward department. 


BortER ACCESSORIES AND Fittines ; HEATING aND 
VENTILATING PLANTS. 


The exhibits made by Messrs. G. and J. Weir, 
Limited, Cathcart, Glasgow, are classified under 
four sections, and comprise three sizes of their 
standard direct-acting feed-pump, and one of their 
tandem compound feed-pumps, together with various 
items of pump gear. e former are of their well- 
known vertical single-cylinder double-acting type ; 
the pump, of cast iron, is fitted with a gun-metal 
liner. The steam-piston is of the standard type, 
with self adjusting king-rings, and the water- 
piston of gun-metal, fitted with special ebonite 
packing-rings. The tandem compound feed-pump 
is on a very similar design, with high and low- 
pressure steam-cylinders on top. 

In this the pump-barrel is 9 in. in diameter; the 
diameter of the high-pressure cylinders, 10 in. ; that 
of the low-pressure cylinder, 18 in.; with a 21-in. 
stroke. In the other pumps the principal dimen- 
sions are as follow :--Pump-barrel, 5 in. in dia- 
meter ; diameter of steam-cylinder, 7 in.; stroke, 
12 in. Pump-barrel, 6 in. in diameter ; diamet 
of steam-cylinder, 84 in. ; stroke, 15in. Pump- 
barrel, 8 in. in diameter; diameter of steam- 
cylinder, 10} in.; stroke, 21 in. 

The Sturtevant Engineering Company, Limited, 
whose works are at Bankside, London, S.E., have 
made a comprehensive exhibit of their specialities. 
These comprise one of their No. 5 size of ‘‘ steel- 

late”’ fans fitted in conjunction with an air- 
eater, and suitable for heating, ventilating, and 
drying. These fans also find their application for 
ventilation where there is a lack of space, as on 
board ship ; for the creation of induced draught ; 
and as fume, gas, and smoke exhausters. The 
blast-wheel has a large number of elongated shallow 
floats, having a series of spoon-shaped depressers, 
the effect of which is to prevent the air from sliding 
along the floats. In the fan exhibited, the blast- 
wheel is overhung; it has a full housing, which 
takes in the complete circumference of the fan. A 
‘* steel-plate” fan for induced draught is also ex- 
hibited, direct-coupled to a Sturtevant steam- 
engine, together with two ‘‘ Monofram ” exhausting- 
fans. The special feature of the latter is that they 
are designed to deliver large volumes of air against 
a strong resistance; they are driven by shunt- 
wound motors. The exhibits further contain a 
‘**Monofram ” blowing-fan ; a ‘‘ high-pressure ” fan ; 
a turbo-blower, consisting of a one-stage high- 
pressure blower, with inlets on both sides, direct 
driven by a Sturtevant steam-turbine ; three pro- 
veller fans, driven by continuous-current motors. 

he Sturtevant Company also exhibit one of their 
forges with an adjustable down-draught hood, and 
a specimen of their ring-roll mill, for crushing 
phosphates, cement, and so forth. 

The exhibits of Messrs. E. Green and Son, 
Limited, Wakefield, contain a working model of 
their fuel-economiser attached to a model of a 
water-tube boiler. Several sample castings are 
also shown at their stand. Their most important 
exhibit, however, consists of the economiser of 
1440 tubes, supplied by them, and working in 
conjunction with the boiler plant to provide the 
necessary power and lighting for the Exhibition. 
We briefly referred to this in our article on page 
402 ante. Visitors to the Exhibition have an 
opportunity of inspecting this economiser at work. 
It consists of a series of cast-iron vertical tubes, 
each 9 ft. long and 4,°; in. in diameter, arranged 
in two sections, each section having six grou 
of 120 tubes each. The tubes are connected by 
means of pipes or boxes at the top and bottom, a 
connection being established in this way between 
the tubes in the front and, back rows. The cold 
water for the boiler enters the economiser by a 
branch-pipe at the end nearest the chimney—that 
is, at the point farthest removed from the great 
heat of the flue-gases—and travels through the 
pipes to the front row, on which the hot gases first 
impinge. A rise of 230 deg. to 250 deg. Fahr. in 
the temperature of the feed-water is frequent. The 
water on entering the boiler is heated to a steam- 
yielding degree and vaporises immediately. Provi- 











sion is made in the usual way for keeping the pipes 
clean from soot or ash. 

Messrs. J. Hopkinson and Co., Limited, Hudders- 
field, have erected a stand at the Brussels Exhibition, 
which consists of full-size models of two fire-tube 
and water-tube boiler fronts, equipped with their 





safety boiler mountings, also arches built up 
of their valves for all purposes, including high- 
pressure stop-valves, automatic exhaust-valves, 
wedge sluice-valves, reducing-valves, steam-traps, 
&c. The seats in the high-pressure valves are made 
of Hopkinson’s ‘‘platnam ” metal, which is specially 
suitable to withstand the action of superheated 
steam and bad waters, being considerably harder 
than the best bronze, and non-corrodible. This 
metal has been working satisfactorily under super- 
heat at 400 deg. Cent. for some considerable time. 
Special attention is drawn to the Hopkinson-Fer- 
ranti patent stop-valve, with operative working 

lf the diameter of ordinary valves. This 
valve will pass an amount of steam equal to the 
full carrying capacity of the pipe, owing to the 
design of the converging diverging nozzle and 
the other parts and will give a smooth e 
for the fluid when the ‘ahs is full open. The 
effect of this construction is to convert a por- 
tion of pressure energy of the steam as it travels 
into the converging nozzle on the inlet side into 
kinetic energy, the steam increasing in velocity and 
dropping in temperature and pressure. At the 
high velocity thus acquired it passes through the 
controlling part or valve proper. It then enters a 
diverging nozzle at high velocity, and in its pas- 
sage converts its kinetic energy into increased 
pressure and temperature, until it has returned to 
the same conditions of pressure, temperature, and 
velocity with which it entered the converging cone 
at the inlet side of the valve. This valve was illus- 
trated in our issue of June 29, 1906. 

The stand also contains pg of Hopkin- 
son’s silent-working ‘‘ Leader” isolating-valve ; 
Hopkinson’s absolute water-gauge, which shuts 
off steam and water automatically ; Hopkinson’s 
parallel slide blow-off valve, with ‘‘ Oplok ” pinion; 
their improved ‘‘ accessible” check feed-valve ; 
their ‘‘ Ipsed ” dead-weight safety-valve ; and their 
‘*Mac”’ valve—all carefully finished, and forming 
a very neatly-arranged display. 

The Underfeed Stoker Company, Limited, whose 
head office is at Coventry House, South-place, 
Finsbury, London, E.C., have their stokers in 
operation, as stated in our general description on 
page 402 ante, under the ten boilers which supply 
steam to the Engine Section. These stokers are 
of their class E, in which the fuel is conveyed 
under the fire by means of a reciprocating sliding 
bottom which runs the full length of the trough. 
As the coal rises from the trough it is dis- 
tributed to the sides of the furnace by moving 
bars. The coking and burning coal is constantly 
carried by the action of the said bars to the dump- 
ing-trays along each side wall, where the clinker 
and ash are deposited. The dumping-trays are 
operated by levers on the outside of the furnace, 
enabling the ash and clinker to be automatically 
discharged. The sliding bottom is actuated by a 
steam-motor ; the number of strokes of this can be 
varied from one in three minutes to fifteen in one 
minute. Each stroke carries into the furnace 
about 6 lb. of coal. Air enters the stoker through 
an aperture below covered by a wind-gate; the 
— of the latter is adjustable by means of a 

nd-crank situated at the outer end of the furnace, 
underneath the steam-motor. The air, upon entering 
a wind-box in the rear of the steam-piston, passes 
upwards along each side of the trough or retort, 
and is discharged partly through holes into the 
retort, the surplus air flowing through the inclined 
hollow grate-bars. These have no openings in 
their top surface and no air can find its way into 
the fire above until it has sed through an aper- 
ture at the bottom end of the bars, from which it is 
discharged into the ash-pit. From thence it rises 
and es through the small spaces between the 
bars into the coked fuel. The air in passing through 
the bars keeps them cool, thus preventing their 
burning out. The heat taken off the bars in this 
way raises the temperature of the air in the ash-pit 
to from 350 deg. to 400 deg. Fahr. The pressure 
of the air in the wind-box varies from } in. to 1} in., 
and in the ash-pit from zero to % in. of water. 

The Underfeed Stoker Company show at their 
stand in the British Section a stoker of this class, 
and also one of class B. They are also exhibiting 
an air-heater. This air-heater may be placed in 
the flues of. boilers or furnaces to transfer the heat 
of the escaping gases to the air passing through 





the heater, the heat of the escaping gases being | 


thus utilised for drying and heating purposes 
generally, instead of going to waste. 
or. units, of the heater are built up of flat plates, 


The leaves, | travelling over the ground and haulin 


| 
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oon by means of accurate distance-bars. The 
tes are divided up further by means of such 
to ensure an even distribution of air throuvh 
the plates. The air follows a curved path throu:h 
the plates, while the flow of gas passes between t i: 
plates in straight lines. There is, therefore, 
minimum of restriction to the passage of either t), 
air or the gas through the heater, which, in thi 
respect, differs very considerably from heaters « 
some other designs. The leaves are so arranged tliat 
they may be assembled to build a heater having 
any desired heating surface. The heater is pro- 
vided with a steam-cleaning arrangement, com- 
posed of a central trunnion-pipe and fitted with 
radial steam-pipes which pass between the heater- 
leaves. In order to clean the leaves from any 
accumulation or deposit of flue-dust or the like, it 
is merely necessary to turn on the steam and rotate 
the trunnion-pipe by means of a suitable lever in 
such a manner that the radial pipes with steam-jets 
sweep the whole of the heating surface. This can 
be effected in a few moments, and it is therefore. 
ssible to maintain the whole of the heating sur- 
ace in a clean and active condition. 

The heater lends itself to arrangement for 
counter-flow of air and gas, the direction of the 
flow of the air through the heater-leaves being 
contrary to that of the flow of the gas. In this 
manner the maximum efficiency for transference of 
heat per square foot of heating surface is obtained. 

Generally, the design of the heater-leaf is such 
that it will stand considerable heat without warping. 
The plates are not subjected in course of manu- 
facture to any process which would be likely to set 
up internal strains, which, under the influence of 
heat, would make the leaves warp and change their 
shape. 
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AGRICULTURAL AND LauNDRY MAcHINERY. 


Messrs. J. and H. McLaren, Leeds, exhibit one 
of their standard single-cylinder agricultural loco- 
motive engines ; one of their improved compound 
road locomotive engines, specially built for steam- 
ploughing by direct traction ; two of their four- 

urrow ploughs, one fitted with their subsoil attach- 
ments ; and an improved double-acting hand-pump 
on tripod stand for washing out the boilers of trac- 
tion and ploughing-engines and for other purposes. 

The 8-horse-power nominal agricultural locomo- 
tive has a single steam-jacketed cylinder. It is 
capable of developing continuously 40 horse-power 
effective, and is fitted with double-speed gears 
(2 and 4 miles per hour), steel spur-gearing through- 
out, differential gear, winding-drum on main axle 
with 50 yards best hard steel-wire rope, steel axle 
and intermediate shafts, injector, in addition toa 
feed-pump worked from an eccentric on the crank- 
shaft, and a water-lifter with 25-ft. india-rubber 
suction-hose. The fire-box plates are manufactured 
by the Steel Company of Scotland to Messrs. 
McLarev’s special analysis. The cylinder is mounted 
on the top of the boiler, to which it is secured by 
conical-headed bolts drawn tightly into the boiler- 
plates. The crank-shaft is bent out of a bar of 
solid steel, and is carried in bearings supported by 
the side-plates of the outer shell of the fire-box, 
which are carried up for this purpose. The gear- 
ing is of cast steel throughout, and consists of 
a pair of pinions keyed on the crank-shaft, which 
give the double speed, engaging with a pair 
of wheels on the first intermediate or second- 
motion shaft. These wheels slide on a square on 
the intermediate shaft, so that there are no feather- 
keys to ‘‘gall” and come loose. The steam-chest, 
steam-regulator, and throttle-valve covers are 80 
arranged that all these parts can be examined while 
steam is up. The engine is fitted with a simple 
clutch gear, so that either speed can be instantly 
thrown into or out of gear by moving one handle. 
It is also fitted with safety gear, so that it is 1m- 
possible for both speeds to be in gear at the same 
time. 

An efficient arrangement of springs for both back 
and front is provided. The hind springs on the 
main axle pull downwards through a crosshead, 


‘bearing on the top of the axle-boxes, and are 80 
| fitted that they can 


be dismounted, if necessary, 0 
a few minutes, and with the minimum of trouble. 
In regard to their compound steam ploughing- 
engines, for ploughing by direct traction, Messrs. 
McLaren state that hitherto public opinion has 
favoured the almost exclusive = of - — 
i i a single engine, 
engine system, the ploughing by gl os 


behind it, having been pursued in a desultory sort 
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of way in different of the world. The latter 
sob has its Gielen es, since it can only be 
worked when the land is dry and hard, and is rather 
expensive in the matter of fuel, because, in addition 
to the energy required to haul the ploughs, there is 
a considerable amount of power absorbed in moving 
the engine itself over the ground. The former 
disadvantage prevents the general use of the system 
in England, because it is very seldom our land gets 
hard enough to carry the engines, and so the 
demand for this class of machinery comes princi- 
pally from abroad. In Argentina, Hungary, Russia, 
&c., where the summers are long and dry, the 
ground bakes hard enough to carry the engine 
without any injurious effect to the land; and the 
low prime cost ‘of the tackle, together with the 
enormous area which may be ploughed per day by 
these engines, reduces the disadvantages of the cost 
of fuel to a minimum. 

The McLaren compound ploughing-engine shown 
at Brussels has enlarged fire-boxes and boiler to 
afford increased.grate area and heating surface. The 
gearing is on both sides of the engine, so as to give 
increased bearing surface, and consequently reduced 
wear and tear. Each of the main road-wheels is 
driven independently by its own spur-wheel and 
pinion. These wheels are mounted loosely on the 
axle. There are two water-tanks—one under the 
tender and the other under the barrel of the boiler. 
The coal-boxes have been increased in size, and re- 
arranged on the foot-plate, so as to give more space 
for fuel and easier access. to the tender for the 
ploughman, who also acts as steersman. The engine 
is fitted with a simple feed-water heater ; the boiler 
is built to the British Board of Trade rules for a 
working pressure of 200 lb. to the square inch. 

The driving-wheels are of large diameter and 
extra width, so as to give the necessary bearing on 
the ground and prevent sinking. Each wheel is 
also provided with a special widening ring, which 
can be attached when required for soft ground. 
The rims are fitted with paddles or ‘ spudlets,” 
to give adhesion and prevent the wheels from 
slipping when pulling a heavy load. The accessories 
and fittings comprise a winding-drum, wire rope, 
and an awning over the driver. The engine is 
designed to work continuously at 80 horse-power 
effective ; onan emergency it can develop 105 actual 
horse-power for a short period. 

Of the two McLaren steam-ploughs for direct trac- 
tion exhibited, one is of their usual standard pattern, 
the other being fitted with their subsoilers for use 
when it is necessary to stir the ground underneath 
the ploughing without bringing the subsoil to the 
surface. The design of these ploughs is quite new. 
They are required not only to set in at the beginning 
of the furrow, but to lift themselves out at the end, 
and it is in the provision made for these operations 
that one of the main features of the design consists. 
The standard pattern has a triangular frame of 
channel section, strongly braced and-stayed, carried 
on three wheels; two travelling in the furrow and 
one on the unploughed land. The plough-heads, 
consisting of the skife, mould-board, and share, are 
fixed to this frame ; they are made of hard and tough 
steel. The width of each furrow is 14in. The 
ploughs are self-lifting, and sustain themselves 
clear of the ground until they are dro into the 
land again, by moving a single lever. The depth of 
the furrow can be altered while the ploughs are at 
work. The arrangement of couplings enables any 
number of ploughs to be yoked together in a gang, 
according to the nature of the land and the power 
available. Owing to the elasticity of the plough 
connections, the ploughs can accommodate them- 
selves to the inequalities of the ground much better 
than a large number of plough-heads fixed on one 
broad rigid frame. When travelling on the road 
the ploughs can be coupled together behind the 
engine, with their points lifted clear of the ground. 

When it is required to stir the subsoil without 
bringing it to the surface, these ploughs may be 
fitted with Messrs. McLaren’s subsoil tines, 
above referred to. These tines consist of strong 
bars of hard steel, curved at their lower ends and 
provided with broad chilled shares, one of which 
follows behind each plough, breaking up, but not 
bringing to the surface, the ground below the level 
of the sole of the plough. These tines move ver- 
tically in cast-steel brackets, fitted with roller guides 
to reduce friction and facilitate their movement. 
Each tine has a rack cut out of the solid at its upper 
end, into which a toothed pinion gears. This 
pinion is operated by the same crutch or prop 


which lifts the plough-frame. The mechanism 





consists of a series of rocking-bars, upon which 
the toothed pinions are centred. h rock- 
ing-bar has at its inner end a lever moving 
through the segment of a circle, sufficient to give 
the necessary rotation to the pinion to supply the 

uired amount of vertical movement to the sub- 
soil tines. These levers are connected together to 
a coupling-rod, so that they all move simultane- 
ously and to the same extent, giving the same 
amount of vertical travel to each tine. When 
lifted the tines are held in position by a catch, 
until they are dropped into work again by the 
movement of a lever by the attendant. Each tine 
is provided with stop-pins which can be moved up 
or down when required, to regulate the depth of 
the work. 

The hand washing-out pump above-mentioned is 
an apparatus of no small importance, seeing that in 
most places in the country it is impossible to get a 
sufficient head of water to give a good powerful jet 
for use in washing out the boilers of traction and 
ploughing-2= ines. This pump comprises a rect- 
angular chamber containing a working barrel with 
a double-acting water-piston, together with four 
brass valves (two suction and two delivery) on brass 
seats. The cover has an air-vessel cast upon it, 
together with a stuffing-box and a guide for the 
pump-rod. The pump gives a continuous stream 
of considerable force. It can also be used as a 
small fire-engine, or for washing carriages, watering 
gardens, &c. 

Messrs. E. H. Bentall and Co., Limited, Malden, 
exhibit an interesting series of their agricultural 
implements. These include a chaff - cutter for 
hand-power, having a rising mouth 7} in. wide, 
with spring, the mouth - pieces being specially 
chilled; a chaff-cutter, with safety-feed and a 
hinged cover over the fly-wheel, three knives, the 
width of the mouth-piece being 15} in.; a corn, 
seed, and malt-crusher, with smooth rollers; a 
combined mill for crushing, grinding, and kibbling ; 
a power grinding-mill ; a root-cleaner and cutter ; 
bone and vegetable-cutters. Messrs. Bentall also 
show a 4-brake-horse-power enclosed-gear petrol- 
engine ; they build various types of these for driving 
their agricultural machinery. 

Messrs. W. N. Nicholson and Sons, Limited, 
Newark-on-Trent, have also made a fine display of 
their crushing and grinding-mills. These include 
one of their ‘‘ Hercules” mills, 7 in. wide, with two 
pairs of rollers, fine and coarse, and concave, with 
fast and loose pulleys; a mill, 18 in. wide, with 
fast and loose 24-in. pulleys ; one of their cake and 
biscuit pulverisers, 16-in. mouth, with two pairs of 
rollers and side delivery, to grind tough and hard 
cake of all kinds to fine meal at the rate of 15 cwt. 
per hour. Their stand also shows three of their 
‘* Record” corn-grinding and kibbling-mills ; one 
of their improved combined oat-crushing, corn- 
grinding, and kibbling-mills ; their patent oil-cake 
breaker, No. 8 size, for 2 brake horse-power, with 
18-in. pulley; and one -of. their rice-shelling, 
decorticating, and polishing-machines. 

Messrs. Richard Garrett and Sons, Limited, 
Leiston, show several of their specialities. These 
include one of their compound steam-motor trac- 
tors specially designed for high-speed road trans- 

rt. It is fitted with their superheater and with 

lanced piston-valves. The fire-box is of their 
corrugated type. The gearing is machine-cut, of 
cast steel. This engine is designed to haul a 6-ton 
net load in a trailer wagon weighing 2 tons (tofal, 
8 tons gross) at a maximum speed of 5 miles - 
hour. They also exhibit a 60-in. finishing thrasher 
for thrashing and dressing grain ready for market 


in one operation ; this is fitted with the Garrett | 
drum, 24 in. in diameter, with eight Garrett-Ellis | 
reversible rolled-steel beaters ; the Garrett exhaust | 


or suction-fan ; Garrett’s independent iron-screen 
crank frame; their second straw-shaking apparatus ; 


third blowing-fan under the caving sieve ; chaff- | 
sifter and bagger; and Cape’s elevator. The 
machine is provided with ring lubrication bearings | 


throughout. 

Messrs. Garrett’s stand also includes one of their 
compound superheated-steam semi-stationary con- 
densing-engines, mounted upon a special ‘ with- 
drawable-tube” type of boiler, able to carry a 
maximum test-load, or temporary overload, of 60 
brake horse-power, and running under a maximum 
continuous load of 50 brake horse-power. Also a 
single-cylinder saturated-steam portable, or semi- 
portable, engine, the maximum test-load on which 
ean reach 24 brake horse-power. The engine can 
carry a maximum continuous load of 20 brake 





horse-power. It has a balanced piston-valve, and 
is fitted with the Garrett corrugated fire-box. A 
conspicuous item in their display is their 10-ton 
compound superheated-steam road-roller. Steam 
distribution is by balanced piston-valves ; the gear- 
ing is machine.cut. 

Among the exhibits in the British Machinery 
Section we may mention those made by Messrs. 
Blackstone and Co., Limited, Stamford. These 
include one of their side-delivery rakes and one of 
their swath-turners, both of which have been 
prominent features at several of our Royal Agricul- 
tural Shows. Their stand also contains a specimen 
of their ‘‘ Stamford” portable grinding-mills. This 
is fitted with Piendh - burr stones, 24 in. in dia- 
meter, and its capacity is ten bushels of soft meal, 
or 24 bushels of rough meal, per hour. 

Messrs. Blackstone show, Nealon the above, a 
25-brake-horse-power stationary horizontal crude- 
oil engine, running at a speed of 240 revolutions 
per minute ; it has two fly-wheels, 4 ft. 10 in. in 
diameter and 5j-in. rim. The air-compressor 
delivers into a reservoir, from which the compressed 
air may be admitted either to the cylinder for 
starting or to the fuel-sprays. The exhaust-valve 
is at the bottom of the combustion - chamber, 
and is worked from the lay-shaft in the usual 
way. The air inlet-valve is at the top of the 
combustion - chamber; it is also operated from 
the lay-shaft by cam and lever. The fuel is injected 
into the cylinder at or near the end of the com- 
pression stroke by air compressed to a pressure of 
about 400 Ib. per square inch. The compression 
of the charge being only 1501b., additional means 
for ignition had to be provided, equally satisfactory 
when running light and under a load. This has 
been met by fitting a dual spraying-device, consist- 
ing of a main jet adapted to deliver its charge into 
the combustion-chamber, and an auxiliary one, 
delivering a smaller charge into a bulb-shaped 
ignition-chamber, heated at starting by a lamp, and 
afterwards kept incandescent by the combustion of 
the fuel. This ignition-chamber communicates with 
the combustion-chamber by a port so arranged ‘that 
the flame produced in the ignition-chamber impinges 
upon and ignites the main fuel-spray in the com- 
bustion-chamber. The oil is delivered from a tank to 
the spraying device by a governor-controlled pump, 
and first reaches the auxiliary or igniter-spray, all 
oil in excess of the quantity required for this over- 
flowing into the main spray. This method ensures 
a charge of oil being injected into the igniter at 
every cycle, thus keeping it hot, irrespective of the 
engine running light or loaded. The air-com- 
pressor for the sprays is attached to the side of the 
cylinder, and is worked by an eccentric on the 
crank-shaft. 

A great object kept in view in the design of this 
engine has been to prolong the initial pressure of 
the explosion in the cylinder. The pressure line 
on the indicator diagram is parallel to the atmo- 
spheric line for a long distance along the working 
stroke, thus resembling diagrams obtained from a 
steam-engine working with a good cut-off. It was 
found that this object could not be obtained by 
injecting the whole of the fuel-charge at the end 
of the compression stroke, so means were taken by 
which the injection of the charge could be 
sufficiently prolonged to keep the pressure in the 
cylinder at its maximum during the first portion of 
the working stroke. To effect this purpose an oil 
reservoir is provided in conjunction with the main 
spraying-valve, into which the surplus oil from the 
igniter-spray flows. This chamber is so formed 
that it is not immediately emptied when the 
spraying-valve is opened, but a further supply of 
fuel is forced into the combustion-chamber as the 
working stroke proceeds, thus maintaining the 
combustion and the pressure for a considerable 
|portion of the stroke. The governor is of the 
centrifugal type, and controls the speed of the 
engine by regulating the stroke of the oil-pump, 
which it does by inserting or withdrawing a wedge- 
|shaped packing-piece between the end of a slot 
|formed in the pump-plunger and the end of the 
| bell-crank lever which actuates the pump. 

Near this engine is one of Messrs. Blackstone’s 
| well-known 6$-brake-horse-power stationary hori- 
| zontal oil-engines. 

Messrs. Smith and Paget, Crown Works, 

Keighley, display a power-driven chaff-cutter, a 
similar machine for hand-power, a root-cutter, 
|root-slicer and pulper, and an oil-cake breaker. 
They also have an interesting exhibit of laundry 
machinery, including hand and power-driven wash- 
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ing-machines, wringing and mangling-machines, 
iroping and polishing-machines. 

A representative exhibit of lawn-mowers of 
various types and sizes is made by Messrs. Alex. 
Shanks and Son, Limited, Bush-Lane House, E.C. 





NOTE. 

THE InstIruTION OF ELECTRICAL ENGINEERS. 

Tue general meeting of the Institution of Elec- 
trical Engineers was held in the rooms of the Royal 
Society of Arts on the 26th ult. Mr. W. Duddell, 
who was in the chair, read the annual report in 
abstract ; while the balance-sheet and statement of 
accounts were dealt with by Mr. Robert Hammond, 
the honorary treasurer. e report contained in- 
formation in reference to the papers read during 
the past session, and the various premiums awarded 
by the council. Information was also given in 
reference to the structural alterations to the new 
Institution Buildings, and, although no definite date 
for completion was announced, it was expected that 
the building would be ready for the opening meet- 
ing of next session. It was stated that, in view of 
the removal to the new building, it was felt that 
it would be an advantage to transfer the work 
of the British Electrotechnical Committee to the 
Institution, and that, with the committee’s 
consent, this had been done in January of this 
year, the work now being carried on in the 
offices of the Institution. It was reported that a 
Committee had been appointed by the Council to 
consider the question of an examination for associate 
membership. On the motion of Mr. W. M. 
Mordey, it was resolved that the regulations 
recently ey ereee in the by-laws of the Institu- 
tion of Civil Engineers should be adopted in their 
entirety by the Institution. During the evening 
the voting papers for the election of new members 
of Council were counted. An _ unprecedented 
feature was introduced into the election this year, 
owing to the nomination of Mr. H. Faraday Proctor, 
of Bristol, as an independent candidate, in addi- 
tion to the members put forward by the Council, 
which, as in the past, nominated a number of candi- 
dates equal only to the vacancies. The voting 
resulted in the election of Mr. Proctor, with the 
consequent rejection of one of the Council’s no- 
minees. The new president is Mr. 8S. Z. de Fer- 
ranti, whom one welcomes in a position in which 
it would have been a pleasure to see him years ago 








Donetz Coau.—The shipments of coal, &c., by rail- 
way from the famous Donetz (Russia) basin in the first 
three months of this year were 187,700,000 
viz., coal, 137,100,000 poods ; anthracite, 24,600,000 poods ; 
coke, 22,200,000 poods ; and briquettes, 1,700,000 poods. 
The corresponding deliveries in the corresponding three 
months of 1909 were 195,400,000 is. It should be 
noted that a pood is equal to 36 lb. English. Efforts are 
being made to develop business in Donetz coal in Bul- 
garia. The Russian Minister of Marine has also con- 
sented to resume the use of Donetz coal in the Baltic. 





Tue AMERICAN GENERAL Exvectric Company.—The 
revenue of the American General Electric Company 
for 1909-10 was 54,102,051 dols., as compared with 
47, 168,469 dols. in 1908-9. Working expenses, interest on 
bonds, &c., absorbed 47,608,380 dols. in 1909-10, as com- 

red with 42,366,217 dols., so that the net revenue 
or 1909-10 was 6,493,671 dols., as compared with 
4,802,252 dols. The amount distributed in dividends was 
the same in each year—viz., 5,214,352 dols. It will 
be observed that there was a cpl of 1,279,319 dols. 
after payment of diviaends in 1909-10, while in 1908-9 
there was a deficit of 411,774 dols. ; this deficit was pro- 
vided for from a previously accumulated surplus of 
16,513,836 dols. The surplus carried from 1909-10 to 
1910-1L was 17,381,381 dols. The number of persons 
employed by the company at the close of 1909 was 30,000, 
as compa: with 20,000 at the close of 1908, 28,000 at 
the close of 1907, and 22,500 at the close of 1906. 





GreateR New York.—The population of Greater 
New York is now estimated at, 4,564,790. The census of 
1900 showed a population of 3,437,200, and it is claimed 
that the city is growing faster than any other Ameri- 
can city, to say nothing of London. New York has 
become so large that, if it were divided, three cities could 
be made of the size of Chicago, ee ey and Pitts- 
burg. Boston, Baltimore, Cleveland, Buffalo, San Fran- 
cisco, Cincinnati, Detroit, Milwaukee, New Orleans, and 
Washington are all fine and considerable towns ; but New 
York has as many inhabitants as all of them put together. 
It is admitted that Greater London is large enough to 
contain New York and Chicago; but it is claimed that, 
with the exception of London, New York has no equal 
as a metropolitan city, while it is the greatest munici- 
pality in the world under one central authority. While 
great populations make, however, an imposing show on 
paper, it is doubtful whether they attain so much comfort 
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TRIALS OF THE BRAZILIAN BATTLESHIP 
‘*SAO PAULO.” 


UNDER the supervision of the Brazilian Naval Com- 
mission, presided over by Admiral Bacellar, who has 
done valuable work in the evolution of the modern 
Brazilian Navy, the new battleship Sao Paulo has just 
carried out her trials with the most satisfactory 
results. She will now be completed for commission, 
and will then join, in Brazil, the sister-ship Minas 
Geraes. A third battleship is being constru in this 
country, and in designing her, experience with these 
two earlier vessels and full knowledge of the latest pro- 
Is of all the Powers will no doubt result in further 
evelopments. Two scout cruisers have also been 
built and have attained speeds on trial exceeding 27 
knots, while the last of ten destroyers has recently 
been launched by Messrs. Yarrow. The prosperous 
Republic of Brazil, in which Britain is so largely 
interested commercially, will thus soon have the 
modern fleet necessary to give the assurance of peace 
essential to commercial expansion. 
The Sao Paulo and Minas Geraes, as well as the 
scouts, are the product of the combined experience 
of Sir W. G. Armstrong, Whitworth, and Co., 
Limited, and Messrs. Vickers Sons and Maxim, 
Limited, than whom no other two firms have built a 
greater number of modern warships, with their 





= happiness as is enjoyed by less dense masses of human 





machinery, armour, and ordnance. The Minas Geraes 


|was built at Elswick and engined by the Vickers 
Company, who built as well as engined the Sao Paulo. 
The ships are alike, the design having been prepared 
by Mr. J. R. Perrett, F.R.S.N.A., and the two firms 
have succeeded in meeting the strategical and tactical 
needs with a large measure of success, as was clearly 
lestablished during the trials just terminated. When 
we described the Minas Geraes we entered fully 
into the design of the ships, and illustrated their fight- 
ing qualities (page 65 ante), so that we content our- 
selves here by referring to the prominent features in the 
| compromises rendered necessary by limitations of depth 
of water in South American harbours, and particularly 
in possible venues of action. Notwithstanding that 
the draught was thus wisely limited to 25 ft., a high 
fighting efficiency has been achieved. 

Firstly, the ships have twelve 12-in. 
posed that eight can be fired ahead, eight astern, or 
ten oneither beam. In addition, there are twenty-two 
4.7-in. guns and eight 3-pounders. , 

Secondly, the broadside is protected right fore and 
aft ; the thickness is 9 in. in the centre part for the full 
depth of 22 ft. 4 in., including 5 ft. below the loa: water 
line. This thickness is reduced to 6 in. forward and 
aft, and ultimately to 4 in. at the bow and stern ; 9-in. 
athwartship bulkheads are located forward an: aft at 
the ends of the 9-in. armour as protection *gainst 
raking fire, while at the bow there is a 3-in. b head, 


uns sO dis- 





and at the stern a 4-in. bulkhead. The heavy guns are 
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mounted in barbettes with 12-in. and 8-in. armour, 
and the mechanism is covered with hoods. The several 
4.7-in. guns, arranged on each broadside, are protected 
by the 9-in. armour, while the remaining guns on the 
upper works have shields. 

in the third place the full speed attained—21.623 
hooks <qenetieald equals the average rate attained by 
the British Dreadnought battleships, although special 
care had to be exercised in the design of the machinery 
in order that the steaming conditions might be easil 
met when using such cval as is readily available in Sout 
America, since this may not always be of the high 
calorific value of the_ better anthracites, and in order 
also to meet any deficiency in the skill of the stokers. 
Thus, for instance, the proportion of heating surface to 
grate area is about 36 to 1, as compared with from 30 
or 33 in the British service. As a consequence, the 
boilers of the Brazilian ships are larger and heavier for 
a given power, but there is gain in greater reliability 
under the conditions of South American service. 
Reciprocating engines have been adopted and have 
proved of high efficiency, the radius of action, aacord- 
ing to the results of the Sio Paulo trials, being 29 per 
cent. greater than that guaranteed —or 12,913 nautical 
miles instead of 10,000 at 10 knots. The full speed on 
trial—21.623 knots—was realised with 28,645 indicated 
horse-power, while the guarantee was for 21 knots. 
On a trial of about four hours’ duration, during which 
six runs were made over the measured mile, a 
speed of 21} knots was attained with 25,517 indi- 
cated horse-power. On an eight hours’ trial a speed 
of 20.99 knots was got with 22,355 indicated horse- 
power, the guarantee being 20 knots. 

There is thus the important advantage of a reliable 
high speed as well as a wide radius of action, added to 
offensive and defensive qualities of a high order, with 
a draught of only 25 ft., whereas in many of the later 
foreign Dreadnought ships the design is for draughts 
ranging up to 29 ft. and 30ft. It is obvious that, 
especially in South American waters, the Brazilian 
ships must have a great tactical advantage in action. 
It should be remembered, too, that it is easier to find 
docking facilities where draught is thus limited. 

We may, in a brief table, recapitulate the main 
features of the Sio Paulo and Minas Geraes, referring 
our readers for fuller details to our previous article, 
on January 21 last (page 65 ante). 


Length overall ... =e a 543 ft. 
Length between perpendiculars 500 ft. 
Breadth, moulded a aS 83 ft. 
Depth, moulded ... ses a 42 ft. 3 in. 
Draught... ee mS sek 25 ft. 
Displacement at 25 ft. draught 19,280 tons. 
Speed at full power ae 21.623 knots. 
Indicated horse-power ... 28,645 I. H.-P. 
Normal coal capacity on 25 ft. 

draught ... a me 800 tons. 
Total bunker capacity 2360 tons, 


Radius of action determined on 
48-hours’ trial at 10.6 knots ... 
Armament :— 
Twelve 12-in. 45-calibre guns. 
Twenty-two 4.7 in. 50-calibre guns. 
Eight 3. pounder guns. 


12,913 sea miles, 


Armour : 
Broadside ... 9-in., 6-in., and 
4-in. cemented steel 

Protective deck... a cas 2 in. 

Main bulkheads .. & — oy 
Gun-barbettes ... i ae ee 

Forward and after athwartship 

bulkheads 3 in. and 4 in. 


Machinery—Engines, triple-ex- 
pansion, four-cylinder type. 

Diameters of cy ‘oe coer, + 39 in.; 
intermediate, 63 in.; and two low-pressure, 
73 in. Stroke, 3 ft. 6 in. 

Total cooling surface of con- 
densers ... om Sis ion 24,000 sq. ft. 

Boilers, eighteen of Babcock and Wilcox type. 


Heating surface ... 58,370 sq. ft. 
Grate area ... a ae = 1,686 ,, 
The trials were commenced on May 21 with a 


48-hours’ run at about 10 knots speed, to ascertain the 
power and the coal consumption for that speed, so that 
the radius of action, with the normal supply of coal on 
board for such cruising speed, could be arrived at 
precisely. Favourable weather prevailed, and the 
ship cruised between the Clyde and the North 
Arklow lightship on the east coast of Ireland, but 
returned during the course of the trial to the measured 
mile at Skelmorlie, on the Clyde, in order that six 
runs might be made, the revolutions for the speed on 
the measured mile being a denominator to decide the 
averace speed during the 48 hours. It will be seen from 
Table [., which —~ the mean results of all trials, 
that th: Ship was loaded with water-ballast below the 
hormai draught, and her displacement was therefore 
9,645 tons. Only five boilers were in use. On the 
measured mile the speed was 10.61 knots for 67.5 
revolutions, the horse-power indicated being 2383. 
hi © mean power throughout the 48 hours was slightly 
— The rate of coal consumption was found to be 
‘Slo. per indicated horse-power per hour. _ These 


results proved that the radius of action, with the 
bunkers full, is, as already stated, 12,913 nautical 
miles, whereas the contract stipulated for ‘‘ not less 
than 10,000 nautical miles.” 

The second trial prescribed by the contract con- 
sisted of a 30-hours’ run at three-quarter power, and 
corresponded to the most sa trial in British 
Admiralty practice. All the boilers were lighted up 
for this test, which commenced on the 24th ult., and 
ended on the following day. Again the weather was 
favourable, and the ship steamed as far south as the 
Skerries. At an early stage of the trial on the 24th 
six runs were made over the measured mile. Although 
the ship had again been brought to a greater draught 


sure of 280 lb. The results of these two runs are also 

iven in Table III., and are, moreover, summarised 
in Table I. It will be seen that the engines were 
worked up to 150.85 revolutions as the mean. of the 
two runs; the power indicated was 28,645 indicated 
horse-power, and the speed realised 21.623 knots. 
The designed s at full power was 21 knots, 
so that the Sio Paulo exceeded this by 0.62 mile per 
hour. The performances of the machinery and the 
speeds realised in both ships are remarkably uniform. 
Those interested will find that a comparison of the 
— we now publish for the Sio Paulo and those 
which we gave in January for the Minas Geraes (page 67 





ante) reveal a striking similarity. It is true that in 


TABLE I.—Mean Resvutts or Att TRIAts. 


48 Hours’ Coa Con- 
SUMPTION TRIAL. 


Runs. 





30 Hours’ Triau. 


Whole | Mile Whole 
Tri Trial. 


8 Hours’ Trial. six Full- Two Mile 
Speed Mile Runs, 
4 eer, 250 Lb Boller 
Mile Whole Mile ° er 
Russ. Trial. Rane Boiler Pressure. 








ure. 
Date pe os ° . “May 2], 22, 23, 1910 May 24, 25, 1910 May 28, 1910 May. 30, 1910 
Draught, forward .. ‘% os és 25 ft.2 in, 25 ft. 24 ft. 5} in, 24 ft. Sin. 
SE kee es 25 ,, 53 4, 25 ft. 3} in. 25 ,, 14, ne Bw 
Draught, mean 4 Jus << ~ , et pe | oe és i me - 
Displacement .. ee ae oe " 19,645 19,460 ° 19,133 19,110 

4 —, a 
Mean I.H.-P. .. ce és a * 2403 2883 16,067 17,377 21,484 22,355 25,517 28,645 
Mean revolutions .. a on --| . 67.15 67.52 127 129.8 188.7 140.85 145.59 | 160,85 
Mean speed... _ oo .. knote -~ 10.61 - | 19.858 — 20.99 21.231 | 21.623 
Boilers in use .. r a ms es 5 5 18 18 18 18 18 18 
Coal consumption Ib. per ILH.-P.| ~ - 1.42 — | _ - 





TasLe I1.—Mean Results of Eight Hours’ Full-Power 
Trial, May 28, 1910. 








Starboard. Port. 
Mean steam in boilers = o 48 Ib, 
= » atengines .. ws me 229 Ib. 223 Ib. 
» air pressure in stokeholds ae 0.49 in, 
» Ccut-offin M.P. cylinder .. Pe — — 
» Vacuum {in.).. ne és o 27 27.2 
» revolutions .. a $e .. 1386 188.8 
f-- os ce = 89.24 95.18 
Mean pressure in | Intermediate -- 35.07 35.87 
cylinders (Ib.) | Low, forward oe 17.36 16,33 
lies, aft .. es 17.19 17.79 
High .. _ on 3133 3319 
Indicated horse- }| Intermediate y $212 3294 
power Low, forward = 2153 2024 
Low, aft .. as 2118 2201 
Total indicated horse-power  .. -- 10,616 10,868 
Gross total indicated horse-power__.... 21,484 
Coal per indicated horse-power per hour 1,42 lb, 


Water loss per 1000 indicated horse-power per 24 hours = 2.2 tons. 


and displacement than in normal fighting condition, 
it was found that the speed for 17.307 indicated 
horse-power was 19.853 knots, which is exceptionally 
satisfactory. The mean results for these trials are 
recorded in Table I. 

On Saturday last the vessel proceeded on a trial of 
eight hours’ duration. The conditions in this case 
were that the piston speed should not exceed 1000 ft. 

r minute, the steam pressure 250 1b., the air pressure 
in the stokehold 4 in., and the coal consumption 2 lb. 

r indicated horse-power per hour. e give in 

able II. the mean results. It will be seen that with 
a piston speed of 970.9 ft. per minute, a steam pressure 
of 248 lb., and an air pressure of 0.49 in., the average 
power developed was 21,484 indicated horse-power, 
while the coal consumption was only 1.42 lb., and the 
water loss 2.2 tons per 1000 indicated horse-power per 
24 hours. On this trial six runs were made over the 
measured mile, and the results are set out in Table ITI., 
which also gives the corresponding mile runs on the 
later trials. The runs, of course, were made in alter- 
nate directions, so that the influence of tide was 
balanced. The mean of mean speeds was 20.99 knots, 
with the engines averaging 140.85 revolutions and 
22,355 indicated horse-power. The speed guaranteed 
on this trial was 20 knots, while practically 21 knots 
was realised. The weather was favourable. 

On Monday last the vessel again proceeded on trial. 
On this occasion she was required to make six runs 
over the measured mile, with the one limitation 
that the boiler-pressure was not to exceed 250 lb. 
There was no limit for revolutions or air-pressure. 
In Table III. the results are also given for these 
six runs. The stokeholds were cl down and the 
forced-draught fans were in use, but the air-pres- 
sure did not exceed one inch. The day was a most 
unsatisfactory one for speed trials, as the wind blew 
at force 7 right across the Firth, so that it 
was always on the beam during the measured-mile 
runs. There were frequently prolon squalls of 
half a gale in force, accompanied, during one of the 
measured-mile runs, by a blizzard of hailstones. Not- 
withstanding this, however, the ship easily exceeded 
the uirements of the contract, as, with the engines 
averag 145.59 revolutions and indicating 25,517 
indicated horse-power, the mean of mean s 8 proved 
to be 21.231 knots. 

Following upon these six runs, the ship had to make 
two runs without any limitations whatever, the safety- 





valves being set to the full possible working pres- 








Tape II1.-—Results of Measured-Mile Trials. 


a oe! Indicated Horse-Power. 
No. of i b 
Run. . | 8 - 7 s 
tar- tar- Total 
board. | Port. board. | POT = H.-P. 








| knots | 


Siz Runs at Full Power, for 1000 Ft. Piston Speed; 
4 In. Air Pressure, Lb. Steam. Pressure. 





1 | 1409 139.5 20.571 11,234 10,840 , 22,074 

2 | M13 139.1 21.352 11,360 10,876 22,236 

3 14L.4 140.9 20.477 11,3538 =11,114 22,467 

4 141.5 142.2 21.505 11,223 11,628 | 22,851 

5 | 140.5 141.3 20.618 10,974 11,440 22,414 

6 140.5 141.2 21.453 10,762 11,330 22,092 

Means..| 141.0 140.7 Meanof 11,151 11,204 22,355 
means 
140.85 20 99 


Six Runs at Full Speed with 250 Lb. Steam Pressure. 


145.8 | 145.5 | 21.617 | 12,681 | 12,828, 25,459 
143.3 | 142.6 | 20.979 | 12,080 | 18,404 | 25,448 
144.8 | 1445 | 21.802 | 12,308 | 12,542 
148.0 145.9 21.052 | 18,027 12,712 | 25,799 
146.3 | 147.1 21.686 | 12,913 | 12,992 | 25,905 
147.5 145.8 | 20.98 18,088 12,686 | 25,624 


Qne wre 
te 
> 





Means.. 145.95, 145.28 Meanof | 12,678 12,844 | 25,617 
mean | } 


| 145.59 | 

21.231 
} | 

Two Runs at Full Pressure (280 Lb.). 


1 152.8 151.4 | 21.428 15,301 | 14,648 |, 29,049 
2 149.8 149.4 21.818 13,503 | 13,749 27,342 


Means..| 151.3 150.4  Meanof 14,447 | 14,198 28,645 
— | 
150.85 21.623 





the case of the Sao Paulo the revolutions on nearly all 
trials were higher, and, as a consequence, the power 
was greater and the speed of the ship higher. Thus, 
for instance, on the two runs at maximum power the 
revolutions of the Sao Paulowere 3.38 higher, the power 
1433 indicated horse-power more, and the speed 0.191 
of a nautical mile greater. 

On Tuesday trials were made of the oil-fuel-burning 
apparatus. ring the time intervening between the 
other trials opportunity was taken to test the anchor 
and steering-gears and other auxiliaries, The vessel 
proved exceptionally quick in answering the helm, 
and an exceptionally small angle of helm proved suffi- 
cient to alter course, so that the ships manmuvre 
exceedingly well. 

The gunnery trials took place on Wednesday off the 
Clyde. The same programme was gone through in 
this ship as in the Minas Geraes, with the addition 
that a complete broadside of eleven 4.7-in. guns was 
fired simultaneously with a broadside of ten 12-in. 
guns, so that a record in the way of broadsides was 
again established. Admiral Bacellar himself pressed 
the firing-key which fired this tremendous broadside ; 
every one of the 2] guns responded. To attain this result 
is in itself a feat of some difficulty. Excellent practice 
was also made during the trial at a target. Soother 
important feature was the firing of two 12-in. guns in 
an ‘aoe turret, laid horizontally and fore and aft 
directly over a lower turret. Several Brazilian officers 
and two British officers remained in the lower turret 
during this test, and were able to state that they 
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TENSILE, IMPACT-TENSILE, AND REPEATED-BENDING METHODS OF TESTING STEEL. 


SKETCHES a POSITION OF TEST SPECIMENS 
, ARINE BOILER-PLATE. 
na UTEM 0.1) 


_ Small Tensile to 
match Impact 


7 


ct 






Specimens taken end on 


pac 


Tense 
qn AL. 
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Im 


% Standard Tensile RR 2267 
av trom this position 


FORGING, CLASS B. 341N. DIA. (ITEM NOS) 


Standard Tensue. Small Tensile 
to match Impact. 





pad 
Impact Tensile. Repeated Bending 
LOCOMOTIVE AXLE, (ITEM NO. 7) 


Small Tensile 
match Impact 





Standard 
Tense. 


Repeated 
Bending 





Fig.2. DIAGRAMMATIC SKETCH OF APPARATUS 
DESIGNED FOR IMPACT TENSILE TESTS. 


ron Straining Crosshead 











4 | Hoisting Gear 


-— 3" Floor 


. Switch } 
(Break) S~"FFSp ‘Suspending Crosshead, 
”1 US} J or 
‘ J {Stretcher [Set & braced 
at height desired ). 


Thread for Breakang Graut 














Release 





[ 


TapWaght) Arresting Crosshead 
(20-3016) f§ . 
Test Specimen 


eee 








2" Floor 





7%*Floor 
C.I. Anvil Blocks (Solid) 


(a)Position of Thread for 
B. rug Circuit 
(2 “Br 





i 
}0} 0) 
+ 


too ~ Ground Floor 











4RS.JS. 


ag Bag: (6/Position of Lower 
ann Contact (3"* Break), 








a. Basement 





Sole Plate bedded trv 
we Concrete Foundation 








(For Description, see Paye 727.) 


Fig. 1, SKETCHES 





TRAM RAIL, SC. (ITEM NO.11) 
Standard, Tense. 


(1TEM NO.10.) 


Impact Tensile. Repeated Bending. 
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Fig.5. REPRODUCTIO 


SHOWING POSITIONS OF TESFSPECIMENS. 
BULL-HEAD RAIL, 3B. 
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INDUSTRIAL NOTES. 


Or all the Labour conferences and of those of the 
chief great orders of friendly eocieties in Whitsun 
week, none will compare with that of the Co-Operative 
Societies, the forty-second annual meeting of which 
was held at Plymeuth. The number of delegates 
present was about 1560—an assembly large enough to 
form a great meet’ng or demonstration, but really too 
large for a conference. However, the numbers do not 
equal those present at some of the great American 
Labour conventions. It is only by close organisation, 
and a carefully thought-out an ee ——. that 
the work can be got through, and then only by great 
self-restraint among the delegates, as to speech- 
making. As showing a good example, the chairman 
refrained from giving a long presidential address, 
which was a good business beginning. The report, as 
usual, was lengthy, but it was taken as read. Regret 
was expressed that the directors of the Co-Operative 
Newspaper Company did not issue an illustrated 
supplement some weeks before the Congress as a 
help to the delegates attending. The Congress was 
opposed to the Professional Accountants Bills before Par- 
liament in the last Session. The co-operative societies 
favour and work for the removal of the restrictions on 
the importation of Canadian cattle. The Government, 
it was alleged, did not intend seriously to take action, 
but the Premier was confronted with ao letter of his 
promising to remove the restrictions. It seems that 
the Irish Party in Parliament support the restrictions, 
but the Scottish farmers are opposed to them. The 
subject is to be pressed upon candidates at the next 
General Election. The Government, it was stated, 
had promised to remove the restrictions upon the 
importation of Argentine cattle. The reform of the 
Poor Law system was discussed, but there was no 
agreement as to the adoption of the Minority report. 
As regards the agitation on the income tax, it was 
stated that the new system could not be imposed 
without great changes in the whole law. 

The weak point in the co-operative movement is pro- 
duction. It cannot be said to be a failure, but it lags 
far behind the distributive side of co-operation. The 
Exhibition of Co-Operative Products was opened on the 
anniversary of Robert Owen’s birth, and allusion was 
made to the fact that the pioneer Socialist had opened 
a similar exhibition in Gray’s Inn-road, London, in 
1830. Mr. Shillito stated that the exhibition in 1830 
contained a greater variety of articles than that of 
1910, but the then products did not compare with those 
in the present exhibition. To-day there are co-opera- 
tive manufacturers and workshops in great variety, 
and they claim that the productions ure of the 
best. They have, like other employers, their diffi- 
culties with workpeople, and strikes are not in- 
frequent ; there were also allegations of sweating by 
members in the movement; this was voiced at the 
Congress. A resolution was passed, urging all societies 
to adopt the scale in force at Newcastle. It was stated 
that some girls in the co-operative movement were paid 
as low as 2s. 6d. per week. It was urged that all females 
over 20 years ofage ought so tobe paid that they could be 
independent of outside help, and that the minimum 
scale per man should be 24s. per week. TheGovernment 
Workers’ Federation claim 30s. per week as a minimum, 
which is 6s. abuve that advocated by the Co-Operative 
Congress. One other important resolution was carried 
in favour of dealing with the housing question ona 
broad scale, and another in favour of State control 
of railways. The proceedings were mildly temperate 
in tone, character, and resolutions. It was stated 
that the membership of the co-operative societies in 
the aggregate was 2,600,000. This is a vast army, 
covering a wide area of the United Kingdom. Some 

ople hope that the movement will pltimately absorb 
the whole of the population, but that is a dream not to 
be realised in this generation. 





The ‘Sixth International Report of the Trade- 
Union Movement, published by the International 
Secretary of the National Trade - Union Centres,” 
is the most complete statistical history of the pro- 
gress of the trade-union movement in Europe ever 
published. The facts and figures are from the 
most reliable official sources, and cover the whole 
of the industrial States where the trade-union move- 
ment has taken a foothcld, In the first place it 
gives an official report of the last International Con- 
gress, and expresses “regret that the whole report 
could not be published at an earlier date.” This was 
due to the fact that the reports of the whole nine- 
teen affiliated bodies were not issued in time for an 
earlier report ; the last included—that for Belgium-- 
was not received until March 30 of this present year, 
1910. Even now it is regretted that the statistical 
statements are not wholly ee ye up to date. The 
fact is that the supplying of full accounts for publica- 
tion is new to the officials of some countries, and there 
is still a prejudice against the publication of official 
returns for the sulle service lest they might be 
used adversely in labour disputes. he United 


States supply full details through the American 





Federation of Labour; Argentine and Australia have 
promised reports in future, but Brazil and Japan have 
not as yet come into the International movement. It 
will thus be seen that, in the near future, the whole 
industrial world will be included in the reports, with 
full and detailed information on trade unions and 
labour. 

‘* The total trade-union membership of the affiliated 
countries” are given as follows:—Great Britain, 
2,406,742 ; Germany, 2,382,401; United States, 
1,588,000 ; Italy, 546,650 ; Austria, 482,279 ; France, 
294,918; Sweden, 219,000; Belgium, 147,058; the 
Netherlands, 128,845; Denmark, 120,850; Switzer- 
land, 113,800; Hungary, 102,054; Norway, 48,157 ; 
Spain, 44,912; Finland, 32,000; Bulgaria, 12,933; 
Croatia, 4520; Bosnia, 3997 ; and Servia, 3238 It is 
noted that the aggregate membership in France exceeds 
the figures given above, as does also the membership 
in Australia and New Zealand those in the official 
returns. The aggregate membership of the twenty 
unions enumerated is given at 9,308,157. The figures 
for the previous year are also given for comparison, 
to show the rates of increase or decrease. In most 
countries there was a decrease in membership in 1908, 
but in Great Britian there was an increase. Indus- 
trial depression was general all over Europe. In 
Hungary the decrease was great, owing to the collapse 
of the Agricultural Labourers’ Unions. In Bosnia 
there was a large increase of members. It is stated 
that the loss in membership is now regained in most 
cases. The financial statistics only cover fourteen 
countries. All the facts as to income and expenditure 
are tabulated, and details are given as to items of 
pang ae for strikes and lock-outs, and for pro- 
vident benefits. The largest amounts spent on strikes 
were in Germany, Sweden, Great Britain, and Austria 
respectively. Each affiliated country is reported upon 
at length, sufficiently long to give a good idea of 
numerical strength and of resources, and also as to 
details of administration. In the aggregate, the 
number of unionists is very large, and the resources of 
the unions enormous. 





Two or three weeks ago a Note appeared in Enat- 
NEERING under the heading of ‘‘ Industrial Notes,” 
based on a special report on labour conditions in 
Europe, made under the auspices of the Mayor of San 
Francisco. Since then a report of the Transactions 
of the Commonwealth Club of California has reached 
the writer, on ‘‘ Labour Problems in California.”” The 
‘* Transactions” are somewhat similar to those of the 
learned societies of Great Britain, but with a distine- 
tion which might be called purely American. Taking 
the two reports together it would appear that the 
State of California is desirous, above all things, of 
seeking a solution of ‘‘labour problems” which shall 
be just alike to employer and employed, and advan- 
tageous to the general community in that State. It 
is matter of common knowledge that the labour unions 
of the Pacific Coast are difficult to deal with, and often 
unreasonable. The method adopted in this vol. v., for 
April, 1910, is as follows :—A series of searching ques- 
tions, covering the entire ground, were addressed to 
me ge an —— through their organisations, 
and were replied to by the representatives of those 
bodies. The answers, pro and con, are given in parallel 
columns. Then there are a series of papers on special 
or general subjects pertaining to the matter in Suet, 
followed by short speeches by the recognised representa- 
tives of both sides. In this way every phase of the 

uestion is more or less adequately discussed, the whole 
orming a complete epitome of the problems under con- 
sideration. In thisvolume everything is excluded except 
labour ; but the constitution of the club, as expressed 
in Article II., states that ‘‘ the object of the Common- 
wealth Club shall be to investigate and discuss pro- 
blems affecting the welfare of the Commonwealth, and 
to aid in their solution.” If all questions are treated 
as fully as the ‘‘ Labour problems” are in this volume, 
the State of California must be congratulated on its 
existence. 

The subject, discussed in all its ramifications, is so 
large, and its treatment in this volume is so voluminous, 
that only a few of the twenty-two sections into which 
the ‘“‘Report on the Solution of Labour Problems” is 
divided can be here quoted, for wantof space. Here are 
examples :—1. Eligibility to membership of unions shall 
be open to all, without the exaction of prohibitory fees. 
2. Provision in favour of complete ‘ organisation of 
both employers and employed, and collective bargain- 
ing between them,” 4. ‘‘The closed shop” is not 
favoured, but rather the working together of union and 
non-union operatives at the full normal rate of wages. 
5. ‘‘Socialism” is not favoured, but ‘‘it is to the 
public interest that the condition of the worker shall 
constantly improve, that the standard of living shall 
rise, and that the plane of civilisation shall advance.” 
6. ‘* Violence in strikes” is condemned in the inte- 
rests of the community. 8. ‘‘Government preference 
to union over non-union men is condemn 9. Re- 
strictions on employment, by apprenticeship and 
otherwise, iscondemned. 10. ‘‘Sympathetic strikes and 
the secondary boycott” are condemned. To this is 








appended a statement of the workers’ view of the case. 
1]. ‘* A fair day’s work for a fair day’s wage ” is con- 
mended ; ‘‘but,” it is added, ‘‘ if employers do not make 
money theycannotemploy moremen.” 12. Profit-sharinz 
is commended, with qualifications. 13. Compulsory 
a is not favoured, but ‘‘the number of 
agg ei should be that of the requirements of the 
shop ; boys should not be employed to do men’s work 
at low wages, or men employed to do boys’ work at 
high wages.” 14. Apprentices in skilled trades should 
be taught perfectly. 15. A high standard of age-limit 
for child labour is commended. 17. A high rate as a 
minimum wage is advocated, with qualifications. 
20. Piecework is not commended. 21. Health condi- 
tions are demanded, and also (22) an Employers’ 
Compensation Act. 





The general public, especially throughout Lancashire, 
as well as the cotton operatives, male and female, may 
well feel gratified by the notification that the notices 
by the Employers’ Federation for a reduction of 5 per 
cent. have been postponed for three months. The 
returns in favour of the enforcement of the reduction 
showed 92 per cent. of the total, whereas 80 per cent. 
would have been sufficient to carry out the policy of 
reduction. The death of our late King, Edward VII., 
is given as one reason for not plunging Lancashire 
into a gigantic labour conflict. But, whatever the 
reason, we may rejoice at the truce notified. In the 
meantime it is to be hoped that some final settlement 
will be effected on a basis of compromise just and 
equitable to all parties. It is true that employers’ 
profits, especially in certain cases, have decreased, but 
so also have the operatives’ earnings by short time. 
Neither loge is to blame in this, as it is the result 
of outside influences and the manipulation of the 
markets—chiefly in America. 





Matters have quieted down with the Northumberland 
miners, but it cannot quite be said that they are settled. 
The Council of the Association have decided not to 
oppose Messrs. Burt and Fenwick at the next General 
Election, but the Socialist section have determined to 
bring out independent candidates if they can get any 
favourable report. And this is the section that preaches 
brotherhood, and all the rest of it. Recognition of 
long and honourable services and sympathetic generous 
appreciation do not come within their horizon. The 
Council will seek an amendment of the Eight Hours Act, 
so as to fit in more generally with ancient customs. 
A proposal to abolish the Conciliation Board was de- 
feated by 56 votes to 6, but the bare proposal was an 
insult to the Board, and to their own representatives 
on that Board. 





A novel method of coercion by strikers was 
inaugurated by the quarrymen of Méry-sur-Oise 
last week, happily without serious results. There 
has long been a dispute with the employers, and 
negotiations were resorted to with a view of settle- 
ment. At last the employers refused to negotiate 
any further, and the work was stopped for a 
week. The employers then resolved to remove some 
stone to its destination, it being already loaded into 
trucks at the railway. he men heard of this and 
marched to the station, followed by their wives and 
children. They invaded the railway, and took up 
their station in front of the engine a short distance 
away, lying down on the rails and daring the engine- 
driver to run over them. He started the engine 
slowly, with much show of steam, but when within a 
few yards pulled up, as the men, women, and children 
did not and would not move. A number of the men 
were arrested, but it had no effect. Official negotia- 
tions were attempted, but without avail. At last the 
attempt to move the trucks was given up, but the men 
remained in possession all night. The incident showed 
courage and ingenuity, but was somewhat hazardous, 
and it is to be hoped will not be repeated, even in 
France. 





The dock strike at Newport may be said to have ended, 
as the whole matter has been referred to arbitration, 
one arbitrator to be appointed by each side, with a Board 
of Trade chairman. At first the firm affected declined 
to recognise the decision, stating that no sanction 
thereto had been given, but after consultation with 
the President of the Board of Trade gave consent, and 
agreed to abide by the decision in the award when 
given. The Newport Corporation had also to give its 
consent. The General Federation of Trade Unions 
had considered the matter and had determined tv sup- 
port the men at the usual rates of benefit. This, how- 
ever, will not now be required, as arbitration will 
settle all differences. 





The iron market in the Midlands was well attended 
last week, but very little business was done. I! the 
works were again in full swing, but producers say that 
the orders in hand are being rapidly cleared o!!, and 
no new orders are coming in to replace them. ‘liere 
is an almost singular lack of activity, seeing t!.' the 
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iron and steel using industries are getting busier and 
busier. 





At the annual conference of the South Wales Miners | ‘The new apparatus was designed upon the following 


| 


ee, as distinct from the previous apparatus :—The 


Federation, held at Cardiff last week, it was stated 
that the total expenditure last year amounted to 
70,582/. There was a heavy expenditure for strikes, and 


95,351/. was spent on out-of-work benefit. Litigation | 
cost 3433/. ; contributions to the National Federation, | 
2388/. ; and the Parliamentary levy, 5324/. The total | 
membership was 141,089; the funds in hand were | 
128, 165/., of which 5000/. was added as overplus in the | 


year. ‘The men are now under a five years’ agreement, 
and they mean to strengthen the federation in numbers 
and in funds during that period. 





The First Lord of the Admiralty has expressed to a 
deputation his views on the bonus system, which, he 
said, was liable to gross abuse. He did not promise 
to take any action, but his comments upon what is 
done in America and elsewhere under the system leads 
to the belief that something will be done to redress 
the grievances complained of. 





An injunction has been granted to prevent the 
Pattern-Makers’ Union from making compulsory levies 
for Parliamentary purposes. It seems that such 
injunctions will be general if a member objects and 
seeks the aid of the Courts. 





TESTING STEEL. 





Comparison of the Tensile, Impact-Tensile, and Repeated- 
Bending Methods of Testing Steel.* 


By Bertram Biount, W. G. Krrxatpy, Member, ana | 
Captain H. Riatt Sankey, R.E. (Ret.), Member of | 
Council. 

Introductory.—The general impression conveyed by 

the two paperst on impact testing of steel, read in Nov- 
ember, 1908, before this Institution by Dr. Stanton and 
by Mr. Harbord, was that, with notched test-pieces 
broken at one blow, the results were too erratic to be of 
real practical value except in special cases. This was 
contested at the time, and there were some expressions of 
opinion that tensile-impact tests on unnotched bars were 
in many ways preferable ; it appeared therefore desirable 
to examine the matter more in detail. It is undoubted 
that a notched-bar impact test will discover any in- 
ferior material, for in this case all the impact figures will 
be low. But it is also quite possible that quell waateaial 
may be condemned when only a single test is made, should 
it happen that this test-piece gave an abnormally low 
result. To take the average of a large number of test- 
pieces is not satisfactory, because the element of doubt 
remains whether the disparities are due to want of 
uniformity in the material itself or to errors in the 
measurements. The view, as expressed in those two 
papers, would appear to be that the measurements were 
at fault, but there is other evidence that the micro- 
structure of the material is in reality the main cause ¢ 
It is to be observed that in a notched bar, ruptured at one 
blow by cross-breaking, it is the material at the bottom of 
the notch that has to bear the brunt of the impact, and it 
has not time to receive support from the bulk of the 
material. Should the microstructure, or, it may be, the 
macrostructure, at the bottom of the notch be weak, a 
low impact-figure will be obtained. In actual use in a 
piece of mechanism, however, where anything in the 
nature of a notch is avoided so far as the design will 
admit, the contiguous portions of the material assist 
each other, and therefore weaknesses of the order of 
magnitude of the microstructure, or even of the macro- 
en, are more or less obliterated by the stronger 
portions. 
. Following this argument, it would appear that, for an 
impact test to be of practical value, it ought to bring the 
whole of the material in the cross-section under observa- 
tion simultaneously under the influence of the impact 
Stress. A one-blow tensile-impact test on an unnotched 
test-piece fulfils this condition, and it is to be observed 
that M. Pierre Breuil, after collating a large number of 
the published results of various methods of impact testing, 
and adding thereto many of his own, has come to the 
same conclusion. § 

In the discussion on Dr. Stanton’s and Mr. Harbord’s 
papers, Mr. Bertram Blount referred to a tensile-impact 
testing machine devised with the assistance of Mr. Hurry 
—to whom the idea was largely due—and an abstract of 
Some of the preliminary results obtained were given. It 
was decided to continue these experiments on a larger 
and more comprehensive scale, and compare the results 
obtained with the usual static tensile tests. 





\ On reviewing the matter, however, it was thought that 
the height of drop available—namely, 6 ft.—with this 
= iné was insufficient, and that therefore the machine 
ft. be redesigned so as to admit of a drop of about 
. “4 even 40 ft., so as to obtain a striking pe ym | of 
M 4 50 ft. per second. By the foresight of the late 

t. David Kirkaldy, trap-doors had been provided on 


: Paper read before the Institution of Mechanical | 
ngiueers, May 27, 1910. | 
t vs Che Resistance of Materials to Impact,” by Dr. T. 
one anton, D.Sc., and 4. Bairstow. Proceedings, 
fe aa Meo 
ceedings, 1908, Part 4, 921. : : —— 


+ Proceedings, 1904, 1251 and 1 
§ Revue de Mécanique, 1908, —— 





| the various floors of his testing works to accommodate a 
| a apparatus, and, owing to the facilities thus 
| afforded, the new machine was readily installed on the 
removal of the original one. 


all was to bea free fall, entirely independent of any sliding 
upon guides. The specimen was to move with the weight 
so as to avoid the complications arising when a tup is 
allowed to fall upon a stationary cradle, wherein the 
specimen is held, as the effects of inertia have then to be 
allowed for. 

The machine being of the one-blow type, the only 
energy measurement required was the determination of 


| the energy remaining in the tup immediately after rupture 


of the specimen. There are many ways of measuring this 
energy, such as receiving the tup upon a spring and 
observing the amount by which the spring is shortened, 
or compressing air in a cylinder and determining the 
increase of pressure. 

The former method has been adopted in similar impact 
tensile machines, and the latter appeared promising, but 
after much discussion it was decided, at the suggestion 
of Mr. W. J. Marshall, A.I. Mech. E., to measure the 
actual velocity of the tup just after the moment of frac- 
ture of the test-piece, by observing the time-interval 
between the breaking of electric contacts at known dis- 
tances apart. It is, of course, easy to deduce the energy 
remaining in the tup after fracture so soon as this velocity 
is known. The actual apparatus will be described later. 

In order that these impact tests should have as great 
a practical value as possible they were made with a con- 
ph moe number of the types of steels used in mechanical 
engineering. The original machine was designed to break 
test-pieces } in. in diameter, and this diameter had been 
adopted, and all the test-pieces machined accordingly 


| before the new machine was designed.* It was, however, 


decided later to make another series of tests with speci- 
mens 0.357 in. in diameter, to take advantage of the 

ter capacity of the new machine ; the effective length 
or extension was 2in. The ordinary tensile tests were 
carried out, not only with test-pieces of standard size, 
but also with smaller test-pieces of the same size as the 
impact-tensile test-pieces—namely, 0.357 in. in diameter. 
A full chemical analysis was also made. In this way it 
was possible to establish a comparison of the tensile 
impact tests with the usual methods of determining the 
characteristics of steel. A further comparison was also 
established by making a series of tests with a repeated- 
bending machine of the type described by Captain Sankey 
in the discussion on Mr. Hiarbord’s paper, and of which 
further particulars are given later. 

In every case the material was tested exactly as re- 
ceived from the manufacturers; that is to say, in the 
condition in which it would be actually sent out for use. 
It is considered that this is a matter of great importance, 
because the mechanical characteristics of steel are pro- 
foundly affected by heat and other treatments. 

Types of Steel Tested.—The authors gratefully acknow- 
ledge that, by the intermediary of the secretary of the 
Engineering Standards Committee, the following makers 
were good enough to supply the various types of steel 
tested in accordance with the British Standard specifica- 
tion of each type ; with one exception, however—namely, 
the steel suitable for motor-car crank-shafts, &c., which 
was purchased. The list of makers comprises the Park- 
gate Iron and Steel Company, Messrs. David Colville 
and Sons, Messrs. Taylor Brothers and Co., Messrs. 
Walter Scott, Messrs. Giaiee Firth and Sons, Messrs. 
Cammell Laird and Co., the North-Eastern Steel Com- 

ny, Messrs. Dorman, Long, and Co., and the Patent 
Shaft and Axletree Company. 

Representative types of steel were chosen, and the 
following is a complete list, together with a short epitome 
of the respective British Standard specifications : — 


Item 


m9 


Marine boiler-plate suitable for shell.—British Standard 
Specification for Structural Steel for Marine Boilers (Report 
No. 14; Revised March, 1907): breaking stress 28 to 32 tons 
per square inch, elongation on 8-in. gauge length not less 
than 20 per cent. 

2. Marine boiler-plate suitable for combustion -chamber.— 
British Standard Specification for Structural Steel for 
Marine Boilers (Report No. 14; Revised March, 1907): 
breaking stress 26 to 30 tons per square inch, elongation on 
8-in. gauge length not less than 23 per cent. 

3. Locomotive boiler-plate suitable for portions not exposed to 
flame.—British Standard Specification for Steel for Plates, 
Angles, &c., and Rivets for Locomotive Boilers (No. 16 of 
a rt No. 24): breaking stress 26 to 32 tons per square 
inch, elongation on 8-in. gauge length not iess than 22 per 
cent. Not more than 0.05 per cent. of sulphur or of phos- 
phorus. 

4. Locomotive boiler-plate suitable for portions exposed to 
flame.—British Standard Specification for Steel for Plates, 
Angles, &c., and Rivets for Locomotive Boilers (No. 16 of 
Report No. 24) ; same as for item 3. 

5. Forging.—British Standard Specification for Steel Forgings 
for Locomotives (No. 8 of Report No. 24): Class B, breaking 
stress 25 to 32 tons per square inch, elongation on a test- 
piece 0.798 in. in diameter and 3-in. gauge length not less 
than 27 per cent. with 25 tons per square inch breaking 
stress, and not less than 20 per vent. with 32 tons breaking 
stress. The sums of the breaking stress and of the elonga- 
tion not to be less than 52. 

6. Forging.—British Standard Specification for Steel Forgings 

for Locomotives (No. 8 of Report No, 24): Class D, breaking 

stress 40 tons to 45 tons per square inch, elongation on a test- 
piece 0.798in. in diameter and 3-in. gauge length not less 
than 20 per cent. for 40 tons breaking stress, and not less 
than 15 per cent. for 45-tons breaking stress. The sums of 

the bi ing-stress and elongation not to be less than 60. 

Elastic limit not less than 50 per cent. of the breaking- 

stress. 


nw 








The results of the tests on these }-in. specimens are 
not repurwd; they, however, substantially confirm the 
results with the larger test-pieces. 








7. Locomotive axle.—British Standard Specification for Loco- 
motive Straight Axles (No. 2 of Report No. 24): breaking 
stress 35 tons to 40 tons per square inch, elongation on test- 
piece 0.798in. in diameter on 3-in. gauge length not less 
than 25 per cent. with 35 tons breaking stress, and 20 per 
cent. with 40 tons breaking stress. The sums of breaking 
stress and elongation not to be less than 60. Elastic limit 
not less than 50 per cent. of the breaking stress. Not more 
than 0.035 per cent. sulphur or phosphorus. 

8 Wagon-axle.—British Standard Specification for Carriage 
and Wagon-Axles (No. 3 of Report No. 24): breaking stress 
35 tons to 40 tons per square inch ; elongation on test-piec? 
0.798 in. in diameter and 3-in. gauge length not less than 
25 per cent. with 35-tons breaking stress and 20 per cent. 
with 40 tons. The sums of breaking stress and elongation 
not to be less than 60. Elastic limit not less than 
50 per cent. of breaking strers. Not more than 0.035 per 
cent. of sulphur or phosphorus, 

9. Bull-head rail, 95 ib. section, as supplied to the North- 
Eastern Railway. Basic Bessemer. — British Standard 
Specification and Sections of Bull-Head Railway Rails 
(Report No. 9; Revised July, 1909): breaking.stress not 
less than 40 tons and not more than 48 tons per square inch, 
elongation on test-piece 0.798 in. in diameter and 3-in gauge 
length not less than 15 per cent. 

Per Cent. 


Carbon .. - os : ot 0 35 to 0.50 
Manganese. “% , 0.70 ,, 1 
Silicon, not to exceed . 0,10 
Phosphorus, not to exceed - 0.075 
Sulphur, not to exceed - - 4 0.08 


10. Bull-head rail, 90-lb. section, as supplied to Indian Railways. 
Acid open-hearth.—British Standard Specification and Sec- 
tions of Bull-Head Railway Rails (Report No. 9: Revised 
July, 1909): same as for item 9. 

11. Tramway Rail, 95-lb. section.—British Standard Specifica- 
tion for Tramway Kails and Fish-plates (Report No. 2): 
breaking-stress not less than 40 tons per square inch, elon- 
ration on test-piece 0.798 in. in diameter and 2-in. gauge 
ength not less than 12 per cent. 


Per Cent. 
Carbon .. ne - _ os - 0.4 to 0.55 
Manganese we > $e os i 0.70 ,, 1 
Silicon, not to exceed om . on 0.10 
Phosphorus, not to exceed. . a. a 0.08 
Sulphur, not to exceed - i a 0.08 


12. Tyre.—British Standard Specificatioa for Carriage and 
Wagon Tyres (No. 5 of Report No. 24), Class C: breaking- 
stress 50 to 55 tons per square inch, elongation on test-pieve 
0.564 in. in diameter and 2-in. gauge length not less than 
11 per cent. with 55 tons. Not more than 0.035 per cent. 
sulphur or phosphorus. 

13. High tensile nickel-chrome steel for automobile parts. 


An ample supply of material was sent by the makers in 
each case. The location of the various test-pieces was 
selected with a view of giving the best practical informa- 
tion in respect of the use of each type of steel, and in 
this matter the long experience of Messrs. Kirkaldy and 
Son was of the utmost value. Care was taken so as to 
record and identify each test-piece that its original posi- 
tion and orientation in the sample can be determined. 
Fig. 1 (page 723) shows the positions from which sample 
test-pieces were taken. 

The following are some of the points attended to in the 
matter of selecting the position of test-pieces : 

When dealing with the steel plates, all test specimens 
were prepared lengthwise or in the direction of rolling, 
and it was not deemed necessary for the purposes of this 
investigation to include tests in the crosswise direction. 
As far as practicable the small specimens were taken from 
the same relative position, in order to minimise differ- 
ences arising from difference in position such as being 
nearer to or more remote from the skin or outer surface. 
It was found impracticable to eliminate altogether effects 
due to position, for instance, the repeated-bend specimens 
were taken near the skin surface, as would naturally be 
the case in ordinary workshop practice, and they then 
did not quite correspond in position with the small 
impact-tensile and small static-tensile specimens, because 
the provision of suitable heads for holding necessitated 
the centre or body of those specimens being located some- 
what further in from the exterior surface. 

Again, it should be noted that the standard-sized 
tensile specimens were made for the purpose of establish- 
ing the ordinary test data regarding the various types of 
steel and not for the purpose of comparison with the 
small specimens. 

TENSILE TESTS. 


The tensile tests were carried out in the usual way and 
the standard test-pieces were made in accordance with 
the provisions of the British Standard specifications. The 
small test-pieces were 0.357 in. in diameter with 2-in. 

auge length. Mention need only be made as to the 
Scpninaiion of the elastic stress. The procedure fol- 
lowed was that observed by the late Mr. David Kirkaldy, 
who, when commencing his testing operations, adopted 
the definition for the elastic stress as that where the rate 
of stretch ceases to be proportional to the load applied. 
This is determined bi Searles the rates of extension of 
the test-piece at regular increments of stress, and wherever 
the rate of extension increases the load is then noted. 

As a matter of interest for this communication, the 
yield-point, as evidenced by the drop of the steelyard of 
the testing-machine, has been added ; but Mr. Kirkaldy 
desires to point out that the practice at his testing 
laboratory has been steadfastly to combat the recogni- 
tion of the yield-point. It is not a reliable criterion of 
the elastic limit, and he thinks that it ought to be dis- 
couraged. It is only during very recent years that he 
has been constrained to include this yield-point in his 
official reports, owing to the pressure put upon him b 
engineers insisting upon having it. As a modus vivendi 
he has therefore included it in his reports where wanted, 
but it has even then always been in conjunction with the 
determination of what he deems to be the elastic stress. 


CuemicaL Txsts. 
The following is a short description of the methods 
adopted for ing the chemical tests which were carried 
out in Mr. Bertram Blount’s laboratory :— 
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Carbon, silicon, sulphur, phosphorus, and manganese 
were determined in all the specimens, and in addition 
chromium and nickel in the specimen of high tensile steel 
intended for automobile parts. The methods of analysis 
employed were those usually accepted by steel chemists, 
a it is sufficient to ‘indicate briefly which of the several 
methods recognised as reliable were preferred. 

Carbon was determined by dissolution of the steel in 
potassium cupric chloride, its collection on asbestos in a 
tube closed with a perforated platinum cap and combus- 
tion in a quartz tube in a stream of purified air (not 
oxygen), the gases being passed over heated copper oxide. 

Silicon, Sulphur, and Phosphorus were determined by 
the methods given by Blair without modification. 

Manganese was determined by Rothe’s method, depend- 
ing on the solubility of ferric chloride in ether for 
removing the bulk of the iron, followed by a basio acetate 
separation. 

Nickel was estimated by a method depending on the 
formation of a double cyanide of nickel and potassium 
incompetent to dissolve silver iodide. A gravimetric 
method was also employed, consisting in removing the 
bulk of the iron, as in the Rothe process, separating the 
manganese as dioxide and precipitating the nickel as 
sulphide in acetic acid solution, the small quantities of 
nickel remaining associated with the iron and manganese 
being separated by a basic acetate precipitation in the 
usual manner. 

Chromium was determined by fusion of the product of 
the dissolution of the steel with sodium carbonate and 
potassium carbonate, the operation being repeated and 
the chromium reduced from its solution as chromate, and 
weighed as Cr,O . 

The results of the analyses of the samples are given in 
Table I., page 730. 


TENsILE-Impact TESTs. 


The general principles on which the machine used for 
these tests has been designed were previously referred to 
(see page 727). Fig. ives a diagrammatic eleva- 
tion of the machine, et Figs. 3 and 4 some of its 
details. The anvil consists of a couple of castings weigh- 
ing 4001b. each, and securely bolted to four upright 
H-section steel columns, which in turn are bedded in 
concrete. The joint between the castings and the steel 
columns was machined and carefully fitted ; the effective 
weight is 2000 lb., and in this way an adequate mass has 
been given to the anvil. The pm Ho of the casting are 
protected at the place where the blow from the tup has 
to be received by hard-steel strips carefully bedded and 
securely bolted to the casting. 

The test-piece connects together the tup and the 
arresting crosshead, the lower grip being fixed to the 
tup, and the upper one to the crosshead, as shown in 
Figs. 2 and 3, and special care was taken in designing the 
ends of the test-pieces and the grip so that the line of pull 
would sensibly pass through the axis of the test-piece. 
The combination of crosshead, test-piece, and tup is 
allowed to fall freely, there being no contact between 
the crosshead and the two wires shown in Fig. 2, 
and it will be seen that when the crosshead strikes the 
anvil its motion is suddenly arrested, but that none of its 
energy is communicated to the test-piece. The energy in 
the tup is, however, exerted on the test-piece and ruptures 
it, and, with a given height of fall, the weight of the tup 
is so chosen that there will be an excess of energy to 
ensure breaking the test-piece with one blow. 

A stretcher is fixed to the two wires shown in Fig. 3, 
page 725, at any height desired, so that by connecting the 
crosshead to it any desired fall of the tup can be arranged 
for up to 40 ft. The connection of the crosshead to the 
stretcher is made by a suitable releasing-catch. This 
catch is so arranged that the crosshead and the tup are 
instantaneously released without imparting any side 
motion to them—a more difficult thing to do than might 
at first sight appear. The tup was so designed that 
additional side-pieces can be added to it. The smallest 
weight weighs 10 1b., and it can be increased to 20 Ib. by 
steps of 2 16. 

The mee applied to the test-piece at the moment of 
rupture can be accurately calculated from the height of 
fall, since it is a free fall, and, as already stated, the 
measurement of the remaining energy is determined from 
the velocity the tup has immediately after rupture. This 
measurement is made by observing the time-interval 
between the breaking of two electric contacts, one 
placed immediately after rupturing the test-piece, and 
the second 10 ft. lower down. The energy duet by 
the breaking of the specimen is then determined by the 


expression— 
(7 -)} 


Energy absorbed = W{H i. 
where 
H is the height of free fall before striking the anvil ; 
h ia the height of free fall after striking the anvil— 
t.e., between the anvil contact and the bottom 
contact; 
W is the weight of the tup; and 
tis the time-interval between the anvil and bottom 
contacts. 
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The arrang ing the time-interval are 
as follow :— 

Easily-opened switches are placed at a and }, Fig 2, 
page 728, and complete an electric circuit. As the front 
edge of the tup passes these switches they are momentarily 
= pe and the circuit is broken for a very small fraction 
of a second. A recording-pen, marking a continuous line 
on a paper band, Fig. 4, 728, is thereby deflected, 


and the distance between these two ‘‘deflections” is a 
measure of the time-interval. The paper band is un- 


paper; 5in. a second has been found to be a suitable 
speed for the paper. A second recording-pen, vibrating 
at about 40 per second, marks a corrugated line, but 
to calibrate these corrugations and to obtain an absolute 
standard, half-second marks are recorded by means of a 
half-second pendulum—which was compared by Mr. 
G. P. Mair with the seconds pendulum of a clock whose 
rate is 2 seconds per month. A facsimile of a record is 
given in Fig. 5, and it is computed from numerous ob- 
servations of free fall that the error in the time-interval 
measurement is less than 0.005 second. 

The method of making a test with this impact testing- 
machine is as follows :—The test-piece having been fixed 
in the grips, thus connecting the cross-arm and the tup 
together, the whole is hoisted up and fixed to the stretcher 
by means of the releasing-catch. The paper band is then 
started, and so soon as the 8 of the paper is constant 
(which requires a few seconds) the catch is released, and 
at the moment of release the electric circuit of the record- 
ing-pen is opened and the first time record is marked on 
the paper. Immediately after breaking the test-piece 
the second time record is marked by the opening of the 
anvil contact, and the third by means of the bottom 
contact after falling another 10 ft. In a similar manner 
the time required for the free fall from the point of 
release to the anvil can be determined, and a check is thus 
obtained, as this interval of time should be equal to the 
time of free fall in air due to the action of gravity. 

The degree of accuracy obtainable in the measurement of 
the ae absorbed > i the specimen is mainly dependent 
on two things—namely, (a) on the ratio of the kinetic 
energy remaining in the tup after breaking the test-pi 
to that it possessed at the moment of striking, and (6) on 
the error in the measurement of the time-interval in falling 


is fixed in a grip carried by a flat steel spring, the other 
end is inse’ into a hole in a lever and is secu bya 
cup-ended screw. This lever is 3 ft. long, and by its 
means the test-piece can be bent backwards and forwards, 
When a force is applied to the lever the first action is to 
defiect the fiat spring, and this deflection will increase in 
amount until the test-piece begins to yield, after which 
there will be no further deflection of the spring, and the 
test-piece will be bent. The bending is continued until 
the maximum angle of bend is reached, which has heen 
chosen as 46 deg. after much preliminary work. The 
direction of bending is then reversed, and the flat spring 
is deflected in the opposite direction. The bending of the 
test-piece is continued beyond the original central posi. 
tion until an angle of 46 deg. on the opposite ate is 
reached, then the direction of bending is again reversed, 
This process is continued until rupture occurs. 

The grip at the end of the flat spring is connected by a 
wire and a multiplying arrangement to a recording pencil 
carriage working on guides. The wire attached to this 
carriage is kept taut by a spring placed in a circular box. 
The motion of the pencil is recorded on a paper placed 
around a drum aa t proportional to the deflection of 
the flat spring, and therefore, obviously, to the bending 
effort. The rum is under the action of an internal spring 
and rotates a definite distance each time a bend is started 
from left to right, and in this manner the number of 
bends is automatically recorded, as shown in Fig. 7, which 
is a facsimile of a record. The papers are ruled with 
lines giving the bending effort expressed in pound-feet. 
One bend is reckoned as bending from the extreme posi- 
tion on the right to the extreme position on the left, 
or vice versd. Hence the first line of the record—namely, 
A B, Fig. 7, which is drawn whilst the test-piece jis 





Fig. 7. RECORD FROM REPEATED-BENDING MACHINE 
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the distance h (10 ft.) beyond the 
matter was investigated, and an a 
gation is given in the appendix. It need only be 
mentioned here that the percen error in the deter- 
mination of the absorbed energy will be about half of the 
rceentage error in the time measurement, if the remain- 
ing energy in the tup does not exceed two-tenths of the 
energy in the tup at the moment of striking the anvil. 
With an unknown specimen, however, a considerable 
margin must be allowed to ensure breaking the speci- 
men with one blow, and it may be, therefore, that the 
proportion of energy remaining to initial energy may be 
considerable, and then the percentage error in the deter- 
mination of the absorbed energy will be greater than the 
percentage error in the time measurement. It should be 
noticed also that if the remaining energy is very con- 
siderable, the percentage error in the absorbed energy 
would be excessive, but in practicea rough estimate of the 
strength of the specimen can be made so as to avoid such 
errors. If several similar specimens are to be broken, the 
weight of the tup or the height of fall (preferably the 
former) can be adjusted after breaking the first specimen. 
on general consideration, and as the result of some 
reliminary trials, a height of drop of 30 ft. was adopted 
or these tests. 


int of rupture. The 
tract of this investi- 


Ca, 











rolled by means of an ordinary Morse telegraph ‘‘inker,” 
altered so as to get a much more rapid dl 


g of the 


pacity of the Machine.—The machine has been so 
designed that a 40-ft. drop with a 20-lb. tup can be used. 
The available striking energy is therefore 800 foot- 
pounds, and this energy is sufficient to rupture a steel 
test-piece § in. in diameter. 
REPEATED-BENDING TESTs. 
The repeated-bending machine used in these tests is 


shown in Fig. 6, annexed, and it automatically records 
the number of bends and the bending effort of each bend. 





Fic. 6. 


being bent the first time from the central straight con- 
dition to the extreme position on the left—represents 
only half-bend. Since the distance between the lines 
representing the record of the bends is proportional to 
the distance travelled by the bending force, the energy 
required for one bend is obviously represented by the 
rectangle drawn to the left of each line, as A E D C, for 
example. For A B, however, the rectangle is only half 
the width, since this line represents only half a bend. 
The test-piece generally breaks before completing a bend, 
and a graduated quadrant is provided to measure the 
amount of the last bend expressed in tenths of a bend. 
Hence the rectangle representing the energy of the last 
bend will have a width the same number of tenths of the 
full distance between the lines, as shown by rectangle 
GHKL. Finally the total energy required to break 
the specimen is given by the area included within the 
dotted line, Fig. 7. In the original record one square 
inch represents 400 foot-pounds of energy, so that it is 
easy to calculate the energy, expressed in foot-pounds, 
required to break the test-piece. 

Fig. 8, e 729, shows nine records of repeated- 
bending tests, reduced half-size. 


RESULTS OF THE -TESTS. 

The average of the principal observations are given in 
Table IL., 731, and it will be noted that two sizes of 
tensile test-pieces are quoted for each type of steel—the 
dimensions of the small test-pieces are the same as those 
of the impact-tensile test-pieces. In the case of steel for 
tyres (Item No. 12) there are three sizes of test-pieces, 
that having a diameter of 0.564 in. being the standard 
size. It will further be observed that, in general, the 
tensile results are higher for the small test-pieces than 
for the large, which is probably due to the metal in the 
smaller test-pieces being more worked, having been taken 
from a position nearer the skin. ; 

In the impact-tensile tests the means of the observa- 
tions on three test-pieces are given.* As regards the 
energy absorbed by the rupture of the test-piece, which 
is the important measurement in this test, the readings 
agree fairly well, the average disparity from the mean 
being about 6 per cent.; but in a few cases the disparity 
is as much as eer cent., possibly owing to the pusition 


in the material from which the test-piece was taken, os 
stronger one having been subject to a greater amount ¢ 
yn 


work. The readings of elongation and contract 
area are in good 


ment, but here again the position 
of the test-piece a marked effect. 





Four test-pieces were broken for each type of steel by 
repeated bending, and theaverage disparity of the various 
. The full observations of these and other tests are 


deposited at the Institution, 





The test-piece is 4 in. by @ in. in diameter, and one end 
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observations from the mean was of the order of 4 per cent. ; | taken, but in some there is no apparent explanation. A 
i be | note was taken of the position of the skin with reference 
traced to the effect of the position of the test-piece ; the | to the direction of bending, but no decided effect was | 2 
The | observed. The appearance of the fractures of the impact | case of impact tests it is the principal measurement 

oguead wah those of the static tensile tests. | made; in fact, with notched specimens it is the only 


where greater variation than this occurred it could 


effect of — is very marked in some cases. 
readings 0! t 


of the first bend. It would appear that the latter depends 


he maximum bending effort of each set of four | tensile tests 
test-pieces are much closer than those of the bending effort |The fractures of the re- 
x . ted-bending a had, 

cod deal on the position of the test-piece and also | however, a somewhat dif- ing Class 
cathe degree of annealing. The effect of the bending is | ferent appearance, but no Forg Ne 6.R. reo 
to stiffen the material, and apparently this stiffening | better terms than “silky” Lore 


Fig.8. RECORDS OF REPEATED BENDING (ABOUT HALF Size). 


Marine Boiler P’ i 
Lbit Item N°1RR.2274. 


Teen WER R2308. 


tility, and the energy required to rupture it. Although 
the energy required for rupture can be calculated from 
the ordinary tensile tests, it is not usual todo so. In the 





RECORDS OF REPEATED BENDING (ABOUT HALF SIZE). 


Locomotive Axle. Wagon Ale. 
Item N°7. 8.8.38. Jtem.N°8.S.S.481. 
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} Bull-head Rail. Tram Rail. TyroGasedh Nickd -Chrome Automobile. 
‘50 Item N°. Item N°N. IN°12. Item N°13. R.R.2374. 
sionaiad Titan —  F o aie ae i aanaiias R.R.2345 RR.2353. RR.2362. 
oy Type of Steel. | =— ule Energy. = Fracture. na 
ail | abt. | Moth | ftetb | -™ od 
ine boiler plate! 45 51 2390 =| | Silky. { 
1 | Meriee beer ate) | | el t id) «= SUPP oi SHULEYY ELLY 
6 , (Class ©). 53 59 2060 23.1 “s [ 
7 Locomotive axle .. 43 54 2690 32.1 Granular and silky. Lo 
8 Wagon axle o 49 55 1120 12.3 | Crystalline. | 
10 ~——-Bull-head rail -| 6 | 72 900 8.1 45 per cent. crystalline and 
granular. 
11 Tram-rail .. . 64 73 1600 14.3. | Granular. 
12 | Tyre (Class C) jc 76 84 830 6.3 Fine crystalline. 50 
13 | Ni. Cr. automobile 71 7 3320 29.2 | Fine silky. 
—_S _ (17846) 
Fic. 8. Recorps oF Repreatep BENDING. 
Fig.9 COMPARISON OF REPEATED BEND TESTS WITH Fg. 10. COMPARISON OF DUCTILITY BY STATIC TENSILE, 
TENSILE TESTS. IMPACT TENSILE & REPEATED BENDING. 
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”” (Table 1) (Table 1) 
tends to © limit; hence a greater uniformity in the read- | and “granular” suggest themselves. ‘In addition to these | measurement possible. As regards repeated bending 
> gs ‘ie maximum bending effort which agreed within | two kinds of fracture, small bright* crystalline patches | the energy absorbed is automatically recorded by the 
_ cent. In the case of the initial bending effort the | were observed ‘in' some cases’ (see Items Nos. 8 and 9, | machine used in these experiments, as already explained. 
: Parity ts as much as 4 per cent. Except in a few cases, | column 25, Table II.,“page 731). a Measurement of Strength.—Some idea of the strength 


© number of bends sustained by each of the four test- 


pieces of « set agreed withi 4 
mentofc whoa thin 6 per cent., and the measure 


In most 
effect of ¢ 


rbed agreed within the same percentage. 





can be obtained from the impact tests by dividing the 


ConcLusions. elongation into the energy absorbed per cubic inch—.e., 


t Comparison of the Results Obtained.—Broadly stated, | column 13, Table III., by column 17, Table II. ; this has 
ses the disparity can be accounted for by the | the object of applying a mechanical test to a'piece of | been done, and the result is given in column 3, Table ITT., 
He position from which of the test-pieces were | steel is to obtain information as to its strength, its duc- | and the ratio of column 3 to the breaking stress (column 7, 
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Teble II.) is given in column 4. It will be seen that 
there is a fair agreement proportionately, but the strength 
is exaggerated. 

In the case of the repeated bending it is clear that 
there must be some connection betweon the initial bend- 
ing effort and the yield-stress, and it is probable that 
there is also a relation between the maximum bending 
effort and the breaking stress. 

These comparisons are given in Table III., columns 5 
and 6, and it will be seen that as regards the yield-stress 
and initial hending effort the average ratio is 2.1 for 
steels containing up to about 0.3 per cent. carbon, and it 
may be stated that practically the same figure has been 
many times obtained before with steels of similar carbon 
content. For steels containing more carbon, however, 
the ratio is greater—namely, an average of 2.7. The 
nickel-chrome steel does not, however, conform to this 
rule; nor is the agreement good in the case of items 1 and 
2. The disparity may, however, be in some measure due 
to the known difficulty of accurately determining the 
yield-stress. The ratio of the maximum bending effort to 
the breaking stress is very fairly constant throughout, 
the average figure being 1.54, and the greatest disparity 
is 7 per cent. 

The meaning is that an approximate idea of the tensile 

ield stress can be pr tac by dividing the initial bend- 
ing effort by the 2.1 in the case of mild steels (below 0.3 
zarbon) and by 2.7 for stronger steels. In all cases the 
tensile breaking stress can be calculated to a fairly close 
approximation by dividing the maximum bending effort 
by 1.54. Theso results are also shown diagrammatically 
in Fig. 9, page 729. 


Measurement of Ductility.—The impact-tensile test 


gives elongation and contraction of area, and it is to be 
noticed that the figures are in all cases greater than those 
obtained with the static tensile tests of the small speci- 
mens. 
is that the suddenness of the breaking effort tends to 
duce a more general extension. In the repeated-bending 
test the petal of bends increases with the ductility ; 
and in order to establish a comparison with the ductility 
as evidenced by the tensile tests, the ratio of the number | 
of bends to the elongation,* to the contraction of area, and | 
to the product of the elongation and the contraction of | 
area 
columns &, 9, and 10, Table ILI. 
ratio varies somewhat in the first two cases, but is fairly 
constant in the last (column 10). It may be said, there- 
fore, that the number of bends is proportionate to the 
ductility as obtained by the static tensile tests. These 
results are also shown diagrammatically in Fig. 10. 
Measurement of Energy Absorbed.—A comparison of 
the energy absorbed in rupturing the test-pieces by the 


three different methods of test is given in columns 11 to | 


17, Table III. 


In the static tensile tests the formula 
used is-- Me 
Energy per cubic inch 


( } 


This formula assumes that the top of the stress-strain 
diagram is sensibly parabolic in form, and it was originally 
»xroposed by Sir Alexander Kennedy. The calculation has 

xen made both for the small and for the standard test- 
pieces; in the latter case the elongation for a large test- 
piece geometrically similar to the small test-piece was 
computed. 
absorbed by the large test-piece is in all cases smaller than 
by the small test-piece. 

It will be further noticed that the energy absorbed per 
cubic inch in the impact tensile test is considerably greater 


elongation 


2 breaking stress + yield stress 
gauge length : 


3 


than in the static tensile test, the ratio being approxi- | 


mately 1.6 (see column 14), which may be due to the sud- 
denness of the action. 

On examining the broken repeated-bend test-pieces it 
was found that the whole of the metal was profoundly | 
disturbed for about 1.3 in. of its length (varying from 1.1 | 
to 1.5). The energy per cubic inch can therefore be cal- | 
culated approximately, and the result is given in| 
column 15, Table III. It will be observed that the figures | 
in most cases are of the order of five to ten times greater | 
than those for the static tensile tests (standard specimens, | 
column 12). In the case of the latter, however, the far | 
greater portion of the metal is only disturbed to the | 
extent due to the yield stress (even if so much), and it is | 
only close to the actual fracture that it is fully disturbed, | 
whereas in the bending test, as already 7s out, nearly | 
the whole of the test-piece is profoundly disturbed. An | 
estimate of the energy absorbed in the neighbourhood | 
of the point of rupture in the tensile test can be ob- | 
tained as follows:—The energy absorbed per cubic | 
inch by the general extension can be found by estab- 
lishing simultaneous equations based on the elonga- | 
tion on 2 in. and on 3 in. given in columns 8 and 49, | 
Table II. To this must be added the energy per cubic | 
inch required close to the point of fracture by the addi- 
tional disturbance there. A cubic inch, consisting of a | 
cylinder 1 square inch area and 1 in. length, will be de- | 
formed into a cylinder whose cross-section is that of the 
ee area. The elongation of this cylinder is there- | 

ore :— 


1 
1 — contracted area 


and the force acting is the breaking stress. This energy | 
can therefore be calculated and added to that due to the 


* In order to make a true comparison the elongation for 
a gauge length of 4 \/A has been computed from elonga- 
tions given in columns 8 to 12, Table IT. 
the cross-section. 


A is the area of 





As regards elongation, the probable explanation | 
ro- | 


have been computed, with the results given in| 
It will be seen that the | 


It will be seen that the energy per cubic inch | 
| 
| 


| different types of steel ; whereas in the repeated-bending 


| than by the static method. Such steels were, however, 
u 


criminating between the various types of steel. 


neral elongatiov. The result is given in column 16, 
Table III., and the ratio of the energy required by repeated 
bending to this energy is given in column 17. It will be 
seen that the ratio is fairly constant, and, roughly, the 
energy per cubic inch required by repeated bending is 
twice that needed by a static pull at the point of maxi- 
mum disturbance. This appears reasonable seeing that 
the alternate tensions and compressions to which the metal 
is subjected in repeated bending produce an irreversible 
action, so that the energy required is likely to be con- 
siderably greater than that needed for a simple pull. An 





interesting point to note is that the variation in the 
energy absorbed per cubic inch both in the static tensile and 


same terms as the static tensile test—namely, elongation 
and contraction of area — but always with higher numer] 
values. The breaking stress of the material can be in. 
ferred, but must be reduced by a factor in order to obtain 
the same numerical value as given by the static test ; )so 
it only gives the breaking stress. The energy absoried 
per cubic inch does not vary greatly with the various 
— of steel ; it is approximately 50 per cent. more than 
that obtained by the static tensile test, and is also no 
definite criterion of the type of the steel—at any rate, of 
normal steels containing a small proportion of phosphorus, 
From the experiments referred to by M. Breuil, it would 
appear that steels cortaining an undue proportion of 


Fig.i1. COMPARISON OF ENERGY ABSORBED PER CUBIC INCH OF METAL 
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TABLE I.—Cnemicat ANALYSIS. 
1 2. 3. 4. 5. 6. a 8. 
' — cesta 
—_ Type of Steel. Carbon. Silicon. Sulphur. Phosphorus. Manganese. Bed e. 
7 : per cent. percent. percent. per cent. per cent. per cent. 
1 | Marine boiler-plate (shell) ia ae - 2255 0.110 0.038 0.028 0.742 98.827 
2 - (combustion-chamber) 0.152 0.019 0.035 0.039 0.601 99.154 
3 | Locomotive boiler plate (not exposed to flame) 0.190 0.008 0.044 0.042 0.529 99.187 
4 ” . (exposed to flame) .. 0.148 0.024 0.039 0.022 0.562 99.205 
5 (Forging (Class B) .. es -" ae we 0.286 0.123 0.019 0.035 0.662 98.875 
6 » (Class C) .. 0.41 0.127 0.014 0.032 0.727 98.689 
7 (Locomotive axle 0.364 0.121 0.023 0.020 0.774 98.698 
8 Wagon axle .. ° - 0.428 0.112 0.031 0.018 0.558 | 98.853 
9 ‘Bull-head rail (basic Bessemer) .. 0.449 0.044 0.032 0.031 0.814 93.630 
10 » (acid open-hearth) 0.643 0.039 0.030 0.031 0.648 98.609 
11 (Traw-rail  .. i : aa 0.520 0.0°8 0.060 0.046 0.817 98.519 
12 Tyre (Class C) 0.739 0.347 0.030 0.028 0.720 98.136 
f Nickel = 2.630 
13 |Nickel-chrome for automobile parts .. 0.335 0.245 0.031 0.027 + 0.666 95.583 
\ Chromium = 0.483 


in the tensile impact tests does not greatly vary with the 
very marked differences occur. These results are also 
shown diagrammatically in Fig. 11, annexed. 

The results of the impact tests are similar to those 
obtained by the static tensile test, and this agrees with 
similar tests made by M. P. Breuil and others, but it 
would appear from these latter tests that in the case of 
steels containing an undue percentage of phosphorus 
much lower results are obtained by the impact method 


not included in the original scope of experiments. 


Summary. 


1. The static tensile test forms a standard of com- 
parison, and gives the strength and ductility of a sample 
of steel in terms which are well understood. The average 
energy absorbed per cubic inch can be computed, but does 
not vary greatly, and therefore does not assist in dis- 





2. The impact tensile test gives the ductility in the! 





phosphorus give a much smaller energy per cubi¢ inch 
with impact tensile tests. 


3. The repeated-bending test gives strength, ductility, 
and energy, but in terms different from those obtain 
by the static or the impact tensile test. Strength in the 


same terms as the static test can be inferred as 
follows :— A 

The yield-point expressed in tons per square inch can be 
obtained by dividing the initial bending effort, express 
in pound-feet, by 2.1 for mild steels—namely, those con- 
taining less than 0.3 per cent. of carbon, and by 2.7 for 


medium carbon steels. The breaking-stress in tons per 


square inch can be obtained by dividing the maximum 
bending effort, expressed in pound-feet, by a factor 1.54 
for all types of carbon steel. The ductility of tl: steel . 
iven in different terms from those in which it is es presse@ 
y the static tensile test—namely, the number bende 
but the product of elongation on a gauge length «’ + A 
multiplied by the reduction of area is equa! "))] _ 
mately to the number of bends divided by aa 
req 


energy expressed in foot-pounds per cubic ine 
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TABLE IT.—PRINCIPAL TEST FIGURES. 
| : NS ee eS ae ee niilincadailigsiaaat 
| TENSILE. IMPACT (AveraGe or 3 Test-Preces). HAND-BEN DING (AveRAGE OF 4 Test-Pieces). 
1 2. 3. 4. 5. 6. 7. & | 9% | 10/11 | 12 13. 14. 15. | 16. ‘17. 8. 19. 20. 21, 22. 23. 24. 25. 
- eee ; oo a 
- | 3 3 g | te ELONGATION PER- Ss Esgi4 |S |S ey | Benpive | , 
is | é & eis CENTAGE IN es | sa|< e |g Se | Errorr. 3 

; = am | S | 3% | >. 12 |S 3a - : Fracture 

5 Tyre oF STERL. — | g So 2 ag | | | .| 8g | Fracture. -e | SE ig || 2 q, Fracture. $M 5) 3 - a| RE , 

| 34 a] 2 <3 oo . : : : eieses | e ef esis S © SE s + & og) 

= =} g2 3 a} -esif&is' sigia= |! eé ra ‘ Sleé +2 & 3S aS | o& 

Q : a a = = — _ — - iJ Ss = = a= 

a abe am es - am ianleaislao|& |3* 6° a ® = Pal loi 5 om Ze | = =~ | a® 

p.c. | in. |t. perjt. per|t. per | p.e. in. |ft.-Ib. |p. e./ pic. in. Ib, ft. |Ib.- ft. 'ft.- Ib 

| | sq. in}sq. in. |sq. in. | diam. . : 

1 Marine boiler - plate) 0.255 | 0.358 16 16.8 | 32.1 |30.5, . ; -- | -- | 56.4 S.lky 0.357 | 513 |34.4/57 Silky 0.875 | 31.1 | 44.8 | 61.2 | 2380 |Silky ; trace granu- 

(she oe - | 1.50 x} 16.6 | 17.7 | 31.1 |57 (46 37.2 30.9/28 54.9 - | | lar 
1.28 | | 

® Marine boiler - plate) 0.152 | 0.358 16.4 | 17.2 | 26.7 |84.2) .. | .. .. | 584 nd 0.356 | 460 |39.2/61.1 o» 0.375 | 34.2 | 33.3 | 44.7 | 2210 Silky and granular 
(combustion -cham | 2x 7.3 | 18.7 | 26.9 [54 [44 |34.4)27.7/24.9] 54.1 | m 
ber) .. ae os | 0.875 | | 

8 Locomotive boiler -| 0.190| 0.358 | 15.2 | 15.6 | 28.6 |32 cao het Oe ae. Ba ee - 0.357 | 440 |35 |56.7 a 0375 | 29.5 | 32 45 1960 |Silky and granular 
plate (not exposed | 2 x 14.2 | 14.9 | 28 [49 |40.7/33.4/28.5)/26.3) 47.5 | ea | | | 
to flame) > es 0.500 | | | | l. 

4 Locomotive boiler -| 0.148 | 0.858 1%9 | 14.6 | 25.3 /36.7) .. | .. | ..].. | 62.4 - 0.357 | 467 |39.7/61.7 9 0.375 | 429 | 28.2 | 40.7 | 2500 |Silky and granular 
plate (exposed to | 1.50 x} 13.0 | 139 | 26 |52 45 $7.8/31.8 29.2) 55.8 | is | | | | showing fibre 
flame) - ; 0.57 | | | | 

5| Forging (Class B) ..| 0.286 | 0.357 | 17.7 | 18.3 | 33.2 |32 rire 8 59 | - 0.358 | 524 |35.1/59.6| ” 0.375 | 41.3 | 30.8 | 51 3020 |Silky and slight'y 

0.798 17.9 | 185 | 32.9 |42 34 26.7) , 56.6 | ” | | | | | granular 

6) Forging (ClassD) ..| 0.411} 0.357 21.6 | 21.9 | 40.9 /23.5 .. 7 49 *” 0.357 424 124 2/50.3 * 0.375 | 24.5 | 49.1 | 58 2140 |Siky and fine 

| 0.798 | 19.6 | 20 | 39.6 |31.5 26.7 21.2 42.6 | ” | | granular 

7 Locomotive axle 0.364 0.358 | 18.4] 184 | 37.6 |27.2 .. 51.5 | i 0.357 | 503 |30.2 |52 7 o” 0.375 | 28.2 | 43 54.8 | 2380 |Granular and silky 

| 0.798 | 16.1 | 16.3 | 36.8 |34.5 28.5 43.6 3 | 

& Wagon axle 0.428 | 0.358 202 | 20.9 39.3 (21.5 yy 34.6 |85p.c. silky; 15 0.358 | 408 |23.7/38 [70 p.c. silky ; 30 0.375 | 12.2 | 50 58 | 1120 |Granular, two 

| | p.c. granular | p.c, granular } | specimens, 30 p.c. 
| 0.798 | 15.9] 17 | 37.4 [24 |90.7) ..]. 27.4 |35p.c. silky; 65 | | | | and 16 p.c., erys- 
| i 4 | p.c. granular f | | talline in centre 

9 Bull-head rail (Basic| 0.449] 0.358 | 18.3 | 184 | 39.1 /26.5 .. | .. | .. | .. | 40.6 Silky 0.357 | 635 | 28.9/40.7) Silky 0.375 | 19.5 | 48 | 59 1660 |Silky and granular 
Bessemer) | | 0.798 | 193 | 19.6 | 42.1 |29 |24.7/19.2 | .. | 30.2 |75p.c. silky; 25 | | | 

| | p.c. granular - ; 
10, Bull-head rail (Acid) 0.643 | 0.357 | 25 | 312 | 50.8 |16.5 | 26 = |35p.c. silky; 65 0.357 | 460 me ee 50 p.c. silky ; 50 0.375 8.9 | 63 | 72.5 | 1010 |Granular and 40 
open hearth) | p.c. granular } | p.c. granular | p.c. crystalline 
0.798 | 21.3 | 22.2 | 485 |19 16.5)13.4 22.2 |25p.c. silky; 75 hea | 
| p.c. granular oy . 
11) Tram rail | 0.520} 0.857 | 25.7 | 26 48.9 |19.5 36 =| 70p.c. silky; 30 0.358 | 492 24.1)38.9) Silky 0.375 | 14 62.5 | 72 1540 |Fine granular 
p.c. granular ;} | 
0.798 | 22.2 | 23 47.5 |26.2 22.7/18.2 33.6 40p.c. silky; 60 } | 
p.c. granular | | | 

12 Tyre (Class C) 0.739 | 0.358 24.6 | 25.9 56.6 |14.7 20.8 |12p.c. silky; 88 0.357 | 399 |15.9|16.7/Granular ; trace 0.375 5.1 | 74 81.7 670 | Fine crystalline 

: p.c. granular silky | 
0.564 25 25.6 63.7 16.5 22 «5 p.c. silky; 95 } 

p.c. granular | | 

0.793 25.9 26.8 54.7 16.215 12.6 17 (2p.c. silky; 98 | 

p.c. granular . | } 

13 Nickel-chrome for au-| 0.335 0.358 38.6 398 50.6 21.5 65.3 Silky 0.357 | 486 (22.9/63 Silky 0.375 | 30.2 | 72.2 | 78.9 | 3240 |Fine silky, with 

tomobile parts ‘ . velvety look, 
0.798 41.2 | 42 51.6 31 (23.7 17.2 63.8 Silky, nickel bird’s-mouth 
flake | Shape 
TABLE III.—Comparisons. The error in determining the energy absorbed in rup- 
turing a test-piece by tensile impact depends on the error 
L 9. wo Boe 5. | & 7. g 9. 10. | a! ws) i! wu. 1b. 16. | 17, | im the time measurement, and also on the ratio between 
: : the energy absorbed in breaking the test-piece and that 
emsanenee co een: wen gt at ree ome tem, | remaining in the tup immediately after fracture. — 
Repuaren Bawpine a or a —— eS mcIxcn | If 6 is the error in the measurement of the interval- 
AND Static TENSILE. enmews icniaerecnin ws — time, it can be shown after some reduction* that the 
— . - percentage of error in the value calculated from the 
3 2 |f> og |24 Ratioof No!22 ; | = above formula is :- 
= ‘ae |2~ LY les | of Bends, 22 Static ° 25K { 
4 o moe SRO 6 Col. 21, Te: Tensile. a = | s os mat a/* + K2 6 
5 & icf j& .“|&“ |TableIL,to: 5 -= = +3 2o|/ 7 1 - K*|{ H 5 
a = aas | -@ = 2 toS = ad 
s ° 2s Salc < | es 2 & ga i) 
y 3 ¢ . es - 5 ~~ alitko at Fs = Oa y - Ss — 
Tires or Oram, | tieag Baca 12 | £., oa] . | 8 3 2 | .E/ sg e +2K 40/4 +k: || 
Se | 38 wee eens & | <7 See $ | & ¢|a = =S\% HK H |) 
Se /S5 £02 8Salh & Ss id27] = > | oe = a) < Pe : ' P 
2] On jssga/R28 aa = ss Bad > & & 2d 3 7.124 | where K is the ratio of the velocity of the tup imme- 

; wo | ee 8°S E€S/8 8s! 82 3° S.0| 8 -» & o <= 5&| 2 |diately after rupturing the test-piece to its velocity 

¢ sa | °s |= gS\5ualSas| Bo | sm 82x) & 5 a S = “se S | immediately before impact, hence 1 — K? is the ratio of 

z e628 Sta 78siso.| $8 22 S85 F = ¢ 3 Py 3% | & | the energy absorbed to the energy in the tup immedi- 

© RE | Sm len0 SHtl|xSk) xR | SO ESR! §£ $ & 3 & 3a 8 ately before fracture. 

= a | a = A = = Oo _ Da RD = i ~ Dn a Th ° ’ . 

¥s vc MOE AIRE Pe ie AC SE A RPE Be mesa 1e following numerical examples, set out in a tabular 

tons p form, willshow the per cent. error in the energy measure- 
sq. in : ” ; R f _ , ment for various values of K when 6 = 1 per cent. and 4 

1 Marine boiler - plate, 39-9 | 1.24 2.53 1.65 | 34.5 | 0.89 0.57 | 1.64 | 1510 1490 | 2560, 1.70 | 16,500 | 8,300) 1.99 | per cent. respectively. In all cases H = 30 ft. and h 
shell ‘ 

@ Marine. boiler - plate 314 | 1:18 1.78 1.66 | 34 | 1.01 | 0.63 | 1.85 | 1470 1280 | 2800 1.66 | 15,300 | 6,920, 2.92 10 ft. 

(combustion-chamber) .. ~ . . ozs - - _ on g ‘ . os i 
Acomative boiler-plate 83.7 118 215 1.61 | 35.5 | 0.83 0.62 | 1.75 | 1430 1350 | 2200, 1.54 | 13,600 | 5,810 2.34 Ratio of Energy | Error in Bnergy Mengure- 
note hath me) 31.5 | 1.25 | 2.03 1.56 | 40.5 | 1.06 | 0.77 | 1.90 | 1460 1420 | 2335 | 1.60 17,400 | 7,400! 2.35 Absorbed to Energy . 

‘ ies oe “* y ete 5) Le | oe oe ; x“ F ” , Value of K. | in Tup Immediately 

5 Fortine (Clase Br | 40_«| L210 215) 1.55 | 34.5 | 1.20 0.73 2.11 | 1660 1480 | 2620 1.58 | 21,000 | 9,006 2.33 before Fracture : , 

6 Forging (Class C) 46.9 | 1.15 2.45 1.46 | 26.5 | 0.92 0.58 | 217 | 1500 1350 | 2120 | 1.41 14,900 | 6,480) 2.30 ~ Ke, 5=1 per Cent, 6-4 per Cent. 

7\Lecomotive axle 44.6) 1.19 2.56 1.49 | 30 0.94 0.65 2.15 1570 1480 | 2515 | 1.60 16,500 6,230 2.64 wom rete UE meme ogc: = 

. Small ten- (8,310) (1.98) | : per cent. per cent, 
sile test- | 0.2 0.96 0.25 0.93 
; ‘ if 
ee place 0.6 0.68 LS 58 

SWagonaxle .. ..) 461] 1.18 | 284 1.55 | 21.6 | 0.56 0.45 | 2.06 | 1310 1130 | 2040 | 1.56 7,760 | 3,40C) 2.28 | 0.8 0.36 43 16.5 

9Bull-head rail (basic! 49.6 | 1.27 | 2.45 | 1.40 | 25 0.78 0.50 | 1.99 | 1580 1820 2675 | 1.69} 11,600 | 6,090 1.90 
sessemer) - nese — 

10 Bull- head rail (acid 64.2 | 1.26 2.84 , 1.50 | 16.5 | 0.54 0.40 2.43 , 1290 1050 2300 1.75 7,000 | 3,430) 2.04 With lower falls (H) the error is somewhat greater ; 

nee ere) EY: RS Ee - ay re . " ‘ pene ome - ‘ ‘ , | With higher falls it is somewhat lower. It is obvious, 

1! Tyre a bp a om a Ti | oa ot 1.85 = = a y wee oa as therefore, that K should not exceed 0.5, in order that the 
: “* oe 4 it 4 ~& od | Le r4 pA ie < * yii i : . 

13 Nick «ichhrome for auto-| 56.9 | 1.12 | 1.72 | 1.53 | 24.5 | 1.23 | 0.47 | 1.93 | 1850 | 1960 | 2430 | 1.31 22'500 17,810| 1.26 | @fror in the energy measurement should not exceed the 
h sagt } error in the time measurement—that is, the velocity 

| after impact should not be greater than half the velocity 
= ee 2 Ee age aE ee 5 aye a sore immediately before impact. 

- A ing by repeated bending varies considerably: | can be reduced to 

a is aracteristi * P 5B ~ . : , 
laracteristic of the type of steel. Energy absorbed = W (35 - = - 4.0350), Natat Iron Ornk.—An important discovery of iron ore 
wen | has been made in Natal. The ore body is on a mountain 
APPENDIX. Test-piece No. 307, taken out of locomotive plate not | within 75 miles of the coast, and having a railway within 
The following is the calculation that has to be made to subjected to flame (Item No. 3), will be taken as an | 30 miles. Suitable coal for coking purposes has been 
obtain the energy sich Tar Gen: Onaaitn teamed Gank example ; in this case W = 20 lb., and the tape record | found in Natal, while limestone exists in large quantities 

As given on page 728, the etm in P * | gave t = 0.365 second. only a mile distant from the ore claims. The ore is 

, “ Hence —s — gene = per <— upwards in metallic 
“eee Boil 1 /h t\2) 1.553 ie vo\ | iron. e Tugela, which runs through the ore property, 
Fucrsy absorbed = W ,a- zo( i A j Energy absoried = 20( 35 - (0.3652 — 4.035 (0.365)? } | is stated to be available for the development of power. 
5 cad it | ¢ _ es oe . “dl - ae ee . 
= sinc in almost every case the height of fall H was es pe = 20 (35 — 11.64 — 0.53) * This investigation was made by Captain C. E. P. 
) ft., and the fall after fracture h was 10 ft., this formula er - = 456 foot-pounds. | Sankey, R.E. 
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FOREIGN ENGINEERING PROJECTS. 


WE publish below a list of colonial and foreign engi- 
neering projects. for several of which tenders are asked. 
Further particulars concerning them can be obtained 
from the Gamede Intelligence Branch of the Board of 

rade, 73, inghall-street, London, E.C. 

Japan: The British Acting Commercial Attaché at 
Yokohama (Mr. R. Boulter) reports that a project is on 
foot for the construction of a canal connecting Yokohama 
and Tokio, to provide a waterway for lighter traffic be- 
tween the two cities independently of the route 71@ Tokio 
Bay, on which stormy weather is often encountered. The 
promoters of the enterprise, who are stated to be some 
seventy Japanese business men, have not yet definitely 
decided to construct the canal. There isa possibility of 
the matter being taken up by the Yokohama Improve- 
ment Society, an association recently formed, under official 
auspices, with the object of the development of the port 
of Telsheme. Particulars of alternative routes for the 
proposed canal are as follow :— 


A. B. 
Starting point Near north breakwater at On the coast of 
Yokohama Koyasu. 
Route Along the coast of Kana- Crossing Haneda 
wa and Koyasu, cross- as A, 
ng Haneda district, then 
along the Omori coast to 
Shinagawa 
Destination Shinagawa (a suburb of The coast of 
Tokio) Omori. 
Length About 14} miles .. About 64 miles, 
Breadth 40 yards, but it can be Same as A. 
extended to 120 yards 
Depth “i 12 feet at low tide. . Same as A. 
Estimated cos 919,0001, ie 439,0001. 


The Acting Commercial Attaché has forwarded a trans- 
lation of a new Japanese law regulating the construction 
of light railways, promulgated on April 21. 

Brazil: The Diario Official of April 29 publishes a 
decree, No. 7960, granting a sixty years’ concession to 
Colonel José Guilherme, of Souza, and Dr. Vicente de 
Toledo, of Ouro Preto, for the construction and working 
of a railway from Porto do Souza, in the State of Espirito 
Santo, to Manhuassti, in the State of Minas Geraes. The 
concession carries with it a subsidy of 6000 milreis per 
kilometre (about 604/, per mile). Any material to be 
imported for the building of the line will be exempt from 
Customs duty.—The same Diario publishes a decree, 
No. 7966, notifying approval of the plans and estimate 
of 4,011,118 milreis (about 250,000/.), submitted by the 
Director Geral de Obras e Viacio, for the construction 
of a section, 34 miles long, of ‘the Goyaz Railway, from 
Araguary to Catalio.— The Diario of May 3 publishes a 
decree, No. 7972, opening at the Ministerio da Viacio e 
Obras Publicas a credit of 251,300 milreis (about 15,7007.) 
to meet expenses for the construction of the railway run- 
ning from Cruz Alta to the mouth of the River Ijuhy. 

Chili: According to the Diario Oficial of April 7 the 
Chilian Public Works authorities have under considera- 
tion the construction of a railway from Rio Claro to 
Yumbel (58 miles south-east of Concepcion). The cost of 
construction is estimated at 516,367 pesos currency (about 
23,7001.) and 191,123 pesos gold (about 14,300/.). The 
plans and estimate have been approved, but the con- 
struction of the line has been deferred for the present. 

Argentine Republic: The Boletin Oficial of April 27 
publishes three decrees authorising the Direccfon General 
de Irrigacion to appoint the necessary staff to investigate 
question relating to(1) the construction of the Santa Rosa 
irrigation canal in the department of Junin, Province of 
San Luis ; (2) irrigation works in the department of San 

Yarlos (Salta); and (3) irrigation works in the rg | 
touched by the River Salado, Province of Santa Fé. With 
reference tothe notice on page 269 of the Board of Trade 
Journal of May 12, relative to (1) the Quequen Grande 
Harbour Works and (2) the Mar del Plata Harbour 
Works, the Boletin Oficial of April 27 notifies that 
tenders will be admitted up to2 p.m., on July 14, in the 
case of (1), and up to 2p.m., on June 16, in the case of (2). 

Portugal; The Diario do Governo of May 16 publishes 
a notice, issued by the Conselho de Administragio, 
Caminhos de Ferro do Estado, approving the plans and 
estimate of 129,170 milreis (25,834/.) for the construction 
of a section, 8 miles long, of the line which is being built 
from Evora to Ponte p Sor. The Diario of May 19 

ublishes a notice, issued by the General Directorate of 

ublic Works and Mines, inviting tenders for the con- 
struction and working, during a term of seventy-five 
years, of a railway between Penafiel and Lixa, a distance 
of 33 kilometres (about 204 miles). The contract is based 
on the payment of an annual royalty of 50 milreis 
(about 10/.) per kilometre to the State. Tenders will be 
admitted up to July 16 at the la Repartigio da Direccio 
Geral das Obras Publicas e Minas, and opened on the 
same day ; they should be accompanied by a receipt for a 
deposit of 1600 milreis (about 320/.). Tenders must be 
made out in Portuguese. Atter the signing of the contract 
work must be begun within thirty days, and completed 
within two years thereafter. 

Netherlands East Indies: The Niewwe Rotterdamsche 
Courant reports that the Dutch Ministry of Colonies 
have under discussion the question of the construction of 
a steam tramway in Java, from Krian to the Gempol- 
kerep, Perning, and Balongbendo sugar factories. The 
line will join the Modjokerto-Ngoro Railway at a suitable 

int. e cost is estimated at 36,900 gulden per kilo- 
metre) about 4950/. per mile). 

Belgium; The British Vice-Consul at Brussels (Mr. T. 
E. Jeffes) has forwarded the name and address of the 
contractor for the work on the Charleroi-Brussels Canal 
between Locks 33 and 40 (see 611 of the Board of 
Trade Journal of December 30 foot). 


ublishes a notice granting to Dr. Hermann Ofner, of 
Bt. Pélten, a concession for the construction and working 
of a light railway (electric) from St. Pélten to Harland. 
Two years are allowed for completion of the line. The 
concession is for a period of sixty years. 





CATALOGUES. 

**Osram” Lamps.—From the General Electric Com- 
pany, Limited, 71, Queen Victoria-street, E.C., we have 
received a circular calling attention to the reduction in 
price and the increased efficiency of these lamps. 


New and Second-Hund Machine-Tools.—We have re- 
ceived from the Machine-Tool Company, Limited, 
Northern Works, London-road, Nottingham, a catalogue 
giving particulars and prices of a large selection of 
machine-tools and other machinery they have in stock. 


Machine - Tools. — Messrs. A. Haworth and Co., of 
Luton, have issued a pamphlet containing specifications 
and illustrations of some of the machine tools manu- 
factured by them. The tools dealt with are high-speed 
slotting-machines with adjustable stroke, sensitive radial 
drilling-machines and hollow epindie sliding, surfacing 
and screw-cutting lathes, and of these prices and full 
particulars are given. Angle plates, vee blocks, and 
marking-out tables are also dealt with. 


Electric Fittings for Tramcars, &:c.—Messrs. Siemens 
Brothers’ Dynamo Works, Limited, Caxton House, 
Westminster, S.W., have sent us an illustrated price-list 
of fittings for lighting and heating electric vehicles of all 
kinds. Particularsare given of ceiling and wall-brackets, 
with suitable glass shades and globes, signal-lamps and 
headlights, radiators, couplings, switches, &c. A separate 
leaflet illustrates and states prices of a coupling for con- 
necting the electric brake wiring of a tramway-car with 
that of a trailer. 


Turbo-Alternators.—The latest publication issued by 
Messrs. Bruce Peebles, and Co., Limited, of Edinburgh, 
is devoted to their turbo-alternators. The standard 
machines are of the revolving field type, and are designed 
for speeds of 1500 and 3000 revolutions per minute. They 
are wound for any voltage up to 6600, and for either 
25 or 50 cycles. Both the mechanical and electrical 
construction of the machines is described and illustrated, 
and tables of particulars, including weights and dimen- 
sions, are given of generators with outputs ranging from 
150 to 4000 kilovolt-amperes. The tables are equally 
applicable to either two or three-phase machines. 


Electrical Driving of Machinery. —A_ publication en- 
titled ‘‘ The Modern Method of Driving Machinery,” has 
reached us from the Electric and Ordnance Accessories 
Company, Limited, Cheston-road, Aston, Birmingham. 
The booklet points out the reliability, convenience, and 
other advantages of electric power, and compares electric 
motors with steam, gas, and oil-engines. It also illustrates 
a number of tools for wood and metal-working, and a 
variety of other machinery, all electrically driven. Prices 
are stated for motors and starting-panels varying from } to 
25-horse-power, and particulars are also given of the firm’s 
hire-purchase system of payment. 

Ventilating-Fans.—We have received from the Wilson- 
Wolf Engineering Company, Limited, Thornton-road, Brad- 
ford, a catalogue section dealing with ‘‘ Arctic” propeller 
ventilating fans. In these fans the air-propeller is fitted to 
the armature-spindle of a small, direct-current, series- 
wound motor. A ball thrust and journal bearing is pro- 
vided, which serves to keep the armature and fan in the 
correct position, and also renders it possible to run any 
fan either vertically or horizontally. Prices are stated 
for fans ranging from 12 in. to 72 in. in diameter, for 
100 to 500-volt circuits, and particulars are also given of 
speed regulators and various spare parts. 

Boilers.—A new illustrated catalogue of steam-boilers 
has been issued by Messrs. Alfred Dodman and Co., 
Limited, Highgate Works, King’s Lynn. The catalogue 
states prices, and gives particulars of boilers of the 
Cornish, Lancashire, multitubular, and Colonial types ; 
locomotive and semi-portable boilers ; vertical cross tube 
and multitubular boilers; marine return-tube and dry- 
back boilers; and vertical and pinnace-type boilers for 
launches. Several of the illustrations show boilers 
arranged for using liquid fuel. Prices and particulars 
of receivers for compressed-air or gas, steel chimneys, 
feed-pumps, boiler mountings, and other accessories, are 
also given. 


Electric Cables. — Messrs. W. T. Glover and Co., 
Limited, Trafford Park, Manchester, have sent us a copy 
of their descriptive catalogue and price-list of electric 
cables for lighting, power, and traction purposes. The 
book, which is strongly bound and well printed and 
illustrated, contains nearly 300 pages, giving full particu- 
lars, with prices of single, twin, three-core, and concentric 
** Diatrine ” insulated cables, with and without lead cover- 
ing, and also of single and three-core vulcanised bitumen 
cables. Some of the latter have the interstices between 
the individual wires in each strand filled up with a special 
solid compound which prevents moisture from entering 
if the connections should be exposed to a damp atmo- 
sphere, and has other advantages. 


Dynamos and Motors.—Price-lists of continuous-current 
dynamos and motors and single, two, and three-phase 
induction-motors have reached us from Messrs, Wright 
and Wood, Limited, Century Works, Halifax. Prices, 
weights, and other particulars are given of shunt or series- 
wound motors and dynamos up to 100 horse-power, and 
of series-wound crane-motors up to 150 horse-power on a 
half-hour rating. Induction-motors, with squirrel-cage 
or wound rotors, are also dealt with. The single-phase 


three-phase machines from } to 80 horse-power, A 
separate leaflet illustrates and states prices of electrica!|y- 
driven boot-polishing machines. These comprise a } }r 
}-horse-power motor, with a polishing brush at each cnd 
of thearmature spindle. They are supplied for continuwus 
current or single, two, or three-phase alternating current, 


_ Structural Steel- Work.—Messrs. Drew-Bear, Perks, and 
Co., Limited, Battersea Steel Works, Wellington-road, 
S.W., have sent us a copy of a pocket-catalogue issued by 
them, containing a number of useful tables, formule, &c. 
for the use of engineers, architects, and others. Tho 
tables show the [ec hoa of, and safe loads for, steel 
beams, compound girders, plate and box-girders, steel- 
oist stanchions, and solid-steel and cast-iron columns, 

he safe loads for different lengths of angles used as 
struts are also given, as well as the weights of angles, 
tees, and other sections. Dimensioned drawings of stan- 
dard cleats for beams of different sizes are also included. 
The catalogue concludes with a large number of illustra- 
tions of contracts for steelwork carried out by the firm. 
These include constructional steelwork for theatres and 
other large buildings, large roofs of all kinds, road and 
railway bridges, and many other structures. 


Oil-Engines, Gas-Engines, and Suction-Gas Plants,— 
From Messrs. Ruston, Proctor, and Co., Limited, Lin- 
coln, we have received a catalogue of fixed and portable 
engines using refined or crude petroleum as fuel. The 
stationary engines are made from 3 to 92 brake horse- 
power (test load), and illustrations with full particulars 
of each size are given. Portable engines ranging from 
3 to 25 horse-power are also dealt with, and some of 
these are shown combined with centrifugal pumps. The 
water for cooling the portable engines is drawn from a 
tank under the frame by means of a reciprocating pump, 
and after passing round the cylinder is delive to a 
cooling tower, where it is sprayed on to perforated 
boards from which it falls back into the tank. A draught 
of air is induced in the cooling tower by means of the 
exhaust from the engine. Another catalogue from this 
firm describes and illustrates their gas-engines and suction- 
gas plants, and also contains some notes on working 
them. Particulars are given of suction gas-plants with 
sin, a engines varying from 8 to 130 horse-power, 
and with double-cylinder engines up to 260 horse-power ; 
for town gas, engines ranging from 9 to 150 horse-power 
are supplied. In each class special engines are manufac- 
tured for driving dynamos for electric lighting. 


Valves and Unloading Device for Air-Compressors. 
Under the title of ‘‘ Recent Improvements in Air-Com- 
——. Messrs. Walker Brothers (Wigan), Limited, 
Pagefield Iron Works, Wigan, have issued a pamphlet 
illustrating and describing their latest type of air-valve, 
and also an improved unloading device for air-com- 
pressors. The valve consists of a thin disc of steel pierced 
with a number of concentric slots or ports. The valve- 
seating is also provided with concentric ports which are 
arranged so that they are closed by the metal between the 
ports of the valve when the latter is on its seat. By this 
construction, which is adapted for both inlet and outlet 
valves, a small lift of the valve disc forms an opening of 
large area for the passage of the air, resulting in an in- 
creased efficiency, and permitting the use of higher piston 
speeds. Among the other advantages claimed for these 
valves are tightness and durability. For unloading com- 
sag ge when the supply of air is greater than the demand 

or it, a modification of the valve described above is used. 
In each air cylinder-cover inlet valves are provided in which 
the slots in the valve and its seat are radial instead of 
circumferential. To effect the unloading, mechanism, con- 
trolled by the pressure in the receiver, is provided, to 
turn the valve so that its ports coincide with those in the 
seating, the air then passing freely through the ports in 
either direction. Thus the engine or motor is relieved of 
the greater part of its load. The arrangement, which is 
equally applicable to single or two-stage compressors, is 
ee to regulate the pressure of air within very narrow 
imits. 








“Tur JAPAN YEAR Boox.”—The fifth annual edition of 
this useful book has just been published. It forms a com- 

lete cyclopedia of general information and statistics in 

apan for the year 1910, and is a distinct advance on pre- 
vious editions, this being particularly marked with regard 
to industrial subjects, as agriculture and mining. The 
chapters on Social Politics and Public Works are new, 
and the chapter relating to Finance has been entirely re- 
written. Special information has also been added on 
‘“‘Sports,” in the section on Physical Culture. The book 
has been compiled by G. Takenob, Professor of the 
Waseda University, and may be obtained from Eastern 
Papers, Limited, 79, Gracechurch-street, London, E.C., 
the price being 7s. net. 





Woopren Masts FoR RADIOTELEGRAPHY STATIONS.— 
The wooden masts, 260 ft. in height, which were erected by 
the German Army at Metz, Strassburg and Gottingen, in 
autumn, 1908, have stood up to their work, and against 
the wind and weather satisfactorily, and have also 
answered from the electrical point of view. They 
were built up of logs of pine, which were cut in Berlin, 
drilled with holes, and impregnated with carbolineum. 
The parts were then transported and mounted on blocks 
of concrete 5 ft. high, 6ft. and 8ft. in width and length. 
The members were joined by cross-pieces in such a way 


that the mast formed a square pyramid, whose sides 
tapered from 32 in. to12 in. The manner - eres —— 
i drection Wa 


described in Glaser’s Annalen of May 1. { 
accomplished with the aid of an auxiliary mast, 55 ft. im 
height, which itself took half an hour to erect, “ hile the 
main-mast was fixed in three-quarters of an hou! » 
wire ropes are made of crucible steel, the iron fix(ures 0 
mild steel. 








Austria-Hungary: The Reichsgesetzblatt of May 14 





machines range from } to 12 horse-power, and the two and 
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THE ARRANGEMENT OF VALVES 
IN AEROPLANE ENGINES. 


Tue advent of the aeroplane has caused a 
demand for a class of petrol-engines differing in 
many ways from the accepted pattern, in order to 
satisfy the conditions of weight and power. The 
principal points in which these designs differ from 
the ordinary are in the arrangement of the cylin- 
ders and of the valves, as these are the features which 
govern the whole design of the engine. We went 
into the matter of the arrangement of the cylinders 
in an article on page 1 of the present volume, and 
we now propose to deal with the question of the 
arrangement of the valves. In most cases any 
arrangement of valves is possible with any arrange- 
ment of cylinders, and therefore the two features 
of design can be dealt with independently. 

There are two points in which the requirements 
of the aero-engine differ from those of the motor- 
car engine. Firstly, aero-engines are usually run 
at greater speed, and, secondly, at present silence 
does not ap of the least importance. The latter 
difference allows of there being no exhaust-pipe or 










YU 
Y 
Y) 
ZG 


Ua 


UMM 


& 





VI 
ddddddddddae 


SOMO oooooy 













VZeceaccccceccccedtcltcé 













Y 
de 


¥ b 48 
i } 
Ys, NY iN 
— 
Loa 
ss 


Y 
Y 
Milly. 






LWA GY 


Z 
Y 
Z 
Z 
Z 
Z 





Ss 


RQAGVADMMH 
> 


(743.8) 


silencer, and therefore of valve arrangements, which 
would not be possible if these were used. 

In some cases aero-engines are built with the 
valves direct-driven, and placed in a pocket at the 
side of the cylinder, as in a motor-car engine. This 
plan has the advantage of mechanical simplicity and 
directness of drive, and has been very successful 
on some of the makes of engine in which it is used 
—e.g., the Wolseley and E.N.V.—but it is not at 
all gee theoretically. 

e main conditions to be satisfied in a perfect 
valve arrangement are that the combustion-chamber 
should be as compact as possible, and have the least 
surface in proportion to its volume, and that it should 
be filled and emptied as completely as possible in 
the time available. This latter arrangement entails 
large valves, and a very free way through them. For 
4 piston speed of 1400 ft. per minute, which is not 
unusual, valves half the diameter of the cylinder are 
required to keep the rate of flow through the valve 
down to about 11,000 ft. per minute, assuming that 
the lift of the valve is about one-eighth of its 

meter, which is a fairly usual proportion. Of 
the ordinary valve arrangements, the one which 
most: nearly satisfies the theoretical conditions is 
that in which the valves are both in the cylinder- 
ead, as Fig.1. It will, however, be seen, that even 
with this arrangement pockets are not entirely 
avoided, if the valves are of the size given. An 
arangement which avoids the pockets entirely is 
that shown in Fig. 2, the valves being in the 
eylinder-heads, but set at an angle. This arrange- 
ment has been used on motor-cars with satisfactory 
results mechanically, though the modern commercial 
requirements have ca it to be abandoned in 


expense is, however, of far less importance in aero- 
engines than in motor-cars, the valve arrange- 
ment shown in Fig. 2 appears to be deserving of 
more attention than it has yet received. 

In order to get a very large valve area and, at the 
same time, a small lift, several arrangements have 
been used in which the inlet and exhaust-valves 
are combined, and only one seating in the cylinder 
provided. There are two distinct methods by which 
this may be done, the first being to have the inlet 
and exhaust concentric, and the other to make one 
valve perform the functions of both inlet and ex- 
haust. In either case there is no difficulty in pro- 
viding a valve some three-quarters of the diameter 
of the cylinder if desired, and consequently the 
required area at the lip can be obtained with a 
small lift, which is an advantage at high speeds. 

The general arrangement of the former method 
is shown in Fig. 3. this case the inlet is placed 
inside the exhaust, the two valves being worked 
by suitable rocking-levers. The valve-settings 


are therefore quite independent of each other, as 
when the valves are entirely separate. Mecha- 
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© C to the inlet being opened’ instead: 
is arrangement has the advantage that it only 
has one ve-seat in the cylinder, and therefore 
the chances of leakage are theoretically reduced, 
while the incoming gas will keep the valve cool. 
This is, however, at the expense of heating the 
incoming charge, and it is also inevitable that 
of the exhaust should be carried back into the 
cylinder. 1t will be seen that the exhaust-ports 
are necessarily open during the closing of the valve 
at the end of the suction-stroke. his is of no 
consequence if the exhaust takes place. absolutely 
into the air ; but if there was any kind of exhaust- 
pipe, it would entail part of the gases being sucked 


Where the exhaust takes place direct into the 
air; there seems no reason why the air for the fresh 
charge: should not be taken in at the same passage 
through which the exhaust escapes. An arrange- 
ment somewhat of this kind is used in the Farcot 
engine, and is shown diagrammatically in Fig. 5. 
In this case the greater part of the air for combus- 
tion -is taken in at the ports A A, but a small 





amount of air, together with the necessary petrol 
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valve-springs. As shown, these are of the ordinary 
spiral pattern, and therefore concentric. This 
being so, it follows that when the inlet-valve is 
open the two springs are acting in contrary direc- 
tions, and the satisfactory working of the valves 
depends on the relative strength of the springs, an 
arrangement to which there are objections. This 
would be avoided by the use of flat springs, in 
which case independent springs could be used for 
the two valves. Possibly a more serious objection 
to all forms of combined valves is the heating of 
the incoming charge by the heat of the exhaust- 
valve. The whole essence of the working of an 
internal-combustion engine is the difference of tem- 
perature before and after ignition, and any heating 
of the charge before this takes place means a loss 
of power. It is obvious that the charge cannot 

through the red-hot exhaust-valve without 
= heated, and that it is very materially heated 
is proved from the fact that a valve arrangement 
of this kind is used in one of the commercia! forms 
of heavy-oil engines, and it is found that ordinary 
paraffin is vaporised quite easily without any addi- 
tional vaporiser being required. 

It may also be difficult to prevent leakage between 
the inlet and exhaust ges. some cases 
rings have been fitted to the exhaust-valve to make 
this tight, but this increases the weight of the 
valve considerably. Any leakage here would mean 
that exhaust gases got mixed with the incoming 
charge, and if it was serious the incoming charge 
might even be ignited by the exhaust gases. 

n Fig. 4 one valve is used to control both the 
inlet and exhaust. In this case the valve has 
attached to it a sleeve A. On the valve being 
lifted, the exhaust gases escape through the holes 
B B, but at the end of the exhaust stroke the 








valve is further lifted and these are closed, the 





vapour, is taken in through the pipe B, these form- 
ing a suitable mixture. The valve C first opens to 
let out the exhaust, ~— subsequently lifts further 
to open the passages D D for the petrol vapour. 
It will be seen that with this arrangement havaive 
has to be pulled off its seat ins of pushed, and 
this entails a rod passing through the cylinder wall; 
with the possibility of leakage, and of heating where 
it passes through the combustion space. It also 
entails the valve being placed in some sort of a 
pocket, and therefore prevents the combustion- 
chamber being of the perfect form. 

There does not, however, seem to be any difficulty 
in modifying this arrangement so as to get rid of 
these objections—somewhat in the way suggested in 
Fig. 6. Several alternative ways of supplying the 

trol might also be used. For instance, it might 
be supplied liquid to the valve by a small pump, in 
which case the latter would need no special arrange- 
ment whatever, or the spray nozzle of the carburettor 
— be placed actually in the valve e. 

e plan of having one valve-seating in the cylin- 
der-head for both valves has great conveniences in 
the making of a light cylinder, as the whole of it 
can be turned inside and out. It may therefore be 
made thinner than it can be when of the 
outside cannot be easily machined. hether this 
and other advantages are enough to outweigh the 
disadvantages of the heating of the charge, and 
possibility of exhaust gases being returned to the 
cylinder, is a matter which can only be ascertained 
by experience. It may be remarked that the inlet- 
valve is almost invariably worked mechanically, 
though the Anzani three-cylinder engine has auto- 
matic valves, as has also the ‘‘Gnome” rotary. The 
latter has the inlet-valves placed in the pistons, 
while the exhausts are in the cylinder-heads. This 
has some special advantages in the case of an air- 
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cooled engine, as the incoming c is kept a8] FOUNDRY PLANT AND MACHINERY. |‘ iving-pulley up close to the casing (see Fig. 113), 
far away from the exhaust-valve and passages as No. XI *| This entails an unequal-sided design to the 
possible. As the pistons do not reciprocate, but : ‘ vanes (see Fig. 115). These, alternately lone and 
only move in a circle, there is not the same objec- By JoserH Horner. short, are e of sheet-steel, riveted to ang es on 


tion to the valve in the piston which there would 
be in the case of an engine with reciprocating 
pistons, but the inlet-valves are not very accessible. 

In ‘some cases the e through the exhaust- 
valves is supplemented by holes drilled through the 
walls of the cylinder, which are uncovered > the 
piston over-running them when at the bottom of 
the stroke. The main idea of these holes is to get 
rid of the exhaust gases more rapidly, but they 
allow the cylinder to be more completely filled on the 
suction stroke. Both the inlet and exhaust valves 
can therefore be reduced in size, and it is because 
of the holes in the cylinder walls that some of the 
engines with very small valves give such good 
results. In the case of air-cooled engines there ma, 
be some practical advantages in exhausting the bul 
of the hot gases at a point well removed from the 
inlet-valve, but in water-cooled engines there seems 
no er over making the valves themselves 
large enough. Even in air-cooled engines it would 
require very careful experiments with valves of 
different sizes to settle what the advantages of the 
small valves and auxiliary ports were over the 
use of larger valves. In any case the ports have 
some serious objections, not only in the fact that 
they increase the difficulties of lubrication, but also 
in the deafening noise produced. Itis probably for 
these reasons that they have been so little used on 
racing-cars. 

It is rather curious that there does not seem to 
have been any practical attempt to use any form of 
scavenging in aero-engines. The advantages of 
scavenging are well known in stationary engines, 
and it would appear that they should be at least 
as great in the case of the aero-engine. In the 
horizontal opposed type the arrangements neces- 
sary for using the adbeee as & scavenging-pump 
are comparatively simple, as will be seen from 
Fig. 7. There would be two very distinct advan- 
tages in such an arrangement, the first being that 
the exhaust gases would be completely washed out 
of the cylinder by acharge of cool air, and therefore 
the cylinder walls would be kept cool, and no burnt 
gases mingle with the fresh charge ; and, secondly, 
the cylinder would be filled with a mixture slightly 
above the atmospheric pressure, instead of slightly 
below, and therefore a larger charge would be got 
into a given-sized cylinder. The advantages of 
keeping the cylinder walls cooler are manifest, 
while there is no doubt that a charge absolutely 
undiluted by the burnt gases burns more quickly 
and gives a more powerful explosion. The fact of 
getting a larger charge into the cylinder will also 
increase the mean pressure obtained. Taking all 
these advantages into account, one would expect a 
very considerably increased power from cylinders 
of a given size working with a scavenging charge, 
es when air-cooled. 

n comparing the various special arrangements of 
valves, such as the combination of inlet and exhaust, 
&c., it is difficult to decide whether these will be 
permanently successful against the more ordinary 
separate valves. The matter will probably depend 
very largely on whether the present practice of 
having an absolutely free exhaust will continue. 
In many cases the success of the valve arrangements 
depends on this, and if it was attempted to use any 
form of exhaust-pipe, they would not work. The 
success of the aeroplane is, however, at present, 
largely a matter of the human factor, and there- 
fore every endeavour should be made to reduce 
the fatigue of flying, and noise certainly adds very 
greatly to it. There seems no reason why, in the 
ordinary valve arrangements, adding an exhaust- 
pipe should reduce the power to any measurable 
extent, provided, of course, it is large enough, 
especially if some form of scavenging be employed. 
In fact, many of the mest successful racing-cars have 
regular exhaust-pipes and a small silencer, the 
reduction in noise, and consequent reduction of 
nerve-strain on the driver, compensating for the 
very slight loss of power. 

It is noticeable that, in spite of the claims made 
for slide-valves, in the direction of increased power, 
they are seldom, if ever, used in aeroplane engines. 





ARGENTINE Rartway DevetopmentT.—In 1865 Argen- 
tina had only 454 miles of railway. In 1875 the total 
had grown to 1213 miles, in 1885 to 2791 miles, in 1895 
to 8754 miles, and in 1905 to 12,272 miles. it year 
the Argentine Republic had 15,475 miles of line. 





THe empirical rules given in the last article 
illustrate the fact that cupola practice is very far 
from being of a uniform p sane sr The rules are 
landmarks, however, which, like comparisons of 
melting ratios, illustrate what may be expected under 
the better working gonditions of the present day. 

One fact stands out very clearly, that since horse- 
power varies as the cube of the s of a fan, it 
points the wastefulness of fans which are selected 
of too small dimensions for the diameter of cupola 
which they serve. The waste may be enormous. Yet 
the only way to render fans, which are too small, 
efficient is to increase their speed at the expense 
of horse-power. A larger fan selected of a suitable 
size may well pay for itself in power saved in the 
course of a few months. Though doubling the 
speed of a fan will practically double the volume of 
air delivered, eight times as much power is required 
to drive it. So also, although it is considered a 
— in favour of afan that one of a given size may 

used for cupolas of several different diameters, 
this must only be accepted within rather narrow 
limits, as the expense for power to drive will be 
increased when cupolas are of large diameters. It 
is better to have a fan larger than is necessary than 
one below the size most suitable. 

The fan costs less than the blower, weighs less, 
requires less solid foundations, and repairs are less 
expensive. It is usually held that the fan is 
thoroughly efficient for low pressures, or those up 
to 8 oz. per square inch, but that for higher pres- 
sure the pressure blower is a good rival. Up to 
16 oz. pressure either agent, if properly selected, 
is suitable, but beyond 16 oz. the blower has the 
field to itself. 

The earlier designs of fans have been vastly im- 
proved on. The original type with large flat blades, 
only revolving within the casing, and filling it up, is 
not used much now except for exhausting purposes. 
Most fans now have the blades or vanes on the 
outer moiety only of their arms, and they are 
encased by side plates or shroudings, and taper 
towards the discharge openings, the widths of 
which are carefully proportioned. In most of the 
highly efficient high-pressure fans the vanes are 
curved forwards, and they do not fill the casing. 
The axis of the vanes occupies an eccentric position 
in the casing, so that the space between the tips 
and the casing enlarges regularly, the casing form- 
ing a spiral, the cross-sectional area of which, 
being gradually increased towards the discharge 
opening, affords the room required for the increasing 
volume of air, without throttling or loss of volume, 
or excessive friction. Such fans are nearly silent, 
which is not the case with those in which contrary 
conditions exist. Details of workmanship vary, 
lesser modifications in design occur, but the main 
characteristics just noted are retained. A few 
selected illustrations only can be given, omitting 
some efficient types, the forms of which are most 
familiar. 

Figs. 112 to 118, page 735, illustrate the Heenan 
high-pressure type of fan, manufactured in several 
sizes My Messrs. Heenan and Froude, Limited, of 
Manchester, as the outcome of an extensive series 
of experiments which were made by the firm. 
These are high-pressure fans constructed for pres- 
sures which range from 8 in. to 24 in. of water- 
gauge. They are driven by belt, electric motor, or 
steam-engine. 

In the group of views, Fig. 112 illustrates the 
spiral form of the casing, with the centres, from 
which the outside curves are struck, indicated, 
but not dimensioned, as these and all other dimen- 
sions vary with variations in the size of the fan. 
The example is a 24-in. size (the diameter of the 
vanes). Around this figure four detailed cross- 
sections are drawn to guide the pattern-maker and 
moulder in sweeping up the spiral casing. Fig. 113 
is a vertical section taken through the shaft bear- 
ings ; Fig. 114 a part section, and part plan taken 
horizontally through the axis ; Fig. 115 an enlarged 
section through one-half of the fan-centre; Fig. 116 
an enlarged plan of the vanes and half-vanes, the 
latter lessening eddy currents. The cast-iron 
centre-boss, on which the annular plate is bolted to 
carry the fan-centre, is seen in Fig. 117, and a 
aacdwoed ring, Fig. 115, which conducts the air to 
the casing, in Fig. 118. 

A peculiarity of this fan is that only one inlet 
opening is made, which permits of bringing the 





the steel side plates. The longer ones only occupy 
about one-half the length of the radial ones. The 
bell-mouthed wooden ring, Fig. 118 (compare with 
Figs. 113 and 115), with a convex edge, which con- 
ducts the air into the casing, is made in halves to 
be bolted in place. It tends to silent working. 
The shaft is carried in swivel-bearings with long 
journals lined with white-metal, Fig. 113. The 
rotating parts are lightly built ; the casing is also 
light, but well ribbed. 

Figs. 119 to 122 illustrate a self-contained fan of 
one of the larger sizes made, in which the casing is 
built of plates and angles. The engine is one of the 
Heenan and Froude high-speed enclosed self-lubri- 
cating construction. ‘The essential design is that 
of the fan already described, subject to the moditica- 
tions named. 

The Schiele fan has been largely used for cupola 
work. Its general outlines are similar to those of 
several other well-known forms. The casing has 
the spiral form. Like many other fans, the shaft 
is driven by two belts, to secure even runnin 
without torsion. The illustrations (Figs. 123 to 125) 
are those of a 9-in. fan (diameter over vanes) by 
Messrs. Heenan and Froude, Limited. The shape 
of the blades shown in Fig. 125 is that adopted for 
small fans in which the blades are cast. For large 
fans they are built up, as in the 50-in. fan (Figs. 
129 and 130), on a central disc ; they have no side- 
shrouding. The bearings (Figs. 126 to 128) are 
rigid, but very long, the plummer-blocks being 
bolted on the brackets, which are cast with the 
casings (Figs. 123 and 124). They are self-lubri- 
cating, with tapes, the oil-cups provided being of 
good capacity. 

The Sturtevant fans have a high reputation. 
The founder of the firm was a pioneer in fan-manu- 
facture, and many of his improvements are now 
regularly embodied in other makes. 

At the high speeds at which fans are run there is a 
considerable amount of sag and side-slip in the belt 
unless the pulleys are inalignment. A good many 
fans have a provision by which alignment is easily 
secured in the form of an adjustable bed for the 
fan, combined with a bed adjacent for the counter- 
shaft. The drive takes place horizontally, instead 
of diagonally from a countershaft overhead, though 
the latter is also fitted when required. In the 
horizontal drive an adjusting-screw is used to draw 
the blower bodily along on the bed, the hold-down 
bolts being loosened temporarily until the required 
belt tension is obtained, so avoiding re-lacing of 
belts. Alignment is ensured in the erection of the 
beds, and tension by the adjusting-screw. This 
arrangement is adopted in fans by the Sturtevant 
Company and the Buffalo Company. 

Another design substitutes an independent steam- 
engine for the line-shaft drive. The engine is of 
the enclosed vertical type, mounted on the same bed- 
plate as the countershaft, and driving it directly, 
two — on this shaft driving to the pulleys on 
the fan-shaft. The advantages are that the driving 
is independent of other power installations, and that 
the speed of the fan can be altered to suit varying 
conditions. 

In a third design an electric motor is used, either 
located independently and belted to the fan, which is 
recommended for the larger fans, or mounted on 4 
pedestal alongside the fan and coupled to its shaft, 
or mounted directly on the shaft within a casing 
bolted to one side of the fan-casing. These have the 
merit of simplicity and convenience of fixing and 
operation. 

The Buffalo fans, or, as they are termed by the 
firm, ‘‘ pressure blowers,” are designed for various 
methods of driving, by belt, steam-engine, or motor. 
A feature common to all is the casting of the shell 
in one piece, so avoiding the middle jointing of the 
ordinary fan-casing. Access to the interior 1s 
obtained when necessary by removing the side discs 
which contain the inlet openings. The vanes, 
flanked by steel sheets forming the “ blast-wheel, 
complete with shaft and pulleys, are balanced, and 
tested up to a speed 25 per cent. higher than that 
required in service. Fans up to 6} in. in diameter 
of outlet are driven by one belt-pulley, those from 
7} in. up to 18in. in diameter of outlet have & 

ulley on each side. The shaft bearings have 4 
e nth of six times the diameter. They are lined 
with babbitt metal, and have a central ring-oiler. 
The supply of oil in the chamber below will last 
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FOUNDRY PLANT AND MACHINERY; TWO-STAGE COMPOUND FAN-BLOWERS. 
CONSTRUCTED BY THE BUFFALO FORGE COMPANY, LIMITED, ENGINEERS, LONDON. 
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from one to two months, and the rattling of the 
ring indicates when it runs low. The bearings are 
carried on brackets bolted to the side plates, and 
are protected from access of dust. 

Figs. 131 and 132 show a compound fan (termed 
4 Bg oy compound blower” by the makers) 
which the Buffalo Forge Company have recently 
developed. It is specially designed for cupola 
blast, as by means of the two stages the speed can 
be kept down while still giving the required 
pressure. For instance, if a pressure of 16 oz. is 
required, the blower is constructed to run at a 
speed corresponding to 8 oz., and the air, after 
having been delivered from the first chamber at 
that pressure, is accelerated to give 16 oz. pressure, 
when delivered through the aka: from the second 
chamber. By this mens it is often possible to 
connect a motor direct to the shaft of the blower 
instead of through the medium of a counter-shaft. 

The casing (Fig. 131) is built up in sections, and 
so constructed that easy access is obtained to the 
interior for the inspection and removal of parts. 
Cast iron is used for this. The two blast-wheels A 
and B are mounted on a single shaft, and are built 
of steel plate, the vanes and shrouding being 
mounted on a steel spider. These are shown in 
enlarged detail in Figs. 133 to 187. Figs. 133 and 
134 show the two vanes A and B in section, and 
Fig. 135 is an elevation common to both, to show 
the curving of the vanes. Figs. 136 and 137 show 
the hub separately, it having a flange of hexagonal 
shape, on the edges and back of which the spider 
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is carried, as seen in the other figures in this group. 
The vanes of the wheels are secured cmgeatielie “ 
the hub (Fig. 135), and are curved so that the 
velocity of the air is gradually increased until it is 
slightly above that of the periphery of the wheel; 
and this occurs in two stages, as already explained. 
The air, in its passage from the vanes A to the 
vanes B, through a series of sheet-steel 
ides attached to a diffusion-plate C, seen in 
ig. 131, and separately in Figs. 138 and 139. The 
steel guides are arranged tangentially and let into the 
plate. One of them is shown separately in Fig. 140. 
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One-half the spiral casing is shown enlarged in 

Figs. 141 and 142. The other half need not be 
illustrated, as it only differs from its fellow in 
Fig. 141 in being of the other hand, in having a 
solid side and a bracket to carry the shaft bear- 
ing, and in the omission of the flange and the 
ribs required for the attachment of the low- 
pressure casing (compare with Fig. 131). The 
drawing shows a structure, light but rigid. The 
gradual enlargement of the casing is shown by the 
circles drawn in Fig. 142, while the centres for 
the radii are indicated. 
’ Fig. 143 is a compound blower coupled up direct 
to a motor through a flexible design of coupling, 
which also serves as an insulator between the motor 
and the blower. It is a compact arrangement. 

These fans are made in nine sizes, from 35 in. to 
1065 in. in diameter, particulars of which are given 
in the following table :— 




















Size. | Cubic Feet of oo Revolutions| Horse- 

Inches. |Air per Minute. a eg | Per Minute.| Power. 
35 1,500 | 10 | 9400 3 
40 2,700 12 2400 15 
45 8,600 14 2200 25 
55 4,800 16 1800 34 
65 6,400 16 | 1800 46 
75 8,000 16 | 1200 56 
85 10,000 16 1200 70 
95 12,000 16 900 85 
105 15,000 16 90 | 

{ 
The Buffalo Forge Company state, by way of 
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which necessitated the widening of the entrance 
towards both shores to a width of about 170 ft. 
General views of the bridge are shown in Figs. 1 
to 4, on our two-page plate, these being a side 
elevation, a plan, a transverse section through the 
swing span, and a transverse section through the 
shore spans respectively. Figs. 5 and 6 are a trans- 
verse section and a plan of the central pier respec- 
tively, while Fig. 7 awe the position of the bridge 
with relation to the surrounding streets. 

Extensive borings showed that the limestone 
bottom, which at the other harbour bridge (the Knip- 
pelsbro) was found at a depth of only 28 ft. below 
ordinary water-level, at the Langebro was located 
at a considerably greater depth ; at the western 
shore abutment it was about 40 ft., at the central 
ac 38 ft., and at the eastern shore abutment 37 ft. 

elow ordinary water-level. The surface of the lime- 
stone bottom was an even plane, sloping from east to 
west. The limestone was covered with a layer of 
about 10 ft. of fine sand, upon which rested a layer 
of hard clay of about the same thickness, intermixed 
with sand and limestone. On the western side the 
surface of this clay layer was some 20 ft. below ordi- 
nary water-level, whilst on the eastern side it was 
covered with a layer of sand and gravel up to 
9 ft. below ordinary water-level. This sand had 
to be removed in order to secure at least 20 ft. 
depth over all, and 22 ft. depth in the two sailing 
channels, whereby the water-course section was made 
about 8000 square feet, whereas in the old bridge it 
was only about 4000 square feet. ‘ 

While the layer of clay to which reference has 
been made, and which covers the layer of sand 
above the limestone, was considered sufficiently 
solid to support the piers of the stationary spans 
—that is, the shore abutments and the interme- 
diate piers—it was found necessary, for various 
reasons, to give the piers for the swing part of the 
bridge a deeper pod more solid foundation. It 
was therefore decided to place the foundation for 
the three central pillars direct on the surface of 
the limestone. The different piers were therefore 
built in different ways, according to the respective 
requirements. 

With regard to the central pier, the principle 
was adopted that the swing-bridge, when it had 
to be opened, should be raised on an hydraulic pivot, 
and then turned on this pivot. It was necessary, 
therefore, to provide room for somewhat elabo- 
rate hydraulic machinery, with pumps and accu- 
mulators, which had to be placed within the 
swing-pier. This necessitated large dimensions for 
this pier—viz., a breadth of 30 ft. (the measure- 
ments for this bridge are in Danish feet, which are 
about 3 per cent. greater than English), and a 
length of 62 ft., the ends being formed by two 
semi-circles of 30 ft. diameter, as shown in Fig. 6. 
The pier contains the compartments for the 
machinery—viz., the pivot compartment, the floor 
of which is 8 ft. below datum, and the accumulator 
compartment, which occupies the greater part of 
the southern half, and the floor of which is 154 ft. 
below datum at ordinary water-level. These two 
compartments are connected by means of a passage 
5 ft. broad, which contains the hydraulic connec- 
tion pipes between the pivot and the accumulators. 

As previously stated, it was decided to carry 
the swing-pier down to the surface of the lime- 
stone, about 38 ft. below datum. It was first con- 
templated to construct the swing-pier (as well as 
the piers at the ends of the swing span) in the 
usual way, by placing a bottomless iron cylinder, 
or caisson, on the limestone on the site of the pier, 
and then by lowering concrete through the water 
until a sufticiently solid bottom layer (in this case 
it would have had to be 16 ft. or 17 ft. thick) had 
been formed. It was proposed to then empty this 
caisson and build up the pier in the usual way. 
This method was, however, abandoned on account 
of the expense, and it was decided to build the 
pier floating, which method, in addition to entailing 
a considerable saving, had the advantage that it 
would interfere with shipping as little as possible, 
as the pier need not be built in the immediate 


vicinity of its future and final location. The 
dimensions of the pier allowed of this egy 
being adopted, and it was found to fully 


justified during the course of the construction. 

The pier was built on an oval chamber-sha) 
steel caisson (Fig. 6), the wall of the chamber being 
girder-like in cross-section, while the roof was 
strengthened to offer resistance against the upward 
water pressure. It was essential that the brickwork 
should have such a ehape that at the same time as 








it ballasted the pier it could render as great resist- 
ance as possible against the water pressure and 
— blows on the flat sides of the pier. The 
rickwork was therefore constructed in the form of 
an annular wall, the flat portions of which were 
supported by three cross-walls. Thin iron plates 
riveted water-tight to the side of the chamber 
formed ‘the outer cover of the brickwork. This 
outer cover sufficed to make the annular wall water- 
tight ; and as the plates were constantly being 
heightened, always projecting about 4 ft. above 
water-level, it allowed the bricking up of the 
annular wall to be proceeded with. This plate 
envelope could render no resistance against the 
— of deep water, but this was done by the 
rickwork behind it. The envelope supported 
the long side-wall and prevented any cracks arising 
should the pier be accidentally tilted while being 
submerged ; at the same time it afforded the neces- 
sary tightness and strength in the case of blows 
from the outside. , 
* The steel caisson, in conjunction with the three 
lowest plate-belts of the envelope—that is, to a 
height of about 11 ft.—was constructed at the slip 
of the Copenhagen Floating-Dock Company. The 
annular wall rests direct on the top of the girder- 
like side of the caisson. This latter consists of a 3-ft. 
deep plate girder with web ,% in. thick, and two 
4-in. by 4-in. by ;4-in. angle-irons in the top flange, 
whilst the bottom flange consists of two ,%-in. 
strengthening - plates. The web is strengthened 
about every 3 ft. 3 in. by means of vertical 
3}-in. by 3}-in. by ,%-in. angle-irons. The roof 
is supported by a network of iron beams, in 
which three cross-beams of rolled J-iron, one under 
each strengthening wall, convey the pressure to 
the annular outside girder. Between the cross- 
beams were placed longitudinal beams of I-iron 
(Fig. 1), and Sitvese these are attached secondary 
cross-beams of channel-iron. All these beams are 
connected, so that their bottom edges are level 
and form a net inside the annular beam, and the 
roof plates, ;', in. thick, are riveted to the under- 
side of this network. 

All connections had to be water-tight, and the 
roof was tested by filling in water. It is gable- 
shaped, with its ridge in the central line of the 
pier through the whole of its length, the sides 
sloping 1 in 30. This was done with a view to the 
subsequent filling in with liquid cement, so that 
the cement could ascend to the ridge where there 
were outlet pipes. The construction may be seen 
in Fig. 1. 

There were altogether sixteen filling-in and 
outlet pipes, consisting of 3-in. drawn-iron tubes, 
screwed into the roof. The pipes were only 7 ft. 
high, and each was intended to end ina 3-in. Jenkins 
valve, which was to be kept securely locked. The 
valves were to be placed in this high position in 
order to make them easy of access during the sub- 
sequent lowering of the pier by means of water 
ballast. It was, however, decided to have the 
valves at the bottom, it being possible thereby to 
avoid carrying the pipes upwards simultaneously 
with the bricking up, with which they might have 
interfered. 

The envelope above the roof consists of fein 
ge except the lowest, which is slightly thicker. 
ne plates were riveted water-tight, with packin 

between the joints. This thin wall was strengthen 

by verticals 2}-in. by 2}-in. by + ge angle-irons, 
which were placed on the outside so as not to 
interfere with the brickwork. The strengthening 
angle-irons were placed at a distance of 3 ft. 3g in. 
from each other. In order to bond the cylinder 
to the brickwork of the pier, there were placed at 
each strengthening iron anchor-bars 13 in. by 1} in., 
extending 10 in. into the brickwork. ‘ 

In order to strengthen the pier crossways during 
the bricking up 1}-in iron bolts were placed in 
it at ‘four different heights, in the middle of the 
three cross-wals, and each bolt was made with a 
tightening-screw in the middle. Where they passed 
through the plate of the casing, the latter was 
strengthened by a }-in. plate, riveted on. At the 
outside, each bolt ended in an eye, with an 8-in. iron 
ring 14 in. in diameter, which were used for anchor- 
ing the pier. The pier was bricked up whilst lying 
alongside the slip of the Floating-Dock Company 
until it floated in 16 ft. of water. The bricking 
up was generally carried to about the same level as 
the surface of the water, in accordance with a 
careful calculation based upon the weight required 
for sinking, and on the power of the bottom to 
resist the water pressure. 


in. | ing walls, 








The three main cross-beams could only stand a 
few feet water pressure on the bottom, nor were 
they called upon to do any more, as concrete };as 
placed over them, which counteracted the upward 


water pressure. The longitudinal beams could 
stand a water pressure of about 21 ft., but bef re 
the water head became 14 ft. a 1}-ft. layer of con- 
crete was placed over the whole bottom. Taking 
the —— of this into account, the beams could 
stand about 25 ft. water pressure. When the pres- 
sure reached this limit more concrete was placed 
on the bottom in such a way that it sloped up to 
the strengthening walls, and formed an inverted 
arch between the strengthening walls. 

For the material of the annular wall blue bricks 
in cement mortar were chosen, as granite would 
have been costly. Two kinds of bricks were used, 
both of which had stood the frost test, and were 
only slightly affected by the wear-and-tear tests, 
the one approaching granite in hardness. The 
bricks were placed on edge, except in the top- 
most position under the granite, where they were 

lac: flat, and were laid in cement mortar 
1 cement, 2 sand). The cross-walls were built of 
concrete (1 cement, 3.sand, and 54 gravel). In the 
brickwork a unit stress of 8} tons per square foot 
was adopted, and care was taken that the brick- 
work rose at the top in the same ratio as the 
sinking, so that the upper edge of the brickwork 
was not much above the surface of the water. As 
already mentioned, the plate casing was, during the 
gradual sinking, always kept at least 4 ft. above 
the water-line. As the building of the strengthen- 
ing walls could not keep pace with that of the 
annular wall, a limit was fixed for the excess height 
of the annular wall above the strengthening walls, 
and this limit was fixed at 5 ft., this affording 
sufficient safety against the outer wall being 
damaged on account of the water pressure. 

The building of the pier was divided into three 
sections :—First section: the bottom underneath 
the annular wall was covered with concrete, and the 
round ends of the annular wall were built up 1} ft. 
thick in 10-ft. heights, whilst the cross-walls were 
4 ft. thick. Second section: the annular wall was 
bricked up another 10 ft. with 1} ft. thickness, and 
when the bottom pressure had reached 14 ft. the 
whole of the bottom was covered with concrete. 
The strengthening walls were built to a height 
level with the top of the brickwork. Third section: 
the annular wall was bricked up another 9 ft., 1} ft. 
thick ; the strengthening behind the arches was 
heightened another 5 ft., but, on account of the 
weight, in 1 ft. thickness only. This method, 
however, was not adopted at the southern end of 
the pier, where the accumulator-room is located, 
it being thought advisable there, having regard to 
the strength and tightness of the brickwork, to 
build up the end in its full thickness—4 ft.— 
as this wall subsequently had to stand unsup- 
ported. As this made the southern end heavier 
than the northern, a corresponding quantity of 
concrete had to be laid over the bottom of the 
north end. Only the central strengthening wall 
was built to a greater height, whilst instead of 
heightening the northern and southern strengthen- 

| Bee timbers were inserted above the 
latter, in order to save weight, and because these 
walls would have projected into the pivot and accu- 
mulator-rooms. It had originally been intended to 
use a substantial horizontal layer of concrete in 
the bottom, as the pier sank during this period; but 
as it was found necessary to save weight so that the 
pier should not sink too deep, the concrete was laid 
in slopes up the sides of the cross-walls. 

As the pier was to have a granite cap from 
datum loud 5 ft. upward, the plate envelope from 
this point was corbelled 16 in. outwards, so that 
it would afterwards be possible to build up and 
joint the granite cap from the outside. The 
corbelled envelope was made of thicker plates, 
about } in: thick, with inside angle-iron stiffeners 
28-in. by 28-in. by ;5; in., spaced 3} ft. apart. The 
building up of the blue- brick wall took three 
months. 

When the pier was 16 ft. in the water and the 
blue-brick wall had then been built to 15 ft. m 
height, and the plate envelope was about 6 ft. above 
the water-line, by means of two tugs, one aft for the 
sake of steering, the pier, which then weighed about 
800 tons, was towed through the harbour to 1ts 
final position, where everything had been made 
ready to receive it. A hole with an area more t 
20 ft. longer and broader than the bottom of the 
swing-pier had been dug down to the limestone 
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bottom, and the surface of the limestone, which was 
partly 37 ft. below datum, partly 38 ft. and partly 
40 ft., had been levelled to some extent by blasting. 
When the pier had been towed into position, it 
was securely moored by 4-in. wire ro at the 
northern and southern ends and by some additional 
moorings. 

The Tiiching-op was then resumed, and as the 

walls increased in height and the pier sank, the 
quantity of scaffolding, &c., increased. Even 
during severe storms the my kept very steady. 
Prior to lowering it on to the limestone rock, the 
surface of the latter had to be carefully cleaned. 
The mud was pumped up by means of an 8-in. 
centrifugal pump, and a flexible hose which was 
handled by a diver, the sand being washed away 
from the bottom by means of a strong jet of water, 
and afterwards pumped up by the centrifugal 
ump. 
, After one of the harbour engineers had gone 
down personally to inspect the diver’s work, the 
lowering of the pier took place, eleven filling-in 
and rising pipes having been carried to a foot 
above ordinary water-level. The air from the 
divers during the cleaning process had completely 
filled the chamber beneath the pier, but this air 
escaped by means of the valves of the rising pipes. 
The pier was placed in position by means of six 
wire hawsers, fixed south and north, and in each 
of the four tangent joints, these last four being 
laced so as not to interfere with the shipping. 
The position was adjusted by means of surveying 
instruments on shore. 

Simultaneously with the rougher adjustment the 
ier was lowered considerably by letting in water. 
Vhen the pier was within 1 ft. of the bottom a more 

accurate adjustment took place, during which all the 
hawsers were hauled taut, so that the pier was 
immovable. It was then further lowered until 
the divers reported that it was only an inch from the 
highest position of the limestone bed. There were 
four divers, each having one-fourth of the edge of 
the caisson to watch. After renewed careful adjust- 
ment the pier was lowered another } in., when 
the divers were ordered to insert wedges as quickly 
as possible between the rock and the bottom of 
the caisson. For this purpose the divers had in 
readiness some few iron wedges and some 12-in. 
broad heavy wooden wedges covered with sheet 
iron; this latter precaution being taken so that the 
wedges should not float away, and in order that 
the edge of the plate might not cut its way into 
the wood. While the divers had inserted the 
wedges, water was filled into the pier, so that it 
might rest more heavily on the wedges, and not 
rise if the water-level rose. The position of the 
pier was then accurately gauged, and it was found 
to be 4 in. too far east and ? in. too far south, but 
these deviations were considered permissible. The 
divers at once closed up the space between the 
bottom and the plate edge by means of bags of 
cement. This having been completed, clay and 
sand were tipped round the pier to a height of 
12 ft., and everything was then ready for pouring 
cement into the lower chamber. 

Experiments had shown that it was necessary 
to do this with a plentiful supply of cement, so 
that all the mud should be driven out, and pure 
cement rise in the outlet pipes. The mixture had 
to be of such a consistency as not to choke the 
pipes. The mixing of the cement was done by 
machine power, and fresh water was used. There 
Were six cement mixings made, each of 155 barrels. 
A distribution hopper was placed on the pier, and 
to this the cement was led, and conveyed therefrom 
by conduits to eight filling-in pipes, which had 
large funnels at the top. ‘The inflow of the cement 
could be registered and stopped. The process of 
filling in the cement under the pier occupied 
twenty-four hours. 

_ In the course of a few days the cleaning of the 
inside of the pier was proceeded with. hen the 
bricking up had been done, and iron ballast placed 
in the bottom, the water ballast was pumped out, 
large quantities of mud having to be removed from 
the bottom. The concrete at the bottom of the 
pler was broken through at six places, and borin 

were made through the roof of the chamber. It 
was thereby ascertained that the cement was as 
hard as stone, and lying close against the iron. In 
only two places was there just a small space ; in 
these places liquid cement was forced down into 
the spaces, which were as fine as a hair. This 
method of construction had the very material 
advantage that the building of the pier could be 





efficiently controlled from first to last. This pert 
completed, the bricking-up gave no trouble. he 
large spaces between the walls were filled with 
concrete, mixed 1: 3:5 at the more exposed places, 
and 1 : 4: 7 in the interior of the pier. In order 
to distribute the heavy pressure from the pivot 
(more than 800 tons) over larger portions of the 
brickwork, a grillage of old rails was built into the 
concrete beneath the pivot. This may be seen in 


Fig. 1. 

The granite parapet having been completed and 
jointed, the corbelled iron cylinder at the top was 
removed by divers unscrewing the bolts, but the 
thin plate envelope lower down was allowed. to 
remain. It will rust away eventually. 

The pivot and accumulator compartments in the 
upper part were lined with nite, and lower 
down with white glazed tiles. The pier itself was 
covered at the top with large granite slabs, whilst 
the elevated portion over the accumulator compart- 
ment has an iron roofing, with large apertures for 
light and air. In the western side of the accumu- 
lator compartment there were inserted in the wall 
a number of 5-in. iron pipes opening on the out- 
side of the pillar 3 ft. below ordinary water-level, 
and rising on an incline to the accumulator com- 
partment, where they open out 5 ft. above ordinary 
water-lével. These pipes are used for the intro- 
duction of the electric cables. ; 

As regards the piers at the outer ends of the 
swing span, it was originally intended to carry 
these down to the solid limestone bottom, and to 
build them inside plate-iron caissons, of which the 
lower part was to be filled with concrete, after 
which the upper was to be pumped out, and 
the brickwork of the piers carried out in the dry 
space. But the tenders received for these caissons 
were so high that the method of construction 
described below was decided on instead. 

The surface of the limestone was respectively 
37 ft. and 39 ft. below ordinary water-level at the 
east and west piers respectively, and the material 
above the limestone was removed by dredger, so 
that the piers could be built direct on the lime- 
stone. It was decided to construct only the lower 
portions of the piers, up to 28 ft. below datum, of 
concrete placed inside a shallow plate-iron casing, 


and forming a foundation with a level horizontal | parti 


surface. Upon this the rest of the structure was 
built up of concrete blocks in five horizontal 
layers, the upper four of which were faced with 
hewn granite, whilst the lowest was left un- 
covered, to be surrounded afterwards with earth 
and stones. 

The dimensions of these piers are as follow :—At 
the top each pier is 9 ft. thick and 57 ft. long, so 
that there are 48 ft. between the centres of the 
semi-circular roundings at the ends. The breadth 
of the foundation is 14 ft. at the bottom, the 
breadth upwards decreasing stepwise to 13 ft. and 
11 ft. to 9 ft., as shown in Fig. 1. The length 
of the pier increases downwards at the same ratio 
as the breadth, so that the 48 ft. between the 
centres of the round ends is maintained throughout 
the whole height. The piers were carried to about 
6 ft. above ordinary water-level. 

The limestone bottom having been carefully 
cleaned from mud and sand, which flowed into 
the dug hole, the plate-iron casing was placed in 
position. The east pier casing was 9 ft. and the 
west pier casing 11 ft. high, so that the tops of both 
were 28 ft. below datum; as these casings were 
only intended to withstand the pressure from the 
concrete laid inside them, they were made fairly 
light, of fy in. plate iron, with vertical stiffeners 
of 28-in. by 2g-in. by ;5;-in. angle-irons, spaced 
8 ft. apart. At the top and in the middle there 
was horizontal strengthening inside, consisting of 
3}-in. by 3}-in. by #-in. angle-irons, to each of 
which were attached four cross stiffeners of 28-in. 
by 28-in. by #-in. angle-irons for the strengthening 
of the long flat side walls. The casing at the bottom 
was fitted with a }-in. thick steel plate, the under 
edge of which was shaped to fit the limestone 
bottom, of which an accurate sketch had been 
obtained by soundings. The casings before being 
conveyed to their respective positions were fitted 
with inside timber strutting, so as to prevent 
them from losing shape en route. The concrete 
used for the filling consisted of 1 part cement, 
24 parts gravel, pm 4} parts shingle. The con- 
crete was p in horizontal layers under the 
supervision of a diver, and during the operation 
the mud was constantly pumped up. 

The concrete blocks for the remainder of the 





piers were made on shore, where a floating steam- 
crane could reach them. The normal capacity of © 
this crane being 40 tons, the weight of the blocks 
had to be regulated accordingly, but the heaviest 
blocks weighed about 46 tons. The blocks were 
so placed that they kept one another in position, 
in addition to which they were dovetailed ther 
by 18-in. by 18-in. by 12-in. granite dowel-blocks 
between the blocks in the consecutive layers. 

e concrete was mixed in the proportion of 1:3:54. 
The piers were built in this way until they reached 
a height of 4 in. above ordi water-level. The 
portion above the concrete blocks was of granite. 

There are four intermediate piers, which are 
different lengths in plan, two being 58} ft. long, 
and two 74} ft. long, owing to the widening of 
the bridge roadway towards the shore. These piers 
are built on pile structures driven into firm clay, 
and are constructed in the following way. From 
ordinary water-level upwards they are built of 
granite, and rest upon a 2-ft. layer of concrete laid 
over a system of piles. These piles were driven in 
three vertical rows, between which two rows of 
slanting ae were driven, the vertical piles being 
11 in. and 12in. in section, and the inclined ones 
12 in. in diameter. Outside the concrete and pile 
system sheet piling was driven, the space inside 
being filled up with clay. This sheet piling has 
nothing to do with | rting the piers. It was 
first driven and secured by bolts, &c., and clay was 
filled in up to 2 ft. below ordinary water-level. 
The water was then pumped out, the sides of the 
sheet piling having previously been made water- 
tight over the upper 4 ft. e supporting piles 
were then cut 6 in. to 12 in. above the clay, and 
the concrete foundation was laid, the mixture being 
1:5:65. 

The two shore abutments were built on the pile 
systems, like the four intermediate piers, and have 
similar construction. They may be seen in Fig. 1. 

Before describing the superstructure of the bridge 
it may be said that the adoption of the swing prin- 
ciple was a eee from the usual practice, so far 
as the Copen agen bridges were concerned. It 
was chosen partly on account of the railway that 
had to cross the bridge, the space available allowin 
of a swing-bridge with two water-channels, al 
ly because, by the bridge being constructed so 
that it could be turned quite round in both direc- 
tions, the time that it was open could be consider- 
ably shortened, the one arm being able to move 
before an advancing vessel, whilst the other arm 
could move promptly after a ing vessel. The 
specified time required for ty opening of the 
bridge, after stopping the traftic, was 1} minutes, 
and the same time for closing. 

The bridge is constructed for the following loads : 
—Ordinary traffic—foot passengers or carriage— 
620 lb. per square foot ; a wagon weighing 20 tons 
evenly distributed on four wheels with 13 ft. 
wheel base ; the load of two trains meeting each 
other, besides extra strain for wind and brake pres- 
sure. A train-load was reckoned as coupled loco- 
motives and tenders. The locomotives have three 
axles, the load on the middle one being 13 tons, 
and on the others 12 tons, whilst the oo: Be centre 
to centre, were 4 ft. 3 in. a“. The tenders also 
have three axles, spaced 5 ft. centre to centre, and 
9 tons axle-load. The distance from the front 
buffer to the front axle is 7 ft. 2 in. ; the distance 
between the trailing axle of the engine and the 
front axle of the tender is 13 ft. 1} in., and the 
distance between the trailing axle of the tender 
and the hindmost buffer of the tender is 5 ft. The 
wind = was taken at 35 lb. per square 
foot when the bridge was loaded, and 55 lb. per 
square foot when unloaded. Half of this pressure 
was reckoned as dead load, and half as live load. 
When turning, the bridge was supposed to be 
loaded with a wind pressure of 55 1b. per square 
foot. This was supposed to act upon the engine- 
house in such a manner as to tend to overturn the 
bridge in the same direction as the wind on the 
bridge, the wind-pressure being taken to act 
slopingly against the bridge at an angle of 10 deg., 
and to act with its full strength on the one half of 
the bridge, and with half strength on the other half 
of the bridge. 

The main girders of the swinging portion, one of 
which is shown in half elevation in Fig. 8 of our 
two-page plate, are re nonce in the middle by a 
main cross girder (which may be seen in the section, 
Fig. 9), under the middle of which is the pivot upon 
which the bridge balances and turns. When the 





bridge is to be opened, the whole of the swing 
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portion, which weighs about 850 tons, is, by means 
of an hydraulic ram below the pivot, lifted 6 in. in 
the course of 15 seconds. The pivot is guided by a 
bearing at the top, and at the lower end is in the 
form of a short hydraulic cylinder (as shown in 
Fig. 10). The raising and the lowering is performed 
by water, which is forced into the cylinder by an 
accumulator placed in the central pier compartment. 

The bridge is turned by means of gearing on 
the movable span, working in a spur-wheel fixed 
on the poet gon Be The pinion is turned by 
means of a shaft actuated by spur-gearing, the 
shaft passing through the main cross-girder between 
the two longitudinal girders. Motion is given 
to this shaft by machinery situated in the house 
over the main girders, and worked by a 40-horse- 
power electric motor. There are two independent 
sets of turning machinery, each with its own 
motor ; each set by itself being strong enough to 
turn the bridge a quarter round in the fixed time, 
(about 60 seconds), but generally under the ordi- 
nary handling of the bridge the two work together. 

When the bridge is swung back, it goes, just 
before closing, against hydraulic stops, one on 
each impact pier, which absorb the momentum and 
bring the bridge into the proper position for closing. 
The attendant, who controls the movements of the 
bridge from the cabin, then pushes in a bolt at each 
end, and the bridge is secured, and then lowered. 
This lowering is done by opening the communi- 
cation between the ram and a li mht accumulator. 
When the bridge is within aboub t in. of reaching 
its bearing on the centfe pier, it already rests.on 
the bearings of the im piers, and the load’ at 
the centre has been reduced so that the weight of 
the bridge is not capable of raising the light accu- 
mulator. The remainder of the water is ed away 
to a return water-tank, and the bridge settles on the 
centre bearings. 

The main girders of the main span are made of 
steel, and are constructed as shown in Fig. 8. The 
full depth is 28 ft. 7 in. in the middle, and 6 ft. 3 in. 
at the ends. Their full length is 218 ft. 2in. For 
constructing the chords 1-in. rivets were used. 
The lattice bars form a T or a X, and consist 
respectively of four or eight angles, so that, count- 
ing from the outer ends, the verticals 3 to 8 and 
the diagonals 3 to 5 are —4 , whilst the other 
verticals and diagonals are double-cross shaped. 


Fie. 3. Turret-LatHe ror Bar Work. 
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The angle-irons in the lattice-work vary from 
4in. by 4in. by 4 in. to 5} in. by 5} in. by ,% in. 
The rivets are } in. in diameter, except in a few 
laces where they are +? in. The middle vertical 
raming above the main centre cross-girder con- 
sists of three separate verticals, of which the outer 
ones each consist of eight 5j-in. by 5}-in. by 
§-in. angle-irons, whilst the central one is built of 
eight 5}-in. by 5}-in. by %-in. angle-irons. The 
three verticals are connected by means of flat lattice 
bars 3} in. wide by ? in. thick. The arrangement 
may be seen in Fig. 8, on our two-page plate. 

As the main cross-girder over the pivot has to 
carry the entire weight of the bridge, and also has 
to resist a considerable twisting stress and wind 
pressure when the bridge is raised, it is very 











Fic. 4. Disc ATTacHMENT FoR Curtinc Bars to Exact LENGTH, 


strongly constructed, as may be seen from Fig. 9. 
It is built as a box-girder, with three webs each 
31 ft. 5 in. long and 8 ft. 7} in. broad. The 
top flange is horizontal, whilst a part of the 
bottom has flange slopes, whereby the depth of 
the girder is salaved at the ends, so that It 1s 
3 ft. 8 in. deep at the ends and 6 ft. deep in the 
middle over the pivot. The three webs each consist 
of two plates § in. thick. Each of the outer webs 1s 
stiffened on the inner side at the ends with a §-l. 
thick plate. In the top and bottom flanges thr 

plates are used, the middle one of which is 4 in. 
thick, and the two others slightly more. 1h 
bottom flange of the cross-girder has a :-in. thick 
wearing-plate. The flanges and webs are connec 

by means of angle-irons 6} in. by }# in. The cross 
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girder has eight cruss-stiffeners, each consisting of a 
vertical plate attached to the top and bottom flanges 
by means of angle-irons, 5} in. by 5} in. by 7h in. 

Whilst six of the stiffening- plates stand at 
right-angles to the webs of the cross-girders, the 
middle ones are so placed that they form four sides 
in a regular hexagon above the pivot. Each of 
these stiffeners consists of two ,-in. plates, 
attached by means of 5{-in. by 5{-in. by ;y-in. 
angle-irons to the top flange, and by means of 
6}-in. by 6}-in. by }}-in. angle-irons to the bottom 
flange of the cross-girder. All the rivets used are 
lin. in diameter. The main cross-girder is con- 
nected with the two main girders by means of heavy 
bolts. Kach main girder is attached to the centre 
cross-girder by means of seventy-two 1-in. and 
eight 1}-in. screw-bolts and three g-in. corner- 
plates. The main cross-girder is attached to the 
pivot through the hexagonal stiffening-frame re- 
ferred to above. Inside this are four 2}-in. screw- 
bolts on each side, and outside five to six 2}-in. 
screw-llts (which are slightly conical) besides some 
additional bolts. 

Between the two main girders, whose distance 
from centre to centre is 29 ft. 6 in., there is a plate- 
girder at each vertical. The lower line of these 
girders is straight, whilst the top is curved, as 
shown in Fig. 9. The webs of these are y% in. 
thick, 1 ft. 118 in. deep at the middle, and 15} in. 
at the ends. The woke of the cross-girder have 
each five vertical stiffeners, consisting of four 3}-in. 
by 3}-in. by 2-in. angle-irons. The plates of the 
top and Lottom flanges are 12,%, in. by 4 in., except 
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the bottom one, which is 16{ in. broad and 3 in. 
thick. The secondary longitudinal and cross- 
beams consist of rolled joists. The footways, 8 ft. 
broad, are placed outside the main girders, and 
are supported by plate-iron brackets, attached to 
the verticals of the main traverse beams, as shown 
in Fig. 3. 

The two main girders are stiffened at the top by 
four cross-lattice girders with straight top flanges 
and curved lower flanges, their depth being 2 ft. 
in the middle and 5 ft. 2in. at the ends. They 
are attached to the verticals of the main girders by 
means of §-in. plates. These plates are carried 
through the cross-beams, and form one outside 
bracket-plate for the engine-house. The top and 
bottom flanges consist of two angle-irons 4 in. by 
4 in. by 4 in. 

The engine-house, in which the machinery for 
the turning of the bridge is located, and which also 
serves as a look-out station, is placed above the 
main cross-beams. Two sets of stairs lead to it, 
their lower portions being placed in the open space 
of the main girders. 

The pivot (Figs. 10, 11, and 12) which carries 
the whole weight of the swing-bridge (850 tons) is 
made of cast-steel. The height of the entire pivot 
is 14 ft. It has a thickness of metal varying from 


2? in. to 8 in., and is strengthened on the inside 
by ribs. Owing to the great weight and dimensions 
of the pivot it is made in five pieces, jointed by 
means of steel bolts and flanges as shown in Fig. 10. 

The bottom piece forms the piston in the hy- 
draulic ram which lifts the bridge. 


This piece is 











hollow and cylindrical, and has an outside diameter 
of 5 ft., and a thickness of metal, inclusive of the 
connecting - flange, of 8 in. The bottom is a 
hollow with a 13-ft. radius; the thickness of the 
metal being 8 in. The middle piece, connecting 
the top and bottom portions of the pivot, is made 
in two pieces bolted together, and is conical ; the 
thickness of the metal being 3} in. In addition to 
the top and bottom flanges, there is an annular 
stiffening-rib in the middle and six vertical ribs, of 
which four are 3} in. thick, whilst two, which 
are formed by the connecting-flanges, are 64 in. 
thick.: The annular rib is 3} in. thick. In this 
conical portion of the pivot there is a manhole, 
round the edges of which the thickness of the 
material is increased to 5in. The top portion of 
the pivot is likewise made in two pieces, which are 
connected by vertical flanges as f sen It forms 
a hollow cylinder, having an outside diameter of 
7 ft. 11 in. and a minimum thickness of material of 
2? in. The connection of the separate parts of the 
a is done by inside flanges and closely fitting 
volts 2 in. in diameter, the arrangement being shown 
in Figs. 10 and 11. After being bolted together 
the pivot was turned up and was highly polished. 
The aggregate weight of the entire pivot is 404 tons. 
The pivot cylinder, which weighs 234 tons, is of 
cast-steel made in one piece. At the top it has a 
stuffing-box, and at the bottom an outside flange, 
strengthened by thirteen ribs. The thickness of 
the wall of the cylinder is 8 in., the thickness of 
the bottom and of the flange being also 8 in. 

The pivot is constructed so as to be adjustable 
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(see Figs. 10, 11, 12, and 13), the whole bearing 


land two pumps, has not entailed any material 


being able to slide to the extent of }# in. in all increase in cost as compared with the simpler 
directions. The neck-bearings are of cast-steel, and | principle, where the swing-bridge is lifted by one 
are fitted on the inside with a metal lining 1 ft. 8 in. | accumulator, and where the water, during lowering, 
high and 2 in. thick. Each tightening-piece has| runs into a return-water tank, from which it is 


two planed surfaces, upon which rest, with the inter- 
mediate wedges and plates, the two ends of the 
bearing, which are both attached to the neck strap 
by means of three 13-in. set-screws. By loosening 
the nuts on these screws and varying the thickness 
of the intermediate packing, the bearing can be 
made adjustable to the wear of the lining of the 
bearings. The tightening-pieces are of cast steel, 
and are intended to transmit the heavy pressure 
in the neck-bearing to the annular cross-beam. 
They are box-shaped, as shown in Fig. 11, and the 
tightening - nuts already referred to rest inside 
against planed surfaces. Each tightening-piece is 


attached to the annular cross-beam by means of | 


twenty-four J}-in. bolts, and is supported by two 
perpendicular brackets, which transmit the vertical 


pressure, due to friction, to the brickwork of the | 


pier during the raising and lowering of the pivot. 

The annular beam transmits the pressure from 
the bearing of the neck guide to the granite- 
work of the bridge. Its section is box-shaped, as 
shown in Fig. 10, and it is made of i ent plates, 
and is 24 in. high and 30 in. broad. he plates are 
connected by means of 6-in. by 6-in. by -in. angle- 
irons. The cross-traverse beam rests with its lower 
horizontal plate partly upon the granite, to which 
it is fastened by means of bolts, and partly on 
brackets. After being finally mounted the beam 
was filled with cement mortar. 

It has already been mentioned that the raising of 
the swing-bridge from its bearings on the impact 
piers and the centre pier is effected by raising 
the pivot 6 in., the bridge resting upon the pivot. 
Under ordinary working conditions the amount 
of lift is 6in.; on account of deflection the rise 
of the bearings off the impact piers is 5 in., 
but the bridge can, under special circumstances, 
be raised 10 in., and the accumulators and other 
plant are constructed with this in view. The 
load on the pivot plunger is about 850 tons, and 
a pressure of about 45 atmospheres is required to 
raise it. The piston diameter of the two accumu- 
lators is 17} in. and the piston area 233 square 
inches. The weight of the heavy accumulator is 
81 tons, which corresponds with a pressure under 
the piston of about 56 atmospheres ; the weight of 
the light accumulator is 60 tons, which corresponds 
with about 41 atmospheres. 

From the pivot pa mr a pipe leads to the main 
controlling-valve in the accumulator compartment, 
and to the same valve are led pipes from the accu- 
mulator cylinders and the return water-tank, so 
that, by ahetien the valve, the connection between 
the pivot cylinder and each of the three branch 
connections can be closed or opened, but the valve 
is so constructed that it can only open for one of 
the connections ata time. If one of the connec- 
tions is open between the pivot and the heavy 
accumulator, the pressures, irrespective of the 
frictions during the movements, are respectively 45 
and 56 atmospheres. The water will then, under 
the 11 atmospheres difference of pressure, flow from 
the accumulator into the pivot cylinder. 

The loads on the accumulators mentioned above 
are variable, and have, in working, proved some- 
what unnecessarily heavy; therefore it was decided 
to reduce them to 73 tons and 56 tons respectively 
for the heavy and the light accumulators, whereby 
the hydraulic pressures are reduced to 50 atmo- 
spheres and 39 atmospheres. 

If, on the other hand, the connection between 
the pivot and the light accumulator be opened, the 
water, under 4 atmospheres over-pressure, flows 
from the pivot to this accumulator, and the pivot 
will move downwards and the accumulator weight 
will rise. When the pivot has gone 5 in. down, 
the ends of the swing-bridge will begin to rest on 
the outer bearings, and the swing-bridge will then 
be § in. off the swing-pier bearings at the centre ; 
the reaction from the lonbons of the impact piers 
is so great that the reduced weight of the swing- 
bridge will balance the weight of the small accumu- 
lator. The lowering of the swing-bridge the last 1.5 


centimetre is brought about by closing the connec- 
tion between the pivot and the light accumulator | ° 
and opening the connection between the pivot and 
the return-water tank, whereby the remainder of 
the water is taken from the pivot cylinder and the 
swing-bridge settles upon the central bearing. 

This power-saving system, with the accumulators 


|pumped direct up into the accumulator. In that 


|ease it would have been necessary, in order to 
‘ensure the uninterrupted daily working of the 
| bridge, to have had another accumulator and pump 
|in reserve for use during repairs, &c. 

By the system here adopted, during repairs or 
|repacking, the one accumulator and pump can be 
so adjusted that they can operate alone, like the 
simpler system just referred to. If it is the heavy 
accumulator which has for a time to be put out of 
| work, part of its ballast iron must first be removed 
| to the light accumulator, so that the weight of this 
_can be increased in order to raise the bridge. 

The manceuvring of the different apparatus is 
entirely automatic, so that the mechanic need only 
move the controlling-valve—which he can do by an 
electric —- from the machinery house—so 
that the whole hydraulic installation can operate 
without any man being present in the swing- 
pier compartments. The lifting of the pivot is 
interrupted automatically by the pivot itself, and 
the starting and stopping of the electric pumps is 
done automatically by the accumulator weights, 
the latter, under certain positions, breaking the 
current to the motors. 

The valve system at the pivot (Figs. 14, 15, 
and 16) comprises an automatic return-stroke valve 
on the pipe from the pivot cylinder to the accumu- 
lators, which operates in case a pipe should break, 
while the pivot is raised, and which is so con- 
structed that when the speed of the water exceeds 
a certain limit the valve closes itself automatically 
by a ball-valve with a counterweight on a lever in 
the valve-house. The ball is carried along with 
the water, overcomes the resistance of the counter- 
weight, and seats itself in the mouth of the outlet- 
pipe, leaving a narrow aperture so that the pivot 
slowly sinks to the bottom. 

Close to this return-stroke valve is an automatic 
closing valve, which is connected by a lever with 
the pivot, so that the latter, when it has risen 6 in., 
closes the inlet of the pressure water under the 
pivot. The annular conical valve is closed by a 
weight on a lever with unequal arms, the lever 
being shown in Fig. 14. Under ordinary circum- 
stances, however, this lever is raised, and the valve 
opens, being kept so by another weight on an 
equal-armed lever, which weight forces the first- 
mentioned weight upwards. When the pivot has 
reached a certain height the inflow of water is 
stopped automatically. 

here is a safety outlet-valve connected with the 
automatic closing valve which operates in case the 
closing-valve shuts too quickly for the water pres- 
sure. The same safety-valve further ensures that 
the pivot shall not rise more than the maximum 
height, as itis connected by a system of levers with 
the automatic closing valve. There is another 
closing-valve on the pipe system at the pivot, 
which is to be worked by hand, and also a pressure- 
gauge giving the pressure in the pivot cylinder. 

The return-water tank is located on the top floor of 
the accumulator room and holds about 670 gallons. 
In the inside of the tank there is a strainer, which 
collects the impurities of the water. The outlet- 
pipe from the main controlling-valve is an overflow- 
pipe, whilst the inlet-pipe to the pump is placed in 
the bottom of the tank. There is a water-gauge 
outside. 





(To be continued.) 








KENDALL AND GENT’S MACHINE-TOOLS 
AT THE BRUSSELS EXHIBITION. 
Messrs. KENDALL AND GENT, Manchester, are 
exhibiting at Brussels a very representative series of 
their machine-tools, We illustrate several of these 
on pages 737, 740, and 741. 
ig. 1 shows one of their improved sensitive high- 
spect radial drilling-machines, specially adapted i 
the use of high-speed tools for drilling small holes 
rapidly in work much too large for the ordinary sensi- 
tive drilling-machine. This is belt-driven throughout, 
and, for drilling small holes, this gives the best results 
in re to rapidity and accuracy. The Serre of the 
indle is by means of an endless belt, which allows of 
the head being moved in any position, either along the 
arm or swung round, as desired, without interfering 
with the belt or efficiency of the drive in any way ; 
provision is made on the end bracket for adjustment 
pu . All loose pulleys, shafts, and spindles run 
}in ball-bearings. The driving-pulley on the lower 








shaft is made extra. wide, so that the belt will not run 
off when the tension-pulleys are moved outwards. The 
horizontal driving-belt can be changed from high to 
low-speed drive without changing the tension-pulleys 
at the end of the arm. The machine comprises an 
upright, carrying a radial arm, bolted to the base. 
plate ; the arm is made to swing through an are of 
180 deg., supported on ae with locking 
arrangement. The saddle, adjustable by steel rack 
and pinion, can be locked in any position. he 
spindle is of steel, running in ball-bearings, provided 
with hand-feed motion by steel rack and pinion and 
hand-lever ; there is also available a slow hand-feed by 
worm and wheel, which can be quickly disengaged 
when required for sensitive drilling. Ball-bearings 
are also supplied for resisting the end pressure of the 
spindle. ‘There are six s s in all. 

For rapidly stopping the spindle a brake is applied 
to the driving-cone, actuated by a lever and rod from 
the handle, the latter being conveniently placed for 
the workman in front of the frame. 

The principal dimensions of the machine are as 
follow :— 


Radius of spindle... a { a, ’ ig 
Diameter of spindle ... ies ey lin. 
To drill holes up to ..... yer as lin. 
Feed of spindle by hand __... ie . in. 

{ max. t. Sin. 
Admits under {on baseplate | min. 2ft. 8in. 


spindle nose f max. ’ 
. {on box chuck Umin. 11 in. 

A vertical milling-machine, with rectangular table, 
is illustrated in Fig. 2. 

Fig. 3, page 740, shows a hexagon turret-lathe for bar 
work and for use with high-speed tools, motor-driven 
by a constant-speed motor. The high-speed fast head- 
stock is of the all-geared type with twelve speeds by 
gears, the speed changes being made by means of three 
easily accessible levers. All the gears in the headstock 
are of steel, with the exception of the largest spindle- 
wheel. They are hardened, and are completely enclosed 
by a cast-iron cover. The clutch controlling the first 
two changes of speed on the high-speed pulley-shaft, 
which is generally used for starting and stopping the 
lathe, is of the expanding ring type. The intermediate 
changes are made by sliding the wheels on their shafts, 
and the final drive for slow speeds on the spindle is by 
means of a clutch of the ordinary claw-ring . The 
end of the spindle is screwed and fitted with an auto- 
matic chuck. An entirely new feature of this head- 
stock is that all shafts, including the main spindle, 
are mounted on ball journal bearings, a ball thrust 
bearing being provided at both ends of the main 
spindle, to take up the thrust of the cutting-tool. 

The automatic chuck is adapted for holding black or 
bright bars equally well, and is opened and closed 
whilst the lathe is running. Ample adjustment is 
provided for bars which vary in diameter in different 
parts of their length. The chuck will hold finished 
work truly and without bruising, so that jobs, after 
having one end finished, may be reversed to finish the 
second end. With the automatic chuck are — 
round holders for round, bright, or finished bars, 
having greater gripping power on round work than flat 
holders. Each holier is in four sections. For gripping 
black bars or bars slightly out of round, also square 
bars, flat holders are used. For hexagon or triangular 
bars three flat holders with spacing-pieces are used. 

The carriage with hexagon turret permits bars or 
finished work to pass clear through, and is arranged 
to carry six tools, provided with quick hand traverse 
by rack and pinion, and self-acting in either direction 
pa the bed, by means of a front shaft, worm and 
wheel, rack and pinion, six rates of feed being pro- 
vided, any of which can be used without stopping the 
lathe. It is also provided with six stops carried on 4 
hexagon bar in front of the bed, geared to rotate with 
the turret; each stop corresponds with one of the 
tools, and can therefore only be put in gear or position 
for its own particular tool. The stops automatically 
trip the f A disc (Fig. 4) with three adjustable 
stops and pointer is provided, enabling pieces to be 
made of precisely the same length. The turret 1s 
rotated by hand, and locked in the several positions 
by means of a hardened-steel bolt operated by a small 
handle in front of the carriage. The cutting-off rest 
is so designed as to allow of the tool being used close 
up to the chuck. It is provided with two tool-holders 
—one for cutting-off and the other for forming ; form 
tools up to 8} in. wide can he taken. The slide carry- 
ing the tools is operated by rack and pinion, a long 
hand-lever being keyed on to the pinion shaft. 
Adjustable stops are provided for each tool. A feature 
of this apparatus is the provision of a movable stop 
the tool-slide, enabling the parting-off tool to be set 
for the finished diameter of the work, with the object 
of finally squaring up the corner under the head m0 
the bolt, this being necessarily out of reach of > 
burnishing action of the rollers ; afterwards, ie 
withdrawing the stop, the centre is come to 10F 
parting-off. : 

Messrs. Kendall and Gent also show various acces 
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sories, among which we may mention three patent roller- 
steady tool-holders, which contain several new features. 
Each holder consists of a tool-holder block of forged 
steel, having a recess, in which the tool can be clamped 
by means of two steel slotted clamps, spanning the 
tools and let into recesses in the body of the block. 
These are provided with set-screws on the underside 
for securing the tool. The block and tool travel on a 
slide formed on the main casting of the turning tool, 
which is of steel, and which is carried forward in order 
to form a housing for the circular arms carrying the 
rollers constituting the roller-steady. The tool-holder 
block is moved to and fro on its slide by means of a 
worm fitted into the main body, operating in a rack 
with inclined teeth formed on the upper surface of the 
tool-block. A stop and micrometer arrangement of 
the usual nature are fitted on the worm-shaft in order 
to retain the size of the work after withdrawal of the 
tool. The portion of the turning tool forming the 
roller-steady is one of the firm's specialities ; it com- 
prises that part of the main body casting referred to, 
which is carried forward beyond the tool-slide, and is 
so shaped as to form a circular recess, in which can 
slide two similarly formed pieces, each provided with 
a hardened-steel roller. The path of the circular 
recess is so situated as to be intersected by the cutting 
point of the tool ; the two rollers can thus be brought 
to bear against any work within the capacity of the 
machine. 

The curved pieces carrying the rollers are connected 
to two circular worm-segments sliding in recesses con- 
centric with, and at the back of, the recesses, in which 
slide the roller-carriers. These are operated by means 
of small worms retained in recesses in the main body, 
and provided with means for micrometer adjustment 
and for locking. For the purpose of temporarily with- 
drawing a roller from the work, as, for instance, in 
left-hand turning, a roller-carrier can be detached 
from the worm segment at the back by withdrawing 
a sinall pin, and can, of course, be returned to exactly 
the same position again ard the pin re-inserted. A chip- 
deflector is also fitted in the holder in order to direct 
the rapidly-formed hot coils constituting the chip 
into the centre of the bed. There are no projections 
on the roller-steady in the direction of the headstock, 
so that work can be turned if desired up to 4 in. or so 
from the chuck. The rollers act as burnishers, and 
assist to produce a smooth good finish to the work. The 
roller-steadies are equally well adapted for turning 
in either direction, and for long slender pieces. These 
are usually done by commencing at the fast headstock 
end of the lathe, a tool for this purpose being provided. 

We illustrate in Fig. 5a vertical milling-machine, 
with fixed circular table, arranged for motor drive b 
constant-speed motor. This machine has a quic 
power motion to the table for rapidly setting the work, 
and a gap in the frame, so as to admit a greater dis- 
tance between spindle and frame. There is a profiling 
arrangement of a new and improved type, especiall 
suited for milling pieces with various profiles, suc 
as are required in the construction of locomotive 
motion work. 





THE ‘“*TURN-OVER” MECHANICALLY- 
CLEANED FILTER. 

A MECHANICAL filter of novel type is illustrated 
on page 744. The special features of this apparatus, 
which is known as the ‘‘Turn-Over” filter, have 
reference to the methods which are employed to clean 
the bed after a period of use. In mechanical filters 
generally various methods are employed for cleaning, 
& common arrangement being to reverse the flow 
of water, and at the same time to agitate the filtering 
material by means of mechanically-operated rakes. 
In other cases agitation by compressed air or steam is 
used. In the present instance the filter is constructed 
in the form of a cylindrical barrel, lying with its axis 
horizontal, and is arranged so that it may be rotated 
around this axis, The filtering medium lies in the 
lower part of the cylinder, as ee in Fig. 1, and as 
the filter rotates, is tumbled over and over in the 
cleaning water, so that both it and the inside of the 
cylinder are thoroughly scoured. This method of clean- 
ing the filter-bed by turning the whole arrangement 
upside-down is found to have several advantages. It 
is obvious that the whole of the material forming the 
bed is turned over and thoroughly subjected to the 
cleaning water, and that it is not possible for any 
portion of it to remain more or less stagnant during 
the washin _ process. The scouring action of the 
filterins medium on the inside of the filter cylinder is 
also of im ortance, as the plates are thus kept quite 
free froin slime and vegetable growth. In the case of 
a filter which had been at work for two years on a 
water containing much sewage and organic impurity, 
a was found that the sides of the chamber were quite 
oe as i they had been scrubbed with a wire 
rush. The filter is very economical in wash-water, 


= no high head or voluminous supply are necessary, 
e ole bed throughout being throughly washed 
o " Ct Space of time with quite asmall quantity of 





The filtering material used consists of crushed quartz 
crystals. This material has an advantage over sand, 
in that it is very hard and sharp, and thus scours 
itself more effectively than round sand particles are 
able to do. In addition, the material is absolutely 
non-absorbent. Natural sand usually contains a 
mixture of particles of various kinds of sandstone, 
some of which are soft and porous, so that by constant 
use in filtering they absorb organic matter and other 
impurities. Such particles ultimately become im- 
gm with foul matter, and as it is impossible to 
wash them in any way, it finally becomes necessary 
to renew the whole of the filtering material. Al- 
though crushed quartz is very much more expensive 
than sand, its freedom from porous particles and its 
sharpness are such great advantages that it has been 
adopted. Owing to the thoroughness with which it 
cleans itself in the filter, it never requires renewal, 
while arrangements are made so that none will be lost 
during the washing process. 

The filter is constructed of various capacities and 
sizes, and the illustrations on page 744 show three 
forms. It will facilitate the Gassigtion of the 
eens however, if attention is given, in the first 
place, more particularly to’ one size only, and the 
following explanation accordingly refers to the 8 ft. by 
12-ft. filter shown in Figs. 1, 2, and 3. The arrange- 
ment consists in general of a cylindrical casing lying 
with its axis horizontal, and arranged so that it may 
revolve around it. The crushed quartz lies in the 
lower half of the casing, and rests on a perforated 
bottom J, which is constructed of two perforated steel 

lates, with a piece of woven copper cloth sandwiched 

tween them. The water to be filtered enters the 
casing on its axis through the fixed pipe E, at the 
right-hand end. Inside the casing this pipe is cranked 
upwards, as shown, and extends across the filter- 
chamber. The pipe has an opening H on its top 
side, and three bell-mouthed openings on its lower side. 
The top opening H is provided with a flat valve b, 
while the lower openings each have a flat valve a. 
The valves are connected together, so that when b is 
open, a, a, a are closed, and vice versed. The cranked 

ipe, although virtually extending across the chamber, 
is blanked off at the second crank just beyond the 
third bell-mouthed opening. This can be clearly seen 
in the sectional view, Fig. 3. When the filter is in 
operation the valves a, a, a are closed, and the valve } 
is open. Water enters through the pipe E and Alls it, 
finally fiowing out of the opening H and on to the 
filtering medium, through which it percolates on to the 

rforated bottom J. The space below J is divided 
into three separate compartments by the diaphragms 
m, and m,. Through these compartments a pipe 
runs. This pipe is provided with valve-controlled 
ports ¢, ¢,, and é, which put it in communication 
with the various compartments. When the filter is in 
operation these ports are open, so that the water enters 
the pipe N and flows through it and up the passage 
I, which is formed at the left-hand end of the filter- 
ing chamber. This sage communicates, through a 
port P, with the left-hand end of the pipe E. This 
end, as before explained, is blanked off from the inlet 
end, and from here the water passes, through the left- 
hand trunnion, out of the filter to the discharge-pipe. 

When the filter has to be cleaned, the inlet water- 
valve at the right-hand end is closed, and a reverse 
flow of water admitted at the left-hand outlet end. 
This enters the pipe N through the passage I, and 
flows through the ports ¢, ¢,, and e, into the space 
below the perforated bottom J, from where it 
passes up through the filtering medium, and begins 
to fill the space above. During this period the 
chamber is rotated on its axis, causing the bed 
to tumble over and over through the cleansing 
water. When the water has reached the level of the 





top of the pipe H, and begins to flow out through 
it, the inlet-valve for the wash-water is shut and | 
the valves a, a, a are opened, valve 6 being at 
the same time shut. By this means the dirty | 
water contained in the chamber is quickly syphoned | 
out and allowed to run to waste, the water bein 
quickly got rid of close down to the bottom o 
the bed, before the dirt has time to settle again. 
The valves a, a, a are then closed, a new supply 
of wash-water admitted, and the syphoning - out 
repeated. This whole operation is gone through 
several times until the bed is thoroughly clean, and 
filtering can be resumed. It will be understood, of 
course, that the cranked pipe E does not revolve with 
the filtering-chamber, mel that the outlet H remains 
always in its vertical position. The object of the 
port P, in the left-hand end of the pipe EK, is to cut) 
off the supply of wash-water at a definite point as the | 
chamber revolves, as, unless this reverse flow is 
ing up through the bed, it is not displacing any dirt, 
and can therefore be saved. 

The general detailed construction of the filter will 
be followed from Figs. 1, 2, and 3. It will be seen 
that the cylindrical chamber is carried on rollers, in | 
order to relieve the trunnion bearings of its weight, 
and that it is rotated by means of & pinion working on 








a toothed ring mounted at its centre. The pinion-| 


shaft is driven by a worm-gearing from a power-shaft 
which runs along the front of the series of filters as 
shown in Fig. 2. This shaft may be driven by a motor 
or any other convenient source of power. ‘The filters 
are rotated by throwing their respective worm coup- 
lings into gear by means of the levers 8, 8S. The 
method of operating the valves a, a, a, and b is shown 
in the sectional drawing, Fig. 3. They are driven from 
the lever G by a link and bell-crank lever mechanism 
situated inside the pipe E. Lever G is interlocked with 
the lever which operates the wash-water valve A in such 
a way that ) cannot be closed and a, a, a opened until A 
is shut. Valve A is situated at the back end of the 
machine, but its operating lever is mounted at the front 
end in order that all handles may be within easy reach 
during the washing process. The interlock between lever 
G and this wash-water valve can be clearly seenin Fig. 2. 
The T handle L, also situated in the front of the ma- 
chine, drives three rotary valves, situated inside the 
ipe N, by meansof a worm and worm-wheel, which can 
seen in Fig. 1. These valves are arranged to open 
and close the ports ¢, ¢,, and ¢, either independently 
or together, their object being to enable water to be 
admitted to the underside of the bed, either for its 
full length or merely over a section covered by one 
of the compartments, into which the lower part of the 
filter is divided. This arrangement allows a strong 
flow of wash-water to be passed through part of tho 
bed only if desired. The other features of the filter 
will be clear from the figures. D is the inlet-valve 
for the water to be filtered, while C is the correspond- 
ing outlet-valve. B is the outlet-valve to the drain for 
the wash-water after it has passed through the filter. 

The general lines of the 6-ft. by 8-ft. filter, shown 
in Figs. 4 and 5, follow those of the larger size, and 
no detailed description will be required. The example 
shown is intended for installation singly, so that, as 
easy access can thus be had to both ends of the filter, 
there has been no necessity to bring the operating 
mechanism for the wash-water inlet valve to the right- 
hand end. The result is a modification of the inter- 
locking gear, but the arrangement will be quite clear 
from the figures. It will be seen that in this example 
the wash-water is taken from a common inlet pi 
with the main supply to the filter, connection to the 
left-hand end being made by the overhead pipe shown. 
It will also be seen from the end view of this Biter, Fig. 5 
that two outlet valves are fitted ; the smaller ono 
these, on the branch pipe, is intended to by-pass the 
filtered water which first passes through the bed 
after washing, as the filtering material does not 
immediately supply thoroughly filtered water after it 
has been agitated. 

The 3-ft. 6-in. by 1-ft. 6-in. filter, shown in Fig. 6, is 
somewhat simpler in construction than the larger sizes. 
No circumferential support of the chamber is necessary, 
while the filter may be arranged to be rotated by hand 
if desired. The separate compartments and rotary 
valves in the lower part of the chamber are not fitted. 
It will be seen that a different arrangement for 
operating the valves a and } is used. These are 
controlled by a lever fixed on the top of the chamber, 
and the whole arrangement, including the internal 
pipe, which takes the place of the pipe H, is rotated 
with the chamber. The valves in this case differ 
somewhat from those used in the other sizes, as 
arrangements have to be made to prevent the filtering 
material entering the water-pipe and being lost. 
The lower valve consists of a combined piston-valve 
and mitre-valve, while the upper one consists of a 
flat rubber-faced valve and a circular valve whose 
sliding-face is external to the fixed one, instead of 
internal, as in the lower. The valves have three 
positions. In the middle position, as shown in Fig. 5, 
the lower piston-valve is closed, and the upper valve 
is open, so that the inlet water to be filtered enters 
at the top of the pipe. In the upper position, which 
is assumed while the filter is being rotated, the lower 
valve is closed against its mitred face, while the upper 
one is closed by its outer circular face lying over the 
fixed projecting flange at the top of the pipe, so that 
no water can pass either in or out of the ecten In 
the lower position, which the valve assumes when the 
wash-water is being syphoned out, the upper valve is 
closed against its flat Saher face, while the lower one 
is open for discharge through the ports in the piston- 
valve. 

The question of the preliminary treatment of water 
previous to passing it through the filter depends, of 
course, upon the nature of the water, but in general 
the makers of the apparatus recommend primary 
coagulation with sulphate of alumina and lime-water. 
They have Gerda an apparatus for this preliminary 
treatment, in which the reagents are added by means 
of nozzles, and which can easily be regulated by an 
intelligent workman. Considerable success has been 
attained in the use of these plants, in conjunction 
with ‘‘turn-over ” filters, for the purification of the 
water in swimming-baths. The filter is being intro- 
duced by the ‘‘ Turn-Over” Filter Company, of 39, 
Chichester-street, Belfast, and is manufactured by 
Messrs. J. Blakeborough and Sons, of Brighouse, 
Yorkshire. 
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THE GERMAN BATTLESHIP 


CONSTRUCTED BY 


THE STETTINER MASCHINENBAU A.G. 


“ RHEINLAND.” 
“VULCAN,” 
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Fig. 1. 




















_.Weare able this week to publish two photographs 
illustrative of the four battleships of the Dreadnought 
type now completed for the German Navy. These 
ge are the Nassau, built at the Navy Yard at 
2 ilhelmshaven; the Westfalen, built at the Weser 
— at Bremen ; the Rheinland, constructed by the 
ulcan Company, at Stettin; and the Posen, to be 
Sent shortly from the Germania Works, at Kiel. 
hese ve ‘sels belong to the 1908 and 1909 programmes, 
ut, as is well known, their construction was very 
considerably delayed, owing to uncertainty in Berlin 
a to the elements in design of the British Dread- 
nought, the German naval authorities very. properly 
> to emulate, if not excel, the degree of fighting 
follows achieved in the new British shi The 
Mowing, taken from the ‘‘Taschenbuch der Krieg- 





Fig. 2. 


flotten” (1910), are the principal dimensions of this 
class, which is named after the first ship, the Nassau. 


Length 137.7 m. (451 ft. 9 in.) 

Beam 27.1,, ( 88., 11,, ) 

Draught ; pee 

Displacement 18,500 metrical tons 

Armament ... . Twelve 28-cm. 45-calibre 
guns ; twelve 15-cm. 45- 
calibre guns; sixteen 
8.8-cm. 40-calibre guns 

Engines . Triple-screw three-cylin- 
der triple-expansion 

Boilers - - . Twelve, water-tube type 

Designed horse-power .. 20,000 

S * ee won 20 knots 

Normal coal supply 950 tons 

Full bunker capacity 2,700 tons 





Executive officers 22 
Engineering officers a ¥ 5 
Doctors ... me ee $66 2 
Junior officers ss 8 
Paymasters : 2 
Petty officers 30 
All other ratings 892 

Total 961 


Fig. 1 isa bow view and Fig. 2 a stern view, and 
both show that the 12-in. guns are mounted in pairs in 
six barbettes—one dorened and one aft amidship, and 
one on each quarter, with a considerable arc of training 
forward and abaft the beam. The twelve guns of the 
secondary battery are mounted on the main-deck level, 
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a practice which was carried out in the British service 
np to and including the ships of the Lord Nelson class. 
The side of the ship is embrasured forward and aft to 
allow the 6-in. guns to fire ahead and astern in line 
with the keel. The battery of 6-in. guns is confined 
within a comparatively small length of the ship, and is 

rotected by the secondary armour on the broadside. 
The ships, it is said, have slightly higher freeboard 
than some of the earlier British vessels with 6-in. 
guns similarly disposed, so that the objection on the 
score of limited height of platform and possible inter- 
ference with fire in a beam sea is not so operative as 
in the case of earlier vessels. All of the 12-in. guns are 
above the level of the upper deck, as in the case of the 
later British ships. 

The disposition of the sixteen lighter guns is also 
clearly shown. It will be seen that on each broadside 
there are three—two forward and one aft. The two 
forward on each side are fitted on sponsons which pro- 
ject at the embrasure, so that they may fire in line 
with the keel. At the extreme after end, as shown in 
Fig. 2, there are four such guns; the outer guns are on 
sponsons. In the upper works there are fitted eight 
of the guns of this calibre—two on each side near to 
cach mast—protected by armoured shields. The gun- 
control position is placed in a well-protected posi- 
tion aft, instead of on the masts. The upper works 
are minimised and concentrated in order to facilitate 
a wide angle of training for the 12-in. guns. 

As regards the trials of these German ships, the 
practice is to have preliminary contractors’ trials, with 
the firm’s own personnel, before the vessel is handed 
over to the Imperial Dockyard authorities. These 
trials include, first, an eight-hours’ run, during which 
the main engines have to develop, for two consecutive 
hours, the maximum guaranteed indicated horse- 
power. If this trial is successful, the vessel is taken 
over by the dock yard authorities, inspected, docked, and 
put in commission for the acceptance trials, which are 
carried out entirely with naval personnel, These official 
tests include one of six hours’ duration at the maxi- 
mum indicated horse-power, but neither speed nor coal 
consumption is guaranteed ; a twenty-four hours’ trial 
at 70 per cent. of the maximum power, during which 
coal consumption is ascertained, in order to determine 
whether there is compliance with the contract condi- 
tion ; a further twenty-four hours’ trial at 20 per cent. 
of the maximum power, also to ascertain the fuel con- 
sumption. In addition to these a number of trials of 
minor importance are made to test the strength of the 
vessel when the guns are fired, to prove the efficiency 
of the steering-gear, anchor and capstan gear, the 
capacity of the auxiliary pumps for feed and bilge 
purposes, and other details. 

While these early ships, and three battleships which 
succeeded them, are fitted with reciprocating machi- 
nery, the later vessels are to be propelled by turbine 
machinery, which will also apply to the three ships of 
this year’s programme. These are about to be laid 
down. 

From the same photographer (Mr. Max Dreblow, of 
Stettin) we have received four views, page 748, which 
illustrate the passage of the Rheinland from the works 
of the Vulean Company, at Stettin, down the River 
Oder to the Baltic. As is well known, the draught of 
water in the River Oder is not always sufficient for the 

assage of these large ships, but the Vulcan Company 
een displayed considerable ingenuity in overcoming 
this difficulty in the case of battleships and immense 
merchant ships. The increasing demand, not only of 
the merchant, but of the Imperial, navies, however, 
has necessitated the building of new works at 
Hamburg, where the newer battleships are now being 
built. 

The method adopted in carrying out the passage of 
the ships down the River Oder is, nevertheless, most 
interesting. In order to reduce the draught, large 
camels, of rectangular section, have been used for 
several years, and are fixed by wire ropes slung 
under the keel from the camels on oa side of 
the ship. On the deck of each camel there is a 
small winch, which is utilised for tightening this 
wire rope. To the side of the ship there is secured an 
angle-iron bracket, against which the top inner side 
of the deck of the camel abuts. Raking timber 
struts are carried from the outer side of the deck 
of the camel, their upper ends being connected and 
stayed with similar struvs against timber rests on 
the deck of the battleship, as clearly shown in 
Figs. 5 and 6, on page 748. Forward, however, 
where the load carried by the camel is considerably 
less, it is sufficient to secure these raking struts from 
the deck of the camel to the brackets on the side of 
the ship at the sheer-strake, as shown in Figs. 3 
and 4, It will be understood that when the water is 
pumped out of the camels, their buoyancy, acting 
through the wire ropes under the bottom of the ship, 
raises the vessel, the camels further exerting their 
power upon the angle brackets fixed to the side of the 
ship, and through the raking struts. The latter have 
the further alvantage that they prevent the camel 
tilting upwards while exerting its lifting power upon 
the angle bracketa: 





As we have said, this arrangement, with modifica- 
tions, has proved most satisfactory. Four camels, one 
on each side forward and one on each side aft, were 
sufficient for the battleship. But in the case of the 
immense Atlantic liners built by the Company a 
greater number was required, ovng to the length 
of the vessel. The general principle adopted, however, 
was the same, and the result correspondingly satis- 
factory. 








PrrsonaL.—The English McKenna Process Company, 
Limited, Seacombe, Birkenhead, state that they have 
appointed Mr. Frank Robinson, 39 and 40, Exchange 
ee Birmingham, their agent for that city and the 
Midlands.—M. Canon-Legrand, Mons, Belgium, has 
appointed as his sole representative for the United 

ingdom and Colonies Mr. Henry Enthoven, Danes Inn 
House, 265, Strand, London, Wc. 


Tur Carron Linr.—The Carron Company, Carron, 
Stirlingshire, have recently issued their new tourist 
guide, giving plans showing the location of their offices 
in London and Glasgow, a map of England, and deck 
plans of their ships. The guide contains the tariffs and 
every detail concerning tours by the company’s fleet of 
steamers from London to Scotland; it also gives for the 
information of visitors historical data on a number of 
places of interest. It is published by the company at the 
price of twopence. 





Mr. Wiison WorspELL.—On Saturday last, the 4th 
inst., Mr. Wilson Worsdell, chief mechanical engineer of 
the North-Eastern Railway Company, was presented on 
his retirement from the service of the company with a 
cabinet gramophone by the workmen of the locomotive 
department at Gateshead as a mark of esteem. Mr. Ben 
Slater made the presentation. Mr. Worsdell, in reply, 
said it was hard for him to face his comrades of the 
North-Eastern Railway and say ‘‘good bye” to them. 
The North-Eastern Company had been forced to transfer 
its shops from Gateshead to Darlington, because they 
needed extension, and to extend at Gateshead would have 
entailed an expenditure which no directors would have 
advised the stockholders to make. The Gateshead works 
would, however, be no smaller than they were at present. 
At Gateshead the company had turned out some of the 
finest workmanship in the country. Since 1890 it had 

roduced 600 splendid engines, which had thoroughly 

eld their own. He wished to thank Ben Slater for 
having helped him to win a gold medal at the Paris 
Exhibition, and all the workmen for their loyalty. He 
also thanked Bob Nicholson, who had made a record run 
of 1244 miles in 112 minutes (Newcastle to Edinburgh). 
There were over 1300 subscribers to the testimonial. 


“THE AUTOMOBILE ENGINEER.” —The beginning of June 
saw the issue of the first number of a new sixpenn 
monthly entitled The Automolile Engineer. This is 
intended, according to its sub-title, to be a technical 
journal devoted to the theory and practice of automobile 
construction. From some introductory remarks the 
object to be achieved appears to be rather an ambitious 
one, yet we believe there is room for a paper which can 
devote all its attention to motoring matters from the 
technical, rather than the sporting or amateur, point of 
view. Such a paper would be welcomed by many purely 
technical men, and by a large class of non-technical men 
interested in the subject and having a sincere desire to 
improve their knowledge of fundamentals. Whether the 
new periodical will succeed in establishing its right to this 
field remains to be seen. We trust it may, but to do so it 
will have to rise to a high level, both as regards matter 
and production. The field is somewhat restricted, and 
the claims to support must therefore be well substantiated 
if the venture is to prove successful. The amount of 
engineering information on the theory and practice of 
automobile work is ever accumulating, and probably many 
connected with the industry will welcome a technical 
journal which they can consider as their own. 





Tue Copper Market.—In their report dated the 1st 
inst., Messrs. James Lewis and Son state that the varia- 
tions in the market value of Cash Standard copper had 
extended over a range of 2/. 6s. 3d. per ton during May— 
from 55/. 1s. 3d. on the 4th to 57/. 7s. 6d. on the 11th ult., 
falling to 55/. 18s. 9d. on the 17th, and advancing again 
to 57/. on the 30th. Closing values on the Ist inst. were 
56/. 16s. 3d. cash and 57/. 13s 9d. three months prompt. 
The amount of business transacted during the past fort- 
night had been on a smaller scale than usual, there being 
but little demand for forward copper on the part of 
speculators, while the number of cash warrants offered 
for sale had been limited. For refined copper there had 
been a fair demand on the part of European consumers, 
resulting in the delivery of a considerable quantity of 
electrolytic copper from English warehouses, and also in 
increased exports from the United States. On the other 
hand, American manufacturers had not shown much 
desire to make purchases, as, with stocks ———t in 
the hands of the chief producers, they hoped to buy 
cheaper later on. [Electrolytic had m quoted at 
12 to 12g cents per pound in New York, and the future 
of values resolved itself into a question of endurance 
between producers _and consumers. The Rhodesia- 
Katanga Junction Railway having now arrived at the 
nearest point to the Kansanshi Mine, shipments of copper 
from thence will shortly commence and include the stock 
of 1600 tons of ingots. The railway now reaches to within 


about 80 miles of the Star of Congo Mine, and is expected | 


to be completed to that point by September. American 
shipments for May were advised as 25,296 tons, 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday was observed 
as Victoria Day Holiday in Glasgow, and the pig-iron 
market was closed. On Friday morning the tone was 
dull, and Cleveland warrants were done at 49s. 6id., 
49s. 54d., and 49s. 6d. cash, and from 50s. 5d. to 50s. i4d. 
three months. The turnover amounted to 5000 tons, and 
closing sellers quoted 49s. 64d. cash, 49s. 10d. one month, 
and 50s. 5d. three months. The market was firm in the 
afternoon, and about 2000 tons of Cleveland warrants 
changed hands at 49s, = cash, and 50s. 5d. three months, 
The close was firmer, sellers quoting 49s. 7d. cash, 49s. 104d. 
one month, and 50s. 53d. three months. On Monday 
morning the market developed weakness, and 2500 tons of 
Cleveland warrants were put through at 49s. 44d. and 
49s. 4d. cash, and 50s. 24d. three months. At the close 
there were sellers at 49s. 4d. cash, 49s. 74d. one month, 
and 50s. 3d. three months. In the afternoon Cleveland 
warrants were a shade firmer, and about 3500 tons were 
done at 49s. 4d. cash, 49s. 44d. three days, 49s. (id. 
eighteen days, 49s. 7d. twenty-one days, and 50s. 2\d. 
three months. Closing sellers quoted 49s. 44d. cash, 
49s. 8d. one month, and 50s. 3d. three months. Buyers 
of hematite offered 65s. 9d. cash, and sellers quoted 66s. 6d. 
one month. On Tuesday morning the tone was stronger, 
and Cleveland warrants were dealt in at 49s. 5d. cash 
and six days, 49s. 84d. one month, and 50s. 3d. three 
months. The turnover was 5000 tons, and sellers at the 
close quoted 49s, 54d. cash, 49s. 9d. one month, and 50s. 4d. 
three months. One lot of hematite changed hands at 
65s. 104d. thirteen days. The market was quiet but 
firmer in the afternoon, when 2500 tons of Cleveland 
warrants were done at 49s. 6d. cash, 49s. 9d. one month, 
and 50s. 04d. two months, closing with sellers at 49s. 64d. 
cash, 49s, 10d. one month, and 50s. 5d. three months. When 
the market opened to-day Ne er a strong tone again 
prevailed, and 4500 tons of Cleveland warrants were put 
through at 49s. 8d. cash, 49s. 11d. one month, and 50s. 6d. 
three months. Closing sellers quoted 49s. 8d. cash, 49s. 114d. 
one month, and 50s. 64d. three months. Hematite was un- 
changed at 66s. 6d. one month sellers. In the afternoon the 
market was weak, and Cleveland warrants changed hands 
at from 49s. 104d. to 49s. 84d. one month, and at the close 
there were sellers at 49s. 54d. cash, 49s. 84d. one month, 
and 50s. 3d. three months. The turnover amounted to 
4000 tons. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 61s. 6d. ; Calder and Gart- 
sherrie, 62s. ; Summerlee and Langloan, 64s. ; and Colt- 
ness, 83s. (all shipped at Glasgow); Glengarnock (at 
Ardrossan), 64s.: Shotts (at Leith), 62s.; and Carron (at 
Grangemouth), 63s. 6d. 

Sulphate of Ammonia.—After being somewhat quiet 
and easier, the sulphate of ammonia market has hardened 
up a bit, and a little more business is passing. The 
current price for prompt delivery, Glasgow or Leith, is 
from 11/. 17s. 6d. to 121. per ton, while the price for 
forward delivery is about 11/. 17s. 6d. per ton, and at that 
figure quite a lot of business has lately been put through. 
The shipments from Leith Harbour last week amounted 
to 165 tons. 

Scotch Steel Trade.—Business in the Scotch steel trade 
continues good, and the demand for ship-plates is still 
exceedingly active. Part of the increased demand is 
accounted for by the fact that shipbuilders in the lower 
reaches of the Clyde will have resumed work before the 
commencement of the Glasgow district holidays, and 
these consumers are naturally securing their requirements 
well ahead. The inquiry for boiler-plates is, indeed, 
pood, and some really large lots have been fixed up for 
»0oth the home and foreign market. The demand 
for lighter material—sheets and plates—is, perhaps, 
not so satisfactory at the moment, but the reverse 
is the case with structural material. Good inquiries have 
been received both for home use and for export, and con- 
tracts for considerable quantities of angles, girders, and 
joists, have lately been entered into, The adjourned 
meeting of the Scotch Steel-Makers’ Association was held 
in Glasgow yesterday (Tuesday), when further considera- 
tion was given to the case of the resignation of Messrs. 
Stewarts and Lloyds, Limited. After considerable dis- 
cussion the meeting failed to arrive at any definite deci- 
sion, and another adjournment was made. 


Malleable-Iron Trade.—West of Scotland malleable- 
iron makers have again occasion to complain of the 
scarcity of specifications this week. The placing of new 
business has not improved, and so the situation is prac- 
tically unchanged. 


Scotch Pig-Iron Trade.—No improvement has taken 
place in the local demand for Scotch pig-iron, but the 
inquiry from the South and also for shipment lots is very 
satisfactory. Producers continue to make large deliveries 
of the ordinary qualities, and these are rather in excess 
of the output. Prices remain firm. An easier tone 
prevails with regard to hematite, and business is reported 
at 69s, per ton for delivery during the last half of the year. 
This price marks a fall of about 2s. per ton since last week, 
and 6s. per ton from the recent quotation of 75s. nam 
by makers. Steady deliveries are being made to the 
local steel works, and producers are kept well employed. 


Shipbuilding.—Several new shipbuilding contracts have 
ie teas reported, and it has just been announced 
that the Admiralty have also placed orders wit! Cly e 
builders for six destroyers of the standard y = 
Three of these vessels are to be built by Messrs. Jonn 
Brown and Co., Limited, Clydebank ; two by eaey = 
William Denny and Brothers, Dumbarton ; and one 5Y 
Messrs. William Beardmore and Co., Limited, Dalmutr. 





Orders for other eight of these vessels have been given 
| to builders in the South.—The Government of Natal a. 
| Placed with Messrs, William Simons and Co., Limited 
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Renfrew, an order for a 2000-ton Simons cutter-hopper | pronounced activity, so that an accurate estimate of | a cable between the destroyer dépdt ship Valiant and the 


dredger. 
tion work in the Bay of Durban.—Meesrs. Lobnitz and 
Co., Limited, Renfrew, have received an order for a self- 
propelling bucket-dredger and two hopper- for 
the Leopoldina Railway Company, Limited.—Messrs. 
Yarrow and Co., Limited, Scotstoun, are reported to 
have secured the order for other five torpedo-boats for 
the Brazilian Government.—Messrs, Russell and Co., 
Port Glasgow, have contracted to build a large passenger 
and cargo steamer for Messrs. Barrie and Co., Dundee. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield Exchange.—The inauguration of the Sheffield 
Exchange (coal, iron, steel, and allied trades) on Friday 
lust proved highly successful. and the attendance was far 
in excess of expectations. The functions of the exchange, 
which were originally intended to be confined to coal, 
have been extended to iron and steel as a result of repre- 
sentations made on behalf of these industries. The district 
covered is a very large one, extending between Manchester 
and Grimsby one way, and and Birmingham the 
other, and on Friday these cities, as well as Hull and 
industrial centres in the North Midlands, were represented. 
Several big armament houses in Sheffield have joined the 
exchange, and there is every prospect of a very useful 
and successful future. Business on the opening day was 
brisk, and general satisfaction was exp at the estab- 
lishment of a meeting place for buyers and sellers. 


Messrs. William Cooke and Co.—The net profit on the 
ears working of Messrs. William Cooke and Co., 
Tinsley Steel, Iron, and Wire-Rope Works, is 11,662/., 
making, with 3699/. brought forward, 15,3617. A divi- 
dend of 74 per cent. for the year is recommended on the 
old ordinary shares, and of 74 per cent. per annum for the 
half-year on the new ordinary, 50,000 of which were 
issued in September last. This issue resulted in the 
amount being over subscribed. pression in various 
branches, with the exception of wire-rods, has, according 
to the directors’ report, continued during the year. In 
consideration of this and the advances in prices of raw 
material, the directors do not think the balance-sheet un- 
satisfactory. A number of improvements and altera- 
tions have been made with a view of reducing cost of pro- 
duction. Mr. W. D. Holford has acted as chairman to 
the company since the death of Mr. Thomas Wilkinson. 


A Bi-Centenary.—The firm of Messrs, John .Kenyon 
and Co., Limited, proprietors of the Millsands Steel 
Works, Sheffield, celebrated their bi-centenary on Satur- 
day. The business was founded by Joseph Kenyon, son 
of a watch-maker, of Chapel-en-le-Frith. He became 
Master Cutler in 1738. Since 1809 there has not been a 
Kenyon represen on the firm, which was acquired 
forty-three yearsago by the Waterfall family. In March 
last year it became a private limited company, and in 
January last the business of W. A. Colley, Limited, 
steel manufacturers and merchants, was taken over. 
The anniversary was celebrated by giving the employees 
an outing in the Dukeries. 


Kelham Rolling-Mills.—After having been established | bh 


for 37 years, the Kelham Rolling-Mills, of Kelham 
Island, Sheffield, is to go into voluntary liquidation. 
The recommendations of the winding-up were made by 
the chairman, Mr. W. Hall Wood, and adopted at an 
extraordinary general meeting of shareholders held at the 
Cutlers’ Hallon Tuesday. ‘The decision is the result of 
an accumulation of difficulties largely brought about by 
trade depression, and ending in a deficit up to date of 
13,301/., including 4543/. loss on last year’s working. 


South Yorkshire Coal Trade.—The output at the 
collieries during the week has been considerably in excess 
of the demand, with the result that many transactions 
have been effected at easier prices. Buyers have 
the best of the position, and consequently the quiet 
tendency of a week ago is intensified. he shipping 
requirements are not on the scale expected at this time of 
the year, though it must be remembered that, with an 
early opening of the season, there was a large quantity 
dealt with. Some undercutting of colliery quotations is 
being done by middlemen, Hard coal for industrial pur- 
poses is selling in satisfactory quantities, and several 
Owners are awaiting with interest the renewal of contracts 
by the railway companies. The best hard coal is quoted 
at from 8s. 6d. to 9s. 6d. per ton, which prices are firm. 

nds stand at 8s. per ton. Gas-coal contracts are being 
renewed in large numbers, and slacks are moving actively. 
Business in house-coal is very restricted, following upon a 
rapid falling off, though prices remain very steady. Order- 
ing 1s on the summer scale, and several collieries have big 
stocks with very limited orders from local merchants. Pit 
quotations for best Silkstone are frum 9s. 6d. per ton, and 
secondary qualities as low as 7s. 3d. 


Tron and Steel.—The pig-iron market has not shown 
sity Signs of expansion, buyers taking as little as pos- 
a 7. Hematites are practically unchanged, except, 

- aps, « little more latitude in prices. Values vary 
0 ween 7 8. and 75s. net for East t mixed numbers. 
Ja the whole, however, they are steady. Derbyshire 
iron, both forge and foundry, has been reduced, official 


qectations now being 53s. for No. 3 foundry and 51s. for 
a and Lincolnshire prices show no alteration. Trade 


a has not improved, and Belgian competition 
in billets has had a bad effect upon the —— It is 
jePorted that some local makers are agueed to take 
med Prices for big orders, though officially they have 
st gy their quotation of 5/. 5s. The steel trade 
oe y appears to have been quieter during the 
Mf ut the condition is only temporary. Such 

have latterly been alternating with spells of 


The vessel will be chiefly employed in reclama- ! the 


» position is rather difficult to make. Exports, it is 
satisfactory to note, are very little affected, and large 
quantities of special steels for mining and engineer- 
ing work are finding their way into foreign markets. 
Armament makers are actively engaged, and there is an 
improving demand from the ship-building industry. Engi- 
neering has not yet made a satisfactory recovery, and 
consequently supplies of special tools and machinery are 
not in the happiest of conditions as re employ- 
ment. The file trade, however, is becoming busier, 
especially for best qualities. Railway orders are small, 
and the rail trade itself is very quict. The demand for 
steel from makers of agricultural implements is practically 
over, but during the season it was a very large one. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade shows 
no improvement, the satisfactory Board of Trade returns 
having had nobeneficial influence on the industry. Extreme 
quietness prevails. The continued unfavourable reports 
from the United States, and from Germany, contribute 
in no small measure to depress the market here. It must, 
however, be reported that the statistical situation is by 
no means unsatisfactory, for the output of pig iron is 
now very little in excess of current requirements, and 
with the make practically fully absorbed, producers 
are not very keen sellers, preferring to hold off in 
the hope that values will improve in the near future. 
On the other hand, buyers are very cautious in their 
dealings, and, as a rule, confine themselves to the 
purchase of small lots for early delivery. No. 3 g.m.b. 
Cleveland pig is offered by second hands at 49s. 74d. for 
early f.o.b. delivery, and that may be given as the general 
market quotation, though makers, asa rule, endeavour to 
fix arather higher figure. No. 1 is 52s, 3d., and is reported 
to be scarce. Forge iron is not being made in sufficient 
quantity to meet requirements, with the result that it is 
as dear as foundry, and the latter has in several cases been 
supplied in place of forge. No. 4 foundry and No. 4 forge 
are each quoted 4%s., and mottled and white each 48s. 6d. 
Notwithstanding the better conditions and improved out- 
look in the steel industry, hematite pig iron continues 
dull, and, indeed, business is almost at a standstill. Pro- 
ducers are well off for orders, and are not pressing sales, 
declaring that market rates are too low, considering cost of 
output. Consumers, however, point out that hematite 
is very dear compared with values of Cleveland iron, the 
difference usually between No. 3 Cleveland and mixed 
numbers of hematite being 8s. to 10s., whereas at present 
it is 16s. Nos. 1, 2, and 3 East Coast hematite range 
from 65s. 6d. to 66s. There is little new to report con- 
cerning foreign ore. Quotations are still on the basis of 
20s. 6d. ex-ship Tees for Rubio of 50 per cent. quality, 
but it is reported that under exceptional circumstances a 
sale has been made at 19s. 6d. Coke is abundant, and 
average blast-furnace qualities are offered freely at 17s. 
delivered here. 


Manufactured Iron and Steel.—There is not much new 
usiness in manufactured iron and steel, but producers of 
nearly all descriptions are busily employed on contracts 
recently made, and several firms have orders booked 
which will keep them well going for some time. Not 
only so, but prospects are regarded as rather bright. 
Values are fully maintained, and indications are not 
wanting that certain articles will be advanced in price 
before long. Common iron bars are 7/.; best _ 
7l. 7s. 6d.; best best bars, 7/. 15s.; packing-iron, 5/. 5s.; 
iron ship-plates, 6/. 10s.; iron ship-angles, 7/.; steel bars, 
61. 5s.; steel ship-plates, 6/. 10s.; steel ship-angles, 67. 2s. 6d. ; 
and steel joists, 6/. 2s. 6d.—all less the customary 24 per 
cent. discount. Cast-iron columns are 6/. 10s.; cast-iron 
railway-chairs, 3/. 10s.; light iron rails, 6/. 10s.; heav 
steel rails, 5/. 10s. ; and steel railway-sleepers, 6/. 12s. 6d. 
—all net cash at works. Iron and steel galvanised corru- 

ted sheets, 24 gauge, in bundles, are quoted 11/. 10s. 
-0.b.—less the usual 4 per cent. 


Shipments.—Shipments of pig iron are on a satisfactory 
basis. To date this month they average 4892 tons, the 
total despatches amounting to 34,245 tons. To the same 
date last month, the clearances of pig amounted to 31,692 
tons, or a daily average of 4527 tons, and for the corre- 
sponding part of June last year the loadings were re- 
turned at 30,380 tons, or an average of 4340 tons per 
working day. Shipments of manufactured iron and steel 
are very poor, only 1894 tons of the former and 2992 tons 
of the latter having been despatched so far this mcnth. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has presented a fairly 
steady tone, and holders for shipments towards the end 
of the month have insisted on fully late rates. The best 
large steam coal has made 16s. to 16s. 6d. per ton ; secon- 
dary qualities have ranged from 14s. 9d. to 15s. 9d.; 
ordinary smalls, 8s. to 8s. 3d. per ton. The house-coal 
trade has been somewhat inactive, but prices have shown 
little change; the best ordinary qualities have made 
14s. 6d. to 16s. per ton. No. 3 Rhondda e has been 
quoted at 17s. to 17s. 6d.; and smalls at 9s. 9d. to 10s. 3d. 
per ton. No. 2 Rhondda large has brought 12s. to 12s. 3d.; 
smalls, 7s. to 7s. 6d. per ton. Foundry coke has been 
quoted at 19s. to 20s., and furnace ditto at 17s. to 17s. 6d. 
per ton. As regards iron ore, Rubio has been quoted at 
19s. 6d. to 20s. per ton, upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


Devonport.—An addition is about to be made to the 








telephone system in Devonport Harbour by the laying of 


shore signal stations. Dred is in progress near the 
entrance to the Weston Mill Lake, Devonport, the object 
being to provide a deep-water channel for vessels p: : 
ing to and from the new coaling dépét at the northern 
end of the extension. 


Welsh Coal Contracts.—The Lords of the Admiralty 
will require about 100,000 tons of Welsh steam coal for 
the summer naval manceuvres. The administration of 
the Egyptian State Railways is arranging for the supply 
of 20,000 tons of second-class steam coal. The adminis- 
tration of the Austrian State Railways will require 
550,000 tons of locomotive coal in 1911. The contracts 
will not necessarily be let for Welsh steam coal. The 
administration of the Italian State Railways will 
require 30,000 tons of steam coal to be delivered during 
the next two months. The Cunard Steamship Company, 
Limited, is in the market for 100,000 tons of best steam 
coal ; deliveries are to commence in July, and will extend 
over twelve months. 


Ebbw Vale Steel, dc., Company.—The directors of the 
Ebbw Vale Steel, Iron, and Coal ie age Limited, 
have decided to recommend a dividend on the ordinary 
shares of 5 per cent. for the year ending March 31. A 
year ago the dividend was 24 per cent., and two years 
ago 10 per cent. 


Dowlais.—Both the Big Mill and the Goat Mill have 
been running full time. The Goat Mill had a large out- 
put of heavy steel rails, the Big Mill has been engaged 
upon colliery and tram rails, fish plates, merchant bar, 
&c. The Bessemer and Siemens furnaces have had a 
large production. 

Devonport Docks.—It is expected that the cruiser Lion, 
laid down in November last year, will be launched early 
in August, and in anticipation of this No. 8 dock in the 
North Yard is being lengthened. In consequence of the 
great length of the Lion, it has been necessary to extend 
the dock 10 ft. along the centre of the line, and at the end 
of the dock there will be a sufficiently large recess to 
admit the stern of the cruiser. The capacity of No. 4 
dock in the south yard is being doubled for the docking of 
destroyers, and one of the old building ships at the 
Mutton Cove end of the yard is being converted into a 
light draught dock for torpedo craft. 








** Der INDUSTRIEBAU.”—A copy has been sent us of this 
German monthly periodical, which is issued by the Carl 
Scholtze publishing offices, Leipzig. The copy in question 
is No. 5, for May, giving an illustrated article on the 
Zeppelin Airship Works at Friedrichshafen, with a highly- 
coloured double plate, and an illustrated article on work- 
men’s dwellings. We are asked to state that the cost of 
this copy is 3 marks. 





Tue ARGENTINE. Navy.—The displacement of the iron- 
clads ordered by the Argentine Government in the United 
States at their normal draught of water is 28,000 tons, but 
this may be increased to 30,000 tons when the vessels are 
fully armed, their draught of water being 304 ft. Each 
ironclad will be 6134 ft. long by 809-ft. beam. They are to 
be fitted with turbines, working up to 39,500 horse-power, 
and they are expected to steam at the rate of 22) knots. 
Their boilers may be heated by either coal or oil. Their 
coal supply will allow of a radius of action of 10,200 
miles at 11 knots or of 7200 miles at 15 knots or of 3600 
miles at the maximum speed. The capacity of the oil 
reservoirs will admit of a radius of action of about one- 
third of that which will be available if coal is used. Each 
vessel will carry 36 guns. 





Batriesuie Dock ror Brazit.—The Vickers Com- 

ny launched this week a floating dock which they have 
Buile for the Brazilian Government. This structure is 
intended for raising the battleships and other naval craft 
for overhaul and painting. The new dock has a length 
over all of 550 ft. Gin., and a width over all of 136 ft. 
The depth between the double bottoms is 18 ft. 4 in., and 
the side walls have a total height from the outer bottom 
of 63 ft. 4 in. The dock can take a battleship of prac- 
tically any length, and of a beam not exceeding 100 ft. 
The dock structure is extensively sub-divided, and 
there are three main divisions; but the my or 
pumping out, of all the compartments is operated from 
one central valve-house, situated within the starboard 
wall of the dock. The Westinghouse electro-pneumatic 
system isadopted for operating the valves. There is also 
an indicator to show the level of water in each compart- 
ment until the floor is at a greater depth than the keel. 
There are eight capstans, four in each wall, worked either 
by hand or steam, and in addition, bollards, fairleads, 
&c., for moving the ship into dock. Three powerful 
pumping - engines within each wall draw from a con- 
tinuous main drain extending the whole length of the walls, 
while simultaneously the ship is shored within the dock. 
Any one of the three pumps can empty its entire half of 
the dock. These pumps are placed within the walls. 
On a ’tween deck, 20 ft. below the top deck, are placed 
the boilers, engines, dynamos, and machinery. There are 
seven boilers, six steam-pumps for fire and wash-down ser- 
vice, and two dynamos for lighting the vessel in the dock 
and for supplying current to work the fans, motors, &c. 
There isadistilling plant tosupply fresh water for 750 officers 
and men. There is a gangway at one end of the dock for 
communication between the two walls, while two travelling 
steam cranes, capable of lifting 5 tons, are fitted, one on 
each wall. Provision has been made also ’tween decks 


within the walls for cooking and sanitary arrangements, 
with electric ventilating fans and other first-class equip- 
ment. On the top deck there are awnings and hand-rails, 





with lifeboats and other essentials to navigation. 
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SHIPBUILDING AND ENGINEERING 
LABOUR REMUNERATION. 


Ir is a hopeful sign of the times that the employees 
in shipbuilding and engineering works, having de- 
manded an all-round increase in wage, have had 
negotiations with the federated employers under 
amicable conditions. We have always favoured 
the organisation of labour, provided that the em- 
ployers were similarly federated and that differ- 
ences as to terms of employment, whether trivial or 
of magnitude, should form the subject of mutual 
consideration between accredited representatives 
of the allied forces. The agreement to refer such 
differences to conference without the men resorting 
to the indefensible step of stopping work conforms 
with modern common-sense ideas. Evidence 
of the advantage of this was afforded by the recent 
trouble at the Clydebank Works, where a fort- 
night ago a few workmen, without regard to 
their agreement, left their work, notwithstanding 
that the management of these works, with their 
consistently enlightened policy, proclaimed their 
wish to consider the claims of their men, provided 
they continued at work. Immediately upon the 
men returning an amicable settlement was arrived 
at. The only alternative was a general lock-out, 
and the few workmen at Clydebank involved in the 
local dispute would thus have incurred very serious 
opprobrium by persisting in refusing to recognise 
honourably their part in a national agreement. 

Now a more serious issue is involved, as the lead- 
ing trade unions associated with shipbuilding have 
asked for an advance of 5 per cent. on piece rates, 
ls. per week on time rates, or a farthing per hour 
where payment is made bythe hour. The Amalga- 
mated Society of Engineers havealso put in a claim 
for a similar advance for their Clyde workers. The 
aim, in both instances, is to raise the rate of 
remuneration to the standards prevailing about 
18 months and 30 months ago respectively. The 
North-West Engineering es’ Employers’ Asso- 


| ciation have this week notified that they are of 


opinion that the application of the engineering 


3 | unionists is premature, as the state of trade does 


not justify any advance at the presenttime. If the 
workmen do not accept this decision, they continue 
at work under the agreement and arrange for a local 
conference ; failing a settlement in this way, they 
may appeal for a central conference between the 
executive of their union and the federated engi- 
neering employers of the kingdom. The demand 
of the shipbuilding workers involves practically the 
whole of the kingdom, and thus the representatives 
of the central executives of the unions concerned 
and the Employers’ Federation have taken up the 
There was a conference at Carlisle on 
Monday last, and although no agreement was come 
to, the complete exchange of views which took place 
may conduce to a settlement at the adjourned 


men to support their claim, while the representa- 
tives of the men have material for cogitation in the 
facts urged by the employers in proof of the view 
that the time has not arrived for the concessions 
asked for by the unions. 

The possibilities of raising wages alike of engi- 
neers and shipbuilding workers involve not only 
the volume of the work in progress, but also the 
amount of profit which can accrue from this work. 
It is true that the amount of work now on hand 
in the shipbuilding yards is much greater than in 
the past two years, during which the current rate of 
wage has obtained. But it is doubtful whether the 
actual state of activity has been correctly repre- 
sented. The daily Press are in the habit of 
announcing each contract for new ships as these 
are placed, but, in accordance with modern journal- 
istic tendency, these reports are, we fear, exagge- 
rated to some extent. In some cases the contracts 
are, in the haste incidental to the sub - editors’ 
work, repeated as many as three times over, with 
the consequent impression that three ships have 
been ordered instead of one. For instance, it may 
be recorded that an order has been placed by a ship- 
owning firm; the second announcement may name 
the shipbuilder; and in some instances a third para- 
graph may inadvertently be made indicating the 
name of the engineering contractors where these are 
separate from the builders of the hull. In all cases 
there is some justification for each item of news, 
but the impression created is inaccurate. Again, 
there is a tendency to indicate the tonnage by the 
dead-weight carrying capacity, which is by no means 
an accurate measure of the labour value of the 
contract. One ship may be of a very high coeffli- 
cient of fineness in order to carry a large eargo, 
but represent a less value from the labour point of 
view than another ship of the same dimensions 
with finer lines to attain higher speed. The 
monthly reports of the trade unions copy these 
reports with every desire for accuracy, and the 
general result is that the opinion is established 
that there is a greater volume of work in hand than 
is actually the case. Lloyd’s returns are probably 
the only true basis as to the amount of work in 
progress, but the state of the work from the 
standpoint of employment of labour is not esta- 
blished, because the tonnage in hand is given 
irrespective of the progress made with each ship. 
In comparing the work of one period with another 
such error may be eliminated to a large extent. 
Thus, when it is recorded, as was the case at 
the end of March last, that 144,000 tons more mer- 
chant shipping was then in progress than at the 
end of December last or at the end of March of last 
year, the assumption is justified that labour was 
more fully employed, to an extent approximating to 
the augmentation in the tonnage in hand. This 
tonnage, however, represents an increase of only 
134 per cent. upon the total. The same reasoning 
and deduction applies to warship work. There are 
other indications, however, that trade is steadily 
improving. The Board of Trade returns of imports 
and exports issued this week show a steady expan- 
sion. Thus, for the five months of the year already 
gone, the value of the imports is 12 per cent. more 
than in the corresponding months of last year, while 
the exports show an increase of 154 per cent. 

The main point to be considered, however, is 
not so much the volume of work now on hand as 
the extent to which it justifies increased remunera- 
tion, and also the prospects of continued increasing 
demand for ships, and therefore for labour, in the 
immediate future. In regard to the first point, 
it would be easy, were it permissible, to show 
that the prices at which recent orders have been 
secured are not at all equal to the contract prices 
of three or four years ago. Competition has 
never been more keen. For a long time several 
of the yards were without sufficient work to 
keep their staffs together. The retaining of the 
staff, organised with great care to ensure a 
high efficiency in the work undertaken, is a first 
condition essential to commercial success. Em- 
ployers were therefore practically compelled to 
secure work even at some loss to effect this 
desideratum. It was thus necessary, however 
undesirable, to quote prices which included no 
profit, and in some cases only a moiety of the 
establishment charges. The Admiralty are plac- 
ing orders at prices 10 to 15 per cent. lower 
than those obtaining for the same work two years 








ago. This applies, for instance, to the destroyers 
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ordered this week, as a consequence of keen com- 
petition for the work. Many merchant-ship orders 
now in hand were undoubtedly secured under the 
same conditions, much to the gratification of the 
firms placing the work. In fact, the shipowners 
were ready to recognise this circumstance, and placed 
contracts in anticipation of requirements so as to get 
‘* bottom” prices. The demand for new shipping has 
lately decreased. This, indeed, is a natural con- 
sequence. Apart from this, shipping freights, which 
were fairly good early this year, are now down tothe 
level of the period of severe depression in 1908. 
There has, at the same time, been an increase in 
the cost of bunker coal, largely as a result of the 
passing of the Mines Eight-Hours Act. Victualling 
charges have gone up, and the cost of insurance 
has, as in most other industries, been augmented. 
Unless, therefore, shipowners can secure their work 
at the lowest prices ruling within the past year 
or two, they are no longer disposed to order new 
shipping. Another factor which must be considered 
is the advance in the prices of raw material. These 
facts do not ensure a continuance, and certainly 
not an increase, of activity unless prices are seduc- 
tive. Associated with these conditions is the clear 
evidence that capital has had to be satistied with a 
considerable decrease in the rate of remuneration, 
and, in many cases, with no remuneration what- 
ever. It would be interesting to establish a com- 
parison of the latest balance-sheets of a large 
number of representative marine establishments 
with those of three or four years ago, because it 
would show that capital has suffered perhaps even 
to a greater degree than labour in the diminution 
of remuneration. 

There is no need once again to establish the 
inseparable association between capital and labour. 
We have no sympathy with the demagogue who 
orates in shibboleths regarding the rights of labour 
and the objection to labour being regarded as a 
commodity essentially in the same degree as the 
implements with which that labour is made remune- 
rative under modern conditions. The aim of the 
capitalist has been to mechanically equip labour effi- 
ciently, and to the fullest advantage for the benefit 
of the men, the industry, and the nation; and when 
he ceases to invest capital and to exercise enterprise 
and ingenuity to this end, our commercial supre- 
macy will become decadent. For some time this effort 
has been very seriously handicapped by legislators 
who omit to recognise that any scheme which places 
a burden upon industry is indirectly, if not directly, 
borne by the worker in association with the em- 
pee. A wider view of economics shows that every 

andicap on industry, irrespective of the humane 
motive which dictates it, must in the end be inimical 
to the fullest employment of labour and the general 
prosperity of the industry. A careful student of the 
records published from time to time of decisions 
under the Workmen’s Compensation Act, for in- 
stance, must realise that the Courts are taking a wide 
view of the Act, and that some Justices are placing 
broader interpretations on the aim of the Legislature 
than is economically sound. Moreover, there is more 
than a suspicion that many workmen are utilising 
the Act in a fraudulent spirit. There are too many 
instances of workmen being injured within the last 
days of the completion of a contract. Our atten- 
tion has been directed to a case quite recently 
where three painters were injured within two 
days, without reasonzble excuse immediately before 
the termination of their contract. There are also 
cases of serious malingering upon recovery. We 
have known cases, too, of the same man, under 
different names, securing compensation for perma- 
nent disablement within two years. It is not easy 
to bring home such fraud, and 1s a consequence the 
only resort of the insurance company is to increase 
their premium against the employer. Labour, 
however, must in the end suffer, because if the 
insurance premium per annum is, as is often the 
case, equal to 2, 3, or even 5 per cent. of the 
workers’ wage, the labour cost of the job on 
which such worker is engaged is debited with this 
amount ; to this extent industry is handicapped in 
foreign markets. 

When, therefore, the workmen, during the next 
three or four weeks, are carefully considering the 
justice of their claim for higher wages in the light of 
the relative value of the work on hand as com 
with two or three years ago, it is essential that they 
should take into account not alone the volume of 
work on hand, but the possible rate of profit deriv- 
able from this work, the handicap which has 


of disabled workmen, and the higher tax imposed 
by the Legislature upon all capital and industry 
under ies socialistic conditions. We hope, 
as we believe, because of the broad-minded spirit 
of the employers, that an amicable settlement will 
be arrived at when the conferences of shipbuilders’ 
and engineers’ representatives meet; but in the 
interval, it is important that the trade unions should 
recognise the difficulties which have beset the 
employer in recent yearg in securing work against 
the severe competition prevailing, and also the 
keenness with which prices have to be cut, especially 
when regard is had to the larger demands on the 
gross price of the contract owing to the prevailing 
socialistic ideas. 





EARTH TIDES. 

IN opening a course of two lectures on ‘‘ Earth 
Tides,” delivered at the Royal Institution on May 
24 and 30, Dr. A. E. H. Love, F.R.S., Sedleian 
Professor of Natural Philosophy at Oxford, 
remarked : ‘‘ Much of what we know about earth 
tides is due to the uninterrupted observations 
which Professor O. Hecker conducted in the years 
1902 to 1905 in the Geodetic Institute at Potsdam.” 
Professor Love has made the theory of these difficult 
problems his particular study, and he explained 
them without resorting to mathematics in his 
lectures, which we essentially follow in this 
article. 

Like ocean tides, the lecturer stated, earth tides 
were produced by the attraction of moon and sun. 
If the ocean tides were due only to the moon, and 
if the moon always kept vertical over the equator, 
the average interval of 12 hours 25 minutes 
between two successive tides would be constant. 
But the sun also exercised its effect, which was 
about half as great as that of the moon ; the moon 
deviated from the equator, and there was hardly 
anything constant about its movements. Tides of 
different periods had, therefore, to be distinguished, 
and the observations to be submitted to harmonic 
analysis. The tide-raising force was, of course, 
not the direct attraction, but the difference between 
the forces acting at any point and at the centre of 
the earth. The vertical component of this force 
was maximum and directed outward for the point 
just underneath the moon (or sun) and the points 
diametrically Magar while it was minimum and 
directed inward at points situated 90 deg. from the 
former. The horizontal component which would 
influence a pendulum had its maximum at points 
45 deg. from those for which the moon was 
vertical. 

The same forces acted upon the solid earth. But 
while a water particle moved up and down a few 
feet and horizontally a few miles between two 
successive high tides, the earth only oscillated u 
and down with but little horizontal movement. If 
the earth were able to yield like a perfect fluid, 
there would be no visible tide at all, no relative 
movement, because the earth would move up 
and down with the water. If the earth were 
absolutely rigid, on the other hand, the ocean tides 
of long period should have the full height of the 
equilibrium theory of Daniel Bernoulli (‘‘ Hydro- 
dynamics,” 1738), according to which the figure of 
the ocean at any moment was one of equilibrium 
under the action of gravity and of tide-raising 
force. But no substance was absolutely rigid. 
From an analysis of the observations, extending 
over thirty-three years, of long period (fortnightly) 
tides, George Darwin concluded in 1881 that the 
average height of this tide was about two-thirds of 
the equilibrium height. That indicated that the 
earth yielded to a certain extent, and Lord Kelvin’s 
estimate of 1863 demanded for the earth, if yielding 
asa whole to that amount, a rigidity similar to that 
of steel. Thus the earth could not possibly be a 
shell filled with a fiery molten fluid. 

This difficult argument of the fortnightly tides 
did not convince geologists, Professor Love 
continued. If the earth yielded as a whole, 
it should show earth tides; but all attempts 
at demonstrating these, made by George and 
Horace Darwin, Ehlert, and others, failed. The 
attraction of the moon would deflect a vertical 
pendulum (the above-mentioned horizontal compo- 
nent would here have to be considered) of 30 ft. 
length by not more than saga in., and an instru- 
ment capable of measuring such a small deflec- 
tion would be far too sensitive to draughts, 





steudily increased in view of the compensation 


temperature variations, &c., to supply reliable 
data: The horizontal pendulum of vy. Rebeur 





Paschwitz finally gave some indications of earth 
tides in his observations at Potsdam, Wilhelms- 
haven, and Teneriffe. The horizontal pendulum 
might be likened to a door hinged to an inclined 
door-post. If the post were vertical, the penduluin 
would be in equilibrium in any position. I the post 
were inclined, the pendulum would tend to assume 
the lowest ition, and ary horizontal force, any 
tilting of the bed, would throw it out of that 
position. The magnification of the movement 
aimed at by this device depended upon the incli- 
nation of the post. With an inclination of 1: 9 (as 
in Professor Love’s model) the magnification would 
be ninefold. Magnifications of more than a thousand 
times were used. The real horizontal pendulum 
was a boom and the hinges were replaced by steel 
points working in agate cups. When such a pen- 
dulum was suspended vertically, it oscillated in a 
certain period. The period of the same pendulum 
in the horizontal position would (in the model) be 


larger in the ratio JY: 1, or3: 1, and thus periods 


of several seconds could be obtained with short 
pendulums. Even then, however, the heating and 
cooling of the ground would frustrate all attempts 
at making exact measurements. Hecker* hence 
laced his pendulum ina chamber 26 metres (85 ft.) 
Cae the surface in the sandy soil at Potsdam. At 
that depth the disturbance due to solar radiation 
was reduced to } of what it was on the surface, 
we may mention. His well had a depth of 150 ft. 
and a width of 13 ft. The two pendulums, at right 
angles to each other, one pointing north-east, 
the other north-west, are mounted in a lateral 
chamber of the well, at the 25-metre level, on 
a triangular base of iron 20 in. wide; each pen- 
dulum is a tube of brass, loaded by a weight 
of 40 grammes; the chair of the pendulum is a 
brass casting, resting with three points on steel 
balls, one of which is supported by a fine steel 
screw. The registration is photographic, and all 
adjustments are made with the aid of very long 
keys. Hecker points out that there would be a 
true deflection of the vertical’ by the attraction of 
the moon, and an apparent deflection by a tilting 
of the ground. 

Professor Love explained that three forces had 
to be considered in the interpretation of the 
phenomena : (1) the horizontal component of the 
moon’s tide-raising force F : (2) the tilting of the 
ground and support by the attraction h F ; (3) 
the genuine disturbance of gravity or the amount 
by which the attraction of the earth was altered, 
through the rearrangement of the matter within it, 
when that matter was displaced by the deforming 
influences of the moon (and sun), k F.t The 
term k F reinforced the effect, h F opposed 
it. Hecker’s observations now gave the result: 
F+kF —-—hAF=%F, or h—-k=}; that was to 
say, the force due to tilting minus the change of 
attraction was equal to one-third the moon's 
force. Thus Sir George Darwin’s conclusion was 
confirmed. But brilliant as these achievements of 
Darwin and Hecker were, the equation only gave a 
difference, and not the actual amount of the earth 
tides. 

If the constitution of the earth and the material 
of which it was made were known, the amount to 
which the earth should yield could be calculated ; 
as they are not known, assumptions have to 
made. Kelvin assumed the earth to be both in- 
compressible and homogeneous. Neither was true, 
of course ; but on these assumptions the height 
of the lunar earth tides should, according to 
Hecker’s observations, be 18 in. The estimate 
was probably not far wrong; and the earth's 
surface should therefore rise and fall through that 
distance twice a day. A heterogeneous earth 
would yield less to tidal forces than a homogeneous 
body, and a compressible earth would yield more 
than anincompressible one. These two corrections 
would thus tend to neutralise one another. 

The variation of latitude supplied another means 
of attacking the problem. It had been known 
for more than half a century that the polar axis of 
the earth appeared to wobble slightly, describing 
an irregular spiral about the principal axis; the 
maximum width of the spiral seemed to be about 
60ft. Professor Love displayed Albrecht’s diagram 
of this spiral, to which we have referred on other 

* Verhandlungen Kgl. Geodiitisches Instit. P.tsdam, 
1907. No. 32. . 

+ hand k are numbers, explained in Profes:or Loves 











memoir; Proceedings of the Royal Society, vol Ixxxil.. 
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occasions, and exhibited an interesting gyroscope 
which he had constructed in conjunction with Pro- 
fessor Frewen Jenkin, of Oxford. Two bicycle 
wheels were rigidly connected by a shaft which was 
supported on ball-bearings in a jaw on a vertical 
spindle. By means of two bolts attached to the 
circumference the system was thrown out of truth, 
so that the principal axis was inclined to the shaft 
at 7 deg. When the system was set spinning, it 
wobbled a good deal, becoming alternately steady 
and very unsteady. In order to mark these move- 
ments, a square card, divided into coloured squares 
like a chess-board, had been attached to the 
centre of the one wheel, in the wheel plane. The 
central white square was surrounded by coloured 
squares—red, blue, yellow, and green. As long as 
the wheel was fairly steady the white spot was 
seen in the centre; when it wobbled one of the 
other colours appeared to occupy the central posi- 
tion. 

Now the earth, Professor Love proceeded, wobbled 
because it was slightly out of truth ; yet it wobbled 
less than any model that could be prepared. If 
the earth were perfectly rigid, the period of one 
movement of the polar axis about the principal axis 
should be 10 months (306 days); 8. C. Chandler found 
it to be 14 months (427 days), eighteen years ago. 
Simon Newcomb then pointed out that any defect 
in rigidity would et the period. The two 
periods (of 10 and 14 months) being known, the k 
could be calculated (the formule are due to Professor 
Love and Sir Joseph Larmor). It resulted that 
k = , andh = 3. The height of the earth’s lunar 
tide would then be 14 in., and the height of the solar 
tide about 6 in. The maximum earth tide—spring 
tide, due to the combined action of the moon and sun 
—would be nearly 20 in. The combined observa- 
tions of horizontal pendulums and of variations in 
latitude led thus to smaller values than Kelvin’s 
theory. 

In his concluding remarks Professor Love dealt 
with the question, why it was so interesting to 
know the height of the earth tides. The answer 
was, that this knowledge afforded some clue as to 
the fascinating problem of the constitution of the 
interior of the earth. If there were really a molten 
mass beneath the crust, the earth tides should be 
much greater than they were. The earth could not 
be homogeneous. One of the simplest admissible 
views was that of E. Wiechert (Gottingen, 1897). 
He assumed a nucleus of density 8.2, surrounded 
bya shell of density 3.2, the ratio of the radii being 
0.78. It appeared that, with this law of density, 
the nucleus would have to be three times as rigid 
as steel, and the shell rather less rigid than granite, 
in order to fit the results of tidal observations and 
variations of latitude. This high rigidity was not 
out of question, and the estimate was to a certain 
degree confirmed by seismological observations. 
In earthquake waves the preliminary tremor was 
distinguished from the main shock. The preli- 
minary tremor showed two phases. The first was 
ascribed to longitudinal waves travelling along a 
chord from the hearth of the earthquake to the 
spot of observation ; the second phase was due to 
transversal waves, also chordal; the main shock 
travelled along arcs of the surface. Now every 
solid elastic body transmitted longitudinal waves, 
transveral waves, and surface waves, the first fastest, 
the last slowest, and the velocity of propagation of 
the second-phase (transversal waves) demanded a 
very high rigidity, such as that suggested for the 
nucleus of the earth. 

Earth tides, the lecturer said, were not a finished 
chapter of science, however; it was only in the 

eginning. Hecker had noticed that the earth 
seemed to be stiffer to forces acting east-west than 
to forces acting north-south. That might have diffe- 
rent causes. A rotating body was stiffer to forces 
which tended to alter the position of its axis than 
to forces acting in other directions. The distribu- 
tion of land and water might also have an influence. 
Both these influences had been examined, but 
appeared to be too small. But there was a third, 
which seemed to account for some of the peculiarities 
studied by Hecker. The pressure on the sea 
bottoin of the tide-wave in the Atlantic and the 
North Sea would make itself felt at Potsdam; 
pendulum observations at Bidston (on the Mersey) 
vey how great such a disturbance might be. It 

d been proposed to repeat Hecker’s research in 

emia, more in the centre of Europe, and it 


would be desirable to repeat the investigation also 
e sewhore—for Instance, at Winnipeg, right in the 
Sentre of North America: 


ELECTRIC HEATING AND 
PYROMETRY. 


Tue Tyndall lecturer this session at the Royal 
Institution is Professor J. A. Fleming, F.R.S., 
who has chosen as his subject ‘‘ Electric Heating 
and Pyrometry.” The first of the two lectures was 
delivered on Saturday afternoon last, and was well 
illustrated by apparatus and models, kindly put at 
the speaker's disposal by a number of manufac- 
turers and importers. 

In opening his discourse Professor Fleming said 
that the presence of electric currents could be 
recognised by three different effects—viz., their 
heating properties, the production of chemical 
decompositions in the case of fluid conductors, and 
by the creation of a magnetic field. The effects 
first named were discovered within a year or two of 
the invention of the voltaic pile, but the third was 
not recognised till about twenty years later. The 
heating effect, which was the first to be discovered, 
had, however, been the last to be applied, and did 
not find any technical application until the perfecting 
of the dynamo. At present, however, it formed one 
of the most important of the electrical industries. 
Every one, he said, knew that the passing of a cur- 
rent through a thin wire heated it, the incandescent 
lamp being an every-day example of this fact. It 
was, however, necessary to discriminate between 
the production of heat and the production of tem- 
perature. An increase of the latter was limited by 
radiation and conduction, both of which increased 
as the temperature rose, so that with a steady 
supply of heat the temperature attained ulti- 
mately became constant. Joule showed that 
the quantity of heat generated with a given 
conductor was proportional to the square of the 
current, whilst with a given current the tem- 
perature reached was higher the thinner the wire, 
and the lecturer showed that on passing a current 
through an iron wire, thin in some parts and thick 
in others, the former glowed to a bright red, whilst 
the latter remained dull. The heating produced, Pro- 
fessor Fleming continued, was dependent not only 
on the form, but also on the nature of the material, 
and, on passing a current through a compound 
wire consisting of alternate lengths of copper and 
iron wire, it was, he showed, the iron which became 
hot and attained the higher temperature. Ingeneral, 
he continued, covering a wire raised its temperature 
considerably by checking the lossof heat by radiation, 
but in this connection there were certain paradoxes. 
For instance, if a current were passed through a 
thin platinum wire coated with glass on certain 
lengths, it was the uncovered portions which 
became hottest, the reason being that the glass 
adhered very closely to the platinum, and got, 
therefore, hot by conduction, whilst it exposed a 
larger surface for the escape of heat than did the 
uncovered wire. 

‘* Resistance’ furnaces, the lecturer proceeded, 
were employed for many purposes, and he showed 
an Heraeus crucible furnace and an Heraeus muffle 
lent by Messrs. J. J. Griffin and Sons, which con- 
sisted, he said, essentially of a porcelain tube or 
body wound over with a thin strip of platinum and 
then insulated over all with a layer of asbestos 
and magnesia. In these furnaces, he said, a crucible 
could be heated up to a high temperature in a few 
minutes, and there were no gaseous products to 
contaminate the melt. 

In other cases the object of the heating was the 
conductor itself, as was well instanced by the pro- 
duction at Niagara of graphite from anthracite coal. 
All forms of carbon, Professor Fleming said, could 
be converted into graphite if made sufficiently hot. 
Thus a new electric fight carbon would not mark 
paper, but one which had been used in a lamp 
would, the point being covered with a thin coat of 
graphite. Acheson had found that carborundum, 
if sufficiently heated, decomposed into graphite 
and silicon, and had thus inferred that the 
resence of silicon was necessary to the change. 
e mixed, therefore, a little sand with the 
anthracite coal before charging it into the fur- 
nace, a diagrammatic view of which is repre- 
sented in Fig. 1. The furnace had, in the first 
place, a core of granulated coke to conduct the 
current on starting up. Around this the charge of 
raw material was packed. As the temperature 
rose, the carbon and silicon combined, and then at 
a still higher temperature broke up again with the 
liberation of graphite. The formation of the latter 


electric furnace was to the production of carbo- 
ruodum, which was a compound of carbon and silicon, 
and was produced by passing a current through a 
mixture of sand and coke, to which was added a little 
sawdust to give porosity. A section through this 
furnace, he said, was represented by Fig. 2. Here 
C denoted a central core of carbon put in to give 
initial conductivity, the mixture of coke and sand 
being packed round this. On passing in the current 
the temperature rose to the degree necessary for 
combination of the carbon and silicon. In the 
reaction large volumes of carbon monoxide were 
liberated, which were ignited at the surface of the 
furnace. When the reaction was complete the mass 
was broken up and the carborundum collected. 
This body, Professor Fleming said, was the next 
hardest to the diamond, and was largely used for 
the production of grinding-wheels, which were made 


Fug. 1, ACHESON GRAPHITE FURNACE 


OY 
Lele 


ee 














SS 





A 
MOVOTO), 
WILL Ai} 
WILE 


T9136 


SECTION OF ACHESO 


CARBORUNDUM — — 






‘ 







& tee ZY 
WW, Er YI. 
WAU L VM hl hha itt Yb ild ti Yt t hy 
WMMA VM Ms VN Uh li ULE U LT 9 ha 
VUUMMUMAYM MUMS ULM II UI th 
WMA USSS Shi USS hha ss 

Mish L 


WO 







WM 
kkisnntitbssssea 
WCOWMLM MILL YILIILYL SAN hd ds 
Lida ddddddddddddaaddddaaaddaddaii 


(T7398 






by grinding it up and mixing it with porcelain- 
clay. The wheels were moulded from this mixture 
and subsequently fired in a kiln. A subsidiary use 
of carborundum was as a detector in wireless tele- 
graphy, crystals of this body having the property 
of conducting electric currents much better in one 
direction than in the reverse, and receivers based 
on this fact had accordingly been constructed. 
Electric furnaces, the speaker continued, were 
also used for the production of ‘‘ quartz glass,” 
which possessed many advantages. Its expansion 
by heat was only one-seventeenth that of platinum, 
and hence a quartz vessel could be made red hot, 
and then suddenly cooled without cracking. The 
glass was produced by melting the quartz in a 
carbon crucible electrically heated. One difficulty 
had been to get rid of air-bubbles, but this Messrs. 
Day and Shepherd, the inventors of the process, 
had solved by keeping the interior of the furnace 
under a very considerable air pressure. They thus 
obtained a homogenous product. 

Another very important application of the 
electrical furnace was the reduction of aluminium 
from its ores. This metal, Professor Fleming 
said, was originally discovered by Wohler, but it 
was not till 1886 or 1887 that two young metal- 
lurgists—viz., Hall in America and Heroult in 
France—almost simultaneously devised a method 
for producing it cheaply by electrical means. This 
was now being accomplished on a very large scale 
at Niagara, Neuhausen, the Falls of Foyers, and at 
Loch Leven. The process was based on the fact that 
cryolite (which was a double fluoride of aluminium 
and sodium) mixed with fluorspar could be melted 
to a liquid, which was capable of dissolving 
alumina. The latter was obtained from bauxite. 
On passing a current through the solution of 
alumina the latter was electrolised, the reduced 
alumina falling to the bottom of the furnace. An 
early form of the Heroult furnace was represented, 
the speaker stated, by Fig. 3. The current was 
supplied under a potential of 5 volts, and was often 
7000 to 10,000 amperes, each furnace taking 60 to 
70 horse-power. At Loch Leven some 20,000 to 
30,000 horse-power were thus employed in the pro- 
duction of aluminium. 

All the furnaces hitherto considered, the lecturer 
continued, were based on resistance heating, but 
there was another type in which the heating was 





accordingly proceeded from the centre outwards. 








Another important application of this form of 
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stituted one winding of a transformer, and to illus- 
trate the principle the lecturer showed a transformer 
in which the secondary consisted of a single coil of 
copper wire, whilst the primary had many turns. 
On passing an alternating current through the 
primary the single turn of wire constituting the 
secondary coil immediately became red-hot. 

The originator of this type of furnace, Professor 
Fleming continued, was Mr. Ferranti, whose fur- 
nace was represented in Fig. 4, and consisted of a 
trough in which the primary coil was immersed in 
the fluid to be heated, which formed the secon- 
dary. This procedure had the advantage that there 
was no risk of contaminating the liquid by intro- 
ducing electrodes into it. A number of furnaces, 
Professor Fleming continued, had been built on this 
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rinciple. The Kjellin furnace was represented in 
Figs. 5 and 6, where the white rectangle represented 
the iron circuit of the transformer, the primary coil 
being on the left-hand leg, whilst the gutter shown 
constituted the secondary circuit when filled with 
molten metal. Fig. 7 represented, he said, the 
Frick induction furnace, and Figs. 8 and 9 the 
Rochling-Rodenhauser three-phase induction fur- 
nace, in which, moreover, some part of the primary 
current traversed the metal to be melted. 

The same principle, he continued, was embodied 
in the Prescot welder of the British Insulated and 
Helsby Cables Company, of which he showed a 
specimen at work. e apparatus consisted of a 
small transformer, the secondary current of which 
was caused to flow across the junction to be welded, 





With this machine links of copper wire could be 
produced as strong as if there were no joint. 
Another method of heating electrically, the 
speaker went on, was by means of the arc, the 
foundations of this system being laid by Siemens, 
who, in 1879, melted in a crucible, by means of 
an electric arc, 22 lb. of steel with an expenditure 
of energy equivalent to 22 lb. of fuel. His appa- 
ratus was represented in Fig. 10, where the autltie 
was shown packed in insulating material; a steel 
stud extending through the bottom formed one 
electrode, the other, of carbon, passing through the 
top of the crucible. Much higher temperatures were 
obtainable, Professor Fleming said, in this way than 
were possible with induction furnaces. To illustrate 
this he placed a fragment of iron on the lower 
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positive carbon of a large arc, and showed that when 
the current passed, the iron was not merely melted, 
but the liquid was raised to the boiling-point. The 
vapour of iron driven off condensed to some 
extent, he inted out, on the cooler negative 
electrode. e temperature attained by the positive 
carbon was, he stated, between 3500 and 4000 deg. 
Cent. Furnaces based on this principle found, he 
eontinued, many applications, having been largely 
developed by Paul Heroult as a consequence of the 
failure of carbide of calcium to find favour as the 
producer of acetylene for internal lighting. Heroult’s 
arc-resistance furnace, he proceeded, was repre- 
sented diagrammatically in Fig. 11. It was used for 
the production of high-class steel from common 
scrap. At starting, the electrodes were lowered 
down into the charge, but when the latter was 
molten they were drawn up so as to dip into 
the slag only. The lime added to the charge 
abstracted the impurities, and the result was a 
practically pure metal. 

Another arc-resistance furnace was the Girod, 


HEROULT 


illustrated in Fig. 12. This, it would be seen, was 
arranged so that the metal could be tipped out at 
the end of the refining operation. In the Keller 
furnace, represented in Figs. 13 and 14, iron was 
produced from a charge of hematite fluxed in the 
usual way. The great object of the various electrical 
iron furnaces, he continued, was not the production 
of pig, but of high qualities of steel and of certain 
ferro-alloys. For instance, small additions of 
vanadium, nickel, or tungsten conferred on steel 
many valuable properties, and a large industry, 
in the production of alloys rich in these elements, 
had grown up in the South of France, where the 
Girod furnaces in Savoy now produced from 9000 
to 10,000 tons per annum, valued at 360,000). 
Great Britain had hitherto been the home of the 


SIEMENS ARC FURNACE 
Fig. 10. 





















me 


Fig th 























AGG) 
1800-—- LN 


“ie = am Z 
WHS SW g 

















iron and steel industry, but his auditors would 
have observed that the names associated with the 
furnaces he had described were few of them 
English, and he trusted that in this matter of pro- 
ducing ferro-alloys the history of the aniline industry 
was not about to be repeated. As already stated, 
the steel was produced very free from contamina- 
tions, and owing to the high temperatures attained 
in the furnaces it was also very free from occluded 
gases. In the Stassano furnace, represented in 
Fig. 15, the iron was melted ina refractory chamber 
by radiation from an arc above it. As would be 
seen, this furnace was arranged so that the charge 
when ready could be poured out. 

In all cases, the speaker continued, it had been 
found that not only could higher qualities and 
special qualities of steel be produced in this furnace, 
but that the process could be conducted on such a 
scale and at such a cost as to rival the ordinary 
methods. There were 114 such furnaces, of which 
77 were arc and 35 induction furnaces, at work im 
different parts of the world, but only seven of these 

















JUNE 10, 1910.] 


ENGINEERING. 





753 











were situated in Great Britain. The principal 
claim made was that in the electric furnace it was 
possible to produce from common scrap, at a cost 
equal to or less than the ordinary methods, steel of 
high quality, free from sulphur and phosphorus, 
which, with small additions of such bodies as 
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vanadium, became of exceptional quality. In the 
French furnaces eight grades of steel were pro- 
duced from tool-steel, valued at 72/. a ton, down to 
a mild steel valued at 241. per ton. 

In addition to its application in furnace work, 
electricity, Professor Fleming continued, was also 
employed for the production of moderate tempera- 
tures up to 300 deg. to 400 deg. For this several 
systems were in use. Thus, for example, if a 
current were passed through suitable rods or plates, 
the latter became hot. If the rods were of carbon, 
they would burn away at a red heat, but by cover- 
ing the carbon with a silicide of carbon this was 
avoided, and such ‘‘ silundum ” rods or plates could 
be heated without loss up to a bright red. The 
lecturer showed specimens of these heaters lent by 
the Simplex Conduit Company. In another class 
of heaters wire was enclosed in quartz tubes, such 
tubes heing not only endowed with a very small 
coefficient of expansion by heat, but being also very 
transparent to radiation of all wave-lengths. Glass 
used in similar fashion would get hot, but the 
quartz allowed the heat to escape. The Bastian 
heaters were based on this plan. In the Berry 
cooker « transformer induced currents in a coil 
formed in the shape of a plate which got hot, and a 
suitable kettle rested on this plate would very 
rapidly be raised to the boiling point. It was, 
however, very important in this case to use a kettle 
with « perfectly flat bottom, so as to touch the 

late a!! over and avoid any insulating layer of air. 
n the Siemens heater a wire was laid in a spiral 


groove formed in a refractory material, which was 
accordingly heated up, and could be used as a source 
of heat just as an ordinary fire. 

Still another series of heaters consisted of a 
ogy walled vessel, in the interspace of which 


lated with mica. The current heated the band, 
and loss of heat to the outside was prevented by 
the layer of air in the interspace, which served as 
a non-conductor. Other forms based on the same 
— were known as immersion heaters. A 
arge one, lent by Messrs. Isenthal and Co., would 
quickly raise 24 gallons of water to the boiling- 
point. 

An interesting question which arose in this con- 
nection was that of relative cost. Electric heating 
was cleanly and convenient, but cost was a prime 
factor in the matter. This question of cost might 
be subdivided under three headings—viz., prime 
cost, repairs and maintenance, and cost of energy. 
To raise 1 pint of water from 60 deg. to 212 deg. 
Fahr. required about 190 B.Th.U., or 56 watt-hours. 
Actually the ‘‘ Prometheus” saucepan used 60 and 
the ‘‘ Prometheus” kettle 65 watt-hours. The large 
immersion-heater, supplied by Messrs. Isenthal, 
took 66 watt-hours. A gas-ring in combination with 
a Kwik kettle used the equivalent of 89 watt-hours. 
A small immersion-heater expended 90 watt-hours 
in heating up the pint of water, whilst an ordinary 
gas-ring and ordinary kettle took 99. Finally, the 
silundum heater in combination with an ordinary 
kettle took 120 watt-hours. One cubic foot of 
ordinary lighting-gas produced on its combustion 
heat equivalent to 160 watt-hours. If the gas-ring 
and the kettle were badly adapted to each other, 
the expenditure of heat necessary rose rapidly, 
and the efficiency became very low ; whilst on the 
other hand, the efficiency of a good electric 
heater was comparable with that of a good 
dynamo. In fact, with immersion heaters working 
in properly-lagged cisterns, the efficiency might be 
95 per cent. Under the best conditions, with gas 
at 2s. 9d. the thousand, the expenditure required 
to raise a pint of water from 60 deg. Fahr. to 
212 deg. was about ,4d., but ordinarily three times 
as much gas was used, making the cost j,d., in 
which case the cost would be the same as with a 
first-class electric heater supplied with current at 
1d. per unit. 

The lecturer suggested that in view of this 
comparison the electrical supply companies might, 
in the electric heating, find a relief from the 
pronounced peak of their load diagram. What was 
required was a load which would not come on at 
the same time as the lighting load, and this could be 
found if the great hotels and the like would provide 
for the electrical heating of their hot-water supplies. 
To this end the water should be confined in a well- 
lagged system, so that the heating could be effected 
slowly and with a small but long-continued current. 
In this way an equivalent of thermal storage would 
be obtained, which would greatly increase the load 
factor. In the Therol heater, represented in Fig. 16, 
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the water flowed through a spiral pipe cast in the 

walls of a cast-iron vessel which served as the 

receptacle for the heating unit. The water, after 

passing through the tube, was stored in an outer 

jacket surrounded by an insulating layer of 
esia. 

Electricity was also, the lecturer continued, 
applied to the heating of air for the warming of 
houses and buildings. In this connection it must, 
he said, be confessed that a room unprovided with 
a luminous source of heat was not very attractive in 
appearance, but electricity provided two systems of 
heating air—viz., convection heating, in which the 
air was over hot surfaces, and radiation 
heating, the latter corresponding to the coal fire. In 
the Isenthal convection heater a resistance wire was 
enclosed in an iron box furnished with radiating 
flanges. The temperature of the box rose to about 





‘ted a band of high-resistance metal insu- 





100 deg., and any sized radiator could be constructed 





by building up these boxes one over the other. 
Radiant heating, he continued, was effected by 
large incandescent lamps, but was less efficient than 
convection heating. The best system was to com- 
bine the two methods, a radiant heater being used 
for appearance sake, but most of the warmin 
being effected by convection heaters distribu 
around the various air-inlets. On board ship such 
a system would be ideal, as it was not easy there to 
arrange for ordinary fireplaces. 

It would be seen, the lecturer proceeded, that 
until the price of electric current fell there was not 
much prospect of the adoption on a large scale of 
electricity for domestic heating. So far as cooking 
was concerned, much would depend upon the dura- 
bility and cost of the appliances. The separate 
heater here had the advantage that not many vessels 
were required. With many types of heater, how- 
ever, it was necessary to be careful to cut off the 
current before pouring out the liquid heated, or the 
resistance would be fused. The hot-plate method 
was free from this risk, but the non-luminous type 
had the defect that it might readily be left on all 
night, as it gave no visible indication that the 
current was on. 

The lecture was illustrated by many lantern- 
slides,* and some very interesting specimen products 
of the electric furnace were exhibited through the 
Acheson Graphite Company, the British Aluminium 
Company, and by the Girod Metallurgical Company, 
of Ugines, Savoy, France. 








THE BRUSSELS INTERNATIONAL 
EXHIBITION. 


THe GerRMAN SECTION. 


In a former article (see page 401) we gave a 
general plan of the Exhibition grounds, showing 
the space covered by the German Section. We 
also referred brietly to the latter in a subsequent 
article on page 554 ante. When viewed from the 
gardens at the foot of the steps leading to the 
Terrasse des Nations, the German Section has the 
appearance of a modern highly-decorated factory 
situated at the entrance of a busy manufactur- 
ing township. The illusion is completed by 
the square dome-roofed tower above the Deutsches 
Haus, which is provided with a clock and chimes. 
It is Germany which keeps time at the Brussels 
Exhibition ; the men occupied in out - of - door 
work, the personnel in iam of the various 
stands, those of the many side shows—and the 
latter are legion—regulate their watches by the 
clock in the tower which dominates the German 
Section, and flock to the various restaurants when 
this rings out that it is lunch-time. The Exhibi- 
tion proper—and this applies to all nations and all 
business stands—closes at 6 p.M., the side shows 
alone remaining open for part of the night. Then 
again the chimes of the German tower clock come 
as a general welcome. 

The Deutsches Haus we have referred to above 
is approximately in the centre of the German 
Section, and forms a kind of gabled pavilion domi- 
nating the whole of the section. The ground floor 
opens beneath a covered way which establishes a 
communication with the adjoining ‘‘ wine restau- 
rant.” The ground floor contains the Imperial 
Commissioner’s office, clerks’ offices, a visitors’ 
room, the floor above being taken up entirely by 
an assembly-room and stairways, all suitably 
furnished, and decorated with great care. The 
other halls, which centre round the pavilion in ques- 
tion, cover the following exhibits : art and applied 
art, mostly in regard to its connection with dwell- 
ings ; also education, tuition, books, various publi- 
cations, optics, surgery ; industry ; civil engineer- 
ing exhibits; machinery; engines forming the 
“hada py ; and the rolling-stock. The latter was 
rought in by a siding to a turntable in front of the 
rolling-stock building, and thence shunted into place 
on several tracks. The rolling-stock building opens 
into the power-house, and was presumably used, 
during the construction of the various halls and the 
erecting of the machinery, as a goods-receiving 
station. 

The displays of applied art contain a very large 
number of types of furnished rooms, showing in 
what multifarious ways simple dwelling-houses, resi- 


* Professor Fleming asks us to state that for many of 
these slides he was indebted to Mr. J. B. C. Kershaw, 


in conjunction with Messrs. Constable and Co. and the 
Electrician Publishing Company, and also to Messrs, 








ngnens and Co. for those reproduced from Mr. W, 
Borchers’ book on 
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dences for the rich, for lovers of art, and so forth, 
can be both comfortably and tastefully arranged ; 
the displays also include examples of hospital wards, 
club-rooms, and public-rooms. The same hall covers 
separate displays uf tapestry fabrics, metal goods 
and ornaments, decorated earthenware, and furni- 
ture of diverse kinds. 

The educational division contains a great quantity 
of books as used in the German universities, col- 
leges, and schools, exhibited by a very large number 
of different publishers, and covering the various sub- 
jects which enter into the curriculum of the school 
children and students. There are also wall diagrams 
and pictures, models, and other school requisites, 
desks, seats ; special exhibits consist of heating and 
ventilating devices and of washable wall paints 
for schools. A large number of colleges and schools 
have sent specimens of their work ; these cover 
every branch of study. Articles for school sports 
occupy but a small room, which gives into the 
central passage; German schoolboys do not find 
time for indulging in much sport, or may not have 
taken to it very kindly—it is certainly most trying 
to play football in the heat of summer, under a 
broiling sun, as we have repeatedly seen on the 
Continent. Near the entrance can be seen a 
model school-kitchen complete. The exhibits of 
articles of optics and surgery are close by, in the 
centre of the same building; the three rooms 
set apart for these in the centre of the hall con- 
tain a large and varied display of glasses ; opera, 
field, and military telescopes, lenses, and so forth. 
The display of surgical apparatus and appliances 
occupies one of the three rooms, and contains prac- 
tically every instrument for all kinds of operations. 
The remainder of the building covers samples of 
letter-printing, specimens of paper, of prints, type, 
maps, seckbinding, and professional and amateur 
age cage A corner of the hall is set apart 
or the display of thermo - electric pyrometers, 
telegraph, telephone, and other feeble - current 
apparatus and instruments. 

One of the longest halls is that covering the 
industrial section. The display is most complete, 
most carefully distributed and arranged in three 
bays, all the exhibits of one and the same class 
being together in portions of the hall specially 
divided up to receive them. The exhibits consist 
of lace and curtains ; fancy goods of metal, leather, 
&c.; perfumery ; automobiles, and parts for same ; 
articles for aerial navigation; musical instruments; 
various industrial articles; products of iron and 
metallurgical works ; earthenware ; foodstuffs, and 
so forth. Many of the articles of the same class 
are displayed by collectivities. Among those which 
interest most our readers may be mentioned auto- 
mobile chassis ; passenger motor-cars and motor- 
lorries ; hostiael test-specimens of a number of 
steel alloys as used for motor-car construction, air- 
ships and flying-machines; tool-steel ; steel for 
arms; ignition apparatus; india-rubber tyres ; 
roller bearings ; laaen and other packing. There 
are numerous exhibits in one of the side-bays 
illustrating the manufacture and working of airship 
engines, in which Germany has acquired of late a 
very substantial lead ; among these we may mention 
two highly-finished 100-horse-power six-cylinder 
engines, a vertical hydrogen compressor to compress 
56 cubic feet per minute to 2845 1b. per square 
inch ; hydrogen production plants ; a large number 
of specimens of tissues for the manufacture of 
balloon coverings, and specimens of all the recording 
instruments used in airship navigation. Nor has the 
palliative—if we may term it so—been forgotten, 
for in close proximity attention is called to the 
fact that the firm who manufacture drawn-steel 
bottles for containing gases under a high pressure 
were the first to manufacture a really useful gun for 
the destruction of airships. Close by may be seen 
representations of ‘explosives, caps, fuses, and car- 
tridges. The metallurgical exhibits are near the 
main entrance, under th central bay, and comprise 
a few very interesting specimens; we called atten- 
tion to Gass in our general article on page 554 
ante, 

The civil engineering hall covers exhibits sent by 
the Prussian Ministry of Public Works, and by an 
association formed of a number of engineering firms. 
They include water-distribution, the erection of 
buildings, railway and tramway construction, canals, 
harbour works, bridge-building, and architectural 
decoration work. In this portion of the German 
Section the exhibits nero ag consist of drawings, 


apy etm and models, which together illustrate 
an admirable way the civil engineering contracts 





executed by the firms who have taken part in the 
display. 

Adjoining this is the machinery hall and power- 
station, two departments which are sure to be 
found of great interest by the British engineering 
public. The Machinery Hall is divided longitudi- 
nally into two main po the larger set apart for 
the machine-tools, the smaller forming a narrow 
passage running the whole length of the building, 
opening into the power-station, and containing a dis- 
play of agricultural machinery. Dealing first with 
the power-station, we find that all the available 
space is occupied by a very representative display of 
engine sets which supply current for power and 
lighting throughout the German Section. We made 
a passing reference to this on page 554 ante, and 
called attention to the Bergmann turbine sets, 
which supply part of the current required in the 
section. Besides these, there are in the station a 
1000-horse-power stationary engine, fitted with 
Lentz valve-gear and direct coupled to a dynamo, 
and a 6000-horse-power torpedo- boat engine 
having also the Lentz system of steam distri- 
bution ; a compound horizontal superheated steam- 
engine of 500 to 650 horse-power ; a uni-directional 
flow 100 to 170 horse-power engine on the Stumpf 
system, which is decathed on another page of this 
issue. The engines are supplied with steam from 
tubular and three-furnace boilers. The dynamos 
and current distribution mains are by several of the 
leading German firms. The power-station also con- 
tains several examples of compressors and refrigerat- 
ing-machines, also several types of suction - gas 
engines, the largest of which is of 40 horse-power, 
and several types of oil - engines. The engine- 
room is completed by a fitting-shop, containing 
an installation at which the men can wash and 
change their clothes before leaving their work. The 
Machinery Hall contains a large number of machine- 
tools for working metals and comparatively few wood- 
working ones. A considerable proportion of both are 
shown in operation, mostly running empty. There 
is a good display of high-speed printing machines 
in operation, and of hand-weaving and other looms, 
and calendering rolls, also shown working. The agri- 
cultural machinery located in the narrow hall above 
referred to, and at the end nearest the engine-room, 
contains several stationary and portable engines, 
made to turn by means of an electric motor, care- 
fully concealed, the portable engines being con- 
nected in two instances to an adjoining thrashing 
machine. Several types of ploughing machines are 
displayed, together with centrifugal cream-sepa- 
rators, and a number of wheat-polishing and grind- 
ing-machines. The washing plant and laundry 
apparatus are located at the opposite end, and com- 
prise centrifugal machines for use in textile works 
and other installations, and ironing and mangling- 
machines of various types. The offices for the chief 
engineer, the engineers in charge, and the book- 
keepers are at the inner end of the engine-room in 
a line with the Deutsches Haus above mentioned. 

Asalready stated, the rolling-stock building gives 
into the engine-room, and access is had to it, for 
shunting the exhibits into place, by a siding which 
ends on a turntable in front of the building. It 
contains an excellent display of passenger, goods, 
and shunting-engines, including an eight-coupled 
goods engine, with tender; a four-coupled ten- 
wheeled four-cylinder compound express engine, 
with Lentz valve distribution ; an eight-coupled uni- 
directional-flow goods engine with Schmidt super- 
heater and Stumpf system of valve distribution ; a 
four-coupled express engine, also fitted with Schmidt 
superheater, and with driving-wheels 6 ft. 104 in. 
in diameter ; a six-coupled four-cylinder compound 
superheated-steam express locomotive for the 
Prussian State Railways ; a six-coupled superheated- 
steam engine and tender, with piston-valve distri- 
bution ; two six-coupled engines, with tender ; a 
narrow-gauge goods engine ; and others, fourteen 
engines inall. There are, besides, a few representa- 
tive exhibits of passenger carriages, restaurant-cars, 
a mail sorting-van, and a self-dumping coal and 
mineral wagon. 

The German section forms the clou of the 
Exhibition, not so much because it contains any 
very new type of machine, or any novel device 
or system of installation or working, but because 
of the method with which every separate dis- 
play has been arranged with a view to secure 
the perfect harmony of the whole. It affords 
a further proof of the power of production 
of German industry in all its branches. Every 
detail has been carefully studied ; one rapid visit 





is sufficient to afford conviction of this fact. The 
designing and decoration of the various buildings 
and halls were in the hands of several architects 
and artists, who have worked together with a view 
to secure a ps. though severe, style, and one 
especially which would have the effect of throwing 
up the exhibits displayed. One great advantage 
in regard to the German Section is that all 
the different exhibits are collected in one set 
of buildings. Many experts in matters con- 
cerning exhibitions are not in favour of such 
an arrangement; they prefer distributing the 
exhibits according to their classes, putting together 
the exhibits of one same class, and separating the 
nations by hand railings, as obtains, for example, 
in the Machinery Section at Brussels. This, how- 
ever, is not a satisfactory arrangement in actual 
— as is clearly illustrated in the Machinery 

ection in question, where in the British Section— 
otherwise of a pleasing aspect—there is to be found 
the greatest variety of displays, including portable 
engines, agricultural machinery, gas-engines, spin- 
ning and weaving-machinery, linotype setting- 
machines, and so forth, flanked on one side by a 
most conspicuous exhibit consisting of a huge Dutch 
=— sugar-cane-crushing plant and the principal 
display of the Machinery Hall—i.e., Belgian steam- 
engines and boilers running for supplying current 
for lighting and power to the whole of the Exhibi- 
tion, the German Section excepted. 

We should therefore have very much preferred 
to see the British exhibits collected together in 
one separate British building, instead of in two 
departments of the general show. There is, of 
course, the question of increased cost ; this would 
in a great measure be counterbalanced by the satis- 
faction of having a more fitting display, and one 
likely to lead to more business results. We ques- 
tion whether the cost would be so very much 
greater ; but even if it be, cannot we, as a nation, if 
we exhibit at all, make a sacrifice for furthering our 
export trade equal to that made by other countries / 

Germany has also several exhibits distributed 
over the grounds, among these being two types of 
workmen’s dwellings for the works in the Khine- 
Westphalian district, their black country. The 
Germans also make a display of glass in the collec- 
tive exhibit of glass manufacturers. The pumps in 
the Belgian boiler-house are of German type, and 
a large number of steam-pipes and compensating 
devices, connecting the Belgian boilers with the 
separate engines, are of German manufacture. 

We hope to be able in later issues to describe 
more in detail a number of the exhibits to which 
we have hitherto only referred briefly. 








NOTES. 

THe City anp Guitps or Lonvon Institute. 

THE exceptionably valuable services which the 
City and Guilds of London have rendered to the 
cause of technical education do not always receive 
adequate recognition. By instituting classes in 
technical subjects at a date at which the examina- 
tions of the Science and Art Department, in cer- 
tain subjects were a bye-word, ‘owing to the 
ineptitude and inefficiency of the official examiners, 
they restored the confidence of many young men 
in the system of evening classes, at that time prac- 
tically the only ones to which the general mass of 
budding engineers had access. The number of trades 
in the principles of which they provide instruction 
has steadily extended with passing years, and we 
note from the report to the council just issued 
that examinations on the results of work in evening 
technical classes are now held in no less than 
seventy-seven different subjects, and that these 
classes are attended by nearly 50,000 students. 
Of equal importance to the work thus accomplished 
has been the establishment of the Central Tech- 
nical College and its predecessor at Finsbury. It 
has been decided to associate the former very closely 
with the new Imperial College of Science and Tech- 
nology which is now in course of erection on the 
north of the existing buildings of the Central Tech- 
nical College. A complete agreement as to the 
details of this Association has not yet been reached, 
though the proposal has been accepted in pril- 
ciple. It is suggested that the Institute and the 
Imperial College shall appoint the members of 4 
joint committee of delegacy, which shall have, 
subject to general instructions, the management of 
the whole department of engineering instruction, to 
be carried out in one engineering college, which 
will bear the name of the City and Guilds 
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College. . With characteristic liberality, the Gold- 
smiths’ Company have offered, under certain condi- 
tions, to contribute 50,0001. towards the cost. The 
report states that the workshops of the Central 
Technical College are in course of extension, the 
existing premises beiog insufficient for the accom- 
modation of the constantly increasing number of 
students, and for reception of the necessary additions 
to the plant. 


Novet MeTALLISING PRocEss. 


News of a novel metallising process comes from 
Ziirich, where Mr. M. U. Schoop delivered a lecture 
on his new process some time ago before the Inge- 
nieur und Architekten Verein. It is another process 
in which fluid metal is discharged froma fine orifice, 
and we should not be surprised to hear that the 
method had been tried before. The molten metal 
is forced out of the orifice by steam, air, or some 
other gas under high pressure. Particulars are not 
given in the account of the lecture, published in the 
Schweizerische Bauzeitung of May 7. But itis pointed 
out that the expansion of the steam or gas, and the 
atomisation which the metal undergoes, lower the 
temperature down to 70 deg. and even 30 deg. Cent., 
so that the coating may directly be applied to com- 
bustible materials like paper and wood. The material 
does not need any special preparation. That is one 
of the advantages of the process. Other favourable 
points are that the treatment may be applied to 
objects of any size and probably of any shape, and 
as the apparatus is — the application may 
take place in situ. ese would certainly be desir- 
able features. But nothing is said as to the adhesion 
of the metal coating. If the process is to replace gal- 
vanising, good adhesion is a very essential point, and 
that holds for some applications which Mr. Schoop 
mentioned—the metallisation of wooden propellers 
and of telegraph-posts, &c., with tin, lead, or 
aluminium. He stated that the metal would be 
projected with great force, and the small particles 
would probably be driven into the surface upon 
which they impinge. Mr. Schoop, on the other hand, 
spoke of the preparation of deposits which would be 
separable from their supports. When a metal 
mirror is made, the coating is required to adhere ; 
so it is in the case of printers’ blocks and dies. 
But in the manufacture of seamless tubes and 
hollow objects the easy separation is essential. In 
the case of metal caps for bottles adhesion may be 
desired or not. One can imagine that the two 
different purposes — adhesive and non-adhesive 
coatings—might be attained by modifications in the 
—— Information as to these features does not, 

owever, appear to have been given. One parti- 
cular application should still be mentioned : solder- 
ing is done=by these means. An experimental 
plant has been erected at Ziirich, and further 
particulars may soon be available. 


Etectric Conpuctiviry or WATER AND oF Om. 


A very simple, portable apparatus for the rapid 
determination of the electric conductivity of water 
was recently described. by Messrs. W. Pollard 
Digby and ©. W. V. Biggs, of London, in the 
Faraday Society. Such determinations usually 
require delicate laboratory apparatus. The new 
instrunient is so simple, however, that the deter- 
mination can be done literally in two minutes by 
any man who can read the scale of a megger. 
The instrument consists of a glass tube, a Uy which 
is filled with the water in question through a funnel, 
whose connection enters the U from below ; a dis- 
charge tube and two overflow tubes—these three of 
rubber—are also provided. The two electrodes are 
two rings of platinum, held by platinum wires, which 
themselves are soldered to two stout brass wires ; 
these wires pass with their glass sleeves through 


the brass caps of the limbs of the U-tube, and are | ha 


oined toa megger for 250 volts direct current. 
he scale of the latter is graduated in reciprocal 
megolims. ‘The mounting of the tube is made of 
wood, and the whole easily fits into a box 1 ft. 
long. Several determinations were made. Distilled 
water gave a reading of 3 reciprocal megohms ; 
distilled water containing 1 per cent. of tap-water 
gave / reciprocal megohms ; in ordinary tap-water 
rawn from a house in Victoria-street the conduc- 
tivity rose to about 400 on the same scale. Such 


tap-water would i : ; 
fr 100000 ean shows 36-5 parte of solide 


w) parts; the chief solids are sodium 
Mloride, calcium carbonate, and calcium sulphate. 
While the conductivity test does not discriminate 


betwe n the different salts, it does indicate the 
total salinity, and that is often all that the engineer 








wants for his feed-water test and other tests. It 
was explained that when lime was added to water 
in the Clarke softening process, the conductivity 
of the water would decrease until sufficient lime 
had been used ; when an excess of lime was applied 
the conductivity would rise again. The determi- 
nations should be taken at about 60 deg. Fahr.; 
the conductivity increases by about 2.2 per cent. 
~~ deg. Cent. for every per cent. of salt present. 

he inventors do not raise any claims as to the 
novelty of the method, but they deserve credit 
for having supplied a very handy instrument 
that can be in the boiler-room. The advan- 
tage of the method is that the high voltage 
applied swamps the polarisation, which is the dis- 
turbing factor of the usual determinations taken 
at low voltage. When 250 volts are applied, a 
= equivalent to 2 volts does not count. 

he same gentlemen also exhibited an apparatus 
for determining the specific resistance of oils. Two 
plane metal discs, a few inches in diameter, are 
mounted on a spindle in such a way that their 
distance apart can be altered and read off on a 
micrometer head. The discs are joined toa megger 
and immersed in the oil, which is poured into a 
flat dish. Several readings are taken at gradually 
reduced distances until sparking takes place ; the 
readings will give a hyperbola, from which the 
specific resistance can be calculated. The readings 
should be taken in this descending order, as the 
sparking affects the oil and should finish the test. 


New Hypro-Exectric Power-Station IN 
SWEDEN. 


The construction of hydro-electric power-stations 
is being carried ahead with much energy and 
rapidity in various countries, in few more so than 
in Sweden and Norway, where the vast amount of 
unexploited water-power has become an asset of 
considerable importance, being turned to account 
either for the benefit of existing industrial estab- 
lishments or simply used as a means of creating 
entirely new industries, invented, so to speak, for 
the purpose. The Stora Kopparbergs Bergslags 
Company, one of the largest in Sweden, has just 
added a new important power-station to its es- 
sions, viz., the Bullerfors station, capable of deve- 
loping, when fully equipped, 24,000 electric horse- 
power. The Bullerfors fall is on the Dala river, 
situated between the Kvarnsveden Paper Mills 
and the Domnarfvet Iron Works, belonging to 
the Stora Kopparberg Company. The height of 
the fall is 13 metres (42 ft.) ; the volume of water 
varies very considerably ; the low water volume 
last year was 60 cubic metres (2100 cubic feet) 
per second, whilst during the spring flood of 
the present year it rose to 2000 cubic metres. 
The speed of the stream varies from 3 to 6 
metres per second. The regulation dam across 
the river above the fall is 200 metres long, and 
built on rock, as is, with an insignificant exception, 
the entire installation. The breadth of the dam at 
the bottom is from 15 to 20 metres, except in the 
timber-floating groove, where it is 35 metres (115 ft.). 
The dam is the first of its kind in Sweden, inasmuch 
as it contains a hollow, or tunnel, through which 
there isa e from the eastern border of the 
river to the power-station. This mode of con- 
struction entails a saving in the cubic substance of 
the dam of about 60 per cent. The dam has been 
tested against full pressure and proved perfectl 
tight, as could be ascertained within the tunnel. 
On the top of the dam, resting on concrete pillars, 
isa broad bridge for foot ngers and carriage 
traffic. The water to the Jifferent turbines is dis- 
tributed through open conduits. The dam-gates 
are arch-shaped and are ted by electric appli- 
ances, although the control can also be effected by 
nd. In order to let the fish through there is a 
salmon ladder on the eastern side. Two small 
tubes, of 3.20 metres in diameter, lead from the 
dam to the exciting machines. For the six large 
units the water goes direct to the turbines without 
tube-chambers. The power-station, of four storeys 
and a basement, is built of brick covered with con- 
crete, and cemented inside. The hall containing 
the generators is 70 metres long and 20 metres 
broad, without any 
turbines are coupled on each axle, with four 
running wheels, in casings of cast-iron. Turbines 
and generator are direct-coupled on the same hori- 
zontal axle. Under normal working each unit deve- 
lops 4000-horse-power, or 1000-horse-power for each 
turbine, with a speed of 180 revolutions per minute. 
With low water only two or three units will be 


= or pillars. The| py, 
our 





used. 
voltage of 7000 volts and the number of periods is 60. 
The generators are enclosed in cast-iron jackets, 
and their outer diameter is 4 metres. Cooling is 
brought about by means of cold air from a large 
tunnel, with sectional area of 6 square metres, 
located under the turbines. The heated air is 
afterwards forced under the dam; if cooling- 
arrangements had not been installed the tempera- 
ture in the power-station would probably rise to 
60 deg. Cent. The exciting turbines have each a 
capacity of 450 horse-power. So far, however, only 
three have been installed. The greater part of the 
electric current will be used for electric iron-smelting 
at Domnarfvet, and for supplementary power at this 
iron works and at the Kvarnsveden Paper Mills. The 
cost of the complete power-station, fully equipped, 
will be about 3,000,000 kr., or about 175, ; 
The turbines and generators have been supplied by 
different Swedish firms, the electrical armatures, 
cables, &c., by a Swiss firm. 


The electric current is generated with a 


Twenty British Torrepo-Boat Destroyers 
ORDERED. 


The Admiralty have now completed their pro- 
longed negotiations with naval shipbuilders, and 
have placed the orders for the twenty torpedo-boat 
destroyers included in this year’s naval programme. 
Three additional vessels are to be built for the 
Colonial fleets, but so far this work has not been 
arranged for. Fourteen of the twenty boats for 
the Imperial Navy are to be of the Acorn class, 
designed by Sir Philip Watts, and, being similar, 
will afford in fleet manceuvres the tactical advan- 
tage which accrues from corresponding speed and 
turning circle, apart from the gain in the standard- 
ising of the machinery. Messrs. John Brown 
and Co., Limited, of Clydebank, will build three ; 
two each will be built by Messrs. J. 8S. White and 
Co., of Cowes, Messrs. Cammell, Laird, and Co., 
Limited, of Birkenhead, Messrs. Hawthorn, Leslie, 
and Co., Limited, of Newcastle-on-Tyne, and 
Messrs. William Denny and Brothers, of Dum- 
barton, while one is to be built by Messrs. 
Vickers Sons and Maxim, Limited, of Barrow-in- 
Furness, one by Messrs. William Beardmore and 
Co., Limited, of Dalmuir, and one by Messrs. 
Swan, Hunter, and Wigham Richardson and Co., 
Limited, of Newcastle-on-Tyne, for which last- 
named the Wallsend Slipway and Engineering 
Company will provide the machinery. These vessels 
are to be 240 ft. long, 26 ft. beam, and of 770 
tons displacement, the speed aimed at being 27 
knots, which will require about 14,000 shaft 
horse-power. All of the vessels, excepting three 
to be built by Messrs. Brown, will have Parsons 
turbines. The three Clydebank vessels will be 
fitted with Curtis turbines, modified as a conse- 
quence of the extensive experiments carried out by 
Messrs. Brown’s staff. A notable feature of all 
the ships is that they will carry two 4-in. guns, as 
well asa number of 12-pounders. In the case of the 
other six vessels, the contractors have been allowed 
a larger measure of latitude in the design of ship and 
machinery, although the speed and armament are 
the same. The contract for these vessels has been 

laced, for two each, with the Parsons Marine Steam- 

bine Company, Limited, of Wallsend-on-Tyne, 
Messrs. J. I. Thornycroft and Co., Limited, of 
Southampton, and Messrs. Yarrow and Co., Limited, 
of Scotstoun. The last-named all will be glad to 
recognise as again among the Admiralty contractors 
after an absence of several years. A feature in 
connection with these six vessels is the machinery. 
In all three pairs the contractors will fit machinery 
differing from that of the others and from that in 
any existing British destroyer ; but it is desired that 
the actual details should not be diselosed because 
of the significance of the change. It may be added 
that the hull and boilers of the two vessels to be 
built by the Parsons Company will be constructed 
by Messrs. Denny, of Dumbarton. 








COLLEGE TRAINING FOR ENGINEERS. 
To THe Eprror or ENGINEERING. 
_ Srr,—In following the arguments in your able article 
in your issue of May 27, on “College Traini for 
gineers,” I scarcely think you credit colleges with the 
one thing they can claim over workshop training—i.¢., 
teaching young men how to think, which certainly cannot 
be done in any workshop. Perhaps you well refer to 
this important part of the subject when next before you. 
Yours faithfully, 
‘ ‘ W. H. ALien, 
Queen’s a Works, Bedford, 
une 2, 1910, 
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EXHIBITION OF CASTINGS AND MODELS 
IN METALS. 


Tue Worshipful Company of Founders certainly 
does not lack antiquity to give it dignity, for it 
existed as a ‘‘ Misterie” or ‘‘Guild” as far back as 
1276 a.p, and in 1365, its members presented a 

tition to the Mayor and Aldermen of the City of 

ndon, complaining that certain articles were bein 

made of false metal and false solder, to the ‘‘ damage” 
of those who purchased them, and power was asked 
to regulate the manufacture of such articles in order 
to put a stop to the practice named. In 1590 the 
company received a Grant of Arms, and was in 1614 
incorporated under the name of ‘‘ The Masters, 
Wardens, and Cominaltie of the Misterie of ffounders 
of the-Cittie of London.” Since that time various 
‘‘ordinances” or ‘‘ articles” have been agreed to by 
the Court of Common Council with regard to the 
management of the guild and its dealings with 
apprentices. 

t has been the practice of the Court of the Founders’ 
Company to hold exhibitions from time to time, at 
which castings and models in metals are displayed, 
these metals to include aluminium, bronze, brass, gold, 

















iron, and silver, and one of these exhibitions was 
held on Tuesday and Wednesday last at the Iron- 
mongers’ Hall, Fenchurch-street, K.C., previous exhi- 
bitions having been held in 1880, 1898, and 1900. 

The articles which were on view this week appeared 
mostly in competition, prizes being offered for the 
best specimens of work in each class. There were 
two classes, the second class including the work of 
apprentices and improvers, and in each class there were 
several subjects for which prizes were offered, these 
prizes ranging from 15/. to 2/. 10s. The subjects 
embraced a wide field, and included the best casting, 
the best group, figure, or head, the best panel, the 
best bell (not to exceed 9 in. in diameter) the best 
design for cast railing, and the best design, which 
might be a drawing, a model, or pattern, for any 
kind of cast-metal work. As before stated, many of 
the exhibits were very fine specimens of wushenenat > 
— of the apprenticeship, work being particularly 

00d, : 

There were, in addition, a number of very beautiful 
articles on loan. One of the most remarkable was a 
small specimen of the founders’ art, loaned by Mr. John 
Place, M.I.Mech.E. This was a casting which repre- 
sented in bronze a sprig of furze or gorse. The won- 
derful way in which the actual thing was reproduced 
in metal may be understood by reference to the illus- 
tration above, which is from a photograph of the 
casting. The article was made and cast by Mr. 
Midworth, of Mansfield, Notts, in his own foundry, 
in 1830, and was given to the present owner by a near 
relative of the craftsman. - All we know about this 
remarkable casting was given in a very few words by 
the late Miss Midworth to Mr. Place, the lady’s 
“‘My brother just gathered a sprig as 


words being : 





he walked over the forest (Sherwood) and set to work 
and cast it as you see it.” The brevity of this descrip- 
tion is most tantalising, but we understand that Mr. 
Midworth was a great student of Cellini’s methods 
and made many notes and translations, the manuscript 
of which is also in Mr. Place’s Ss It is quite 
possible that the casting was produced by the ‘‘lost wax” 
(cire perdue) method. The photograph shows that the 
reproduction of the sprig of furze is very true to Nature. 
The casting is 44 in. long, and weighs under 4 oz. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 2. 

Tuer manufacturing interests of the country are more 
or less disturbed over the announced intention of the 
railway companies to make a general advance in 
freights. The strongest kind of concerted opposition 
has been made, and a powerful influence will be exerted 
upon Congress to prevent this movement. The rail- 
roads appear to be in control of legislation, and it will 
be no easy matter to prevent the purpose being carried 
out. A strong and bitter minority opposition is daily 
growing in strength, and it is not clear as yet what it 
will accomplish. The steel industry is surrounded by 
about the same influences that prevailed a month ago. 
The enly noticeable change is a larger demand for 
crude steel at Pittsburg, while in Eastern markets the 
course of consumers is to buy to cover requirements 
in hand. The annual conferences regarding the Gxing 
of a schedule of wages in the bar-mills are’oh, an 
labour troubles are not improbable. 

Basic iron is the most active on the list, while foundry 
and forge irons are purchased only as n The 
mills manufacturing rods are sold up to the current 
month. The merchant: mills have secured about 60 
per cent. of the volume of business placed by the 
agricultural interests. Sheet and tin-plate mills are 
booked to their full capacity, and there is no shadin 
in prices. Two independent steel interests have turn 
their capacity into sheet-making, and they have sold 
their output up to the end of the summer. The usual 
activity elie in large sizes of steel pipe, locomotives, 
and steel and wooden cars. The Grand Trunk is in 
the market for 1000 steel hopper-cars and 1500 auto- 
mobile cars. The Baltimore ana Ohio Road, which has 
been frequently mentioned in the public prints because 
of the large orders for cars, has recently increased its 
inquiry for coke and gondola cars, to be made out of 
steel, hoo 1000 cars to 5000. Large consumers of coke 
have begun to place contracts for coke to be delivered 
in 1911.: The buyers are in the central west. The 
Cambria Steel Company has contracted for over 1500 
tons of coke to be delivered monthly and to extend 
over two years, beginning January 1, 1911. The 
reason for this activity is the very low prices for 
coke, which have ranged from 1.70 dols. to 1.90 dols. 
The coke producers are endeavouring to bring into 
existence a selling agency system, by which prices will 
be restored, they hope, to the level prevailing before 
the recent drop. 








MANCHESTER STEAM-USERS’ 
ASSOCIATION. 

THE annual meeting of the members of this Association 
was held on Tuesday, May 31, at the offices, 9, Mount- 
street, Manchester, the President, Mr. Adam Dugdale, 
Blackburn, in the chair. 

The report of the committee of management was read 
by the secretary. It was the fifty-fifth annual report, 
and stated that the progress made during the past year, 
1909, had been satisfactory, and that the number of boilers 
under inspection, as well as the revenue, were the highest 
on record. The net balance in favour of the year was 
2024/., and the value of the reserve fund was now 40,6197. 

During the year 22,334 boiler examinations weré made, 
the highest number ever yet attained. Of these, 9196 
were “internal,” ‘‘ flue,” and ‘‘entire” examinations, 
averaging more than one for each boiler enrolled. ‘‘These 
figures,” the report went on to say, ‘‘may be a simple 
record, but they mean a great deal. It is now fifty-five 
years since the Association instituted in this country the 
system of careful periodical boiler inspection. The annual 
‘entire’ or thorough examination of the members’ boilers 
is the costly part of the Association’s work, but it is the 
practical carrying out of the objects its founders had in 
mind, and experience has endorsed the wisdom of the 
view they held—viz., that efficient inspection would 
prevent explosions. The members of the Association 
enjoy freedom from such disasters, and the Committee 
have pleasure in again repeating that not a single life has 
been lost by the explosion of any guaranteed boiler.” 

The report stated that ‘‘the influence of the Boiler 
Explosions Act, 1882 (which the Association originated), 
re of the Factory and bapenecnne Act, 1901, has led to 
inspection becoming more general, and there are now 
pootabihy very few boilers which are not submitted, in 
some degree at least, to examination. The point which 
the Committee consider should be constantly kept in 
mind is that the quality of the inspection in every case 
should be maintained. It is more than possible, with 
the multiplication of companies undertaking boiler insur- 
ance and inspection, that this point may be occasion- 
ally lost sight of, especially when it is remembered that 
careful inspection is costly, but that insurance is cheap.” 
The Association had recorded: during the year, as 





occurring outside its ranks, 68 explosions, killing 13 
— and injuring 34 others. Of these, 16, killing 
persons and’ injuring 10 others, may be termed “ boiler 
explosions proper,” while the remaining 52, killing 7 
persons and injuring 24 others, may be termed ‘“‘ mis- 
cellaneous ” explosions—t.e., those arising from steam- 
pipes, stop-valves, kiers, &c. In addition to the above, 
6 explosions arose from the bursting of hot-water or 
kitchen boilers, by which 1 person was killed and 12 
injured. 
nder the Boiler Explosions Acts, 1882 and 180, 
reports had been received, since the publication of the 
Association’s last annual report, of 88 preliminary in- 
— by the Board of Trade. Of these, 6 had been 
ollowed by formal investigations, and costs varying from 
401. to 80/., and ‘amounting in the aggregate to 175/, 
were ordered to be paid by parties found to be in 
default. ' 

From the figures given, it will be seen that the number 
of serious boiler explosions is iower than for several 
years past, and that the greater number of cases reported 
on by the of Trade were of a comparatively unim- 
portant character, though coming under the provisions of 
the Boiler Explosions Acts. 

The mepeat referred, in conclusion, to the supervision 
of new boilers during construction, and to the service 
rendered to the members in regard to the inspection and : 
guarantee of economisers and steam-pipes, the inspection 
and indication of engines, and the analyses of feed-waters, 
fuels, and metals. 

The Chairman, in moving the adoption of the report, 
said that the Association had proved, by an experience 
of over 55 years, that proper inspection would prevent 
boiler explosions. The Committee were very proud of 
the success. which had attended the Association’s work 
and the position it had gained. 

Mr. Charles Heaton (Vice-President), in seconding, 
said the Association was making steady progress, and 
the members were immune from any severe accidents 
with their boilers. The annual report just read dealt 
with a variety of subjects well worthy of attention. 
There was one point not included in the report, and that 
was the collapse of furnace tubes through overheating, 
which was of en occurrence. Years ago fusible 
plugs were generally adopted, but they were found to 
need t attention. Incrustation sometimes formed 
and allowed the fusible metal to melt, so that it would 
give way and perhaps stop the works at a most incon- 
venient time. Low-water safety-valves, if carefully ad- 
justed and kept in working order, were, in his opinion, 
the best security against low water, which so often 
occurred through the neglect of the night watchman. 

_The object for which the Association was established— 
viz., the saving of human life—was being fully carried out, 
and he had pleasure in seconding the resolution for the 
adoption of the report. 

The resolution was put to the meeting and carried 
unanimously. 

The ae of the meeting were 
mittee for their past services and t 
for the ensuing year. 

A vote of thanks to the Chairman for his conduct in the 
chair and for the constant service he had rendered, was 
heartily passed, after which Mr. Stromeyer, the chief 
engineer, made a short reference to the steel tests which 
the association is at present conducting. 


pee to the com- 
ey were reappointed 








AERONAUTICS.—Lectures on aeronautics are this year 
being delivered in Germany at the technical high schools 
of Aachen, Berlin, Braunschweig, Danzig, Hanover, 
Munich, and Stuttgart, by thirteen different professors 
and engineers. Among them is Major von Parseval, 
Dr.-Ing., who will discourse on the motors for aero- 
nautical machines. 





PorTaBLE. VacuuM CLEANER.—On Wednesday after- 
noon, the 8th inst., there was given at the Caxton Hall, 
Westminster, S.W., a demonstration of a new type of 
vacuum cleaner manufactured by the United Vacuum 
Cleaner Company, Limited, 48, Palace-street, West- 
minster, S.W., the demonstration being to show the 
application of the cleaner for washing heavy pile carpets 
by means of soap and water. The apparatus consists of 
a small water-tube boiler mounted on a hand-cart, the 
cart also carrying the receptacle for dust and dirty soap- 
suds, as well as a tank containing the paraffin which is 
used for fuel. The vacuum is ‘ptoduc ty means of an 
ejector, the boiler pressure being about 160 Ib. per square 
inch, and there are no pumps of any kind. A vacuum of 
about 16 in. of mercury is generally found sufficient. The 
boiler is of simple form, ordinary steam-tubes and fittings 
only being in its construction. The appliances em- 
ployed in the actual cleaning are the usual nozzles for 
extracting the dust, and a stiff brush, which is worked 
along the carpet in a similar way to the ordinary nozzles. 
This brush, while in use, is supplied with soapy water by 
a tube passing down the inside of the handle, the flow 
fram controlled by a simple valve placed on the handle 
itself. The operation of cleaning with this apparatus 1s 
similar to that adopted in other machines of the same 
kind. After the dust in the carpet has first been extracted, 
the surface of the pile is well scrubbed with the bru 
soapy water being supplied to it during the operation. 
When the washing is Tenn, the soap-suds are removed by 
the ordinary nozzles and are deposited in the receptacle on 
the cart. ‘The suction from the nozzles also tends to dry 
the t.. Carpets sent to be cleaned by this process 
can be delivered dry the following day, It is claimed for 
the apparatus that it will make carpets absolutely clean, 
and it certainly appears to have a remarkably beneficial 
effect, if we may judge by what we saw during the 





demonstration 
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INDUSTRIAL NOTES. 


DuRING recent years a practice has developed, and 
is extending, of giving power to the Secretary of State, 
in Acts of Parliament, to formulate institute 
‘Statutory Rules and Orders” under the Act as to 
its administration. In such, the said high official is 
empowered to extend the provisions of the Act, or to 
modify them, according to the circumstances of the 
case; but all such are supposed to be, and are expected 
to be, in strict accordance with the provisions set forth 
in the statute. It is further supposed that the parties 
afiected are to be consulted, so that they may not be 
injuriously affected by such rules and orders. As this 
practice is extending, it may be well to draw attention 
to it lest evil be done where good only is intended. 
These rules and orders are prepared and drawn up b 
experts in the department of State to which suc 
apply, chiefly the Home Office, the Local Government 
Board, and the Board of Trade. They are “laid upon 
the Table ” of the House of Commons, where they lie 
for a period usually of forty days, when, if no excep- 
tion is taken, they are , and have the force of 
law. But “7 = not ey to pms like — 
are, and a Member can only get a copy by a i 
at the Bill Office, so that they may 4 wally over 
looked. Until the present writer and a few others 
complained of the scarcity, only a few copies were 
deposited ; whether they are more easily got now he 
does not know. It is needful that the Parliamentary 
Committees of Employers’ Federations should be on 
the alert as to such rules and orders. The Labour 
Party is doubtless on the alert on behalf of the workers. 
It is, perhaps, expedient that such efforts at legisla- 
tion should be made, but active supervision is needful. 
Quite recently the departments have taken into their 
confidence the representatives of the industries to be 
dealt with. 

The foregoing note has been suggested by some 
recent rules and orders under the Housing and Town- 
Planning Act, and some other Acts, but these need not 
here be commented upon. Indeed, committees have 
been constituted to watch over these in the public 
interest. The one more particularly needing attention 
here is the new regulations made by the Board of 
Trade under the Trade Boards Act, as to ‘‘ the mode of 
giving notice of changes in ” under that Act. 
So far the regulations affect only two Boards already 
established—one in the lace trade, which is e in 
machine-made lace and net-finishing, as distinct from 
the finishing of the product of plain net machines ; 
another is the box-making trade, in which paper, card- 
board, chip, or similar materials only are used. In the 
former a Board is constituted to consist of not less than 
19 members and not more than 23. There are to be an 
equal proportion of representatives of employers and 
employed ; the chairman and deputy-chairman are 
to be appointed by the Board of Trade, by whom also 
are appointed the other members of the first Board 
selected from persons duly nominated by the parties 
concerned. The mode of procedure is clearly set forth 
in detail, and the action to be taken. In the latter 
case one Board is to suffice for the whole of England, 
Wales and Scotland ; there are to be 16 representatives 
of ey iy and employed respectively, the Board 
to exist for three years. The chairman and deputy- 
chairman are to be appointed by the Board of Trade. 
Every care is thus taken to ensure proper repre- 
sentation of the parties affected. In fixing the rates 
of wages all employers in the trade are to be notified, 
and a statement of the intention to fix such rates is 
to be inserted in the Gazette, which only a com- 
paratively few ever read, except officials. When 
the rates are fixed they are to be printed and posted 
in every factory and worksop in which persons alfected 
are employed. It will be interesting to see a report 
of the results of those Boards’ work after some 
experience of their working. 





The Amalgamated Engineers’ Journal for the current 
month opens with editorial notes on the death of the 
late King, and expresses in good taste the feelings of 
deep sympathy everywhere felt for the bereaved 
Queen-Mother. It goes on to discuss the hereditary 
principle in practice, and, while stating that it is 
opposed to it, declares that, for the present, the 
Saati only arises as regards the Peers of the Realm. 

ith respect to Royalty, that is a question that 
may be left to future generations. It is a sober 
statement of the question that need not give offence to 
— who look at it from a different standpoint. 

hese notes are followed by others upon the sad 
mine disaster at Whitehaven, where so many brave 
men lost their lives, leaving widows and orphans and 
a to mourn their loss. State aid is advocated in 
such cases, so that the bereaved ones may not 
unduly suffer. The chart, as regards the engineering 
trade, shows that unemployment has gone down from 
Pe per cent. to close upon 5 per cent. this year 
pe be There was a slight reaction in March, but 
Yo the trend is to a lower level, and that: too quite 

arply. The total membership is given as 107,881 
It is deplored 


—8n increase of 27 in the month. 








that the increase is not as trade continues to 
improve. The benefits paid in the month were to 

unemployed, on donation benefit—a decrease of 
934 on the previous month. On sick benefit there 
were 2629, and on superannuation benefit 5948—an 
increase of 12 in the month. The total funds at the end 
of March were 563,957/. 18s. 8d., showing a decrease 
of 8684/. 13s. lld. in the quarter. e members 
are congratulated on the fact that notwithstandin 
the severe strain of the past two years the society 
neither decreased the Penefita’ lowance, nor had it 
resorted to extra contributions or levies. It is stated 
that a Glasgow member had applied for an injunction 
to restrain the society from collecting and expending 
money for Parliamentary purposes. This action is 
becoming general all over the country. 





The Ironworkers’ Journal for this month contains 
an account of an unfortunate and even acrimonious 
dispute between the two societies—the Associated 
Iron and Steel Workers of Great Britain and the Iron 
and Steel Smelters’ Union. The dispute arose over a 
strike of some members of the former, which led to 
the Hawarden Bridge lock-out. It is alleged that the 
general secretary of the latter union entered into an 
agreement with the firm affected to supply men at a 
reduced rate of wages, which the former society 
declares to be ‘‘blacklegging.” The matter was referred 
to the Parliamentary Committee of the Trades Union 
oy ong but it is alleged that the general secretary 
of the Smelters’ Union refused to appear, and then 
cast reflections upon the committee. The Journal 
now confronts him with a detailed statement of 
what are alleged to be the real facts of the case, and 
challenges him to disprove them. The statement is 
so severe that it would appear that the association 
desires legal procedure in order to substantiate the 
charges made. Whatever may be the true facts of the 
case, it is regrettable that it should come before the 
public in the form now taken. A dispute between 
two trade unions is always a sorry sight, and often 
the employers suffer. In this case the firm, it is sup- 
posed, sought to gain. The prosecution of a number 
of men of the Ironworkers’ jation for unlawful 
assembly has added more bitterness tothe dispute. It 
is not often now that the association is engaged in 
a dispute, for all such matters are settled by o Bessd 
of Conciliation and Arbitration. It ap that the 
general secretary named did appear before the com- 
mittee of inquiry, but refused to advise his council 
to accept the finding. The question of affiliation to 
the General Federation of Trade Unions was referred 
by the executive to the forthcoming general confer- 
ence. The Journal re-publishes the hagsiotions as to 
the Labour Exchanges Act. 





The Iron-Founders’ Monthly Report is encouraging 
to some extent, as shown by the decrease of unem- 
ployed on benefit ; but when the branch returns are 
examined, the improvement does not psa to be 
equally satisfactory. In the districts described as 
‘*very good ” and ‘‘ good” there is a decrease of two 
each respectively. Then two are marked ‘not so 
good,” against nil last month. On the other hand, those 
on short time decreased by one, places described as 
‘**bad” by three, and ‘‘ very bad” by six, so that the 
apparent reaction is not discouraging. The total 
number on the several benefits was 3246—decrease, 
379. Of these the decrease on donation benefit was 306 ; 
other out-of-works, 29; on sick-list, 31 ; and on super- 
annuation, 14; the only increase was one on dispute 
benefit. The total weekly expenditure on those 
benefits was 986/. 14s. 8d., or at the rate of 1s. 3}d. 
per working member per week. The total cash balance 
in hand was 34,454/. 4s. 3d.—increase in the month, 
2549/. 13s. 6d. The change from a deficit to an 
increase has been almost unknown for a long time 

t, except in the month previous. In reviewing the 
mead the report states that ‘‘trade keeps on the 
upward tendency.” The general secretary of the union 
is on a tour through Germany, studying the state of 
trade and conditions of employment, w , hours of 
labour, &c., in the iron-moulding trade. He left Man- 
chester on May 3, and was so —— for three 
weeks from that date. The vote for a ‘bond of 
unity with the Iron-Moulders’ Union of North America” 
was carried by a majority of 6633 votes. The two 
unions now co-operate in unity. 





The monthly report of the Associated Blacksmiths’ 
and Iron-Workers’ Society is we! encouraging as 
re the improvement in trade. The branch returns 
only describe trade as ‘‘ bad” in four places, all the 
others are from ‘‘ very good ” to “‘ fair,” or “‘ steady,” 
or ‘‘dull,” but in the latter only one member was 
unemployed in some places, in others, the majority, 
not evenone. There are several applications from 
branches to seek an advance in w The reply of 
the executive council to the Aberdeen branch is that 
the members cannot take isolated action, as the society 
is bound by the shipbuildin ea Almost 
similar is the reply to the Belfast branch ; but as the 
conditions vary, the general secretary is to visit the 


branch to ascertain the facts of the case as put by 
the branch. Questions were also discussed fy the 
executive council as to fares to jobs by the local 
officials ; the executive council thought that a limit 
should be put to the amounts so advanced. The im- 
rovement in trade generally has benefited the mem- 
by regularity of employment. The number of 
members nem | by 21 in the month. There was 
again a decrease in the capital account of 344/. 3s. 8d., 
the balance at date being 18,828/. 9s. 7d. Only 26 
members were returned as unemployed at the end of 
the month. A statement is mal of the new orders 
placed for shipping during the month, which, it is 
said, are well up to the average of the last few years. 
It is pro at the society shall again affiliate to the 
Trades Union Congress. 1t broke away over an arbi- 
tration. case; the terms of re-affiliation are that the 
society shall not be called upon to pay the costs of 
that arbitration under the circumstances. The dispute 
was with another union, and was referred to the 
Parliamentary Committee, but the award was not 
considered as satisfactory. 





The report of the National Union of Boot and Shoe 
Operatives is able to congratulate the members upon 
the fact that ‘‘ trade has , during the past month, 
considerably above the ave in most centres, with 
a consequent reduction of payment of benefit from 
the out-of-work fund.” The officials express the hope 
that the improvement will continue, ‘‘ as the payments 
have been eer | heavy recently on account of 
non-employment.” In Northampton the ‘No. 2 
Branch has been able to settle, by arbitration, a 
minimum for sorters and fitters-up.” At 
Kettering ‘‘a considerable advance upon their last 
statement” has been awarded by arbitration, the 
details of which are given. The principal dispute 
in the month was at Kingswood, near Bristol, with a 
firm which has, over and over again, so it is alleged, 
refused to comply with the terms in the official state- 
ment to by employers and operatives, and has 
also failed to carry out awards in arbitration cases. 
The Board of Arbitration has, it is reported, made 
strong complaint by letter to the firm in question. 
There was also a dispute with a firm in London, but 
that, at date of report, was to be referred to Lord 
James of Hereford as arbitrator. But the members 
are cautioned not to take action without the sanction 
of the council, as no support will be given from the 
funds. At the recent general conference at Kendal it 
was agreed not to raise the contributions or the benefits 
paid on the existing basis. It was also decided that the 
maximum of three members be the rule in connection 
with election to Parliament, The voting as to candi- 
dates will take place next month. 


The Monthly Record of the Amalgamated Tool- 
makers, in a report of a meeting held at Erith, states 
that there is at present a boom in trade, evidently 
alluding to the trade as represented by the speaker. 
This being so, other sections of the industry cannot 
fail to share in the boom at no distant date. It is not 
yet generally apparent, but the improvement is real in 
most centres of the engineering industries. The list 
of unemployed in the month in all the four sections 
mentioned in this report only reaches 68 members 
in all the branches, so that at least this industry is 
fairly busy. 





The strike of woodyard workers at Bo’ness re- 
sulted in a serious riot last week, some 40 persons 
being more or less injured. The riot took place in 
consequence of the importation of some 350 men from 
Glasgow to take the places of those on strike. The 
strikers thereupon organised themselves and invaded 
the premises at two points. The chief entrance 
was strongly guarded by 50 policemen armed with 
batons, the other entrances being unguarded. At the 
front entrance the lice were Ng ms tn co by 
numbers, but many of the men got broken heads in 
the affray. But it was theimported men that suffered 
most, many as badly beaten. At last the mens 
organiser and leader appealed to them, declaring that 
the employers wanted a conference and agreed not to 
import more men. The strikers thereu fell into 
procession and marched to the town. Ultimately a 
conference was agreed, but the terms of settlement 
are not to hand at date of writing. 





The Government workers in general, and those 
eng at Woolwich Arsenal, Waltham Abbey, 
Enfield, Pimlico, Deptford Victualling Yard, and the 
Royal Parks in particular, are again airing their 
grievances, and to-morrow, June ll, a t proces- 
sion will march from the orga A ba ent hd 
Hyde Park, to protest against sweati y 
Gievesienant departments and against the aeealiee 
wages paid to men in the lower grades—23s. per week. 
It is a little st that the chief organisers in those 
protests are just the men who desire to hand over to 
the State ‘‘ all the means of production, distribution, 
and exchange.” If the Government is as guilty of the 





t the 


practices named as the men allege, why is it 
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malcontents seek to make it the sole any st 979 of and 
for all trades. But consistency is the last thing to 
expect from the State Socialists. 





Great dissatisfaction exists among two sections of 
the tramway men employed by the London County 
Council by reason of the stoppage of pay for the 
enforced holiday on the day of the late King’s funeral. 
It is alleged that the General Purposes Committee of 
the Council had deliberately broken their promises as 
to holiday pay. 


The iron market last week did not show any real 
signs of material improvement. Orders were few, the 
tone quiet, without any spur to activity. To what 
extent the market reflects the real situation it is 
searcely possible to say, but there must be a lot of 
material required by the improving conditions of trade 
in nearly every section of the iron and steel-using 
industries. 


The strike of some 200 riveters at Clydebank over 
piece-work prices on Admiralty work was of short dura- 
tion. The officials of the union explained to the men that 
their action was in violation of the existing agreement, 
and that a lock-out of all engaged in the trade was 
threatened by the employers, with the result that they 

to resume work. The matter will now come 
the Joint Committee of the shipbuilding trades. 





agreed 
before 


Another great railway strike took place last week, 
affecting the whole of the South of France. It origi- 
nated in the transfer of one of the workers to a 
country district as a disciplinary measure. The men 
then presented a list of grievances which the officials 
refused to discuss, as the matters had been, and were 
being, discussed by the management. For a time 
traffic was at a standstill. 


In a district of Norfolk the agricultural labourers 
have struck for an advance of 1s. per week, and a half- 
holiday on Saturday. The farmers have imported men 
from other districts. 


Further trouble is in store for the Welsh Miners’ 
Federation, as application has been made to the Court 
for an order to wind up the fund—some 70,000/.— 
and to distribute the proceeds to the members of the 
Federation. 





THE STUMPF UNI-DIRECTIONAL-FLOW 
ENGINE. 


By Professor J. Strumpr, Technical High School, 
Charlottenburg. * 


I. GengeraAL THERMAL AND CONSTRUCTIVE FEATURES. 


The name “ uni-directional-flow engine” indicates that 
the steam is carried through the engine in an unchan 
direction. The live steam is admitted from below into 
the cover, as Fig. 1 shows, serves to jacket the latter, and 
finally enters into the cylinder through the valve. At 
the completion of the working stroke it is exhausted 
through ports or slots which are provided in the middle 
of the cylinder, and which are uncovered by the piston. 
The direction of flow of the steam is therefore never re- 
versed. In the ordinary engine, on the contrary, the flow 
of the steam isalternating. The steam enters at the head 
of the cylinder, and follows the piston while doing work; 
the direction of flow is reve’ at the end of the stroke, 
and it leaves again at the head of the cylinder. This re- 
versal of the steam-flow leads to a cooling of the ports 
of the cylinder by the wet steam; as a co’ uence 
there is an inc condensation in the cylinder durin 
the next cycle. The uni-directional flow avoids this cool- 
ing and consequent condensation in the cylinder, and hence 
also the necessity for compounding. Uni-directional-flow 
engines may therefore be designed for one stage—4.c., 
for one cylinder—and their steam consumption will not 
exceed that of a compound or of a multiple-expansion 
engine. 

he exhaust ports may be made of three times the 
cross-section which is possible with slide - valves and 
other valves. When, therefore, the condenser is brought 
up close to the cylinder, and when there are no long and 
small pipes between these parts, the pressure equalisa- 
tion between cylinder and condenser will be complete. 
In order to obtain a correct impression of the area of the 
cross-section, the reader should think of a piston slide- 
valve gear, in which the cylinder piston is the slide, the 
steam-cylinder the steam-chest, and the crank the eccen- 
tric. hen the exhaust-port opens the pressure falls 
immediately to that of the condenser. On the return 
stroke of the piston the exhaust-port closes, when 90 per 
cent. of this stroke is yet to be run, and the steam en- 
trapped is then compressed. 





* Abridged translation of Professor Stumpf’s communi- 
cation on a type of engine which first me known 
through the British Patent No. 2132, of 1886, nted to 
Leonard Jennett Todd, of London, under the title of 
**Mid-Cylinder Exhaust Engines.” fessor Stumpf 
claims that the remarkable advantages offered by this 
type of exhaust, notably ne aes simplicity of construc- 
tion, render the uni-directional-flow principle particularly 
valuable for engines working with superheated steam. 
Stationary and portable Stumpf engines of a great variet; 

have already m built on the Continent, and their 


As there are no special exhaust-valves, these being 
replaced by the exhaust-ports, the losses due to leakage, 
to the additional cooling surfaces, and to the distributing- 
valve gear are all avoided. E : 

The diagram has the character shown in Fig. 1, the 
expansion curve being taken as adiabatic. This adiabatic 
expansion renders the steam wet at exhaust even with 
relatively high initial superheat. An entropy table will 
show that with steam of 300 deg. Cent. (572 deg. Fahr.) 
and 12 atmospheres pressure (170.6 lb. oad square inch), 
an expansion down to 0.8 atmosphere will produce steam 
92 cent. dry, containing thus 8 per cent. of water. In 
reality the temperature will never be ‘so high at the end 
of the admission as here assumed ; there will be losses of 
heat, and the expansion will commence at a lower tem- 
perature and end with a greater percentage of wet steam. 

On the other hand, steam is regenerated during the 
expansion owing to the heating effect of the cover. is 


heating effect is considerable, owing to the great differ- 
ences in temperature, but it is confined to the stratum of 
The steam following the piston 


steam next to the cover. 
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is cooled both by the expansion and by contact with the 
walls. The steam will thus be most wet next to the piston, 
whilst remaining superheated near the cover. This wet 
steam is ejected through the exhaust pommage, which are 
arranged in a ring. But the steam, which, being next 
the cover, has taken up heat during the whole expansion 
and under the influence of the full Paes 
will be trap by the piston, and comp: , further 
heat being taken up from the cover during the first portion 
of the compression (see Fig. 1). The water condensed 
during the working stroke will completely be removed 
through the exhaust-ports, and water-hammer will be 


>. ; 

perimental inquiries into jacket-heating have de- 
monstrated that this heating has no value for the high- 
pressure cylinder, little value for the intermediate-pres- 
sure cylinder, and considerable value for the low-pressure 
Pine in spite of the t heat losses which accompany 
the alternating steam flow adopted in ordinary engines. 
This alternating flow sends a t deal of the heat 
direct with the exhaust into the condenser. Several 
points have to be taken into consideration in this connec- 
tion. When the exhaust-valve opens, the still con- 
siderable amount of pase energy is suddenly con- 
verted into energy of motion, giving rise to velocities 
ranging from 600 to 800 metres per second. In the ordi- 
nary type of engine the wet steam moving with this velo- 
city strikes the cover and other clearance surfaces, and 
deposits the water particles on them; by virtue of 
the sudden reduction in pressure and of the heat 
taken up by the surfaces during the admission, this 
water boils off during exhaust, and a rapid with- 
drawal of heat from the jacketed surfaces is set up. 
On the other hand, where the alternating flow of steam 
is re by the direct flow, not a single heat unit of 





manufacture has been taken up in this country. 


the jacket heat is wasted in the exhaust steam, for the 


steam in its discharge from the cylinder never passes 
over the clearance surfaces. The steam which comes in 
contact with the cover may at the most flow up to the 
edge of the exhaust-ports, but cannot leave through 
them. The com ion line, in fact, proves that no jacket 
heat is lost in this way. ; 

This consideration presumes that the jacketing is con- 
fined to the cover, and that the cylinder-walls are not 
jacketed (compare Fig. 1). It has been thought advisabie 
to extend the jacket as far as the end of the clearance, so 
that the surfaces ex to cooling are heated most 
effectively by live steam from outside, and by the highly 
superheated compression steam from inside. In order to 
facilitate the heating from inside, both the piston faces 
are formed so as to leave a certain clearance space between 


the cover and the piston in its extreme itions. The 
following example may show what final temperatures 
have to 4 reckoned with. When steam of 0.05 atmosphere 


absolute is com adiabatically to 12 atmospheres 
absolute, the temperature will rise to 943 deg, Cent. It 




















will be clear, therefore, that it is not at all necessary to 


Fig. 3. 
INDICATION DIAGRAM 
OF CONDENSING ENGINE. 
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compress up to the initial pressure; but to a moderate 
degree only. What final compression will prove most 
advan us in every case is a problem which will be 
decided by experiments on a large scale, to be conducted 
both with saturated steam and with superheating at dif- 
ferent pressu 

That the thermal features of the new engine are based 
upon sound —_ can be seen from a comparison of 
the Stumpf design with that of Van den Kerchove. The 
small steam consumption of the latter’s engines is due to 
the arrangement of the distribution gear in the cover, and 
to the effective cover-heating thereby realised, and 
further to the small clearance spaces and the smal! area 
of the clearance surfaces. The uni-directional flow realises 
these advantages to a still greater extent, because the 
exhaust valves are replaced by exhaust passages controlled 
by the piston itself, and because this arrangement en- 
hances the cover-heating, and reduces the clearance an 
heating surfaces still more. , 

When su ted steam is used in Pa 
engines, pe a gree ly dangerously high in the high- 

cylinder, and too low in the low-pressure cylin- 


der. Attempts have been mad to obviate this difficulty 
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by the use of intermediate superheating ; the pipe system 


ture change from expansion to compression. In the alter- | its accompanying stuffing-box are not required. The 
nating steam-flow engine the thermal changes overlap | piston is provided with two ring systems, each of three 
ust end of the one extends into | rings. During the time of highest pressure all six ri 


becomes complicated then, 
radiation are great. Th ; ‘ 
this defect thoroughly, because the superheating is utilised 
either exclusively in one cylinder, or to the same degree 
in all the cylinders. : 

The wasteful interchanges of heat which are charac- 


owever, and the losses by 
more or less. The ex 
the admission end of the other, and the two are not | assist in keeping the piston tight. 
ermally distinct one from the other. 
The arrangement of the exhaust- 





rts and of the | is out of action, the steam 
| annular exhaust-chamber in the middle of the cylinder | about three atmospheres. 
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teristic of cngines with alternating steam-fiow are excluded keeps this part, at which the piston has its highest velo- 
directional-flow engine. The cylinder of the | city, well cooled. This favourable effect is en 
‘ cylinders, | the absence of a jacket on the cylinder-barrel. The 
heir exhaust ends, and the piston piston has, on the other hand, an unusually large 

hence exerts a very small unit pressure on 
exhaust end is cold, and re- | the cylinder wall. The cylinder is very simple in shape, 
ereare no complicated valve-chests or 
‘ subject to local heating and distortion. 


sists essentially of two single-acti 
‘ly long. The two inlet-ends are hot, and 


tween the two there isa gradual tempera- | and 
, Which, on the average, follows the tempera- 








y the time that the 
| one ring system has reached the exhaust-ports, and thus 

ure has been reduced to 
e@ experience gained with 
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the engines already at work demonstrates that the piston 
keeps perfectly steam-tight, and operates without any 
difficulty even with the highest degrees of superheat. 
If any wear should occur owing to defective construc- 
tion, the simple cylinder-barrel can easily be replaced at 
small cost. 

The uni-directional steam-flow engine permits of work- 
ing with degrees of superheating far in excess of those 
otherwise applicable, good vacuum is also very advan- 
tageous for the new type of engine. In diagram Fig. 2, 
the compression lines have been plotted for a number of 
different initial and final pressures, any one of which can 
be obtained by suitably adjusting the clearances. The 
curves show clearly how much the areas decrease with an 
improved vacuum. By suitably proportioning the clear- 
ance spaces the temperature and pressure of compression 
may be altered as desired. With a good vacuum the 
amount of clearance will be very small ; with a back-pres- 
sure of 0.05 atmosphere it need only be 14 per cent. 

The arrangement of the inlet valve in the cover makes 
it possible for the steam to enter the cylinder by the 
shortest path; hence even with high superheats great 
velocities of inflow are permissible without serious wire- 
on 

Thanks to its simple construction and working, and to 
its thermal advantages, the uni-directional steam-flow 
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engine is as economical in steam consumption as.com- 
pound and triple-expansion engines worked with satu- | 
rated or with superheated steam. 


Il. Tue Srationary Uwni-Directionat Steam-FLow 
ENGINE. 

The uni-directional steam-flow engine is suited for 

working with atmospheric exhaust or with a condenser, 

with saturated or with superheated steam. Its supe- | 


which the roller is placed serving also as an oil-bath. With a good vacuum the clearance amounts in he 
This trough never gets beyond the guides, so that the oil | condensing engine to about 14 per cent., and to 16 per 


| cannot flow out of, nor dust gain access to, the trough, | cent. in an engine with atmospheric exhaust. The in. 


while a good lubrication is ensured. The waste of heat | creased clearance then necessary can also be obtained by 
caused in multiple-expansion engines by throttling in the | making the piston faces bell-shaped. 
between the cylinders, and condensation and| Fig. 11 shows how a non-return valve is added when it 
radiation in them and in the receivers and connections, | is desired to withdraw steam from the cylinder in order 
are obviated by this construction. to feed a heating system. Separate ports are then 
Additional clearance spaces are provided in the cylin-| provided which are opened by the piston before it clears 
















riority ‘is most marked in the case of condensing engines 
operated with superheated steam. The diagram, Fig. 3, 
corresponds to the engine working with a good vacuum. 
In Fig. 4 this diagram has been re-plotted, ther with 
the inertia forces, so as to show the effective load in the 
crank. From Fig. 4 it appears that | peng 8 of 4or 
4.5 metres (13 ft. or 14 ft. per second) are advantageous. 
When the inertia diagrams are plotted together, with the 
piston-pressure ore, the resulting curves show then 
approxim&tely uniform impulses during the whole of a 
revolution. hen the highest ordinate is selected in the 
latter diagram, and the corresponding force on the con- 
necting-rod calculated, the weight needed turns out to be 
smaller than in the case of a tandem engine of equal 
power. This surprising result is explained by the fact 
that in a tandem engine the is most strained during 
the last portion of the stroke, when the inertia and steam 
pressures act in the same direction. 

In the horizontal type of engine no portion of the 
valve-gear need be placed in ep leundetionn, There are 
only two inlet-valves, and a lay-shaft is not required. 
The admission valves are actuated through a rocking- 
shaft, which reciprocates a roller under a cam-plate 
attached toeach valve. The general arrangement will be 
understood on reference to Fig. 5, representing an engine 
by Messrs. Sulzer, of Winterthur, whilst a section through 
the valve, showing also the cam-plate, is given in Fig. 6. 

The suppression of the exhaust-valve gear usually fitted 
below the engine is another material advantage. The 
whole underside of the cylinder remains unobstructed, 
and the condenser can be brought up close to the cylin- 
der. The annular exhaust-chamber can be joined directly 
to the condenser, in which the injection takes place, 
no exhaust-pipe being necessary, as shown in Figs. 7 and 8. 
Similar arrangements can be made in the case of surface 
condensers (see Figs. 9 and 10). 

Some details of the valve-box are shown in Fig. 6. 
The valve-spindle is cut to a cam-shaped curve, and a 
roller is mounted on the reciprocating rod, the trough in 
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Fug... )\ 
Fic. 14. 
| the exhaust-slots. When steam of a pressure Rene 
|than one atmosphere is thus drawn off, the indica 


der-covers in case it should be desired to run a condens- | di will, of course, beaffected. = ticularly 
ing engine with atmospheric exhaust. These spaces are @ uni-directional steam-flow engine 15 age 
— in the covers, and can be thrown in, augmenting | suited for dealing with fluctuating loads. ~ Ly = 
the cledrance when the — works with atmospheric has also been applied to vertical engines, tr | og 
exhaust, when they permit of doubling the heating surface dynamos on ship. The advantages a 

of the cover, but they are cut out in working condensing. | system over tandem and compound engines ‘ 
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recognised by the Erste Briinner Maschinenfabrik, of | The steam coioumaiion is not satisfactory, of course. 
Brinn, Austria, which, after having substituted a cylin- | This was due to a small-diameter pipe system, and to the 
der of the new type for the cylinder of an old 100-horse- | building-in of an oil-se tor, which raised the back- 
powel engine, proceeded to build forty-five of the new | pressure to 0.145 atmosphere absolute, as stated. At the 
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engines. Before the favourable results obtained with | present time a steam consumption of not more than 
these engines were known, the Elsasser Maschinenfabrik, | 4 kilogrammes (8.8 Ib.) per horse-power hour available 
of Miilhausen, in Alsace, constructed 500-horse-power | is nteed. Rigg ’ 

Pa for generating electricity. This machine was tested is steam consumption is much less influenced by 
no ebruary, 1909, by the Elsassische Verein der Dampf. | the load than is the case with compound and triple- 
| Besitzer, with the results in the annexed table. expansion engines, because in the latter case the dis- 





I. Engine. 

— steam pressure—at stop- { ae 4 per sq. = 
valve : per sq. in. 
Mean steam pressure—admis- { 11.9 kg. per sq. cm. 
sion into cylinder (170 lb. per sq. in.) 
Mean steam temperature—at { 331 deg. Cent. (628 


stop-valve deg. Fahr.) 
Mean steam temperature— { 305 deg. Cent. (581 
inlet-valve j \_ deg. Fahr.) 
Exhaust pressure in cylinder 0.145 kg. per sq. cm. 
abs. (2.062 Ib. per 
- in. abs.) 
Pressure before oil-separator 0.121 kg. abs. 
(1.721 Ib. abs.) 
Pressure in condenser... 0.075 kg. abs. 
(1.067 Ib. abs.) 
Revolutions per minute 121 
Indicated horse-power aa 503.1 
Effective horse-power... 465.7 
Mechanical efficiency... cm 92.5 per cent 
Steam consumption per indi- 
cated horse-power hour ... 4.6 Kg. (10.14 Ib.) 
Temperatureof injection water 12 deg. Cent. 
(53.6 deg. Fahr.) 
Temperature of condensed { 31.1 deg. Cent. 
water (88 deg. Fahr.) 
Weight of injection water per 
kilogramme of steam awe 30 kg. (66 lb.) 
Motor driving the condenser 
—current taken... —* 50.7 amperes 
Motor ‘driving the condenser 
—voltage koe i see 244.5 volts 
Motor driving the condenser 
—energy absorbed ... Ate 12.4 kilowatts 
II. Dynamo. 
Current ... oe me F 1277 amperes 
Tension at brushes... ig 250.1 volts 
Effective power aie ie 319.4 kilowatts 
Efficiency of dynamo .. ay 93 per cent. 
Available power ai ve. 307 kilowatts 
Steam consumption per effec- 
tive kilowatt-hour ... .. 7.55 kg. (16.65 Ib.) 


tribution of the temperature gradients is shifted, while 
it remains unaltered in the uni-directional-flow engine 
The mechanical efficiency of 92.5 per cent.—a high figure 
for the first engine of a new horizontal type—marks the 
advantage of the light driving mechanism, and of the 
reduction in the number of stuffing-boxes, pistons, and 
parts of the valve-gear. The extraordinarily low oil con- 
sumption is directly connected with this feature. The 
pins, pistons, stuffing-boxes and eccentrics of the engine 
in question numbe ay 33, while they number 
228 in the case of one of the triple-expansion engines of 
the electric power-station at Berlin-Moabit. 


III. Unt-Drrecrionat Steam-Fiow Locomorives. 


The first locomotives of this ¢ were built by the 
Kolomna Engine Works, of Kolomna, near Moscow, 
Russia. The Stettiner Maschinenbau - Aktien - Gesell- 
schaft Vulcan then constructed such locomotives, bein 
four 4-coupled superheater engines for the goods trains o! 
the State Railways (see Fig. 12) A clearance space of 
174 per cent. was provided in this case; the indicator 
diagrams are reproduced in Fig. 13. The general a i 
ments of the cylinder are as evcouy escribed Th 
cylinder forms one comparatively 4 e piece of casti 
(see Fig. 14); the piston consists of a central ring o 
pe 5 steel and two caps of cast steel, which are provided 
each with two packing-rings ; the piston-rod and a nut 
keep the caps in place. As the exhaust-ports are rapidly 
opened, the exhaust produces a sharp blast, which is 

ood for the fires. The mid-cylinder exhaust is further 
avourable for working at early cut-offs, at which the 
steam consumption has proved remarkably small. 

These favourable results came out during comparative 
trials carried out by the Prussian Railway Department 
with three kinds of goods mye all supplied with 
Schmidt My pee err I and all of the same 4/4-coupled 
type. Two of each of these three classes were run for a day 
and a night under fairly equal conditions. The resulting 
mean steam consumption per 1000 ton-kilometres were : 
Stumpf engines, 17.285 kilogrammes ; piston-slide engines, 
20.57 kil mmes; engines with inlet and emission 
valves, 22.215 kilogrammes ; giving the ratio 1.00 : 1.19 : 
1.285. The Stumpf engine thus proved the most econo- 


mical, 

The Stumpf locomotive showed some other advantages. 
The engine was under remarkably easy and reliable con- 
trol. All the valve-rods can be raised i the foot-plate 
by means of an eccentric and pins, and a communication 
between the two ends of the cylinder thus be opened. 
Any condensed water flows out through a small hole in 
the lowest portion of the annular exhaust-chamber. This 
is a noteworthy point. As a rule the steam-pipe enters 
the engine cylinder from above, and the exhaust-pi 
also leads upward again ; an a ment favouring the 
production of water-hammer. In the ys 4 engine the 
exhaust expels the water through the hole mentioned, 
and dirt and grit are removed in the same way. A valve 
similar to that illustrated in Fig. 11 permits of drawing 
off steam for the heating of the train from the cylinder. 
The French Com ie du Chemin de Fer du Nord is 
also building Stun pf goods engines (see Fig. 15, page 760). 

IV. Toe Portaste Uni-Direcrionat Sream-Firow 

ENGINE. 

Portable engines should be simple, of light weight, 
cheap, and economical in steam consumption. The uni- 
directional steam-flow engine satisfies all these conditions. 
There are only two valves instead of the eight of a com- 
pound engine. The cylinder can be mounted directly on 
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the boiler ; to the cylinder is joined a forked frame bear- 
ing the single crank-shaft. e valves are actuated from 
an eccentric close to the fly-wheel, and are controlled by a 
fly-wheel governor. These portable engines are built by 


the Maschinenfabrik Badenia, of Weinheim, in Baden | ada 


(see Fig. 16, page 761), the Erste Briinner Maschinen- 
fabrik, already mentioned, and by Messrs. Robey and Co., 
Limited, of Lincoln. 


V. Tue Unt-Drrecrionat-FLtow Roiimne-Mint ENGINE. 


The adaptation of the uni-directional steam-flow prin- 
ciple to reversing rolling-mill engines has very su ully 
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been taken up by Messrs. Ehrhardt and Sehmer, 
Sarrbriicken, who are constructing three-c 
(see Figs. 17 and 18). The design should be such that 
the engine gives throttle diagrams in starting and stop- 
ping, and ‘‘ cut-off” diagrams during rolling. There are 
provided for this purpose main valves and auxili 

valves, the latter being fitted with passages of small 
cross-section. give the late cut-off, and the main 
valves the early cut-off. In starting the engine the 
driver throws the lever over so as to admit steam 


the steam, and the increased speed 


pted to the increased resistance. 
ay } ae —w om will 
the diagram depends then on 
valves. Towards the end of th 


adopted is of the Heusinger type, w 
suited to meet the a) 
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of; compression, ensure a more uniform torque than with 
linder engines | other constructions. 


Three cylinders are needed fully to realise these advan- 
but the rolling-mill engine might also be designed 


with two cylinders. 


VI. Tae Uni-DirectionaL-FLtow Winpinc-EncINE. 
The direct utilisation of the steam renders the uni- 


directional steam-flow engine also especially suited for 
winding work. Provision is made for relieving the 


through the auxiliary valves; the cut-off will be, in compression when bringing the to rest, so that its 
the three-cylinder engine, at about 35 per cent., and ition may be accurately adjusted. This can be effected 
the early cut-off about half that figure. long as the any link gear, or by a cone valve-gear driving the 

not been properly gripped the engine cannot 


billet has 








mission valves, and the use of an auxiliary exhaust 


race, because there isa strong resistance to the flow of | valve. The windin paper 
would produce con- | the driver then sae the 

siderable wire-drawing. When the billet is fairly gripped, i 
the lever is thrown over further, and the steam supply 
The speed will rise, 
ually be closed, so that 
on the action of the main 
e pass the driver pushes 
the lever back again, in order to stop slowly. The gear. 
ich is particularly 
conditions. The simple ex- 


poe 
pansion in the Stumpf cylinder, and the constancy of the 


begins with the late cut-off; 
lever back for earlier cut-off 
When the cut-off has been 
a cent., the compression will be raised 
by closing the auxiliary exhaust. The 
meral advant of the system will again be realised. 
engine will be simpler, considerably shorter, and 
less expensive than a two-cylinder tandem engine. 


| and her compression. 
redu to 40 
‘to the norma 


VII. Encives ror Compressors, BLOWERS, ann 
Pumps. 


In discussing the adaptability of the uni-directiona 
steam-flow engine for driving compressors, blowers, and 
| pumps, the author considers the case of combining his 
engine with a tandem compressor in such a way that the 
single-acting low-pressure compressor and the sincle- 
acting Stumpf engine should have one common cylinder 
‘(see Fig. 19). To the combined steam and air-piston 
would be joined a double-acting high-pressure air-piston, 

















which, on its inner side, would be connected with the 
intercooler of the compound compressor. 


VIII. Tuk Uni-DirectionaL Sream-FLow Marine 
ENGINE. 

In marine engines the modern preferences are for 
superheated steam and balanced valves. The uni- 
directional steam-flow engine meets both these de- 
mands, and the great simplicity of construction further 
recommends it for ship-propulsion. here the Schlick 
system of cing is not essential—e.g., for the low- 
speed engines of small freight steamers—two Stumpf 
cylinder engines can be substituted for the now customary 
quadruple engine. Each cylinder has its separate con- 
nections to the boiler and condenser, and one engine can, 
in cases of emergency, propel the ship. A small auxiliary 
inlet valve is provided to facilitate the starting of the 
engine. This valve enables the engineer to work with a 
cut-off at 70 per cent., while the main valve-gear permits 
of working with a cut-off at 35 per cent. An auxiliary 
exhaust is also provided, by means of which exhaust 
steam can be withdrawn before the piston opens the ex- 
haust-slots ; this steam is utilised in the auxiliary machi- 
nery for the various pumps and in the turbo-dynamo, a 
welles for pre-heating the feed-water and for heating in 
general. Where aSchlick balancing is required, four - 
six cylinders, each an independent unit, can be installed. 
A careful study of the diagrams of a large marine engine 
shows one the inertia effects play a very important part 
in multiple-expansion engines. eS 
As met 9 Govanion, the superiority of the uni-direc- 
tional steam flow, in which only the admission valves 
need to be altered, will not be questioned. The diagrams, 
Figs. 20, 21, and 22, will help to explain how it Js t 
the steam consumption in a Stumpf engine is not larger 


than in a quadruple engine of the same power. A ted 





diagram factor of 55 per cent. can generally | 
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upon in a quadruple engine ; the rest is lost by throttling 
and condensation in the valves and connections. With a 
uni-directional steam-flow engine, 80 per cent. is gene- 
rally realisable—that is, a difference of 25 per cent. in 
favour of the new engine. Since the steam is equally 
distributed through several cylinders, the width of the 
engine need not be great, and a final point in favour of 
the Stumpf engine is that all the cylinders are strictly 
interchangeable and that a few spare parts will suffice 
for the ordinary requirements. 


IX. Concivusions. 


It will have been seen that the uni-directional steam- 
flow engine can easily be adapted to all special conditions 
of working. One of the chief points to be considered in 
adaptations is the temporary reduction of the com- 
pression. ‘ } 

In view of the superiority of the Stumpf engine with 
respect to constructive and thermal features and to 
reliability, it may boldly be asserted that compounding 
must, for by far the J ny: number of applications, be 
regarded as a superfluous complication, for which the 
alternating steam-flow is responsible. The uni-directional 
flow should be substituted for the alternating flow in order 
to create a steam cylinder characterised by fairly steady 
thermal relations, and in order to raise the steam-engine 
thermally to the level of the steam-turbine. The results will 
be thermal clearness and abolition of the multiple stage. 
The terms “clearance” and “cooling surfaces” will 
thoroughly have to be revised in connection with this 
problem. The uni-directional steam-flow engine will help 
superheated steam to ultimate victory, especially in the 
field of the marine engine. 

That the correctness of these deductions has been 
recognised in practice is proved by the fact that a great 
many firms have taken up the manufacture of the Stumpf 
engines. Many names have been mentioned. The British 
firms are: Messrs. Robey and Co., of Lincoln ; the Lilles- 
hall Company, Limited, of Oakengates; Messrs. Fraser 
and Chalmers, Limited, of Erith ; and Messrs. Musgrave 
and Sons, Limited, of Bolton. 





THE PHYSICAL SOCIETY OF LONDON. 
At the meeting of the — Society of London, 
held on May 27, Professor H. L. Callendar, F.R.S., 
President, in the chair, a paper ‘‘On an Oscillation 
Detector Actuated Solely by Resistance-Temperature Varia- 
tions” was read by Dr, W. H. Eccles. The experi- 
ments described in the present paper are offe as 
additional support for the author’s hypothesis of the 
mode of action of certain types of electrical oscillation- 
detectors. This hypothesis suggests that in detectors 
constituted of a loose contact, the energy of the oscillatory 
current through the ‘contact is transformed into heat at 
the contact and warms the matter there sufficiently to 
change its electrical resistance, and, consequently, the 
steady current through the indicating instrument. The 
principal deductions from this hypothesis were worked 
out and were illustrated by experiments on iron-oxide 
coherers in a paper read before the Physical Society on 
March 11 last. The present experiments are on a detector 
of the so-called ‘‘ crystal rectifier” type, from which, 
however, the possibility of thermo-electric effects have 
been eliminated. This detector consists merely of a 
loose contact between two pieces of galena—a substance 
which, according to the aihet theory, ought, by virtue 
of its large negative coefficient of cha: of resistance 
with temperature, to be a very efficient detector of elec- 
trical vibrations. The experimental curves obtained 
from a galena-galena detector are the steady current 
curve, the sensitiveness curve, and the power curve. 
The first has steadily-applied electromotive force as 
abscisse, and current through the detector-circuit as 
ordinates. It proves to be a curve which, in general, 
rises slowly at first, then quickly, and then slowly again ; 
but if the circuit be arranged to have but little resistance 
other than that at the contact, the curve may a 
—_ gradient at the point of inflection. The chief 
difficulty met in obtaining these steady-current curves 
arose from the slow movements of heat through the mass 
of the crystals, which have, of course, small thermal 
conductivity. This difficulty was overcome, and the 
true character of the curves brought to light, by allowing 
& proper time-interval for thermal equilibrium to 
established before each galvanometer reading was taken. 
The sensitiveness curve has the electromotive force 
applied to the detector as abscisse, and the power passed 
to the indicating instrument as ordinates, the intensity 
of the electrical vibrations being of fixed amount. It is 
& curve which rises to a maximum near the point of 
Peston slope of the former curve, and thereafter 
escends slowly. The power curve has the power supplied 
to the detector in the form of electrical oscillations as 
abscisse, with the power passed by the detector to the 


indicating instrument as ordinates, the steady electro- fi 


Motive applied to. the detector being the best value. This 
curve is a straight line. The properties of this “‘ crystal 
rectifier” are, therefore, just such as are logically 
deducible from the fundamental fact that the contact 
possesses a negative resistance-temperature coefficient. 
Mr. \V. Duddell said the author was making progress 


with his thermal theory of coherers. He pointed out that 
in the ©x periments described considerable time was taken 
in determining the part of the steady-current curve with 
negative characteristic, whereas in practice the changes 


Were very rapid. 
. Professor C. H. Lees remarked that Dr. Eccles had 
introduced simplicity into a very difficult subject. He 
agreed with the remarks of Mr. Duddell, and suggested 
ae | vm y minute points and surfaces, so that less time 
would be occupied in securing thermal equilibrium. The 
Working -onditions would thus be more nearly reproduced. 
The author, in his reply to the remarks of 1 Mr. Duddell 








and Professor Lees, explained that, in order to get a 
correct notion of the character of the steady-current 
curves, the curves should be drawn either very quickly 
or very slowly—that is to say, either adiabatically or 
isothermally, The former is really the curve required for 
strict quantitative correlation with the experimental facts 
of the behaviour of the detector towards high-frequency 
electrical oscillations. The isothermal curves actually 
obtained are the same in character as the adiabatic ones, to 
a sufficiently close approximation. If the masses of the 
crystals were reduced, as Professor Lees suggested, in 
order to reduce the heat losses from the contact, then the 
metal leads to which the crystals are soldered might be 
brought near enough to the contact to make the heat 
losses larger, not smaller. Thechief advantage of making 
the crystals smaller accrues from the reduction of that 
idle portion of the electrical resistance of the detector 
which undergoes no temperature change of the kind 
desired. The author practically accomplishes this already 
by copper-plating the crystals all over, soldering into 
place, and then baring the small area of crystal required 
for the contact. 

Mr. A. Eagle exhibited a ‘‘ Resonance Transformer.” 
The transformer is practically a Rowlands coil.. The 
capacity shunted across the secondary is so chosen that 
resonance is obtained with the alternating current sup- 
plied to the primary. The condition for this is 


(.- Bor = 


where L and N are the self-inductions of the secondary 
and primary respectively, M is the mutual induction be- 
tween them, C is the capacity, and p is 27 times the 
frequency. In this way condensers may be cha 
to a high potential very economically. Such a trans- 
former forms a non-inductive load. ides the great 
saving in current there is also a saving in energy due to 
the fact that the current from the secondary has not the 
tendency to flow through the spark-gap in the form of an 
arc-disc! as in general case; 110 watts have 
sufficed to run a spark with a condenser of #; m.f.d. 
capacity at a potential of 8500 volts. (R.M.S.). 

he chief advantage of the resonance transformer lies 
in the character of the sparks. The voltage rises accord- 


ing to the law 
V=Vm (1—e-*) sin pt. 
where rf the time constant, is over 1 second. Hence, 


if V.is the sparking potential, sparks will follow each 
other at intervals » 

age B00 ge 

k 6 Vin er V; 
The interval can be varied within wide limits by varying 
Vm by altering the choking coil in the primary circuit. 
A succession of clear and distinct discharges is thus ob- 
tained, instead of an undifferentiated stream of sparks 
with more or less of an arc-discharge superposed on them. 

A paper, entitled ‘‘ The Limitations of the Weston Cell 
as a Standard of Electromotive Force,” was read by Mr. 
8S. W. J. Smith. In this paper the recent experiments 
of Mr. F. E. Smith on mium amalgams are discussed 
from the point of view of the modern theory of alloys. 
Theory and experiment alike suggest that there is no 
range at any temperature over which the electromotive 
force of a Weston cell is absolutely independent of the 
percentage of Cd in the amalgam. Even if the materials 
are quite pure, the existence of surface ene must 
cause some variation. Within the range over which the 
electromotive force is usually taken as constant the 
electromotive force appears to rise, very slowly, with 
increase in the cadmium content. The rate varies, but is 
never more than a few millionths of a volt for 1 per cent. 
Cd. From the data it seems possible also to discover 
the precise way in which the use of the richer two-phase 
amalgams may lead to variability of the electromotive 
force of the Weston cell. The interpretation advocated 
is that the irregularities are due to electrolytic skin effects 
arising out of want of uniformity of composition of the 
surface grains. The probable reason why the tempera- 
ture coefficient of electromotive force of a Weston cell, 
always small, actually vanishes near 0 deg. Cent. is indi- 
meen 5 An outline of the way in which the phase rule 
can be used to exhibit the nature of the incomplete equi- 
librium of the Weston cell is also given. 

Mr. Rayner referred to hysteresis effects which, he 
said, were a source of serious trouble when working with 
Weston cells. He gave details of the behaviour of a 
particular cell during a period in which the temperature 
of the cell was caeet from 14 deg. Cent. to 25 deg. Cent. 
for three days, and asked the author if he could explain 
the observed variations of the electromotive force on the 
theory he had advanced. 

The author, in reply to Mr. Rayner, said that, while he 
was not prepared (without further information) to give a 
xed opinion concerning the behaviour of particular cells, 
he thought he had shown how to find the exact causes of 
any peculiarities for which pure amalgams might be 
responsible. The utility of the theory he had described 
lay in the fact that it should be possible, by means of it, 
to discover what the effect on the amalgam of any = 
ticular thermal treatment would be. is object 
been to discuss one cause of some of the variations of the 
Weston cell, and to indicate a theoretical limit to the 
accuracy obtainable. 








Frencn Suipsurtpinc.—The net profit realised last 
po by the important French shipbuilding company, 
wn as the Forges et Chantiers de la iterranée, 
was 52,049/., as compared with 57,452/. in 1908. The 
dividend for last year is reduced to 2/. per share, as com- 
pared with 2/. 4s. per share distributed for the previous 
twelve months, 





FOREIGN ENGINEERING PROJECTS. 


WE publish below a list of colonial and foreign engi- 
neering projects, for some of which tenders are asked. 
Intelligence Branch of the Board of ‘Trade, 73, Beane 

ntelligence Branch of the ing- 
hall-street, London, E.C. eeu 

Australia: H.M. Trade Commissioner for Australia 
(Mr. C. Hamilton Wickes) reports that a sum of 100,000/. 
. > be ane b = seelo jaw — on the 
ollowing works :— Widening and deepening of Hopetoun 
Channel, extension of wharf: pon ee Svan rng 
— of freezing works, &c. r. Wickes is informed, 

owever, that the works will not necessitate the importa- 
tion of a uantity of material. 

Sweden: With reference to the notice on pages 161 
and 162 of the Board of Trade Journal of April 28, 
relative to proposed Swedish Budget expenditure for 1911, 
the British Acting Consul at Stockholm (Mr. W. Sterling) 
reports that the special committee of the Diet considering 
the votes proposed for the State Railways has recom- 
mended the acceptance of votes for the following works— 
viz.: New buildings, &c., on railways already working, 
1,500,000 kr. (83,300/.) ; a new bridge over the Stangan at 
Linképing, 100,000 kr. (5500/.); completion of the exten- 
sion of the track at Esliéf, 192,000 kr. (10,700/.) ; comple- 
tion of a new bridge over the An river at Forsmo, 
370,000 kr. (20, -) ; completion of the work of doubling 
the track between Tomteboda and Jiirfva, 700,000 kr. 
(38,9002.); completion of repairing works at Notviken, 
250,000 kr. (13,900/.) ; erecting railway offices at Tomte- 
boda, 600,000 kr. (33,300/.) ; purchase of new rolling-stock, 
3,325,000 kr. (184,700/.); completion of the line through 


rged | Bohusliin, and of the Bastutriisk-Skelleftea, Ostersund- 


Strém valley, and Jiirna-Norrkiping lines, 5,538,000 kr. 
(307,700/.). 

Germany: The Moniteur des Intéréts Matériels (Brus- 
sels) of May 25 notifies that tenders will shortly be 
invited by the municipal authorities of Nordhausen for 
the carrying out of sewage and drain: works. The 
cost of the enterprise is estimated at 3,400,000 marks 
(about 167,000/.). Although it is probable that the above 
contract will be awarded to a German firm, nevertheless 
the carrying out of the work may involve the purchase 
of some materials out of Germany. 

Montenegro: H.M. Chargé d’Affaires at Cettinje 
reports that a law has been passed empowering the 
Government to grant a concession to a foreign company 
for the reclamation and exploitation of about 8000 acres 
of swampy land between Dulcigno and the Boyana river. 

The Government may buy out the concessionnaire at any 
time after the fifteenth year from the date of beginning 
the work of draining. The land in question, t of the 
delta of the Boyana, is at present, adds H.M. Chargé 
d’ Affaires, swampy and unhealthy ; it is well situated, 
however, being easily accessible from Antivari, Scutari, 
and 8. Giovanni di Medua, the proposed terminus of 
the Danube-Adriatic Railway. When drained and cul- 
tivated, it is capable of becoming one of the most fertile 
parts of the Principality. 

Turkey: With reference to the notice on 309 and 
310 of the Board of Trade Jowrnal of November 18 last, 
relative to the working of the deposits of phosphate of 
lime in the Caza of Salt {Syria}, HM. Consul-General at 
Constantinople (Mr. H. O. A. Eyres) now reports that a 
Bill has been passed by the Chamber of Deputies, and onl 
~~ the assent of the Senate and of the Sultan (which 
will almost certainly be granted), to grant the concession 
to Nazif Effendi, assistant surveyor at the prefecture of 
Constantinople, and M. Azem, a French subject. The 
concessionnaires undertake to lend to the Turkish Govern- 
ment 12,500,000 francs (500,000/.) for the construction of 
a 40-kilometre (about 26 miles) branch railway to Salt 
from the Hedjaz Railway, and of a harbour at Haiffa ; 
they have preferential rights as regards the work of con- 
struction. No company, adds H.M. Consul-General, has 


-yet been formed to take over the concession. 


Switzerland: The Feuille Fédérale Suisse of May 25 
publishes the text of the Swiss Budget for 1909, which 
includes an item of 19,795,000 francs (791,800/.) in respect 
of a general scheme of river improvement and irrigation 
works in the districts of Zurich, Berne, Lucerne, Schwyz, 
Glarus, Friburg, Soleure, St. Gall, Grisons, Argovie, 
Thurgovie, Ticino, Vaud, Valais, and Neuchatel. Most 
of the work is to be spread over ten years. 

Belgium: The Belgian Budget statement for 1910, 
which is published in the Moniteur Belge of May 28, 
includes an item of 2,600,000 francs (104,000/.) for canal 
and river improvement works, irrigation works in the 
Campine district, construction of telegraph-lines, &c. ; 
and an item of 950,000 francs (38,000/.) in respect of har- 
bour, coast, and lighthouse works, &c. 

Holland : The Nieuwe Rotterdamsche Courant announces 
that a project is on foot for the installation of water 
works in the town of Hoorn, situated about 30 miles 
north of the Hague. Hoorn has about 12,000 inhabitants. 





TURBINES FOR THE GERMAN Navy.—The management 
of the Kiel Imperial Shipbuilding Yard has installed a 
turbine workshop at a cost of 35,0007. The shop will turn 
out Parsons turbines of a somewhat new construction, the 
German Government having acquired from the Parsons 
Company the right of making turbines upon its system. 





‘Tae Screnck AND ART or MininG.”—The issue for 
May 28 of this periodical, which is published fortnightly 
at 3d., by Thomas Wall and Sons, Limited, Wi and in 
London by John Heywood, 22-26, Lamb’s Vonduit-etrest, 
W.C., contains an interesting article on the “ Mining 
Possibilities of Canada.” It with the approaching 
completion of the Grand Trunk Pacific Railway, and with 
the influence which this will have upon the opening up of 
the mining districts it runs through. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
GATIONS UNDER THE AOT OF 1907. 

The number ef views given in the Specification ts stated 

in aah cae; herd none a mentioned, the i te not 

Where inventions are communicated from abroad, the Names, £c., 

ool s Seer. eee re etaeh at the Potent Oftes, Sale 

, pton Buildings, Chancery-lane, W.C., at 

The date of the adurtisoment the aceeptance of a Complete 

ekches lord ential, alae ef aanet iv oa 

ven. 
ny person nay, at anytime within tio montha from the date of 


A 

the ad = of a Complete 

i ‘ice he Patent O, opposition to the grant 
Fosint ox con oF sutcished tn the dat nies 


ELECTRICAL APPARATUS. 
142. A. H. Curtis, J. T. Mo and the Adams 
Manufa , Limite Motor 
Starters. {11 Figs.| June 4, 1909.—This invention relates to 


an electric switch of the kind’ wherein a commutating device is | Di 


oe. a —— of —- a — the tne os 
control an electro-magnet opera’ aux! swite 

or en Ee and is characterised by an additional auxiliary 
switch which controls the energising circuit of the contactor, and 
is closed by movement of the commutating device in one direc- 
tion, but is opened by movement of the commutating device in 
the opposite direction. One of the line wires a is connected to 
the contact-arm b which engages with the contact-studs c, d. 
between which the resist é are cted. The last contact- 
stud dis connected to one terminal of the armature /, the other 
terminal of which is connected through a conductor g to one 
terminal h of the contactor, the other terminal j of the contactor 
being connected to the other line wire k. The contactor com- 
prises a bridge-piece m mounted on a — core n, which is 
movable in a solenoid 0, The circuit of this solenoid o extends 
from the line wire k to a contact stud p, which is connected by a 
resist qtoa tact - sector r. e resistance q is made 
such as to reduce the amount of current flowing through the 
solenoid o to that sufficient for maintaining the contactor 
closed, but not sufficient for closing the said contactor when 
once opened. This renders it necessary for a contact # to 


Fig.1. 























03.142) 


be in engagement with the contact p, if it be desired to close 
the contactor when once it has been opened. The first contact- 
stud ¢ is connected to the conductor g through the hold-on 
electro-magnet ¢ for the contact-arm b and the field-magnet u of 
the motor. In the contactor interlocking switch shown, the lever 
b has a frame v pivotally mounted thereon, and pressed down 
towards the contacts p, r by means of a ree In this frame a 
metal roller s is mounted, and is provided with a stop-pin which, 
by engaging with the frame v, limits the rotation of the roller. 
The metal surface of the roller is made with a gap which is filled 
in with a segment of insulating material. When the contact-arm 
bd is moved in a clockwise direction to start the motor, the roller 
8 is first turned about its axis, so as to bring the metal surface 
into contact first with the stud p and then with the sector r, 
thereby allowing current to flow through the solenoid 0, and close, 
and maintain c the contactor m, the motor being mean- 
while started through the resistancese, If, however, the arm b be 
moved counter-clockwise, the roller s will turn about its axis so as 
to bring the insulating segment into engagement with the fixed 
contact p or r, and thus open the circuit of the solenoid 0, thereby 
allowing the contactor m to open the line circuit g, k. The 
motor cannot then be re-started | until after the arm 6 has been 
returned to its original position, so as to allow the metal surface 
of the roller s to come into engagement with the stud p. (Ac- 
cepted April 6, 1910.) 


7995/09. ex Condui Limited, and L. M. 
Waterhouse, Birmingham. ilectrical Accessories. 
{5 Figs.) April 8, 1909.—The object of this invention is to provide 


a box which is adapted to form a junction-box, or to carry a ceil- 
ing-rose, switch, plug, or the like fitting ; in such boxes the con- 
ductors require to be led into the box so that a water-tight joint 
may be made between the outer sheathing of the cable and the 
box, which joint, in the case of a metallically-sheathed cable, 





ensures electrical continuity bet the sheathing and the box, 
so that the sheathings of the system of conductors and the boxes 
may be earthed. conductor is preferably what is known as 
twin-flexible, in which there are two conductors 1, insulated with 

leanised fi prot or the like, and 
provided with an external flexible metallic bi ng or armouring 
2 e flexible conductor is run on the surface of the walls or 
ceilings, and is secured thereto by metallic clips adapted to elas- 











metal box 4 has a number of screwed inlets 4d ; 
each screwed inlet is adapted to take an externally-screwed nipple 
5, through which the conductor passes into the box ; this nipple 
projects some distance outside the box, so as to form a screwed 
nozzle adapted to take a jially-shaped nut 6, by which the 
conductor is secured. e bore of the nipple is made in 
two sizes; the innermost bore is just large enough to take the 
insulated conductor when the armouring has been stripped back ; 
the outermost bore takes the armouring which terminates at th 
shoulder between the two bores, and is prevented by this shoulder 
from entering the box. The nut has an extension 6a beyond the 
screwed . coned inside and out, the bore at the smaller end 
just ing freely over the armouring. To secure the conductor, 
the nut is over the armouring, then a plastic metal washer 
is fitted on the armouring ; the armouring is then stripped off for 
a short length, and the end of the conductor, with its insulating 
covering, passed through the smaller bore of the nipple. The 
nut is now passed over the washer and screwed on to the pro- 
jecting end of the nipple, with the result that the conical bore of 
the nut forces the washer — the end of the nipple, and at 
the same time compresses the washer so that it firmly grips the 
armouring. (Accepted April 13, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


4/09. M. Scott-Robinson and the M. and W. 

Mo’ te, Limited, London. Internal-Com- 
{5 Figs.) December 23, 1909.—This in- 

vention relates to the piston-valves and valve-gears of internal- 
combustion engines. e working piston A is connected by a rod 
Al to the main crank-shaft B. The valve operating crank- 
shaft C has a pinion ©! carried thereon, which meshes with a 
pinion B! onthe main crank-shaft, the size of the pinions being 
such that the valve crank-shaft C rotates at half the of 
the main crank-shaft B. The admission and exhaust valves are 
in the form of pistons D working within cylinders D!, each 
having ports D2 formed in their walls. The crank-shaft O is not 
d in the axial line of the piston-valve cylinders D!, but is 
mounted nearer the main crank-shaft, the extent to which this 
shaft is so — varying in accordance with the valve diagram 
e rod connecting the inlet piston D is slightly 


poe fing the armouring and to be readily attached to the wall 
or ceiling. The 





required. 
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hy = > 
o Oo §& 
4 A’ 

















he 
a — 8 
~~." 
20.074.8 
Fig. 2. 4a 
4 eo 
yi *% 
* ‘. 


wo 





“ie a 
7 





longer than the rod connecting the exhaust-piston to the valve- 
operating crank, since the admission-ports are open for a shorter 
time than the exhaust-ports, and for convenience in construction 
the size of these ports and of the piston controlling them is the 
same as in the case of the exhaust, the throw of the crank con- 
trolling the admission piston being equal to that controlling the 
exhaust valve. The operation of the engine above described, 
and the points at which admission and exhaust take place, will be 
understood by reference to the n shown in Fig. 2. The 
inlet-valve opens after the main crank has passed through 
15 deg.—that is to say, at the point a, and remains open until the 

int b is reached. eanwhile, when the main crank has rotated 

rough 140 deg. the exhaust- opens—that 1s to say, at the 

int c, and remains open until the point d is reached. It will 
hus be seen that whereas the exhaust-port is open for a period 
of 230 deg. on the main crank, the cM is only open for a 
period of 188deg. (Accepted April 13, 1910.) 


7818/08. A. R. and D. Roberts, Grantham. 
Internal-Combustion (2 Figs.) April 1, 1909.— 
This invention provides a method of governing internal-combustion 
engines of the class in which air and gas to form an explosive 
charge are introduced a oom inlets and thence through 
a —— into the com chamber. According to this 
invention, the c -valve is arranged to be opened previously to 
the gas-valve, and the time or moment of opening or closing, and 
the amount of lift of both the gas-valve and the charge-valve, are 
varied without, however, altering the relative times of open 


shaft g. nis a wedge-piece, which rests on the lever o below the 
rod J, and is connected by lever mechanism to the governor p 
which is driven from the half-speed shaft g. visa t secured 
upon the plu -rod J, said tappet, as it rises, bei igned to 
strike against the lower end of the rod w, coamegtell at its upper 
end to one end of the bell-crank lever z, the other end of which 
is held in contact with the outer end of the stem of the 
valve h. The operation is as follows:—On the introduction 
of a charge into the combustion -chamber, the cam u, throu;h 
the medium of the lever o, lifts the wedge-piece n against 
the lower end of the plunger-rod 1, so as to open the 
charge-valve c. When the plunger-rod / has been lifted to 
a predetermined extent, the tappet v strikes the lower end 
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of the rod w, and thereby turns the bell-crank lever xz so that 
itopens the gas-valveh. As the cam further rotates it lowers the 
wollgeefees n, thereby permitting the plunger-rod to drop, 
whereupon the gas-valve A is first cl , and thereafter the 
charge-valve c. As the speed of the engine varies, the governor 
p moves the w -piece n relatively to the plunger-rod, so that 
there is more or less lost motion between the wedge-piece n and 
the lower end of the plunger-rod /. The point in the cycle at 
which the charge-valve c is opened, and the amount of lift given 
to the charge-valve and the gas-valve, are varied in accordance 
with the load upon the engine, notwithstanding that the times 
of opening and closing of the two valves relatively to one another 
remain constant. (Accepted April 13, 1910.) 


1/08. H. W. Vigedatt, Loremnets Matravus, and 
Little kham. Gas-Retorts. 

(2 Figs.] October 6, 1909.—This invention relates to devices for 
removing residue from gas-retorts, and has for object to make 
the casing of such devices gas-tight. a is the hopper from which 
the residue, discharged from the retort, falls into the drum b. 
The portion ¢ of the casing is long enough in cross-section to 
on the opening d in the drum from making communication 
tween the atmosphere and the hopper, but the portion ¢ on the 
right-hand is much shorter in cross-section, the drum only turn- 























ing in the direction of the arrow sufficiently to discharge the 
coke and then returning to the position shown. According 
the invention, to the longitudinal flange e of this part of the 

there is bolted a plate f, between which and the flange 8 





and closing of the said two valves. c is the charge-valve t 

upon the stem d, carried by springs /, f. A is the gas-valve. & is 
a tappet-lever which actuates the valve c. The outer end of the 
lever & is pivoted to the plunger-rod J, which is adapted to be 
reciprocated through the lever o by the cam wu on the half-speed 





an asbestos or other suitable packing g bearing against the 
surface of the drum. As shown in Fig. 2, there is mace in one 
with the bearing of the axle h of the drum a plate i, the inner 
surface of which is carefully faced and abuts against the similarly- 
faced ends of the casing and the drum. (Accepted April 13, 1910) 
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A BOILER-TESTING INSTALLATION 
AND THE ECONOMICAL COMBUS- 
TION OF FUEL. 


By CuarLes EpwaRb Lararb, Assoc. M. Inst. C.E., 
M.I. Mech. E. 
(Continued from page 700.) 

Uron taking up his appointment as head of the 
Mechanical Engineering rtment at the North- 
ampton Institute, London, E.C., in January, 1902, 
the writer formulated a plan which, from year 
to year, he has systematically endeavoured to carry 
out and develop—viz., to design, equip, and test a 
steam-generating plant, by means of which sys- 
tematic experiments could be taken with a view to 
determining more thoroughly than hitherto some of 
the conditions necessary for maintaining high effi- 
ciencies under ordinary practical conditions, as well 
as under isolated scientific trials. He fully realised, 
at the commencement, the difficulties which have 
usually to be faced by one who attempts such work 
at a technical institution. The boiler plant is 
primarily required for furnishing the necessary 
steam for power, lighting, and heating of the build- 
ing ; and in many cases steam is required for other 

urposes ; hence the practice of laying down the 
Poifer plant without any view to experimental work 
to follow. The first full trials on the plant when 
completed were carried out by the writer with the 
assistance of his staff during the summer of 1907, 
and many additional tests have been made by both 
the day and evening engineering students. A brief 
description of the equipment, with the necessary 
illustrations, follows, the writer reserving, however, 
for later publication some of the trial results. 

Boilers.—Two boilers of distinct types were 
put down side by side; one being an Adamson 
Lancashire boiler, 7 ft. 6 in. in diameter and 20 ft. 
long, with 500 square feet of heating surface, and 
designed for a pressure of 200 ft. per square inch ; 
the other a Babcock and Wilcox boiler with a 
furnace of the Scotch type, and 1080 square feet 
of heating surface. Both boilers are worked at a 
pressure of 150 lb. per square inch. One advan- 
tage gained by placing the two boilers side by side 
is that comparative tests can be made on them. 

The Lancashire boiler was supplied by the makers 
with the ordinary furnaces for hand-stoking and 
natural draught, but after being at work for some 
time the furnaces were converted and supplied with 
the Meldrum apparatus. Fig. 1 shows the appear- 
ance of the front of the boiler with the Meldrum 
furnaces, and at the same time gives a general idea 
of the test fittings at this end of the boiler. 

For economical working, #; in. natural draught 
with the steam jets shut off, and 1 in. water-gauge 
pressure with the jets on, were found to give good 
results. It was found early in the trials that the 
usual tendency of the uninstructed stoker was to 
use the jets wastefully, as much as 2 in. to 3 in. 
water pressure being indicated by a U-tube. The 
author would infer from these trials that it is 
possible, in many cases, for the addition of steam 
jets to result in anything but economical working. 
As is now well understood, a great advantage of 
the jets and forced draught is that a small cheap 
on may be used instead of a more expensive steam 
coal. 

To find the steam consumption of the jets, either 
continuous analyses of the flue gases are made 
(including the determination of the steam), or 
auxiliary trials are made on the furnace jets when 
supplied with steam from the Babcock boiler, the 
jets being connected so as to conduct the steam 
into a condenser at atmospheric pressure. The 
condensed steam is then weighed. 

During the trials on the Lancashire boiler a 
graduated quadrant, marked off in degrees, was used 
im connection with the steam-regulator for the 
jets ; and the position of this regulator was noted, 
together with the time, whenever the occasion arose 
for altering its position, so that it was possible 

from these observations, and the auxiliary tests on 
the jets, to determine the jet-steam consumption 
for a full day’s trial. 

The Babcock boiler was worked for several years 
with the Seoteh furnace supplied by the makers, 
and special trials were made from time to time. 
The furnace was then converted by Messrs. J. 
and P. Hill, of Sheffield, so as to enable small 
coal to be burnt instead of the more expensive 
steam coal. The new furnace arrangement, con- 
structed according to the Schofield patent, is shown 
in Figs. 4 to 7, on the next page. Reference 


to the illustrations will sho® that twelve small 
steam jets are used, two in connection with each 
of the six ash-trays and their regulators below 
the furnace - bars. The fire-bars are arranged 
transversely across the furnace instead of longi- 
tudinally, as in the ordinary practice. There is 
also an auxiliary air supply attachment at the back 
end of the furnace, which can be regulated by 
means of a damper-rod from the front. Through 
each of the brass jets is bored a very fine hole, and 
a steam-regulating valve is supplied to the right of 
the furnace for regulating the steam-supply to the 
jets. This steam-valve had attached to it, for pur- 
poses of testing, a graduated quadrant, and the 
degree of valve opening and the time were noted 
whenever the valve was altered. 

To determine the steam supply for a given degree 
of valve opening the steam-pipe to the _ was 
disconnected from the furnace and coupled up to a 
box flanged on to a condenser, into which six of the 
steam-jets had been screwed; and the steam was 
blown into the condenser and condensed at atmo- 
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spheric pressure. It was found, during ordinary 
working, that anything from 24 to 10 per cent. of 
the total steam output of the boiler could be used 
on these jets. Notwithstanding the jet-steam con- 
sumption, there was a decided saving on the coal 
bill, taking into account the difference in price 
between a Welsh small coal at 13s. 6d. per ton and 
a large steam-coal at 18s. 6d. per ton, or a more 
expensive Welsh steam-coal. 

Economisers. — Two economisers, supplied by 
Messrs. Green and Sons, have recently been added 
to the boilers, each boiler being allotted its own set 
of tubes; and the flue-dampers are arranged so 
that the following combinations can be made :— 

A. When either boiler is at work the gases from 
the damper exit can be discharged (i.) through 
either economiser, (ii.) through both economisers, 
or (iii.) into the by-pass flue to the chimney. 

B. When both boilers are working at the same 
time :— 

(i.) Each boiler can work with its own econo- 
miser. 

(ii.) Both boilers may discharge their gases 
through the two economisers coupled so as to work 
together. 

(iii.) The gases from the two boilers may be 
passed through either economiser. 

(iv.) One boiler may discharge its gases directly 
to the chimney by-pass, while the other is arranged 
to work with either or both sets of economiser 
tubes. 

(v.) The flue gases from both boilers may be by- 
passed directly to the chimney. 

Figs. 2 and 3, page 766, illustrate the arrange- 








ment of the boilers, economisers, and test apparatus. 


Comparative trials have been taken on the boilers 
working with and without the economisers for 
several of the combinations enumerated. 

Owing to the small space available at the back 
of the boilers, it was not possible to produce an 
ideal arrangement, yet, notwithstanding, the result 
has been fairly satisfactory, and Messrs. Green and 
Sons are to be congratulated upon having produced 
a combination to meet the writer's requirements 
as embodied in the specification. 

A great advantage of the flexibility of working 
provided for is that trials can be made on one 
boiler and economiser under isolated test conditions, 
while the other is employed for ordinary work. 

Steam Supply.—The two boilers were originally 
required for supplying the steam to :— 

(1) A Willans 100-horse-power compound engine, 
direct-coupled to a dynamo for lighting the building. 

(2) A 50-horse-power compound engine, fitted up 
for experimental work ; this engine in addition can 
be used for driving a second dynamo running in 
parallel with the first. 

(3) The heating apparatus of the building. 

The steam - distribution system — pipes, stop- 
valves, and reducing-valves—is represented in 
Figs. 8 to 10. 

In a general way, except for heavy demands for 
lighting and heating, one boiler can be used for 
both purposes, but for the heaviest work both 
boilers have to be used, either coupled or uncoupled. 

In view of the above requirements it became 
necessary to arrange the steam-piping system so 
that one boiler could be used for the ordinary work 
of lighting and heating, while the other was avail- 
able for the a engine or for any other 
test purpose. Figs. 8 to 10 show how these condi- 
tions of working have been rendered possible by the 
provision of a steel steam-ring main, with the neces- 
sary stop-valves and connections. It is now possible 
completely to isolate either boiler for experimental 
work on the boiJer alone, on the Willans engine, 
on the experimental engine, or on the heating 
system. The stop-valves necessary are clearly indi- 
cated in the illustration, and in order to eliminate 
stop-valve leakage, when required, flange connections 
are provided in the piping system, so that blanks 
can be inserted completely to shut out one boiler 
system from the other. 

Both boilers and the steam-piping are covered 
with removable composition, so that tests can be 
taken to determine radiation losses and the saving 
effected by the coverings. 

Feed to Boilers and Economisers.—For supplying 
the necessary feed to the boilers and economisers, 
two feed-pumps—a Weir and a Worthington—were 
fixed, with the piping and connections so arranged 
that the feed-water could be delivered to either or 
both boilers from the front end directly, or, when 
using the economiser-tubes, to one or both econo- 
misers. The feed can also be passed through both 
economisers running in parallel or in series. The feed 
suction, delivery, and pump exhaust arrangements 
are depicted in Figs. 11 to 20, pages 767 and 768. 

The feed-tank has a water-tight partition, and a 
three-way cock in the pipe-connections below the 
tank enables the water to be supplied to one com- 
partment while the feed is being taken from the 
other. The water can be taken from the cold- 
storage tank, from the building drainage sump, or 
from the calibrated feed-tanks as desired. Con- 
sequently it is possible to deliver to the boilers or 
economisers either a hot or cold feed when required 
for testing or for general work. 

Flanges and blanks are provided to enable one 
boiler-feed set to be comglabtae isolated from the 
other for special test purposes. 

Condenser Feed-Heater.—To determine the weight 
of steam used by each of the feed-pumps, a com- 
bined condenser feed-heater is fitted up in connec- 
tion with the plant, and the details are shown in 
the illustrations, Fig. 11 to 13. The exhaust from 
each pump can be taken to the condenser, and the 
steam condensed, collected, and weighed ; or, alter- 
natively, it may be allowed to flow into the drainage 
sump or suction-well. T-pieces are inserted into 
the pump-pipe connections, so that indicators and 
thermometers can be used when required. 

Boiler Test-Room and Instrwments.—A special 
test-room was designed, equipped, and special appa- 
ratus purchased, under the direction of the author, 
so as to enable thorough and systematic research 
experiments to be carried out on the boiler plant. 
Primarily, this extra equipment was put down for 
the use of the senior students taking the heat-engine 
courses at the Northampton Institute ; and in carry- 
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ing out this equipment an endeavour was made to 
approach as near as facilities would allow to the 
ideal equipment outlined in the earlier part of this 
article. Figs. 21 and 22, page 769, give some idea 
of the test-room and the arrangement of the instru- 


with very satisfactory results. One of the CO, 
recorders was placed so that the recorder faced the 
back of the economiser, enabling the stoker to 
examine his records from time to time. Each 
instrument registered automatically and continu- 





ments. 


Two CO, recorders of different types with the | boiler gas exits. 


ously the percentages of CO, in the flue gases at the , 





author used two improved Orsat gas apparatus jn 
his trials. Two aspirators were fitted up to be at 
work in conjunction with the Orsat apparatus, one 
aspirator slowly taking in a charge of flue cases 
while the gas collected by the other was being 
analysed. An attempt was also made to design a 
piece of apparatus to collect an average sample of 



























































































































GENERAL ARRANGEMENT DRAWING 
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necessary pipe-connections were fitted to work in With respect to the determination of the com- 
connection with the two boilers. Both of them, as| position of the flue yases, unfortunately, at the 
originally put down, were operated by means of the | present time, there is no piece of apparatus on the 
main-flue draught, but it was found that under | market which will enable the constituent parts to 
certain conditions the draught was insufficient to| be determined and registered automatically and | 
work them satisfactorily. To overcome this diffi- continuously ; the best that can be done is to use| 
culty, the author had fitted a small Albany rotary | CO, recorders and some form of gas apparatus for 
pump, driven from the test-room ventilating-fan, | taking analyses at intervals. Accordingly the 
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gas throughout a full trial. Very much, however, 
remains to be done in the direction of designing 40 
efficient instrument for recording the composition 
of the flue gases. 2 
Two draught-recorders and two draught-indicators 
were also fitted up in connection with this plant. 
The indicators, for inspection by the stokers, er 
placed at the front ends of the boilers, one to ea¢ 





_ JUNE 17, 1910.] 


ENGINEERING. 


767 








boiler, see Fig. 1, while the recorders with the positions in the flues (Fig. 3), Callendar platinum |the test-room, one above. and. one below the 
yrometers were used in conjunction with two | recorder (see Figs. 21 and 23). The upper board or 
Whipple temperature-indicators and a Callendar | exchange was used for connecting up the spirally 


clock-drum records were fixed in the test-room | 
(see Fig. 21). 

Fuel- “calorimeters, of which the most notable 
type is a Donkin-Mahler bomb calorimeter, were 
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recorder (Fig. 21). 
The temperature-indicators were used to deter- | 
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purchased for use in the test- room, in addition to 
chemical balances and other apparatus for the 
determi; iation of coke, ash, moisture, chemical 
tests, &c. 

For determining flue-gas temperatures at the 
fpeerite from the allen hs dhe chiseney base, for 
the economiser inlets and outlets, and several other 
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mine the temperatures at any time, or at any posi- 
tion in tke boiler-flue system in which pyrometers 
had been inserted and connected up toa switchboard 
in the test-room, while the recorder was, in a general. 
way, connected up to one of the main gas exits from 
the boilers or economisers. To make this ible 


two switch or exchange-boards were fitt up in| 









armoured cable from the pyrometers to the lower 
switchboard. The wiring connections for the two 





boards are represented in Fig. 23. It 
will be seen that with the arrange- 

ment adopted it was possible to take 
temperatures for many different places 
in the boiler and economiser system. 

Much valuable information was ob- 
tained by being able to determine the 
temperature change following any 
alteration in the conditions of stoking, 
whether the change was due to charg- 
ing, raking, cleaning, alteration in 
the air-supply, or merely opening the 
furnace-doors. For each of the pyro- 
meters a recent addition, known as 
the ice-bobbin, for the necessary zero 
adjustment, was placed in series with 
the C leads between the pyrometers 
and the indicator or recorder ; thus 
the instruments were interchangeable 
with any of the pyrometers at work. 

Pyrometers were also fitted for 
taking the boiler steam temperatures 
near the stop-valves, and another was 
inserted for obtaining the temperature 
of the water in the bottom of the Lancashire boiler. 
The object of the last pyrometer was to enable 
experiments to be taken to determine the minimum 
time required to raise steam with safety from cold 
water. These results went to show that on no 
account is it advisable, or even safe, to raise steam 
from cold water under twelve hours in the case of a 
Lancashire boiler—the pores ee difference, if 
this time were shortened, would be very considerable 
throughout the raising of steam. Raising steam 
too rapidly may easily mean practically cold water 
at the bottom of the boiler, with steam at any 
desired pressure and corresponding temperature in 
the steam space, resulting in dangerous straining 
| of the boiler-plates and seams. For experiments 
|on the raising of steam, the pyrometer near the 
| boiler stop-valve is used in connection with the 
| pyrometer at the bottom of the boiler. 
|__ For determining the furnace temperatures of the 

| Babcock and Wilcox boiler, a special fire-clay tube 
| (Fig. 26) 4 in. in diameter and 5 ft. long, and 
| closed at the back end, was supported by three 
= in the furnace, the front end of the tube 

ing left open and fitting close to the boiler- 
furnace front, through which a hole had been cut. 
A Féry radiation pyrometer was carried by a 
| bracket suspended from the platform above the 
| furnace, and connections were taken from this 
pyrometer to a D’Arsonval galvanometer and 
| thread-recorder. - Indications or records of tem- 
| peratures could therefore be taken at any stage 
in the test. The thread-recorder, working in con- 
nection with the clock-drum, was used throughout 
the test for registering automatically and con- 
tinuously the variation in the mean furnace tcm- 
perature. In order to change over from the galva- 
nometer to the recorder, or vice versd, a two-way 
switch was used. It was necessary, however, that 
provision should be made for moving the radio- 
meter out of danger during the cleaning of the 
boiler furnace, and Figs. 26 and 27 show how this 
was done. 

Owing to the thickness of the fire-clay tube and 
| the hysteresis effects, there was some lag in record- 
ing. rise or fall in temperature, the instruments 

icating or recording the mean temperature of 
the furnace-during each period of variation. None 
the less, instructive information was obtained from 
the records of these instruments when taken 
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together with the other instrument records in the 
test-room. Another defect was that a small re- 
duction of the grate area was necessitated by the 
piers used for supporting the fire-clay tube. 

Many additional test instruments were used 
throughout the trials, but it is unnecessary for the 
purpose of this article to enumerate them, as they 
are now so well known in connection with boiler- 
testing. One instrument, however, deserves a 
passing reference. Ananemometer, designed to the 
writer's specification, was made and used with the 
object of measuring the quantity of air passing 
through the boiler furnaces. Fig. 1, page 765, 
indicates the position in which it was used during 
the trials. The four air-trunks to the Lancashire 
boiler were connected to an almost air-tight box 
at the foot of the boiler, and the anemometer placed 
in one end of this box in such a position that the 
whole of the air supplied to the boiler furnaces 
through these trunks was passed through the instru- 
ment. The recording mechanism of the anemo- 
meter was carried by a vertical stem fixed to the 
case of the instrument. A reference to the illus- 
tration will show the stem and the dial on the 
right-hand side of the boiler. The difficulty was, 
of course, in the calibration of the anemometer, 
but during the time this instrument was in use 
fairly complete analyses of the flue-gases were taken 
at regular intervals. 

System of Signalling.—For the purposes of the 
trials, which were of an exhaustive character, the 
author established a system of signalling by electric 
bells between the stokehole and the test-room, and 
the stokehole and the chimney. Each time the 
furnace-door was opened for charging the furnace 
the bell in the test-room was made to ring once, 
and the time was noted in the test-room. A signal 
was also given, and the time noted for the closing 
of the door. When the doors were opened for 
spreading the fire, for raking or cleaning the fur- 
naces, signals were given, with an additional signal 
for the closing of the door, the times being in each 
case recorded. The whole of these observations 
were plotted on a large chart to a time-base, along 
with all other results of whatever character for the 
full boiler test. A good deal of the experimental 
work was carried out with different qualities of 
coal, anda record for smoke was kept at the chimney 
outlook, and any tendency to black smoke was 
signalled down to the stokehole, so that the atten- 
dant could alter his stoking accordingly. A 
signal was also sent from the stokehole to the 
chimney outlook, indicating the time of charging 
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the furnaces, and was entered up on the report- 
sheet, along with the smoke record at that time. 
The object of burning different samples of coal in 
some of the trials was to enable the contract for a 
suitable fuel to be made for the ensuing year. 


(To be continued.) 


LITERATURE. 


——_—__>__—_ 

Electric Traction on Railways. By Puitie Dawson. 
London: The Electrician Printing and Publishing 
Company, Limited, Salisbury-court, Fleet-street, E.C. 
[Price 25s. net, calf-bound. ] 

THE various contributions which, from time to time, 

have been made to the technical Press by the 

author of this work have now been collected to- 
gether into a handsome volume, which, moreover, 
contains a considerable amount of additional in- 
formation. Although a volume so constituted 
must necessarily bear some trace of the way in 
which it has been compiled, its arrangement is not 
so haphazard as is sometimes the oase with books 
which have appeared in serial form. It is true 
that electrical and mechanical details are not entirely 
separated, and that direct and alternating currents 
are not clearly divided off, but to avoid this would, 
perhaps, be a difficult matter without making some 
repetition and unduly extending the size of the 
work, which is already of considerable magnitude. 
The book touches upon almost every aspect of 
the problem of railway electrification, except com- 
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__ | plete’ financial results"and capital outlay, though 


necessarily somewhat unequally. By this is meant 

| that considerably more space is devoted to technical 
|details than to the traffic and financial results of 
lines which have already been converted. These 
latter, it is well known, are difficult to obtain. 
The chapter on the much-discussed question of 
direct versus alternating current is, perhaps, the 
most interesting and novel portion of the book, 
for although a good deal of the descriptive matter 
has not been published before, most of it is fairly 
well known to those engaged in electric railway- 
traction work. 

One of the most valuable features of the book 
is the description of the various foreign railway 
systems which have been electrified, and which are 
illustrated with excellent photographs. Another 
feature which will render this work valuable is the 
amount of space which is devoted to the discussion 
of the single-phase system, for which the author 
has a well-known predilection. His descriptions of 
the different forms of single-phase motor are most 
interesting, and the chapter dealing with the simple 
theory of the single-phase motor will be found 
extremely useful to those who desire to get some 
idea of the latest developments in this direction. 

It seems as impossible for electrical engineers to 
discuss impartially the question of the phases as 
in earlier days it was for railway engineers to dis- 
cuss the question of the gauges ; and although, in 
his preface, the author pleads for a more judicial con- 
sideration of this problem, his own work furnishes 
an example of the difficulty of attaining this end. 
The discussion of the single-phase motor and over- 
head equipment is lucid and valuable, but, so far as 
we can observe, he has very little to say regarding 
the disadvantages and difficulties attendant on the 
use of the single-phase system and of overh 
wires. Thatthere must be disadvantages in this as 
in every system is obvious, and some of them were 
most frankly brought forward in the recent paper 
read before the Institution of Civil Engineers by 
the engineers who have carried out the equipment 
of the Heysham single-phase line belonging to the 
Midland Railway Company. Moreover. single- 
phase equipments have been removed from various 
American lines. 

A frank statement of disadvantages is wise, and 
‘undoubtedly causes more weight to be attached 
|to any pronouncement in favour of the system. 

When dealing with direct current, on the other hand, 
and especially the third-rail system, Mr. Dawson 
has carefully abstained from under-estimsting the 
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difficulties, and he devotes a considerable space 
to the discussion of the disadvantages attending 
the use of the third rail. While in the main his 
criticisms are theoretically correct, the practical 
experience of those who have had to use this system 
seems to be more favourable than Mr. Dawson 
would lead one to expect. Mr. Aspinall, in his 
recent presidential address to the Tnstitution of 
Mechanical Engineers, had little but praise to 
say of the third-rail system, which he had found 
‘*cheap to instal and maintain,” and ‘‘ economical as 
regards both maintenance and repairs.”” Dr. C. A. 
Harrison, in his recent paper before the Institution 
of Civil Engineers, while not omitting to describe 
some of its drawbacks, clearly shows that his 
company is satisfied with the system adopted, the 
use of which, as a matter of fact, it is believed 
they are about to extend. Railway men would 
naturally prefer experience to prophecy. 

The advantages of the adoption of alternating 
current, and especially of single-phase, on lines 
which are in future going to be extended to great 
distances, are obvious. But there can be no doubt 
that the original estimates of the cost of overhead 
construction put forward in this country were 
based upon the experience of countries where the 
conditions differed considerably from those obtaining 
on British railways, and on the Brighton line, where 
the solidity of the overhead work has been found to 
increase the cost very much. When single-phase was 
first introduced, estimates were influenced to some 
extent by the cost of the overhead equipment obtain- 
ing in tramway work, which, although useful enough 
for railway working in other countries, is not suitable 
for use under English conditions. In discussing 
the two systems, many other points, of course, 
have to be taken into account, and, as Mr. Dawson 
says, it is impossible to generalise, and each case 
must be studied by itself. None the less, at the 
present time, as regards heavy working, it must be 
confessed that the direct current has established 
its reputation, and the single-phase system must be 
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considered as being on its trial. When the results 
of the Brighton Company’s experiment in equipping 
anlrunning its South London lines are available 
over a considerable period, it will be easier to 
arrive at some conclusion on the subject. The 
figures recently given by Mr. Dawson at the Insti- 
tution of Civil Engineers need amplifying and 
verification before being taken as typical of single- 
phase working. 

The most serious blemish from which the book 
suffers as a technical work is the excessive number 
of errors, both editorial and proof. In a number 
of cases totally inaccurate figures appear, while in 
more than one instance different values for the 
same thing can be deduced from different parts of 
the book. It is a pity that such a valuable work 
should be disfigured in this way,'and it is to be 
hoped that before the second edition is produced a 
careful re-reading and checking of the various 
tables will be possible. At the present time one 
feels it to be always necessary to verify the figures 
given before they can be used. 

We have already alluded to the illustrations and 
diagrams, which, like the printing and paper, are 
excellent. 





Reinforced Concrete in Europe. By Apert Lapp Cosy. 
Easton, Pa., U.S.A.: The Chemical Publishing Com- 
pany. [Price 3.50 dols.] 

On behalf of a number of American firms and indi- 

viduals, the author of this book made a tour in 

Europe to collect information by personal inter- 

views and from official sources regarding the pre- 

sent position of reinforced-concrete construction in 
the United Kingdom and leading European coun- 
tries, and regarding the details of the practice fol- 
lowed there. When prepared, the alee report 
was issued in printed form to subscribers, but since, 
in response to requests from various quarters, it has 
been issued for public sale in the volume under 
review. The information thus brought together is of 
a practical character, and should be useful to those 
engaged in reinforced-concrete construction, as 
those whom Mr. Colby has interviewed have given 
freely their —- on many points of practical 
importance, while the quotations from, and refer- 
ences to, ofticial reports by recognised authorities 
are of much interest and value. The countries 
visited were England, France, Germany, Austria, 

Hungary, Switzerland, and Italy. 

The opening sections of the report deal with the 
spplications, economies, and endurance of reinforced 
concrete ; the different systems adopted, and the 
forms of bars and the metals used, in each of the 
countries visited are next briefly described ; and 
thereafter the author explains the chief require- 
ments of the standard specifications in England and 
on the Continent for cement and concrete, and gives 
a short classified comparison of these specifications. 
As regards cement, this comparison is given in an 
appendix in which fourteen different cement speci- 
fications are compared under thirteen different heads. 
Another appendix, useful for reference, contains a 
list of 144 systems of ferro-concrete construction 
other than American, with the address of the 
inventor or owner, and a short description of its 
special features ; while a third appendix contains a 
full bibliography of literature on the subject, and a 
fourth gives a list.and description of the, British 
and European official and technical institutions 
which have studied reinforeed-concrete construction, 
with abstracts of their recommendations. 
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THE LANGEBRO HARBOUR BRIDGE, 
COPENHAGEN. 
(Concluded from page 742.) 

Tue electric pumps which supply the aceumu- 
lators are shown in Figs. 17, 18, and 19, page 77! 
They are of similar construction, working indepen. 
dently of each other, each pump having its own 
motor. They are arranged, by means of valves, to 
operate for different purposes. Generally they are 
so adjusted that the one pump forces the liquid from 
the light accumulator over into the heavy accumu- 
lator, whilst the other pump forces the liquid from 
the return-water tank into the light accumulator, 
The pumps are started and stopped by hand, or 
automatically under normal working conditions, 
Each pump consists of two coupled double-action 
suction and force-pumps with plunger-pistons, 
The motor is of 18 horse-power, shunt-wound, 
working at 440 volts and 680 revolutions per minute. 

Between the two pumps are placed the regulating- 
valves, as shown in Figs. 17 and 20, in elevation and 
= respectively, and in detail in Figs. 21 and 22. 

he suction-pipes lead to a combined suction-valve, 
and the dclivery-pipes to a combined delivery-valve, 
into which valves the inlet-pipes from the accumu- 
lators and the return-water tank open. By adjust- 
ment of the suction-valve each of the pumps can 
be made to draw from either of the accumulators or 
from the return-water tank, and, by adjustment 
of the delivery-valve, each can force the water to 
either of the accumulators. The pipe system is 
shown in Figs. 23 to 25. 

While the other valves are adjusted, once for all, 
during the normal working of the bridge, the main 
turning-valve apparatus (Figs. 26 to 31, page 772) 
is the means by which the attendant is able to 
control the operation necessary for raising and 
lowering the bridge. The valve apparatus is shown 
in section in Fig. 29, the side branch being in 
connection with the pivot cylinder; the bottom out- 
lets, through closed by-valves, connect with the two 
accumulators and the return-water tank. The con- 
trol of the valve apparatus is so arranged that only 
one of these three valves can be open at a time. 

The valves are kept closed by levers, at the 
outer ends of which arc counterweights. Above 
the three valves of the apparatus is a horizontal 
shaft on which are three cams for raising the lever- 
arms that operate the valves. A bevel-wheel (seen 
in Figs. 26 and 27) is attached to the shaft, and 
gearing with this is a bevel pinion which is actuated 
by a vertical spindle controlled by the attendant 
from the upper and the intermediate floor of the 
accumulator house. When the attendant, by means 
of the hand-wheel shown, turns the spindle fully 
round, he moves the cam axle one-sixth of a revolu- 
tion, and one cam raises a valve and opens a pipe 
conection. At the next turn of the spindle the 
cam turns another sixth and sets free the counter- 
weight arm of the valve, so that the valve closes. 
The next turn of the spindle causes another cam 
to raise its corresponding valve, &c. 

The apparatus is so constructed that when the 
attendant turns the spindle six times to the right, 
the pipe-connections between the pivot and the 
heavy accumulator, the light accumulator, and the 
return-water tank are openedand closed in this same 
order, the opening and the subsequent closing of 
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Tuer Frencu Navy.—The increase in the naval expendi- 
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' during the four years comes out at no more than 


2,019,742/., it has none the less been a strain upon the | 





| to their investment accumulations. | 


ture of France less than is probably supposed. | 
In 1906 it stood at 13,003,277/.; in 1907, at 12,486,7922.; | 
in 1908, at 12,797,308/.; and in 1909 at 13,353,823/. 
1910 it is to be 15,023,0197. Although the increase 


French patience, as the F do not relish any check 


In | the counterweight. 


| the same valve each requiring a turn of the spindle, 


and this series of movements is required for each 
operation. 

The three levers of the controlling-valves are 
connected by vertical rods, on which are brass 
marks, both at the upper and intermediate floor. 
Kach of these rods rises and sinks with its respec- 
tive valve, and the attendant can thus, whether on 
the upper floor or on the intermediate floor, observe 
the positions of the valves, whether they are open 
or closed. In addition to these three rods there is 
another rod showing the height to which the pivot 
has been raised. On the pipe-connection between 
the pivot and the main valve apparatus is placed 4 
valve which is closed at night, in order that the 


| water pressure from the heavy accumulator may 
/not, owing to some small leakage, cause the bridge 


to rise. 

The two hydraulic accumulators (Figs. 32 to 36, 
page 772) are alike, except as regards the size of 
All the parts are made of cast 


| iron except the bolts and the metal linings in the 
boxes. Each accumulator contains water enough to 
lift the pivot the maximum height of 10 in. ; and con- 
sists of a cylinder 19} in. inside diameter and 3 in. 
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thickness of metal. The cylinder, at about one-fifth 
ofthe length from the lower end, has a conically- 
turned collar, which rests against a corresponding 
conical surface on the foundation-plate, as may be | 
seen in Fig. 34. The lower end of the cylinder is 
conseyuently freely suspended beneath the founda- | 
tion-plate. The accumulator plunger is 17} in. 
outside diameter, and the thickness of metal is 
-: in. The counterweight is suspended from a 
ribbed plate at the top of the piston by four 3-in. 
diameter bolts with double nuts at each end. The 
Weight consists of cast-iron blocks, the lower part 
of Which (30 tons) consists of five annular discs, 
each 62 in. thick. The remainder of the weight 
consists of loose pieces, quadrant shaped and of 
1} tons weight. On the wall between the two 
accumulators there isa small swing-crane for the 
purpose of removing the loose ballast from one 
accumulator to the other. Each accumulator has 





the foll: wing automatic apparatus :— 
On the inlet-pipe nearest the accumulator cylinder 
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is a return-stroke 
valve of the same 
kind as that at 
the pivot, which 
operates in case of 
a pipe bursting. 
Further there is a 
safety-valve on the 
inlet-pipe to the 
main controlling - 
valve. The same 
valve serves as an 
outlet which comes 
into operation when 
the accumulator 
weight reaches its 
highest permissible 
position. Thislatter 
safety arrangement 
will, under ordi- 
nary conditions, not 
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come into operation during the daily working of the 
bridge, so far as the hea y accumulator is concerned, 
as it automatically interrupts the electric current 
to the pump shortly before the highest position is 
attained, while the light accumulator opens another 
inlet-valve which leads the water into the return- 
water tank. The light accumulator automatically 
breaks the electric current to the pump between 
this valve and the return-water tank. The inlet- 
pipe to each accumulator is further fitted with a 
closing-valve which can be worked by hand-power. 

The main controlling-valve apparatus can be mani- 

ulated by hand-power from the two machine-floors 
in the accumulator-house, as well as by an automatic 
electric apparatus (Figs. 37, 38, and 39, page 773) 
which is ‘started by the attendant in the engine- 











house on the top of the swing-bridge. This appa- 
ratus is placed on the upper floor in the accumu- 
lator-house and consists of a small 4-horse-power 
electric motor, on the shaft of which is a worm 
which drives a worm-wheel attached to the vertical 
manceuvring spindle shown in Figs. 23 and 24. 
During ordinary working the attendant effects the 
opening of the valves to the two accumulators by 
means of the electric apparatus, while the rest of 
the valve manipulation is done by the assistant in 
the accumulator department. 

All the pressure-pipes and valves are made of 
cast steel, and are connected by flanges with rubber 
packing. The operating-valves are of the type 
shown in Fig. 29. The seat of the valve is annular, 
and when the valve is raised the v ater flows through 
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the opening above the seat and forces itself through 
a number of fine holes in the valve. By varying 
the number and sizes of these holes the flow of the 
valve can be regulated. As a reserve there is4 
force-pump in the accumulator compartment, by 
means of which four men can pump water direct 
from the return-water tank to the pivot ; it is fit 
with a valve for the purpose of draining the pivot 
cylinder. All the connections and apparatus were 
tested to 100 atmospheres (1460 lb.) water pressure. 
The turning of the swing-bridge when rais 
on the pivot is effected by means of a pinion which 
gears with a fixed toothed ring attached to the 
granite capping of the pier. The diameter of 
this ring is 22 ft. 6 in., and the length of the 
teeth is 12 in. It is made of cast steel in seven 
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pieces, which are connected together by bolts. The 
pinions are solid forged Siemens-Martin steel, their 
diameter being 2 ft. 3in. Each pinion has four- 
teen teeth, which are 16 in. long. 

The turning gear is driven by an electric motor 
running at 420 revolutions per minute. All the spur- 
wheels for turning the bridge have cut teeth and are 
of steel ; theyare keyed on forged turned-steel shafts. 
The motor is shunt-wound of 30 horse-power and 
440 volts. It is self-contained, with 40 horse-power 
maximum capacity, and is constructed for inter- 
mittent working. The starte:s for the motors are 
situated above a platform in the centre of the 
machine-house, in such a way that the attendant, 
during the manceuvring, has a view of the ends of 
the swing-bridge and their stopping appliances. 
They are exactly alike and are connected together. 
When both motors are intended to work together 
a handle is adjusted, and the attendant need then 
only operate the one starter. The electric resistances 
of the motors are placed under the platform. In case 
the supply of electricity should fail, there are two 
spur-wheels inserted in the machinery under the 
bridgeway, the shafts of which extend up to the 
bridgeway, and, by means of handles, the bridge 
can be turned by hand-power. 

The electric connections are shown in Figs. 40, 
41, and 42, annexed, and illustrate the method 
adopted for transferring the conductors from the 
stationary pier to the revolving portion, which con- 
nection is brought about by means of a contact 
system at the pivot. This contact system consists 
of five concentric copper bars, which are attached 
to insulators at different heights on the pivot, and 
on which contacts trolleys move. In order to estab- 
lish good contact there are three trolleys to each 
bar. Each trolley is attached to an arm, which, 
with a flexible connection, is fastened to the wall 
of the pivot chamber, so that troJley and arm are 
also lifted when the pivot is raised. e two upper 
contact-bars transmit the positive and negative 
voltage current, whilst the middle bar connects a 
circuit with the automatic valve-controlling appa- 
ratus in the accumulator compartment and the con- 
tact in the machine-house, the return current being 
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taken through the ironwork of the bridge. The two 
lower contact bars serve for the double lines for the 
telephone. 

hen the swing-bridge has assumed the proper 
central position the attendant, by operating a lever 
placed beside the starting mechanism in the ma- 
chine-house, pushes two lock-bolts (Figs. 43 and 44) 
into corresponding vertical grooves in the stationary 
bridge, so that the swing-bridge is guided in the 
central position during the lowering. 

Selsshone connection is installed between the 
machine-house and the accumulator compartment, 
and both apparatus can be placed in connection 
with the city central telephone station. 

On each side of the swing portion of the bridge 
there are three smaller spans, each with a 
40-ft. 10-in. opening. The construction here con- 
sists of anumber of web girders, which, in connec- 
tion with cross-girders, form the supporting skele- 
ton, on which, for the carriage road, buckle-plates 
are attached, while the supporting deck of the 
footways consists of longitudinal iron plates across 
the cross-girders. The main cross-girders are con- 
structed as riveted web girders, and the covering 
ofthe bridge on the carriage-way consists of }-in. 
huckle-plates. 

In order to obtain the required free height of 
8 ft. 9 in. in the water-channels under the bridge, 
for the benefit of sloops and smaller craft, the 
carriage-way rises with a gradient of 1 in 70 from the 
respective shores to the middle of the bridge. The 
carriage-road on the stationary portions of the bridge 
is covered with compressed asphalt, 2 in. thick, 
resting upon a concrete foundation 84 in. thick. 

The completion of the sub-structure, piers, &c., 
took rather more than two years. The ironwork 
of the swing-bridge, with plant and stationary 
sections, was carried out jointly by the Copen- 
hagen firms Messrs. Smith, Mygird and Hiitte- 
ineyer, and the Titan Company. The cast-steel 
work, as far as the pivot construction is con- 
cerned, has been supplied by the Gutehoffnungs- 
hiitte, and for the machinery by the Skodawerke, 
Pilsen. The erection of the ironwork of the upper 
structure took rather more than a year. 

Mr. H. C. V Mdller, harbour constructor to the 
Copenhagen Harbour authorities, designed the 
bridge, with Mr. G. Lorenz as chief assistant 
engineer. 








AGRICULTURAL MACHINERY AT THE 
BRUSSELS EXHIBITION. 

Messrs. Ruston, Proctor, anp Co., Lrp., Lincoln, 
occupy a large area in the British Machinery section, 
in which they have made a very complete display of 
their specialities. These include agricultural machi- 
nery, traction engines, a road-roller, a crane navvy, and 

rime movers. During a visit we recently paid to the 
ixhibition we saw one of their engines, a gas-engine, 
running and driving, by underground transmission and 
belt-pulleys, a clover-huller and a thrashing-machine, 
both the latter being in their turn connected by belt- 
transmission to two portable engines. 

We illustrate in Fig. 1, on page 780, their 3-ft. 6-in. 
clover-huller, which is fitted with a 17-ft. elevator, 
and is mounted on wrought-iron road-wheels. This 
machine has an iron thrashing-drum, the shaft of 
which runs in ring-oil-bath bearings, and is provided 
with a concave of improved pattern, easily adjustable 
from the outside of the inden The clover-straw is 
fed into the top drum mouth in the ordinary way, the 
drum knocking off the knobs or heads of the clover 
straw. Some of the heads go through the concave, the 
rest going with the straw on to the shakers, which 
separate the heads from the straw. A centrifugal 
elevator is arranged on the outside of the huller, by 
which the clover-heads are lifted and delivered into a 
cylindrical cage, lined inside with strong woven steel 
wire. This cage contains a rapidly-revolving drum 


‘armed with grooved steel pegs, and keyed to a steel 


shaft running in spherical oil-bath bearings. This 
hulling- drum throws -he clover -heads against the 
steel-wire lining of the cage, and rubs them on it by 
rotation, some of the seeds falling through the meshes of 
the wire, the remainder ing out of the cage open- 
ing. Theseeds mixed with the broken clover-heads are 
returned to the first dressing-riddle, where they mingle 
with the seeds falling from the sieve on to the floor 
of the “ed under the caving-riddle. The seeds are 
separated by the first dressing-riddle from the largest 
particles of the broken clover-heads. These particles, 
together with other foreign matter too large to pass 
through the riddle, are delivered over the end of the 
latter towards the front of the huller, whence they fall 





direct to the ground. Immediately under this riddle, 
and parallel to it, is a second, which further sepa- 
rates the to smaller particles of broken heads 
from the szeds. hes> broken particles fall over the 


end of the riddle to the conveyor, to be borne on to 
the hulling-drum, and again. treated to further rub- 
bing. A third, and still finer, riddle is placed in a 
similar manner under the second riddle for the same 
purpose. A fan is arranged at the back of the huller, 
and by the air current, dust and other refuse are 
pone | away from the seed, passing through the open 
mouth of the shoe, and being delivered on to the 
ground at the front of the Luller. The seed is then 
collected in a transverse spout, and conveyed to an 
elevator, which delivers it to a second dressing 
apparatus at the back end of the huller, in which is 
arranged a series of sieves. A second fan is provided 
in the machine, so that a blast can be sent over the 
surface of these sieves, carrying away any dust or 
broken matter which may still remain in the seed. 
After passing through this second dressing apparatus 
the seed is delivered ready for the market. The 17-ft. 
elevator on the shaker end of the machine is arranged 
to collect the cavings as they come from the caving- 
riddle, with the straw from the shakers, and to conve 

both to a height of about 15 ft. from the ground. 
This elevator is made to fold up when travelling. 

Fig. 2 on the same page illustrates Messrs. Ruston, 
Proctor’s 5-ft. double-crank thrashing-machine. This 
is fitted with a chaff-bagger, a centrifugal aspirator, 
and a canvas self-feeder. ft is mounted on wrought-iron 
road-wheels. The frame of the machine is of oak, 
lined with best red-pine boards, and braced with 
wrought truss-irons to give extra strength and rigidity 
where required. The principal parts of the machine 
are as follow :—The drum is 24 in. in diameter, with 
eight steel beater-plates fitted on wood bars. It has 
malleable-iron centres, and is mounted on a 2b-in. 
steel shaft, the whole being accurately balanced. 
The drum-shaft bearings are of the Ruston self-oiling 
spherical type. The concave is entirely of wrought 
iron, made in two parts, with three adjustments 
for setting it correctly. ‘The shakers are fitted with 
malleable forks at the end, to ensure that no grain is 
passed out of the machine with the straw. They are 
made on the ‘‘stop” principle, so that the straw is 
obliged to overcome two ascending movements, instead 
of simply sliding over the incline. The centrifugal 
aspirator is a spout or passage, arranged, on an incline, 
to communicate by a bend at its upper end with the 
space inside the drum. By means of a centrifugal fan 
at the lower end of the spout, the unthrashed ears or 
imperfectly shelled grains, which usually fall under the 
machine, are automatically collected, and taken back 
to the drum to be thrashed again. The chaff-bagger 
removes the dust and other impurities, sifts the chaff, 
and elevates it to a suitable height for delivery into 
sacks. 

The outer bearings of the high-speed shafts are lubri- 
cated on the ring-oiler principle. ‘They are all enclosed 
in a casing attached to the pedestal, which also con- 
tains the oil for lubrication, and is made completely 
dust-proof. The canvas self-feeder is a simple self- 
feeder, consisting of an endless canvas web fitted with 
laths. Bicker forks are fitted at the end of the feeder, 
near the entrance to the drum of the machine ; these 
distribute the straw evenly and regularly to the drum. 

Messrs. Ruston, Proctor, and Co., Limited, also 
show an agricultural single-cylinder engine having a 
locomotive type of boiler, and developing a maxi- 
mum constant power of 23 effective horse - power, 
with a working pressure of 10 atmospheres (150 lb. 
per square inch). Engines of this type have been 
specially designed for use for thrashing, straw-chop- 
ping, and general farm-work, where only a small 
amount of light hauling is required. The reversing 
gear is of the Stephenson link-motion system. There 
is a Pickering type of governor, controlling a brass 
equilibrium throttle-valve, for use when-belt-driving. 
The gear-wheels are of cast steel, machine cut, with 
involute teeth; a compensating gear is provided on 
the back axle. A winding-drum with 120 ft. of steel- 
wire rope is also fitted to the back axle. 

The portable engine also exhibited is a single-cylinder 
engine mounted upon a locomotive type of boiler, 
designed for a working pressure of 10 atmospheres 
(15 ‘ib. per square inch) and developing a maximum 
constant load of 25 effective horse-power. The cylinder 
is fitted on a cast-steel seating riveted to the boiler, 
the cylinder and seating forming a steam dome, from 
which the steam is taken to the steam-chest, the 
arrangement ensuring a dry-steam supply. The 
steam distribution is by a piston slide-valve. The 
speed is controlled by a Pickering governor acting 
upon a double-beat throttle-valve. The piston-valve 
and cylinders are lubricated by means of an oil-pump 
positively driven. The tube-plate end of the fire-box 
top is stayed to the cylinder seating by special stays 
bearing upon conical seats at their upper ends, the 
lower ends being screwed into the fire-box top ; this 


arrangement a for any uneven expansion of the | &4 


tube-plate and also allows easy cleaning of the fire-box 
top. The coal consumption found during series of tests 
has amounted to 1.41 kilogrammes (3.1 1b.) per effec- 


| tive horse-power hour. 


The stand also contains a road-roller. This consists 
of a compound cylinder engine mounted on a locomo- 





tive-type boiler, —— for a working pressure of 
10 atmospheres (150 lb. per square inch), the weight 
being so distributed as to obtain a uniform pressure of 
back and front rollers. The steering-chains aly ays 
pull at an equal leverage, thus facilitating the steer. 
ing. The rollers are of hard cast iron, with thick 
rims, allowing an ample margin for wear. The rims 
are renewable, and fitted to the spiders by means 
of taper-bolts, and when worn out they can easily be 
replaced. The back rollers are fitted with Ruston’s 
spring scrapers, which yield to any obstruction that 
may adhere to the rim surface. The front rollers 
overlap the back rollers on each side. The fore carriage 
is made to swivel, so as to allow the front rollers to 
accommodate themselves to the contour of the road. 
The gearing is of cast steel, arranged for two speeds, 
14 and 3 miles per hour, the first-motion gear being 
fitted between the horn-plates, and having machine. 
cut teeth. 

The 8-ton crane navvy in the Ruston-Proctor stand 
forms a conspicuous feature of the display. This is 
an elevator of moderate weight for moderate outputs, 
Its name is derived from the fact that to some extent 
its design is that of a locomotive travelling-crane. It 
can swing a complete circle, and by detaching the 
bucket and arm it can be used as a crane, should 
oceasion arise. It, however, finds its chief employ- 
ment as a steam-navvy or excavator Two sets of 
travelling-wheels are provided. The inner gauge- 
wheels, set to any required gauge, usually the stan- 
dard of 4 ft. 84 in., serve ~ transporting the 
machine upon the permanent-way. The outer or 
broad-gauge wheels are for use upon temporary rails 
when the machine is being worked as an excavator, or 
as a crane to lift the maximum loads. The bucket 
has a capacity of 14 cubic yards, and is fitted witha 
renewable steel lip-plate and manganese-steel points 
to the teeth. team racking-gear is fitted upon 
the jib to regulate the thickness of cut taken by 
bucket. This gear consists of a piston working in 
a steam-cylinder, with racks and pinions for trans- 
mitting the motion of the piston-rod to the bucket- 
arm. All the operations for working the navvy, 
including opening the bucket -door, are under the 
control of the driver, whose levers are all situated 
on the platform, in front, from whence he has an un- 
intetrupted view of his work. The machine is operated 
by one man. A wire-rope, running in right and left- 
hand grooves machined upon the drum, serves for the 
hoisting motion, which is carried out by a friction- 
clutch of large diameter. Friction-clutches are also 
used for the slewing motion, these being arranged so 
that the machine can be slewed in either direction 
without reversing the engines. The slewing motion 
is transmitted Sen these clutches to a pinion 
running inside a gear-ring of large diameter, which 
makes frictional contact with the base-ring upon the 
framing, so as to slip under heavy shocks. The engines 
and gearing are arranged horizontally to keep the 
centre of gravity low and give accessibility to all parts. 
The water-tanks hold 300 gallons, sufficient for half-a- 
day’s run. The total weight of the machine is 28} 
tons. It will excavate from 350 cubic yards of boulder 
clay per day, or 800 of light soil or sand, and can drive 
a gullet from 12 ft. to 30 ft. wide at the bottom and 
from 30 ft. to 42 ft. wide at the top. When used asa 
crane it is capable of lifting a load of 84 tons at an 
18-ft. radius, when standing upon the broad-gauge 
wheels, or 64 tons at the same radius on the 4-ft. 84-in. 


gauge. 








Repuction or WorkinG Costs oN THE Ranp.—This 
is the title of a small book edited by the special commis- 
sioner of the Investors’ Guardian, and is published by 
that paper at its address, 21, Lime-street, E.C., at the 
price of 1s. It deals with the reduction arrived at in the 
average working costs during the last seven or eight years, 
due to higher labour efficiency, and to the introduction of 
more powerful and better machinery. The friendly rela- 
tions which exist between the leading firms have played 
an important part in the economy of Rand mining; amal- 
gamation between various firms has also resulted in 
numerous advantages. Many data are given to illustrate 
the various points touched upon, together with figures 
applying to the different groups of mines. 





MELBOURNE.—Mr. W. Davidson, Victorian Inspector- 
General of Public Works, having consulted Sir William 
Matthews us to the best means of improving the harbour 
accommodation of Melbourne, has presented a carefully- 
compiled report, the joint production of Sir W. Matthews 
and himself. The scheme proposed by Mr. Davidson 
comprises an extension of the present system of piers a 
jetties to be commenced at Port Melbourne, where a neW 
pier 1800 ft. long and 210 ft. wide is suggested, as well as 
a reconstruction of a railway pier, which it is proposed to 
widen from 65 ft. to 210 ft., both piers to be thoroughly 
uipped with modern appliances. It is also proposed to 
widen the channel between Port Phillip Heads and Port 
Melbourne ; to build two new piers, each 1200 ft. long, at 
the Victoria Dock, and ultimately to construct a new 
dock to the north of the present dock. It is considered 
that the new Port Melbourne pier will cost 40,0000. ; - 
dredging of channels, 105,000/.; and the Victoria Doc 
piers, 360,000/. 
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NOTES FROM THE UNITED STATES. 


PHILADELPHIA, June 8. | 


Tue action of the Government in resorting to the | 


courts to restrain the general advance in nil Eo diced | ble for the Eas d 
i - | cable for the tern an 


is likely to be fraught with results that will 
vantageous, not only to the steel industry but to other 
associated and related interests which depend upon 
railway activities for a large share of their business. 
As an instance of what is going on, the New York 
Central Railroad countermanded orders for equipment | 
amounting to several million dollars. | 


Several other | 
systems have announced curtailments in equipment | 
and have set aside plans for extensions which it was | 
intended to prosecute with all energy. There is 
some criticism on the action of the railway com- 

nies, the tone of which. is that this policy is | 
Fictated not so much from necessity as from a desire | 
to influence legislation now pending in Congress. 
These influences have had their effect upon the crude- | 
steel market, as is shown in the drop in Bessemer and 
basic grades of 25 cents per ton below the low price | 
of a week ago. Bessemer and open-hearth billets | 
have also declined during the week. The wire-mills 
are escaping depression on account of heavy demands 
from agricultural sources. 

These discouraging symptoms are discounted by the 
trade at large. No serious troubles are anticipated, 
and the industry will move along at a steady pace 
throughout the summer. New railroad-building enter- 
prises are being hatched, particularly in the Pacific 
Coast States, where business conditions are a 
The outflow of the farming element from the middle 
west to more desirable sections is a factor worth 
keeping in mind. Throughout the south-west railroad 
tratlic is heavy, and influences are at work to make 
Galveston, Texas, a distributing point for ship-carried 
freight instead of New Orleans, which has heretofore 
enjoyed a monopoly. 








SUBMARINE TELEGRAPH ENTERPRISE. 
Tur revenue of the Eastern Telegraph Company, 
Limited, for the second half of last year amounted to 
620,942/., while the working expenses of the six months 
were 250,539/., of which 204,872/. was ordinary expendi- 
ture, and 45,6687. related to the maintenance of cables, 
differences of a a income-tax payable abroad. 
The half-year having been a decidedly successful one, the 
directors placed 130,000/. of the revenue to the general 
reserve fund, the amount distributed in dividends being 
restricted to 50,0002. The effect of the large allocation 
made to the general reserve was that the fund was 
increased from 1,310,562. at the close of June, 1909, to 
1,379,592/. at the close of December, 1909. The increase | 
would have been much larger than it actually was but for 
the fact that the directors had to write down reserve 
fund investments to the extent of 50,000/. The reserve 
fund charges, properly so-called, which the fund had to 
sustain in the past half-year were:—Partial renewal of 
the Aden and Bombay No. 1 cable, 10,677/.; and engine- 
houses at Ascension and St. Helena, 3057. The revenue 
derived from reserve fund investments for the six 
months was 26,435/., but the fund does not increase 
at compound interest, the revenue which it produces 
being carried to the general income account of the com- 
pany. The cost of the cables, land-lines, stations, ships, 
and investments in other companies stood in the books 
at the close of December, 1909, at 7,883,243/. Spare cable 
and other stores stood in the books at the same date at 
286,463. The investments made upon reserve funds 
account had involved a cost at the close of last year of 
1,896, 390/., but 180,000. had had, at the same date, to be 
written off to provide for what the directors term “ in- 
vestment fluctuations.” The reserves formed by the 
company amounted at the close of December, 1909, to 
2,054,308/.—viz., general fund, 1,379,592. ; maintenance- 
ships’ fund, 271,795/. ; marine insurance fund, 239,4251. ; 
fire insurance and guarantee funds, 100,000/. ; land and 
buildings’ depreciation fund, 53,496U. ; andinsuranceof goods 
in transit fund, 10,0002. The whole capital liabilities of 
the company amounted at the close of December, 1909, to 
7,896,706/., and it is certainly something that the directors 
are enabled to set against this total reserves amounting to 
2,054,308/. The precise expenditure made in the course 
of the past half-year for the maintenance of cables was 
42,239/. This expenditure was arrived at as follows: 
Maintenance ships, 58,1962.; value of cable used, 
expenses at stations, &c., 23,003/.; and depreciation of 
spare cable, 7604/.; making an aggregate of 88,803/., 
reduced to 42,2397. by 46,5637. received for charters and 
other credits. The 58,196/. expended during the past six 
months in connection with maintenance ships was 
accounted for as follows :—Electra, 9186. ; Amber, 84911. ; 
John Pender, 5566l.; Duplex, 90587. ; Sherard Osborn, 
9156. ; Britannia, 10,6892 ; and Sentinel, 60517. The 
Electra repaired during the six months the Perim, Sheikh, 
and Seyd cable for the Turkish Government, and the | 
Obock and Djibouti cable for the French Government. 
The Amber repaired the Gomera and Ceuta cable for the 
Spanish Government; the Tangier and Cadiz and the 
Marseilles and Algiers No. 2 cables for the French | 
Government ; and the Carcavellos and Madeira No. 1, the 
Madeira and St. Vincent No. 2, and the St. Vincent and 
Pernambuco No. 2 cables for the Western Telegraph 
mpany, Limited. The John Pender repaired the 
Emden ‘and Fayal cable for the German Atlantic 
elegraph Company. The Duplex repaired the Weston 

and Waterville cable for the Commercial Cable Compan 
and the Falmouth and Bilbaocable for the Direct rma f 








fet ae Company, Limited. The Sherard Osborn 
repaired the Zanzibar and Mozambique No. 1 and the 
Bagamoyo and Dar es Salaam cables for the Eastern and 
South African Tel h Company, Limited. The 
Britannia repaired the Mesesanies and Cape Town 
t th South African Telegraph Com- 

any, Limited. The Sentinel repaired the Bathurst and 

ierra Leone, the Sierra Leone and Accra, the Accra and 
Lagos, and the Bathurst and St. Jago cables for the 
African Direct tye Company, Limited ; the 
Bathurst and Bissao, and the Bissao and Bolama cables 
for the West African Telegraph Company, Limited ; the 
Madeira and St. Vincent No. 3 cable for the Western 
Telegraph Company, Limited ; and the Kotonou and 
Grand m and the Dakar and Conakry cables for 
the French Government. All these repairs were, of 
course, carried out after attention had n given to 
Eastern Telegraph cables properly so-called, and they 
were remunerated by the 46,5632. received for charters 
and other credits. 

The Western Telegraph Company, Limited, not only 
maintains a comfortable 7 per cent. for its shareholders, 
but it was also enabled, in the second half of last year, 
to transfer 155,000/. to the general reserve fund, and 
10,0007. to the land and buildings’ depreciation fund. A 
cable laid by the Western Telegraph Company between 
Ascension and Buenos Aires is now carrying traffic. The 
expenses attending the maintenance of cables in the 
second half of last year were 49,349/., but 22437. was 
deducted from thissum for the expenses of the Cormorant 
en in sounding expeditions. The reserve fund 
8 at the close of June, 1909, at 1,551,894/., but the 
fund was a during the past half-year with 209,729/. 
for part cost of the new cable laid between Ascension and 
Buenos Aires. This formidable charge reduced the fund 
(notwithstanding the large allocation made from revenue 
account and a small profit realised upon the redemption of 
investments) to 1.497,6242. at the close of December, 1909. 
The wholereservesformed by thecompany tothe closeof last 
year amounted to 1,717,634/.—viz., general fund, 1,497,624/. ; 
maintenance ships’ fund, 59,160/.; marine insurance fund, 
75,0002.; land and buildings’ depreciation fund, 85,000/. ; 
and guarantee fund, 850/. The 1,717,634/. of reserves 
forms a good set-off for capital liabilities, amounting at 
the same date to 9,879,300/. The cost of cables, land 
lines, stations, ships, and investments in other companies 
stood in the books at the close of last year at 2,876,963/. 
The investments made on reserve fund accounts involved 
an outlay of 1,538,772/., but 100,000. was written off as a 
provision for “investment fluctuations.” Spare cable 
on hand at the close of 1909 was valued at 65,7932. The 
details which we have given afford continued evidence of 
sound and careful administration. 





Tue InstiTuTION OF ELecTricaAL ENGINEERS.—We 


| are asked to announce that the address of this Institu- 


tion, from Thursday next, the 23rd inst., will be Victoria 
Embankment, W.C. he removal of the offices will 
begin on Monday, the 20th inst. 





CANADIAN Metatiurcy.--In the fiscal year ending 
March 31 the Canadian Government paid pig-iron boun- 
ties to the amount of 114,794/. upon a total production of 
720,244 tons. In this production 547,063 tons were made 
from Canadian ore, and the balance from foreign ores. 
The producticn of steel was 740,390 tons, and the boun- 
ties paid came to 139,132/. The production of wire rods 
was 89,802 tons, and bounties were re to the amount of 
ae The total bounties paid for the year were 

7 . 





Tests OF “ RAMPART” Frre-ExTINGUIsHERS.—In Red 
Book No 152, issued by the British Fire Prevention 
Committee, are given particulars of some tests carried 
out with some fire-extinguishers submitted by the 
Rampart Fire-Extinguisher Syndicate, London, with a 
view to ascertain their effect on various burning materials, 
both in a room and in the open. The experiments com- 
prised a series of twelve tests with — and with small 
extinguishers, the former containing 154 pints and the 
latter 104 pints. Both sizes are similar except as to 
dimensions, the body of the apparatus consisting of a 
lead-lined steel cylinder, to which two hollow ends are 
riveted and soldered. To the middle of one of these 
ends a lead-coated steel cage, perforated down one side, is 
riveted. This cage projects into the shell, and is fitted 
with a gland and stuffing-box through which a rod 
passes to the outside, and works a piston within the 

when required. In the centre of the other end a 
ae is fixed to which a riozzle is screwed outside the 
tube, and the latter ry along the cylinder inside 
to the end into which the cage is fixed, this end of 
the tube being fitted with a perforated cap. The appa- 
ratus is supplied with clips outside, by means of which 
it can be hung on a hook fixed in a wall, and it has also 
a handle by which to carry it. There is also a safety- 
valve attached which is adjusted to blow off when the 
pressure exceeds 6 atmospheres, the usual working pres- 
sure being from 3 to 4 atmospheres. The cylinder is 
tested to 20 atmospheres. It is charged with a solution 


| of alkali through a union at the gland end, and a glass 
2 ee in the cage. All that is | 


tube containing — is 
necessary to put the mac 
piston rod, which projects from the 

as to fracture the glass vessel containin 
tests Scnenetonted that these extinguishers, when pro- 
perly handled, were efficient in checking small fires in 
the early stages, but where the material ignited was soft 


ine into operation is to give the 


, a sharp blow so 


and loose the usual difficulty was apparent in stopping the 


smouldering which ensued without recourse being had to 
stamping out. The flames could, however, be kept in 
check and nearly extinguished. 


“THE STUMPF UNI-DIRECTIONAL-FLOW 
ENGINE.” 
To THe Eprror oF ENGINEERING. 

Sir,—Will you kindly allow me to point out a few fea- 
tures of the Stumpf uni-directional-tlow engine which 
Professor Stumpf has omitted to mention in his descrip- 
= of the engine which you publish this week on page 

et scq. 

In the first place, as the exhaust-ports are closed at the 
commencement of the return stroke, compression must 
take place throughout the whole of this stroke. Now 
it is obvious that to obtain economy, expansion must 
be carried down as nearly as possible to the exhaust 
pressure, and it is equally obvious that were this ideal 
realised in the wn 4 engine, the latter could develop 
no power at all, as the expansion and compression lines 
on the diagram would coincide. In fact, the only 
possible way to develop any reasonable power in an 
engine of the type in question is to release the steam 
at a pressure ee above the exhaust pressure, 
thus throwing away all the toe of the diagram 
and a good bit of the instep as well. One is puzzled 
to see where the economy of this comes in. In the 
diagram you published as Fig. 3, page 758, it appears, 
as near as I can scale, that with a vacuum of at least 
28 in., the steam is only expanded down to 25 lb. or so 
absolute, and more than half the total energy rendered 
available by the use of a costly condensing plant is thrown 
away as irrecoverable. ~ And Professor Stumpf, in the 
a of this fact, claims that ‘‘ the he gm oe e 
the new engine are upon sound principles.” 
so, they appear to be a long way off their — 

Coming to practical points, we are offered an engine 
with an immensely long cylinder, and a proportional] 
heavy piston. The stuffing-box is well jacketed with 
superheated steam (see Fig. 6, page 759), and to get at 
the piston involves breaking the joint of the breeches- 
pipe in at least one place, unshi ping a lot of valve-gear, 
and removing a very heavy and awkward cover.» In the 
vertical type, to these disadvan must be added the 
greater height of the engine, and the additional extra 
headroom required for drawing pistons, a very consider- 
able drawback in confined situations, as on ~ > 

Yours faithfully, 

June 11, 1910. N. B. G. 





CASTINGS FROM NATURAL OBJECTS. 
To Tae Epitor oF ENGINEERING. 

Srr,—In your issue of June 10 you illustrate a bronze 
casting of a sprig of gorse made in 1830. The result is 
wonderfully true to nature, and the tantalising abeence 
of any explanation as to how the origi sprig was 
extracted from the mould reminded me of two castings 
exhibited at the present Japan-British Exhibition at the 
**White City.” One of the Japanese shipyards has a case 
containing two steel castings of a crab and a lobster 
respectively, and stating that in each case the animal had 

n as the pattern. The thin plates of shell, long 
antenne, and frills come out in the castings with extra- 
ordinary detail, and on seeing them I speculated in the 
method employed to get the patterns free of the moulds. 
I found no one who could give me any information on the 
subject. Cire perdue does not explain it, since the gorse, 
crab, or lobster are not wax to be melted out of the mould. 

Yours faithfully, 

H. E. Locxnart. 

Sanctuary House, Tothill-street, Westminster, 8. W., 
June 10, 1910. 








FILLING DOCKS. 

To THe Eprror or ENGINEERING. 
Srr,--Can any of your readers give a neat equation con- 
necting the rise of water in a dock with the rise of tide 

outside ? } s 
A good enough solution for all practical purposes is 
easily obtained by proportioning the sluice to the maxi- 

mum rate of tidal rise and the permissible head. 
ours ome * 


June 3, 1910. LUICE. 





Water-Tuse Boriers.—The action between Messrs. 
Babcock and Wilcox, Limited, and Messrs. Edwin Danks 
and Co, (Oldbury), Limited, came before Mr. Justice 
Warrington on Monday, the 6th inst., Messrs. Babcock 
and Wilcox being represented by Mr. A. J. Walter, 
K.C., and Mr. H. A. Colefax, MP. Messrs. Danks’ 
counsel being Mr. W. R. Bousfield, K.C., and Mr. J. 
Hunter Gray. On the case being called, Mr, Colefax 
informed the judge that his clients were not in a posi- 
tion to put the case for infringement before the Court, 
and that their evidence was not in such a state that they 
would be justified in occupying the time of the Court; 
and his clients submitted to the action being dismissed 
with costs. 


Conrracts.—Mr. John Thompson, Welverinapten, 
has recently put down, under the supervjsion of Mr. A 
L. Tester, Lis London representative, two of his bent 





the acid. The | : ¢ ©. 
| erection of steam-pipes giving 


tube superheaters at the chemical works of Messrs. 
Forbes Abbott and Lennard, East Greenwich. One of 


'the superheaters is for one of his 30 ft. by 9 ft. 3 in. 


dish-end Lancashire boilers, and the other for an ordinary 
30 ft. by 7 ft. flat-end boiler. The contract included the 
a by-pass, connecting to 
their existing maius, and all the necescary alterations to 
the downtakes. Steam was shut down on Friday even- 
ing, and the boilers handed over on the followi 

Wednesday morning at 6 a.m. with full steam up, an 


ths superheaters at work, giving 110 deg. Fahr. and 


100 deg. Fahr. of superheat respectively. 








776 


ENGINEERING. 











THE GRAND TRUNK PACIFIC COMPANY’S  T.-SS. 


BUILT BY MESSRS. SWAN, HUNTER, AND WIGHAM RICHARDSON, LIMITED, 


[JUNE 17, 1910. 


“PRINCE RUPERT.” 


WALLSEND-ON-TYNE. 








Fre."1. 


TuERE have recently been built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend- 
on-Tyne, and engined by the Wallsend Slipway and 
Engineering Company, Limited, two steamers for ser- 
vice between Seattle, Vancouver, and Prince Rupert, 
which latter is to be the terminus on the Pacific of 
the new trans-Canadian line of the Grand Trunk 
Pacific Railway. Of these two steamers and their 
machinery we publish illustrations this week; but 
before describing the ships, a few facts may be given 
regarding the Grand Trunk enterprises, of which 
these vessels are but one indication. The Company 
are making rapid progress with their trans-Canadian 
line, and hope to complete it by 1913. In addition 
several branch lines are in contemplation ; for many 
of these the provincial governments are guarantee- 
ing the interest on the bonds. The main line, 
which is to the north of the Canadian Pacific track, is 
approximately 3760 miles in length—slightly shorter 
than some of the other trans-American lines. But 
the chief gain is in respect of the height of the summit, 
and the consequently greater ease in gradients. The 
Yrand Trunk line will attain a summit of 3712 ft., and 
the maximum gradient for east-bound traffic will be 
21 ft. per mile, and for west-bound traffic 31 ft. per 
mile; as a consequence, it is anticipated that the 
Grand Trunk locomotives will be able to take freight 
trains of 2000 tons, whereas in other cases the load 
is very much less or the number of engines very much 
greater, The port of Prince Rupert is 550 miles north 
of Vancouver, and therefore considerably nearer Japan, 
so that the sea voyage across the Pacific will be 
shorter. 

The eastern half of the new main railway—from 
New Brunswick to Winnipeg—is being built by the 
Canadian Government. although it will be managed 
by the Grand Trunk P- cific Company, who are con- 
structing the western part of the line—from Winnipeg 
to the Pacific Coast at Prince Rupert. Already more 
than one-half of this western section is open for 
traffic—from Winnipeg as far as Edmonton, which has 
become a great distributing centre for the province of 
Alberta, and is so far the most northern point reached 
by a railway line in Canada. But since wheat from 
300 miles north of this centre won the first prize at the 
Philadelphia competition last year, there is no question 
as to the possibility of great agricultural developments 
still further north than the belt of the country through 
which the reilway runs. It is expected that next 
autumn the section of the main line eastward from 
Winnipeg will be open as far as Lake Superior 





Junction, where a branch has already been built to| length specially fast. 





Port Arthur upon Lake Superior. From this port the 
Grand Trunk Company are able to transport the grain 
from the west to Port Huron, or other points, to join 
their existing railway track to Montreal. This exten- 
sion, to be opened in September, will therefore enable 
the Grand Trunk Pacific Railway to take the grain 
from the west of Edmonton to the Atlantic seaboard 
without passing it over to a “‘ foreign” line at Winni- 


g. 

As to Prince Rupert, there is already a very con- 
siderable promise of development in local industry, 
which is mineral as well as agricultural, and this is 
sure to increase with the completion of the trans- 
Continental line. The harbour seems to have great 
natural advantages, as it is 14 miles in length, with a 
perfectly straight entrance, 2000 ft. in width at the 
narrowest part, of a minimum depth of 36 ft. at low 
tide, and, for a width of 1500 ft., of a minimum depth 
of 60 ft. The aim, of course, is ultimately to develop 
the mail and freight service to and from the Far East, 
but already there is being encouraged tourist traffic 
from North-Western America, as well as from Van- 
couver, and the two steamers which we illustrate are 
certain to assist towards this end. These vessels are 
to institute sailings twice a week from Seattle, 
Washington, U.S.A., to Victoria, B.C., and thence to 
Prince Rupert, a voyage of about 700 miles. Ulti- 
mately they may steam as far north as Skagway, 
should the fishing and game induce the sportsmen to go 
to that district in pursuit of their pastime. The route is 
nearly all the way inside islands, and the company 
have therefore adopted in the design of the vessels 
those characteristics for which American tourists have 
had a distinct preference. Indeed, the two vessels— 
the Prince Rupert and the Prince George—are, as 
shown in the perspective view above, typical Ameri- 
can river or coasting passenger steamers. This fact 
is more clearly established by the views of the 
interior on Plate LVII. ; as there are forward and aft 
large observation rooms with plate-glass windows, 
the promenade space on deck is more or less limited, 
while the corridors within the ship are specially exten- 
sive. This latter arrangement is partly due to the 
extremes of temperature. us the passengers may 
utilise some of the broad passages as lounges, and, as 
shown in Fig. 3, chairs are provided in these pas- 
sages. The introduction of three funnels in a vessel 
of only 306 ft. in length was necessary because of the 
importance of reducing the boiler uptakes to give this 
interior promenade. 

The vessels are smooth-water ships, and for their 
The length between perpen- 











Tue’‘‘ Prince Rupert” on HER STEAM TRIALS. 


diculars is 306 ft., the beam 42 ft., and the moulded 
depth 24 ft. A cargo capacity of 1000 tons was 
required, with cabin accommodation for 220 first-class 
passengers, and a large number of second-class pas- 
sengers. To get the speed of 18} knots, which was 
guaranteed on a draught of 15 ft., with a dis- 
placement of 3100 tons, fine lines were necessary, 
The Admiralty coefficient of fineness is about 0.54. 
In order to run the lines further out to the after end, 
which it was considered would give a more easily 
driven ship, the vessel has been fitted with a cruiser 
stern, with a balanced rudder, and with special brackets 
for the three-bladed propellers. The rudder is 
actuated from a steam-tiller steering-gear on the 
lower deck. 

The vessel has five decks—the lower, main, awning, 
bridge, and boat decks. Taking first the lower deck, 
the steering-gear is right aft, and forward of this 
are the quarters for the stewards and crew, who are 
accommodated entirely aft, where also there are exten- 
sive stores. The lower deck abaft the machinery 
space goes right across the ship, there being no shaft 
tunnels. There is a central bulkhead to suit the 
requirements of the Board of Trade. At the far end, 
between the shafts, are the fresh-water tanks. No 
cargo is carried abaft the machinery ; for trimming 
the ship, light, deep-water ballast-tanks have been 
fitted forward. The lower deck forward is given up 
almost entirely to cargo, there being two hatches, 
each with two winches and two derricks. In the 
case of the after of the hatches the winches have 
chain-gear, in order to reduce the noise, as they are 
located in the vicinity of passenger cabins. 

On the main deck there is a large number of state- 
rooms for passengers, with the dining-saloon at the aft 
end. This latter is an arrangement which has been 
regarded as risky, in view of the possibility of pro- 
peller vibration, but experience in the two vessels, at 
various speeds, went to show that in these ships the 
result was perfectly satisfactory from this point of 
view. The galleys and pantries are arranged on each 
| side, forward of the dining-saloon, where also is the 
|bakery. The engine and boiler-casings take up the 
' central part of the ship, and on the starboard side 
| there are fitted the engineers’ quarters, and on the 
| port side the barber’s shop, lavatories, &c. Forward of 
|the boiler uptakes is a space for second-class pas: 
| sengers, who are to be accommodated in open berths. 
This space may also be used alternatively for cargo. 





| It will be understood, of course, that, owing to the 
short voyage, passengers will not spend more than 
| second: 


a night on board, so that this provision fv: 
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PLATE LIX. 





GRap TRUNK PACIFIC COMPANY'S T-SS. “PRINCE GEORGE.” 


Ny NG COMPANY, LIMITED, WALLSEND-ON-TYNE. 


Deserigfthve Page 776.) 





ENGINES :— 
Cytinpers: HicH-PREssuRE, DIAMETER... _ 233 In. 
INTERMEDIATE on “ee sei 37 In. 
Low-PRrEssuRE (2) _,, “ae _ 41 In. 
STROKE ... a ~~ pine = 33 In. 


REVOLUTIONS PER MINUTE sees si —_ _— 170 
180 Le. 


6000 


STEAM PRESSURE... 
HorseE-Power 

BOILERS :—Two Dovsie-ENDED anv Two SinGLe-ENDED. 
LENGTH ... wie — Bae ‘ies ma 22 Kr. anv 11 Fr. 4 In, 


DIAMETER... 13 Fr. 8 In. 


HeatinG Surrace (ToraL) ... wis es oe 13,521 Sq. Fr.; 
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class passengers may not seem so unsatisfactory as 
might at first sight appear. In America the majority 
of travellers are of one class, so that in this ship 
they will all practically be first-class passengers. The 
officers are accommodated right in the forward part of 
this main deck. 

On the awning-deck there is arranged, on each side, 
a row of two-berth cabins, corresponding generally 
with the single-berth cabins to be found on railway 
sleeping-cars, the beds being athwart the ship. This 
principle has been adopted in order to gain the 
maximum number of sleeping berths with the required 
width of corridor, which is about 8 ft. wide. Forward 
and aft of the machinery and boiler uptakes there is 
an open space as shown in Fig. 3, which serves also 
a3 a lounge. Between the various boiler uptakes 
there are cross-passages, in which are placed writing- 
tables. At the forwardend of this awning-deck there 
is a second-class smoking-room, with large observation 
windows, as shown on the perspective view, Fig. 1. 

On the bridge-deck there is a large deck-house, with 
a éoupauianles narrow promenade on each side ; this 
deck-house has, at the forward end, an observation 
room, which serves also as a ladies’ lounge. Fig. 4, 
on Plate LVII., gives a good idea of this room and of 
the large plate-glass windows, which afford an unin- 
terrupted view. In the centre of the room there is a 
large heater, and steam pipes are also laid around the 
room, so that those sitting at the windows have their 
feet practically on the heater, a condition which will 
commend itself to the American traveller. There are 
on each side of this deck-house rows of two-berth 
state-rooms, again with wide corridors on each side of 
the boiler uptakes. Aft there is a smoking-room, 
illustrated in Fig. 5. This view is taken looking for- 
ward, and shows the bar. The aft end is circular and 
has plate-glass windows round the semi-circle, partly 
shown to the left of Fig. 5. Indeed, the smoke-room 
generally corresponds to the observation room forward, 
with the addition of the necessary appointments. 

On the boat-deck there is a fine promenading space 
for those who brave the heat of the sun, or like the 
dry, crisp air of northern latitudes. It must not be 
assumed, however, that the port of Prince Rupert is 
even on the Arctic fringe, because it is practically on 
the same latitude as London. On this deck, also, is the 
wireless telegraph office. The bridge and navigating 
and other appliances conform with the latest practice. 

Fig. 6, on Plate LVIII., shows the twin engines as 
erected at the works of the Wallsend Slipway and 
Engineering Company, Limited, while on Plate LIX., 
om page 777 there are reproduced drawings of the 
machinery. This has proved very economical and 
remarkably free from vibration. The engines are 
of the triple-expansion type, with two low-pres- 
sure cylinders, in crder to give four cranks, and 
therefore a better turning moment. They are balanced 
on the Yarrow-Schlick-Tweedy system. The high- 
pressure cylinder is 234 in. in diameter, the inter- 
mediate cylinder 37 in., and each of the low-pressure 
cylinders is 41 in. in diameter, the stroke in all cases 
being 33 in. The working steam pressure is 180 lb. per 
square inch, Although the engines run at 170 revolu- 
tions per minute, they have, as will be seen from the 
illustrations, been constructed of heavy proportions. 
It is not necessary to enter into — description, 
in view of the drawings reproduced on Plate LIX. (Figs. 
7 to9). One important point is that the condenser, 
which is at the back of the engine, is of the Weir 
** Uniflux” type. Although in reciprocating engines a 
high vacuum is not essential to economical working, 
since practical considerations preclude higher vacua 
than 25 in. to 26 in. being utilised by the engines, this 
‘*Uniflux” condenser ensures the attainment of this end 
under varying conditions as to the temperature of the 
water with less weight, space, and considerably less 
surface than with ordinary condensers. The tubes, 
moreover, keep freer from scale, so that the cooling 
surface is always efficient. It will be seen from the 
illustrations that the contour or section of the con- 
denser enables it to be comfortably stowed at the rear 
of the engine. The condensers are of steel plate, with 
cast-iron doors, and brass tubes and tube-plates, and 
were built by the Wallsend Slipway and Engineering 
Company, under agreement with, and from the designs 
of, Messrs. Weir, of Caticart. There are independent 
feed-pumps by Messrs, Weir, and heaters by Messrs. 
Hocking, while the centzifugal pumps are by Messrs. 
Allen, of Bedford. Forced lubrication is applied to the 
thrust bearings, and, in addition, every detail which 
wide experience could justify has been introduced. 
Fig. 10 shows the arrangement of the condensers and 
pumps, and Fig. 11 the feed-pumps and other auxiliaries 
placed against the bulkhead at the forward end of the 
engine-room, 

here are four boilers, which have been made very 
ample in size in order efficiently to consume coal of an 
inferior quality. Two are double-ended, being 22 ft. 
long, while two others are single-ended, being 11 ft. 4 in. 
long. In all cases the diameter is 13 ft. Sin. The 
total heating surface is 13,512 square feet. The 


Howden system of forced draught has been adopted, 
single-ended bollees, 


and there is one funnel for bot 


a second funnel for the forward end of the two double- | 
ended boilers, and a third funnel for the aft end of the 
same boilers, the idea being, as already stated, to | 
reduce the width of the uptake in order to give a wide | 
corridor inside for promenading. Each funnel has an 
inner and outer plating. There are ash-ejectors in the 
stokeholds. Fig. 12 shows the arrangement of the | 
stokehold and the narrow uptakes. 

On the trials the engines developed about 6000 horse- 
power when running at 170 revolutions per minute, 
and at this high speed, as well as at the slower service 
speeds, there was practically no vibration. The Prince 
Rupert attained a speed of 18.605 knots, her mean 
draught during the trial being 15 ft., equal to a dis- 
placement of 3138 tons; while the Prince George 
steamed at 19.168 knots, her mean draught being 
13 ft. 3 in., equal to a displacement of 2622 tons. 
Allowance being made for the draught, the results are 
about the same, and show that the speed under the 
stipulated conditions is about half a knot more than 
the guaranteed rate of 18} knots. The vessel upon 
completion had the sides boarded up to the awning- 
deck, and were otherwise weather-protected in order 
to enable them to steam to British Columbia by way 
of Cape Horn. 

The vessels and their machinery, it may be added, 
were constructed under the supervision of Mr. R. L. 
Newman, on behalf of the Grand Trunk Pacific 
Company. 











| months. 
| sellers quoted 48s. 114d. cash, 49s. 24d. one month, and 


ROYAL METEOROLOGICAL SOCIETY. 

Tue monthly meeting of this Society was held on Wed- 
nesday afternoon, the 15th inst., at 70, Victoria-street, 
Westminster, Mr. H. Mellish, President, in the chair. 

A paper was read from Mr. J. I. Craig, of the Egyptian 
Survey Department, Cairo, entitled ‘‘Hngland, Abys- 
sinia, the South Atlantic: a Meteorological Triangle.” 
The idea that there may be an organic connection between 
the annual or seasonal total of rainfall in Western Europe 
and the amount of the Nile flood is no new one, for in 
1882 Professor Balfour Stewart gavo reasons for claiming 
such a connection between the flood of the Nile and the 
flow in the Thames. More recently Colonel H. E. Raw- 
son has indicated a connection between the weather in 
South Africa and that in Africa north of the Equator, 
and in particular the Nile flood. Dr. G. T. Walker has 
found a connection between the monsoon rainfall in India 
and pressure six months previously in Argentina, and Sir 
Norman Lockyer has proved the existence of an inverse 
barometric relationship between India and Argentina. 
Dr. W. N. Shaw has also drawn attention to certain 
correspondences between the velocity of the wind at St. 
Helena and the intensity of rainfall in the South of 
England, and pointed out that in the steady current of the 
south-east trade wind we may expect to find evidence of 
the throbbing of the aerial pulse consequent on the greater 
or smaller supply of solar radiation that reaches the earth 
and is transformed into kinetic energy. 

Within the last few years an organised meteorological 
service has been started in Egypt, and the results obtained 
therefrom have enabled Mr. Craig to carry out this 
investigation more closely. He finds that there is a 
distinct tendency for the south-east trade wind of the 
South Atlantic to divide into two branches—the first 
continuing the general northward movement, and the 
second turning to the right and moving across into the 
interior of Africa. He concludes that the moisture for 
the Nile flood comes from the South Atlantic, and that 
an increase in the velocity of the current will show itself 
in a proportional increase of the fi There are too 
many gaps in the velocity records for the summer months 
to allow of a statistical test being applied ; but it is not 
improbable that an intensification of the trans-African 
current is connected with a similar intensification of the 
south-east trade wind of the Atlantic, which, as Dr. Shaw 
has shown, is not improbably connected with an increase 
of rainfall in the South of England. 








HeattH Resorts AssociaTion.—We have received 
from this Association copies of booklets published by the 
town councils of Ardrossan, Berwick-on-Tweed, Dum- 
fries, Elgin and Lossiemouth, Perth, Pitlochry, and St. 
Andrews. These can be obtained free upon request by 
post-card sent to the respective town clerks. 


PrrsonaL.— Mr. R. E. Middleton has been reappointed 
lecturer in municipal engineering at University College, 
London, for the session 1910-11,—Messrs. Dargue, 
Griffiths, and Co., Limited, have removed their London 
office to larger premises at 34, Queen Anne’s Chambers, 
Westminster, and have appointed Mr. Wilson Aldwinckle | 
their London representative. 








“Wuo’s WHO IN MINING AND METALLURGY.” —We have 
received a copy of this book, which is published at the 
= of 15s. net by The Mining Journal, 46, Queen 

Victoria-street, E.C. It gives in the first half the 
biography of a number of men of science and of engi- 
neers, the latter appearing to us to be selected from 
those who deal with gold and other precious metals rather 
than from iron and steel experts. The second half con- 
tains a short notice on several British, Colonial, and 
American societies and institutions, with the names of 
the mt and past officers. This opens with particulars | 
on the American Institute of Mining Engineers, an insti- | 
tute which deals largely with iron and steel, but no data | 
whatever are given on our British Iron and Steel Institute. | 
The book will ap mostly to financiers and city men | 








who are interested in the mining of precious metals. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning the 
market opened with a dull tone and the dealings were 
limited to 3000 tons of Cleveland warrants at 49s. 8d. one 
month, and 503. 3d. three months. There were sellers 
over at these prices and at 493. 44d. cash. Sellers of 
hematite quoted 66s. 3d. one month. The afternoon 
session was steady, but business was again quiet, and 
2500 tons of Cleveland warrants changed hands at 49s. 44d, 
cash, and 49s. 8d. and 49s, 74d. one month. Closing se}lers 
quoted 49s. 44d. cash, 49s. 8d. one month, and 50s. 24d. three 
months. Cash sellers of hematite quoted 663. 14d. On 
Friday morning a better tone prevailed, and Cleveland 
warrants were done at 49s. 5d. cash, with closing 
sellers at 49s. 6d. cash, 49s. 9d. one month, and 50s. 4d. 
three months. The turnover was only 1000 tons. In the 
afternoon Cleveland warrants again became weaker, and 
the business of 6000 tons was put through at 49s. 34d. 
and 49s. 4d. cash, 4s. 6d. twenty days, and 49s. 7d. one 
month. Sellers’ closing quotations were 49s. 44d. cash, 
49s. 74d. one month, and 50s. 2d. three months. On 
Monday morning the market was weak, and only 1500 
tons of Cleveland warrants changed hands at 49s. 64d. one 
month and 50s. 04d. three months. At the close sellers 
quoted 49s, 4d. cash, 49s. 7d. one month, and 50s. 1d. three 
months. Inthe afternoon no dealings of any kind took place, 
and Cleveland warrants were 1d. to 14d. down, and sellers’ 
closing prices were 49s. 24d. cash, 49s. 6d. one month, and 
50s. three months. On Tuesday morning weakness was 
again the ruling feature, and Cleveland warrants were done 
at 48s. 11d. cash, 49s. 2d. one month, and 49s. 84d. three 
The business amounted to 2500 tons, and closing 


49s. 84d. three months. There was little change in the 
tone at the afternoon session, and only one lot of Cleve- 
land warrants changed hands at 48s. 1ld. cash, with 
sellers over at that figure, and at 49s. 2d. one month and 
49s. 84d. three months. Sellers of hematite quoted 65s. $d. 
one month. When the market yoy to-day (Wednes- 
day) Cleveland warrants were a little stronger, but no 
dealings of any kind were recorded, and at the close of the 
session sellers quoted 49s. 1d. cash, 49s. 4d. one month, 
and 49s. 11d. three months. In the afternoon prices 
were nominally a shade firmer, but again no Cleveland 
warrants changed hands. The market closed with sellers 

uoting 49s. 2d. cash, 49s. 5d. one month, and 49s. 114d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron:—Clyde, 61s. 6d.; Calder and 
Gartsherrie, 62s.; Summerlee and Langloan, 64s. ; and 
Coltness, 83s. (all shipped at Glasgow); Glengarnock 
(at Ardrossan), 64s.; Shotts (at Leith), 62s.; and Carron 
(at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is inclined to be rather quiet this week, with only 
a moderate inquiry. The current quotation is from 
11/. 17s. Gd. to 12/. per ton for prompt business, Glasgow 
or Leith. The shipments from Leith Harbour last week 
amounted to 1699 tons. 


Scotch Steel Trade.—There has been little change in the 
Scotch steel Trade since last report, and the demand for 
ship-plates is still as urgent as ever. The booking of 
new orders for future delivery is very fair, and some lots 
have been fixed up this week for delivery during the next 
two months. The inquiry for boiler-plates is also fairly 
good, but that for angles is quieter. In fact, light 
sectional material for the home market is fairly quiet, but 
the demand for export is exceedingly good. The adjourned 
meeting of the Scotch Steel-Makers’ Association was held 
in Glasgow yesterday (Tuesday) afternoon, when some 
discussion took p on the present ruling conditions, 
but it is understood that no agreement was arrived at, 
and the meeting was again adjourned. 


- Malleable-Iron Trade.—The malleable-iron makers of 
the West of Scotland do not report any improvement in 
their trade, and although a fair amount of work is being 
turned out, they say that it is mostly at very unremune- 
rative prices. One matter which has for some time been 
disturbing the various producers is the unlimited period 
over which some buyers make their contracts extend. 
This very often works out to the disadvantage of the 
producers, who require to cover themselves in raw 
material, and they have now decided to end this custom. 
The new rule will be that contracts will be made for a 
period of three or six months as arranged, and that Is. 3d. 
per ton per month will be charged on all balances not 
taken up within the contract period, with an additional 
1s. 3d. per ton for each succeeding month. It is argued 
that this arrangement will tend to much healthier business. 


Scttch Pig-Iron Trade.—Large deliveries of the ordinary 
= of Scotch pig iron continue to be made by pro- 

ucers, and there is no falling-off in the demand from the 
South or from abroad. The output of hematite is also 
on a large scale at the present time, and steady deliveries 
to the local steel works are the order of the day. 


Contract.—The contract for the new quay sheds and 
other buildings at Meadowside has been given out by the 
Clyde Trustees to the Steel Cunstruction Company, 
Limited, Craighall Iron Works, Possil Park, Glasgow. 


The competition for this order is said to have been very 
keen, and the amount of the contract is something like 
25,0002. 


Shipbuilding.—The Caledon Shipbuilding and Engi 
neering Company, Dundee, recently contracted to build 
two steamers for the general passenger and cargo trade 
of the Clyde Shipping Company. The Greenock 
Grangemouth Dockyard Company is reported to have 
booked an order for a steamer for the dead-meat trade 
from the River Plate. This vessel, which is to the o 
of a London firm, is to be built at the Grangemouth y 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The quietness which rules in the 
coal trade is responsible for the fact that the increase in 
the traffic dealt with at Hull was somewhat restricted 
during last month. The traffic amounted to 600,896 
tons, 50,000 tons more than in May last year, whereas the 
April figures were 180,000 tons above those of 1909. Up 
to date 2,671,504 tons have been dealt with at the port 
during the year, about half-a-million tons more than in 
the same period of 1909. Export has been largely 
responsible for the expansion of trade, supplies for foreign 
markets having increased by nearly 400,000 tons. Yet in 
foreign trade the increase on the month is less than the 
April increase. The figures are 30,000 tons and 90,000 
tons respectively. The total foreign traffic in May was 
385,952 tons. Holland and Sweden showed the most 
notable falling off. Denaby and Cadeby again head the 
list of supplying collieries, with over 98,000 tons, equal to 
nearly 4,000 tons per working day, and an increase of 
15,000 tons over last year. 


Messrs. John Brown and Co.—The report of Messrs. 
John Brown and Co., Limited, to be ae at the 
annual meeting on the 28th inst., states that in spite of the 

eneral depression in trade, the Atlas Works, Sheffield, 

ave been fairly well employed during the year. Though 

the armour-plate departments have not been fully occu- 
pied, the prospects of this branch are more favourable. 
Orders have been received for a first-class cruiser for the 
Australian Government and three more destroyers for 
His Majesty’s Navy, as well as repeat orders for an 
Orient liner and a Channel steamer for the Great Eastern 
Railway Company. The Coventry Ordnance Works are 
well engaged in the manufacture of gun-mountings of 
the heaviest type for the Admiralty, and other important 
Ordnance contracts are being executed. The results of 
the other subsidiary companies in which the company is 
interested have been fairly satisfactory. The balance- 
sheet shows a net profit for the year of 202,017/. 6s. 8d., 
making, with the balance of 77,9591. 17s. 5d. from last 
year, a total of 279,977/. 4s. 1d. A dividend of 7} per 
cent. for the year is recommended, the same asa year 
ago, when it was reduced from 10 percent. It had not 
previously been so low since 1897. 


Spanish Trade.—There is not a great volume of trade 
between Sheffield and Spain, but a few firms have special 
interests there, and accordingly the visit of Mr. Victor 
Wellesley, Commercial Attaché for Spain and Portugal, 
to Sheffield last week, was welcome. e spent a day in 
the city, giving interviews to manufacturers. A lar 
quantity of second-rate steel is used in Spain, but the 
best qualities, when required, are obtained in Sheffield. 
In one direction—the motor-car industry—there is a very 
good opening for English makers. One or two Sheffield 
firms z a substantial business with the Peninsula in 
tools, and have on hand a fair quantity of orders. 


South Yorkshire Coal Trade.—The usual active demand 
on shipping account at this time of the year is not much 
in evidence just now. When this is considered and also 
the fact that collieries are on big outputs, the weakness of 
present prices is explained. On secondary sorts, of course, 
these conditions have a more marked effect. Railway con- 
tracts are expected to show an increase of 6d. per ton over 
last season’s rates, and buyers and sellers are waiting for 
them to be placed. Hard coal is selling at pits at from 8s. 
to 8s. 6d. per ton (Derbyshire) and 8s. 6d. to 9s. per ton 
(Yorkshire). Advances are being obtained on gas-coal 
for contract renewals, and screened varieties are quoted 
at 7s. and 7s. 6d. Slacks are strongly a and high 
prices are obtained for coking smalls. With very small 
demands all round, the house-coal trade is in a stagnant 
condition. Merchants are experiencing difficulty in 
getting rid of contract supplies, and stocks are accumulat- 
ing at collieries, where short time is being worked. Best 
Barnsley house is quoted at 11s. to 11s. 6d. per ton at 
pits ; silkstone, 9s. to 9s. 6d.; Derbyshire brights, lls. to 
lls. 6d.; and seconds, 8s. to 9s. per ton. 


Iron and Steel.—The raw material market is still in- 
active with very little buying. An important step has 
been taken by Lincolnshire ironmasters, who have re- 
duced all their brands of pig iron by 2s. The official 
quotation for forge is now 50s, 6d.; foundry, 51s. 6d.; and 

ic, 53s. They have kept up prices for a long time and 


a reduction was not expected just at present. However, 
as a result, business should be brisker, and makers of 
finished iron, who have been in an unenviable position, 


will be grateful for the opportunity of seeing a little 
more margin of profit. Hematites are officially unaltered 
though the easier tendency is still apparent. The rising 
movement in prices of Swedish iron is a matter which 
18 causing some concern in Sheffield. Conditions in 
Sweden all point. to prices being maintained at a high 
level. The most important factor is, of course, that 
Swedish producers are masters of the situation. The 
crucible-steel industry all over the world is making such 
big demands that Swedish suppliers of the raw material 
can stand out for their own terms. In Sheffield the out- 

ut of crucible steel is on a large scale. The position in 

illets is about the same, and bar-iron makers have not 
expericnced any improvement, plant being nothing like 
fully occupied. The rolling-mills have a Le amount of 


work. The impetus given to the large armament firms 
by the armour-plate orders early in the year will be 
carried on to the autumn by the work necessitated in 
connection with the ‘Admicalty contracts for destroyers 
Just placed. h of the local armament houses has 


obtained a share of this work. In addition to this there 
1s a fair amount of work in the general steel trade spread 
in small orders over numerous departments. The quiet- 
hess in the home trade has been very marked agaiyst the 





big figures for exports, in which America is represented 
as a very good customer. Engineering is not making any 
great demands, but a development is expected later in 
the year in this industry and in railway requirements. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Unsatisfactory and dis- 
couraging accounts are given of the iron trade. In spite 
of heavy shipments, production is in excess of require- 
ments. Sales are difficult to make, and prospects are 
queen but favourable. Production has this week been 
reduced by the blowing out of a furnace at the Redcar 
Iron Works of Messrs. Walker, Maynard, and Co., and 
the output is to be temporarily further curtailed’ by 
preee a furnace out of operation for repairs at Tees 

ridge. Not only is Cleveland iron being sent into the 
warrant stores, but makers’ stocks of both Cleveland and 
Saeeoate are increasing. Values of pig showa marked 
downward tendency. There are sellers of No. 3 g.m.b. 
Cleveland iron at 49s. 3d. f.o.b., but that is more t 
buyers are prepared to pay. Efforts have been made 
this week to purchase the ruling quality at 48s. 6d., but 
such offers were not entertained. No. 1 is 51s. 9d.; No. 4 
foundry and No. 4 forge each 48s. 3d.; and mottled and 
white each 47s. 9d. Idleness characterises the hematite 
branch of the staple industry. Most makers quote 
65s. 6d. for early delivery of mixed numbers, but second 
hands would readily sell at 65s., at which figure one or 
two makers also would not refuse orders. Foreign ore 
nominally maintains its value on a basis of 20s. 6d. ex- 
ship Tees for Rubio of 50 per cent. quality, and sellers are 
in no hurry to do business. Coke is plentiful and weak. 
Average blast-furnace quality is put at 17s. delivered 
here, but purchases could be made at below that figure. 


Manufactured Iron and Steel. — Little inclination is 
shown just now to make contracts for manufactured iron 
and steel, but producers generally are well off for work, 
and valuesare upheld. Common iron bars are 7/.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s.; packing-iron, 5. 5s.; 
iron ship-plates, 67. 10s.; iron ship-angles, 7/.; iron ship- 
rivets, 7/. 5s. to 7/. 7s. 6d.; iron boiler-plates, 7/. 5s. ; 
steel bars, 61. 5s.; steel ship-plates, 6/. 10s.; steel ship- 
angles, 6/. 2s. 6d. ; steel boiler-plates, 7/. 5s. ; steel strip, 
6l, 10s.; steel hoops, 6/. 12s. 6d.; and steel joists, 
6l. 2s. 6d.—all less the customary 24 per cent. discount. 
Cast-iron columns are 6. 10s. ; cast-iron railway-chairs, 
3l. 10s.; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 10s. ; and steel railway-sleepers, 6/. 12s. 6d.—all net 
cash at works. Iron and steel galvanised corrugated 
— ~ 4 gauge, in bundles, are 11/.—less the usual 4 per 
cent. f.o.b. 


Middlesbrough Firm’s aioe —> notable example 
of British enterprise is provided by the project for the 
establishment of a large iron and steel plant in Vancouver 
Island, near Victoria, in which the Middlesbrough Steel 
Strip and Hoop Company, Limited, are interested. The 
plant, which will include blast-furnaces and rolling-mills, 
will be used for the manufacturing of iron and steel for 
constructional purposes, and of steel rails. The works 
will be situated near the iron deposits at San Juan, and 
in close proximity to extensive coal-fields. According to 
the assessment of a Canadian iron-ore expert, Mr. A. B. 
Wilmott, the iron deposits contain 8,000,000 tons of 
magnetite, averaging 68 per cent. of metallic iron, and 
very low in phosphorus. About three miles distant from the 
San Juan deposits are the magnetite deposits at Harris 
Creek, which are also owned by Mr. W. H. Mills, chair- 
man of the directorate of the a 5 ae 
and Messrs. Macgregor and Goodman, of Bucklersbury, 
London, E.C., by whom the arrangements for the new 
undertaking are being carried out. The whole of the 
capital, it is understood, has been subscribed, and the 
preliminary arrangements in connection with the estab- 
ishments of the industry made. 


- 








INTERNATIONAL CommerciaL Conoress.—The Right 
Hon. Sir Charles McLaren, Bart., M.P., K.C. (Presi- 
dent), the Right Hon. Lord Glantawe (a Past President), 
and the Secretary, Mr. C. J. Fairfax Scott, M.A., will 
attend as delegates of the British Iron Trade Association 
at the International Commercial Congress, to be held in 
London on the 21st to the 23rd inst. 





Tue Campspet. Gas Enoine Company, Limirep.- 
Referring to our recent description of its exhibits at 
the Brussels Exhibition (see 673 ante), this com- 
pany informs us that the vertical engine shown is one 
constructed to the specification and particulars of Pro- 
fessor Charnock for the new engineering laboratory of 
Bradford Technical College. The engine is intended 
to drive an alternating current machine supplied by the 
Pheenix Dynamo Manufacturing Company, and is to be 
used for lighting and power purposes as well as experi- 
mental work. The gas plant has also been built for the 
same institution. 





BatTLesHips AT Exrswick.—Not only are Sir W. G, 
Armstrong, Whitworth, and Co., Limited, building at 
present the battleship Monarch and the cruiser Wey- 
mouth for the British Government, and the battleship 
Rio de Janeiro for the Brazilian Government, but the 
company has also secured orders for two more battle- 
ships—one for Chili and the other for Turkey. Chili is 
an old client of the Elswick Company, which has not 
only built two armoured cruisers, three protected cruisers, 
a torpedo-boat destroyer, and a training ship for the 
vigorous South American Republic, but has also armed 
several Chilian ships of war in its Italian yard. 


han | to 20s,, and furnace ditto at 17s. to 17s. 6d. per ton. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has exhibited, upon the 
whole, a cheerful tone. The Cunard Steamship Company, 
Limited, is stated to have placed contracts for 100,000 
tons of second-class steam coal, with deliveries extending 
over twelve months at 15s. per ton free on board. It is 
also stated that the administration of the Italian State 
Railways has purchased 40,000 tons of similar coal, with 
deliveries extending over two months. It is further stated 
that the German naval authorities have been negotiating 
for 30,000 tons of large steam coal to be delivered in the 
second half of July. The best large steam coal has made 
16s. 3d. to 16s. 6d. per ton, while secondary qualities have 
ran from 14s. 9d. to 16s. per ton; the best ordinar 
smalls have made 7s. 9d. to 8s. per ton. House-coal, 

tent fuel, and coke have shown scarcely any change. 
The best ordinary household coal has been quoted at 
14s. 6d. to 16s.; No. 3 Rhondda large has mode 17s. to 
17s. 6d.; and smalls 9s. 9d. to 10s, 3d. per ton. No. 2 
Rhondda large has prongs lls. 9d. to 12s.; smalls, 7s. to 
7s. 3d. per ton.” Foundry coke has been quoted at 19s. 
As 
regards iron ore, Rubio has made 19s. 6d. to 20s. per ton, 
upon a basis of 50 per cent. of iron, and charges, includ- 
ing freight, insurance, &c., to Cardiff or Newport. 

Ebbw Vale, &c., Company, Limited.—The profits of the 
Ebbw Vale Steel, Iron, and Coal Company, Limited, in 
the past financial year amounted to 90,039/., as compared 
with 77,282/. in 1909 ; 161,057. in 1908 ; 161,717/. in 1907; 
and 82,486/. in 1906. The dividends paid by the company 
during the five years were :—1906, 5 per cent. per annum ; 
1907 and 1908, 10 per cent. per annum ; 1909, 24 per cent. 
per annum ; and 1910, 5 per cent. perannum. The results 
of last year’s operations are considered satisfactory in 
view of the additional cost of working the company’s 
collieries involved by the Mines Eight- Hours Act. 
During the past twelve years the company has charged off 
530,000/, for depreciation, carried 160,000/. to reserves, 
and devoted 35,000/. to colliery extensions. 


_Welsh Coal for Belgiwm. —-In connection with the adju- 
dication of the administration of the Belgian State Rail- 
ways of contracts for 520,000 tons of small steam coal in 
100 lots of 5200 tons each, 130,000 tons of patent fuel in 
25 lots of 5200 tons each, 26,000 tons of rubble coal in ten 
lots of 2600 tons each, and 9000 tons of forge-coal in three 
lots of 3000 tons each, it may be noted that tenders were 
delivered by Belgian, German, North of England, and 
Welsh firms. Allowing for’ freight, the tenders for 
Welsh smalls averaged rather less than 7s. per ton, free 
on board, 
Eight Hours for Miners.—The directors of the Tredegar 
Iron and Coal Company, Limited, state in their annual 
ose that the Mines Eight-Hours Act has had the 
effect of reducing the output of coal. For the first three 
months of the past financial year, prior to the Eight- 
Hours Bill becoming law, the company’s output increased 
40,000 tons, as compared with the corresponding period 
of the preceding year. For the last nine months, however, 
the output showed a decrease of 43,000 tons. The total 
output for the past year of fifty-two weeks was 1,701,053 
tons, as compared with 1,738,912 tons for the preceding 
year of fifty-three weeks. But for the Act the output 
would have shown a substantial increase, owing to the 
development policy which the directors have pursued. 
The directors, however, hope that now that the men have 
settled down tothe new conditions of working, the output 
will again gradually improve. 

Dowlais.—The Goat Mill has continued employed upon 
heavy section steel rails and tin bar; there has also been 
a considerable production of steel sleepers. The Big Mill 
has not been fully occupied. The steel works have been 
in regular operation. 


More Welsh Coal.—Sinking at the Oakdale Navigation 
Collieries continues to make satisfactory progress, Several 
seams of good workable house-coal have been struck, 
in addition to the Brithdir seam, to which a third 
shaft is now being sunk. It is expected that the main 
steam-coal seam will be touched in November. The 
directors of the Ebbw Vale Company state that the 
development of a new coal-taking at Cwmcarn is making 
good progress. 

South Wales Coal.—The shipments of coal from the 
six principal Welsh ports—Cardiff, Newport, Swansea, 
Port Talbot, Neath, and Llanelly—in May were 2,360,463 
tons, as compared with 2,722,495 tons in May, 1909. The 
reduction in the exports is explained by recent labour 
troubles. The aggregite exports from the six ports in 
the five months ending May 31; this' year, were :—Cardiff 
—foreign, 6,872,743 tons ; coastwise, 1,173,503 tons ; total, 
8,046,246 tons. Newport—foreign, 1,556,141 tons ; coast- 
wise, 291,903 tons; total, 1,848,044 tons. Swansea— 
foreign, 1,060,160 tons; coastwise, 126,949 tons; total, 
1,187,109 tons. Port Talbot—foreign, 573,636 tons; coast- 
wise, 66,043 tons ; total, 639,679 tons. Neath—foreign 
(est.), 64,118 tons; coastwise, (est.), 80,733 tons; total 
(est.), 144,851 tons. Llanelly—foreign, 71,564 tons ; coast- 
wise, 19,414 tons; total, 90,978 tons. 








British Sovrn Arrica.—The Territory of the new 
British South African Union, comprising the Cape 
Colony, Natal, the Transvaal, and the Orange River Colony 
is 480,000 square miles in round figures, and the popula- 
tion is estimated at 5,500,000. The most important of the 
states or provinces is the Cape Colony ; this has consider- 
ably more than half the whole area, and not far from half 
the whole population. The foreign commerce of the 
Union already amounts to a large sum annually, so that 
the country must be admitted to be making a good 
start. 
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AGRICULTURAL MACHINERY AT THE BRUSSELS EXHIBITION. 
CONSTRUCTED BY MESSRS. RUSTON, PROCTOR, AND CO., LIMITED, ENGINEERS, LINCOLN. 
(For Description, see Page 774.) 














Fig. 1. Ciover-HvuLuer. 

















Fic. 2. 5-Fr. Dousie-Crank Finisaine TurasHine-MacHine. 
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ENGINEERING EDUCATION AND THE 
FACULTY OF RESOURCE. 


THERE are few more effective standards for 
measuring the efficiency of educational systems than 
the extent to which they develop the faculty of 
resource. This faculty is all-important for every 
man, whatever is to be his ultimate. profession or 
occupation. Sooner or later, the surgeon, the 
acroplanist, the engineer, and even the dilettante, 
find themselves in circumstances demanding 
instant decision upon matters regarding which 
there is no precedent to guide them, and their 
careers may be made, or marred, to a considerable 
degree, in a few seconds. The faculty of resource 
may be cultivated by various methods, and it would 
be a mistake to dogmatise as to the superiority of 
this or that system. ne has to consider in some 
measure the profession or occupation in which the 
faculty is to be exercised, especially if experience 
is a factor in the problem. But the fundamental 
basis is unquestionably the cultivation of habits of 
thought, and of the rapid marshalling of the full 
and opposing possibilities of any course of action. 
A well-ordered and disciplined mind is the first 
essential to the application of the dictates of experi- 
ence. It is on this ground that many oppose the 
decadence of the study of Latin, believing it to be 
an admirable instrument to such end. For the 
same reason most sound thinkers will regret the 
tendency to belittle mathematics displayed once 
more during the debate in the House of Commons 
last week on Navy education. Lord Charles Beres- 
ford, whose intimate knowledge of the Service 
enabled him to offer invaluable criticism on many 

ints of detail in Admiralty administration, may 
be excused his little pleasantries associated with 
‘**y and y,” especially as he was sound on the main 
issue—objection to the present system of training 
engineering officers. But, as this phase of the 
subject affects the whole scheme of education, it is 
well to direct special attention to it before dealing 
with the need for.experience in the development of 
the faculty of resource. 

In the earlier stages of education the choice of 
subjects is probably of less importance than the 
method of teaching. Lord Charles was quite 
right when he said that boys were bored with 
lectures ; ‘‘put them to do something and they 
did it with he greatest enjoyment ; but a lecture 
sent them to sleep.” We should be amazed if the 
gallant Admiral, who knows well the importance 
of discipline, would for a moment neglect the 
advantage to the boy of being kept from sleeping 
when he ought to be wide awake. But withal, our 
concern is with the teacher. Mathematics and 
science are not necessarily attractive of them- 
selves. The vaiue of any acquisition is generally 
proportional to the effort necessary to gain it, and 
only depends secondarily on the joy felt in its 
possession. While it-is desirable, and generally pos- 
sible, to present subjects to the student in an attrac- 


88| tive form, yet the great object of education is lost if 


they are made so easy that they demand no effort 
on the part of the recipient. The art of the teacher 
lies in affording just sufficient assistance to save 


1| the pupil from utter discouragement, and yet leav- 


ing him plenty of matter on which to expend his 
energies. If knowledge is offered him in an unin- 
telligible form, his thoughts wander off, or he goes 
to sleep; while if it is rendered too easy, he 


96 | acquires a knowledge of facts, but not the power 


to use it. Unfortunately, the teacher is too often 
inadequately encouraged financially, and if his 
whole heart is not in his work—if the joy of 








intellectual success is not continuously present.— 
he is satisfied in pouring out the best that is in 
him, irrespective of the receptiveness of his pupil. 
In ordinary educational week and probably also 
in naval schools, the aim is to follow the curri- 
culum without direct and continuous regard to the 
fostering of the thinking faculty of the pupil. 

The naval cadet joins the Service for education at 
124 years of age, at the most impressionable period 
of his life. Je are satisfied that, alike at Osborne 
and in our public schools, the plan of disco ing 
specialisation at this early s is a wise one. What 
is essential is that there should be laid a sound and 
wide foundation on which may grow structures of 
well-ordered thought. This is consistent with the 
inculcation of all that is embraced in ‘‘a liberal 
education.” Boys should be encouraged to do 
things for themselves, whether it affords them the 
‘greatest enjoyment” or not. The aciuisition 
of knowledge should be attractive in itself, as 
far as is possible, but the dominant consideration 
should be the development of inherent qualities, 
not the mere imbibing of information. In the 

ublic scheme of education the ‘‘code” has of 

te years lost much of its rigidity. There is still 
too little regard paid to the temperamental con- 
dition of each pupil, and the main consideration 
is too often equality in the treatment of all. A 
certain amount of work has to be got through, 
without adequate heed to the result in each case. 
It is too much to expect that any one system can 
be arranged to suit all, but more could be done 
to ensure mental culture if the teacher were not 
called upon to satisfy paralysing regulations and 
dogmatising ofticialdom. The output by the teacher 
is rahoenl too often without reference to the 
effect upon the pupil. The result is that the pupil 
is too infrequently called upon to exercise his 
deductive faculty, accepting too readily, in parrot 
fashion, the dictum of the teacher. The final re- 
sult is that the boy does not acquire the power and 
the habit of thinking at his most impressionable 
age. There are, of course, marked differences in 
the methods of teachers, but those who recognise 
the importance of mental energetics are handi- 
capped by prevailing conditions, and thus the boys 
pass from school to factory with little initiative, 
and lacking creative, as well as resourceful, powers, 
in a most regrettable d . 

The naval engineers of to-morrow, trained under 
the new system, are now beginning to go to sea to 
undergo their observational training. They will see 
things done ; they may even take part in routine 
work in the engine-room. But when machinery gets 
out of order, the engineers in charge will relegate the 
midshipman to a place where he cannot hinder the 
repair work in progress—as a rule under pressure— 
and consequently where he cannot profit by the 
special experience from actual contact with the 
exceptional conditions arising. Can the faculty of 
resource be develo under such circumstances ? 
This faculty may defined as the power of 
applying experience in new ways and under novel 
conditions. But if the experience be wanting, how 
can the faculty be used? Some day the engineer- 
lieutenant may find himself in full charge, and that, 
too, when the ship, being in action, may depend 
for its existence on the efficiency of its machinery. 
If he have no actual experience in dealing with 
breakdowns of machinery, is it likely—or even 
possible—that he will be able to meet the require- 
ments of that strenuous occasion? One-third of 
the time afloat of the midshipman is to be spent 
under observational instructions in engineering. He 
will have opportunities of looking on while others 
work ; but does the Admiralty, knowing human 
nature, expect that engineering officers are going 
to exert themselves to educate men who are to 
take that position and rank which is still denied 
to themselves ? 

The First Lord of the Admiralty in the debate 
evidently ~— some of the disadvantages of 
the system. With his colleagues he still fails to 
see that a sound training in engineering calls for 
the whole of the attention of a youth from the period 
when general .education terminates—after fo’ has 
acquired the true habit of thought and deduction. 
There is no need here to enforce again this fact, 
since it is admitted by all. We can only express 
amazement at the assertion by Mr. Lee, who was 
a member of the Board which formulated the new 
scheme, that the ‘‘ great bulk of essional opinion 
is in favour of the scheme.” e should like to 
know on what data he bases this statement. Lord 
Charles Beresford has had, at least, equal oppor- 
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tunities for arriving at a decision, and his view is 
that ‘‘ certain features must be modified ” if it is to 
work successfully. He insisted that what was 
required in the Navy, as in civil life, was speciali- 
sation. That has been our view from the inception 
of the scheme. The First Lord contended that 
there would be specialisation and ‘‘ that an engi- 
neer specialist would receive the pay of a specialist 
and would be relieved from watch-keeping.” Then 
who will keep watch? And if engineer officers 
are not to keep watch, what guarantee is there 
that the machinery will be so managed as to 
obviate breakdown? Moreover, specialisation is 
to come at too late an age to ensure thorough 
resourcefulness. The Admiralty representatives 
carefully avoided giving definite knowledge as 
to the number of ofticers who would elect to 
follow the engineering course in service. The 
First Lord even went so far as to say that ‘‘ every 
cadet who had entered at Osborne had entered for 
all branches of the Service, and, without any hard- 
ness or unfairness, the Admiralty would be entitled, 
if necessary, to commandeer them for any of the 
three branches.” We are sure that the necessity will 
arise ; all the conditions justify this assumption. 
That being so, what degree of efficiency will follow 
in the case of the officers forced into the engine- 
room under this modern ‘ press-gang” system ? 
It is idle to draw comparisons between torpedo and 
gunnery ofticers, and those in the engine-room. 
As Mr. Gibson Bowles said, ‘‘no boy would 
volunteer to bury himself in the engine-room,” 
especially when the more prominent and socially- 
important post on the quarter-deck and bridge 
presented itself, and when one recognised the class 
distinction which still prevails between the military 
and the engineering officer of to-day. Mr. Lee 
joined with others in inquiring what indication the 
Admiralty had as to the number of young officers 
who would be willing to serve in the engineering 
branch, and notwithstanding the optimism of the 
Admiralty representatives, there pervaded the debate 
the fear that all is not well in thisconnection. The 
First Lord said that ‘‘ having regard to the reports 
received from officers and the better prospects 
offered in the Service to engineering specialists than 
to ordinary sea ofticers, he thought it improbable 
that there would be any difticulty in securing the 
necessary volunteers when the time came.”’ Proba- 
bilities or improbabilities in such a vital matter can 
scarcely be regarded as satisfactory. There must 
be no uncertainty, and the time has surely come 
when the Admiralty should have some definite idea 
as to the filling up of the ranks of the engineering 
branch of the service two years hence. As Dr. 
Macnamara, a member of the Board, said, it was 
announced in a circular in 1908 that the details of 
the scheme were to be subject to revision as experi- 
ence might show to be necessary. We hope that 
the promise to consider the criticisms made during 
this year’s debate will have fuller realisation than 
those of past years. 

The duties of the mechanician, men promoted 
from the ranks of the stokers, as well as the status of 
the artificer, are subjects which also claim atten- 
tion. Mr. Barnes was justified in his strictures 
against the converting of stokers of 26 or 27 years 
of age into mechanics. The stoker is a most im- 
portant unit in the staff; the organisation of the 
stokehold is becoming more and more a vital factor 
in maintaining spesd, since the steam-turbine can 
be relied upon to utilise the -full supply. Indeed, 
resource on the part of the officer is called for in this 
branch to a greater extent than in the But, 
however important and capable the prt vos he can 
never acquire the technical experience and know- 
ledge essential in the artificer, and promotion must 
be found for him in some other direction. The 
artificer deserves the fullest encouragement. He 
is enlisted from the great factories where naval 
machinery is produced, so that he is possessed of 
that intimate knowledge of the mechanism which, 
under the guidance of experienced officers, can 
alone ensure those safeguards against breakdowns 
and that rapid repair essential to the maintenance in 
the highest efliciency of the ship as a gun-carriage. 


t. 
Tr, 








ELECTRIC POWER SUPPLY IN THE 
TRANSVAAL. 

THE recommendations of a commission appointed 
to report on the supply of electric power to the 
Rand are contained in a Blue-Book recently issued 
at Pretoria. The chairman of the Commission 
was Sir Thomas Rees Price, the general manager of 








the Central South African Railways, who was 
assisted by Mr. R. N. Kotzé, Mr. J. P. R. Van Hoy- 
tema, and Mr. W. R. Collins, Member of the House of 
Assembly. Unfortunately, the interest of the report 
is greatly diminished by the omission of all the 
evidence on which the conclusions offered are based. 
In the United Kingdom it is pretty generally 
recognised that proposals for the supply of power 
over large areas from central stations are never 
debated solely on their merits as schemes tending to 
Vutilité publique, as our French friends have it, But 
are fought tooth and nail by politicians, local and 
otherwise. This tendency to consider great engi- 
neering proposals not as questions of business policy, 
but as to whether or no they are in consonance with 
the articles of faith accepted by certain classes of 
politicians, has fortunately not yet become common 
in the Transvaal, so that, though the omission of 
the records of the evidence taken prevents any 
detailed criticism of the Commissioners’ recom- 
mendations, there is no obvious reason why they 
should not be accepted at their face value. 

The report opens with a valuable résumé of the 
history and present position of the undertakings 
now distributing electric power in the colony. The 
first concession was granted by the late Republican 
Government to Messrs. Siemens and Halske, 
of Berlin, in 1894. This conferred no exclusive 
rights on the company, and forbade any amalgama- 
tion with any other grantees of similar powers 
without the express consent of the Government, 
who, moreover, reserved the right of expropriation 
at the end of fifteen years, on the basis of a capita- 
lisation of the profits over an average of several 
years. The State also stipulated for a royalty of 
24 per cent. of the net profits, with a minimum of 
500/. per annum. Within less than a year of the 
granting of the concession the powers thus ob- 
tained were transferred to the Rand Central 
Company, and in 1905-1906 the terms of the 
concession were modified, the period at the end of 
which expropriation might be effected being ex- 
tended to forty-two years, and the basis of capita- 
lisation for the fixation of the purchase price modi- 
fied. The Rand Central Company in 1907 sold out 
to the Victoria Falls Company, and this transfer is 
reported by the Commissioners as being in contra- 
vention of the terms.of the concession, as is also 
the fact that the Rand Company have supplied 
customers other than mines. A similar failure to 
observe the terms of the original concession seems 
to have been made by the Simmer and Jack Com- 
pany, which was established in 1897 for the supply 
of current to a group of five adjacent mines. Here, 
again, the original concession forbade a transfer 
of the powers acquired without the consent 
of the Government, and, further, the terms of 
the concession contemplated the supply of cer- 
tain classes of consumer only. The undertaking 
was transferred in 1907 to the General Electric 
Power Company, who failed to recognise this limi- 
tation of powers. In 1908 the Victoria Falls Com- 
pany purchased the concession, thus effecting an 
amalgamation of it with the Siemens and Halske 
undertaking, again in defiance of the conditions of 
the original grantin both cases. These breaches of 
the terms on which powers of supply were granted 
should, the Commission report, be taken into account 
when considering measures for placing the under- 
takings under public control. Further, the Vic- 
toria Falls Company have, they report, recently 
exceeded their powers in erecting a new generating 
station at Simmer Pan, near Germiston. 

The company in question was organised in 1906, 
when it acquired a preferent right for 75 years to 
develop 250,000 kilowatts at the Victoria Falls on 
the Zambesi. It has an authorised capital of 
6,000,0001., of which the whole of the debenture 
and preference stocks issued were taken by German 
banks and the Allgemeine Elektricitiits-Gesellschaft, 
who stipulated that the supply of the material and 
the erection of the stations should be in the hands 
of German manufacturers and contractors. The 
Commission report that, in their opinion, the 
contracts would have gone to Germany in any case, 
even if open tenders had been called for, but they 
do not give the evidence on which this remark is 
based, and it will hardly be accepted as conclusive 
by British electrical manufacturers, who have suc- 
ceeded in beating heavy foreign electrical machinery 
almost completely out of the British market. 

The Victoria Falls Company have also absorbed 
the Rand Mines Power Supply Company, which 
was formed to supply current and compressed air 
to fifteen gold-mining companies. For this pur- 














pose a station rated at 60,000 kilowatts is to be 
erected at Rosherville, and the mines concerned 
guarantee to take for twelve years a minimum 
annual supply of 130 million units, and will 
probably ultimately require more than double the 
figure named. The Victoria Falls Company accord- 
ingly estimate that within a few years the mines 
and other companies will require 500 million units. 

The great advantage of a mine taking its supply 
of power from an outside source is stated to be in 
the reduction of capital expenditure. An example 
given is the City Deep, where the additions to 
plant necessary will cost 560,000/. if the company 
generates its own power, and but 436,000/. if it 
—- its power from a central supply company, 

he capital thus saved is being applied in provision 
of a larger crushing plant than would otherwise have 
been possible. Of course, the money has to be 
found for the central station plant, but the latter 
derives its capital from sources not accessible to 
mines. 

On an average, to crush one ton of rock requires, 
it is stated, the expenditure of 27 kilowatt-hours, 
At twelve mines of the Rand group, generating 
power by steam, the cost for power has averaged 
24.7d. per ton crushed, whilst the rates at which the 
electrical company is to supply—viz., 0.525d. per 
unit—correspond to a cost of 14.2d. per ton crushed, 
so that there is a saving of 10}d. per ton. The 
Commission state that these figures are confirmed 
from other sources, and there is an additional 
advantage in the greater flexibility of an electric 
as compared with a steam drive. Further, the 
adoption of electricity for underground haulage is 
expected to be facilitated if the current can be 
drawn from a supply company. The Commissioners 
accordingly conclude that the creation of such com- 
panies will lead to an expansion of the gold-mining 
industry. 

At the outset, however, a central electric supply 
is bound to affect adversely the coal-mines, though 
the Commissioners do not think that the effect will 
be permanent, and, in fact, are of opinion that the 
development of the Colony will be hastened to 
such a degree by the facilities offered by a cheap 
supply of electric current that, in the end, even the 
coal industry will benefit. Certain coal-owners 
complain that the erection of a large power-station 
at Vereeniging constitutes in itself an undue prefer- 
ence to certain collieries, and further demand such 
restrictions on the supply of electricity from water- 
power that the coal-mines should be assured in 
perpetuity the right to supply the fuel necessary to 
generate a certain fixed proportion of the power 
requirements of the mines; but to this proposal the 
Commissioners refuse to accede. They do, however, 
recommend that a power company should not be 
allowed, directly or indirectly, to own or operate coal- 
mines save in special conditions, though no clue is 
given as to the arguments which have led to this 
recommendation. 

The Commission report adversely on a proposal 
that all water-power undertakings should be owned 
and operated by the State, though they recognise 
the necessity of safeguarding the rights of agricul- 
turists. The latter, they suggest, may benefit by 
theestablishment of factories for the production elec- 
trically of carbamide and other artificial fertilisers. 

Some of the trade unions are reported as fearing 
that the adoption of electric power will lead toa 
displacement of white labour; but the Com- 
missioners are of opinion that the industrial 
development likely to follow the operations of these 

wer companies will increase the demand for white 
abour, and that, in view of its vast resources of 
easily-won coal, the Transvaal should ultimately 
be the seat of a great industrial population. The 
mining industry and the other industries requiring 
rough unskilled labour will, they think, absorb all 
the native labour that the population can offer, 
leaving the crafts requiring a modicum of skill to 
the whites. 

The report is strongly adverse to the State or the 
municipalities undertaking the supply of electric 
power, though it recommends that all concessions 
should contain clauses giving the right to the State 
to take over the undertakings later on, if considered 
desirable, on terms similar to those adopted in the 
English Electric Lighting Acts. To establish the 
power companies with public funds means, they say, 
the imposing of financial burdens on the community 
and subjecting it to undesirable commercial risks. 
They express a doubt as to whether a mining com 

ny would agree to enter into a long contract with a 
Rtate sudneching, since, in so far as such contracts 
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proteet the consumer against an arbitrary raising 
of the price, they would be unnecessary in the case 
of a State undertaking, and the companies would 
therefore prefer to be free to adopt cheaper sources 
of power should such become available. Hence to 
protect itself the State would either have to compel 
its customers to maintain old and costly methods, or 
itself speculate in new inventions and patents. The 
first alternative would tend, they point out, to kill 
invention and enterprise, whilst the second would 
involve a large expense in testing, proving, and in- 
stalling every alleged invention and improvement. 
To obviate the danger of a monopoly being abused 
by a private company, they propose that the State 
should have the power to regulate prices. It may 
further be remarked here that a private company 
never holds an actual, though it may temporarily 
hold a virtual, monopoly ; but this is possible solely 
on the condition that it supplies the public demand 
for some commodity on terms better than anyone 
else is prepared to do it. Should new processes 
be introduced by which the public can be served 
on better terms, the fact that the so-called mono- 
poly is really no monopoly at all soon becomes 
painfully apparent to its proprietors. On the other 
hand, should such a temporary virtual rae 
fall into the hands of the State or municipality, 
there isa constant effort to convert it from a merely 
apparent into a real legal monopoly, and of this 
tendency, which is so disastrous to the progress of 
invention, we have had many lamentable examples 
in this country. 








THE RAILWAYS OF THE UNITED 
STATES. 

A «Great deal of interest in the overlapping 
fields of domestic politics and finance in the United 
States is just now focussed on the railways of that 
country. Various matters have arisen which have 
brought the corporations into conflict with the 
Government, and but for President Taft’s firm 
attitude it is more than probable that serious 
dislocation would have ensued. Whether —_ 
taneous or artificial, such disquietude as follows 
on Government action can have no good effect on 
the tide of prosperity now flowing in the States. 
Only recently recovered from the depression of 
1907-8, the railroads have been busying themselves 
with making good the curtailments which were then 
necessarily forced upon them, and also in trying to 
adjust themselves to altered conditions. In the 
latter direction they have met with opposition, and 
the unwieldy train of legal machinery has been 
set in motion with the object of restricting in 
some degree the power of the big corporations. 
Instead of being effective, however, the zealous 
prosecution of a legal advantage precipitated a 
situation which promised development of a nature 
disadvantageous to the country as a whole. The 
increase of late in operating costs has forced the 
companies to make the attempt to offset their loss 
by economies and sare organisation. Finally, 
a group of the Western roads felt impelled to 
fall back on the last resource of raising rates, but 
an injunction obtained by the Government has 
prevented these being put into force. The effect 
of the securing of this injunction was to cause 
the railways [to adopt, at once, measures of re- 
trenchment which, in their development, would 
have greatly hampered the general business of 
the country. Through the President’s action the 
injunctions are apparently not to be followed up, 
the railways having undertaken not to increase 
rates for the present, while it appears that the 
new law will enable rate adjustments to be dealt 
with by the Inter-State Commission without risk 
i such dislocation of business as has occurred in 

é past. 

The statistics issued by Mr. Slason Thompson, of 
the Bureau of Railway News and Statistics, Chicago, 
relating to the United States railways, are thus 
of greater interest just now than usual, and we 
therefore reproduce some of the more important 
figures for 1909, as they show not only the 
magnitude of the railway business of that country 
under normal conditions, but also the rapid expan- 
sion of the last decade. The gross earnings of the 
railways, according to this report, amounted to 
2445} million dollars in 1909, and the working 
expenses to nearly 16154 million dollars. This 
gave a ratio of 66.12, which, as a matter of fact, 
Was rather below the normal figure for American 
toads. These figures relate to railways having in 


the aggregate a length of 234,182 miles of line. 





It will be remembered that about eleven years 
ago the methods and engineering developments in 
the United States formed the subject of a good 
deal of discussion in this country. In railway 
work over here we were then entering upon a 
new phase. More or less stereotyped design was 
just beginning to give way before the demands 
made by the public through the traffic departments, 
with the result that since that time we have scen 
developments which would formerly have been 
considered quite unwarranted. At about the same 
time a somewhat similar movement was gathering 
way in the United States. The last decade or so 
has seen a wonderful all-round expansion in Ameri- 
can railroad affairs. The length of line has increased 
since 1899 by 24.9 per cent., and the length of 
track by 35.5 per cent. This, however, is no mea- 
sure of the increase of traffic, for not only have new 
districts been opened up, but others of older stand- 
ing have, in the natural order of events, concur- 
rently provided greater business. Thus, since 
1899, gross receipts have increased by no less than 
86 per cent., and the net earnings from operation 
by 81.2 per cent. The capital invested has in- 
creased by 43.2 per cent., and now stands at about 
13,508} million dollars. 

It was about ten years ago that the railways 
began to work the ‘‘ big train-load ” principle to its 
utmost limit. The ever-increasing tonnage to be 
handled made it necessary to provide improved 
means of getting it over the road. Train-loads natu- 
rally were increased, and with them the size and 
number of the locomotives. In 1899 the number 
of really large locomotives on United States roads 
was comparatively limited. The number of classes 
of engines weighing (without tenders) over 100 tons 
was, we believe, no more than three. At the pre- 
sent time the number of locomotives coming within 
this category is legion. Mr. Thompson’s figures 
tell us that the number of locomotives has in- 
creased 55.9 per cent. in the last ten years, and their 
aggregate weight 113.7 per cent., meaning, of course, 
greatly increased tractive power, not only in the 
aggregate. but also per unit. It may be men- 
tioned that in 1899 the Illinois Central Railroad 
held the record for the heaviest locomotive ever built, 
with a twelve-wheeled engine, weighing, without 
tender, rather more than 103 tons. At the present 
time there are numbers of locomotives at work weigh- 
ing far more than this, while some are even as heavy 
as 229 tons. A paper read in 1906 before the 
Pacific Coast Railway Club, and subsequently re- 
printed by the Baldwin Locomotive Works in their 
** Records of Recent Production,” gave the average 
cost of construction of American freight locomotives 
at that time as 7.5 cents. per lb. At this rate the 
heavy Mallet compounds of the Atchison, Topeka, 
and Santa Fé, weighing 229 tons without, or 
312 tons with, tender, in working order, would work 
out at about 10,0001. Although this is a very rough 
figure, it must be remembered that these exception- 
ally large engines are not built in large numbers. 
In some cases only one has been built to a design, 
so that the cost of construction would be higher 
than if the costs were spread over a large class. 

Other equipment has fairly kept pace with the 
increase in motive power. Passenger stock has 
increased 35.9 per cent. in the last decade, while 
the number of freight vehicles has increased 63.1 
per cent. in that period, and their aggregate capa- 
city by no less than 109 per cent. This, of course, 
reflects the modern tendency to large units, which 
is brought out in a table of Mr. Thompson’s com- 
pilation, showing the number and capacity of cars in 
service in the years 1902-9. From this table it 
appears that the average capacity per car has in 
seven years increased 23.5 per eent., from 28 tons 
(short) to 34.6 tons. _The increase in the size of 
locomotives and increased capacity of the cars allows 
greater tonnage to be conveyed without making the 
trains inconveniently long. In the last decade 
the average tonnage per train has increased 59.6 
per cent., from 243 tons to 388 tons ; while in 1889 
it was only 179 tons. These figures for train 
loads must not be confused, of course, with 
actual loads. Statistics for the years 1902 and 
1907 show that there is a marked tendency for 
the use of smaller freight-cars to decrease. All 
cars of a capacity less than 50,000 lb. showed a 
decrease in numbers, which for various classes 
ranged between 16.5 and 78.1 per cent. Cars of a 
capacity above this figure showed a rapid increase, 
the number of 80,000-lb. cars and upwards all 
showing an increase of about 200 per cent, and 
more. The number of cars in the 80,000-lb. to 





110,000-Ib. classes increased from 207,712 in 1902 
to 743,841 in 1907. 

While concerned with the movement of traffic, 
it may be of interest to record the fact that the 
average number of passengers per train in the 
United States is stated to be 58. The average 
number of cars per passenger train is put at 5.3. 
Probably at least one of these cars is always taken 
for baggage or express work, so that the cars pro- 
viding seating accommodation may average 4.3 per 
train. American day coaches accommodate about 
64 passengers, so that the seating accommodation 
per train would be about 275 seats. Thus there 
would be about one enger to every 4} seats, on 
this basis, though the use of Pullman and other 
types of cars actually reduces this figure to some 
extent. There are, of course, no means of judging 
how this compares with passenger traffic over here. 
In another direction, however, Mr. Thompson pro- 
vides us with information which it is impossible to 
obtain from our Board of Trade statistics. He 
informs us that the average passenger journey in 
the United Kingdom is 7.8 miles, and the average 
haul of freight 25 miles, compared respectively 
with 32.66 and 142.5 miles in the Uni States. 
So far as we are aware these figures may approxi- 
mately represent conditions in the two countries, 
but it is impossible to check those relating to the 
United Kingdom, as they are not deducible from 
the Board of Trade annual returns. 

The average receipts per passenger per mile in 
the United States have for some time shown a 
tendency to decrease. They now stand at 1.916 
cents, a figure lower than has ever been touched 
before. It is pointed out that in thickly populated 
States receipts below this figure may pay because 
of the larger number of passengers per train. For 
instance, this number reaches 79 in Massachusetts. 
In most of the States, however, the average number 
is below 50, and under such circumstances a higher 
fare is necessary to cover the bare expenses of 
operation. The average cost of carrying one pas- 
senger 1 mile is not available for recent years, but 
for a year when labour and materials were cheaper, 
and facilities and accommodation less lavish than 
at the present time, the cost was well above the 
figure of 1.916 cents, which is now recorded as the 
average receipts per passenger. 

The fact that in ten years the passenger service 
(passengers carried 1 mile) has increased 12 per 
cent. more than the passenger receipts has led Mr. 
Thompson to remark that this ‘‘ utterly explodes 
the theory that passenger travel is greatly stimu- 
lated by low fares.” Whether this broad conclusion 
is warranted appears to us extremely doubtful. It 
would certainly not be accepted here. It is shown 
elsewhere in the table that the average passenger 
journey has increased in length considerably of 
recent years. The inference, of course, is that 
the interurban tramway-car services, which have 
developed so rapidly, have taken much of the 
short-distance traflic away from the railways. In 
many respects the cenditions in the United States 
are unique. The American travels on the railroad 
for business, and is willing to undertake long 
journeys in this connection. Asa rule, when bent 
on pleasure, broadly speaking, he patronises the 
trolley-car, and is satisfied with a comparatively 
short journey. On the contrary, in England, when 
on pleasure bent, the journey taken is probably a 
great deal longer than the average, and it is this traffic 
which has been stimulated here by low fares: 
When pleasure is the consideration, it is relative 
cheapness that matters. A reduction suffices to 
convey the impression that a once impossible 
journey is now permissible. In business, however, 
the concern is with absolute cheapness ; the journey 
cannot be undertaken unless the cost is recoverable 
in some = Cheap fares are not, therefore, any 
great stimulant to business travel, though they may 
encourage pleasure travel to a very great degree. 
The railways of the United States suffer in this 
respect from not having a population amenable to 
this broad law. 

The freight traffic for 1909 was represented by 
222,900 million ton-miles. The average receipts 
per ton-mile have decreased since 1888 from 1.001 
to 0.755 cent. This fall of 24 per cent. has been 
accompanied by higher rates of wages, taxes, &c., 
so that the railways are naturally endeavouring to 
readjust matters by the revision of rates. It was this 
attempt which brought about the situation referred 
to at the commencement of this article, It is 
calculated that the reduced average rate of the 





present time meant, in 1909, a saving of 540 million 
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dollars to the shippers. It is = out that 
the prices of goods transported by rail are on the 
whole much higher than formerly, so that the 
benefit of the fall from 1.001 cents to 0.755 cent 
per ton-mile has probably never reached the public 
at all. They and the railways have suffered 
to the advantage of the traders. The attempts 
made with regard to the regulation of the rail- 
roads by the State have, it seems, brought about 
an almost intolerable situation. The appeals 
by traders to the Inter-State Commission against 
so-called unreasonable rates are very numerous, 
und in ‘practically all cases the decision has been 
in favour of the shippers. It is said that the 
Commission disposes of cases at the rate of two 
decisions every three days, and forty informal 
orders per week. With matters proceeding at this 
pace it is not surprising that the railroads should 
appeal for peace. It has now been officially recog- 
nised that the situation is susceptible of very con- 
siderable improvement. The power held by the 
big railroad corporations has, justly or unjustly, 
gradually aroused a feeling amounting almost to 
resentment. This has lately been showing itself in 
the attempts of the traders to enlist the Govern- 
ment in their behalf, by enforcing State regulation. 
It is admitted, however, that the means available 
are scarcely of the kind calculated to bring about 
the desired object. The President’s new Bill 
endeavours to improve them, and, it is to be hoped, 
will meet with some measure of success, or there 
will be little chance of that healthy sense of security 
which alone enables the most to be made of a 
country’s industrial resources. 








ELECTRIC HEATING AND 
PYROMETRY. 

In opening, on Saturday last, the concluding 
lecture of his course at the Royal Institution, 
Professor J. A. Fleming, F.R.S., remarked that, 
having in the last lecture considered methods of 
producing heat by electrical means, he proposed on 
the present occasion to direct attention to electrical 
autiete of measuring temperature, which consti- 
tuted, he said, a matter of almost equal importance. 
The effective conduct of many manufacturing opera- 
tions was dependent on the restriction of tempera- 
ture within, at times, very narrow limits. For 
example, Mr. Brayshaw, of Manchester, had recently 
asserted that in the tempering of steel a difference 
of 1 deg. Cent. in the temperature may have a 
marked effect. Again, in the Deacon process of 
manufacturing chlorine, the yield varied greatly 
with the temperature attained. Hitherto, in indus- 
trial operations, temperature measurement had 
been a matter of skilled guesswork ; but this con- 
dition of affairs had been changed by the introduc- 
tion of electrical pyrometry. This had not only 
the advantage that the instruments might be self- 
recording, but that the record might be made at 
any distance from the furnace. 

Shesaen, Professor Fleming proceeded, might 
be defined as the measure of the tendency for heat 
to pass from one body to another, and was analo- 
gous to a difference of level in hydraulics and to 
a difference of potential in electricity. In estimat- 
ing temperatures certain well-defined points, such 
as the melting-point of ice, the boiling-point of 
water, and the melting-point of sulphur, were taken 
as standards for calibration, the speaker said, and 
he gave the following table of a number of such 
reference points :— 


Melting-Points. Boiling Points. 


Deg. Cent. Deg. Cent. 

Ice 0 Water... 100 
Lead 327 Sulphur 444.5 
Silver . 962 Oxygen — 182 
Gold 1065 

Copper 1081 

Steel .. 1370 

Platinum 1780 

Iridium 2250 


~ 78.2 


Carbon dioxide 


To measure temperatures it was, he proceeded, 
generally necessary to make use of some quality 
which varied with it, as, for example, the expan- 
sion of mercury confined in glass. One difficulty 
in connection with the latter was that, taking a 
number of mercury-glass thermometers and marking 
on them the position of the mercury at the freezing 
and boiling points of water, then, if the interme- 





diate space on the stem were divided into 100 equal 
parts, the readings of any two taken at random, 
though agreeing at the extremities of the scale, | 
would not in general be the same at interme- | 


diate temperatures. This arose because dif- 
ferent kinds of glass had not the same coefficient 
of expansion. Such scales of temperature were, 
therefore, empirical. Similarly, taking either a 
constant volume or a constant pressure gas-ther- 
mometer, differences would be found according 
to the kind of gas with which the thermometers 
were filled. Such. thermometers were, however, 
used at the International Bureau of Weights and 
Measures at Sévres for standardising purposes. 
The constant volume thermometer, the speaker 
continued, was arranged as represented in Fig. 1. 
It consisted of a ‘Bulb filled with hydrogen, 
and terminating in a U-tube filled with mercury. 
The level to which the mercury had to be raised to 
keep constant the volume occupied by the gas varied 
with the temperature. This method of obtaining 
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temperatures was, as already indicated, also an 
arbitrary one, but the differences with different 
gases were very small, and, accordingly, the instru- 
ment was used as a standard of reference, the 
relation between the temperature, pressure, and 
volume of the gas being given by the equation 

si 

l+at 


where P denoted the pressure, V the volume, and 
1 + at the absolute temperature. 

This definition of the absolute temperature was 
an arbitrary one, but in 1848 Lord Kelvin had, from 
thermodynamic considerations, established an abso- 
lute scale of temperature, which, it was found, dif- 
fered very little from that of the gas thermometer. 
He showed that in a reversible heat engine the 
following relations held between the heat H given 
to the engine and the heat h discharged by it :— 


= constant, 





. * 2 t 

Here, T and ¢ denoted the absolute initial and 
final temperatures respectively, and W the mecha- 
nical work done by the engine. 

The working of a heat engine, the speaker con- 
tinued, was governed by the first and second laws 
of thermodynamics. According to the first, one 
British thermal unit was equivalent to 777.5 ft.-lb. 
of mechanical work. The second law, however, 





limited the amount of heat which could _be trans. 
formed into work, this transformation being only 
possible when some.further quantity of heat was lv 
down in temperature. 

Working with Joule, Kelvin proved that the 
absolute thermodynamic scale was practically that 
of the air thermometer, so that the constant-volume 
hydrogen thermometer could be taken as giving us 
very nearly absolute temperatures, especially fro; 
0 deg. Cent. upwards. Such instruments were, 
however, not very convenient for most uses, and 
like the mercury in g thermometers, could, 
moreover, not be used for the measurement f 
high temperatures. For these, several types of 
electrical thermometers were now available, based 
respectively on the fact that the resistance of a 
pure metal increased as the temperature rose, on 
thermo-electric effects, and on Stefan’s law of radia- 
tion, combined with thermo-electric phenomena. 

As illustrating the variation of electrical resist 
ance with temperature, Professor Fleming referred 
to the researches made by himself, in conjunction 
with Sir James Dewar, on the resistance of metals 
and alloys at very low temperatures, and he stated 
that the curve showing the resistance of platinum 
plotted against temperature curved slightly up- 
wards. Clausius, he proceeded, many years ago, 
had found that the resistance of platinum at 100 
deg. was to its resistance at 0 deg. nearly in the 
same ratio as the corresponding relative volumes 
of a gas under constant pressure. In 1871 Sir 
William Siemens had suggested the use of platinum- 
resistance thermometers. As constructed by him, 
they consisted of a platinum wire wound on 
a clay cylinder. It was found, however, that in 
these conditions the readings were unreliable ; the 
platinum became contaminated with silica from the 
clay, which rendered it brittle and altered its resist- 
ance, so that the device fell into disrepute. It was 
rescued by Callendar in 1887, who showed that if 
pure annealed platinum wire were wound on a mica 
support, it always had the same resistance at the 
same temperature. Callendar had also introduced 
the useful term ‘‘ platinum temperature,” which 
was defined as the ratio 

R - Ro 

Riw — Ro’ -_ 

where R denoted the resistance at the temperature 
under consideration, Ry) the resistance at boiling- 
point, and R, the resistance at 0 deg. Cent. Thus 
defined the platinum scale was not the same as the 
air scale, but it could be reduced to the latter by 
means of the equation 

t 
1) (00) 


t 
i sat (sss 

where t — p, denoted the difference between the air 

and the platinum temperatures, and 6 was a con- 

stant dependent only on the particular piece of 

wire used. The above expression was equivalent 

to the assumption that 


R 1 +at+ Be. 

In this connection the lecturer exhibited a very 
neat form of platinum thermometer, lent by Messrs. 
Griffin and Co.; the platinum in this case was wound 
on a quartz rod and sealed into a quartz tube, the 
whole being then placed in a metallic tube to 
protect it against mechanical injury. This was 
exhibited registering the temperature of an Herwus 
electrically-treated muffle. 

The resistance of the platinum wire, Professor 
Fleming continued, was measured by means of 4 
Wheatstone-bridge arranged as indicated in Fig. 2. 
Here the platinum thermometer P, was arranged 
in one arm of the bridge, and compensating leads 
in the other. If the thermometer were heated, the 
bridge would be thrown out of balance, and the 
temperature could be measured either by noting 
what resistance it was necessary to add to the arms 
containing the compensating leads so as to restore 
balance, or else by noting the deflection of the gal- 
vanometer. The latter arrangement was used with 
the Griffin instrument, the galvanometer scale being 
graduated so as to read degrees direct. The same 
plan was adopted in the case of another platinum 
thermometer shown, which was lent by Messrs. 
R. Paul and Co. With the Whipple resistance 
bridge, used with the Callendar instruments, the 
galvanometer scale was not divided, but the 
balance of the bridge was restored by turning 4 
handle which adjusted the resistances. A scale 
attached to the instrument then gave the tempera- 
ture directly. Methods had also been devised of 
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obtaining continuous records from electric resistance 
thermometers. In Callendar’s recording thermo- 
meter, a8 made by the Cambridge Scientific Instru- 
ment Company, Limited, the motion of the needle 
of the galvanometer was limited by two stops, and 
on coming into contact with the one or the other the 
needle closed one or the other. eircuit of a relay, 
which shifted the pen-carriage accordingly. The 
resistance thermometer, Professor Fleming con- 
tinued, was capable of use over a vast range, from 
the temperature of liquid air up to about 1200 deg. 
Cent., and between these limits there was no more 
accurate instrument. 

Coming to thermo-electric methods of measuring 
temperatures, these, he said, were based on the 
discovery of Seebeck in 1820, that if the junction of 
two metals were heated, an electromotive force was 
created urging electricity across the junction. 


PITKIN-WHITE JUNCTION 
—_ ) 














Becquerel next proved that this was an additive 
effect, and in a celebrated series of papers Lord | 
Kelvin, examining the matter from a thermodynamic | 
standpoint, proved that the electromotive force 
observed had a two-fold origin. In the first place | 
there was the Peltier effect. Peltier, in fact, had | 
shown that if a current were d through a 
junction of two metals, either heat or cold was 
produced there, according to the direction of the | 
flow. Such a junction, the speaker went on, con- 
stituted a perfect thermo-dynamo engine, giving | 
rise to a current if heated, or alternatively causing a 
production of heat or cold if traversed bya current. 

Whilst the heating of a junction in general pro- 
duced a current, there was, Professor Fleming said, 
foreach pair of metals a neutral point at which the 
metals were thermo-electrically identical. For 
iron-copper this was at 280 deg. Cent., and if such 
a junction were heated above this temperature, the 
direction of flow through it was reversed. Hence, 
with a couple having one junction as much 
above the neutral point as the other was below 
it, no current at all was. produced. The lecturer 
demonstrated the existence of this neutral point by 
bringing a Bunsen flame near a copper-iron junc- 
tion connected up to a galvanometer. At first the 
detiection of the galvanometer was in one direction, 
but as the temperature rose the deflection lessened, 
and finally became negative. With a platinum- 
lead couple, he continued, having one junction at 
0 deg. Cent. and the other in liquid air at — 185 deg. 
Cent., the flow was from the platinum to the lead. 
On raising the junction out of the liquid air the de- 
flection diminished up to —120 deg. Cent., at which 
it was zero. It then increased again in the negative 
direction, becoming a maximum at —60 deg., and 
then falling again. The curve connecting the 
electromotive force with the temperature was in 
general a parabola. For many purposes, however, 
it was convenient to plot not this curve, but a 
curve showing the rate of change, with tempera- 
ture, of the electromotive force. Such a curve for 
an iron-copper junction was represented, he said, 
in Fix. 3. The rate of change of the electromotive 
force was known as the “‘thermo-electric power,” 
and the curves as “‘thermo-electric curves.” Taking 
any \wo temperatures—say 0 deg. and 100 deg., as | 





in the diagram—the electromotive force was equal 
to the area included between the thermo-electric 
lines and the ordinates corresponding to these 
temperatures. The neutral point was that at which 
the lines crossed, and were the temperatures such 
that the area between this neutral point and the 
temperature of one junction was equal to that be- 
tween the neutral point and the temperature of the 
other junction, there would be no flow in the circuit. 

In addition to the sudden change of thermo- 
electric power ata junction, there was, he proceeded, 
also a gradual change along each metal. This was 
known as the Thomson effect. Thus, hot copper 
differed from cold copper in the same way that anti- 
mony did from bismuth, whilst hot iron differed from 
cold iron as bismuth did from antimony. If one of 
the two junctions of a thermo-electric couple were 





kept at a fixed temperature, such as 0 deg. Cent., 
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the electromotive force for many couples could, for 
a range up to 300 deg. Cent., be expressed as 


E.M.F. = a + b(t-t) + ¢(@-4%), 


where ¢, was the given fixed temperature. A 
formula having a oP a range was that of Holman 
—-viz., E.M.F. = mlog t + n. 

For copper-constantin the constant m was 1.14, 
whilst n was 1.34. For Pt and(Pt + 10 per cent. 
iridium) m = 1.10 and n = 0.89, whilst for Pt 
and rae + 10 per cent. rhodium) m = 1.19 and 
n = 0.52. 

In selecting a thermo-couple it was important, he 
said, to choose metals not having a neutral point 
within the range it was desired to cover. Further, 
the metals should not be too easilyfusible. For mode- 
rate temperatures, up to 600 deg. or 800 deg. Cent., 
these conditions were well satisfied by the copper- 
constantin couple, constantin being an alloy OF 40 
per cent. of nickel with 60 per cent. of copper. For 
higher temperatures, up to 1400 = couple 
cae gh pagel per cent. iridium) could 

used. With a couple of platinum —(platinum 
+ 10 per cent. rhodium) a temperature of 1600 deg. 
could be reached; whilst the couple iridium— 
(iridium + 10 per cent. rhodium) could be used up 
to 2100 deg. Cent. 

The couples were constructed by leading wires 
down holes in quartz or porcelain tubes. As indi- 
cated at A, in Fig. 4, the end of each wire was twisted 
together with one of the other to form the junction, 
and the other ends were connected up to a volt- 
meter of some form. 

The lecturer showed examples of the Crompton 
and Pitkin-White pyrometers, and also a record- 
ing instrument devised by the Cambridge Scientific 


were, he said, much too feeble to overcome the 
friction of a pen over the paper of the recording- 
drum, and thus the arrangement shown in Fig. 5 
had been adopted. Here the indicating-needle was 
represented by B, and it stood normally quite clear 
of the drum D, on which the record was to be made. 
Above it was arranged a frame C, which, at intervals 
of a few seconds, struck the needle B into con- 
tact with an inked thread E, which it drove 
against the drum, the record on which consisted, 
therefore, of a series of consecutive dots. In his 
metallurgical researches on the critical points of 
steel, Professor Roberts - Austen had used, the 
speaker continued, a photographic recorder. 

By means of the arrangements already described 
temperatures could be accurately measured up to 
1600 deg., and electrical furnaces could, moreover, be 
constructed so as to automatically maintain, within 
narrow limits, any desired temperature below this 
figure. For the measurement of higher temperatures 
or the temperature of inaccessible objects, the radia- 
tion pyrometer, due to Professor Féry, of the Ecole 
de Physique et de Chemie at Paris, could be em- 
ployed. This pyrometer was based upon the rate with 
which the radiation from a black body varied with 
its temperature. As was well known, good absorbers 
of heat were also bad reflectors, so that the radia- 
tion from all bodies at a given temperature was not 
the same. The ideal black body was one which 
radiated at each temperature the maximum pos- 
sible. Iron which formed black oxides nearly 
complied with this condition, as did carbon, but the 
latter had the defect of being combustible. An 
artificial black body could, however, be constructed 
out of a test-tube of quartz or porcelain, which was 
inserted, closed end first, into the furnace, the 
temperature of which was to be measured, as indi- 
cated in Fig. 7. If the base of the tube were 
observed through a small orifice, the radiation from 
it would be the same as from an ideal black body 
at the same temperature. 

If, the speaker continued, a hollow platinum ball 
were heated up, the radiation from its exterior sur- 
face would not be the same as from a black body, 
but the radiation from its interior surface was. 
This followed from the circumstance that a bad 
reflector was a good radiator, so that the reflection 
and radiation, from any body whatever, were com- 
plementary to each other. The total radiation from 
from any point being made up partly of reflected 
radiation and in part of direct radiation, the sum of 
the two from the interior surface of a hollow body 
was constant at any given temperature and inde- 
pendent of the material used. 

The hollow quartz tube formed such a body, and the 
radiation proceeding from the blind end was allowed 
to fall on a Féry pyrometer, the construction of 
which was represented in Fig. 6. It resembled a 
little Newtonian telescope, having a concave mirror 
M at the base of a tube. A small sight-hole E 
opposite the centre of this mirror served to align 
the instrument correctly on the surface, the radia- 
tion of which was to be measured. The rays 
reflected from the concave mirror fell on a small 
thermopile C, which was protected from the direct 
radiation from the source. In using the instrument 
it was only necessary to see that the image of the 
radiating surface covered more than the area of 
the thermopile, and in this case the indications of 
the instrument were independent of its distance 
from the source of heat in the same way that the 
brightness of an illuminated surface was aoe: 
dent of its distance. The actual intensity of light 
diminished, of course, inversely as the square of the 
distance, but the apparent area of the surface 
diminished at an equal rate, so that the brightness 
of unit area was independent of the distance. 

In another form of the Féry instrument, the 
concave mirror reflected the radiation, not on toa 
thermopile, but on to a small ee thermometer, 
which consisted of a small spiral of two metals of 
unequal expansibility welded together. A needle 
attached to this thermometer gave direct readings 
of the temperature, the instrument being thus 
wholly self-contained. 

This instrument, Professor Fleming continued, 
was based on the Stefan-Boltzman law of radiation. 
Many years ago, in the Royal Institution, the late 
Professor Tyndall had measured the radiation from 
pure platinum at different temperatures. His 
results had been examined by Stefan, who deduced 
from them the law that the radiation varied as the 
fourth power of the absolute temperature, and 
this result had been confirmed both by experiment 
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ture, therefore, there was an effective radiation, 
and this was what was measured by the Féry 
instrument. By fitting these instruments to the 
thread-recorder of the Cambridge Scientific Instru- 
ment Company, they could be made self-recording. 

Even if the body observed was not ‘‘ black,” 
the instrument would still show if its temperature 
were constant, although at 1500 deg. Cent. the 
radiation from platinum was so much less than that 
of a black body at the same temperature that the 
error might amount to 200 deg. Cent. or so. 

Continuing, Professor Fleming stated that he 
had some years ago applied the Stefan-Boltzman 
law to determine the temperature of the filament of 
a carbon incandescent lamp, which turned out to 
be 1700 deg. Cent. when radiating 100 watts per 
square centimetre. In the same way the tempera- 
ture of an arc radiating 3000 watts per square 
centimetre was found to be 4000 deg. Cent., and 
that of the sun, which radiated 10,000 watts per 
square centimetre, was 6300 deg. Cent. These 
figures, he stated, had since been substantially 
confirmed, the latter being very near the accepted 
temperature of the photosphere of the sun. 

In conclusion, the lecturer said he had shown 
that very great advances had been made of late 
years both in methods of heat production and of 
temperature measurement. The electric furnace 
was destined to revolutionise metallurgical methods, 
and he was certain that as its merits became known 
British manufacturers would not be slow to take 
advantage of them. ‘There was a prevalent idea 
that it was only in countries where water-power 
was abundant and coal dear that such methods were 
useful; but this was not the case, since the chief 
claim of the electric furnace lay in the quality of 
the material produced. In Germany the State 
Railways had issued a specification for electric rail- 
steel, which was to have 15 per cent. greater tensile 
strength than the basic rails now used, and a 
guaranteed life of 10 years. In the matter of 
aluminium production the electric furnace, he 
added, had reduced the cost from the 3s. 6d. per 
oz. of 1886 to 1s. per lb. at the present time, and 
this cost would probably be still further reduced 
with improvements in the methods of purifying 
bauxite. 





AEROPLANE EXHIBITION FLIGHTS, 
ACCIDENTS, AND PROGRESS. 

Tue recent accident at Worcester, in which an 
aeroplane swerved from its course and plunged 
into the crowd, with the result that one woman was 
killed and other people were injured, shows the 
danger which may attend exhibition flights of this 
kind. Although this was a somewhat exceptional 
accident, and is the only one which has actually 
happened in England so far, all who attended the 
meetings at Blackpool and Doncaster last year 
were well aware that there was almost a certainty 
of something of the kind happening sooner or 
later if a series of exhibitions of the kind was held 
without sufficient safeguards in the way of restric- 
tions as to who should be allowed to fly and the 
conditions under which they were to do so. With 
experienced men in charge of the machines, and 
in suitable weather, the risk is no doubt small, for 
the machine can always be kept over the course 
where there are no people, and in this case a fall is 
only risky to the aviator. At both Blackpool 
and Doncaster, however, there were novices who 
had had little, if any, experience in actual flying, 
and who, in some cases, spent a great part of the 
time running about the ground without getting 
their machines to leave it at all. It is fairly obvious 
that such men might have only a very vague idea 
as to where the machine was going if they ever did 
rise, and might also quite possibly meet with a fall. 
It is, of course, inev table that there should 
be risks in learning to fly, but it is eminently 
desirable that these risks should only involve the 
learner, and not other people. Even to the learner 
the risk is much less when he has open ground on 
which he can alight anywhere than where endea- 
vours must be made to avoid stands full of people. 

It is thus advisable that if public exhibitions are 
to be free from serious risk, care should be taken in 
the selection of the aviators to be engaged. Even 
with the most experienced aviators there may be a 
good deal of risk if the weather is not propitious, 
as was seen at Doncaster, where one aviator only 
escaped falling into the crowd at great risk to 
himself. Skilled men are, however, at the present 


time not very numerous, and their fees in most cases ' 





are heavy, so that those meetings which are not 
very wealthy naturally engage whom they can. 

In view of these facts, it is worth while consider- 
ing whether the holding of flying meetings is the 
best way to forward the movement. It is easy to 
condemn such exhibitions as partaking too much of 
the nature of a circus, in which sensation is the 
primary object, and mechanical progress relegated 
to the background. There is, however, another 
side to the question. Everybody is well aware 
that not very long ago it was almost impos- 
sible to obtain assistance in this country in 
any project relating to aviation. We have been 
behind others in seriously taking the subject up, 
but this was not for fault of experimenters. In 
many instances it has been largely lack of funds 
which has prevented development. It is evident 
that only the comparatively wealthy can, as yet, 
indulge in aviation, if they must rely solely on their 
own resources, and others not so fortunately situated 
can scarcely be blamed, therefore, if they take 
advantage of the offers these meetings hold out to 
them. it may mean for them that they will be 
thus enabled not only to complete the experi- 
mental development of some particular type of 
machine, or at least contribute something ulti- 
mately to the advancement of the art which other- 
wise they would have had to abandon for lack of 
means. Thus these exhibition flights may enable 
a man who has already met with some measure of 
success to complete and perfect his work which 
would otherwise be lost. 

Again, it should be remembcred that at present 
the aeroplane has apparently little in the way of a 
commercial future. Its application in every-day 
life is comparatively more remote than ever was 
that of the motor-car or steamboat at their intro- 
duction. Without referring to the possibilities 
of the future, which may be greater than 
many suppose, we are of opinion that the en- 
couragement of flights by all reasonable means 
will ultimately be beneficial. The use of the 
machines must suggest improvement, while there 
will be concurrently a general educational effect 
upon both the users and the public, such as that 
which we owe to the motor-car. Practically no 
return is possible at present from the flying of the 
machines except in this way, and if it only increases 
the number of experts some good will have come 
therefrom. There is no harm in enlisting in the 
ranks as many men as possible, provided the means 
taken are not objectionable. The more interested 
the better the progress. If the matter were to 
be left solely to those whose means are ample, 
the rate of progress might slacken, for none 
could blame Pe if they turned their attention, 
as some here have been inclined to do already, to 
sport rather than to development. The latter is 
needed by us quite as much, if not more, than 
proficiency with any of the present foreign-ty 
machines, British-built, or otherwise, and properly 
directed, the popularity of exhibition flights might 
well assist in bringing about valuable progress. 

At the same time, we do not wish to be taken as 
encouraging those who are so anxious to advertise 
themselves that they are ready to learn to fly in 
public. In contrast with these, we would direct 
attention to the methods of Mr. Rolls, who has 
been the first to accomplish the double Channel 
flight. This is one of the feats which aviators 
have had their eyes upon for some time, and 
its accomplishment by Mr. Rolls marks another 
step in English progress. It is the first of these 
major performances to be first done by an English- 
man on an English-built machine. Mr. Rolls has 
attained the necessary skill and nerve in flying 
principally by practising in private. The greater 
part of the real progress in flight has also been 
made in the same way. The Wrights wisely prac- 
tised and experimented in private for ygars before 
they appeared in public. 

The attractions offered at public meetings will 
doubtless continue while there is any novelty in 
aviation, and men will probably be as frequently 
forthcoming to give or, at least attempt, demon- 
strations. It is, therefore, very important that all 
risks of accidents to spectators should be avoided, 
or the whole movement will receive a very bad set- 
back. It will ultimately be found to be to the 
interests of the a as well as of the public, 
that sufficient safeguards in this connection should be 
taken. Only aviators of some skill should be allowed 
to exhibit, and where these cannot be had no meeting 
should be held. Further, the public should clearly 
understand that flights can only be made in favour- 





able weather. Again, committees should only allow 


flights when the weather is really suitable. No 
doubt there is a great temptation to urge the men 
to fly in order to satisfy an impatient crowd. It 
should, however, be quite clearly understood that 
should an accident happen in the case of the 
committee urging a man to fly when it is not really 
safe, the committee are morally responsible, 





NOTES. 
Nove ALLoys and Beartne MeErats, 

In one of the February issues of our German 
contemporary Metallurgie, K. Friedrich, of Breslau, 
suggested a novel use of alloys. Many alloys 
remain plastic over a considerable range of tem- 

rature. The mass of an alloy then consists of a 
iquid and of a solid portion. If the liquid pre- 
dominates, solid crystals may be said to float in the 
fluid ; if the solid predominates, the crystals are 
said to be cemented by the fluid. When the mass 
is suitably plastic, oxides, silicates, glass, corun- 
dum, &c., may be kneaded into the alloy for the 
purpose of er substances of peculiar appear- 
ance and colour. Alloys may be turned into insu- 
lators by these means, and decorative objects be pro- 
duced. Friedrich made experiments with bronzes, 
90 parts of tin to 10 of — for instance, to 
which he added powdered blue cobalt glass. The 
plastic mass was moulded, cooled, and then polished, 
and appeared uniform. This publication has led 
W. Guertler, another well-known metallurgist, to 
mention other experiments on bearing metals of lead 
and iron in the same journal in its issue of May 8. 
The ordinary bearing metal consists of a magma of 
lead or tin, alloyed with antimony, &c., in which 
harder crystals containing tin or copper are em- 
bedded. As iron will not form an alloy with lead, 
the cheaper iron cannot directly replace the more 
expensive metals. Iron melts at 1520 deg. Cent., 
lead at 327 deg. Cent.; there is thus a wide range 
for the possible alloy state ; but iron dissolves very 
little lead, and lead very little iron. It occurred to 
Guertler, however, to prepare an intimate mixture 
of iron and lead, either by precipitating a lead solu- 
tion with an excess of powdered iron, or by grinding 
the latter together with the fine crystals of lead 
which electrolytic lead trees furnish. This mixture 
is heated up to 250 deg. or 300 deg. Cent., when the 
lead becomes more plastic, and is rammed down into 
moulds. Thus alloys are prepared somewhat in 
the manner of tamped concrete. Guertler has 
tried some thirty of these lead-iron alloys, using 
pig, steel, iron containing nickel, chromium, tung- 
sten, &c., and also cementite, the carbide Fe,C. 
The mechanical tests are to a certain extent satis- 
factory, and though it is, of course, too early to 
express any definite opinion, it may be said that 
both these new processes deserve attention. 


LIABILITY FOR EXTRAORDINARY TRAFFIC. 


The case of St. Thomas Rural District Council +. 
Siemens Brothers and Co., which was heard last week 
by Mr. Justice Ridley at the Exeter Assizes, shows 
the kind of liability to which an engineer who has 
to lead a large quantity of material along the roads 
of the country, may be exposed. It appeared that 
the defendants were under contract to supply 
telegraph-wire to the value of 31,2151., for new 
lines between Devon and Somerset and other 
parts of the country. They made a contract 
with a firm of carriers to haul the wire. Two 
traction-engines had been constantly used, hauling 
sometimes three trucks with two reels each. 
The roads having been seriously damaged, the 
District Council sued Messrs. Siemens, as being the 
persons ‘‘ by or in consequence of whose order 
the traffic was led. Evidence called on behalf of 
the defendants showed that no directions were 
given as to the method of carrying. All they 
did was to tell the carriers to carry 7 tons of stuft 
per day. In the event, however, the jury found 
that the traffic was both excessive and extraordi- 
nary, and that it was conducted by order of the 
defendants. The plaintiffs therefore had judgment, 
the amount of the liability being left over for settle- 
ment by arbitration. All engineering firms whose 
operations may involve the leading of heavy traftic 
rs the roads should make note of this decision ; 
because it seems that, if a carrier is employed, and 
he does damage to the roads, the person employ- 
ing him is to be held liable, whether he knew 
anything about the methods adopted or not. There 
are, however, two courses = which afford some 
protection to those whose business may involve 
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the excessive use of the roads. In the first 
place, an agreement may be entered into with 
the authority for the payment of a composition 
in respect of the weight of traffic, when he would 
not be subject to any proceedings. This is pro- 
vided for by Section 23 of the Highways Act, 
1878. Another plan is to secure the insertion in 
the contract of some such clause as the follow- 
ing : ‘‘ The contractor shall indemnify the employer 
against all actions or proceedings which may be 
brought or taken against the owner in respect of 
damages caused to a highway by the contractor in 
the performance of this contract.” The result of 
such a clause would be that, although the employer 
might have to pay up in the first instance, he could 
seek an indemnity from the contractor. 


Bases AND BEARING-PLATES FoR COLUMNS AND 
Beams, 


Although the correct designing of bases for 
columns, and of bearing-plates for beams, where 
the loads carried are heavy—as is frequently the 
case in modern building work-—is a matter of no 
mean importance, if the maximum amount of safety 
is to be obtained with the maximum economy, we 
believe that, until quite recently, the matter had 
received very little attention, at any rate as regards 
the experimental side of the subject. This being 
so, special interest attaches to some experiments 
carried out by Mr. C. R. Dick, B.Sc. in Archi- 
tectural Engineering, and recently published in 
Bulletin No. 35 of the University of Illinois, 
U.S.A., by N. Clifford Ricker, Professor of Archi- 
tecture in that University. The object of the 
tests was, in the first place, to produce a series 
of accurate formulz and tables for designing base- 

lates made of different forms and materials, these 
leceniahes and tables to be as easy of application as 
possible, and also to comply with the building laws of 
the larger cities of the United States. In the second 
place it was thought to devise a similar series of 
formulz based on the common theory of the fracture 
of such plates, and to check the common formule 
by experimental data derived from tests of plates 
designed in accordance with such formule. The 
results of these experiments, issued by the experi- 
mental station of the University, supply some 
valuable information on this branch of building 
construction. The formule obtained, however, do 
not appear to give results differing very much from 
those obtained by the ordinary methods of calcula- 
tion that one would naturally adopt if designing 
column bases and bearing-plates, but the tests have 
led Mr. Dick to some important practical conclusions. 
The plates on which the tests were carried out were 
made, some of them square, some octagonal, and 
others circular, and of steel and cast iron respectively. 
They were each of 400 square inches bearing area, 
and were so proportioned that the safe maximum 
fibre stress in the fractured section did not exceed 
16,000 lb. per square inch for steel, and 2500 Ib. for 
cast iron in tension. Some of the tests were made 
with a cushion of blankets between the base and the 
masonry, and others with a cushion formed of wood 
packing. The conclusions arrived at as the result 
of these tests were: (1) that, with regard to steel 
plates, the limit of 16,000 lb. per square inch is 
rather high, if deflection be taken into account, for 
bending rapidly takes place after this unit stress has 
been exceeded. (2) Steel plates, therefore, should, 
if projecting more than two diameters beyond the 
bottom part of the column that rests on the plate, 
be designed to resist deflection, or cast-iron plates 
should be used instead ; and (3) the most econo- 
mical form of base-plate is the circular one. With 
regard to cast-iron base-plates Mr. Dick states (a) 
that « greater fibre stress than 2500 lb. per square 
inch may safely be adopted, say 3000 lb. per square 
inch ; (b) cast iron is better adapted for base-plates 
than steel, as it gives a uniform distribution of the 
load over the bearing area for a greater range of 
loading being more rigid ; and (c) cast iron will not 
deteriorate so rapidly as steel when in a damp 
place, and should, for this reason, be preferred to 
steel. In addition the experiments showed that 
the fracture line passed through the centre of each 
plate, and not tangent to the edge of the column 
shaft where the latter rested on the plate. The 
cast-iron plates were made the maximum thickness 
under the column, but tapered to a thin edge 
at the outside. In the new formule brought 
forward by Professer Ricker the line of fracture is 
assumed to follow the shorter width of the base- 
plate, and the breaking moment about this line is 
vreater than that about a tangent to the edge of 





the column shaft. The formule are of a form 
easily and quickly applied, and their use is rendered 
still simpler by the addition, in the bulletin, of a 
— of graphical diagrams which save much 
abour. 


Tue INTERNATIONAL ELECTROTECHNICAL 
ComMMISSION. 


The first annual report of the International 
Electrotechnical Commission has just been issued 
from the Central Office of the Commission, 28, 
Victoria-street, Westminster, S.W. It is a pam- 
phlet of forty pages, printed in allel pages in 
English and French, and published by Messrs. 
Waterlow and Sons, of Parliament-street. The 
impetus to the international :novement with regard 
to electrical standardisation was given by Colonel 
R. E. Crompton at the Electrical Congress, held 
at St. Louis, in 1904, where he read a paper sug- 
gesting international co-operation in connection with 
nomenclature and the ratings of electrical apparatus 
and machinery. A resolution to this effect was passed 
by the official delegates to that Congress. Colonel 
Crompton was elected honorary secretary of the 
organising committee, and Mr. C. Le Maistre, 
M. Inst. C.E., was appointed general secretary, 
appointments which were subsequently renewed. 
A preliminary meeting was held in June, 1906, in 
London, under the auspices of the Institution of 
Electrical Engineers. Mr. Alexander Siemens pre- 
sided, and remains chairman of the British com- 
mittee. Lord Kelvin was elected President on 
June 27, 1906, which is regarded as the birthday of 
the Commission. Upon his death on December 15, 
1907, Professor E. Mascart was chosen as his suc- 
cessor, and he passed away in August, 1908. The 
unanimous choice of the Council then fell upon 
Professor Elihu Thomson, the actual President of 
the International Commission. The first Council 
meeting was held in London, in October, 1908. 
Since that time the organisation has made progress 
in many countries, and also in the British Colonies. 
The countries now supporting the work of the 
Commission are :—The United States of America, 
Belgium, Brazil, Canada, Denmark, Germany, Great 
Britain, Hungary, Italy, Japan, Mexico, Spain, 
Sweden, and Uruguay. The Australian and Russian 
Committees are practically formed, and the Indian 
Government, although not taking any direct part in 
the work, so far supports the movement by a grant 
towards the funds. Financial support is not lacking. 
From the report] we see the work has increased so 
much that Mr. Le Maistre, who was at first secretary 
of the British Committee as well as general secretary, 
had to resign the former office, his place having been 
taken by Mr. P. F. Rowell, the secretary of the Insti- 
tution of Electrical Engineers. The work covers such 
ground as nomenclature, a field in which general 
agreement is most desirable ; unit of candle-power, 
in which a very satisfactory agreement has already 
been arrived at ; symbols, and standards for electrical 
machinery, &c. Progress in all questions in which 
different nationalities are interested is necessarily 
slow, but it is hoped that ample reports will be ready 
for the deliberations of the Commission meeting, 
which is to assemble in Berlin next year. The date 
1910 had been arranged for this meeting, but a 
postponement appeared desirable, in view also of 
the negotiations with governments whose early 
adhesion is expected. Meanwhile the Belgian 
Committee invites members of other committees 
to a cordial reception and to informal meetings to 
be held at Brussels from August 8 to 13. Members 
wishing to take part in this gathering should com- 
municate with the Belgian Committee. 


SusMARINE-Boat Disasters AND Lire-SavinG 
APPARATUS. 


Now that the French submersible boat Pluviose 
has been salved, it is pertinent to make observation 
upon the methods possible for obviating disaster 
and loss of life under the circumstances unavoid- 
able in the manceuvring, even in peace-time, of 
such craft. The disaster to the French submer- 
sible boat, and the time taken to raise her, afford 
proof, if such were needed, of the futility of any 
method of raising such vessels in time to save the 
lives of the crew after the hull has been perfo- 
rated by collision or other accident. The disaster 
to the Pluviose took place in weather that may be 
described as ideal for salvage work, and within a 
short distance of a naval arsenal, where pre- 
sumably the appliances for salvage could be 
stored ; yet the delays inevitable in view of the 
tidal conditions, of getting lighters to the spot and 





of other circumstances, rendered the raising of the 
vessel sufficiently difficult to make it a matter of 
days rather than hours. The conclusion is therefore 
justified that the British Admiralty have adopted 
a wise course in rendering the crew more or less 
independent of salvage operations by insisting 
that every member should be trained as a diver, 
and should have readily accessible within the 
submarine a simple and easily-donned diving-dress. 
In the event of an accident where it is difficult, 
as in the case of the Pluviose, to bring the 
vessel to the surface at once, each member of 
the crew has available means of escape as a last 
resort. In all British submarines the diving- 
dress is stowed away adjacent to the station at 
which each member of the crew is occupied when 
the vessel is submerged. There is a flexible 
lead from the usual air service, with a valve in close 
proximity to each dress. In the event of an accident 
each member of the crew can put on his dress in 
half-a-minute, and in the interval the dress, which 
compasses the officer or man to the waist, can be 
supplied with air from the flexible lead by pressing 
upon the valve atits free end while the nozzle under 
the dress is connected to the pipe. Each member 
of the crew can thus, in 30 seconds, be equipped 
as a diver, with sufficient air to last him at least 
an hour-and-a-half, by virtue of the purifier fitted 
to the dress. When it is remembered that ina 
large majority of the accidents to submarine boats, 
especially where the outer skin has been per- 
forated by collision, the vessel will rapidly fill 
with water, the time for all of the crew to.escape 
by one or other of the hatches cannot be long. 
All, however, can escape. The training of the 
members of the crew to effect exit is a matter of 
comparative simplicity. This training, in the British 
service, is effected in a tank, the bottom of 
which is fitted up to resemble a submarine boat, 
and the test imposed upon the prospective members 
of a crew is to plunge to the bottom of the tank 
in an air-lock where he is required to put on 
the diving dress, proceed across the tank, ascend 
the counterfeit of a conning-tower in a submarine 
and open the hatch, when he is enabled to rise to 
the surface. The period occupied for training the 
man in this important work has been found by 
experience to be not more than five days, and, 
although the conditions imposed may not be so 
exciting as in the event of a submarine boat being 
struck in collision, the method appears to ofter the 
only likely solution of a most difficult problem. The 
system has certainly the merit of simplicity, and as 
practice is possible and frequently pursued, there is 
the strongest possible argument in its favour, 
especially as each member of the crew has at least 
a sporting chance which the unfortunate men in 
the Pluviose were denied. We have no wish even 
to seem to disparage the efforts of the French Navy 
in their submarine work, but it would appear that 
in view of the possibilities of disaster not only in 
actual warfare, but in peace manceuvring, every 
possible safeguard should be adopted in order that 
those who volunteer for the hazardous work of sub- 
marine navigation should have every chance of gain- 
ing the water surface in the event of such an unto- 
ward accident as that which befell the Pluviose, 
and which may occur in every evolution of a sub- 
marine fleet. 








Tue British Motor-Boat Cius,—The British Motor- 
Boat Club’s long-distance cruiser race from London to 
Cowes will start on July 23. Races will be held at 
Cowes on August 1, 2, 5, and 6, the last date being the 
annual race round the Isle of Wight for the Rheinfeld 
Cup, presented by Mrs. Walker Munro. 





SELi’s WorLp’s Press.—We have received a copy of 
this directory, which is published by Sell’s Advertising 
Offices, 168 and 167, Fleet-street, E.C., at the very low 
price of 2s. 6d. The present volume, for 1910, is the 
thirtieth annual issue. It gives the names of the British 
papers and periodicals, with general data concerning them, 
and the names of the colonial and of the leading foreign 
ones. It is completed by an interesting survey, dealing 
with a variety of matters of interest to the journalistic 
world, an anecdotal history of journalism, &c. 


Tue Datmier Motor Company (1904), Liwrrep.—We 
have received from this company a copy of their new 
Daimler instruction book. This is admirably got up, in 
the shape of a pocket-book ; it contains detailed descrip- 
tions made perfectly clear by a large number of tracings 
and views of all the parts forming the Daimler cars, 
together with full instructions for the working and good 
maintenance of these. The care displayed in the produc- 
tion of the book in question is illustrative of that shown 
by the company in the manufacture of every detail part 
entering in the construction of their well-known cars. 
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STEAM TRIALS OF H.M.S. ‘‘ LIVERPOOL.” 


His Masesty’s cruiser Liverpool, the latest addition 
to the Navy, from the naval construction works at 
Barrow-in-Furness, of Messrs. Vickers Sons and 
Maxim, Limited, has completed her steam trials, and 
has realised a mean speed of 26.171 knots, as the 
result on six runs over the measured mile, whereas 
the anticipation of the design was 25 knots ; so that the 
ship, which is destined for scout cruising, will prove 
highly efficient. The time taken for construction is no 
less remarkable than the trial-trip achievement, as the 
vessel has been completed within sixteen months of 
the laying of the keel, notwithstanding that the firm 
have had in progress three ‘‘ capital” ships, including 
two battleships and an armoured cruiser, and the 
— machinery for these and two others, apart 
rom extensive gun-mounting work and submarine 
boats, cruisers, and other naval contracts. Thus the 
performance assists to once more establish the great 
producing facility of the Barrow works. 


The full-power trial was run on Wednesday, and 
was of eight hours’ duration, within which period 
six runs had to be made over the measu mile 


at Skelmorlie, on the Firth of Clyde. There was 
early fog, which delayed the beginning, but later the 
weather was ideal. On these runs the revolutions 
of the four propellers averaged 512.7 per minute, while 
the shaft horse-power was 24,718, and the speed of 
the ship, as already indicated, 26.171 knots. This 
power was easily maintained, and with great regularity, 
throughout the eight hours’ run. For some part of the 
period the machinery developed slightly over 25,000 
shaft horse-power, so that it was clearly evident that 
the steam supply and the turbines are quite adequate for 
their work. oreover, the economy was high, as the 
fuel consumption—oil and coal being used—was equi- 
valent to 1.65 lb. of coal per shaft horse-power per 
hour. 

The coal-endurance trials specified in the contract 
were @ 22 hours’ run at about 14,000 horse-power and 
an eight hours’ run at about 18,000 horse-power, both 
trials being continuous. The Liverpool went out on 
Wednesday of last week on this trial, but, after run- 
ning for hours, with everything going splendidly, 
the trial had to be stopped owing to in Later, how- 
ever, she carried through the test most satisfactorily. 
On the 22 hours’ trials the power developed was 13,970 
shaft horse-power, and the fuel consumption was 1.57 lb. 
per shaft horse-power per hour. For the eight hours’ 
trial the results were equally satisfactory, the shaft 
horse-power being 18,614, and the coal consumption 
1.59 lb. per indicated horse-power. At both powers 
six runs were made over the measured mile at 
Skelmorlie, and the speeds are recorded in the 
appended table :— 











ea |Atabout60per Atabout 80per At Full 
| Cent. Power. Cent. Power. | Power. 
Revolutions on mile | 426.5 464 | 612.7 
Power.. ..| 14,102 S.H.-P. 18,824 S.H.-P.' 24,718 8. H.-P. 
Speed -| 23.883 knots | 25.102 knots 26.171 knots 


| ! 


The Liverpool, as the name suggests, belongs to 
the new ‘‘ Town” class, of which nine are being built, 
five of these, ordered early last year, are likely to 
complete their-trials before the end of July. The 
vessels are of the light, protective-deck type, with 
high speed, moderate armament, and great manceuvr- 
ing power. They are 430 ft. long between perpen- 
diculars, 47 ft. broad, and at 15 ft. 3 in. raught 
have a displacement of 4800 tons. The arma- 
ment, which, in the case of the Liverpool, passed 
successfully through trials on Thursday, includes 
two 6in. breech-loading guns—one on the fore- 
castle and the other on the upper deck aft; ten 
4-in. breech-loading gvns—five on each broadside on 
the upper deck amidships; and two Maxim guns on 
the navigating-bridge. There are also two submerged 
tubes for firing 18-in. torpedoes. Although the ships 
are tiene em, | more than usually extensive arrange- 
ments have been made for ensuring the buoyancy of 
the ship in the event of the hull being perforated, by 
extensive subdivision of the interior ; and there is ex- 
tending right fore and aft a nickel-steel armoured deck, 
sloping at the sides to well below the water-line. Under 
this deck there are extensive longitudinal and trans- 
verse bulkheads, the machinery, for instance, bein 
distributed over five compartments, while the boilers 
are arranged in three compartments. The machinery 
is of the Parsons type, with four lines of shafts. A 
high-pressure ah turbine and the separate high- 
pressure astern turbine are arranged on one shaft in 
each wing compartment, while one low-pressure ahead 
turbine, in which is embodied the low-pressure astern 
turbine, is mounted on each of the inside shafts in one 
central compartment, which also contains the man- 
ceuvring-gear for all the turbines. There is no separate 
cruising turbine, the principle being adopted of arrang- 
ing for the admission of steam at several s in the 





high-pressure turbine, according to the power desired. 
The economy obtained in the Liverpool would seem to | 


indicate that this is a satisfactory arrangement. There 
are four propellers—one on each shaft. The auxiliary 
machinery and condensers are accommodated in two 
separate compartments abaft the main engine-room. 








THE LATE DR. EDWARD LOCHER- 
FREULER. 

On June 2 there passed away from us the celebrated 
engineer, Dr. Edward Locher-Freuler. He was a 
man of high mechanical knowledge and attainments, 
and having studied the manufacture of cotton goods, 
he built in 1871 a weaving factory, sa Sg spare 
time to educate himself in engineering. e carried 
out many of the large buildings in Switzerland and 
designed factories, water-works, and railway bridges. 
When the utilisation of water-falls, — by 
distribution of electrical power, began to under- 
stood, he established some of the largest electrical 
installations driven by turbines. He was engaged in 
the construction of a portion of the northern approach 
railway to the St. Gothard Tunnel, and of the spiral 
tunnel “ Pfaffensprung” in the Canton Uri ; but the 
most darin aa of its day, the Pilatus Railway, 
will always associated with his name, as being the 
first application of horizontal rack-gear with right 
and left side wheels on gradients approximating to 
45 deg. 

Bettor known as Colonel Locher, an officer of the 
artillery, his knowledge of explosives and his high 
powers of organisation caused him to be associated 
with the firm of. Messrs. Brandt, Brandau, and Co., 
who had undertaken the contract for the piercing of 
the Alps by the Simplon Tunnel. 

It will be remembered that this tunnel, which is 
12} miles in length, with a distance below the surface 
of 7000 ft., the greatest depth man has ever reached, 
produced rivers of cold water amounting to 17,000 
gallons per minute, in addition to springs of hot water 
of 4300 gallons per minute of a temperature of 118 deg. 
Fahr. 

Edward Locher, on the death of Mr. Brandt, took 
his place, the firm thus consisting of Dr. Brandau, Dr. 
Edward Sulzer-Zeigler, and Dr. her. These three 
formed a remarkable combination of financial and 
mechanical skill and dogged determination. They 
absolutely refused to admit of defeat, although so 
many had pronounced the difficulties encountered to be 
insuperable, and they carried out their great work 
with full success. On more than one occasion in his 
letters Dr. Locher stated that nothing would ever 
again induce him to undertake another long tunnel. 

He and his partners were honoured by the univer- 
sities of Switzerland, who conferred upon them the 
degree of Doctor (H.C.). He was a man of profound 
modesty, of brilliant capacity in his profession, besides 
which he was the kindest of friends, beloved by all 
who knew him. 





Tue Society or Enorneers (INCORPORATED).—The 
third vacation visit of the present session took place on 
Wednesday, June 15, when, by the courtesy of Mr. 
Maurice Fitzmaurice, C.M.G., M. Inst. C.E., a party of 
members of the Society and their friends visited the site 
of the new County Hall of the London County Council 
on the south side of the Thames at Lambeth. The site 
for the building occupies an area of over 5 acres, of which 
about 14 acres is reclaimed from the River Thames, and 
is bounded on the east side by Belvedere-road, and on 
the south by Westminster Bridge Approach. The 
river is excluded by an embankment wail cimiler to the 
Victoria Embankment on the opposite side of the river. 
The embankment wall is founded on the London clay 
formation at a depth of about 20 ft. below Ordnance 
datum, and the whole area behind the wall is to be 
covered with a raft of concrete 5 ft. thick, resting on the 
Thames ballast at a level of 8 ft. below the same datum. 
On this raft the building will be erected. The embank- 
ment wall is being built behind a cofferdam consisting of 
a single row of Oregon pine piles, 14 in. square, ved 
and tongued, which are driven about 12 ft. into the clay. 
The wall is of 6 to 1 Portland cement concrete, faced 
with Cornish and Aberdeen granite above low-water 
level. In front of the central portion of the future 
building the wall has two flights of steps leading down 
to the river, and the nite is Pa wg with a rough 
face. Behind the wall is a series of arches, forming 
storage vaults, and on the top of them will be a ter- 
race, access to which will ey, & a flight of steps from 
Westminster Bridge. Special precauticns were taken in 
constructing the foundations of the new wall near the 


8 | abutment of Westminster Bridge. The bridge is founded 


on cast-iron piles, and, in order to avoid any ibility of 
weakening this support, a length of 30 ft. of the wall next 
the bridge was founded in a caisson, which was sunk 
with compressed air. The foundation of the abutment 
was also partly surrounded with steel sheet piling driven 
down to the heaton clay. The embankment wall has 
been designed and is being constructed under the super- 
vision of Mr. Maurice Fitzmaurice, C.M.G., the chief 
engineer to the London County Council, the contractors 
being Messrs. Price and ves. The raft foundation is 
being laid by Messrs. F. and H. F. Higgs, under the 
supervision of Mr. W. E. Riley, F.R.1.B.A., the Council’s 
superintending architect, who is also associated with 
- io? for the whole scheme, Mr, Ralph Knott, 
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WORKMEN’S COMPENSATION CASES. 
County Court. 


Disease or Accident ?—An unfortunate compositor named 
Bellringer made a claim for compensation against his 
employers, Messrs. Geo. Woodhead and Co., Limited, 
—— Manchester, and the case was heard on the 

th inst. at Manchester County Court, and resulted in the 
eee being dismissed. The case illustrates the 
difficulty which employers have to meet when human 
infirmity or ailment overtakes a man and incapacitates 
him for work, and he is tempted to make a claim, often 
quite an honest claim, against his employer because 
Sepowr began while he was in employment, which 
might conceivably have led to an accident and injury for 
which the Compensation Act makes the master legally 
responsible. 

It was alleged by this applicant that on April 16, 1:09, 
he was carrying, with a fellow workman, a heavy forme 
of type, when the end slip and struck him. He said 
he was hurt by the blow, but resumed work. A doctor 
found he had ruptured some blood-vessels. A week later 
he complained of paralysis, which left him blind. The 
point for the judge was whether the blindness arose from 
natural causes or was the result of the alleged accident. 
An objection was also raised that the employers had not 
had proper notice of the accident, as it was only served 
some four months after the event alleged, and they were 
thus prejudiced in their defence. 

Notice, of course, should have been given ‘‘as soon as 
practicable after the accident,” but the failure to make a 

im is exc in case of (1) mistake ; (2) absence from 
United Kingdom ; (3) or other reasonable cause. As to 
the formality of notice, in this case it may not have preju- 
diced the employers that notice was not given till after 
the lapse of four months, for within one month the fore- 
man visited the applicant. The medical evidence in the 
yg favour attributed the blindness to the shock of 
the blow when the forme slipped and struck the appli- 
cant. According to the reported evidence on the em 
“wy tod behalf, the cause of the man’s blindness could not 

traced to the shock, and his fellow-workman, who was 
helping to carry the forme, denied that he let it slip or 
that it struck the applicant at all. The Deputy County- 
Court Judge decided that no accident as alleged had 
happened, and dismissed the workman’s application. 


Court or APPEAL, IRELAND. 


What is an “‘ Accident” ? Gamekeeper’s Claim.—In the 
County Court of Louth an application for workman’s 
compensation was made by a poe for injuries 
received arising out of and in the course of his employ- 
ment. When on duty at midnight the gamekeeper was 
attacked by poachers, and as a consequence he suffered 
incapacity for three months. The judge dismissed the 
application on the ground that, although the injuries 
received arose out of and in the course of the applicant’s 
employment, the attack on the gamekeeper was not in the 
nature of an accident within the meaning of the Work- 
men’s Compensation Act. On appeal to Dublin, on the 
6th inst., the decision of the County Court Judge was 
reversed, and the Lords Justices, by two to one, decided 
that the attack on the gamekeeper was an accident within 
the meaning of the Act. It may be noted that the Lord 
Justice, who was in the minority, was of opinion that the 
absence of design or intention was the essential element 
of an accident, and therefore he concluded that an 
intentional attack by poachers on a gamekeeper could not 
be an accident. 

It is curious the judges in Dublin had little help from 
former decisions, but we venture to think the decision of 
the majority in the Court of Appeal in Dublin a 
with the few cases that are at all like this which have 
been before the Court of Appeal in England. In Hassel- 
mann tv. Poole (25 T.L.R., 155 (1908) C. A.) the workman, 
whose death was the subject of the claim, had been 
employed to clean the cages and look after the baggage of 
a lion-tamer, and he was killed in his endeavour to get an 
escaped lion back to its cage. It was therefore presumed 
the workman died in the eden of his duty. When 
the Irish judge said, truly, that previous cases point to 
‘“‘the absence of design or intention being the essential 
element of an accident,” that may be taken to mean the 
absence of intention on the part of the employer to cause 
the “accident,” for then, of course, it would be no acct- 
dent. To watch poachers and protect his master’s game 
is a gamekeeper’s sole duty, and the “accident” to which 
he is mainly exposed in the course of, and arising out of, 
his employment is the attack of poachers. The ‘* absence 
of intention,” we believe, applies to the employer's inten- 


tion, and, as far as the master and servant are concerned, 
the attack on a servant in the course of his employment 
is an accident, whether it is produced by an escaped lion 


In both cases alike there is the absence 


by poachers. 
pe PA and so we have the 


of intention on the part of the master, 
essential element of an accident. 








Raitwars in Catwa.—China has a loan of 6,000,0000. 
in hand for the construction of two railways—the first 
from Han-kau to Canton, 600 miles; and the second 
from Han-kau West te Ichang, 550 miles. Half of the 
midland trade line north to south from Peking to Canton 
has been completed to Han-kau, a distance of 768 miles. 
It is known as the Lu-Han Railway, and was built under 
the direction of M. Jadot, a Belgian. The line is carried 
across the shifting Hoang-ho on a bridge of 120 spans. 
Han-kau promises to be another Pittsburg, as the iron, 


coal, and antimony beds of Hupeh meet here. Han kau 
ig iron has already been shipped to New York. = 


I h 
pm be from Peking to Canton will run almost 4 A 
way over and between beds of iron and coal—beds which 
are considered to be the largest in the world, 
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THE GROFF RAIL-DRILL WITH AUTOMATIC FEED. 
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In Figs. 1 to 4 we illustrate a rail-drill which embodies 
several unusual features. This drill is the invention 
of Mr. C. B. Groff, of Camden, U.S.A., and is being 
ro on the market in this country by Messrs. John 

. Wolff and Co., Limited, Sanctuary House, West- 
minster, S.W., arrangements having been made for 
manufacturing it here with Messrs. Armstrong, Whit- 
worth, and Co. As will be seen from the photograph 
reproduced in Fig. 1, above, the drill is essentially 
& compact tool, A, Bde of considerable advantage in 
this class of work. It is, as will be subsequently ex- 
plained, quickly attached and detached from the rail, 
and by means of double ratchets the drill is made to 
revolve in the cutting direction whichever way the 
lever is pushed. This substantially decreases the time 
occupied in drilling. In addition to these valuable 
characteristics the drill is provided with automatic 
feed, which may be varied at will to suit the different 
qualities of rail material now met with in practice. 

_The drilling mechanism is shown in Fig. 2, which 
gives a longitudinal section through the body of the 
tool. The body of the drill is denoted by a. Inside 
this body is the drill-socket b carried in the bearing 
nut «. At the inner end of b there is a ratchet 
atrangement with radial teeth on d and ¢, which 








engage when the drill is revolving in one direction, ! 





















































and are disengaged in the reverse, ¢ having three lugs 
on it which slide in grooves in the body a, thus 
restricting e¢ to longitudinal motion relatively to a. 
The spring f keeps this ratchet up to its work. A 
pone 4 adial ratchet-gear is provided in h and j, the 
rt h having lugs on it similar to e, and therefore 
cine in sliding contact with a. The part h is likewise 
kept up to its work by a spring g. The part j of this 
second ratchet is carried in a sleeve k, which is limited 
to longitudinal motion, being prevented from rotating 
by lugs on /, which work in slots in k, the end of / 
being held in the frame of the drill m by means of a 
D-shaped socket fit. The body a carries three pinions, 
of which one is shown at x on the pin p. These engage 
on the outside with an internal gear on the lever-ring 
q, and, on the inside, with teeth cut in the drill- 
socket b. The body a is supported by the bearing- 
ring i. This has grooves in it fitting slides on the 
main frame m of the tool, and thus gives support to 
the tool as it is fed forward. hae 
Confining attention for a moment to the driving 
mechanism, the operation of the drill is as follows — 
On the cutting stroke—i.e., when the lever moves in 
the same direction as the drill—the ratchets d and e 
engage, while h and j are idle. The engagement of 
d and ¢ locks the body @ and the drill-socket 5, since 





e cannot rotate relatively to a. The body a, the 
drill-socket 6, and the drill therefore revolve as one 
unit, the pinions 7 also being locked. When the lever is 
moved in the reverse direction the ratchets d and e¢ are 
idle, while h and j now become engaged. Since j is 
not allowed to rotate, A is similarly held, thus pre- 
venting the body a from revolving. The body a there- 
fore now forms a rigid base for the pinions x, and, as 
these mesh with the internal gear on the driving-ring 
q and the teeth on the drill-socket 6, the latter is 
made to revolve again in the cutting direction. Thus, 
whichever way the lever is moved, the drill revolves 
in the cutting direction, but at different speeds. On 
the cutting stroke the motion is positive, the speed 
being equal to that of the lever, but on the reverse the 
drill is geared up to a speed twice as great, or 
more. 

Having described the driving mechanism, the feed 
may now be dealt with. The feed-screw ¢ is carried 
in a sleeve s, which, when drilling, is not allowed to 
rotate. The feed-screw has an enlarged head, which 
carries the springs for the ratchets already described. 
This head comes opposite three rectangular holes 
in the body a, of which one is shown at ¢. In 
each of these holes are inserted a brass gib, a 
small steel spring and a steel gib, these being kept 
in place by the coned sleeve-nut v. On the cutting 
stroke, when the drill revolves relatively slowly, the 
body a and the nut v rotate together. According to 
the adjustment of the nut v, the friction, due to the 
pressure of the gibs on the enlarged head of the feed- 
screw, causes the latter to rotate, and, since the sleeve 
8 remains motionless, the drill is worked forward. The 
amount of feed depends on the slip allowed between 
the gibs and the head of the feed-screw. The adjust- 
ment of the nut v increases or lessens this slip by 
affecting the pressure of the gibs on the head. The 
sleeve s is provided at the outer end with a cap and 
small crank. When drilling, a small locking-pin, 
shown dotted in Fig. 2, is pulled out, so as to prevent 
this crank from rotating. Feed is then automatic. If 
the pin be pushed in, the crank is free to revolve, and 
may be used to bring the drill up to the rail before 
commencing actual work, or withdrawing it after drill- 
ing. It will be observed that the automatic feed 
operates during one stroke only. During the reverse 
stroke of the lever, when the drill revolves at the 
higher speed, the sleeve-nut v does not rotate, and 
therefore there is no forward feed until the forward or 
cutting stroke again commences. 

The attaching mechanism is shown in Figs. 3 and 4, 
which give respectively sectional elevation and plan 
of this part of the machine. Reference to Fig. 1 will 
also help to make this clear. The frame is provided 
with four adjustable chisel-points w set in blocks x. 
These blocks are forced outwards by the wedges y 
carried in guide-holes in the frame. The chisel-points 
w are screwed and may be set in the blocks x to any 
required standard, so that the machine will always be 
fixed to drill at the same relative distance from the 
head and foot of the rail. In fixing it is only necessary 
to give the heads of the wedges ya series of light blows 
with a hand-hammer, no other tool being required. 
The taper of the wedge is fine enough to ensure a 
grip on the rail so secure that when properly fixed a 
pull of from 6 to 8 tons is needed to dislodge the 
machine. The method of application is made clear in 
the illustrations, and is so simple that further descrip- 
tion of this feature is scarcely necessary. In order to 
detach the drill from the rail it is only necessary to 
strike the drifts z, which drive the wedges y back, 
thus releasing the chisel-points. The drill can thus be 
removed instantaneously and, if necessary, sub- 
sequently promptly replaced with exactly the same 
vertical adjustment as before. 

It will thus be evident that the claims that this drill 
can be very quickly fixed and removed, are well sub- 
stantiated. Every part is clear of the head of the 
rail, and there is no interference with passing trains. 
Neither does any part of the machine project below 
the level of the foot of the rail. The variable feed 
makes it suitable for all manner of rails ranging from 
ordinary Bessemer to the harder rails now coming into 
use. The feed is adjustable during operation, and 
may bealtered if hard spots, &c., areencountered. In 
fitting up, the machine is filled with grease, and will 
work for a year or more without further internal 
lubrication. The drill is made in two sizes, one for 
ordinary track work, for drilling holes from 4 in. to 
lj in., and the other for bonding work, capable of 
drilling holes up to 4$in. in diameter. The weight 
of the larger drill, ay nen with bit, is 23lb. A 
trial machine has now been in use on the South- 
Eastern and Chatham Railway for some time, and 
has, we believe, given every satisfaction. 





Sourh Wares Coat anp Iron Companies.—The 
Business Statistics Publishing Company, Limited, 12, 
James-street, Cardiff, publish, at the price of 1s., a small 
booklet containing information on the South Wales coal 
and iron companies. There are given the names of the 
directors, the capital, liabilities and assets, and the profits 
and dividends during the last eleven years, 
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INDUSTRIAL NOTES. 


Tue delegation of the Labour Party and the Tariff 
Reformers to Germany has ended, and the several 
delegates have prepared, or are preparing, their 
reports. Some have already made known their con- 
clusions through the Press—these show plenty of in- 
dividual variety. The Labour Party will publish their 
report with a general report signed by all the delegates. 
It was rumoured that the individual reports were to 
be severely edited, but this is denied. The plan 
adopted is similar to that of the Society of Arts in 1867, 
when it sent picked men to report on the French 
Exhibition of that year, and on the conditions of 
industry and social life in France. With the political 
aspect of the case we have here nothing to do, only 
with the industrial and social. In so far as the reports 
throw light upon these conditions, they are useful. 
They enable us to understand, to some extent, the 
factors with which British manufacturers have to con- 
tend in competition with German employers. One of the 
best equipped of the delegates, by wide knowledge and 
journalistic experience—Mr. J. Ramsay Macdonald, 
M.P., the secretary to the Labour Party—tells us some- 
thing about unemployment and poor relief. He asserts 
that relief in Germany is so given as to preserve the 
workmen’s self-respect ; here it destroys it. 





The report of the Ironfounders’ Society announces 
a decrease of twenty-four in the unemployed list, 
and an increase of thirty-nine in membership. The 
total number in receipt of benefits was 3229 ; previous 
month, 3246—decrease, seventeen. The only increase 
was ten on superannuation. The total cost per 
week of all benefits was 994/. 5s. 10d., or at the 
rate of ls. 44d. per member per week. The total 
membership was 18,060, showing a loss of 582 
since May, 1909. The total money in hand was 
35,634/. 6s. 5d.—increase in the month, 1180/. 2s. 2d. 
At the same period a year ago there was a decrease 
of 2962/, 12s. ra. The committee saw their way to 
forego the last levy of 2d. per member. The 
result of the voting for a federal card for collateral 
trades was: for 1233, against 6824; but only three 
unions voted, while four abstained. This seems 
possibly to threaten the collapse of the Engineer- 
ing and Shipbuilding Federation, but the fairness of 
the vote will form a subject of discussion later on, 
as it affects only the men engaged in the moulding 
trades of all classes. The two societies of ironfounders 
and coremakers at Belfast were in dispute as to demar- 
cation of work ; the case came before the General 
Federation of Trades, but no decision was arrived at, 
and the matter was adjourned. Amalgamation was 
suggested, but the coremakers were afraid of ‘‘ losing 
their identity,” and so the matter ended for the 
present. At the second conference the subject was 
re-discussed, but no settlement was arrived at. The 
Government, at the earnest solicitation of the society’s 
representative in Parliament, has appointed a commis- 
sion to inquire into accidents in foundries, and 
evidence has been taken thereon. A dispute with a 
Bradford firm, which had lasted ninety weeks, has been 
mutually arranged, the occasion being the taking 
over of a corporation contract by the firm. 





The report of the Associated Iron-Moulders of Scot- 
land is even better, proportionately to numbers, as 
regards the state of trade. The membership has 
increased, showing the return of some of those out 
of benefit by arrears, and also the number of appren- 
tices. Then, again, fewer were on idle benefit than 
in the previous month; the outlay on those out 
of work was less by 225/. 5s. 4d.; and, further, 
the average payment of contributions was greater b 
23/. 15s. 9d. than in the month previous; and, 
lastly, there was a gain of 1077/. 19s. 11d., ‘‘all of 
which show a healthier state of matters than we have 
experienced for some time.” In Scotland evidently 
the state of trade has improved, and is improving. The 
report contains an account of the proceedings of the 
twentieth annual meeting of the Federation of the 
Engineering and Shipbuilding Trades, held at Bristol. 
Among the subjects of general interest was ‘‘a long 
discussion on the newly-created Labour Exchanges, 
after which it was agreed to issue a circular to the 
federated trades, urging them to take full advantage 
of the Exchanges,” and to send to the executive any 
causes of complaint in their working, with a view to 
further action, if found to be necessary, including a 
deputation to the President of the Board of Trade. 
Another important conclusion was to remove the 
barrier created by a decision of a conference at Carlisle 
in March last as to the demarcation of work. This 
paves the way fora further conference with employers 
on this vexed question. The use of discharge-notes 
was condemned, as leading to abuse and injustice in 
some cases. The ‘premium bonus system was also 


condemned, as being worse than any piecework system 
in existence.” It was agreed to watch the filling u 
of advisory committees, so that trade unions shoul 
not be placed at a disadvantage. Committees were 
appointed, with power to deal with various other 





uestions of a general character as circumstances arose. 
rrow was selected for the next annual conference. 


The report of the Amalgamated Society of Car- 
penters and Joiners is, from the standpoint of employ- 
ment, the most encouraging for a long time past. 
The report says: ‘‘ The a Hd of improvement in 
our trade, which the reduced numbers on our unem- 
ployed list proves to have taken place, must be 
exceedingly gratifying to every member throughout 
the society, and should it continue uninterrupted by 
unforeseen circumstances, our next quarterly report 
son | be expected to show a sabtentiol increase in our 
cash balance, and might enable us to reduce the general 
levy.” Strikes are reported at Llanelly and Merthyr, 
otherwise there were no labour troubles. The reasons 
for the absence of serious disputes are obvious from 
other parts of the report, which give an account of 
the proceedings of the excellent Conciliation Boards 
throughout the country. They are constituted on the 
basis of areas in which the general conditions as to 
wages, hours of labour, and terms of employment 
correspond. The total membership at date was 55,282 ; 
of these, 3017 were unemployed, 2419 of whom were 
in receipt of donation benefit, 1407 on sick benefit, 
and 3051 on superannuation benefit. The state of 
trade in South Africa is still very indifferent, but there 
isan improvement. In Australia it differs from good 
in several districts to bad in all the Sydney districts. 
In New Zealand it is similar. In Canada it is from good 
to moderate generally, no district being described as 
bad. In the United States it is good to moderate, bad in 
no district. The society celebrates its jubilee during the 
first week in July, not only in Manchester, its present 
head-quarters, but in London, Oxford, and other dis- 
tricts where the society is strong. Its history has just 
been written, and is now on sale. 





In the Federal States of the Australian Common- 
wealth there appears to be considerable uncertainty as 
to the policy of the Labour Ministry, and where there 
is uncertainty there is sure to be anxiety. The 
Premier, Mr. Fisher, has not yet taken the public into 
his confidence. He therein follows the example of 
British Ministers, and, indeed, those of all other 
European Governments—they do not show all their 
cards at once. It is thought by some people that the 
Progressive Land Tax will take the first place as a 
Government measure, on the basis of the Premier's 
— to his Queensland constituents last year. Then 
the question of the site of the capital is not apparently 
finally ~—— of, though Mr. Fisher states that ‘it 
is safe.” Further, the finances of the Government are 
not settled as to ‘“‘ways and means.” The Labour 
Party generally seem to favour the Land Tax revision 
as a preliminary to further extended immigration. 
The deficit to be met by new taxation is said to be 
mainly due to Old-Age Pensions, the demand for which 
seems to be general. Altogether the situation is not 
a bright one for a Labour Ministry to face, with 
considerable forces in opposition. 





After many years of agitation, inquiry, and of dis- 
putes, it seems that the operative bakers of the 
country are to get a considerable change in their con- 
dition, to their advantage. This is not to accrue from 
strikes and lock-outs, but by concessions made by 
the master bakers. There is now in existence a 
‘* National Association of Master Bakers and Confec- 
tioners,” which held its first annual conference in Man- 
chester last week. At that conference the questions of 
hours of labour, wages, early closing, &c., were freely 
discussed, and the trend of all the speeches was in 
favour of better conditions. One expressed regret 
that the masters had hesitated so long. The reports 
recommended 54 hours per week, in no case above 
60 hours ; the number of sacks suggested was nine per 
week for each workman ; where machinery was u 
twelve sacks per week. The conference discussed a 
resolution to act upon the report without referring it 
to the Council, but this was not carried. One of the 
speakers suggested 48 hours per week for the men; 
others spoke favourably. The President of the Mel- 
bourne Master-Bakers’ Association, who was present as 
a guest, spoke favourably of thee Wages Boards in 
Australia under the authority of the State. He stated 
that after his experience in Australia he would be 
sorry to go back to the old conditions that he knew 
in London years ago. He also said that the early 
closing legislation had worked well in Australia. He 
condemned the late hours in shops in this country. 





After the short but sharp and serious dispute at the 
Newport Docks it was arranged, by the intervention of 
the Board of Trade, to refer the matters in dispute to 
arbitration, the men meanwhile to resume work. The 
court consisted of one representative of the employers 
and one of the workmen, the Board of Trade appoint- 
ing the third as chairman and arbitrator. Evidence 
was taken, and the award was given last week. Un- 
fortunately, it was signed by the umpire alone ; his 
coll es did not affix their signatures. It appears 
that the award is condemned by the men, Mr. Ben 





Tillett, their representative on the Board, stating that 
he had opposed the views expressed in the award at 
the Arbitration Court. It is alleged that the new con- 
ditions are of the greatest disadvantage to the dock 
workers, not only at Newport, but at all the ports on 
both sides of the Bristol Channel. In a preamble to 
the award the arbitrator states his reasons for the 
award as given. It gives to the employer the option 
of payment by tonnage or day work as he thinks fit. 
The rates of pay awarded are not complained of by the 
men—namely, ls. per hour on the day shift and 1s. d. 
per hour on night shifts. Further, on account of the 
exceptional strength and skill required of the men the 
daily wage is not to be less than 8s. and the night 
shift 12s. The men object to the splitting up of the 
gangs from 8 to 4. The alteration is said to be 
injurious to the men; the old system, it is stated, has 
worked well in the past. The present tonnage system, 
Mr. Ben Tillett asserts, has given general satistaction 
all round, and any alteration would be inimical to the 
trade of Newport. He, of course, represents the men’s 
view, but the shippers, and even the Corporation, seem 
to hold a contrary opinion, as both opposed the action 
of the men. There is the prospect of further trouble. 


The Chairman of the London Trades’ Council, and 
one at least of the other members, have resigned 
because the Council refused to pass a vote of condolence 
with the members of the Royal Family on the death of 
King Edward VII. Labour unions and other bodies only 
forfeit confidence by a narrow policy on such questions. 








The dispute in a section of the woollen trade in the 
West Riding of Yorkshire threatens to develop intw a 
strike. The operations of the willeyers and fettlers’ 
sections only are directly involved, of whom there are 
600 workers ; but if a stoppage takes place, some 15,000 
to 20,000 will be affected. The offer of the Board of 
Trade to intervene was, it is stated, accepted by the 
operatives, but rejected by the employers. The 
matters in dispute are minimum wages, overtime, and 
piecework. The employers make a distinction between 
the two sections as to terms and conditions, but the 
members of both appear to unite in this instance. 





The executive of the North - West Engineering 
Trades’ Employers’ Association met the representatives 
of six unions in the engineering and shipbuilding 
trades in Glasgow last week on the question of an 
advance in wages. These are the less important trades 
not involved in the written agreement for federal 
consideration of general trade conditions. After full 
consideration, it was agreed to concede Is. per week, 
and 5 per cent. on piecework prices to the members of 
the six unions represented, but only to those engaged 
in engineering shops. The advance is to date from 
September 7 next, and to continue in force for six 
months. The representatives of the other 18 unions 
were informed, as reported in last week’s issue 
(page 749 ante), that the employers could not grant 
the advance asked for at present. The societies in 
question are at present governed by a written agree- 
ment, and under it have given notice for a local 
conference between employers and unions to amicably 
consider the wage proposals. 





An effort has been made in the Lancashire cotton 
trade, in what is called the ‘‘ hard-waste industry,” 
to compile a list as a basis of wages, and it was 
thought that a basis had been found, but one or two 
districts opposed the basis, and hence the operatives’ 
representatives could not sign the proposed agreement. 
The matter was re-discussed, and it is before the em- 
ployers, but no definite arrangement had been effected 
at date of writing. It was found that the settlement 
of a basis list was more difficult than expected. 





Neither at the Midland iron market last week nor 
on Manchester Change was there any real indication of 
improved conditions in the iron and steel trades. The 
situation was dull and inactive, no upward tendency 
in prices being shown ; and yet considerable material 
must be required to meet the requirements in the iron 
and steel trades at present. 





The Leadhills miners’ strike, which had lasted seven 
months, was settled last week. The company tried to 
carry on work by imported labour, but apparently 
they failed. The men obtained a victory, and in 
anticipation a great demonstration was organised. It 
was the Bo’ness dispute which led the company to 
open negotiations for a settlement. 








SciznTIFICc APPARATUS AT THE BRUSSELS EXHIBITION. 
—An illustrated catalogue has been edited by the N ational 
Physical Laboratory, under the supervision of Mr. E. H. 
Rayner, describing the scientific apparatus of British 
manufacture at the Brussels Exhibition. The Exhibi- 
tions Branch of the Board of Trade have sanctioned the 
compilation of this catalogue, of which a French edition 
is now in the Press, free of cost to the exhibitors. Copies 
may be obtained from the said Exhibitions Branch, for 
6d., post free. 
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SOME RECENT INVESTIGATIONS ON 
CASE-HARDENING.* 
By Sypvgy A. Grayson, Birmingham. 


(\\SE-HARDENING is a process of somewhat special appli- 
cation, but one which is being more widely employed 
every day. The advent of the motor industry hascreated 





a greater demand cn the consistent efficiency of this 


process than was ever required previously, and has con- 


sequently initiated further investi tion towards the 
making of the s more perfect than hitherto. Case- 


hardening is allied to the older process of comentation of | volatile matter and 
iron, and on the latter process researches have been | 
carried out by Sir W. Roberts-Austen, Osmond, Arnold, | Nitrogen 


Ledjebur, and others, while on case-hardening important 
wo-k has been done by Guillet,| Charpy,} Bannister and 
Lambert,§ Shaw Scott,!| Flather,{[ and by Olsen and 
Weiffenback.** 4 ; 

The object and definition of case-hardening is the 
production of a hard-wearing surface on mild steel or | 
iron, and at the same time the retention, or increase, of the 
strength of the core of the metal. ; . 

The present investigation was chiefly undertaken in | 
order to find out, as precisely as possible, the percentage | 
of carbon as it is diffused into the steel by the use of 
different compositions, and the effects produced with 
each composition at different carburising temperatures. 

A good case-hardening steel of the following composition 
was used :— 





Per Cent. 
Carbon = se is cow | OT 
Manganese ... oe Sic ... 0.704 
Silicon — ol es ... 0.056 
Sulphur a as ne ... 0.060 
Phosphorus ... sa i .. 0,047 


Fig.1. BONE. 


Carbon Per Cent. 


(1729.4) Depth iv Inches. 

Of case-hardening compositions, there are a large 
aay on the market, but they may be divided into two 
classes :— 

1. Compositions in which the carbon is present either 
as gaseous hydro-carbon or in a form from which gaseous 
hydro-carbon can be produced. In either case the hydro- 
carbons have to be decomposed before the carburising of 
the iron begins. 

_ 2. Compositions in which the carbon is present chiefly 
in the form of fixed carbon. 

For this investigation four commercial compositions 
were taken, two from Class 1 and two from Class 2. These 
compositions are being used. constantly in every-day 
practice for case-hardening, and are made by well-known 
firms. The compositions were analysed, and afterwards 
subjected to a series of tests, the resuits of which are 
summarised in the following pages. The qualification of 
& composition is that it should contain a high percentage 
of carbon insucha state that it may be freely imparted to 
the iron or steel. This carbon should exist chiefly as 
“fixed” carbon, although it is essential that some hydro- 
carbons or nitrogenous matter be also present to act as 
carriers of the carbon, and to create a more active car- 
burising atmosphere in the box. 

At the same time the impurities, such as sulphur and 
moisture, must not be lost sight of, as these have a far 
greater ill-effect than might possibly be expected. 
., The author might add that the analyses given are the 

mean” results. Because these compositions generally 
vary on samples taken from different parts of a 1-cwt. bag. 
an average sample wastaken. With regard to the volatile 
matter and hydro-carbons, these were estimated at 1000 


j pire: taken as read ; 1 by the Iron and Steel Institute 
m May 5. 
+ Mmoires de la Socidté des Ingénieurs Civils, 1904. 
~ Revue de Métallurgic, vol. vi., pages 505 to 518. 
§ Journal of the Iron and Steel Institute, 1907, No. ITI. 
_. Ibid., 1997, No. TIT. 
Abstract, Journal of the Iron and Steel Inctitute, 
1905, No. II. 
* ‘Transactions of the American Institute of Chemical 
neers ; Iron Age, vol. lxxxiv., pages 120 and 121. 












deg. Cent. in order to show the percentage at the work- 
ing temperature. = 

_ analyses of the compositions used are tabulated as 
follow :— 


Olsen and Weiffenback’s investigation* dealt with 
the effective power for case-hardening of the following 
gases— illuminating gas, acetylene, and carbon monoxide. 

Experiments were carried out with each gas alone, and 
also mixed with ammonia in definite amounts. The 
results showed that the presence of ammonia facilitates the 
case-hardening in all cases except that of carbon monoxide, 
—_= | which - — without it - - _ 9 treat- 

. 2, Charred . ment. the three gases studied, they found the car- 

Bone. B.Scintilla) Feather, Hardenite | burising efficiency to be in the following order: carbon 
—-|——— monoxide, acetylene, methane. They therefore con- 

per > | Per a ore cae << | cluded that carbon monoxide is the best for this purpose, 
, it. : 5 as no ammonia seems necessary, and it gives the best 








Ciass L Crass IL. 








Carbon .. 








hydrocarbons =}; 25 | 58.0 15.2 l4.1 | penetration in the same time. 
es 35 | 30 3.8 09 A higher percentage of carbon in the “case” was 
Piss) i) Se, ) mae 3.5 37.5 obtained in practically every experiment when ammonia 
Sulphur .. 0.1 0 45 0.55 trace | was used than where it was not used. 
Moisture 2.0 dl To <5" | The nitrogen in the componitions | used for he present 
‘= “a 5 | 1 paper was estima y a modifi orm of Kjeldahl’s 
Total tS | 99 95 100.15 | 100.0 Lacs od, on given ty Brenstey and Tnbotesn.t 
The other substances which are also present were deter- 
Phosphoric acid .. 16.0 2.0 0.10 trace | mined in order to show of what the compositions consist, 
Alumina Ammonia Alumina | Barium | apart from the carbon and hydro-carbons, because the 
‘ ee oe. ng Iron,trace action of these secondary substances seems to be of some 
ae as importance. 
Also present 4 °° Soda Silica Silica | In the case of the B. scintilla_ material, when this is 
Silica and cs {ates | heated it fuses slightly, and the effect of this seems to be 
carbon- | that the gaseous carbon is retained in the box, and con- 
ates | sequently the carburising action is much quicker. 
esis The hardenite material is a mixture very similar to 


The materials or compositions used are :— | that used by Dr. Guillet in some investigations and also 
Crushed bone, or “‘ B.,” and brown scintilla, or ‘‘ B.S.,” | by Shaw Scott,} because this mixture consists of about 
which represent Class 1; and charred leather, or ‘‘C.L.,” | 40 per cent. of barium carbonate and 60 per cent. of char- 
and hardenite, ‘‘H.,” representing Class 2. It will be} coal. The chief action of the barium carbonate seems to 
noticed that Class 2 contains a greater amount of “‘ fixed” | be due to the decomposition which takes place when this 


| carbon than Class 1, but Class 1 contains the larger amount | substance is heated in the presence of charcoal, yielding 


~ & 






2 
TAKEN 
= 44 HOURS. 62H 


Carbon Per Cent. 


Carbon Per Cent. 


15 





Oo” 025" -050° 


of volatile hydro-carbons, al- 
though the total active mate- 
rial, or total carburising matter (1723.8) 


for each of the respective com- = 


positions, is practically :— Per Cent. | barium monoxide and carbon monoxide, the reaction 
B. sei - ma a ie oe ae | being represented thus :— 
ee eSialenliaibed lib EA ore BaCO, +C=Ba0 +200. 


The carbon monoxide then takes a direct part in the 


The results for the fixed carbon were first obtained carburising. ’ 1 + 
by estimating the carbon by combustion, and afterwards — ton of the Carbon and the Effect of Carburising 
ahothed- te ths didiesense chown rding to the per- ‘emperature on each Composition.—The efficiency of the 
om of volatile hydro-carbon p= roe an Ge Gaal carburising material is not dependent entirely on its speed 
cone SL aie, | . carbon nen, _ also, and essenti ly, upon the 

The sulphur is indeed important, because when present | © ect it produces on the percentage of carbon as it is 
in such s quantity as contained in this charred eather | absorbed by or diffused into the iron or steel. With 
some very deteriorating effects are liable to be produced. normal, case-hardening the percentage of carbon in the 
This point is, however, dealt with in a later of the| °#8e” or carbonised zone should be equal to the eutectoid 
paper. tage - eT at - —. yy _~ > 

M ‘st e, h . 1a) 1gs. » + an , SHOW wha 1S actua. y 
cunts dmamaan wn arr Pa Sieantaen Roe uw taken place in practice. The method adopted to obtain 
a wafers dae ow This action appears to be tetesteified the data illustrated by these curves was as follows :— 
by the ‘presence of sulphur, which is vate one bs owing to Bars of steel 1} in. in diameter by 12 in. in length, 
the formation of acidified gas or steam. If the moisture and ¢ | soca | : y ge | were taken and 
is present to the extent of about 30 per cent., as the yay own to A in. in diameter, and ground to remove 
author has sometimes found it, this action is extremely the tool-marks. ‘The bars were then marked and packed 
severe, and the case-hardened work is pitted and scale | in their respective compositions, along with test-pieces to 
so thickly that sie e rendered shsolutely unfit for use. | gauge the depth of carburising, and put into the furnace. 

The effect of nit + Gu cutdhinntion an cyanogen) _ Pe boxes were then heated to the required temperature, 
been dealt with fairly exhaustively by recent workers, the | tes es ~~ ~~ ‘ penenaeay seme through at thas 
latest results being those of Charpy, and of Olsen and | — - ntl Y — red , ~ 4 -— furnace kept 
Weiffenback. Charpy* made experiments in an atmos- steady until the required depth of “co BB ey: 2 ks 


- : | Jy in. — had been obtained by each composition, the time 
phere of carbon monoxide, together with cyanides, and |}... each box was pulled out being ae noted. 


also in an atmosphere of the same » but devoid of | The pieces belonging to each of the four compositions 


nitrogen, the result of which indicated that the presence | . : : 
of cyanides was not essential in case-hardening, and that | “°T® all carburised together at their respective tempera- 


the case-hardening is produced chiefly by the gases | 
evolved by the case-hardening agents. 





* Transactions of the American Institute of Chemical 
Engineers ; Jron Age, vol. lxxxiv., pages 120 and 121. 
Ma 1 rr + ‘* Analysis of Steel Works Materials.” 

* Revue de Métallurgie, Memoirs, vol. vi., pages 505| +} Journal of the Iron and Steel Institute, 1907, No. IIL, 
to 518, page 120, 
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tures, in order that each composition should as nearly as 
possible be used under exactly similar conditions. 

The furnace used was of the direct-fired pattern, but of 
such construction that a very uniform heat can be main- 
tained for a long period. It was controlled by two pyro- 
meters of different patterns, as a check on each other, the 
one resistance and Féry radiation pyrometers being 
used. 

A range of 50 deg. is given for the variation in the tem- 
nny of the boxes, although it was never more than 

deg., and, generally speaking, less than this. Naturally, 
the carburising was carried out under g practica 
conditions, in order to show results obtained in practice. 

After the boxes were removed, and the pieces cooled off, 
the latter were taken out and the black skin cleaned off 
by polishing, then, after ensuring that the lathe machined 
perfectly parallel, a piece was put in and a very fine cut 
taken, which removed only 0.005 in. of the diameter, or 
0.0025 in. depth at each cut. In each set of cuttings, of 
which there were about thirty to each piece, the carbon 
was afterwards estimated by the combustion method and 
the results plotted out, using the depths of penetration in 
inches as the abscisse, with the carbon percentages as 
ordinates, thus obtaining the diffusion curve. The depth 
of penetration throughout this series has been kept as 
constant as possible, so that the results are made more 
readily comparable, with special regard to the time taken 
and the curve obtained. 

Fig. 1 shows the diffusion curves obtained at the different 
temperatures, and also the time taken at each tempera- 
ture-when using the ‘‘bone” material. The time given is 
actual soaking or earburising time. 

The line at 0.17 per cent. carbon, which runs parallel 


- 950 - 
TAKEN TIME TAKEN 


~24 HOURS. -2 HOURS. 


Carbon Per Cent, 






(1729.C.) Depth uv 


with the base line, represents the percentage present in 
the normal steel or core. 

A case-hardened part in practice is used either directly 
after the case-hardening operation, or after it has been 
ground, so that it is important to note what the carbon 

arcentage is after grinding. Usually about 0.020 in. is 
eft on the diameter for this operation, which is equiva- 
lent to 0.010 in. deep ; this is represented by the dotted 
lines running parallel to the ordinates. 

The results shown in Fig. -1 are summarised in the 
following table :— 


Time Carbon Carbon after 


Temperature. Taken. Edge. | Grinding. 





nhs 
| 


hours. | percent. | per cent. 
900 deg. to 950 deg. C. 7 ; 1.12 | 0.99 
950 ,, to1000 ,, | 5 1.05 0.96 
1000 ,, to1050 ,, hoo 1.10 1.065 
B2 950 ,, to1000_,, |, & 0.96 0.93 





B2 represents this ‘‘ bone” material which has been pre- 
viously used at 950 deg. Cent., and is now used again at 
950 deg. to 1000 deg. Cent.; the time of penetration 
taken is good when it is considered that the new material 
takes five hours at the same temperature. e reason 
why this works so well a second time may be that, as a 
result of the first operatioa, some of the hydro-carbons 
having been decomposed, the carbon is now in a better 
state for carburising. 

The comparison hows that the best curves are obtained 
at 950 deg. to 1000 deg., and 1000 deg. to 1050 deg., 
although at the latter temperature the action is con- 
siderably quicker. 

The micro-sections were taken from the end of the 
carburised bars from which the cuttings were taken—one 
end of each piece being left unmachined in order that the 
eee nom should correspond exactly with the 
curves obtained. Some difficulty was experienced in 


keeping the edge for examination perfectly level during 
the polishing, and in order to overcome this an electro- 
deposit of copper was put on each séction to back up the 
edge ; this it accomplished very well. The etching re- 
agent used throughout was a 5 per cent. solution of picric 
acid in alcohol. The magnification was 500 diameters 


1| tilla ” material, and also the time taken. The results are 











(reduced to 450 in reproduction). Fig. 5 is the photo- 
micrograph of the edge of the piece carburised only at 
950 deg. to 1000 deg. in this ‘‘bone” material. It consists 
of two parts. The lighter area is the copper deposit, 
while in the carburised area cementite borders are shown 
surrounding pearlitic areas. Fig. 6 is another section of 
the same bar carburised at the same temperature, and 
afterwards re-heated to 750 deg. Cent. and quenched in 
water at 20 deg. Cent., the result being that a pure mar- 
tensitic structure is produced. | : é 
Fig. 2 gives the curves obtained with the ‘‘ brown scin- 


summarised thus :— 


Time Carbon |Carbon after 
Temperature. | Taken. Edge. Grinding. 


hours | per cent. | per cent. 
6 1.2 | 1. 


900 deg. to 950 deg. C. 00 
950 ,, to1000 ,, 2h 1.12 1.67 
1000 ,, to1050_,, 1 1.16 1,10 
82 950 ,, to1000_ ,, 6 1.22 1,12 


The best curve is that obtained at 1000 deg. to 1050 deg- 
Cent., the carbon penetration also being at a quicker rate- 

The abnormally high carbon of 1.29 per cent. obtained 
at 900 deg. to 950 deg. is fully confirmed by the photo- 
micrograph, Fig. 7, which shows the edge to consist of 
cementite. In the phite tests it only showed the 
presence of a trace, although during the examination of 
this edge it was found that there were places where this 


on the edge there are present, in large quantities, su]. 
phide of manganese, i —> of iron with ferrite 
crystals intermingled. That this is sulphide was proved 
by means ofa silver print, and also later by analysis. 

The sulphide in this piece exists in the first 0.0025 in., 
and the result of the analysis shows 2.10 per cent. of 
— increase. 3 

ig. 12 is the oy gee of the piece carburised 
at 950 deg. to 1000 deg. It will beagain noticed that the 
sulphide is present, although not saturated to such an 
extent as in the previous photograph. This can be 
accounted for by the fact that at this higher heat—950 deg. 
to 1000 deg. Cent.—a greater proportion of the sulphur 
will volatilise with the hydro-carbons, and consequently 
weaken the diffusing action. At the same time the 
sulphur at this temperature has diffused farther into the 
steel, although it still practically all exists in the first 
0.0025 in., the result of analysis showing an increase of 
0.88 per cent. sulphur. The slightly decarburised edge 
shown in the diagram at this temperature—950 deg. to 
1000 deg. Cent.—is also substantiated by this photograph. 

Fig. 13 is the edge of the piece carburised at 1000 deg. 
to 1050 deg., the sulphide being again present, but not in 
such a large proportion ; thus the higher temperature has 
volatilised still more of the sulphur from the carburising 
material. In this case the sulphur has diffused to about 
the same depth as in the previous one, at 950 deg. to 
1000 deg. Cent., but in a more dilute state. The sulphur 
increase is 0:560 per cent. 

Fig. 14 is the piece carburised at 950 deg. to 1000 deg., 
then afterwards re-heated and quenched at 750 deg. Cent. 





cementite edge was not so prominent, or even present ; 
at the same time the cementite borders were usually 


4. “H” 





*G) 


Carbon Per Cent. 





025 
(1729.0) 


050" 0 


present, and also further examination helped to substan- 
tiate the irregularity of the carbon which is shown in the 
diffusion curve. 

Fig. 8 is the photo-micrograph of the edge of the piece 
carburised only at 950 deg. to 1000 deg. Cent., showing 
cementite borders surrounding pearlite areas. 

Fig. 9 shows the edge of the piece carburised at 1000 
deg. to 1050deg. The structure is very similar to the 

revious one, the only difference being that the cementite 
rders are a little larger. 

Fig. 10 is the hardened section of the piece carburised 
at 950 deg. to 1000 deg. Cent. Cementite borders just 
show on the edge, but with martensitic areas. 

The section was re-heated to 750 deg. Cent., and 
quenched in water at a temperature of 20 deg. Cent. 

Fig. 3 consists of the curves obtained with ‘‘ charred 
leather” material, thus :— 


ies 
Temperature. | Time | Carbon |Carbon afte 








Taken. | Edge. Grinding. 
hours. | percent. | per cent. 
900 deg. to 950 deg. C. 6 | (113 | OM 
i. va 2} 0.85 | 0.99 
1000 > to1050 |. 2 1.09 | 0.98 
C2 950 ,, to1000 ,, 7 0.77 0.59 








The most uniform curve is produced at 1000 deg. to 
1050 deg. Cent., and at this temperature carburisation is 
also the quickest. There is a sudden rise in the curve 
produced at 950 deg. to 1000 deg. Cent., this being 
evidently a decarburising effect, which is confirmed by the 
photo-micrograph, Fig. 12. With regard to C 2, the per- 
centage of carbon is lower than usual when using “‘ charred 
leather,” but this is the result obtained under the present 
conditions. Theph —e 

Sulphur Diffusion.—The oto-micrograp sof the pieces 
carburised by this ‘‘charred leather” material present 
a eto J interesting feature in the form of sulphur 
diffusion. On analysis of this material 0.55 per cent. of 
total sulphur was found to be present. The chief and 
effective part of the sulphur exists as sulphide or organic 
sulphur. On examining Fig. 11, which is the photo- 
micrograph of the of the piece carburised at 900 deg. 


in water at 20 deg. Cent. In re-heating the sulphide 
tends to ‘* ball ” itself up, and, if anything, diffuse farther 






( . H2 


HOURS — 2 HOURS. —7 HOURS. 


Carbon Per Cent. 








025" +050" 


025° 050° o 025" 050" O 


Depth w Inches. 


in. This sulphur diffusion is indeed a very serious 
matter, because when the surface is saturated, as in the 
piece carburised at 900 deg. to 950 deg., it tends to pro- 
duce a soft skin, and even if present in smaller propor- 
tions, it will weaken the ———- considerably, —_ 
making it very chippy, consequently causing two effects 
which must countelly be avoided in any case-hardened 
work. 

Fig. 4 consists of the results produced by the “ har- 
denite” material, thus :— 


Time (| Carbon Carbonafter 








| 
} 
Temperature. | Taken. | Edge. | Grinding. 
| hours | percent. | per cent. 
900 deg. to 950 deg. Cent. 64 104 | 1.03 
» to1000_—,, | 3h 1 | 1.06 
1000 ,, to1050  ,, _ 10 | 10 ! 
H2950 ,, to1000 ,, 7 1.07 1.13 


In studying this di m, it will be seen that a slight 
decarburisation is produced on the edge of each of the 
pieces carburised in this material, with the exception of 
the piece at 900 deg. to 950 deg. Cent., and it is at this 
latter temperature that the most uniform curve 18 
obtained. ; ; 

Fig. 15 is the photo-micrograph of the piece carburised 
only at 950 deg. to 1000 deg. Cent. in hardenite material, 
and consists of the cementite borders surrounding the 
pearlite areas. It does not show the slight decarburisa- 
tion taking place on the surface of this piece, but this 1s 
probably due to it containing 1 per cent. carbon even on 
the extreme edge. 

Fig. 16 shows the microstructure of the piece car- 
burised at 950 deg. to 1000 deg. in this material and then 
re-heated to 750 deg. Cent. and quenched in water at 
20 deg. Cent. ; the result is that a martensitic structure 1s 
produced, although this is rather coarse. 

Time has not permitted the author to include 
work on the important section of re-heating and quench 
in connection with case-hardening. From a practi 
standpoint this is a very important section, but the pre- 
sent investigation had to be worked out first. 

A photograph, not reproduced here, was given with the 


some 





to 950 deg. Cent. in this material, it will be noticed that 


paper of some fractured pieces of mild steel, case-hardened, 


ne i a a a: a 
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and illustrate some good and bad subsequent heat-treat- 
The two pieces which had broken short with a 
crystalline fracture showed the bad treatment, the other 
pieces with the fibrous fracture showing the good heat- 


ments. 


treatment. 

The sawing 
alterations in t 
case-hardening :— 


Fie. 13. 


— Untreated. , Case-Hardened. 





Dimensions of specimen .. 0.798 in. by 2 in. | 0.798 in. by 2 in. 


Elastic limit (tons per square 

inch) . id eS Bs 23.8 34.2 
Maximum stress (tons per 

square inch) .. wa oe 32.6 43 
Elongation per cent. on 2 in. 

Remarks :— 


40 8 
Fibrous cup frac- Fibrous core with 
| ure fine crystalline 
| ed; in. deep. 

Cold bend degrees (round oe vs 
section) : “ = 180 in. 45 deg. 


ConcLUsIon. 

In the light of the foregoing results, it appears fairly 
evident that it is wr npen Ay classify case-hardening 
compositions both by the carbon per cent. obtained in the 
case," and also by the graduation of the carbon diffu- 


Sion, wiich is best shown graphically. This classification 
18 Necessary on account of one composition being more 
Suitable for certain kinds of work than another. A high- 
carbon .. case,” such as 1.10 per cent. carbon, would be 
very efficient for the kind of work where the pressure 
Was fairly constant, such as a plain bearing, but it would 


Yery unsuitable and inefficient for parts which had to 
Ssist repeated shocks because of the strong tendency of 


tensile and bend test results show the 
mechanical properties of the steel by | 











the high carbon ‘‘ case” to chip or even to peel off. 
Consequently it is advisable, where all kinds of case- 
hardening have to be done, that two compositions be 
used—one of them to produce a high carbon “‘ wearing 
surface,” and the other to produce a medium carbon | most probably due to ‘‘scintilla” material having a high 
‘* wearing surface.” percentage of volatile hydro-carbons, which carries off 
On the other hand, for a composition to be used for | the effective part of the sulphur with it. 
“‘general ” purposes, it should produce a “‘ wearing sur-| In conclusion, the author desires to acknowledge the 


The “‘B. scintilla” material contains a fairly large amount 
of sulphur, and which exists chiefly in the sulphide form, 
although it does not seem to act by any means as keenly i 
as the sulphur in the “‘ charred leather material. This is i 
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face ” containing a percentage of carbon equal to that of , assistance received while this work was being carried out 
the eutectoid 0.9 per cent., in order to give the most | at Messrs. E. Wrigley and Co., Limited, Birmingham ; 
efficient results. and to Mr. J. D. Steven, managing director of that firm, 

The evidence obtained from the foregoing results | his best thanks are due for his interest in the work. The 
respecting the carburising temperature shows that the | photo-micrographs were all made in the Metallurgical 
best temperature is 950 deg. to 1000 deg. Cent., although partment of the University of Birmingham, to which 
the high temperature, 1000 deg. to 1050 deg., can be used | he is greatly indebted, especially for the kind advice and 
with advantage in some cases. assistance given by Professor Turner and Mr. O. F. 

The results obtained at 900 deg. to 903 deg. Cent. tend to | Hudson. 
show that although there is an active carburising atmo- 
sphere produced in the box, the temperature of the steel is 
only high enough to allow of a slow diffusion of the carbon, 
consequently super-saturation of carbon takes place at the 
surface of the steel. 

The diffusion of the sulphur seems to proceed in a 
similar way to that of the carbon at the temperature 
a 900 deg. to 950 deg. Cent. and 950 deg. to 1000 deg. 

ent. 

It might be here stated that all ‘charred leather” 
material does not contain this active amount of sulphur, 
although this sample was obtained from a well-established 
firm, and was used in this investigation in order to find 
out, if possible, the cause of a soft skin, which was 
always produced under certain conditions by this 
material, of which this sulphur diffusion is the most 
probable explanation. 
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Tue Earty Days or THE Sun Free-Orrice.—We have 
received a copy of a book edited by Edward Ballmer, 
late manager and secretary of the Sun Fire-Office, and 
sublished by Sir Joseph Causton and Sons, Limited, 9, 
tastcheap, EC, on the occasion of the bi-centenary of 
the office. It deals with the early years of the “‘ Sun 
Fire,” and forms practically the history of fire insurance. 
The inception of the Sun Fire-Office dates from April, 
1710. There were prior to that time friendly societies, but 
difficulties were experienced in calculating and collecting 
members’ contributions. The Sun Fire-Office have, we 
are told, preserved their original ‘‘ minute books ;” these 
were of service in the preparation of the book whose title 
we give above, which forms most interesting reading. 
It contains a number of quaint prints and views. 
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THE A2 POINT IN CHROMIUM STEEL.* 
By Haro.» Moore, B.Sc. (Woolwich Arsenal). 

In the course of an investigation carried out by the 
author upon a series of chromium steels containing 0,25 
to 6.4 per cent. of chromium, a remarkable peculiarity in 
the form of the critical range curves of those steels, seven 
in number, containing more than 3 per cent. of chromium, 
was noted. By a further study of this peculiarity certain 
facts which may be re as demonstrating the insolu- 
bility of carbon or carbide of iron in 8 iron were brought 
to light. The bearing of the results obtained upon the 
theory of the constitution of the iron-carbon alloys has 
led the author to submit them to the Iron and Steel 
Institute. 

The method of determining the critical ranges of the 
steels was substantially that described by Carpenter and 
Keeling.+ Cylinders of platinum and of the steel under 
investigation were so arranged in an electrical resistance 
porcelain-tube furnace that during the heating and cool- 
ing simultaneous readings of the actual temperature of 
the steel and of the difference of temperature of the steel 
and the platinum cylinders could be taken. In the heating 
and cooling curves given, the ordinates are actual tempera- 
tures of the steel ; the abscisse are gal vanometer deflections 
corresponding to differences of temperature. Frequent 
time observations were also made, so that the rate of 
heating or cooling at any point in the curve is known. 

Two of the high-chromium steels were selected for a 
more complete investigation of the phenomena occurring 
in the critical ranges. As practically identical results 
were obtained with these two steels, curves and figures 
of one only—No. 14 of the series—are given here (Fig. 1). 
The chemical analysis is— 


Steel No. 14. 


Per Cent. 
Carbon 0.256 
Manganese ... 0.160 
Silicon 0.197 
Sulphur i- 0.030 
Phosphorus ... 0.015 
Chromium 6.417 


Curve No. 1 is the heating curve of this steel. The 
position of Ac 1 is raised by the presence of chromium ; 
this was established by Osmond,t and has been subse- 
quently confirmed by others. In the series of steels 
examined by the author, the position of Ac 1 rose progres- 
sively from 746 deg. Cent. in the steel containing 0.25 per 
cent. chromium to 821 deg. Cent. in No. 14 steel, as 
shown in curve No. 1, The remarkable feature of this 
curve is, however, the sudden change in direction at 
777 deg. Cent., some 44 deg. Cent. below Acl. This 
sharp bend occurs at practically the same temperature in 
the heating curves of all the steels containing more than 
3 per cent. chromium. 

he cooling curves (curves Nos, 2 and 3) are normal, 
and show the effect of high initial temperature in lower- 
ing the position of Ar1 in chromium steels, though even 
in the cooling curve taken from 1111 deg. Cent. the posi- 
tion of Ar1 is notably higher than in a steel containing 
no chromium, but otherwise similar in chemical compo- 
sition. 

It will be observed that the change in direction occur- 
ring in curve No. 1 at 777 deg. Cent. is in the opposite 
sense to that taking place at Acl. If, then, this deflec- 
tion of the curve indicates a change beginning at 777 
deg. Cent., this change is accompanied by an evolution 
of heat, not an absorption of heat such as takes place at 
Acl. If asteel, hardened by quenching from a tempera- 
ture above the critical ranges, is heated, heat is evolved 
by the falling out of solution of the carbide of iron, the 
change taking place when hardened steel is softened by 
annealing below Ac 1. Steels containing considerable 
percentages of chromium are obtained in the fully 
annealed or pearlitic condition only with difficulty. The 
explanation of the 777 deg. Cent. critical point seen in 
No. 1 curve, which first su; ted itself, was that at this 
temperature annealing or decomposition of the solid solu- 
tion, characteristic of hardened steel, n to be very 
active, in chromium steels possibly containing initially a 
considerable ny of hardening carbon. To test 
this hypothesis, heating curves were determined, under 

recisely the same conditions, of (1) hardened steel, 

o. 14, and (2) the same steel thoroughly annealed. The 
annealing was carried out after the heating curve of the 
hardened steel was taken, without disturbing the cylin- 
ders in the furnace. All possible methods of annealing 
were tried; the most effective consists in keeping the 
steel at a temperature just below Acl for some time. 
After each annealing a heating curve was taken, and each 
time the same break in the curve occurred at 777 deg. 
Cent. Differences in the curves of the hardened and 
annealed steels such as have been noted by other observers, 
caused by evolution of hea: by the hardened steel, were 
obtained, but the form of the curve above 700 deg. Cent. re- 
mained unaltered. A careful chemical examination of the 
steel was then made to determine if the peculiarity could 
be due to the presence of any elements not found by the 
ordinary analysis, but nothing more than a trace of any 
other element could be detected. 

It was seen that the change occurred in the neighbour- 
hood of the temperature at which the Ac2 and Ar2 points 
of pure iron are situated. 
that the new change point might be Ac 2. The occurrence 


* Paper read before the Iron and Steel Institute, May 4, 
1910, 
+ Journal of the Iron and Steel Institute, 1904, No. 1, 


page 224. 
t Journal of the Iron and Stee] Institute, 1890, No. 1, 
page 38, 


There remained the possibility | }, 





of Ac2 below Ac1 seemed somewhat improbable, but the 
allotropic theory of iron in the form generally accepted 
does not deny the possibility of a reversal of the usual 
relative positions of Ac1 and Ac 2. 

It is well known that the position of the A 2 point is 
not affected by changes in composition which greatly dis- 
turb A3and Al. As we have seen, A 1 is raised by the 
presence of chromium. Now if Ac1 be raised to a suffi- 
cient extent and Ac2 remain stationary, it follows that 
the relative positions of the points will be reversed, Ac 1 
occurring above Ac 2. 

The A 2 thermal change coincides with the change in 
the magnetic properties of iron. Broadly, at Ac 2 on heat- 
ing iron becomes non-magnetic, and on cooling recovers 
its magnetic properties at Ar2. If, therefore, the thermal 
change in question is Ac2, loss of magnetic properties 
should occur at that temperature. Determinations of the 
magnetic change-point were therefore undertaken. The 
method employed consisted in measuring the current 
induced in a secondary coil enclosing a cylinder of the 
steel under examination, when a current through a 
primary coil in the neighbourhood was made or broken. 
Actual quantitative measurements of the permeability 
were not considered necessary for the object in view—the 
determination of the temperature at which, on heating, 
the permeability falls off most rapidly, this temperature 
being Ac 2. 

A cylinder of No. 14 steel was turned, 2 in. in length, 
in. indiameter. An axial hole, } in. deep, was bored in 
one end for the insertion of the thermo-couple. .The 
cylinder was grooved spirally, eight turns to the inch, and 
covered with a layer of wet asbestos paper, which was 
pressed into the grooves and dried. The cylinder was 
then wound with nickel wire, following the grooves, 
The cylinder was placed in the centre of the tube of the 
furnace used for critical range determinations, the thermo- 
couple wires being led out at one end. The nickel-wire 


Fig! 


Temperature Centigrade - 


leads brought out at the other end were connccted to a 
ballistic galvanometer. ‘ 

The nickel-wire heating-coil wound spirally on the 
furnace-tube, five turns to the inch, served as the primary 
circuit. Making or breaking the heating current induced 
acurrent in the nickel-wire coil wound on the cylinder, 
and the induced current was measured by the throw of 
the ballistic galvanometer. 

The observations were taken as follows :—Starting cold, 
a current of definite amount—say, 10 amperes—was put 
through the furnace winding and carefully regulated as 
the resistance of the furnace increased. The temperature 
was observed at short intervals, and at the same moment 
the heating current was switched off and on again when 
the ballistic galvanometer coil had ceased to oscillate. 
The throws—inopposite directions—of the ballistic galva- 
nometer were observed at the ‘‘break” and ‘‘ make.” 
The mean was recorded, a close agreement always ob- 
taining between the two throws. In cooling, the heating 
current was switched on and off, being off between suc- 
cessive temperature observations. When slower cooling 
was desired, the primary (heating) current was main- 
tained at, say, 5 amperes, and switched off and on when 
observations were taken. 

Magnetic change-point curves were plotted, tempera- 
tures as ordinates, galvanometer throws (per ampere of 
primary current) as abscisse. Three curves, Nos. 4, 5, 
and 6, are given. The throw below the magnetic change- 
point was about eight times as great as the throw ob- 
tained above that point. 

The magnetic change-point on heating was found prac- 
tically to coincide with the point at which the thermal 
critical range curve changes its direction. A comparison 
of No. land No. 4 curves illustrates this. The thermal 
critical point in question therefore can only be Ac 2. 
There is a difference of not more than 2 deg. Cent. 
between the temperature at which the thermal curve 
changes its direction and the temperature at which the 
permeability of the steel is falling most rapidly. In a 
range of 6 deg. Cent. on hestiees tie galvanometer throw 
falls to about one-fourth of its former amount. 

The reversal of the relative positions of Ac1 and Ac 2 
renders possible the determination of the position of Ar 2, 
y the magnetic method, without passing through Ac 1 or 
Arl. This has been done, and the position of Ar 2 when 
No. 14 steel was cooled after heating not higher than 805 
deg. Cent.—below Ac 1—is shown in curve No. 5. The 
curve is almost a duplicate of No. 4; the evidence thus 
afforded as to the fixity of the position of the A 2 change 
on heating and cooling is striking. Matters become more 
complicated, however, when the Ac1-3 change is passed 
on heating. The position of the magnetic change on 











cooling is lowered considerably, now occurring, at least 


in larger part, at Arl, asshown incurve No.6. The 
somewhat peculiar appearance of this curve is the result 
of the rise in temperature during the recalescence Ar | 
coinciding with the rapid increase in permeability. 

It has thus been demonstrated (1) that Ac2 occurs below 
Ac1 in high chromium steels; (2) that its occurrence 
causes a change of direction of a differential thermal heat- 
ing curve ; (3) that if Ac 1 is not exceeded, Ar 2 occurs at 
the same temperature as Ac2; but (4) that if Ac1 is 
exceeded, Ar 2 occurs in large part at the same tempera. 
ture as Arl, even when Arl has been considerably 
lowered by high initial temperature. 

ough these facts are Delieved by the author to be 
novel, careful consideration leads to the conclusion that 
they are exactly what might be anticipated, given that 
the addition of chromium to steel progressively raises the 
Ac 1 point while leaving the position of Ac 2 unaffected. 

In the following theoretical discussion the standpoint 
taken is that of the allotropic theory, 8 iron being defined 
as the form of iron stable between the Ac2 and Ac3 or 
Ar 3 and Ar 2 critical points of pure iron. a iron is stable 
below the A 2 point, 7 iron is stable above A 3. 

In a eutectoid steel (0.9 per cent. carbon) Ac 1, 2, and 3 
are merged, as are also Arl, 2, and 3. Now Aclina 
steel of lower carbon content is really Ac 3, the tempera- 
ture of formation of y iron, in the eutectoid portion of 
the steel, the pearlite, which at Ac 1 changes from pearlite 
into a solution of carbon, or more probably carbide of iron, 
in yiron. The change from a to ¥ iron takes place at one 
temperature, and if f iron is formed it probably changes 
instantaneously into y iron. Again, Ar 1 in the portion 
of the steel in which that change takes place is really Ar3 
—the temperature at which y iron is transformed, ulti- 
mately into a iron, possibly through § iron as an inter- 
mediate form. At Arl a solid solution of Fe, C in 
7 iron decomposes into Fe;C and airon. In steels con- 
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taining not more than 0.9 per cent. carbon, Fe,C cannct 
exist as a separate phase, in contact with iron, above Ac1 
on heating, or Ar 1 on cooling, but must form a solid 
solution with a portion at least of the iron, which then 
changes into the y form. The phenomena occurring 
during the heating or cooling of a steel therefore appear 
to demonstrate the solubility of Fe,C in y iron, and its 
insolubility in a iron ; but throw little, if any, light on 
the relationship between § iron and Fe,C. £ iron is an 
unstable phase below Ar 2 or Ac 2, and Fe,C in contact 
with iron is an unstable phase above Ac 1 or Ar 1 (accord- 
ing as heating or cooling is in question). Therefore as 
Ar 2and Ac 2 are both above either Ar1 or Ac 1, it is 
not possible for 8 iron and Fe,C to exist together as 
se te phases. 

his state of affairs is altered when sufficient chromium 
is present to raise Ac 1 above Ac 2. In heating, all the 
iron changes from the a to the 8 form at Ac 2, but the 
carbide remains undissolved till Ac 1 is reached. iron 
and Fe,C (with which is mixed some carbide of chromium) 
exist as separate p in contact throughout the range 
Ac 2 to Ac 1, which e.:tends over more than 40 deg. Cent. 
in No. 14 steel, and apparently no interaction occurs till 


Ac 1 is reached, when the solid solution of carbide in 
iron is formed. The insolubility of Fe,C in 9 iron 
to be demonstrated. 


a 

The objection may be urged that in chromium steel 
neither of the two phases § iron and Fe,C exist in a pure 
state. It appears improbable, however, that the presence 
of chromium will so completely modify the properties of 
8 iron and Fe,C as to render the above conclusions 
invalid. 

The reversal in relative position of Ac 1 and Ac 2 does 
not a SW to affect the shouieal properties of the steel 
when heat-treated in various ways. No. 14 steel quenched 
just below Ac 2 was not found to differ in physical 
properties or in microstructure from the same steel 
quenched at a temperature between Ac 2and Acl. It 
would appear difficult, if not impossible, to prevent, by 
rapid cooling, the change from § to a iron. ; 

he form of the heating-curve No. 1 in the neighbour- 
hood of the Ac 2 ch throws doubt on the view that 
Ae 2 is really an absorption of heat. If it is an absorp- 
tion of heat, it seems to begin in No. 14 steel at about 
660 deg. Cent., and to increase in intensity until it 
suddenly ceases at 777 deg. Cent. But the magnetic 
curves would indicate that the change nearly al! takes 
place within a very few di of 777 deg. Cent. It is 
suggested that the form of the thermal heating curves 1 
consistent with the view that the A 2 point « incides 
with a more or less sudden change in the specific heat of 
iron, No doubt other observers have been struck by the 
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marked difference between the A 2 and A 3 points in 
pure iron as indicated by heating or cooling curves. The 
theoretical form of a differential heating curve in which 
an absorption of heat takes place at a definite tempera- 
ture, and is completed at that temperature, is shown in 
Fig. 2. Such a change is the melting of a pure sub- 
stance. 

While the form of a heating curve at Ac 1 has a general 
resemblance to this typical curve, the form of the curve at 
Ac 2, as in curve No. 1 (Fig. 1), is wholly different. 

Conclusions.—1. The position of Ac 1 is Paints 
raised by additions of chromium to steel, and if sufficient 
chromium (3 per cent.) is present, another critical point 
occurring at about 777 deg. Cent. and below Ac 1 is 
indicated by heating curves. 

2. The identity of this lower critical point with the 
magnetic change-point proves it to be Ac 2. 

3, The occurrence of Ac 2 below Ac 1 is held to support 
the view that Fe,C is insoluble in § iron. 

4. The method of determining the magnetic change- 
point described above is simple and accurate. 








FOREIGN ENGINEERING PROJECTS. 

WE publish below a list of foreign engineering projects; 
for several of these tenders are asked, and further data 
concerning same can be obtained from the Commercial 
Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, London, E.C. 

Spain: The Ministerio de Fomento, Madrid, issued on 
May 31 a decree inviting tenders for the construction of 
a strategic railway (electric or steam) from Requena to 
Alcaraz, by way of Casas-Ibiiiez and Albacete. Sixty 
days from that date are allowed for the presentation of 
plans and specifications. The line will be single track, of 
1 metre (39.37 in.) gauge, and the rails must weigh not 
less than 30 kilogrammes per lineal metre (60 1b. per 
yard). Means must be provided for the transport of 
artillery. This contract is open to Spanish firms only, 
but it is — that some of the material required may 
have to purchased out of Spain. Tenders are also 
invited for the construction and working of a railway 
(secondary) from Zumarraga to Zumaya. Sixty days 
from June 2 are allowed for the admission of tenders at 
the Direccién General de Obras Piblicas, Ministerio de 
Fomento, Madrid. Lozal representation is necessary. 
The Sociedad Anénima Tranvia de Cadiz 4 San Fernando 
y Carraca has been granted a concession for the con- 
struction of an electric tramway from Cadiz to San 
Fernando and Carraca.—The Sociedad Nueva Montejia 
of Santander has been granted a concession for the con- 
struction and working of an electric tramway in the 
vicinity of Santander. 

Portugal: The Diario do Governo of June 2 contains a 
notice, issued by the Portuguese State Railways, approving 
the plans and estimate involving an expenditure of 
144,670 milreis (about 28,9002.) for the construction of a 
6-mile section between Vidago and Moure, of the Regua 
to Chaves Railway. 

Roumania: The Curier Financiar (Bucharest) pub- 
lishes the text of a law, issued by the Ministry of Public 
Works, ear-marking a sum of 3,500,000 francs (140,000/.) 
for the construction of the Slobozie-Tsandarei section of 
the Urziceni-Slobozie Railway; 300,000 francs (12,000/.) 
for the building of a bridge across the Ialomitza, and 
authorising the construction of a railway between Obor 
and Pantélimon. 

Greece: The Bulletin Commercial (Brussels) contains a 
notice to the effect that the Prefecture of Athens invites 
tenders for the construction of a canal with dock accommo- 
dation near the town of Missolonghi. The total cost of 
the work is estimated at 3,640,000 drachmas (145,600/. ). 
A deposit of 70,000 drachmas (2800/.) will be required to 
qualify tenders, which will be opened on July3. Further 
particulars respecting the contract may be obtained from 
the above-mentioned Prefecture. 

Argentine Republic: With reference to the proposed 
construction of a canal from the River Negro to the port 
of San Antonio, H.M. Legation at Buenos Aires reports 
that 75 miles of the route of this canal have vente toon 
surveyed, and it has been found that the enterprise will 
present no great difficulty. San Antonio is the starting 
= of the Government railway under construction to 

ake Nahuel Huapi, and is also to be connected with the 
rest of the Republic by a line which the Southern Rail- 
way are about to construct from Bahia Blanca. The 
Boletin Oficial contains a decree approving the plans and 
Specification, submitted by the Direccién General de 

errocarriles, for the construction of a section of the 
Argentine Central Northern Railway designed to con- 
nect the Department of Garay with that of San Javier. 
The cost of the work is estimated at 1,200,000 pesos gold 
(240,000/.) Another decree approves the contract and 
plans submitted by Messrs. Otto Franke and Co. relative 
to the construction in Buenos Aires of an underground 
electric railway, which will run from the border of the 
Riachuelo, by way of the Avenida Vélez Sérsfield, Entre 
Rios and Callao to the Retiro station, and through the 
Calle Brasil to the Plaza Constitucién, thence effecting 
® connection with the lines at the Buenos Aires and La 
tata harbours. The Boletin also publishes a notice in- 
viting ‘enders for the carrying out of irrigation works in 
the valley of Catamarca, in accordance with plans which 
may be consulted at the Direccién General de Irriga- 
con, Ministerio de Obras Publicas, Buenos Aires, at which 
address tenders will be received up to July 13. 
Pa According to a report recently made by the 
eigian Legation at Santiago, the Chilian Government 
_ Saused surveying operations to be carried out with 
S object of putting in hand important harbour works 


at Arica, Iquique, Mejillones, and Antof i 

x b agasta. It is 
®stimated that the cost of these works will amount to 
about 2, 40,0002, 





Brazil; With reference to port works at Corumba, the 
Diario publishes an official notice, issued by the General 
Directorate of Works and Communications, containing 
detailed particulars. The works will comprise the con- 
struction of wharves of reinforced concrete, warehouses, 
dock railway lines, also the supply of water, light, and 
power, &c. A deposit of 20,000 milreis (about 1330/.) 
will be required to age any tender, and this amount 
must be increased by the successful tenderer to 50,000 
milreis (aboot 3330/.). Tenders, which will be opened on 
August 16, should be addressed to the Directoria Geral 
de Obras e Viaciio, Ministerioda Viagio e Obras Publicas, 
Rio de Janeiro. Local representation is necessary. 

Mexico: With reference to the construction of a railway 
by the Vera Cruz, Ta , and Campeche Railway Con- 
struction Company from Santa Lucretia to Campeche, 
His Majesty’s Legation in Mexico reports that the com- 
pany is now rs to negotiate for the sale of the 
concession. subsidy of 12,500 pesos per kilometre 
(about 2055/. per mile) has been granted by the Mexican 
Government, and the company hopes that a further sum 
may be found, if necessary, by that Government, in addi- 
tion to pecuniary assistance from the States through 
which the line is to run, notably Campeche and Tabasco. 
With regard to the construction of a railway from 
Durango to Llano Grande, His Majesty’s Consul-General 
at Mexico City (Mr. C. E. W. Stringer) reports that the 
construction of the line has been entrusted to a British 
contractor. The railway is to be 100 kilometres (about 
62 miles) long, and the cost of construction is placed at 
4,000,000 pesos (about 408,000/. ). 

Netherlands East Indies: The Bulletin Commercial 
(Brussels) reports, on the authority of the Belgian Consul 
at Batavia, that there was recently formed at Palembang 
(Eastern Sumatra) a company for the purpose of construct- 
ing and working a steam tramway in the communal 
district of Palembang. The line, which will be 24 miles 
long, is to run from a place called Nieuwe Boom to the 
Sakanak Market. It appears further that, in consequence 
of the recent violent epidemic of cholera at Samarang, 
the communal authorities of that town have applied for 
the necessary powers and for a loan for the carrying out 
of a coeuninn scheme to supply the district with drink- 
ing water. Itis understood that the application has been 
favourably entertained by the State. 





CATALOGUES. 

Lifts and Cranes.—From Messrs. R. Waygood and 
Co., Limited, Falmouth-road, S.E., we have received an 
eight-page pamphlet illustrating several different types of 
lifts and cranes operated by hand, electric, and hydraulic 
power. 


Water-Tube Boilers.—A sheet that has reached us from 
Messrs. Clarke, Chapman, and Co., Limited, 29, Queen 
Anne’s Chambers, way, Westminster, 8S. W., illus- 
trates some different types of the Clarke-Chapman water- 
tube boiler made under Woodeson’s patents. 


Automatic Lubricators.—Messrs. Reid, Meeking, and 
Co., Leadenhall Chambers, St. Mary Axe, E.C., have 
sent us leaflets illustrating and stating prices of the 
** Alpha” and “‘ Vulcan” automatic plunger lubricators 
for land and marine engines. 


Electrical Installation Accessories.— An illustrated price- 
list dealing with steel conduit and conduit fittings, and 
another relating to ceiling-roses, lamp-holders, wall-plugs 
and sockets, tumbler-switches, and other accessories have 
come to hand from Messrs. Siemens Brothers Dynamo 
Works, Limited, Caxton House, Westminster, 8. 


Pneumatic Sanders for Locomotives.—From the Ameri- 
can Locomotive Sander Company, Thirteenth and 
Hamilton-streets, Philadelphia, Pa., U.S.A., we have 
received a catalogue illustrating and describing various 
patterns of Leach pneumatic track-sanders for steam and 
electric locomotives. 


Tool-Steel.—Messrs. Joseph T. Ryerson and Son, of 
Chicago, U.S.A., havesent us a copy of a booklet dealing 
with the various brands of tool-steel they stock. The 
booklet, which is No. 10 of their Technical Library, con- 
tains information on the rties and treatment of 
several different brands of high-speed and carbon tool- 
steels, and states prices of discs for making milling- 
— &c. Tables of weights of bar-steel are also in- 
cluded. 


New and Second-Hand Machine-Tools, d:c.—Messrs. 
Lee and Hunt, Limited, Arkwright Works, Crocus- 
street, raga mee have sent us a list of machine-tools 
and other appliances in stock. Beside machine-tools of 
all kinds, particulars are given of air-compressors, cranes, 
hoists, and winches, gas and steam-engines, fans and 
blowers, grinding and polishing machinery, hydraulic 
machinery and pumps, and wood-working machinery. A 


are arra’ for lifting long rolled sections. A ladle- 
crane, with auxiliary hoist for tilting the ladle, is also 
illustrated. Ina separate pamphlet some particulars are 
given of the M. A. N. double-drive for cranes, by means 
of which an extensive variation of the hoisting speed is 
obtained. This enables light loads to be lifted at high 
speeds by the main hoist, and renders an auxiliary hoist 
unnecessary. The arrangement consists in using two 
lifting-motors, either separately or simultaneously, in 
conjunction with suitable gearing. The speed variation is 
effected entirely by the controllers. The pamphlet gives 
a list of several cranes fitted with this ont of drive, 
stating the various lifting speeds in each case. 


Trucks for Tramway-Cars, d&c.—The Peckbam Truck 
Company, Queen Anne’s Chambers, Westminster, 8. W., 
have sent us a catalogue illustrating a number of trucks 
for tramway-cars and railway rolling-stock, and containing 
engineers’ reports on their running. In these trucks, the 
weight of the car is transmitted to the wheels through a 

ndulum r which allows the axle-boxes to move 
~—— independently of the truck. This arrangement, 
it is claimed, enables the wheels to adjust themselves 
readily to the track, reduces wear of rails and wheel 
flanges, and diminishes rocking of the car-body. The 
catalogue also describes and illustrates the firm’s pendu- 
lating radial gear, designed for tramway trucks of long 
wheel-base. he aon = oth gear above mentioned is 
retained, and in addition to this the axle-boxes are 
allowed a longitudinal movement relatively to the truck. 
This enables the axles to take up a radial position on 
curves with radii as short as 30ft. The Peckham dust- 
tight oil-retaining axle-box is also dealt with. 


Engine-Governors.—¥Krom Messrs. Jens Orten-Béving 
and Co., 94, Union-court, Old Broad-street, E.C., we 
have received a catalogue illustrating and describing the 
Jahns governor, which is suitable for regulating the speed 
of steam-engines and turbines, gas-engines, water-turbines, 
and other machinery. In this governor the two weights, 
which are segment-shaped in plan, are suppor on 
rollers, and move radially in an horizontal plane under 
the action of centrifugal force. The controlling force is 
furnished by springs, in compression, acting directly on 
the weights, the movement of which is transmitted to the 
sleeve by means of two bell-crank levers fitted with rollers 
to diminish friction. The whole of the mechanism is 
enclosed in a cast-iron oil-tight case. These governors 
are claimed to be very sensitive, stable, and powerful, and 
to have a very uniform action throughout their range. 
The catalogue gives full particulars, with prices of 
standard governors with vertical spindles, and also includes 
illustrations of several other types, some of which work 
on horizontal shafts. 


Ewing's Monorail System.—Messrs. Veithardt and Hall, 
Limited, 41, Eastcheap, E.C., have sent us a booklet 
giving particulars of this method of transport for which 
they are the London agents. In this system each of the 
cars has two small double-flanged wheels, which run on a 
single rail, and are situated a little to one side of the 
centre line of the car-body. On the other side of the 
centre line, and about a foot beyond the edge of the car, 
is a larger steel wheel, which runs on the ground and 
serves to balance the car, but carries only a small part of 
its weight. Cars of this form have a carrying capacity of 
1 to 3 tons, but others, having a two-wheeled bogie at 
each end and a single balance wheel, are made for loads 
of 6 tons; manual, animal, or mechanical power can be 
used for propulsion. Some of the advantages claimed for 
the system are that it has a low initial cost, can be laid 
by unskilled labourers, and is easily taken up and relaid 
elsewhere. Illustrations in the booklet show the system 
adapted to the transport of passengers and all kinds of 
goods. 








Frencu Locomotives.—In the course of last year the 
Northern of France Railway Company placed 126 new 
locomotives upon its system. Of these, 84 were compound 
six-coupled engines with tenders; 40, six-coupled tender 
engines for suburban traffic; and two, compound 4-cylinder 
bogie engines. The company’s other rolling-stock was 
also increased by the addition of 1190 miscellaneous 
vehicles. This year further orders have been given for 
109 locomotives and 1280 miscellaneous vehicles. The 109 
locomotives were made up as follows:—59 compound 
6-wheel-coupled engines with tenders, 28 compound 
oe engines, two bogie compound engines with tenders, 
and 20 engines for suburban traffic. 





MAGAZINES FOR BLASTING AGENTS IN Minxs.—Special 
safety arrangements have been adopted in the Hohenthal- 
schacht, one of the pits in the Kupferschiefer (copper 
schist) district of Mansfeld, in Germany. The arrange- 
ments, which had been discussed for some time before 





short description of each article is given and the price is | 
stated in each case. 


Pyrometers.—Mr. H. I. Lewenz, 6, Trinity-square, | 
E.C., has sent us a circular illustrating and stating prices | 
of indicating and recording prromeiere manufactured by | 
Messrs. Keiser and Schmidt, of Berlin. For tempera- | 
tures up to 600 deg. Cent. a copper-constantan thermo- 

junction is used with a millivoltmeter graduated in 

degrees. For higher temperatures, up to 1600 deg. Cent., | 
a platinum-rhodium junction is emp! aret These pyro- 

meters are suitable for all classes of work, but are specially 

useful in connection with metallurgical operations. 


Cranes for Steel Works.—We have received a pamphlet | 
dealing with cranes for iron and steel works, rolling mills, 
&c., from the Maschinenfabrik Augsburg-Niirnberg, 
A.G., whose London address is M. A. N., 219, Caxton 
House, Westminster, S.W. Some of the cranes are fitted | 





with tongs for transporting ingots and slabs, ard others | 


their final adoption, are described and illustrated in 
Glick Auf ! of March 26. The object is to cut off that por- 


| tion of the underground levels in which the explosives 


are stored, automatically from the other galleries, so that 
the explosive wave and the gases shall not disturb the 
workers in other parts of the mine. The blasting agents 
are stored in a side gallery, which used to communicate 
with the main gallery by two straight levels ; these levels 
have now two turns of somethin - than a right angle, 
and are, moreover, provided with dead ends on which the 
wave would break its force. Strong iron communication- 
doors have been put in. These are hinged, and hang when 
open at an angle of 45 deg. ; the explosion would close 
these doors in such a way that they could be re-opened 
from the outside only. The store-rooms proper, used to 
form recesses or short levels driven from the gallery, are 
on the same side of the gallery. Opposite each of the 
recesses a similar blind recess has now cut, in which 


the first force of any explosion would spend itself. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 
in ach cae whens ane is mentioned, the Specification is not 
Where inventions are communicated from abroad, the Names, &c., 
onsen P Sport ~ no wie Wrotetned at the Patent Office, Sale 
Ons . 
enn. 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
The date of 7 etee of the a of a Complete 
yp arnary ee is, in each case, given after the abstract, wnless the 
‘atent has been sealed, when the date of sealing is given. 
ar oy may, at any time within two months from the date of 
the advertisement of the ti of a Complete Spect; 
ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the grow mentioned in the Act. 
ELECTRICAL APPARATUS, 


27,641/09. The Brush Electrical Engineering Com- 
pany, Limited, London, and G. J. Porter, Lough- 
) Machin (6 Figs.) 


rough. Dynamo-Electric ™ es. 
November 27, 1909.—This invention provides means whereby the 


end connections of rotor and stator bars of electrical machines 
may be securely connected together against vibration or centri- 


Fig.1. ¢ 
8 
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(27.641) 


fugal stresses. A is the usual rectangular connecting-tube, and 
B the rotor or stator-bars. According to this invention, saw-cuts 
C are made in the bars B where they s through the tube A. 
A wedge-piece D is inserted between the bars, the ends E of which 
are bent over to lock the wedge and connecting-tube in position 
after the wedge has been driven home. The connection may then 
be sweated up. (Accepted April 20, 1910.) 


GUNS AND EXPLOSIVES. 


8526/09. J. R. Hoyle, Sheffield, and H. B. S 2, 


Dore. Armour-Piercing Projectiles. (2 Figs.) April 8, 


1909. — This invention relates to armour-piercing projectiles. 


The main and outer portion A of the a eee is formed of the 
usual material, and with the interior hollowed out. This part of the 
projectile is so constructed as to make it most suitable for armour- 
piercing purposes. The lining B is made in one piece of steel of 
the best voality, there being openings at either end. The opening 
at the forward end is closed by a plug C, which is screwed in 
hard. This plug, as shown in Fig. 2, has a screw-threaded portion 
C, a shoulder portion C!, and a squared head C®, The opening B! 
in the end of the casing B is screw-threaded and slightly recessed 
at B2 to receive a portion of the shoulder ©! of the rn . When 


2 and the | controller operated by a lever K, ropes K! and handle-bar K2. 


lever is moved to its central position, both brake-wheels are free 
to revolve. When the lever is moved to the other of its extreme 
end positions, the wheel J is held by its brake-strap, and the wheel 
L is free to revolve. When the shaft B is revolved, the pinions 
C and D revolve the pinions G and H ; and when the brake-lever 
is in its mid-position, the pinions G and H revolve the wheels L 
and J, but im no motion to the main driving-pinion N. When 
the wheel L is held by its brake-strap, the pinion G revolves the 
disc I, which disc revolves the main slewing-pinion N. When the 





40.827) 


brake-wheel J is held by its strap the pinion H then revolves the 
rack F, which is keyed to the sleeve K secured to the main slew- 
ing-pinion N, thus giving a reverse motion to the pinion. The 
wheels L and J are so proportioned that if the brake is put on 
lightly, the pinion N will commence to revolve slowly and without 
erks. If it is desired tostop the jib revolving, the lever is pushed 
in the opposite direction, and so as to lightly apply the opposite 
brake-strap, which will check the speed without shock. (Accepted 


April 27, 1910.) 
457. J. Marshall, Gainsboro Electric Hoists. 
(2 Figs.] January 7, 1910.—This invention relates to electrically- 
actuated hoists. Dis the drum, on the centre of which is fixed 
a worm-wheel C, and engaging with which is a worm-wheel B, con- 
nected to the spindle of anelectric motor A. The worm B at its 
outer end is carried in a ball-thrust bearing. H is the motor- 
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(457) 
The 


charge from a single ring ofgdischarge-nozzles or from an annular 
discharge opening into an annular expanding channel in the fixed 
casing, which channel is inclined laterally to the direction of dis- 
charge from the impeller, so that the liquid is thrown against the 
opposing inclined wall of the channel or free vortex. Thus, as 
shown in the accompanying drawing representing a part longi. 
tudinal section of a ag oe and casing, with a radial slit 
outlet @ in the impeller b, the walls c, cl of the annular expanding 
channel d in the fixed casing are inclined more or less, so that the 
walls c,cl of the channel form conical or substantially conical 





surfa-es, having their apices on the axis of the impeller-shaft. In 
order that the ly of the fixed casing and its inlet and outlet 
may be brought substantially co-planar with the impeller-nozzles, 
the coned surfaces may be formed so that the annular expanding 
channel between them is bent back towards its outer end, or this 
result may be attained by curving the annular channel throughout 
the whole or part of its length, or, as shown in the drawing, the 
discharge-chamber e of the fixed casing is arranged to he sym- 
metrical with respect to the delivery end of the annular expanding 
channel d. (Accepted April 13, 1910.) 


RAILWAYS AND TRAMWAYS. 


4171/10. The Westinghouse Electric Company, 

ted. ndon. Elec ~aaagnetie Brakes. [1 Fig.) 
February 19, 1910.—This invention relates to electro-magnetic 
brakes for rail-borne vehicles. It has previously been pro- 
posed to provide the brake-magnet of an electro-magnetic brake 
with separate series and shunt-exciting windings, the series- 
winding being supplied with current from the driving-motors of 
the vehicle operating as generators, and the shunt-winding being 
supplied from a separate source of current at a practically con- 
stant voltage. According to the present invention, the series- 
winding 4 of a brake magnet is employed for obtaining ordinary 


1 








this plug has been screwed home, the squared he 


main portion of the shoulder Clis cutaway, leaving the casing with 
a smooth end, as shown in Fig. 1, adapted to fit closely within the 
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chamber formed in the main body of the projectile A. The rear end 
BS of the casing B is screw-threaded to engage with correspond- 
ing threads in the rear end of the outer portion of the projectile. 
The central screw-threaded opening B+ is arranged for the reception 
of the fuse. The casing B is so shaped externally that when screwed 
home into the outer portion A the two parts are in intimate con- 
tact throughout, and practically integral, the intimacy of contact 
being ensured, if necessary, either by shrinking the outer portion 
A on to the inner casing B, or by expanding the inner casing by 
hydraulic pressure within the outer portion. Thus a projectile 
is produced whose wall is practically solid throughout at any 

point, but yet, by reason of the difference in the materials em- 

ployed in the formation of the inner and outer portions of this 

, there is no risk of any defect which may exist or develop in 

the outer portion being transmitted into the chamber which con- 

tains the explosive charge. (Acepted April 13, 1910.) 


LIFTING AND HAULING APPLIANCES. 


1 /09. Babcock and Wilcox, Limi and F. W. 
Hollies, London. Jib-Cranes. (3 Figs.) May 7, 1909.— 
This invention relates to gear for slewing jib-cranes. The gear 
comprises a shaft B which may be driven at a constant speed and 
left rotating while the crane is in operation. On the shaft B are 
keyed the pinions © and D driving the racks E and F through the 
pate G and H, the pinions G and H being centred on the disc 

and brake-wheel J sore, the disc I being keyed on the 
sleeve K, and the wheel ee | free to revolve on the shaft. The 
rack E is bolted to the brake-wheel L running free on the shaft B, 
and the rack F is bolted to the disc M keyed to the sleeve K. N is 
@ spur-pinion keyed to the sleeve K, through which pinion 
the Dg a is transmitted to the slewing-rack. The wheels 
Land J are fitted with brake-straps operated from alever. When 


(Accepted March 31, 1910.) 


hoisting rope passes round a pulley sleeve L, to which is attached 
a hook used for lifting purposes. The parts comprising the hoist 
are contained in a frame F, the upper portion carrying two runner 
wheels J, J, which form the points of suspension from the girder 
N, carrying the hoist. The worm-wheel C is protected by a casing. 


MOTOR ROAD VEHICLES. 


28,529. J. M. Hewitt, Manchester. Motor Road 
Vehicles. (2 Figs.) December 31, 1909,—This invention relates 
to friction variable gear giving a direct drive on top speed. The 
engine fly-wheel a carries a member 6 having a bevel friction 
surface 6! and an annular cone-clutch surface. The bevel b! drives 
two bevel-wheels ¢ mounted transversely on coach springs d, the 
ends of which are fixed to slides d! sliding on inclined guides e. 
Two rods f are fixed to the ends of the springs, and carry collars 
against which spiral springs bear. The combined action of this 
arrangement is to keep the bevel-wheels c pressed inwards and 





service application of the brakes, being supplemented, if desired, 
by the action of the shunt-winding 3, to which current is supplied 
through a resistance 5 from the trolley-wire 1 or other source of 
constant voltage by means of one or more contacts on the con- 
troller of the vehicle; and for emergency applications of the brakes 
the shunt-winding of the brake-magnet only is employed, the re- 
sistance connected in circuit therewith being arranged to be 
short-circuited by an gency switch or emergency switches 8, 9, 
10 situated at different parts of the vehicle in order to effect the 
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lete saturation of the brake-magnet and thereby cause the 
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forwards against the driving-bevel b!. The propeller-shaft k 
carries the cone-clutch 1, which en the internal cone-clutch 
surface, a brake disc m engaging with a stationary disc m! and a 
frictional wheel n driven by the wheels ¢, The cone-clutch lis fixed 
to the shaft k, and the disc m and wheel n are mounted to slide 
along, but not to rotate on, the shaft k, which itself slides longi- 
tudinally, and the disc, the wheel, and the shaft, all have swivel 
collars and operating rods connected to the operating pedal or 
lever. The shaft & drives the road-wheels through the usual 
differential and reducing gear. (Accepted April 6, 1910.) 


PUMPS. 





15,085/09. E. S. G. Rees, Wolverhampton. Centri-| thereon saddle-wise, preferab : 
June 28, 1909.—According to this | full advan of the heat, be secured in 


latter to exert its full braking power upon the rail or other fric- 
tion surface. (Accepted April 13, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


8480/09. Chrenmntesh, Semmens, 8. J. Ross, and H. 
Schofield, London. - Generators. [5 Figs.) 
April 8, 1909.—This invention has reference to the promotion ot 
the circulation in steam-generators, and relates more rticularly 
to a type of nozzle device for giving the circulation desired. To 
this end, the body of the nozzle device a comprises an inverted 
saucer-shaped piece or cap having its edge adapted to fit saddle- 
wise on the top of the flue B, and provided all round with a 


hig. 1. 

















ber of or scallops, forming inlets for the water which 


is set up in circulation. From the cap-shaped body there extends 
a discharge-nozzle c, which may have a bottle-neck taper, and be 
of inverted ti -shape, so that its underneath or open side fits 
close down on to the top of the furnace. In the case of hg r 
unprovided with cross-tubes, the devices may simply be fitt 
near the fire-b: , to obtain the 
tion by straps a! 





-) 





the lever is in one of its extreme positions, the wheel L is held b: 
its brake-strap, and the wheel 3 is fet to revolve. When the 


1 Py 
a a hy the YL. 


a centrifugal pump is arranged to dis- 


passed round the furnaces. (Accepted April 13, 1909.) 
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ELEMENTARY THEORY OF THE 
GYROSCOPE. 
3y Professor E. H. Barton, D.Sc., F.R.S.E. 


Or late years much interest has been felt in 
gyroscopic motions, for their importance has been 
seen in various directions. Sometimes the pheno- 
mena have cropped up as an unexpected disturb- 
ance, as when a high-speed steam-boat rears or 
plunges, instead of answering the helm in the usual 
way. In other cases the characteristic properties 
of the gyroscope are intentionally introduced, as in 
Schlick’s device for steadying vessels (ENGINEER- 
ine, vol. Ixxxiii., pages 442 and 448, 1907), and 
in Brennan’s mono-rail car (ENGINEERING, vol. 
Ixxxiii., pages 623 and 794, 1907, and vol. lxxxviii., 
page 659, November 12, 1909). 

Unfortunately, however, most of the elementary 
mechanical text-books stop short of the phenomena 
in question. Thus, to many, the whole matter 
remains a mystery. Of course the subject is treated 
with great fulness and elegance in the classical 
works on mechanics ; but the methods there em- 
ployed are sometimes too advanced to be easily 
assimilated by those most interested in the engi- 
neering aspects of the matter. 

Some time ago (ENGINEERING, vol. lxxxiii., page 
749, June 7, 1907) an article appeared purporting 
to give a very simple theory of the gyroscope, 
which, if correct, would have rendered a recur- 
rence to this subject now unnecessary. But the 
writer of that article, in the laudable endeavour to 
simplify, lost generality, and obtained a fallacious 
result. For the moment of inertia finally involved 
was that of the body about the axis of the turning 
moment, and not, as should be, the moment of 
inertia of the body about the axis of rotation.* 






In the present article the attempt is made to 
supply this lack by treating the simple fundamental 
case of gyroscopic motion. The method, while 
general enough for the purpose in view, employs 
only the elementary conceptions of mechanics and 
the calculus. It does not assume the properties of 
moving axes nor the knowledge that angular 
momenta can be compounded and resolved like 
forces, though incidentally it illustrates that fact. 

Suppose a figure of revolution to be rotating 
uniformly about its axis, which is horizontal ; and, 
at the same time, let this horizontal axis be 
describing a horizontal plane by uniform rotation 
about a vertical axis. It is required to find what 
torques (or twisting moments) are acting on the 
body to maintain this precession or steady turning 
of its axis of rotation. 

In the figure the gyroscope is shown as a disc 
and spindle. OX, OY, and OZ are fixed axes 
at right angles to one another, of which O Z is 
vertical, OA, OB, and OC areasecond set of 
rectangular axes with the same origin, but these 
axes nove about the vertical axis OZ or OC with 
an angular velocity @ radians per second. Thus 
OAand OB are always in the same horizontal 
plane as X OY. The gyroscope, or top, rotates about 
QA, its axis, with angular velocity # radians per 
Second, and has a moment of inertia I about O A, 
and moment of inertia K about OC. At time ¢, 
the instant under consideration, let O A make the 
angle with OX. Then we may write 

a, . . » 

Take inthe top a particle of mass m situated at 
D, where the radius FD = r makes the angle 6 
with the horizontal, then we may write 

6=4,+ wt ° . ‘. 
At time tlet D have co-ordinates x, y, « with 


* . S ° go¢ > 
[A correction covering the error pointed out by Pro- 


fessor Barton was published in our issue of September 13, | 


' se 365. An extremely simple and direct treatment 
of the problem, due to Mr. F. W. Lanchester, will be found 
I our issue of March 20, 1908, page 385,—Ep. E.] 


| respect to the fixed axes O X Y Z, and co-ordinates 
a, b,c with respect to the moving axes O AB C. 
Then DE being vertical, and meeting the plane 
of XY at E, EF being parallel to BO, and EH 
parallel to Y O, we have 
OH = OF cos ¢ - EF sing 
and HE = OF sin ¢ + E F cos ¢, 
or 
x = acos ¢-—bsingand y=asin¢ + b cos ¢, 
also z = c¢ _ : “ <= 
Now, considering the rotation of the top and the 
consequent change in 6 and ¢, while r the radius 











F D remains constant, we have 
b = rcos @ and ec = rsin @, 
Thus, on differentiating with respect to the time, 


we have 


de 


qb. _we and 
dt 


dt 
Now, by differentiating (3) with respect to the 
time, and using (4), we obtain 


oe =(- Qa + we) sind - 2 b cos ) 
C 


=wh - (4) 


GY = (Qa ~ we) cos ~ Absin g, (5) 
c 
and dz =wb. 

dt 


We must now recall that because the top is a 


Z 


Cc 


Precesston 
«ls 2 





Torque G-IaNQ 


™ 


figure of revolution about O A certain summations 
will vanish. Thus we have by symmetry 
0O=Fmb=Tme=rmbe=Xrmea==mabdb (4) 

The expressions for the angular momenta P, Q 
and R about the fixed axes O X, O Y, and O Z can 
be now formed. 

Clearly these will be found by summing the 
moments of momentum of the particles about the 
axes in question; or, what comes to the same 
thing, we may take the algebraic sum of the 
moments of the component momenta of the 
particles. Thus we find from (3) and (5) for the 
angular momentum about O X :— 

P=m(y 9% - 9") = 
dt dt 
=m {w b(asin ¢ + bcos ¢)- (Qa cosP— wecos g — 
Qb sin ¢) c}. 

Hence, omitting the terms which vanish in virtue 

of equation (6), we have 
P=wcosd?rim(l? + c2)=Iwceosd . (7) 


Similarly, for the angular momentum about O Y, 


we find 
Q= zm (204-20 %)= 
dt dt 
=m {(- Qasing + wesin d — Nbcos¢g)c¢ - 
wb (a cos p — bsin )} ; 


r 
Q= wsingd=im(l?+c)=Iwsing . (8) 
Equations (7) and (8) show that the angular 
momentum I about O A resolves into components 
about O X and O Y, just as forces do. 
Finally, for the angular momentum about O Z, 


we have :— 
R==m (29% - y*) = 
dt dt 
=m {(Qa cos ¢ — wecos¢-1 b sin d) (a cos ¢ — b sin ¢) 
-(- Qasin ¢ + wesin d — Qb cos) (a sin g + b cos ?)} 
Whence, omitting, as before, the vanishing terms, 
we find 


We now pass from the angular momenta to their 
rates of increase, and the torques or twisting 
moments to which these rates of increase are due. 
Thus denoting, as usual, the torques about O X, 
OY, and O Z by L, M, and N respectively, we have 
from (7), (8), and (9), by differentiation with respect 
to the time, 
dP | 


= -—ITwQsi 

I Tr w 2 sin ¢, 

M = “2~ 4 Tw cos ¢, . (10) 
dt 

w= TR=6 
dt 


Thus, for @ = 0, that is, for the moving axis 
instantaneously coincident with O X, we sce that 
the special values are 

L’ = N’ = 0, and M’ = Iw = G, say an teen 
and O Y is now coincident with O B, which is thus 
the axis of M’ or G. 

Or, in words : When we have an angular momen- 
tum I @ of a figure of revolution about the axis OA, 
which is itself rotating with angular velocity 
about the perpendicular axis OC, we need, to 
maintain this motion, a torque of value I w Q in 
absolute units about the third rectangular axis O B, 
the relative directions of all being shown in the 
figure. 

Instead of putting @ = 0, and writing (11), we 
may obtain the same result by laying off L and M, 
as in the figure, and compounding them to produce 
the resultant G as there shown, from which it is 
again clear that 

G = Iw Q, and is about O B > (12) 

The form of (11) and (12) shows that the value 
of the torque required to maintain the precession 
is unaltered if the disc or other body of revolution 
forming the gyroscope is placed nearer to or further 
from the origin. 

A numerical example will serve to illustrate how 
slowly the axis of a rapidly-revolving heavy mass 
can be turned by comparatively large forces. Thus 
let the gyroscope consist essentially of a disc 1 ft. 
in diameter and weighing 72 lb., and let it make 
6000 revolutions per minute. Let its spindle, of 
negligible mass compared with the disc, be sup- 
ported at O, the distance of the centre of gravity 
from O being 8 in. And let it be required to find 
the value of the steady turning speed Q of the axis 
about the vertical, which can be maintained by the 
turning moment due to its weight. 

Then the moment of inertia of a disc about its 
axis is, half mass into square of radius, so 

I = 4 x 72 x (4)? = 9 lb. foot-units, 
Again 
w = (6000 + 
Also the turning moment due to gravity is 
72 x § = 48 foot-pounds, 


60) 2 = 200 r radians per second. 


But the value of g = 32.2 foot-second units, the 
acceleration due to gravity, needs introducing 
either as a divisor to the expression for I  Q, or 
as a multiplier in that forG. Wethus obtain from 


G =IeQ, 
48 = 9 x 200 rQ : 
32,2 
whence 


Q= % x 322 _ 0.273 radian per second, 
9 x 200 r 
= 15.64° per second, 
= one complete revolution in about 23 seconds, 

And if this rate of precession expressed by 2 be 
increased while only the given couple is acting, the 
top will rise in defiance of gravity. If the preces- 
sion is slowed, the top will fall. 

It might be imagined by some readers that it 
would be simpler to start with OA, the axis of 
rotation of the top, in coincidence with the fixed 
axis OX. But if this is done, one is very likely to 
fall into error. The angular momenta and their 
rates of change cannot so well be calculated for that 
position. If, on the other hand, it is attempted to 
write the turning moments at once, another diffi- 
culty crops up. For the expressions for these 
moments involve the accelerations of the particles. 
Thus L = = m(zy — yz), and so on for the others. 
Now if the expressions for the accelerations x, y, 
are obtained by differentiating equation (5), and 
then @ written zero, correct results are obtained. 
But if ¢ is written zero in (5) before the differen- 
tiation, terms which should appear in the accelera- 
tions are lost, and fallacious results are obtained. 
It was in this way that the writer of the former 





R=2im(at+h=KQ , » (9) 


article previously referred to went astray, 
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A BOILER-TESTING INSTALLATION 
AND THE ECONOMICAL COMBUS- 
TION OF FUEL. 


By Cares Epwarp Lararp, Assoc. M. Inst. C.E., 
M.I. Mech. E. 
(Concluded from page 768.) 

Pyrometers, d&c.—A brief description of the elec- 
trical pyrometers and instruments is given in the 
following paragraphs, and the writer would take 
this opportunity to express his indebtedness to 
Mr. R. 8. Whipple for furnishing him with the 
diagrams from which several of the illustrations in 
Figs. 28 to 39 have been prepared, and for the full | 
notes and descriptions of the instruments supplied | 
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by his firm—the Cambridge Scientific Instrument 
Company, Chesterton-road, Cambridge. 

Sir W. Siemens pointed out that the variations 
in the electrical resistance of platinum wire afforded 
a means of determining temperature with great 
accuracy, and several instruments were made to 
his design, but owing to minor defects in construc- 
tion they did not give the accuracy expected, and so 
fellinto disrepute. Professor Callendar showed that 
if certain defects were avoided they might be made 
to be very reliable. The chief improvements in the 
construction of the platinum thermometer have been 
effected by Professor Callendar and Principal E. 
H. Griftiths ; but to the former is due the notation 
now generally used for resistance pyrometry. He 
showed that if R, denote the resistance of the coil 
of platinum at 0 deg. Cent., and Ry at 100 deg. 
Cent., R, the resistance at any temperature T on 
the air-scale, a temperature scale could be deter- 
mined for the wire, which he called the platinum 
scale ; the temperature (pt) on the platinum scale 
will be obtained from the equation 

pt = Re = Ry 
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x 100. thermometer in ice. 
° meter with its own ice-bobbin may be coupled up 


connection is given by 


T \ = 
7-6 3[ (00 ) A ios } 
but later investigations by J. Harker have shown 
that the equation is correct up to 1000 deg. Cent. 
The coefficient § depends on the composition of the 
wire, and is usually determined for the three tem- 
peratures 0 deg. Cent.,°100 deg. Cent., and 444.5 


deg. Cent., the last temperature being the boiling- 


point of sulphur. The value of 6 for the platinum- 
resistance thermometers used by the author was 
1.5. In addition to adjusting a change in resist- 
ance between 0 deg. Cent. and 100 deg. Cent. to 
1 ohm, the measurement of the increase of resist- 
ance is made, independent of the actual resistance 
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of the ther- | 
mometer in 
ice, by the insertion 
on the opposite arm 
of the bridge of the 
recording instrument 
of a manganin resist- 
ance wound on a 
PUROMETER small bobbin equal to 

the resistance of the 
By this device any thermo- | 


In the thermometers used by the author the in-/to the recording instrument or indicator without 


terval between R, and Rj) was adjusted to 1 ohm, special adjustment of the bridge. 


so that 
pt=(Re — Ry) x 100. 


All the thermo- 


meters were fitted with compensating leads, render- 
ing them for practical purposes independent of the 


For high temperatures and moderately high tem- | depth of insertion in the hot gases and the distance 


peratures it is necessary to express the tempera-| away from the recorder or indicator. -These leads, 
tures obtained for the platinum scale to the actual | as will be well understood, are precisely similar to 
These tempera- | the leads to which the resistance cvils are attached. 


temperature (T) on the air scale. 


tures are identical at 0 deg. Cent. and 100 deg. | They are conducted throughout the whole circuit, | 
Cent., and Professor Callendar has shown that up | forming a closed loop on the other side of the bridge 





to 600 deg. Cent. in the case of pure platinum the/to which the thermometer and resistance coil is| temperature is indicated on depression of tl 


introduced ; Fig. 28 will make the arrangement clear, 
while Figs. 29 to 31 give some idea of the con. 
struction of the thermometers. The vital part of 
the thermometers is the platinum coil at the ex. 
tremity. It is made of fine platinum wire of about 
0.008 in. in diameter, and is about 24 in. long, 
while the compensating leads and the leads con. 
necting the coil to the terminals of the thermo. 
meter are made of 0.02 in. diameter platinum wire, 
The thermometer is protected by a porcelain tube, 
outside of which is a steel tube screwed to the head 
of the instrument. As will be well understood, 


the thermometer responds more quickly to a varia- 
tion in temperature when the steel tube is removed, 
but care is necessary in inserting or removing the 
For the author’s ex- 


thermometer from the flue. 









Fic. 33. 


periments six pyrometers were used varying from 
6 in. to 3 ft. 6 in. long. 

In order to avoid obtaining any inaccurate record 
due to the changing over the instruments from one 


| pyrometer to another, the ice-bobbins were used, 


as already pointed out, in connection with their 
respective thermometers, and any slight adjust- 


'ment was made before the trial by immersing the 


thermometers in cold water of a known tem- 
perature. a 
Temperature-Indicators and Recorders. — These 
instruments used are modified forms of the Wheat- 
stone bridge. The bridge arrangement 0! the 
Whipple indicator is shown in Fig. 32. The bridge 
arrangement of the Callendar recorder ditfers from 
this in that the long bridge wire is replaced by 4 
short wire, and some coils placed in series with 
it. By means of the rheostat R the bridge 


|adjusted so that when the thermometer 1s placed 


|in ice and the galvanometer key closed (at —- 

Cent.), the galvanometer reading 1s ero, ~~ 

ing that no current is passing across. poe: 
ic 
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by a deflection of the galvanometer needle, and | nating in two prongs, forming a fork (see Fig. 35), 
to determine the thermometer temperature the | the two prongs being insulated from each other and 
connected electrically through two fine silver wires 


contact on the bridge wire must be moved until 
no current passes through the galvanometer. The 
bridge wire has been adjusted so that the instru- 
ment readings are given directly in degrees Centi- 
grade, instead of in ohms and decimals of an ohm. 

Fig. 34 illustrates the general appearance of the | 
Whipple temperature indicator and its connection | 
to one of the platinum pyrometers, the leads from 
the resistance coil of the pyrometer being connected | 
to the P terminal screws, while the compensating 
leads are connected to the C terminals. As will be 
seen from the illustration, the indicator is very 
compact in form, and portable, and considerable | 
ingenuity has been displayed in its construction. 
The bridge wire is wound helically on an ebonite 
drum, and the contact is moved (by the handle H) 
travelling over the whole length of the wire. The 
temperature is indicated at A after the galvano- 
meter needle at B (with the key F depressed) is 
brought to its zero position by adjustment of the 
handle H. 

The electric recorder, the invention of Professor 
H. L. Callendar, is fully automatic, and the tem- 
peratures throughout the trials were registered on 
achart wound round a drum rotated by clockwork. 
The instrument is essentially an automatic Wheat- 
stone bridge, the contact-maker or slider moving 
along the bridge wire by clockwork mechanism. 
Connected with this contact is the carriage carry- 
ing the pen which, by its position with respect 
to the bridges, marks the chart on the large clock- 
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two clocks. A fine cord is wound round a screwed 
pinion, and connected on the under side of the pen- 
carriage, to which is attached the contact-maker 
between the bridge wire and the galvanometer wire. 

The thermometer leads are connected to the 
terminals at the base of the instrument (Fig. 33) ; 
and if it is desired to alter the temperature range or 
interval on the chart to cover any particular range 
expected from any pyrometer in use, a higher or 
lower resistance can readily be substituted for the 
one on the instrument. This interchangeabilit; 
has been obtained by the addition of a small 
balancing coil. A balancing coil is supplied with 
every bridge wire, so that the zero of the instru- 
ment will fall on the zero line of the paper ; if a 
bridge wire of a new range is put into the instru- 
ment, the balancing-coil belonging to this wire 
should also be inserted. 

The action of the instrument in operation is as 
follows :—Suppose the thermometer temperature is 
| rising, then owing to want of balance in the bridge 
| the galvanometer is deflected, making contact be- 
| tween one prong of the fork and the contact-wheel 
(Fig. 35). An electro-magnet is immediately ener- 
gised lifting offa brake. The clockwork then pulls 
the slider with the contact-maker to the right until 
balance is obtained on the bridge, the position of 
the pen indicating the temperature on the platinum 
scale of the thermometer. A conversion-table is all 
that is necessary to enable temperatures on the 
platinum scale to be expressed in terms of tempera- 
tures on the gas-scale. 

Furnace Pyrometer and Instrwments.—The Féry 














| radiation pyrometer, to.determine the grate tempe- 











9 yatures, was fitted with a simple switch arrange- 
ment, so that it could be connected with either a 

R | peace D’Arsonval galvanometer indicator or a D’Arsonval 
(9.5 RESISTANCE TO BE MEASURED 2 arranged as a recorder (Fig. 38). 
: is pyrometer consists of a concave mirror M 


| (Figs. 36 and 37), in the focus of which a copper- 
drum. The contact or slider, and therefore the pen- | to two electro-magnets, these magnets being wired | constantan thermo-couple C is mounted. he 
carriave, are controlled by a simple relay actuated |to a common point at the contact wheel. This | radiation which emanates from a hot body falls 
by the galvanometer connected across the arms of | platinum contact-wheel is rotated continuously by | upon the mirror and is brought to a focus on the 
the bridge. This instrument is fully illustrated in| means of a clock. The armatures of two electro- | thermo-couple, whose temperature is raised by the 
Figs. 33 and 35, and has already been described in | magnets carry brass brakes resting on two aluminium | heat falling upon it. The junction rapidly acquires 
ENGIN ERING, on page 676 of vol. lxvii., May 26, fly-wheels or brake-wheels, mounted on escapement |the exact temperature of the image of the hot 
1899. The galvanometer coil carries a boom termi-| pinions, which are geared by differential gearing to | body, but in no case does its temperature rise by 
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more than 80 deg. Cent. above air temperature. 
The electromotive force generated by the couple 
actuates the sensitive galvanometer, the scale of 
which is based upon the Stefan Boltzmann radia- 
tion law, which expresses the relation between the 
temperature of a body and the amount of radiant 
energy which it emits. The law is as follows :— 
“The radiant energy emitted by a black body is 
proportional to the fourth power of the absolute 
temperature of the body,” or 


E = K (T*-T%), 


where E is the total energy radiated by the body 
at absolute temperature T to surroundings at abso- 
lute temperature T,, and K is a constant depending 
on the units used. 

The fire-clay tube inserted into the boiler furnace 
(Figs. 26 and 27, on page 769 ante) acquired the mean 
temperature of the furnace during each important 
period of variation. The diameter of the tube being 
small when compared with the length, the radiation 
issuing from the mouth of the tube to the instru- 
ment was almost the same as if the inner surfaces 
of the tube were perfectly black. The Stefan 
Boltzmann law is strictly true for only ‘‘ perfectly 
black ”’ bodies—i.e., for bodies which absorb all the 
radiation falling upon them, and are destitute of 
reflecting power. It may be said, therefore, that the 
experiments on furnace temperature approached 
as nearly as possible to ‘‘ black body” tempera- 
tures. 

The pyrometer was mounted in front of the 
closed tube, so that the radiation emanating from 
the tube fell upon the concave mirror of the 
pyrometer—the pyrometer being focussed on the 
extremity of the tube by means of the eye-piece E 
and the focussing mechanism F, the heat being 
then brought to a focus on the thermo-couple, and 
the temperature indicated or recorded by means of 
one of the galvanometers. 

An adjustable diaphragm was supplied with the 
instrument in order to reduce the radiation falling 
on the thermo-couple if the temperature exceeded 
1300 deg. Cent. The galvanometer was supplied 
with two scales for this purpose ; but for the tests 
made it was not necessary to use the diaphragm, as 
this temperature was not exceeded, even with a 
fierce heat, in the boiler furnace. Fig. 39 gives an 
idea of the method of recording the temperature 
on the chart wound round the clock-drum The 
coil of the galvanometer carries an aluminium arm 
or boom (B) mounted at right angles to the axis of 
rotation (A) of the coil. The extremity of the boom 
is fitted with an ivory knife-edge, which is depressed 
every minute by means of the mechanism C and 
F onto an inked thread E, which, in its turn, is 
pressed against the paper or chart, making a small 
ink-mark.. The ink on the thread is renewed by 
means of a simple winding mechanism. This 
method of recording leaves the galvanometer free 
to take up its position for 55 seconds out of 
the minute, so that rectangular co-ordinates with 
respect to temperature and time are registered. 

The galvanometer coil is adjusted so that a com- 
plete deflection of the boom (80 millimetres on the 
paper) is given for one millivolt at the galvanometer 
terminals. For these experiments a subsidiary 
coil (generally called a ‘* multiplying coil”) was 
placed in series with the galvanometer coil in order 
to reduce the millivolts on the galvanometer to 
four, the electromotive force generated by the 
pyrometer at a temperature of 1300 deg. Cent.—the 
maximum temperature the apparatus was adjusted 
to record. 

In conclusion the author wishes to express his 
indebtedness to his drawing-office staff, and to 
Mr, P. W. Smith for assistance given with the 
preparation of the illustrations, 








THE STABILITY OF FLYING- 
MACHINES. 
By Hersert Cuattiey, B.Sc. 
: (Continued from page 633.) 

A SUBSTITUTION is now made for each of the six 
perturbations 8V, 88, dy, do, 86,3 by writing 
them in the forms V = Weet &c., the coefficients 
being W, I, T, , 6, and ¥. 

The reason for this is to be found in the fact that 
by Fourier’s theorem all perturbations can be ex- 

ressed in the form of harmonic functions of dif- 
erent periods and phases, which are reducible to 
exponential forms, so that generally we can write 





dv =B, e814 + Boek’ &e.* 

Substituting we get six homogeneous equations 
in terms of the above constants of the first degree, 
and if they are eliminated there remains an equa- 
tion in é of the ninth degree, the problem being of 
the ninth order. i 

The second equation in © and the first and third 
in @, however, only contain W, I, and 6, while the 
other three only contain I, @and ¥. Hence these 
sets may be separately eliminated, and there 
remains an equation of the fourth d in  re- 
ferring to lateral motion, and one of the fifth 
(reducible to third).in € referring to the longi- 
tudinal motion. These are the bases of the criteria 
of stability. ' 

The initial form of the equations involving € and 
referring to longitudinal stability are as follow :— 

= 2gcos 0, |. 
WwW [ § 20806, v1) + V, 008 7; sin (y, + 0.) 
+ O[g-V, é sin (6,-7:)] 


+T [v: §sin (0, - 1) - 9.008 91 (_ cos, sin 0, 
sin 7; 
+ tan? 718107, 008 0,) |= 0 . (A) 
Ww fe sin (0;-7) + 29 (1 _ sin (vy + 4) sin “| 
Vv; COS ‘Y) 
— 8 V, § cos (4-7) 


+ P| Vi & 008 (A,-—%) + gers (cos 7, cos 0; + 
sin 7; 


tan? y, ein y; sin 0, | zz 0, P (5B) 
O@B£+PrPbcosy,cos#,;=0 . (5c) 
These equations involve only the three variables 


‘There is a similar set relating to the lateral 
stability as follows :— 
nko V;2cos y; (II-#) —A sin 0, ¥ = 0 (6a) 
Axo V;2008 7; (II—-#) + C2 + C cos 0, ¥ = 0 (6n) 


(v, Fos y +9 & — 1) + (V, £ cos 7; 
- gsin 0) + V,Ecos(#;-y,)¢=9 (6c) 

‘*These equations, referring only to B, ¢, y¥, 
contain the problem of lateral stability.” 

In order to simplify the steps in our considera- 
tion of this matter we will here only consider 
a Ferber’s method of dealing with longi- 
tudinal stability, and postpone the lateral stability 
to another section. 

If we refer back to the last section, it will be 
noticed that the criteria of stability depend on the 
coefiicients of an equation, 

W— Wo = % 4? + ae Yo? + as ¥s%, &e., 
of which the analogue in the case of equations (5a), 
(5), and (5c) above is 

Ao & + A, B+ Ap@+ AsE+ Ag=O0 (7) 
and, in order that the potential energy should be 
an absolute minimum, the coefficients Ay, A,, Ay, Az, 
and A, must all be positive. Furthermore, in case 

* The line of reasoning will, serhape, be more casil 
understood by the following a a lie 

Referring to the previous section, we have— 


A = kn Vi + eet - Kin Y ny 
is the general expression for a small variation in 


inate, and y isa generalisation of ¢,, Ss ies 
ted that if the a oe were 





where 
a c0-0 

Further, it was sta 

stable, the quantities 
¥i = A; cos (x; t — €) 
Yo = Ag cos (Kg t — eg) 
Yn = An cos (Kk t — én). 

So that ¢, can be expressed as the sum of a number of 
harmonic motions, This, of course, agrees with Fourier’s 
theorem, but the cosine function can be equally well 
expressed by exponential functions, so that we may 
write :— 


¢, = Bye ty B, <2 + B; st 4 Bn ein ts 
This is the reason for the substitution made above. 


Thus we have 6 V Cm gg eee | to ¢,) written W é&* In 
the equation (4) this is differentiated with regard to d t, 


giving W é é * and by division we may remove the ex- 
— term, so that the resulting equations contain 

and &, and the corresponding terms for the other per- 
turbations (5 y, 5 0,58,5¢,8 y). If, now, the expo- 
nentials are all negative, then the vibrations will be 
rapidly extinguished. The real parts of any imaginary, 
roots must also be negative, so that we have as a simple 


condition of stability that ¢, = f, él . &c., where é, is 
— 
t should be noticed that the expressions for the poten- 


tial energy are not deduced, but the expression for an 
evanescent perturbation is dependent on the principles of 





the last section. 


the roots &,, &, 5, 4, may be imaginary, it is neces. 
sary that the product A, A, A; — A, A,’ — A, A2 
should also be positive. 

Professor Bryan simply stated this condition and 
left the values of these quantities to be computed 
from the dimensions and speed of the aeroplane, 
He further showed that the speed must exceed a 
certain minimum for the conditions to apply. If, 
however, we regard the speed as determined by the 
arrangement and dimensions of the machine, this 
velocity can be eliminated, and certain interdepen- 
dent relations between the dimensions can be stated. 

It is first, however, necessary to evaluate the 
coefficients. The constants W, ©, and I (in 5, dz, 
and 5c) are eliminable by means of a determinant, 
which expands into the aforesaid equation 


Ap f+ A, + Ag@+ AsE+ Ag=O0. 
where 


(7) 

Ao — B vV;2 

= _cos 9; y 

Aj = Vv; g ain 7008? 7; (cos' nt sin4 ") + 

4 cos 0, sin 7; 

Az = (2B g? cos? 0, (1 + tan?) + PV,2d 
COs ‘*y; cos 4) 

A3 = g V, Pb cos 7; cos 4; [2 sin (y, + 0) - 
3 sin (0; — ¥)] 

A, = 2g P b cos 7, cos 6; 
sin (y; + 9;)sin 0) _ 

COs *V; o/ 


[- 


These coefficients are positive with the given 
quantities, so that it only remains to satisfy the 
condition 

A, Ag As - Ay As? - A, A; is also positive, 
which becomes in terms of the given quantities 
Pb V;? sin 7, 
2 B g* cos 4, 
tan y) + tan‘ y,] 
> (1 + 4 tan? y, + tan‘ y,)[(1 — tan y, tan 6,) (1 + 
4 tan? n + tan‘ ") 
— (1 + tan? y;) (5 tan y, — tan 4)) tan y] 

Captain Ferber substitutes in this the value 

P cos 0; 
aoe Te 
«Ssin y, P 


(5 tan 7, — tan @,)[1 + tan 7, (tan 0, - 


(8) 


and then proceeds to consider the bearing of equa- 
tion (8), when 
tan A, = v tan v1 

[It should be pointed out here that Ferber attaches 
particular meanings to both @ andy. 6 is the in- 
clination of the axis of the aeroplane to the hori- 
zontal, or the ‘‘apparent route.” This is not the 
same as the ‘‘ gliding angle” referred to by Lan- 
chester and others, and, unfortunately, often 
called y, but is connected to it by the relation 
a =0-—y, where a is the gliding angle, or, as Ferber 
calls it, ‘‘the slope of the trajectory,” 6 is the in- 
clination of the axis, and y is the angle of attack 
or angle between the aerodynamic surface and the 
trajectory or line of flight. It must further be re- 
membered that in Ferber’s typical machine the 
longitudinal axis is reckoned parallel to the surface 
of the aeroplane, or to the chord of the aerocurve. 
In most English references the axis of the machine 
is identical with the line of stable flight, so that 
the machine when starting has this axis horizontal, 
and it will, if the machine is stable, remain so during 
level flight. Hence Ferber’s @ would be zero, but the 
resolution of the surfaces with regard to axes would be 
seriously affected, for while it may be permissible 
(or rather easy) to resolve such surfaces when one 
of the planes of resolution nearly coincides with 
the principal surface, it would be a somewhat 
doubtful method if the said principal surface made 
an appreciable angle with that surface. | 

Substituting this value in the equation No. 8, and 
transferring, we have 

P?b tan; = 
2B¢«S 
(1+4 tan? 7, + tan*y,)[1 — tan? y, — (3v + 4) tan‘, - vtan*y;) 
hi (5-»v) [1 + (v—1) tan? y, + tan*y,] 

The denominator of the right-hand expression 
remains itive between the values v>-1 and 
v <5, so that v can be varied within these limits. 

Ferber next writes 

P2b 


tan y, = xand 3Bg«S =m, 
so that the left-hand expression is m x. 
Calling the right-hand expression 
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_ (14+ 4a2 + xt) [1-a2-(3» + 4) at— v2] 
ao (5—») (1+ (—1) 22+ wf] : 
Since the first factor in the numerator and the 
denominator are of the same form, and do not vanish 
within the limits considered, the curve preserves 
the form 





YM = 1-22-(3v + 4) at-v ah, 

of which the derived functior is of the form 

Ye =3vx5 + 2(3v + 4) a8 +2, 
so that we can foretell the general form of the curve 
and thereby the possible number of simultaneous 
values with those of the line mx. Thecondition of 
stability, it should be observed, is that m a> y, and 
the limits of stability will be determined by the 
points of intersection of m x and y. 

From the derived function we see that 

1, When » is positive, mx has only one positive 
value simultaneous with y, and only exceeds y above 
that value (see Fig. 4). 

2. When v is <Oand >-1, there are (Fig. 5) 
three reverse curvatures in y, and there can be two 
intersections of m x with y, between which the 
values of m a exceeds that of y. Only those near 
the lower simultaneous values will be of importance, 
however, since tan y, is necessarily small. 

3. When v = —1 (as in the case of gliding flight) 
the curve has an equation 
1+ 522 + 524 + 26 

6 

In this case the line ma may cut the curve and 
fix two limits, as in the last case, or it may just 
touch the curve, or it may not touch it at all (see 
Fig. 6). These three cases correspond to the states 
of stability, oscillation, and instability. 

4. If » is less than —1, the curves have four 
asymptotes, as in Fig. 7. Only one branch of the 


ie Figs. 
4g ys 


y= 





*. — 2 














woo) | (4) (2) 
Figé. Fg.7. / 
MS 
ig S 
Ye g 
VV 
8 
(3) (a) 3 
a 
were) 3 ry 

















curve (symmetry about the y axis and positive) is, 
however, concerned, and the conditions of inter- 
section with mx are the sameas in the last case (3). 

Hence Ferber concludes that :—‘‘One can say 
that when the aeroplane makes use of its motor it 
is sufticient that the angle of attack of regular flight 
shall be greater than a certain quantity ; and, if it 
does not make use of the motor, the regular angle 
of attack ought not to be less than a certain quan- 
tity.” 

In order to find these limiting values, he dis- 
regards the cube and higher powers of x, and writes 
the general equation for y in the form 

(5-») y =14+ 522 --(» + 1) 2% 
(This, of course, only refers to the curve in the 
neighbourhood of the origin.) The intersections 
with mx are then given by 


4 — 5-v+s/ (5-»? m2-4(4 - 9) 
xj 








2 (4-¥) 
Between »y = —1 and v = — « we must therefore 
have 
2 a/' 4-y 
=> S-e 
As this expression decreases as v decreases, it is 
sufficient to consider the case where y = — 1, whence 
we have 
P2b 
tS ————___ 7 ’ ’ » Wee ° 9 
2Bees *"* or, roughly, 0.8 (9) 


This is then his condition of longitudinal stability. 








By employing Joéssel’s maximum value for 6 in 
terms of L’, dividing L! into S, so as to get E, the 


spread of wing, writing B= , B,’, and substituting 
q 


aerodynamical constants (kilogramme-metre-second 
system), Ferber finally produces a simple rule— 


at}. ie 


[There is a slight correction to this, due to the 
terms resulting from the rotation, but this may be 
here omitted. | 

Ferber suggests, however, that in order to avoid 
too rapid oscillation, the moment of inertia must 
not be reduced too much, else it will be difficult to 
control the machine. 

He next proceeds to ascertain the limiting values 
of the position of the centre of gravity with regard 
tothe centre of area of the main surfaces. His 
reasoning, however, is absolutely dependent on the 
numerical accuracy of Joéssel’s law, which is 
subject to two disadvantages: (1) that it is not 
sufficiently well proven; (2) it only applies to 
plane surfaces with a small aspect ratio. 

He points out, however, that in a stable machine 
there are two definite points on the axis of sym- 
metry, and on the main surface between which both 
the centre of pressure and the projection of the 
centre of gravity must lie. When the centre of 
gravity approaches one of these limits, there will be 
ostillation. If, however, a flight under power is 
being made, it is only necessary that the forward of 
these two points shall be considered. That this 
latter is so may easily be seen, since if the angle 
decreases, the speed increases, and the centre of 
pressure also runs forward (assuming Joéssel’s or a 
similar law), thus producing a righting effect, and, 
vice versd, if the angle increases the speed decreases, 
and the centre of pressure runs backward, so that 
there is again a sighting torque. 

He further remarks that there is no advantage 
gained by lowering the centre of gravity, since the 
quantity H does not appear in the equations of 
stability. 

Captain Ferber’s similar treatment of lateral 
stability will be dealt with later. 


(To be continued.) 
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Tue blower, as is well known, does not operate by 
imparting momentum to the air like the fan, but 
by displacing a precise volume at each revolution, 
which volume is equivalent to the cubic capacity 
of the blower. Provided there were no leakage— 
and it should only be in slight amount in a well- 
made blower—the same volume of air, which is 
drawn in, must be forced out at a definite pressure 
at each revolution, whether the running is fast or 
slow. The blower is run, therefore, at a very much 
slower speed than a fan, very roughly at from one- 
eighth toone-tenth. This easy regulation of a fixed 
unvarying quantity of air, which can be controlled 
exactly by selecting a given size of blower and 
running it at a uniform speed for a cupola of a 
certain diameter, is a feature which has very much 
to recommend it. The volume of air supplied 
under uniform conditions is uniform, while that 
supplied by a fan at uniform s varies as re- 
sistance increases. A blower, therefore, will force 
air through tuyeres obstructed with slag which a 
fan will fail to do. As a blower of a given size 
discharges a uniform volume of air per revolution, 
it is easy to adapt it to any cupola, with the 
certainty that the volume of air discharged can be 
expected to melt under normal conditions of charg- 
ing, &c., at a definite rate per hour. If 30,000 
cubic feet are normally required to melt a ton of 
iron, then the speed of the blower can be regulated 
to melt a greater or less amount, within the average 
capacity of a given cupola. The following selec- 
tions from a table by the Connersville Blower Com- 
pany show how, with a positive blower having a 
given displacement, the rate of melting can be 
increased by increasing the number of revolu- 
tions :— 

DISPLACEMENT PER REVOLUTION, SPEED, AND MELTING 
Capacity OF BLOWERS FOR OUPOLAS. 
13-Cubic-Foot Blower. Suitable for Cupolas 32 In. ° 
to 40 In. Inside Diameter. 
= revolutions per minute will melt 4 tons per hour. 


” ” oo "Sh ) ” 


75 ; Biases 





24-Cubic-Foot Blower. Sustable for Cupolas 42 In. 
to 54 In. Inside Diameter. 
= revolutions per minute will melt 8 tons per hour. 
10 


” ” ” ” 


240 ” ” ” 12 ” 
45-Cubic-Foot Blower. Switable for Cupolas 54 In. 
to 66 In. Inside Diameter, 

135 revolutions per minute will melt 12 tons per hour, 
165 15 


” ” ” ” 


200 ” ” ” 18 * 
84-Cubic-Foot Blower. Suitable for Cupolas 72 In. 
to 90 In. Inside Diameter. 

125 revolutions per minute will melt 21 tons per hour, 
145 24 


” ” ’ ” 


160 ” ” ” 27 ” 

118-Cubic-Foot Blower, Suitable for Two Cupolas 

60 In. to 66 In. Inside Diameter. 

115 revolutions per minute will melt 27 tons per hour, 

130 ” ” ” 30 ” 

140 at - o 33 o” 

In the ‘ positive” blower, so termed to distin- 
guish it from the fan-blower, the pressure is inde- 
pendent of the number of revolutions, The power 
required increases as the resistance. Contrary to 
the case of the fan the maximum power is absorbed 
when the outlet is closed. Clearances, with slip or 
backward leakages, detract from the theoretical 
results. Slip is approximately proportional to the 
square root of the difference in pressure between 
the atmosphere and the imprisoned air. When 
blast is first put on the air enters with the least 
resistance. As the melting proceeds and the charge 
becomes more dense the pressure rises. Any 
bunging up at the tuyeres will increase the resist- 
ance. Here the fan loses efticiency, while the 
blower pressure remains unaltered and forces its 
way through obstructions. Pressure may rise from 
eight to sixteen ounces in the course of a blow. 

n operation, the air which enters the inlet 
side of the blower is imprisoned and carricd 
round to the outlet side, where it mingles with air 
of greater density, which has been already com- 

ressed. The pressure then becomes equalised. 

ence the minute fluctuations in pressure during 
each revolution of the blower. is vibration of 
the blast, supplied by a blower, is a feature which 
is cuneate: of value. Each time the arm of an 
impeller discharges air, a slight vibration is produced 
by the differences in ‘density. As this occurs four 
times during each revolution of the driving-shaft 
the effects are very rapid. It is believed that this 
tends to lessen risk of the bunging-up of charges, 
and causes the charge to come down regularly. 

As with fans, so with blowers, the ever variable 
conditions of melting render precise statements of 
the work of blowers impossible. But a blower has 
the advantage that it can be guaranteed to deliver 
a certain volume per revolution at a certain pressure 
when it is received from the manufacturers, who 
test it before delivery. But if machines are not 
well protected from dust, and lubricated, the 
efficiency will diminish by from 10 to 20 per cent. 
For this reason it is well to select a blower of a 
higher rating than that which would be correct 
when new for a cupola. If conditions are favour- 
able, even then a reserve of power is always 
desirable, as in a fan. Tables and diagrams are 
available from which selection can be made. In 
these the horse-powers required per thousands of 
cubic feet per minute are given. The formula 
which corresponds with these is 

H.-P, = V_*W.G. x 63 
33,000 

The horse-power is that in air at ordinary tem- 
peratures, having no other resistance than that of 
the water-gauge (W.G.) given. W.G. is the water- 
gauge in inches, 5,2 is the pressure in pounds per 
square foot, corresponding with 1-in. water-gauge. 
V is the volume of air in cubic feet per minute. 
The formula given by the P. H. and F. M. Roots 
Company, suitable for pressures up to 16 oz., is 


H.P. = cubic feet per minute x 0.00436 x pressure 
in pounds, 


The constant 0.00436 is obtained by dividing 144 
by 33,000, making the formula practically the same 
as the previous one. 

The rotary blowers in use are survivals in evolu- 
tionary stages of mechanisms to which Reuleaux 
ve the term ‘‘chamber gear trains.” The 
erived their origin from the action of toot 
gears, The Pappenheim pump, Fig. 144, page 
802, contained two six-toothed gears fitting isoaler 
in a chamber similar to the casing of a blower, and 
driven by gear-wheels outside the casing to ensure 
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smooth running. The conditions of tooth contact 

prevented the water from passing. Here is the 

original of the blower in a crude form, very im- 

perfect, . because the pinions occupy so much of 

ee of the casing that little room is left for 
uid. 

Though the idea of the gear-tooth form is re- 
tained in the Roots and allied blowers in the lobes 
of the impellers, and the contact of surfaces is con- 
tinuous to prevent air-leakage, the impellers cannot 
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mutually drive and be driven, but must be actuated 
by equal toothed gears. 

The two-lobed impellers of the general Roots 
design have been modified in various ways, as 
illustrated in the figures above. These stand for 
one great type, in which the surfaces in contact 
are Saal small, in some cases a mere edge. A 
small group is represented by impellers, which have 
large surfaces, Fig. 145, in contact, the object being 
to lessen leakages, though it would seem with some 
increase in internal friction. Even though the sur- 
faces might not be in actual contact, the cushion 
of air interposed would produce some friction. 
Apparently no blowers are now made like this 
exactly, the aim being generally to reduce the sur- 
faces in contact. The third group, Figs. 146 to 148, 
is interesting, because it illustrates the beginnings of 
the development of the Baker blower. In the first, 
Fig. 146, the impeller has three small teeth, the 
movements ef which round the non-cylindrical part 
of the casing are rendered air-tight by entering a 
recess in a small cylinder in contact with the body 
of the impeller. From this followed the two- 
armed impeller, Figs. 147 and 148, leaving a larger 
chamber volume, but still employing one slotted 
drum. Then came the small two-armed drum 
propelling a large volume of air, the arms sweeping 
through two slotted drums, as in the Baker blower. 

The commercial blower is a machine which has 
been manufactured in many forms, and been the 
subject of much experiment. Similar designs are 
used for blowing and exhausting and for rotary 
pumps. The brothers Roots were pioneers in this 
work; hence their name is frequeatly applied 
rather indiscriminately ‘o blowers with rotary 
pistons, impellers, or wafters, as the moving ele- 
ments are variously termed. 

In the first place, the Roots impellers were made 
with semi-circular ends fitted closely in identical 
curves in the waists, and they were in close contact 
with the casing. As the journals wore the friction 
became excessive in amount. A modified design 
was discarded on account of the large amount of 
surfaces in contact, and because the impellers 
occupied so large a proportion of the area of the 
casing that a high apeul nied waste of power were 


necessary to obtain a sufficient amount of blast. 
Succeeding figures in this article illustrate the final 








and present forms retained substantially over 
a long period, though other and modified shapes 
have also been designed on the same basis—namely, 
a minimum of surfaces in contact. The principal 
feature is that the curved ends of the impellers 
leave only narrow edges in contact, so that should 
any dust or foreign matters get into the casing they 
do not accumulate and increase the friction of the 
faces in contact. Formerly a good many blowers 
were made with wood-covered revolvers. The 
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is a certain amount of sliding of the surfaces, due 
to the difference in radii. The parts are freque ntly 
formed to regular cycloidal curves. 

Figs. 149 and 150 show a Roots blower as now made 
by the P. H. and F. M. Roots Company, of Conners. 
ville, Ohio. Figs. 151 and 152 illustrate one of the 
impellers, and Figs. 153 and 154 the half casing 
The sections show how by means of judicious ribbing 
strength is combined with lightness. The general 
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drawing, Figs. 149 and 150, shows one method of 












A 


Uf ZZ Wldddddddag,fpdaddddddadddddsiadddceg, 7 





}-—--------4 








aroreeesavne § mn 
Te 


-~ 
' 
! 
‘ 
' 
' 
} 


piecsecmanaedl 


Wy oee oo none ----4 
I 
Geoascaese 






























































Fies. 149 ro 153. Roots Brower; Messrs. P. H. anp F. M. Roots Company, 
ConnersviLie, Ia., U.S.A. 


wood was saturated with hard paraffin-wax at a 
high temperature, so that it could neither shrink 
nor swell, being impervious to moisture. The 
wood lags were bolted to iron cross-heads keyed 
on the shaft. These are probably not made now. 
The average medium-size foundry blower, under 
16 oz. pressure, seldom has a slip of over 7 or 
8 per cent. of the volume of air handled. The 
impellers of a Roots blower are geared at the 
ends to run at equal velocities, because they could 
not otherwise maintain their equal rotations. There 





mounting and drivingonly. The machine is belted 
on the pulley A, pa | the impellers are driven by 


equal gears at B, B. An engine drive is also 
adopted, the connection being direct through 4 
flexible coupling, or a rigid coupling according to 


requirements. The first has the advantage that 
want of alignment in the bearings is not so liable 
to result in heating. Motor-driving is used with 4 
igid coupling, or through a single reduction gear. 

e arrangement shown is termed the horizontal, 
which is that mostly used for foundry purposes. In 
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the vertical arrangement the shafts lie in a vertical 
plane and” the discharge is at the side. The half 
casings in Figs. 153 and 154 are alike and form semi- 
circles. They are connected by the head-plates C, C, 


wear. Figs. 159 and 160 show the = in plan an 
elevation. The plates (Figs. 161 and 162) are screwed 
to the end faces of the boxes to confine the oil. 
Fig. 149, with which the seatings for the bearings | Fig. 161 is a blank-ended plate covering the boxes 
are cast, and by the top plate D with the discharge | of the shaft which is driven by the spur-gears from 
opening and flange to connect the blast-pipe to. | the pulley-shaft. 
































Ns 


SAY RRAAARRAANOVMOWUWD™ 


NS 
N D 
SSSI SSS 





if 














2-9 -- 7 -- = 
































Fics. 157 to 162. Derarts or Bearines oF Roots Brower; Messrs. P. H. anp F. M. 
Roots Company, CONNERSVILLE, Ia., U.S.A. 
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Fics. 163 anp 164. Roots Brower ; Messrs. SamMvuetson anv Co., Limrrep, Bansury. 


Figs. 155 and 156 show one of the head plates, and 
the group of details in Figs. 157 to 162 the parts of 
the bearings. Blowers of different sizes have 
modified forms of bearings. In Figs. 155 and 156 
the support afforded to a thin plate by means of 
deep ribbings may be observed, and also the seatings 
for the bearings. 

In the details of the bearings, Figs. 157 to 162, 
Fig. 157 is the bottom box, top box, and cap, both 
of which are lined with white-metal shells, as seen 
at the left-hand bearing of Fig. 155. The bottom 
box (Fig. 158) is recessed at a a to allow the chain 
used for self-oiling to down into the oil- 


This blower is the outcome of about fifty years’ 
experience by the Roots firm. It combines effi- 
ciency with accuracy and economy in manufacture. 
The Bg are few, and the surfaces are yy 
tooled. The firm has a Johnson special planer whic 
carries six tool-heads for tooling the impellers. 
There are two heads on a cross-rail above, two on a 
cross-rail below, and one on each side on each 
housing between the cross-rails, and the impeller is 
mounted on brackets on the machine-table with 
tools operating above, below, and on each side. 
The casings (Figs. 153 and 154) are bored and faced 
with a roughing and finishing cut. The impeller- 








shafts are not keyed, but thrust in by hydraulic 





reservoir b, Figs. 155 and 157. The wedge c is 



























ure. The gears have wide faces and are cut 
rom the solid, and the journals run in oil-1 ’ 
A great many installations of the Roots blowers 
are made with variable-speed motars controlled by 
field resistance. This enables the blower to be 
slowed down or accelerated according to the melt- 
ing needs. Sometimes, where large castings are 
to be poured, it is an advantage to run the metal : 
out in the shortest possible time. At other times, 
when a lot of small castings are to be poured, it is 
advisable to hold back, and in this variable-speed 
arrangement the two results can be readily accom- 
plished. 
A modified Roots blower, as manufactured by 
Messrs. Samuelson and Co., Limited, of Banbury, 
is shown in Figs. 163 and 164. The ends of the 
impellers, as seen in section in Fig. 164, are cut 
back on each side of a narrow rib left standing out 
‘centrally. This suffices to maintain a working 
tightness, while any dirt lies in the bottom of the 
recessed parts away from contact with the casing. 
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Fis. 165. Roors Brower with DupLex 
Connectinc -Rop ; Messrs. SamMugLSON 
anp Co., Liwrrep, Bansury. 











The gears 
are machine-cut and run in an oil-well. The bear- 
ings are a in brackets on the head-plates. 


The driving-shaft has two belt-pulleys. 


The outlet, though shown at the top is often put at 
the bottom, according to requirements. The blower 
may be driven by an engine. - -Fig. 165 illustrates a 
blower and simple engine of the duplex-rod type, 
by Messrs. Samuelson and Co., Limited. is 
shows the relations of the piston-rod, cross-head, : 
and connecting-rods very clearly. The fly-wheel 
seen behind one of the crank-discs has notches on 
its periphery for the —— of barring round the 
engine. The bed-plate for engine and blower is 
cast in one piece, so that the relations of the two 
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are unaffected by slightly uneven foundations, or 
faulty erection. 

The next illustrations are examples of Roots 
blowers as manufactured by Messrs. Thwaites 
Brothers, Limited, of Bradford. Three examples 
are given, driven by belt, electric motor, and engine 
respectively. 

igs. 166 to 168, page 806,show the usual method 
of driving with two belts on the pulleys A, A ; thence 
through equal gears B, B to the impellers. These 
are recessed back from the ends on each side to afford 
clearance spaces. The discharge is at the bottom. 
The entry is protected with gauze to prevent the 
influx of dust. The escape-valve shown to the 
right of Fig. 167 is not always fitted for cupola 
service, but is an economical necessity for a range 


of smiths’ fires where the quantity of blast required | 


is variable. In cupola service it is of value when 
tuyeres become stopped so that the blast cannot 
force its way through them. 

Figs. 169 and 170 show a blower fitted with an 
electric motor-drive with one reduction gear. 
Otherwise the arrangement is similar to the last. 
The outsides of the gear cases only are seen in 


Tig. 169. The motor shaft carries a forged steel | 


pinion (or raw hide) engaging witha cast-iron spur- 
gear on one of the revolver shafts, both gears run- 
ning in an oil-bath. These figures also show the 
firm foundations which are necessary for blowers, 
though not for fans. -. 

The following abstract from a table by Messrs. 
Thwaites shows the principal elements of the 
blowers made by this firm :— 


| RECENT DEVELOPMENTS IN TELE- 
GRAPHY AND TELEPHONY.* 


By Sir Joun Gavey, C.B., M. Inst. C.E. 


THE subject selected by the President and Council for 
to-night’s lecture covers such wide ground that to deal 
| with it comprehensively would require a whole course of 

lectures rather than a single address. I hope, however, 
to be able to condense my subject-matter so as to give a 
| general view of the most important and promising deve- 
lopments in each branch without exceeding the limits of 
your patience. 

We may, I think, select the ordinary Morse circuit as 
our starting-point, as by far the | 
world’s telegraphic traffic is still conducted on this system, 

| and, as will be seen later, many of the developments in 
tele hic apparatus have been based on the Morse 
met of signalling. 

The Morse sighoies and its variants are so well known 
that it is not necessary to refer to them further than to 
illustrate the difference between the signalling on land 
|lines and on cables respectively. In the former the 
signals are dots and dashes, while the signals transmitted 
over long cables are curves. 

It is also unnecessary to dwell on the simple form of 
Morse circuit, which consists of a battery with one pole 
to earth, a key for making and breaking the contact 
between the battery and the line, and at the far end of 
the latter an electro-magnet which records all the move- 
ments of the key, further than to point out that the speed 
of working, even under the best conditions, is limited by 
the skill of the operator, and that it rarely exceeds thirty 
words a minute, the average being lower. 

For many years this simple form of apparatus, or its 
equivalents, served the requirements of most countries; 
but as the telegraph service grew, and the traffic rendered 
it imperative to erect long lines directly connecting 
| distant cities, the problem of obtaining a greater revenue 


PARTICULARS AND CAPACITIES OF Messrs. THWAITES’ BLOWERS. 
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Maximum ber of revoluti per minute --, 400 400 
Quantity of air delivered per minute, cubic feet .. 
Approximate melting capacity at this delivery, 
tons of iron per hour .. ee ae - - 2 3 
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A favourite design is the self-contained combined 
engine and blower. One of these by Messrs. 
Thwaites, is shown by Figs. 171 and 172. It is 
a simple type enclosed high-speed engine, fitted 
with forced lubrication. The firm also makes a class 
of engine with two connecting-rods attached by their 
pins to one crosshead, and turning two crank-discs 
on the ends of the two blower-shafts. The equal 
gear-wheels are still retained, but as the driving is 
not done through them, their function is simply to 
maintain exactly the relations of the revolving im- 
pellers. As these are driven each by its own con- 
necting-rod, each takes half the driving power 
from the engine. Compound engines with two con- 
necting-rods are also employed, and single crank- 
engines. A large blower by this firm, driven by 
a double-cylinder open-type engine is seen in the 
illustration, Fig. 173. There being only a single 
crank-shaft, half the power is transmitted from one 
revolver-shaft to the other by spur-gearing, with 
wide faces, duplicated at each end. 

The Connersville blower, which has long enjoyed 
a good reputation in the United States, has its 
impellers shaped to cycloidal curves. They do not 
come into actual contact with each other and with 
the case. Loss by leakage is nearly eliminated by 
coating the interior with grease. The impellers 
have internal ribs to combine lightness with rigidity 
and strength. 

Most of the blowers are fitted, like the preceding, 
with two impellers, but some are constructed with 
one impeller only, the place of the other being 
taken by an idler or idlers which provide chambers 
for the imprisonment of the air while the impeller- 
blades return to the suction side of the blower. 
There is no internal frietion due to contact of 
metallic surfaces, and sudicient clearance is allowed 
to prevent contact between the moving parts. The 
advantage claimed is that the changes in pressure 
in the two shafts are eliminated and shocks pre- 
vented. These blowers are made by the Conners- 
ville Blower Company, of Connersville, Ohio. 








Morton Transport tv Brazit.—We are informed that 
what we believe to be one of the largest contracts placed 
for motor vehicles has been secured recently by Messrs. 
Sturmey Motors, Limited, Lotis Works, Coventry. The 
value of the contract is between 65,000/. and 70,000/., and 
is fox a fleet of 110 ‘‘ Lotis” vehicles of various kinds. 
Cabs, char-a-bancs, lorries, and other types of vehicles are 
included in the order, which is for the Companha Anglo- 
Brazil de Auto-Transportes, for work in Rio de Janeiro. 


from the large capital expenditure involved became press- 
ing, and progress was made broadly on three distinct 
lines of development. In the first, means were designed 
for the transmission of several messages simultaneously 
over the same conductor; in the second, by the use of 
suitable mechanical and electrical devices the actual 
speed of transmission was raised in overhead wires to ten 
or twelve times that possible by manual operating ; and, 
finally, type-printing and writing systems were invented 
with varying degrees of success. 

Simultaneous Transmission.—The duplex system admits 
of the simultaneous transmission of two messages in 
opposite directions over the same wire without mutual 
interference. At each end of the circuit is a differential 
receiver which comprises two equally-balanced electro- 
magnetic coils, one of which is connected at its further 
pom ys the line wire, and the other to an artificial line, 
which, in its electrical resistance and capacity, is as 
nearly as possible the equivalent of the actual line. The 
two inner ends of the magnet-coils are connected together, 
so that when a current is sent from the point of junction 
it divides equally between the actual and the artificial 
lines, and the coils being so wound that under these con- 
ditions the magnetic effect of one is neutralised by the mag- 
netic effect of the other, the signals originating at either 
end pass through the home apparatus without affecting it. 
At the far end, however, it var be understood that when 
one station only is signalling the current passes through 
one coil alone of the receiving apparatus, and the signal is 
recorded. When, however, both keys are dep 
simultaneously, if the batteries are so connected that 
they aid each other 7 —— either oppose or aid), then 
it will be understood that the current which circulates 
through the line wire and through both of the magnet 
coils connected thereto is doubled; but as the current 
which circulates through the magnet coils at each station 
connected to the respective artificial lines is unaltered, 
a signal is recorded, because the balance at either end is 
destroyed by the action of the other operator. 

The transition from duplex to quadruplex ‘working— 
viz., the sending of four messages simultaneously over 
one wire involved but a step. There are two kinds of 
electro-magnets in use telegraphically—one provided with 
a simple soft-iron armature, which is equally attracted 
by positive or negative currents, and one provided with 
an armature which is itself a magnet, and which remains 
unaffected, or, rather, is repelled against its limiting stop, 
by a current that induces in the magnet-coils a similar 
polarity to its own, but is attracted by a reverse current, 
which induces an opposite =. Either type of 
magnet may be used for duplex, but both types are used 
for quadruplex. The non-polarised magnet responds toa 
current of considerable strength in either direction, the 

larised magnet toa weaker current in one direction only. 

n practice a single-current key is connected to a power- 
ful Tastery, which is intended to work the non-polarised 
magnet, but the connections are led through a reversing- 
key, which latter is designed to actuate the polarised 


* The ‘‘ James Forrest ” lecture, delivered before the 
Institution of Civil Engineers, June 22, 1910. 
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magnet. When the single-current key is depressed the 
powerful current that circulates through the apparatus 
actuates the non-polari relay at the far end, leaving 
the polarised relay unmoved. When the reversin; -key 
alone is depressed, a weak current circulates, which actu- 
ates the polarised magnet, but is too weak to act on the 
non-polarised instrument. If both are depressed simul- 
taneously, the powerful current from the single-current key 
is reversed by the depression of the double-current key, 
and both instruments at the far end are affected. The 
receiving apparatus at each end is arranged differentially, 
as in the duplex system, so that the outgoing currents have 
no effect on either of the receivers at the home end. This 
arrangement admits of four operators sending four mes- 
simultaneously over one wire. Time does noi ad- 
mit of pursuing this interesting subject further than by 
stating that the artificial lines must be as far as 
possible the electrical equivalents in resistance and 
electrostatic capacity of the actual lines, and that means 
have to be provided for varying these factors, as the 
actual line itself varies under the influence of weather 
changes. 

Another method, based on entirely different principles, 
which in theory admits of sending as many as twelve 
simultaneous m es in one direction, or double that 
number if duplexed, depends on the superposition of 
musical vibrations on a telegraphic circuit at one end of 
a line. To effect this result a number of electrically- 
driven tuning-forks, arranged to vibrate at different 
frequencies, are connected through telegraphic keys to 
a line wire, so that on depressing any one key a series of 
electrical vibrations, of the frequency of its companion 
tuning-fork, are sent through the line. At the far end 
the receivers are of a type that will respond to musical 
vibrations only, and each receiver is constructed or 
adjusted to respond to the vibrations of one of the distant 
tuning-forks alone, and to no others. If any one key is 
depressed, a simple musical oscillation traverses the line 
and the receiver in tune responds. If two or more keys, 
however, are depressed simultaneously, a series of com- 
pound curves is transmitted, and those receivers that are 
in tune with the various components of the curves 
respond, and all the others remain unaffected. This 
system originated in America, but it has been developed 
and improved by Mercardier in France, where it is said 
to have given good results recently. In the modern 
—— the receivers consist of so-called mono-tele- 
phones, each of which is so made and adjusted as to 
respond to only one frequency, not to any of the others. 

A method of multiplex telegraphy based on entirely 
different principles is the followin : The working of 
the Mercardier system just described has shown that the 
electrical conditions of an overhead line admit of a far 
more rapid transmission of readable signals than is pos- 
sible by ordinary manual operation, and it has also shown 
that the continuous currents used in general for signalling 
dots and dashes may be replaced by intermittent currents 
which, by suitable means, can be translated at the receiv- 
ing instruments into the ordinary Morse dots and dashes. 
This line of reasoning led to the following development:— 
A large number of insulated metallic segments are 
arranged in a circle at each end of the line, and 
divided into groups, say, of eight each. No. 1 of the 
first group is metallically connected with No. 1 of 
all the other groups, and, through the transmitting 
key, with No. 1 instrument, No. 2 with No. 2 series of 
contacts and instruments, and so on. Centrally-pivoted 
arms, provided with metallic brushes which ride over the 
segments, are joined one to each extremity of the line 
wire, and it is obvious that if both these arms, starting 
simultaneously from No. 1, revolve at precisely the same 
speed, then each segment, with its instrument at one end, 
is for a brief period placed in connection with its corre- 
sponding ent with its instrument at the distant end. 
If the sending key of No. 1 instrument is depressed, a 
brief current is transmitted to its corresponding instru- 
ment when the revolving arm reaches No. 1 contact of 
any group, to be repeated when the arm reaches No. 1 
of the next group, and so on throughout the series. 
Instead, therefore, of a dot being represented by a single 
current of continuous duration, it is replaced by three 
or four shorter impulses spread over the same period of 
time, and a dash by three times the number of impulses. 
By this means it is possible, under favourable conditions, 
to transmit eight messages simultaneously over one wire. 
This system, invented by Delaney, was developed to 
some extent in this country, but owing to various causes 
it has recently been abandoned. It is, however, referred 
to here as the principle of revolving commutators is in 
use in other forms of apparatus to be dealt with later. 
The second method of increasing the output of telegraphic 
wires is the automatic or machine transmitting instru- 
ment, which is typified by the Wheatstone apparatus, 
adopted and perfected by the Post Office in Great Britain. 
In all instruments of this character a long paper ribbon 
is perforated by a suitable machine in an arbitrary 
manner, and the transmitting and receiving apparatus 18 
so designed as to transcribe these perforations, at the 
distant end, into Morse’ signals, into similar perfora- 
tions, into type-printed messages, or even into written 
characters. 

In connection with the perforated tape, or slip, 88 
sedin the Wheatstone system, there 
are employed three rows of perforations, The centre 
row is continuous, as it is used for drawing the slip 
through the transmitter at the speed at which the -atter 
is running; the upper and lower holes cause the trans- 
mitting key to send electrical signals—dots when these 
rows are vertical, dashes when diagonal. Th: actual 
apparatus which effects this object is comparatively 
simple. Two small vertical plungers, to which an u 
and-down motion is cuperted by the clockwork of the 
apparatus, are pivoted to two bent levers connected by 
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horizontal rods with a small vertical transmitting key, 
which in one position sends a positive, and in the 
other a negative, current to line. When no slip is in 
the machine, the plungers as they rise and fall move 
the key to and fro and send pain. which are received 
as dots at the far end. When the slip is inserted, if the 
plungers meet a series of vertical perforations they pass 
through at each movement, and dots are still transmitted ; 
but if they meet care pets, the movements 
of the plungers are arrested by the unperforated portion 
of the paper slip, and the transmitting key is not drawn 
back until one of the plungers enters the lower diagonal 
hole of the slip and withdraws the key from its sending 
position, thus recording a dash. 

This Wheatstone system has been very fully developed 
in the United Kingdom. It is capable of dealing with 
traffic at a maximum rate of 450 words per minute, and 
itis invaluable for the transmission of news. Thus, in the 
central office in London, items of news may have to be 
transmitted to fifty or more towns simultaneously. Cir- 
cuits are made up for news transmission, each providing 
for a number of towns, some of the circuits being of a 
permanent character and some formed temporarily to 
meet special requirements. As many aseight eatstone 
slips can be punched simultaneously in one operation, 
and each length of slip is run through the necessary trans- 
mitters at the highest speed considered judicious. When 
long Press ae are received they are divided into 
sections, and each section handed to a separate tele- 
graphist for perforating, so that the transmitting apparatus 
can be worked at’ its maximum capacity. ithout this 
useful and adaptable apparatus it would be almost 
impossible to deal satisfactorily with the vast amount 
of news traffic which is sent daily to every town in the 
country. ; 

For ordinary public message traffic, on lines of moderate 
length, where each individual message is short, the 
Wheatstone has certain disadvantages — namely, the 
initial delay in perforating the slip, its distributien, and, 
finally, the re distribution of the received slip amongst 
the writing telegraphists ; for it is obvious that, at the 
high speed at which Wheatstone is worked, several 
operators are required at each end of the line to keep 

» with the apparatus. In practice in this country, 
or circuits of moderate length, it is generally considered 
preferable to provide direct Morse apparatus, worked sim- 
plex, duplex, or quadruplex, as circumstances may dictate. 

With sce lines the limit of speed in automatic 
working is that imposed by the receiving apparatus, 
which, owing to its self-induction, a factor referred to 
later, obstructs the reception of Morse signals at a higher 
speed than that named. This difficulty has been over- 
come by substituting a chemical for an electro-magnet 
receiver. In this form the current at the received end 
passes through a long paper ribbon saturated with a 
solution which is decomposed by a positive current. The 
Morse signals appear in blue lines on the received slip. 

It is said that with this method a maximum speed of 
1000 to 1200 words is possible under favourable conditions, 
but the difficulty in working at such high speeds, where 
characters are received in Morse code and have to be 
transcribed manually, is the division and distribution of 
the slips amongst the large number of writers necessary 
to keep abreast of the work, the precautions needed to 
avoid loss of messages, the injurious effect of brief con- 
tacts, caused by workmen, resulting in the loss of 
several words, and last, but not least, the difficulty and 
delay in obtaining repetitions where errors, false signals, 
or missing words render this necessary. 

All the foregoing methods increase the carrying capacity 
of the wane other words, they reduce the capital 
expenditure per message ; but none of these increase the 
output per operator, nor do they diminish the workin; 
cost in the instrument-room ; in fact, with hi Lapesd 
automatic transmission this cost may be higher than with 
other methods described. The m have to be 
prepared by the perforation of the punched slip, tele- 
graphists have to control the sending and receiving 
apparatus, and the Morse slips as they are reeled off the 
receiving apparatus have to be divided and distri- 
buted amongst a number of operators for transcription. 
The initial preparation of the transmitting slip will 
always, of course, be necessary in all automatic systems, 
but inventors have turned their attention to increasing 
the speed and reducing the cost of transcription at the 
received end, in the case of manual us well as automatic 
sending, by the substitution of typing apparatus, worked 
mechanically or electrically, for the manual transcription. 
A very considerable number of instruments have been 
designed to achieve this end, but one of the earliest which 
has met with permanent success, and by means of which 
a very large proportion of the work in Euro an 
nearly the whole of the trans-continental work is dealt 
with, is the well-known Hughes type-printing instru- 
ment. 

Each instrument comprises a yoo-wmert, which consists 
ofa disc, on the periphery of which are embossed the letters 
of the alphabet, numbers, and other signals that have to 
be transmitted; a piano-like key-board, on the keys of 
which are engraved the letters and , which appear 
on the type-wheel ; and a horizontal p with a series of 
slots arranged in a cir¢le. Enclosed in each of these slots, 
and connected with one of the sending-keys, is a movable 
plunger, which is raised when the key is depressed, but 
which normally lies flush with the surface of the plate. 
An arm, carried on a vertical shaft in the centre of the 
plate, is made to revolve above it by the motive power 
Which drives the instrument, and when a key is in 
thisar:. is arrested momentarily by the protruding plunger, 

ad a current is sent to the distant station. The printing- 
dise and the revolving-arms at both sending and receiving 
Stations move in unison, and this is effected mainly by 
the action of a governor, and any slight want of coin- 


cidence is corrected mechanically each time a letter is 
printed. Below the type-wheels are long paper ribbons, 
and it will be understood that both instruments starting 
from zero and running uniformly, as a key is dep > 
and the plunger corresponding with the letter to be 
signalled is raised, the electrical current is sent to line at 
the moment that the letter to be printed is immediately 
over the paper; and if the latter is raised momentarily, 
that letter is printed. 

The Hughes method of transmission has many advan- 
tages. It provides a clearly-typed message for delivery 
instead of a written one ; it removes a possible source of 
error in transcription ; and it increases the speed of 
working, as compared with Morse, by about 25 per cent. 
It can be duplexed, and it is used by the Post Office on 
all its Continental wires. It has, however, the disadvan- 
tage that a considerable interval of time elapses between 
the transmission of two consecutive si owing to the 
revolving arm having to traverse all the intervening 
letters. Baudot has obviated this waste of time by 
adopting the multiple system of tel phy. Heentirely 
abandons the Hughes method of transmission, and 
forms an arbitrary signal-code which, by means of five 
consecutive currents, some plus, some minus, in combina- 
tion, he represents each letter of the alphabet, figures, or 
other signals. By his method he can provide four or 
six channels simultaneously on one wire, each being 
worked manually. In the quadruple system, that most 
generally in vogue, he uses four separate keyboards, eac 
containing five keys. Either key when in its normal con- 
dition is in a position to send a negative current, and 
when depressed a positive current, to line. Each of the 
five keys of one keyboard is connected to five separate 
and contiguous metallic contacts arranged in a circle. An 
inner continuous circle is connected to the line wire. A 
revolving arm, moving at a uniform speed, connects in 
regular sequence the individual key sections with the 
continuous line circle, and during each revolution it 
transmits through the line the group of signals formed 
of each keyboard. At the receiving end a corresponding 
arrangement, the arm moving at the same speed, connects 
the line in regular sequence with the four receiving instru- 
ments, each set being provided with five polarised relays 
working fiveelectro- ets. Duringeach revolutionof the 
arms at the sending and receiving ends the electro-magnets 
repeat the positions of the transmitting keys, the arma- 
tures of those receiving positive currents being raised, 
and those receiving negative currents dep’ , and it 
remains only to translate these arbitrary code-signals into 
printed letters. This is effected in the following very 
ingenious manner :—At each receiving-instrument two 
discs, firmly fastened together, have on their peripheries 
a series of serrations, corresponding with the arbitrary 
code, which, in certain defined itions, represent the 
various letters of the alphabet. Riding on the panveey 
of one of them are five levers, termed selectors, eac 
of these levers being so pivoted as to be susceptible of 
a slight to-and-fro movement on its axles, and a of a 
transverse movement in the line of the axle. When 
all the electro-magnets have their armatures raised the 
selectors rest on the inner disc; but if a certain number of 
the armatures are depressed, then, through the action of 
intermediate levers, the corresponding selectors are shifted 
to the second disc. As the two discs revolve together 
the combined selectors at some point drop simultaneously, 
and for a brief interval, into the series of serrations which 
correspond with the letter code signalled from the far 
end, and this movement and the rapid jerk out of the 
serrations as the discs revolve causes the letter to be 
printed from a type-wheel which revolves at the same 
speed as the discs. The uniform revolution of the con- 
tact arms, the coded discs, and the type-wheels are main- 
tained by a clever adaptation of governors and brakes, 
partly electrical, partly mechanical, which time does not 
permit of further consideration ; provision is likewise 
meee for the lag of the current in transmission over the 
ine. 

The Baudot system admits of the transmission of a 
much larger number of m over each wire than the 
Hughes. It is also more flexible, inasmuch as the various 
channels it provides can be divided amongst an equal 
number of towns; thus Paris can use two channels to 
Lyons and two to Marseilles over a Paris-Lyons circuit 
extended from Marseilles, and so on. It is largely used 
in France and has been introduced into this country. | 

It will have been observed from the snopes Comaeten 
of typical forms of se that there are three distinct 
wath of telegraphic transmission, with which we are 
mainly concerned to-night, although others might be 
mentioned. In the first, an arbitrary code of signals is 
repeated in similar arbitrary signals by which the a)pha- 


d | bet is artificially represented and the message is by 


a skilled operator; in the second, what may be termed 
the dial type of apparatus is used, where two type- 
wheels, either moved mechanically or electrically, revolve 
isochronously, and they may either show fleeting letters 
or print them in permanent characters ; and in the third, 
an arbitrary set of electrical signals is devised which 
actuates specially-designed aqgentes which may repro- 
duce the m in legible characters, printed or even 
written. The third method has been utilised by various 
inventors and applied to automatic transmission, so as 
to dispense with manual transcription at the receiving 
station. 

In all cases a paper ribbon or slip is perforated by 
punches generally actuated by a specially-designed type- 





writer keyboard, in which the depression of any key 
causes a series of perforators, representing the arbitrary 
combination of the corresponding letter, to appear on the 
slip. This is passed through an automatic transmitter, 
the electrical currents corresponding with the perforators 
are transmitted over the circuit, and the distant appa- 
ratus actuated. 





Murray has devised a system which has undergone 
lengthy trials, both at home and abroad. His slip has one 
row of perforations which gears into the moving mecha- 
nism of the transmitter, onl below this a second series of 
perforations which represent his artificial signalling code, 
which is of the Baudot type. The transmitting and receiv- 
ing apparatus must run isochronously, and this is provided 
for by an ingenious method, which time does not admit of 
explaining in detail. 

en the vertical plunger passes through a per- 
forator a positive current is sent over the circuit, and 
when the plunger is stopped by the paper a negative 
current circulates. The result at the receiving apparatus 
is that an exact counterpart of the transmitted slip with 
its perforations is reproduced, and this perforated slip is 
passed through and actuates an automatic typewriter, 
which prints the message. The typing machine is 
fitted with five horizontal plungers, which are pro- 
longations of an equal number of slotted combs, to 
which in action a to-and-fro motion is imparted. 
The perforated slip acts on the principle of the 
Jacquard loom, and when at a given moment a serjes 
of perforations appear the corresponding plungers move 
forward and the remainder are arres y the unper- 
forated part of the paper. The slotted combs are at the 
moment so grou that the one letter indicated by the 
code is actuated by the controlling motive power, and it 
is accordingly printed, and the combs restored to their 


h | normal position ready for the next letter. The message is 


typed in form. An improved printer has recent] 
been devised by Mr. imag s oj 
Creed has worked in the same direction, but he uses the 
ordinary Wheatstone alphabet already described, and, of 
course, the Wheatstone transmitter. At the receiving end 
a perforated Wheatstone slip is reproduced by a punching- 
machine, which, controlled by the reverse currents from 
the transmitter, and using compressed air as a motive- 
tte perforates the received slip at considerable speed. 
his slip is then passed through an automatic type- 
writer adapted to work with the Wheatstone alphabet, 
which ty the message on a long slip, to be gummed 
on the telegraph form. In both these cases the received 
slip can be inserted in a second automatic transmitter 
and the m sent on to another town—an advantage 
in the transmission of news, which frequently has to 
be redistributed from large provincial centres to other 
towns having no direct communication with London. 
—_ these systems are in use in the British Post 
ce. 


Siemens and Halske, in Berlin, have devised an auto- 
matic system in which, by means of suitable apparatus, 
the message is printed by the receiving apparatus direct 
by don yi mee methods. 

ou have already had described to you the character of 
the prepared slip which is used for transmission. Time 
precludes even a reference to the ingenious details of the 
apparatus employed beyond stating that the final typed 
characters are produced photographically by an electric 
- which momentarily illuminates the required letter. 
he alphabet is stencilled on a revolving disc, and the 
arrangements are such that the electric spark passes only 
when the letter corresponding with the arbitrary signal is 
in the right position for printing. 

The Western Union Telegraph Company in Ameri 
the land of long-distance ode. has be 4 
sively a system known as the Barclay automatic type- 
printing —— At the sending end the code of -_ 
trical signals adopted consists of long and short intervals, 
either marking or peeing, representing the various letters 
of the alphabet. Every letter is represented by six cur- 
rent alternations, but the receiving apparatus is so de- 
“pet that although every current acts on an escape 
wheel that makes a momentary contact with certain 
selecting relays, only those of long duration effect any 
movement in the latter. There are thirty-two printing 
imagnets, which act as the keys of a typewriter and cause 
the message to be printed direct 6n the receiving instru- 
ment. o4 
It may be added that, although any one of the systems 
described or referred to can be made to do excellent work, 
the actual selection of the apparatus best calculated to 
meet the Sag of any country depends entirely 
on local conditions, length of the lines, character of the 
work to be dealt with, idiosyncrasies of the staff, &c., 
and that it would be eminently unwise to dogmatise on 
the subject. To what extent uniformity of practice is 
likely to arise in the future isa doubtful question, as each 
country is likely to progress on the lines which have been 
firmly established as the best adapted to its wants. In 
this respect telegraphy may be said to occupy a some- 
what unique position from the inventor’s puint of view, 
there being no tendency at present inthe direction of 
adopting one particular type of apparatus as being best 
adapted for all purposes. 

riting telegraphs, based on the fact that two ordinates 
at right angles to one another can be made to describe 
any curve, have been designed. The telewriter, in which 
the pen is_connected to two arms which follow the 
movements. of. the writer, and, in doing so, pass over 
varying resistances, and transmit to line currents of 
varying strength, is well known. At the receiving end 
two pivoted electro-magnets, placed in a very powerful 
magnetic field, are deflected over arcs dependent on the 
strength of the current circulating at any moment. Two 
arms at right angles to one another are connected to the 
transcribing pen, one arm being pivoted to each magnet, 
and the writer’s movements are reproduced. 
There is only time to refer briefly to the beautiful 
writing apparatus designed by Pollak and Virag. In 
this a slip is perforated by suitable means with nine rows 
of holes of varying sizes, suitable flexible brushes make 
contact through these holes between batteries and the 





line wires, and thus cause currents of different electro- 
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degrading it into heat, and its sole effect is to reduce the 
amount of current available at the distant end. Electro- 
static capacity converts a portion of the kinetic energy 
into potential energy, which is restored: to the circuit on 
the cessation of the current, and it has the effect of re- 
tarding the receipt of the first portion of each signal, and 
extending its duration when the line is disconnected 
from the source of energy. To illustrate, assume the 
case of a conductor with high capacity, say a length of 
submarine cable. If the far end is disconnected, then on 
making contact with one pole of a battery, the other 
pole oi which is to earth, there is a rush of current into 
the cable, which continues until the latter is charged 
to the potential of the battery. When the battery 
is disconnected from the line and replaced by the earth, 
the charge leaks out in the form of a reverse current. 
f, when the battery contact is made, the far end of 
the line is to earth, the initial. portion of the current 
18 taken up in establishing the cable charge, whilst only 
& fraction of its ultimate value trickles out at the distant 
end « short interval after the ee A 1 


, ’ contact is made. 
© curation of this interval depends on the capacity 
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and resistance of the line. When the full charge has 
accumulated along the circuit, the full current dependent 
on the potential and the resistance flows along the con- 
ductor. On replacing the battery by earth the charge 
flows out at both extremities. 

Self-induction may be taken as the analogue of mecha- 
nical inertia. The first effect when a source of electrical 
energy is connected to a conductor is to establish a 
magnetic field in planes at right angles to the conductor, 
and this retards the period when the full strength of the 
current is established. Conversely, on the cessation of 
the primary current, the magnetic field closes in on the 
conductor, and generates « transient current in a direction 
which tends to prolong the original current. 

Leakance causes a loss of current that should otherwise 
be utilised in actuating the distant oo. Per 
contra, it exercises a beneficial effect in high-capacity lines 
in facilitating the static discharge, but so far it has not 
been found practicable to utilise the effect without intro- 
ducing other evils. These somewhat elementary facts, 
which, of course, are well understood, have been referred 
to so as to maintain the logical sequence of our subject, 














for they govern the limiting distances and speeds at which 
electrical communication of all ty can be maintained 
and they account for the very diferent results obtained 
on overhead, underground, and submarine circuits respec- 
tively. 

Overhead wires, for many years almost exclusively used 
for telegraphy, and even now the only conductors that 
serve satisfactorily for really long-distance telephony, 

the advantages of low resistance, which can be 

diminished to any reasonable degree by the use of copper, 
and by increasing the size of the conductor ; their electro- 
static capacity issmall, say from 0.013 to 0.014 microfarad 

xr mile, and their self-induction is relatively great. 
Their use admits of attaining the maximum speed in 
telegraphy ; and perhaps the most important limiting 
factor in this case is the self-induction of the receivin 
apparatus, which would be a useful factor if distribu 
over the line, but which tends to act as a choking-coil 
when massed at the extremity. This self-induction in 
the case of the Wheatstone receiver amounts to as much 
as one henry, and its effect in prolonging the current, 
combined with that due to the capacity of the line, is 
neutralised to some extent by inserting a shunted con- 
denser between the instrument and the earth. As alread 
stated, this admits of a maximum speed of 450 words 
per minute—a relatively low figure compared with that 
attained by the electro-chemical receiver. 

Overhead telegraphs are subject to serious interruptions, 
due to the falling of trees during heavy storms, and to 
breakdowns arising from a combination of sleety snow 
and gales of wind, against which no engineering precau- 
tions are of any avail. On the other hand, until recently, 
underground wires, owing to their capacity, which reached 
0.3 microfarad per mile when insulated with gutta percha, 
and the great cost of the material, were only used in 
special cases where strategical or other imperative reasons 
rendered such a course necessary. The introduction of 
dry paper as an insulating material profoundly modified 
the situation. The'electrostatic capacity of suitable paper 
is not very much greater than that of air, and wires 
wrapped with paper, cabled, thoroughly dried and enclosed 
in a lead sheath, are not only available for long under- 
ground telegraphs, but it is not too much to say that 
without them the modern development of the telephone 
would have been wholly impossible. The Post Office has, 
within the last few years, laid 138.000 miles of paper- 
insulated wire underground for telegraph purposes alone, 
and, to illustrate the bearing of this material on telephone 
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presen, it may be added that, between 1900 and 1902, 
fore a single subscriber had been served, the Post Office 
laid 240,000 miles of wire underground as the first step in 
the development of the London system, and from its 
central exchange in Carter-lane 210 ducts radiated to 
various nego of the centre to be served from that point, 
and although at that period 36,000 wires only were led 
into the building, the spare duct capacity admitted, as 
the system grew, of increasing this number to 125,000 or 
150,000 wires. The mileage of underground wire laid by 
the Post Office in Great Britain for telephones is now 
increased to 521,000 miles. By no other known means 
could such a service have been provided, and these facts 
emphasise the connection between paper insulation and 
telephone development. 

Submarine teegrephy is not susceptible of the many 
developments that have been goutthe with land-lines. 
The high electrostatic capacity, varying from 0.3 to 0.4 
microfarad per mile, and the very long lengths that are 
necessary to connect the great continents of the world, 
render the use of any but the most delicate apparatus 
impossible on long cables. The receiving instruments 
originally invented by the late Lord Kelvin, then Sir 
William Thomson, are still the only apparatus available 
for the reception of messages on long trans-continental 
cables, and so far it has not been found possible to mate- 
rially increase the speed of working except, of course, by 
increasing the dimensions and cost proportionately. 

Attention has been devoted to eliminating disturbing 
elements and perfecting the signals by the use of auto- 
matic transmission and by the use of curbing devices at 
the receiving end. The introduction of repeaters at 
intermediate points where cables land at suitable localities 
has recently become possible, and it may be that methods 
of distributed induction, referred to later, may ultimately 
be of some value ; but this subject is not ripe for considera- 
tion. Short cables present no difficulties that cannot be 
overcome for relatively rapid working, but their electro- 
static capacity limits materially the distance over which 
telephone working is possible, as I will show presently. 

Telephony.—In telegraphy, when transmitting through 
an overhead line, the frequency of the current alternations 
is only 180 per second for 450 words per minute, and the 
current has actuated the apparatus at the further end 
before the battery connection has ceased. Another con- 
dition, however, is introduced when a conductor is used 
for telephonic speech, in which a maximum frequency of 
1800 to 2000 vibrations per second has to be dealt with. 
In these cases the transmission from the telephone 
assumes complex wave-forms, and the effect of even a 
moderate capacity becomes far more marked than in the 
case of telegraphic transmission. If a simple wave im- 
pulse were emitted in a circuit containing neither capa- 
city nor inductance, it would maintain its form, and it 
would only lose in amplitude owing to the waste of ene 
in heating the conductor. With much capacity in the 
circuit, however, the wave tends to elongate ; and if the 
capacity be sufficiently great and the line sufficiently long, 
the following wave overtakes the lagging tail of the pre- 
vious one, they blend more or less together, and, having 
lost their distinctive character, they fail to impress on the 
receiving ‘telephone the distinct character of the sound 
from which they emanate. Of course, if this happens 
with a simple sine wave, this damping action is intensified 
in the complicated wave forms which speech assumes. 
Various vowel and consonant sounds obtained on an 
oscillograph show the wave as it enters and leaves a 
standard telephone cable may vary up to 20 miles in 
length. The amplitude is greatly reduced, and some of 
the overtones cut off, although perfectly good and articu- 
late speech is obtainable under these conditions. 

Of course, the loss of the overtones means diminution of 
the timbre of the voice; in other words, though speech 
may still be possible, the voice ultimately becomes less 
recognisable until, when a certain limit is passed, if 
the resistance of the conductor be not too great, it ma’ 
degenerate into a low-toned imitation of speech, or with 
the smaller conductors, which are used for city work, the 
attenuation rapidly lowers the volume of sound until it 
becomes unrecognisable. A few years ago I had, in con- 
junction with the engineer-in-chief of the National Com- 

ny, Mr. Gill, to fix certain standards of 5 h which 

to be maintained by the two administrations working 
the telephone system in this country, and after a series of 
practical tests, which were found to accord most closely 
with theoretical calculations, we found results to repre- 
sent the practical limits of ordinary commercial speech 
on various classes of conductor, both overhead and under- 
ground, when no special steps were taken by artificial 
means to overcome the deleterious effects of capacity. 
I have, however, referred to self-induction as the 
analogue of inertia in mechanics, and obviously, there- 
fore, if it were possible to endow the circuit in which 
a wave was in movement with sufficient self-induction 
to prevent the tailing and >:onsequent distortion of its 
form, the limit of speech would be materially increased, 
as the attenuation due to resistance alone would have 
to be provided for. Now it is ible to achieve this 
result to a certain extent by adding artificially to the 
self-induction of telephone cables, technically termed 
loading. The ideal method would be to increase the self- 
induction uniformly throughout, and attempts have been 
made to effect this by lapping a copper conductor with 
thin iron wire or tape of a high magnetic permeability. 
Another method consists in distributing magnetic coils 
at uniform distances of a mile or two apart throughout 
the length of the line. Under these conditions the 
distance over which speech is possible has been increased 
from two-and-a-half to three-and-a-half times. 
.The British Post Office has recently laid a cable with 
distributed inductance between England and France 
which will increase the range of s about four times 


#8 compared with a similar type of unloaded cable. 





The rapid and enormous development of the telephone 
service that has taken place throughout the world within 
the last few years is a remarkable achievement of the 
electrical engineer. The principle of the microphone 
which converts sound vibrations into the electrical vibra- 
tions, and of the telephone which reconverts the electrical 
into sound vibrations, are so well known that I need not 
dwell further on the subject than to point out that Graham 
Bell’s telephone, as it left his hands in 1876, is essentially 
the same instrument as he gave it to the world, slightly 
improved in mechanical construction ; but all the other 
adjuncts of a complete telephone service have been 
ey modified, and we are not yet in sight .of 

nality. 

The problem of connecting two subscribers’ lines at 
an exchange is a very simple one when a small number 
of subscribers only are concerned. An electrical indicator 
of the shutter type to announce a call, flexible conductors 
to connect any two lines by means of plugs and spring- 
jacks, electrical bells to call up subscribers, and the 
equipment is complete. The problem is a serious one, 
however, when, as is now the case, the number of tele- 

hone subscribers in a large city runs into five, or 
Doeneatiy six, figures, when the area covered, like that in 
London, amounts to 640 square miles, when it has to be 
served by 60 to 100 separate exchanges, between all of 
which intercommunication must be provided with the 
minimum amount of delay, and when an exacting public 
expects to get through toany subscriber on a large system 
immediately the call is made, or sooner. Add to this the 
interurban communications between all the principal 
cities in the country, and the fact that practically the 
major part of the business of the 24 hours is concentrate 
in about 2} hours in the morning, and a at peers in 
the afternoon, and the difficulties to be solved become 
faintly apparent, even to the uninitiated. 

Apart from minor improvements in the calling-indicators 
and other details, pom 4 of which added its quota to the 
gradual perfection of the service, perhaps the most 
marked advance that was made, when exchanges grew in 
size, was the introduction of the so-called multiple switch. 
Before its introduction, each operator had the care of, 
say, 100 subscribers, whose lines terminated in front of 
her. She could connect any two of these 100 directly, 
but as soon as a connection had to be made to another 
position a subsidiary junction line had to be brought into 
use and the services of another operator invoked to com- 
plete the connections ; and as the number of subscribers 
on the exchange increased the number of junction 
lines interconnecting the whole of the positions in- 
creased in a geometrical ratio. This became a very 
serious element in cost, and the complications and 
consequent delay in completing the connections be- 
tween subscribers on various positions ually in- 
creased in a much greater proportion than the number of 
subscribers. To obviate this difficulty the so-called 
multiple switch was designed, and it provided that any 
operator responsible for answering the calls of, say, 100 
subscribers, could connect any one of these direct to any 
other subscriber on the same exchange, even if the 
number reached 10,000 or upwards. To make this clear 
it is advisable to repeat that a subscriber’s line terminates 
on a small compound spring called « ‘‘ jack ;” and, if a 
flexible metallic cord terminating in two plugs is provided, 
on the insertion of one of the plugs into one subscriber’s 
jack, and the other in a second jack, both of the sub- 
scribers find themselvesin direct communication with one 
another. In the multiple board the lines of, say, 100 sub- 
scribers are terminated, as before stated, on one operator’s 
position ; but on a large panel above these local jacks the 
whole of the 10,000 or more lines are connected to a series of 
jacks within reach of the operator, and this is repeated at 
van operator’s position, so that a line on any position 
can be ae connected with any of the other lines on 
the exchange by the operator who answers the call. On 
the upper section of a multiple board of this type are 
drop-indicators, the shutters of which, by falling, indi- 
cate the call of a subscriber whose line terminates on that 
position ; the panels next below have the multiple jacks 
giving access to all the subscribers, the third panel the 
jacks of the subscribers served by the operator, and the 
plugs for making the connections below. In other 
arrangements of the multiple board the drop-indicators 
occupy the lowest position of the panels. This improve- 
ment, great as it was, did not meet all the difficulties. 
The shutters of the indicators had at first to be restored 
by hand after a call had been answered, every such 
operation causing some slight delay, which, multiplied 
by thousands of operations, involved much time. An 
arrangement was therefore designed so that the in- 
sertion of a plug into a jack, the first operation in 
answering a call, caused the shutter to be restored to 
its normal position automatically. This, however, left 
untouched another source of delay, that necessary to 
connect mentally the particular shutter that had fallen 
with its corresponding jack before inserting the answering 

lug, which, if not correctly done, resulted in the plug 
ing inserted in the wrong jack. Again, the close of 
the conversation had to be indicated by the subscribers 
ringing off by means of their calling apparatus, an opera- 
tion often forgotten by a busy, careless, or uninstructed 
user. If, therefore, the connection between the sub- 


subscriber desired to speak to one of those supposed to be 
engaged, the operator had to come into circuit, listen 
for a moment, then, hearing nothing, ask “‘Have you 
finished ?” before severing the connection. To obviate all 
these sources of delay the ‘‘common battery system ” 
was designed. In this, the form of manual exchange equip- 
ment now considered the most satisfactory, the shutter 
indicators are replaced by glow-lamps, which, being very 
| small, and occupying no more space than the jacks them- 
selves, are pl immediately over the latter. When a 








scribers remained for an unreasonable time, or if another | wi 











lamp lights it indicates a call, and the operator, without 
doubt, hesitation, or delay, forthwith inserts the answer- 
ing plug into the jack. At the subscriber's office no 
special calling apparatus is needed. The lifting of the 
telephone from the hook automatically lights the lamp, 
When the operator has ascertained, by touching the 
metallic rim outside the subscriber’s jack with her connect- 
ing-plug, that the subscriber whois wanted is free, this plug 
is inserted, and its insertion is followed by the glowing of 
a supervisory lamp near the pn may there being two of 
these to each set of cords and plugs. The operator then 
gives a brief ring, and when the called subscriber takes the 
telephone off the hook to answer, this is evidenced by the 
supervisory lamp being extinguished. The operator has no 
further concern with the connected lines until both sub- 
scribers restore their telephones, when both the supervisory 
lamps glow, the connection is severed, the lamps darken, 
and the normal condition is restored. The work of the 
operator is conducted with absolute certainty, no break. 
ing in to ask questions is necessary, she knows by the 
glowing or extinguishing of the supervisory lamps 
whether the subscribers are talking or have finished, and 
all her speech on the line can be reduced to ‘‘ Number, 
please,” and perhaps ‘‘Subscriber engaged” or *‘ Sub. 
scriber don’t answer.” 

This simplicity in manipulation is, however, as might 
be assumed, arrived at by considerable complication of 
apparatus, which, if dealt with in detail, would take up 
a whole evening. 

The ne = in common battery systems is, as 
may be inferred from the name, provided by accumulators 
at the exchange, instead of by primary batteries at each 


d | subscriber’s ‘office; and not only is the cost of the 


exchange infinitely small as compared with the old 
system of providing separate batteries for each subscriber, 
but the further advantage follows that the full energy is 
always maintained and available on every circuit, a con- 
dition almost impossible to fulfil even under the best 
organisation, when thousands of mepe f cells scattered 
over a great city have to be looked after by linemen, 
some of whom may do their duty less conscientiously 
than others, whilst some subscribers may exhaust their 
batteries by careless use quicker than should be the 
case. 

Similar automatic arrangements are in use on the junc- 
tion lines connecting the various exchanges necessary for 
the effective service of large cities. 

In the period during which the ordinary telephone 
equipment has undergone the modifications just described, 
inventors have turned their attention to the design and 
perfection of an automatic telephone, in which each sub- 
subscriber, by a simple method of manipulation, may, 
without the intervention of an operator at the exchange, 
obtain direct access to any other subscriber connected 
with the service. One of the earliest systems of this type 
was known as the Strowger, and by the courtesy of the 
Automatic Electric Company of Chicago, the owners of the 
patent rights, and of the British Insulator and Helsby 
Company, of Prescot, I am able to illustrate the working of 
the system. Lach subscriber’s line terminates on a line 
switch which forms part of a group of 100 switches. 
This switch is connected by ten circuits, the equivalent of 
the plugs and cords in a manual board, with a series of 
selectors, each accommodating 100 junction lines. Accord- 
ing to the size of the exchange there may be two or three 
sets of selectors connected similarly by means of junc- 
tion circuits, and, finally, there is a connector, a somewhat 
similar instrument, which makes the connection between 
the two subscribers. LED, 

Each telephone, as will be seen, has a dial with finger- 
holes and numbers. On removing the telephone from the 
hook the procedure is as follows :—If, say, No. 4352 is 
wanted, the caller inserts his finger in hole 4, and revolves 
the dial up to the limiting stop. This actuates the line- 
switch, which causes a connecting-plug to enter the 
springs of the first disengaged junction leading to the 
selector group of 4000. The same action follows in 
sequence with 8, 5, and 2, the final movement of the 
connector making the connection if the required sub- 
scriber is dise If he be through to another, a 
busy back-signal (a vibratory current) is given. When 
the connection is made, and the conversation is complete, 
the hanging up of the telephone restores the connections 
tothe normal. A full description of the apparatus would 
take up a whole evening, but its working can be inspected 
at the close of my address. 

This method has had considerable development amongst 
the independent telephone companies in America. 

The Future.—On the future development of telegraphs 
and telephones, few of those acquainted with the subject 
would venture to dogmatise, but certain statistics I have 
prepared will convey to you possibilities far more preg- 
nant than any amount of speculation. The following 
figures, for the years 1902 and 1907 respectively, have 


Telegraph and Telephone Statistics.— Wire-Mileage. 














— 1902. 1907. Increase. 
Telegraphs, 
Land a . 8,659,659 5,038,981 1,379,322 : 
Submarine cables 212,894 259,000 — = 21.6 per 
Telephones. cent. 
re os ..| 7,467,417 19,839,537 12,372,120 
Subscribers’ stations. . 8,406,336 4,872,300 


| 8,584,086 
| 


been gathered from authentic returns, and they en: brace 
information from every country of importance throvzhout 
the world. s 

Large figures frequently fail to impress the mit 





1, but 


when it is stated that this mileage of wire will soon, if it 
has not by this time, equalled one-third the distance . 
the earth to the sun, the remarkable activity of *e 











JuNE 24, 1910.] 


ENGINEERING. 





809 








modern telegraph and telephone service will perhaps be 
more forcibly realised. 

It will be observed that although the development of 
the telephone service is taking place with giant strides, 
telegraphs, both land and submarine, have shown remark- 
able growth in the intervening period of five years, not- 
withstanding the keen competition of the telephone. 
The great increase in the latter service, however, has 
taken place within a relatively limited period of time. 
In the growth of the American Bell systems the grear 
advance commenced in 1896, when the associated com- 
panies only possessed 300,000 telephones. In 1905 this 
number had risen to 2,000,000, and in 1907 to 3,000,000 ; 
whilst at the beginning of the present year the corre- 
sponding figures were 5, 100,000. ae 

My somewhat brief and hasty generalisation of the 
subject, necessarily limited by time, has not »4mitted 
even of reference to many Po Phor w of interest, such as 
combined telegraph and telephone working on the same 
wires, and the use of repeaters to increase the speed of 
working on long lines; nor have I been able to refer to 
other aspects of telegraphy, such as modern fire-alarm 
systems, railway signalling, &c., to which the public owe 
much in shape of immunity from danger and accidents ; 
but I trust that what I have said will show that this, one 
of the earliest branches of electrical engineering, is not 
stagnant, but, on the other hand, is very much alive; it 
is served by some of the keenest and most advanced of 
electricians, and is absorbing annually a large amount of 
capital, which it is turning to good and profitable use. - 

Wireless Telegraphy.—The time that has necessarily 
been taken up in dealing with the preceding subjects has 
left little space for wireless telegraphy, but I am told 
that under no circumstances must I pass it by without 
mention. 

The idea of telegraphing without wires goes back to the 
early days of telegraph working, and methods were 
designed, partly based on earth induction and partly on 
electro-magnetic induction, which admitted of communi- 
cation over limited distances. Even at the present date 
there are two existing examples in the United King- 
dom of this method—one a iy ne tee h service 
between Rathlin Island and the North of Ireland, a dis- 
tance of 8 miles, and the second a wireless telephone 
between the Skerries Island and Holyhead, a distance 
of 3 miles. The range, however, attainable was so small 
that when Marconi introduced a system based on the 
work of Hertz and other notable investigators, further 
attempts to improve the older method ceased. 

It was known by Henry, after whom the unit of self- 
induction has been named, that the discharge of a Leyden 
jar, which to the eye appeared as a single spark, was 
really of an oscillatory character, and Hertz proved that 
when a powerful induction-coil was connected to two con- 
ductors separated by a spark-gap, each time a spark 
occurred the oscillations that were set up in the con- 
ductors caused electric waves to traverse the ether. He 
analysed these waves by interposing'a metallic ring, 
provided with a microscopic spark-gap in their path, the 
passage of the waves being eviden by a spark at the 

ap. This detector was not fitted for a use, 
ut the subsequent invention by Branly of a more 
effective detector, the coherer, paved the way for 
Marconi’s work. 

Marconi, in the first instance, connected one terminal 
of an induction coil to a lofty vertical conductor, and the 
other terminal to earth. Each discharge across the gap 
resulted in electrical oscillations in the vertical con- 
ductor, and these oscillations caused electrical waves to 
radiate through space, as is now well known, As these 
waves cut across other vertical conductors, electrical 
currents were generated, which acted on the coherers, 
and signals were recorded. These waves were, how- 
ever, highly damped, and practically only the first 
rapid rise had any material effect on the receiving 
apparatus, so that under these conditions all stations 
within range were affected by the signals. Further, 
as these oscillations had a frequency of the order of 
amillion per second, and the impulses from the induc- 
tion coil were of the order of ten per second, there were 
relatively very long intervals between each successive 
wave emission. The attention of all those interested was 
therefore directed towards the discovery of selective 
apparatus by tuning, and to effect this object endeavours 
were made to replace the highly-damped by as near an 
approach to eased waves as possible. This was 
partially effected by establishing an oscillating circuit 
consisting of a capacity and an inductance around the 
spark-gap of the induction-coil, so that the oscillations 
would be more continuous than in the first case, the 
vertical conductor being connected either directly or 
inductively with the oscillating circuit, and thus the first 
measure of success by selective tuned circuits was 
achieved. So long, however, as ordinary induction-coils 
With their slow make and break arrangements were in 
use, the relatively long idle period between successive 
oscillations still existed, and the ideal system of absolutely 
undamped waves remained unattained. 

A further step in advance was achieved by Poulsen, 
who replaced the spark-gap by an arc, and thus obtained 
an enormously increased number of primary impulses, so 
that the emitted waves were more and more continuous, 
and this method has been followed by that designed by 
Lepel, in which the arc is replaced by two or more metal 
discs -eparated by a minute space. 

By substituting a telephone transmitter for the ordinary 
telegraphic key, it has been found ible to transmit 
actual «peech a distance of 30 or 40 miles, whilst the limit 
of telegraphy may now be placed at perhaps 5000 miles. 

_ This very brief sketch must necessarily fail to do 
justice to the manifold improvements that have been 


introduced into all the details of working, either in spark 
or arc telegraphy. 


Lach fills at present a definite sphere, 








and we have by no means arrived at finality in this interest- 
ing branch of the earliest type of electrical engineering. 

The lecture was illustrated by a large number of most 
interesting lantern-slides. ] 








CASTINGS FROM NATURAL OBJECTS. 
To THE EprTor OF ENGINEERING. 

Sir,—Like Mr. H. E. Lockhart, I saw your reference 
to the sprig of gorse cast in bronze in 1830, in which you 
mention the cire perdue process as the probable method 
of production. The cire perdue process consists of enclos- 
ing a model of wax in a plaster or other hard mould ; 
when this is dry the wax is melted out and metal poured 
in its place. Casting from natural objects, such as the 
sprig of omy you mention, and the crab and lobster 
mentioned by Mr. Lockhart, is done approximately as 
follows, although each object having to 5 suitably dealt 
with according to its kind, modifications of the process 
have to be made :—Take, say, ground ganister fine 
enough to pass a 40-mesh sieve and reduce to a 
thin creamy paste, which will fill all interstices of the 
object to be moulded. Then select a light wooden box 
which will be of sufficient size for the purpose, and put 
the object in position, afterwards pouring in the mould 
material, well rapping the box to ensure that air is 
expelled. After a time the water will be on the surface 
by reason of the solids sinking, and it should be carefully 
poured or ta off and the mould allowed to dry 
thoroughly. hen this is the case the box is removed 
and the mould heated to redness, until the object enclosed 
is reduced to soft ash, the mould then being allowed to cool 
gradually. The object is then shaken out as far as possible, 
and some mercury placed in the mould and shaken about to 
remove all parts of the object not previously removed, 
the mould then being left clean. The removal of the ash 
is the difficult part of the business, but assuming that the 
mould has been heated for a sufficient time, only patience 
is ui to obtain a successful result. The pourin 
must be done with very fluid, clean metal and with a me 
head, the table on which the mould is placed being 
smartly rapped during the time the metal is being poured. 
When cold, the mould has to be broken away carefully from 
the casting, and then, if everything has gone right, you 
have a perfect replica (in metal) of the object dealt with. 

This method of casting is interesting, and produces 
very good show-table results, but it has practically no 
commercial value. Only one casting can be made oom 
the object, and if it fails to come out perfect there is no 
“7 of mending it that will give a satisfactory result. 

n regard to the Japanese steel castings, a large amount 
of time must have been spent in the production of these 
curiosities, and, at least in this country, it is doubtful if 
anyone would pay wages for this sort of thing, however 
effective the result may be. At the same time, for men 
or lads who wish to show what they can do, such work is 
very effective, and, provided that objects of a suitable 
character be selected, no extreme difficulty should occur. 
Probably plants with fleshy leaves, or flowers of a soft 
character, would be the best things to deal with, as, after 
the moisture is dried out of them, there is little hard 
matter left to form ash, a point which reduces the trouble 
of cleaning out the mould. 

Probably the crab and lobster referred to were placed 
alive in the material used in forming the mould, but on 
this point I am not at present able to form an opinion, as 
I have notseen the exhibit at Shepherd’s Bush yet. The 
dead animals, however, would scarcely give really good 
results. 

There are a number of materials which can be used 
for moulds, and, as I mentioned before, each case must be 
dealt with on its merits, but the matter is quite an in- 
teresting one apart from its lack of commercial interest. 

Yours faithfully, 
Watter J. May. 

43, Richmond Park-road, Kingston-on-Thames, 

June 17, 1910. 





To THE EprTor OF ENGINEERING. 

Srr,—In your issue of June 17 you publish a letter from 
Mr. H. E. Lockhart asking how the animal or other 
object is withdrawn from the mould. The process is the 
same as with the cire perdue process, with this difference, 
that instead of being melted out it is burnt out. To 
ensure a successful casting there are other points to be 
considered. The crucible is part of the mould, and the 
metal is melted and ‘‘run” without contact with the air. 

Yours truly, 
CHARLES J. REYNOLDS. 

The Crescent, Maidenhead, Berks, June 21, 1910. 





To THE Eprror or ENGINEERING. 

Srr,—In your issue dated June 17, a correspondent 
asked for information re ‘* the casting of natural objects.” 
Now that we have lots of examples of these castings 
on view at the Shepherd’s Bush Exhibition, much atten- 
tion has been given to them by British founders, and your 
correspondent is quite right when he says that the cire 
tape process would not accomplish such beautiful work. 

e method of casting is as follows :— 

The actual animal, flower, or whatever the object may 
be, is propped up, every outstanding hair or leaf being 
supported by small wooden props. As may be imagined, 
this has to be very carefully done. When the object has 
been arranged into a life-like pose, then the actual mould- 
ing can be started on. The delicacy required does not 
allow of ordinary methods being adopted. A fine sand is 
used, sifted through the smallest mesh sieve, and then 
made to the consistency of cream. This mixture is poured 
over the pattern. When a sufficient covering has been 
obtained the whole mass is dried, and then burnt, so that 
the pattern is completely calcined. Holes have to be left 
in the mould; so that thé ashes ahd dust may be blown 








away. When this is done, the cast can then take place, 
I hope this explanation may be of use, and if any more 
information is required I shall be happy to supply any in 
my power. 
Yours faithfully, 
Tuos. Ropp, Metallurgist. 
Century Works, Lewisham, 8.E., June 22, 1910. 





‘THE STUMPF UNI-DIRECTIONAL-FLOW 
ENGINE.” 

To THe Eprror or ENGINEERING. 

Sir,— Having mes studied the very clear and full 
illustrations in your valuable journal of June 10, also 
perused the letter in this week’s issue above signature 
**N. B. G.” re the Stumpf uni-directional-flow engine, I 
am of the opinion, in variance to “ N. B. G.’s” remarks, 
that the new system of valveless exhaustion will secure 
great economy in steam used per power produced, in the 
manufacture, and also in the running costs for working 
engines so constructed. The inconvenience—say, once 
every few years—of breaking the joints refer to, to 
examine the piston, is by far outweighed by the reduced 
number of working parts requiring attention, as compared 
with ordinary high-class four Corliss, drop, or piston, or 
divided-slide, or piston-valve engines universally used for 
mill-driving. Ins of disadvantages, I consider excellent 
advantages are obtained with engines working as depicted 
by your illustrations and description of various styles 
of engines; after the steam finishes its work, it is at once 
quickly got rid of without being allowed to cool down the 
cylinder and covers, whilst the high compression tempera- 
ture will obviate initial condensation of live steam from 
the boilers and give a fuller admission up to point of 
cutting off, thus securing economy. As regards the high 
a caused by early exhaust closure, means are 
available to make same of great value. 

Finally, the facts that a great variety of these im- 
proved engines have been built on the Continent, and 
that several of our best English engine-builders have taken 
up the manufacture also, seem to fully bear out the advan- 
tages claimed, and the wonderful economic results said to 
be realised with simple condensing engines having so few 
working parts.- I think actual indicator cards and test 
particulars would greatly help forward such a valuable 
type of engine, as they would assist those, like the writer, 
who are constantly advising steam-users as to the most 
economical steam plants to put down. I, for one, con- 

tulate Professor P. Stumpf for again bringing to the 
ore the simple condensing steam-engines, which will 
surely prove a great boon to mill-owners and other users 
of steam-engines. 

Yours truly, 
Geo. Setters, M.I.M.E. 

33, Saunders-road, Blackburn, June 18, 1910. 





To THe Epitor or ENGINEERING. 

Sir,—Professor Stumpf’s description of his uniflow 
engine is very interesting ; but the high piston-speed, 
very high superheat (624 deg. Fahr.), and high vacuum 
(taking over 4 per cent. of the electric power generated on 
test given), are hardly desirable for mill engines, where 
much the same result as regards fuel is attained in ordi- 
nary slow-speed Corliss compound jet-condensing engines 
with low superheat and moderate vacuum. The turbine 
has a great advantage in needing no oil, while high 
superheat and high vacuum in any engine means oil 
trouble in boilers. 

Is there any novelty in the uniflow principle, or in the 
annular exhaust ports ? 

Could not a pair of single-acting engines be arranged 
to give the same result—viz., uniflow and good drainage 
through annular ports direct to condenser? Would not 
compounding be justified on the uniflow principle ? 

I think suggestions on these lines would be of interest 
to all your readers. 

Yours faithfully, 
June 16, 1910. ScrvuTatTor. 





To THE EpiTor oF ENGINEERING. 
Srr,—I have looked with much interest through the 
communication on Professor Stumpf’s uni - directional 
flow engine in your valuable journal of June 10, page 
758, and beg to point out a slight mistake which occurred 
on 761, 
ou give the steam consumption as 17.285, 20.57, and 

22.215 kilogrammes for these different engines. In reality 
these figures relate to the coal consumption. 

As the difference of 28.5 per cent. is obviously too high, 
I suppose they have been influenced by unknown cir- 
cumstances. The Prussian Railway authorities have 
favoured us with the figures for water consumption. 

These figures are: 167.9, 185.8, and 181.1, from which 
the more reasonable ratio of 1.00 : 1.11 : 1.08 is deduced, 

Yours faithfully, 
DrRkekTOR METZELTIN, 
HANNOVERSCHE MASCHINENBAU AKTIEN GESELLSCHAFT 
(vorm. Georna Eoexstorrr). 
Hannover-Linden, June 18, 1910. 








Tue Irauian Navy.—Four Dreadnoughts are now in 
course of construction for Italy. The first, the Dante 
Alighieri, will be y for service in 1912, the second, 
the Giulio Cesare, the third, the Leonardo da Vinci, 
in 1913, and the fourth, the Conte di Cavour, in 1914. 
The Italian Mediterranean uadron will comprise 
next month four divisions. The first division will include 
the Regina ~~ the Benedetto Brin, the Saint 
Bon, and the Partenope; the second division, the 
Regina Elena, the Vittorio Emanuele, the Napoli, and 
the Coatil ; the third division, the Pisa, the Roma, the 
Amalfi, and the Agordat; and the fourth division, 
the Garibaldi, the Ferrnceio, the Varese, and the Tripoli: 
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PORTABLE CUPOLA FOR TRAM-RAIL 
JOINTING. 


Tue system of making cast rail-joints for electric 
tramway permanent-way is now fairly well known. 
Such joints-are both mechanically and electrically 
effective. The process is to form a cast-iron bond 
round the ends of the two rails to be joined by run- 
ning molten metal into a split mould which embraces 
the rails, and which is removed when the metal has 
set. Adequate electrical contact is assured by clean- 
ing the ends of the rails before the joint is made by a 
sand-blast or other means. The illustration on this 
page shows a portable cupola specially designed for use 
in this work. The whole apparatus is self-contained on 
a bogie, fitted with a centre pole for four horses, so 
that it may easily be transported to the place of 
operation, and moved along the road as the work 
progresses. 

The cupola is 4 ft. 6 in. in diameter, and its top 
is some 16 ft. above the roadway. It is fitted 
with an air-belt, which is fed through a 10-in. blast- 
valve from a high-pressure fan driven by an electric 
motor, the fan and motor being carried at the front of 
the bogie. The tuyeres are of the makers’ improved 
type, and have rectangular orifices, which distribute 
the blast evenly throughout the melting zone, and 
ensure even combustion of the coke. Sight-holes are 
provided, and a fusible disc in the air-belt in con- 
junction with a safety tuyere, so as to give warning to 
the attendant in the event of the metal being allowed 
to rise too high in the well of the furnace. The usir- 
belt is fitted with a mercury pressure-gauge. There 
are two tapping-spouts, one on each side of the bogie, 
which have hinged extensions that can be tipped up 
out of the way when the cupola is travelling. A —~ 
spout with a fettling hole is provided at the rear side 
as shown, and a drop-bottom is fitted. The cupola is 
surmounted by a spark-arrester, consisting of a cover- 
plate which deflects the sparks into an annular 
chamber at the top. This chamber has six cleaning- 
holes fitted with hinged doors, some of which can 
be seen in the illustration. The lining is of fire- 
brick, special blocks being provided to fit round the 
tuyeres. 

The bogie is built up of rolled-steel joists, and is 
provided with a charging-platform arranged opposite 
to the charging-hole at the top of the cupola. The 
platform is titted with hand-rails and guard-plates. 
Screw-on brakes are fitted to the rear bogie-wheels, 
although not shown in the illustration. The motor 
driving the fan is of the shunt-wound semi-enclosed 
type, and is controlled by a combination starting and 
field-regulating resistance, fitted with an automatic 
overload and no-voltage release. The motor is wound 
so that it may be operated from the trolley-wire. The 
approximate weight of the appliance, including the 
firebrick lining of the cupola, is 94 tons, while a full 
charge of pig and fuel would bring the total weight 
up to about 12 tons. The cupola is capable of melting 
2 tons of metal an hour, and was manufactured by 
Messrs. George Green and Co., of Keighley. 

This cupola is at present in use nightly along the 
route of the London United Tramway systems to the 
west of London. For the cleaning of the ends of 
the rails to be joined there is an air-blast installation on 
a similar bogie, consisting of a Reavel air-compressor, 
a sand blast, and a motor, which, as in the case of the 
fan-motor on the portable cupola, takes current from 
the tramway trolley conductor. 








Tue Frencu Navy.—The ironclads Jean Bart, about 
to be bifilt at Brest, and the Courbet, to be laid down at 
Lorient, will each have a displacement of 23,467 tons. 
Each vessel will be 550 ft. long by 90ft. beam, and each 
will carry 38 guns and four submerged lance torpedo- 
tubes. The engines w'll work up to 28,000 horse-power, 
and a speed of 20 knots is prescribed. With a normal 
supply of coal, the ships are to steam 760 nautical miles 
at their maximum speed; with 2700 tons of coal they 
are to steam 8400 nautical miles at 10 knots. Each ship 
is to have two groups of turbines driving four screws. 
The construction of the two ships is to be commenced on 
August 1. 





South Arrican Rartways ; Loapine Lruits.—We 
have had occasion several times to refer to the wonderful 
development of the 3-ft. 6-in. gauge railway system in 
South Africa, where rolling-stock is in use of dimensions 
and capacities comparable wich, and, indeed, often exceed- 
ing, those of 4-ft. 8h-in. gauge vehicles elsewhere. We have 
just received a copy of the conditions relating to the ship- 
ping of abnormal units of machinery on the South African 

ines. From these conditions we see that on the N.G.R.., 

the C.S.A.R., and also the C.F. de Lorenco Marques, the 
maximum width allowed for loading is 10 ft., and the 
height 13 ft. from the rail. In special well wagons these 
lines allow a maximum loading width of 11 ft. 2in. The 
maximum width is available only in each case from a 
height of 3 ft. 4in. above the rail, upwards. On the 
©.G.R. the allowable limits are 13 ft. 2 in. for maximum 
height and 10 ft. 4in. maximum width for moving struc- 
tures. A copy of the regulations maybe obtained from 
the High Commissioner for the Union of South Africa 
(Cape Department), 100, Victoria-street, S.W. 
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CONSTRUCTED BY MESSRS. GEORGE GREEN AND CO., ENGINEERS, KEIGHLEY, 











[Fy 





 SELEELLPTE LLL, 
PERT Re 














NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 16. 


Tue feature of the present week in the steel indus- 
try has been the heavy buying at low prices of pig- 
iron for steel-making purposes. The present shadings 
were unexpected two weeks ago. Only those fur- 
naces that have their own ore supply can make money 
at present rates. There is talk this week of blowing 
out quite a number of furnaces unless prices improve. 
The curtailment made early in the spring did not 
have the anticipated effect on prices, and the present 
outlook is far from encouraging. This condition 
applies particularly to iron for steel-makers, parti- 
cularly Bessemer. The inquiries now pending indi- 
cate large transactions in pig-iron in the near future. 
Southern furnace companies have booked large orders 
at very narrow margins. Extensive sales of basic iron 
have just been made, and it is probable that there 
will be many more large sales before the close of the 
month. Orders for finished steel have been held up 
on account of rumours of weakness, which may affect 
prices to the extent of 2 dols. per ton. The bar mills 
are working full time in the Western milling centres, 
where the requirements of agricultural implement 
manufacturers are urgent. Most of the mills east of 
the mountains are nearly out of orders, but the daily 
and weekly business is sufficient to keep them running. 
An enormous business has been done in tin plates for 
material for the diverse uses to which tin plate is put, 
and the greater and smaller concerns are running to 
full capacity. Heavy arrivals of tin plate from abroad 
are noted. Arrivals for the past week at this port 
and New York total 38,000 boxes. The tin-plate 
industry is assured of a long period of activity. 
Prices are firm, and stocks are almost non-existent. 
The manufacturers of bridge steel are hearing of 
numerous bridge-building enterprises by railroad com- 
panies, but the material may not be wanted until 
early autumn. 


|_ ConTracts.—We are informed by Messrs. Kermode’s 
| Liquid Fuel System, 62, Dale-street, Liverpool, that a 
report has recently been received of the satisfactory trial 
of the vessel to which we made reference in an article on 
Kermode’s liquid fuel system that appeared in our issue 
| for April 22. The steamer in question was built in Java, 
the propelling machinery being supplied by Messrs. 
McKie and amon Govan, Glasgow. The Yarrow 
boilers were supplied by Messrs. Hawthorn, Leslie, and 
| Co., Newcastle-on-Tyne. 








Tue Socrery or CoLour PHoToGRAPHERS.—An exhi- 
bition of this society is now being held at the offices of 
the British Journal of Photography, 24, Wellington-street, 
Strand, W.C., where pictures by various processes are 
on view. These pictures include prints by the three- 
colour carbon and staining processes and transparencies 
by the auto-chrome and ruled-screen methods. Both 
the three-colour carbon prints of Mr. E. Clifton and the 
ruled-screen pictures by the Dufay process indicate very 
distinct advances along different lines in this beautiful 
| branch of photography. 





Mine Rescurk AppaRatus.—With reference to Mr. 
| Winston Churchill’s statement in the House of Commons 
on Thursday last, ‘‘that the time has now arrived \ hen 
|a definite effort should be made to break new ground 
and set up a higher standard” of safety in mines, we 
| learn that a Committee, appointed by the Council of the 
| Royal Society of Arts, and under the chairmanship 
of Sir Henry Cunynghame, K.C.B., is now considering 
| the relative merits as number of life-saving appliances 
| which have been submitted in response to an offer, under 
| the Fothergill Trust, of a gold medal or prize of ”'”. for 
'the best portable apparatus for enabling men to under- 
take rescue work in mines or other places where the air 
|is noxious. The Committee of the Society are im com- 
| munication with the South Midland Coal-Owners’ Mine 
| Rescue Experimental Committee, who are also co — 
ing exhaustive inquiries with a view to discovering t 1 
| most suitable apparatus for use in the South Milan 

-fields. 
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LIFTING CAPACITY :— Marin Horst, 50 Tons at 18 Fr. per Min. 
150 Tons at 80 Fr. Raprus on Stow Gear. 
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34-H.-P. PORTABLE OIL-ENGINE; LIVERPOOL SHOW. 
CONSTRUCTED BY MESSRS. RICHARD HORNSBY & SONS, LTD., ENGINEERS, GRANTHAM. 


(For Description, see Page 819.) 








150-TON HAMMER-HEAD CRANE. 


On our two-page plate this week we illustrate a 
150-ton electrically -operated hammer -head crane 
recently constructed by the Appleby Crane and Trans- 
porter Company, Limited, of Parkhead, Glasgow, for 
the Mitsu Bishi Dockyard, Nagasaki, Japan,* to the 
order of Messrs. H. J. Stockton and Co., of London. 
A photographic illustration of the crane in situ appears 
on page 814. The general lines of the structure will 
be clear from the figures, It consists of a four-sided 
tower on a masonry foundation on a well-piled area 
(Fig. 7). On the tower is a horizontal slewing-jib 
(Figs. 1 to 4), which is tied in position by a centre 
pivot, and revolves on a roller-path secured to the 
top of the tower (Fig. 5). The front end of the jib 
carries a trolley, on which are fixed the upper pulleys 
for both the main and auxiliary hoisting-gears. e 
gears themselves, together with the trolley traversing- 
gear, are situated in a house at the back end of the 
jib (Figs. 1 to 3). This house, with the gears, serves 
partly to balance the load, while additional balance is 
obtained by two large ballast-boxes, which are fixed at 
the end, and form part of the structure of the jib (Fig. 3). 
The slewing-gear is carried in the framework of the 
jib at the front of the roller-path. Four motions are 
arranged for, all worked by separate motors—viz., 
heavy hoisting, light hoisting, racking, and slewing. 
All these motions can be worked at the same time. 

The main hoisting-gear, situated in the house at the 
back end of the jib, consists of a barrel driven, through 
three spur-gearing speed-reductions, by two 50-horse- 
power 400-revolutions-per-minute motors. The barrel 
is of cast iron, 7 ft. in diameter, and has a turned 
spiral groove arranged to coil the whole of the rope at 
a single lap, and a substantial flange, on to which its 
spur-wheel is bolted. The rope passes from the barrel 
over a pulley fixed on the travelling-trolley to the 
snatchblock, and thence back to one of the upper 
pulleys on the trolley, from there back to the snatch- 
lock, and so on, finally being anchored at the extreme 
front end of the jib. In addition to the three re- 
duction-gears mentioned above, a two-speed gear, 
with a ratio of 1 to 3, is fitted to the first-motion 
shaft. This gear is arranged with clutches and levers 
in such @ way that the motor shaft can drive the 
first-motion shaft either direct or through the speed 
reduction. When the crane is lifting loads of over 
50 tons the reduction gear is thrown into contact, 
but with lighter loads it is cut out. The barrel spur- 
wheel and its pinion have cast teeth, the pinion 
being double shrouded. All other gear-wheels are of 
cast steel with machine-cut teeth, and have pinions 
of wrought steel with teeth cut from the blank. All 
bearings are fixed to the framework with turned 
fitted bolts. The rope is 64 in. in circumference, and 
was supplied by Messrs. Thomas and William Smith, 
of Newcastle-on-Tyne. The auxiliary hoisting-gear is 


* See page 658 ante. 














It consists 


also situated at the back end of the jib. 
of one 50-horse-power motor driving a barrel through 


two spur-gearing reductions. The rope passes from 
the barrel over a pulley on the trolley to the snatch- 
block, back again to the trolley, and is anchored to 
the front end of the jib in a similar way to the main 
hoisting rope. 

Each lifting-gear is fitted with three independent 
brakes—viz., an automatic mechanical brake, applied 
by the load and released by the motor; an automatic 
electro-mechanical brake, applied by a weighted lever 
and released by the motor current; and an automatic 
centrifugal brake, connected to the motor — and 
released by springs. In addition to these brakes an 
emergency brake, worked by hand from the driver’s 
cabin, is fitted. In the case of the main gear this 
brake is capable of lowering heavy loads at any re- 
quired speed, or of holding them independently of all 
the other brakes. 

The traversing-gear is situated at the back end of 
the jib. It consists of two vertical drums driven by a 
50-horse-power motor through one spur-gear reduction 
and one worm-gear reduction. The rope is wound 
around the two drums capstan fashion, and is attached 
to each end of the trolley. The trolley consists of 
two carriages running on the two girders forming the 
jib. The carriages each have four wheels arranged for 
running on double lines of rails of 4-ft. gauge, and are 
connected together by a system of cross-girders which 
carry the rope-sheaves. Rocking bearings are inter- 

between the cross-girders and the carriages, in 
order to equalise the load on the rails. These bear- 
ings are shown in Fig. 4,while other details of the 
trolley can be seen in Figs. 1 and 3. 

The jib rotates on a roller-path which is fixed to the 
top of the tower. This path is a ring 40 ft. in dia- 
meter, and on it a complete circle of coned rollers run. 
The rollers are constrained to maintain their radial 
position by two rings of mild steel, between which 
they lie, while their pitch is fixed by aseries of radial 
rods which connect to a centre revolving bearing. 
The jib rests directly upon the rollers, the upper roller- 
path, fixed to the jib, consisting of two segments each 
about 20 ft. long, attached to the front and back of 
the jib respectively. The centre pivot consists of a 

in 16 in. in diameter, with a nut at the bottom and a 
Soma at the top, which is fixed in two centre bosses 
attached to the girder-work of the tower, as shown in 
Fig. 4. Two centre castings, attached to the jib, 
revolve on the upper part of this pin. One of these 
has a swivelling bearing to take the horizontal forces, 
and the other See a radial bearing to take the vertical 
forces.. It has been assumed that through an acci- 
dent the jib might be loaded to such excess that it 
would overcome the balance-weight at the back, and 
put an upward pull on the centre pin. This pin has 
accordingly been proportioned to withstand simulta- 


neously a tensile load of 200 tons, and a bending load | becam 


of 100 tons. Under these conditions the stress on 


the pin, as made, would not exceed 6 tons per 
square inch. Normally there is no pull on the pin, 
and the horizontal force, as nearly as can be determined, 
does not exceed 20 tons with the test load, so that a 
very ample margin for contingencies is provided. 
The roller-paths are of cast steel, machined top and 
bottom, and are fastened together, at the joints, b 

turned bolts in reamered cote. The lower pat 

consists of twelve segments, and the upper of four 
segments. The lower path is provided with a ring of 
double-shrouded cycloidal teeth on the outside. 

When slewing, the jib is driven by a large pinion 
which gears with the toothed ring on the lower roller- 
path. This pinion is fixed at the bottom end of a 
vertical shaft, which is driven by a 30-horse-power 
500-revolutions-per-minute motor through two spur- 
gear reductions and one bevel-gear reduction. The 
spur-gear is fitted with a claw-clutch arrangement, 
so that two slewing speeds are provided. The vertical 
shaft is carried in a long casting, which is fixed to 
the slewing-gear bed-plate at the top, and the 
upper roller-path at the bottom. The bed-plate 
a the motor and gear is fixed to cross-girders 
inside the jib, and is provided with a protecting- 
house, as shown in Figs. 1 and 2. The spur-wheels 
are all of cast-steel, while the pinions are of wrought 
steel, with their teeth machine-cut from the cold, 
A cast-iron brake drum is fitted on the first-motion 
shaft, and is provided with a wood-lined brake strap 
controlled from a foot-lever in the operator’s cage. 
The lever is provided with a ratchet segment and 
pawl, so that the operator can fix the brake on when 
necessary, in order to prevent the jib being blown 
round in a high wind. 

The tower consists of four rectangular columns built 
up of steel-plate and angle sections riveted together, 
and provided with horizontal and diagonal bracing on 
the four sides. The top of the tower is formed with 
a system of braced girders to carry the roller-path and 
centre-pin sockets, and is surmounted by a level plat- 
form extending to the four sides, and provided with 
a hand-railing all round. Staircases, built up of 
channels and chequer-plates, lead from the ground to 
the top platform, the upper flight of stairs being in 
So ee and arranged so that access can always be 
had to at least one corner of the platform, no matter 
what position the jib be in. The jib is built of steel 
plates and angles riveted together. The load-arm 
consists of two compound lattice-girders connected 
together at the extreme end and where they attach to 
the centre portion. The top members of each girder 
have two steel bridge rails at 4-ft. centres for the tra- 
velling trolley, and are connected together by bracings, 
while the lower members are also connected together 
by bracings ; so that each girder is laterally stiffened 
to withstand wind pressure or buckling stresses. ‘The 
centre portion of the jib is connected by lattice brac- 
ing right across from one girder to the other, and has 
stiff girders over the roller-path, front and back, and 
over the centre pin. The girders of the ballast-arm 
are also connected together right across, top and 
bottom, and have a large steel plate-box stiffened with 
angles, to hold the ballast. 

he motors for the crane were manufactured b 
Messrs. Vickers Sons and Maxim, Limited, of Shel. 
field, and are of the totally-enclosed series-wound 
type. The controllers were manufactured by the 
Electric and Ordnance Accessories Company, of 
Birmingham. The electric supply is direct current 
at 220 volts. 

The capacity of the crane is as follows :— 


It will lift 150 tons at 80 ft. radius on slow gear. 
& € 


” : » 142 - quick gear. 
on — >. oe “* auxiliary gear. 
The operating speeds are : 
Main hoist 


150 tons at 6 ft. per min. 
50 18 


” ” 


20 


Auxiliary hoist a a a4 

Racking |: a 

Slewing 150 _,, 1 rev. in 8 min. on 
slow gear 

Slewing 50 1 rev. in 4 min. on 
quick gear 


The motor sizes are :— 


Main hoist 2 motors 50H.P. at 400 revs. 
Auxiliary hoist 1 motor 50H.P. at 400 revs. 
Racking 1 motor 50H.P. at 400 revs. 
Slewing 1 motor 30H.P. at 500 revs. 


The crane was tested with 180 tons, and all the 
tests, including lifting, slewing, &c., were carried out 
at the first attempt without hitch, and satisfied the 
inspectors. 








Tue Iron anv Sree. InstiruTe.—A notification has 
been received by the secretary of the Iron and Steel 
Institute from Lieut.-Colonel the Honourable Sir William 
Carington, the a v8 of His Majesty’s Privy Purse, 
intimating that His Majesty has been graciously pleased 
to become Patron of the Iron and Steel Institute. It 
will be remembered that King Edward VII. was Patron 
during the whole of his reign, and that King George 
ean Honorary Member of the Institute when 
Prince of Wales in the year 1905, 
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| 
TUE HORSE-POWER OF MOTOR-CARS. | 


IMPORTANT regulations have just been published by the 
Treasury s2tting forth the method by which the horse- 
power of a motor-car is to be determined for the purposes 
of the new taxes imposed by the recent Finance Act. It 
may be mentioned that these taxes are as follows :— 

Duty. 

Motor-bicycles and motor-tricycles, of whatever € 6 

horse-power.. ee we “e oe “ 10 
Motor-cars— 


Not exceeding 6) h<rse-power 22 
Motor-cars— 

Exceeding 64, but not exceeding 12 horse-power. . 3 3 

Exceeding 12, but not exceeding 16 horse-power. . 44 

Exceeding 16, but not exceeding 26 horse-power. . 6 6 

Exceeding 26, but not exceeding 33 horse-power.. 8 8 

Ex-eeding 33, but not exceeding 40 horse-power.. 10 10 


Exceeding 49, but not exceeding 60 horse-power.. 21 0 
Exceeding 60 horse-power o% ve — f 
The regulations which, on account of urgency, are to 
come into immediate operation are as follow :— 


1. For the purposes of these regulations the horse- 
power of any motor-car deriving its motive power wholly 
from a steam, internal-combustion, or other engine worked 
by a cylinder or cylinders, shall be taken to be :— 


(a) In the case of a single-cylinder engine the horse- 
power attributable to the cylinder of the 
engine. : 

(b) In the case of an engine having two or more cylin- 
ders the sum of the horse-power attributable 
to the separate cylinders. 


2. The horse-power attributable to any cylinder shall 
be deemed to . proportional to the square of the 
internal diameter of such cylinder measured in inches, 
and shall be determined according to the number of square 
— contained in such square, the unit being taken to 

(2) In the case of a single-acting cylinder havin 
a single piston, 1 horse-power for every 2 
square inches. 

(b) In the case of a capeesing cylinder having two 
pistons, 1 horse-power for every 1$ square 
inches. 

(c) In the case of a double-acting cylinder having a 
sagte piston, 1 horse-power for every 1} square 
inches, 


8. Any motor-car deriving its motive power, or any 
part of its motive power, otherwise than from an engine 
worked by a cylinder or cylinders, shall be deemed to be 
of a horse-power exceeding 12, but not exceeding 15, pro- 
vided that, where the motive power is derived in part 
from an engine worked by a cylinder or cylinders, the 
horse-power of the car shall not be deemed to be less than 
the horse-power attributable to the cylinder or cylinders 
of such engine. 

4. Where it appears that, in consequence of the excep- 
tional design or construction of the engine of any motor- 
ear, the horse-power as calculated under the foregoing 
rules is substantially less than the power which the 
engine is —— — of developing, the horse-power 
of the car shall, for the purposes of these regulations, be 
taken to be the same as that of a car of equal efficiency 
deriving its motive power from a cylinder-engine of the 
ordinary type. 

5. In measuring cylinders and calculating horse-power 
fractions of an inch and fractions of a unit of horse-power 
are to be taken into account. 





Hypro-Exectric-Powrer in Swepen.—The Gullspang 
Munkfors Hydro-Electric Power Company has, during 
1909, its first complete year, supplied electric energy to the 
extent of 30,100,000 kilowatt-hours, which is the record 
— so far for any Swedish hydro-electric station. 
The Hemsjé hydro-electric-power station has, during 
1909, delivered some 10,400,000 kilowatt-hours, and the 
business is increasing at both stations. 





Honorary GRADUATES OF GLASGOW UNIvERSITY.—At 
the commemoration day celebration of the Glasgow Uni- 
versity on the 9th inst. two noted engineers had the 
honorary degree of Doctor of Laws (LL.D.) conferred 
upon them—Dr. Henry Dyer, and Mr. William Lorimer, 
fale of the North British Locomotive Company. 
The Dean of the Faculty of Law (Professor Smart), in 
presenting Mr. Dyer, designated him thus :—Henry;Dyer, 
M.A., D.Sc. C.E., first Principal of the Imperial College 
of Engineering, Tokyo, now Honorary Principal of the 
College, and Emeritus Professor of the University of 
Tokyo, vice-chairman of the Glasgow School Board, 
governor of the West of Scotland Technical and Agricul- 
tural Colleges, author of ‘‘ Dai Nippon, ” ‘‘ The Britain 
of the East,” ‘‘Japan in World Politics,” ‘‘The Evolu- | 
tion of Industry,” ‘‘Science Teaching in Schools,” &c.— 
Dr. Dyer is one of our owngraduates. His great services 
to engineering science in Japan have been fittingly recog- 
nised by the Emperor, who conferred on him the Orders 
of the Sacred Treasure and of the Rising Sun. The Uni- | 
versity now desires to express its appreciation of his later 
services to the education of the people by conferring on 
him the degree of Doctor of Laws. oF Mr. Lorimer 
Professor Smart said:—William Lorimer, chairman of 
the North British Locomotive Company, chairman of the 
Steel Company of Scotland, assessor to the Lord Rector 





of the University Court from 1905 to 1908, and now 
assessor to the Chancellor of the University. The lon 

and varied experience in the management of affairs and | 
of finance which Mr. Lorimer has acquired as a leader of 
industry he has ungrudgingly put at the disposal of the 
University, and the Senate, in conferring this degree, 

desire to express not only their recognition of these 
services, but their appreciation of a valued personal friend. | 


LLOYD'S RULES FOR INTERNAL-COMBUS- 
TION ENGINES FOR MARINE PURPOSES. 


Luoyo’s Recister OF British AND Foreicn Suip- 
PING are about to issue rules for internal-combustion 
engines for marine purpozes. These have just been 
adopted by the committee of the society. ‘They will 
greatly simplify the registration of the increasing 
number of vessels fitted with oil-engines, particularly 
launches. The rules are divided under four headings. 
The section concerning construction strongly enforces 
the importance of accessibility fur examination and 
repair, and uires that engines of over 60 brake- 
horse-power, which are not reversible, and are man- 
cwuvred by clutch, must be fitted with a governor or 
other arrangement to prevent the racing of the engine 
when declutched. The cylinders, it is also indicated, 
are to be tested by hydraulic pressure to twice the work- 
ing pressure to which they will be subjected, the water- 
jackets of the cylinders to 50 lb. per square inch, and the 
exhaust-pipes and silencers to 100 lb. per square inch. 
In me to the size of crank, intermediate, and other 
shafts, formule and tables are oo for ordinary mild 
steel ; where special steel is employed the sizes are to be 
submitted for consideration. The tables are comprehen- 
sive, embracing smooth-water and open-sea service boats, 
and engines of 4-stroke cycle and 2-stroke cycle. Regard- 
ing the fuel-tanks and connections—another of the sub- 
headings—it is pointed out that the separate fuel-tanks 
are to be tested, with all fittings, to a head of at least 
15 ft. of water. _ The oil-fuel pipes are to be of annealed 
seamless copper with flexible bends, conical joints metal 
to metal, with a cock or valve at each end of the pipe 
conveying the fuel from the tank to the carburettor or 
vaporisers. The machinery is to be submitted for survey 
annually, and practically all parts are to be examined, the 
fuel-tanks and all connections being, if deemed necessary 
by the surveyor, tested to the same pressure as when new. 

he screw-shaft is to be drawn at intervals of not more 
than two years. 





Danupe Navication.—The Danube Steamship Com- 
pany have issued their new illustrated time-table and 
guide. This can be obtained at the various tourists’ 
offices in London. It gives in a small compass a large 
amount of information for the use of intending travellers. 





TRIAL Trip OF THE PorTUGUESE RoyaAL MAIL STEAMER 
‘** Lispoa.””—-On Tuesday, the 14th inst., the twin-screw 

senger and mail steamer *‘‘ Lisboa,” which Messrs. 
Yavid and William Henderson and Co., Limited, 
Meadowside, Partick, have built to the order of The 
Empreza Nacional de Navagacao a Vapor, of Lisbon, ran 
her trials on the Firth of Clyde. The dimensions of the 
vessel are:—Length over all, 452 ft.; breadth, 54 ft. ; 
depth, moulded to shelter deck, 37 ft. 6 in.; with a 
gross tonnage of about 7460 tons. The vessel has been 
specially designed for the owners’ passenger and mail 
service between Portugal and the Portuguese posses- 
sions in Africa. She is fitted with accommodation 
for 120 first, 70 second, and 150 third-class, and 
150 steerage passengers, and will be the largest and 
most up-to-date vessel flying the Portuguese flag. 
She is fitted with a large refrigerating chamber, ten 
steam-winches, four hydraulic cranes, steel derricks, &c. 
The Lae ag machinery, which has also been con- 
structed by Messrs. Henderson, consists of two sets of 
triple-expansion engines with cylinders 25 in., 41 in., and 
674 in. in diameter by 48-in. stroke; with six_single- 
ended boilers working at a pressure of 190]b. On trial, 
the vessel attained a mean — of 164 knots, which is 
well above the speed required. 





ENGINEERS’ AND SHIPBUILDERS’ WacEs.—At a con- 
ference on Fda mer the 21st inst., between the executive 
council of the North-West Engineering Trades Employers 
Association and representatives of the Clyde district 
members of the Amalgamated Society of Engineers, which 
lasted over three hours, the employers made an offer of 
an advance of 4d. per hour, or 1s. per week—according 
to the practice in the different shops—to take effect in 
the first week in October, and this offer is to be put 
before the men for consideration. The men asked for an 
advance to this extent to take effecton June 15. Theem- 
ployersreplied declining togrant the advanceon the ground 
that the condition and prospects of trade did not justify 
any immediate increase in wages. The menthen pol for 
a local conference under their working agreement, and this 
conference has now agreed to the proposal named. If the 
men are not satisfied with the offer which the employers 
have now made, they may refer the matter to a Central 
Conference, consisting of their own Executive Council 
and the Executive Board of the Engineering Employers’ 
Federation, but it is expected that they will not consider 
this course necessary, especially as their advance will take 
effect only a month later than that already granted to the 
smaller engineering unions in the Clyde district. Two 
conferences on wages in the shipbuilding trade have yet 
to be held—the adjourned conference between the Federa- 


| tion of oa gamers Employers and the 13 shipyard 


unions which are parties to the national shipyard agree- 
ment and a conference between the North-West Engineer- 
ing Trades a Association and representatives of 
the members of the Boilermakers’ Society employed in 
Clyde district engine-shops. In each case the point at 
issue is the same—an advance of jd. per hour, 1s. per 
week, or 5 + cent. on piece rates—but in the former it 
affects all the shipyards in the United Kingdom, and in 
the latter only the Clyde engine-shops. The conference 
regarding the former demand not yet been arranged, 
and in the case of the latter the men have not yet received 
- employers’ reply to their letter asking for the 
vance. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was steady and a small turnover of 4500 
tons of Cleveland warrants was done at 49s. 14d. cash, 
49s, 2d. eight days, 49s. 4d. one month, and at 493. ifd, 
and 49s. 104d. three months. Closing sellers quoted 
493. 14d. cash, 493s. 44d. one month, and 49s. 104d. three 
months. The market was easier in the afternoon, when 
only one Cleveland warrant changed hands at 49s. ‘id. 
three months. Sellers’ closing quotations were down 
to 48s. 1ld. cash, 49s. 24d. one month, and 49s. $d. three 
months. On Friday morning weakness again prevailed, 
and Cleveland warrants were dealt in at from 48s. lid. 
to 483. 94d. cash, 48s. 94d. six days, 49s. 1d. and 49s. one 
month, and 49s. 74d. three months. The business was 
about 3500 tons, and closing sellers quoted 48s. 94d. cash, 
49s. 04d. one month, and 49s. 74d. three months. Hematite 
was offered at 65s. 6d. one month sellers, with buyers at 
64s. 6d. In the afternoon there was again very little doing, 
the dealings consisting of 1500 tons of Cleveland warrants 
at 48s. 94d. cash and 49s. 03d. and 49s. 1d. one month. 
The session closed with sellers’ prices a trifle stronger at 
48s. 104d. cash, 49s. 14d. one month, and 49s. Sid. three 
months. Cash hematite was quoted at 65s. 6d. sellers and 
65s. buyers, but no business was recorded. On Monday 
morning the market was firm, and Cleveland warrants 
were done at 48s. 11d. and 48s. 10}d. cash, and 49s. sd. 
three months. Closing sellers om 48s. 113d. cash, 
49s. 24d. one month, and 49s. 8$d. three months, and the 
turnover was 2500 tons. A further improvement took 
place in Cleveland warrants in the afternoon, when 5000 
tons were dealt in at 48s. 11d. and 49s. cash, 49s. 3d. one 
month, and 49s. 9d. three months. he session closed 
with sellers quoting 49s. cash, 49s. 34d. one month, and 
49s. 9hd. three months. On Tuesday morning the tone 
was firm, and about 7000 tons of Cleveland warrants were 
put through at 49s. 14d. and 49s. 1d. cash and 49s. 4d. 
and 49s, 44d. one month. Closing sellers quoted 49s. 1d. 
cash, 49s. 4d. one month, and 49s. 104d. three months. 
Hematite was quoted at 65s. 3d. cash sellers. In the 
afternoon the market continued owe, but dealing was 
limited to one Cleveland warrant at 49s. 14d. cash. The 
close was firm with sellers at 49s. 2d. cash, 49s. 5d. one 
month, and 49s. 11d. three months. When the market 
— to-day (Wednesday) the tone was again strong, and 
4 tons of Cieveland warrants were done at 49s. 3d. 
cash, 49s. one month, 49s. 7d. August 4, and 
49s. 114d. and 50s. three months. Closing sellers quoted 
49s. 3d. cash, 49s. 6d. one month, and 50s. three months. 
One lot of hematite changed hands at 65s. cash, and 
there were sellers over at 65s. 3d. one month. The 
market was rather easier in the afternoon and Cleve- 
land warrants were dealt in at 49s. 14d. cash, 49s. 44d. 
one month, and 49s. 11d. and 49s. 104d. three months, the 
session closing with sellers quoting 49s. 2d. cash, 49s. 5d. 
one month, and 49s. 11d. three months. The following 
are the market quotations for makers’ (No. 1) iron :— 
Clyde, 61s. 6d.; Calder and Gartsherrie, 62s.; Sum- 
merlee and Langloan, 64s. ; and Coltness, 82s. (all shipped 
at Glasgow) ; Glengarnock (at Ardrossan), 64s.; Shotts (at 
Leith), 62s.; and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—A dull tone prevails in the 
sulphate of ammonia market, and the price is practically 
unchanged. The shipments from Leith Harbour last 
week amounted to 2291 tons. 


Scotch Steel Trade.—Scotch steel-makers continue busy, 
and a large amount of both ship and boiler-plates are 
being turned out to meet orders on hand. The new 
d2mand, however, is rather quieter this week, but specifi- 
c \tions are plentiful enough to ensure steady employment 
of the various mills until the annual holidays, three weeks 
hence. In light material there is a fair amount of busi- 
ness passing, mainly on export account, while the demand 
for structural sections is on a large scale. This also is 
es for export, the home inquiry being very poor. 

t is stated that no a, ment has so far been arrived at 
by the Scotch Steel-Makers’ Association with regard to 
the matters at present in dispute. Prices are firm and 
without change. 

Mulleable-Iron Trade.—The malleable-iron makers of 
the West of Scotland report that specifications are still 
scarce. Although they are managing to run nine shifts 
in the week, the demand for bars is not satisfactory. The 
basis price for crown bars in this district remains at 
6l. 17s. 6d. per ton, less 5 per cent. delivered. 


Scotch Pig-Iron Trade.—There has been no change in 
the Scotch pig-iron trade during the past week, and the 
local demand is still very poor. Inquiries from abroad 
and from the south are, nevertheless, fairly good. In 
hematite the demand is easier, and 69s. to 70s. is about 
the current price. 








Co.tiieRyY DEVELOPMENT IN YORKSHIRE. — A private 
meeting of land-owners, representing 7000 acres in the 
Snaith district, has mee Ra been held, under the pre- 
sidency of Mr. R. B. Shearburn. At this meeting 1¢ 
was stated that terms for boring for coal had been 
arrived at between the landowners’ committee and 
the Yorkshire Coal-Boring Company, and had been em- 
bodied in a deed of arrangement. Led by Mr. Shear- 
burn, some forty landowners signed the deed, while 
others not present at the meeting had since written 
stating their willingness to do so. The start made is an 
influential one, and there is every prospect of the venture 
being carried through. Should it prove a success, Goole 
will benefit greatly, as the boring will be within $ miles 
of the port. The district is served by three railways— 
the Lancashire and Yorkshire, the Hull and Barnsley, 
and the Great Northern—while the Goole and Knotting- 
ley Canal passes through it. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Wire-Mill Extension.—The largest wire-rod mill in the 
country was formally started on Tuesday last at the 
Tinsley Works of Messrs. William Cooke and Co., Shef- 
field. It marks a notable increase in the activities of the 
company, and before it was completed the late chairman 
and managing director, Mr. Thomas Wilkinson, had 


secured sufficient orders to keep the wire-rod plant | d 


running night and day for twelve months. The 
new mill is capable of rolling a 3-in. billet into a 
wire rod of 200 lb. weight in a minute and a third; 
in ordinary work the production is from 25 to 30 tons 

shift. When the firm was first formed into a 
Fmited company in 1873, the mills were only capable of 
turning out 11 tons per turn of iron and steel-wire rods 
per week. Since the reconstruction of the company in 
1898, improvements and extensions have been steadily 
carried on. A wire-rod mill, started early in 1904, has 
run without stoppage for breakdown or defect in any way 
up to the present time. The main building of the new 
mill is 260 ft. long by 65 ft. wide, and the engines occupy 
a house 147 ft. long. It is estimated, on the most econo- 
mical load, that the engines will give 1120 indicated horse- 

wer. There is a new form, Siemens gas-heating furnace, 
 ateaed five producers and ten charging-doors, capable of 
heating 40 tons of 3-in. billets per shift of 10 hours, the 
billets varying in weight from 120 lb. to 220 Ib. 


South Yorkshire Coal Trade.—Conditions in the coal 
trade remain on the quiet side, with restricted buying. 
There is a disinclination to take up contracts in anything 
like satisfactory volume, and the railway companies are 
holding aloof in this direction. When they do come to 
terms it will probably be at a slight advance. Shipping 
supplies are not of their usual strength. Plenty of gas- 
coal contracts have been made at an increase on last year’s 
rates. Steam nuts are in fair demand, and coke and 
slacks remain on their recent footing. Pit prices of York- 
shire hards are 8s. 6d. to 9s. 6d.; Derbyshire ditto, 8s. to 
8s. 6d.; slacks, 5s. 6d. to 6s. 6d.; second qualities, 3s. 9d. 
to 4s. 3d. per ton. There is a fair amount of house-coal 
going to London and the Eastern Counties, but trade 
gencrally is slack. The hot weather and the holiday 
season have occasioned a big reduction in consumption. 
Stocks are accumulating at collicries, and values, especi- 
ally on second grade, are weaker. The following are col- 
liery quotations :—Barnsley best silkstone, 11s. to 11s. 6d. 
per ton ; Silkstone, 8s. 6d. to9s.; Derbyshire best brights, 
10s. 6d. to 11s. 6d.; ordinary, 8s. 3d. to 9s. 


Tron and Stecl. —The fall in the iron market, and 
diminished buying, are having a depressing effect upon 
the general position of trade. Contracts are not being 
fixed up with the accustomed celerity, buyers inclining 
to wait on the expectation of obtaining still lower prices. 
The reduction of 2s. in all Lincolnshire irons has fortified 
rather than weakened there attitude, and has also had its 
effect upon Derbyshire prices. nsumers of bar iron in 
their turn are looking for reductions, but the makers cannot 
afford to comply. Billets are also suffering from what may 
be termed ‘‘the slump.” Makers, however, are standin; 
firm, and have been Tittle affected by recent Continenta 
competition. Very little is doing in hematites. Finish 
iron still remains at a low level of production. The 
general steel trades are fairly well occupied, of course, 
with work in varying proportions. Yet good orders in the 
heavy departments are expected in a short time. Rail- 
way steel may make up next quarter for the depression in 
this. At any rate, a few large home orders have recently 
been placed, and there are better prospects generally. 
Exports are good, and there is a big demand for steel wire, 
wire rods, &c. ‘A big weight of wire ropes is being sent to 
South Africa on mining account. A large Sheffield firm 
of boiler-makers have just put down a battery of boilers 
for a local colliery company, and have received an im- 
portant contract from the Admiralty for a fe! of 
oilers for extensions at Devonport dockyard. Rolling- 
mills are in fairly good work. e season for hand-too 
is about over, but good business has been done. Large 
increases have been noted in edge tools, and sheep-shears 
have been in especially large démand. « Files and engi- 
neers’ tools are only in small request. 





_ Tue AEROPLANE Suppty Company.—This company 
inform us that they have organised an exhibit coverin) 
nearly 2000 square feet of space in the Engineering Ha 


of the Japan-British Exhibition, where there are now | py, 


displayed aeroplanes, aero-engines, and parts, of British 
manufacture only. .This exhibit was opened on Satur- 
day, the 11th inst., and will continue until the end of 
Oc - different types of machines being shown each 
week, 





Frrx0-ConcreTe Boats.—The use of ferro-concrete as 
a boat-building material was introduced by O. Gabellini, 
of Rome, four yearsago. From Beton wnd Eisenit appears 
that the firm ‘* Meteor,” at Stolp, in Pomerania, has 
recent!y launched a boat, of this kind of a carrying capa- 
city of 22.5 tons, to be used in dredging operations. 
The boat is divided into four holds. The two inner 
holds are open, and receive the spoil ; the two outer holds 
are covered in, and serve as air-chambers to keep the 
vessel afloat. The boat has a length of 33ft., a width of 
13 ft., and a depth of 5} ft. ; empty it has a draught of 
20in. The boat is built up of ferro-concrete frames, plates, 
and longitudinal ribs, the two latter having near the 

ttom cross-sections of 9.8 in. by 4.7 in. ; the board is 
Strengthened by a rib of 7? in. in height and 14 in. in 
thickness ; this rib is with oak-w The plates 


themse!ves have a thickness of about 3 in. 
Meat weighs 17 tons. 





As built the | D: 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Less unfavourable reports 
are given of the iron and allied industries, but there is 
still much room for improvement. Business continues 
very slack. The statistical situation, however, is Leg 
satisfactory. Stocks of pig iron have commen to 
ecrease, Owing to the very heavy shipments and 
home deliveries, as well as to the reduced output by the 
blowing out of a furnace at the Redcar Iron Works. 
Confidence in the future is expressed by many traders, 
and there are not a few who predict that the autumn of 
the year will be characterised by very considerable activity. 
Rather better accounts are to hand from other home iron 
centres, and news from abroad tends to strengthen the 
Cleveland market. No. 3 g.m.b. Cleveland pig is steady 
at 49s. 3d. f.0.b.; whilst No. 1 is 51s. 9d.; No. 4 foundry, 
48s. 34.; No. 4 forge, 48s.; and mottled and white iron 
each 47s. 6d. East Coast hematite pig is weak notwith- 
standing a heavy local consumption. Both merchants 
and makers were prepared to sell Nos. 1, 2, and 3 at 65s., 
but some of the fatter quoted up to 653. 6d. Hematite 
iron is thus dear as compa 
Under ordinary conditions mixed numbers of hematite 
are 8s. to 10s. above No. 3 Cleveland, whereas the present 
difference is about 16s, There is nothing doing in foreign 
ore, but dealers show no disposition to lower rates, 
and values remain nominally on the basis of 20s. 6d. 
ex-ship Tees for Rubio of 50 per cent. quality. There 
is a very plentiful supply of coke, and prices are falling. 
Average blast-furnace kinds can now be bought at 16s. 
delivered here. 


Pig- Iron Shipments.—Pig-iron shipments for June 
a to be the heaviest of any month this year.- To 
ate they average nearly 5,000 tons per working day, as 
compared with a daily average of about 4,250 tons for the 
corresponding part of June last year. 


with values of Cleveland. 


Manufacturcd Iron and Stecl.—There is very little new 
to record concerning the manufactured iron and steel 
industries. Most branches are turning out a lot of 
work, but in one or two departmeuts slackness is 
noticeable. Rail-makers are not so busily employed as 
they have been, and Messrs. Bolckow, Vaughan are 
running short time at their huge Eston mill. Pro- 
ducers of railway material are very busy, and bridge- 
builders are actively engaged. At the same time 
producers generally complain that there are few orders 
in the market. Common iron bars are 7/.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s.; iron ship-plates, 67. 10s. ; 
iron ship-angles, 7/.; iron ship-rivets, 7/. 7s. 6d.; steel 
bars, 61. 5s.; steel ship-plates, 6/. 10s.; steel ship-angles, 
61. 2s. 6d.; steel strip, 6/, 10s. ; steel hoops, 6/. 12s. 6d.; 
and steel joists, 6/. ds. 6d.—all Jess the customary 24 per 
cent. Cast-iron columns are 6/. 10s. ; cast-iron railway- 
chairs, 3/. 10s. ; light iron rails, 6. 10s.; heavy steel rails, 
5l. 10s. ; and steel railway-sleepers, 6/. 12s. 6d.—all net 
cash at works. Iron and steel galvanised corrugated 
—— 24 gauge, in bundles, stand at 11/.—less 4 per cent. 
.0.b. 








GLover’s ALMANACK.—We have received from Messrs. 
W. T. Glover and Co., Limited, one of their almanacs 
for the coming twelve months. This runs from July to 
the end of June in the following year. The illustrations, 
references, &c., on the daily slips refer, naturally, to cable 
matters. 





Doncaster.—The Great Central Railway Company’s 
new avoiding line at Doncaster is approaching comple- 
tion. The line is part of a great scheme which com- 
menced with the Great Central Railway mineral concen- 
tration cape at Wath, made three or four years ago, and 
which the completion of the Immingham dock in about 
two years will bring to a finish. 
of the Great Central Railway at Doncaster has not been 
the crossing of Marshgate, but the crossing of the Great 
Northern Railway main line, which is only accomplished 
by a complicated a ape of points and signals. 
Delay of traffic is inevitable under present circumstances, 
and the Great Central Railway Company are the greatest 
sufferers. The avoiding line is a Tittle lees than four 
miles long. It leaves the main line west of Doncaster 
at Warmsworth, and passing through Sprotborough and 
Bentley, it rejoins the main line again about a mile east of 

mcaster. e@ most oy “yn of engineering is 
a bridge over the Don at the Warmsworth end. It is 
a lattice-girder bridge in four spans, the centre span 
165 ft. 7 in., and the three side spans 52 ft. 4in. The 
neigh of the centre span above water-level is 42 ft., 
and the gradient 1 in 120. At the other end of the 
line, the connection with the up main line is made 
by means of a flying junction. The b 


The supreme difficulty 


ridge over the 
main line is built at an angle of 22} deg. The square 
span is 26 ft. 3 in., and the skew span 88 ft. 10} in. 

he Great North Road and the road to Bentley are 
c near their junction just outside the Doncaster 
borough boundary, the former by a plate-girder bridge 
with a span of 50 ft. 7 in., and the latter by a lattice- 
girder bridge with overhead bracings and in two spans of 
113 ft. 9 in. and 56 ft. respectively. The Great Northern 
and West Riding lines are crossed at a point where they 
run parallel to each other on the same embankment. The 
bridge over the Great Northern main line has a span of 
68 ft., and that over the West Riding line a span of 
65 ft. 74 in.; the spans leave room for doubling both lines. 
The works were designed by Mr. C. A. wlandson, 
engineer-in-chief to the Great Central Railway, and Mr. 
avid Carson has been the resident engineer. Messrs. 
Logan and Hemmingway were the contractors, 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Steam-coal has not shown much activity, 
especially for prompt delivery, but Admiralty coal has 
remained steady. The best large has made 16s. 3d. to 
16s. 6d. per ton, while secondary qualities have ranged 
between 14s. 9d. and 16s. per ton. The best ordinary 
smalls have been quoted at 7s. 6d. to 7s. 9d. per ton. 
House-coal has experienced scarcely any change; the 
best ordinary descriptions have made 14s. 6d. to 16s. per 
ton; No. 3 Rhondda large has brought 17s. to 17s. 6d. 

r ton; smalls, 9s. 9d. to 10s, 3d. r ton. No. 2 
Rhondda large has been quoted at 11s. ode to 12s.; smalls, 
6s. 3d. to 7s. 3d. per ton. . Foundry coke has made 19s. 
to 20s. ; and furnace ditto, 17s. to 17s. 6d. per ton. As 
regards iron ore, Rubio has made 19s. 6d. to 20s. per ton, 
upon a basis of 50 per cent. of iron, and charges, includ- 
ing freight, insurance, &c., to Cardiff or Newport. 


The ‘* Indefatigable.”—Considerable further progress 
has been’ made with the new cruiser Indefatigable at 
Devonport. ‘The fore conning-tower, on a platform abhaft 
the foremost barbette, is of 10-in. hardened steel. The 
foremost funnel is to be lengthened 10 ft. in order that 
the smoke may keep clear of the navigating bridge. 


Bristol and Canada.—Mr. Alderman Twiggs, chairman 
of the Docks Committee of the Bristol City Council, bas 
returned to that city much impressed with a visit which 
he has recently paid to Canada. Mr. Twiggs considers 
that Canada is destined to be the wonder of the world 
during the twentieth century. He had interviews with 
the president and chief officers of the Grand Trunk and 
the Grand Trunk Pacific Railways, with the vice-president 
of the Canadian Pacific Railway, and the vice-presidents 
and chief officers of the Canadian Northern Railway. He 
found them all interested in Bristol and ready to do their 
pert in developing trade with the port. At Ottawa Mr. 

wiggs also had an interview with Sir Wilfrid Laurier, 
and he reminded Sir Wilfrid of a hope which he expressed 
when visiting the Royal Edward k during its con- 
struction, that the next time he came to England he should 
be able to land at Avonmouth. Sir Wilfrid's wish could 
now be gratified. The dock was completed, and the Royal 
Line of steamers was running between Canada and Bristol. 


Dowlais.— The general outlook is considered more 
encouraging. The t Mill has continued to be en; 
upon heavy rails, tin bar, and steel sleepers for the Indian 
State Railways. The Big Mill has had a good output of 
light steel rails, fish-plates, angle-iron, and merchant bar. 


Welsh Coal in Belgium.—The Administration of the 
Belgian State Railways has awarded Welsh firms about 
half the total quantity of small coal required, or 250,000 
tons out of 520,000 tons. Messrs. Morgan and Wakley, 
Limited; Messrs. Pyman and Watson, Limited; Messrs. 
Evans and Reid, Limited; and Messrs. T. Beynon and 
Co. are among the firms which have secured contracts. 


Black Vein Steam Coal.—The annual meeting of the 
Newport Abercarn Black Vein Steam Coal Company, 
Limited, was held in London, on Friday, Mr. G. Brad- 
ford, who presided, said the company had lost consider- 
ably on the year’s working. The Eight Hours Act came 
into operation onJ uly 1, 1909, and the men declined to work 
under the agreement between the coal owners and the 
men’s representatives, with the result that the mine was 
laid idle for nine shifts, the men then returning to work on 
the terms arranged. The Act necessitated a considerable 
increase in day-wage men. On November 3 the men again 
came out on strike on some frivolous misunderstanding, 
and they remained out till December 25. The roads and 
working places, in consequence, went to pieces, and when 
work was recommenced it was some weeks before they 
got into working condition, the loss, re-opening, and re- 
pairing altogether costing the company many thousands 
of pounds and a loss of output of over 50,000 tons. 


More Welsh Coal.—Important colliery developments 
are in prospect at Tonyrefail. The Welsh Navigation 
Steam-Coal Company, Limited, has won at its Coedely 
pits a steam-coal seam at a depth of 635 yards. - The seam 
is 5 ft. Gin. in thickness, and in one coal of excellent 
quality. 








Dutcu SuspMARINE Boats.—Messrs. Whitehead and 
Co., Fiume, have received a second order from the Dutch 
Government for the building of a second Whitehead 
submarine-boat for the Dutce ar This boat will be 
of the same type as the one already building at Flushing, 
and will eo constructed by the ‘‘ Schelde” shipyard. 





Tue tate Mr. A. Henrik Goransson.—We regret 
to announce the death, on the 16th inst., in his 68th year, 
of Mr. A. Henrik Goransson. The deceased gentleman 
was chairman and managing director of the Sandvik Iron- 
works Company, Sandviken, Sweden. Mr. Goransson 
took a great interest, not only in the business concerns 
in which he was interested, but also in the welfare and 
comfort of all his workpeople and dependants. The 
works he was connected with employ several thousands 
of hands. His discretion and genial tact in conducting 
all transactions were always admired. Mr.Goransson also 
took a great and patriotic interest in the affairs of his 
country. He was for some time busily e on @ 
Royal Commission for inquiry into the tariffs of Sweden. 
He was also president of the Chamber of Commerce in 
Gefle, and had frequently been consulted upon commercial 
matters by the late King of Sweden. His services to his 
country have been acknowledged by the bestowal of 
various distinguished Orders, including that of Knight 
Commander of the Royal Order of W with the Great 
—_ also Knight of the Order of the North Star, and 
others. 
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150-TON HAMMER-HEAD CRANE; MITSU-BISHI DOCKYARD, NAGASAKI, JAPAN. 


CONSTRUCTED BY THE APPLEBY CRANE AND TRANSPORTER COMPANY, LIMITED, PARKHEAD, GLASGOW. 


(For Description, see Page 811.) 











Laos (S. Nigeria) AGRICULTURAL SHow.—The Crown 
Agents for the Colonies have sent us a copy of a circular 
regarding the awards that will be made in the imple- 
ments and machinery section of the Agricultural Show 
which is to be held in Lagos, Southern Nigeria, in 
December next. They include a number of gold and 
silver medals. Exhibits will be carried freight free by the 
Elder, Dempster Line from Liverpool, and at a reduction 
of 50 per cent. by the Woermann Line from Hamburg. 
The latest date for re ewe exhibits from Europe is 
October 26. All pack should be plainly stencilled— 
** Manager, Agricultural Show, Lagos.” 




















Fig. 8. 


Messrs, Sremens’ WorkKS.—An interesting publication, | Tue Austro-Huncarian Navy.—The new constracee 
describing their works at Woolwich and Dalston, has come | expenditure of the Austro-Hungarian Government or 
to hand from Messrs. Siemens Brothers and Co., Limited, 1910 is estimated at 1,740,0007. e Trieste Stal — 
Caxton House, Westminster, S.W. The illustrations, | Tecnico has commenced the construction of two batt e- 
which are excellent and numerous, show various stages | ships with a displacement of 20,000 tons each ; t heir 
in the manufacture and testing of all kinds of electric | to anal Pm aia Joseph and the Tegethofi Their 
wires and cables, electrical instruments, batteries, tele- | turbine machinery is to work up to 28,000 horsé = 
graph-line material, and other products of the Wool-| and they are to steam at the rate of 21 knots — 
ab works. The new Dalston works are almost entirely | Austro- am pry Admiralty proposes to build altoget 4 
devoted to the manufacture of ‘‘ Tantalum” lamps, and | four ironclads, at an estimated cost of 8,800, 000/. ees 
the processes involved are all fully illustrated and | to be constructed at the Government Arsenal] at Fo! 
described in an interesting manner. two at Trieste, and the fourth at Fiume. 


power, 
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TESTING MATERIALS 
CONSTRUCTION. 

Tests of structural materials are commonly 
directed towards one of three quite different objec- 
tives. ‘The vast majority of them are made for the 
purpose of deciding whether or no the requirements 
of a certain specification have been met.. Another 
class of tests originates in a desire to find a clue to 
the unexpected failure of material in service. In 
both these cases.the tests have a more or less 
immediate commercial importance, and at the 
bottom have an historical basis, finding their source 
in experience, favourable or otherwise, with material 
in actual service. The third class of tests—that 
conducted for purely theoretical reasons—is of 
smaller immediate importance than commercial 
testing, constituting, in fact, a kind of investment 
for posterity, and yielding, in the immediate pre- 
sent, mental satisfaction rather than any more 
material reward. 

As matters stand it is impossible to formulate 
from general principles the properties which will 
ensure that a material will give satisfaction in 
service. Undoubtedly the resistance of a material 
to fracture is, to a very considerable degree, pro- 
portional to the so-called elastic limit, yet a prudent 
engineer will reject a plate showing an abnormally 
high elastic limit as relentlessly as one which fails 
to reach the standard of his specification. Many 
examples could be brought forward showing the 
wisdom of such a course, as they establish the difli- 
culty of fixing, by mere laboratory aa ar ve. the 
structural value of a new alloy. For instance, a 
nickel-steel showing an elastic limit of 22 to 27 tons, 
an ultimate strength of 40 to 44 tons, and an elon- 
gation of 30 to 45 per cent. on 4 in., proved quite 
unsatisfactory when used for turbine-blading. In 
this case the notched-bar test gave no indication of 
the unreliable nature of the material, since in the 
Fremont machine 10-millimetre by 8-millimetre bars 
recorded a resistance of 250 to 260 foot-pounds, 
whilst a good ordinary 28 to 30-ton steel gives a figure 
of about 170 foot-pounds. It is thus no means 
certain that the remarkable copper-aluminium alloy, 
described in the Alloys Report of the Institution of 
Mechanical Engineers, which, under a wide variety 
of tests, has shown so close a resemblance to a 
good mild steel, would actually prove in practice 
a satisfactory substitute for the latter, even if 
the question of cost were excluded. There is 
undoubtedly a strong presumption that it would, 
but it is a presumption only. 

As yet, the only certain method of securing 
satisfactory results in the use of metals is to follow 
established precedents. The attempt to use, in the 
manufacture of Muntz metal, electrolytic instead 


OF 


6|of furnace refined copper resulted in an unsatis- 
¢ | factory alloy, and there are many other similar cases 


in which we have for the present to content our- 
selves with the fact that experience has shown 
that certain metals, or alloys, are not adapted for 
particular purposes, although one cannot formulate 
any clear mental picture of the mechanism of their 
failure. Bit by bit, however, methods of testing 


23 are becoming established, which, in many cases at 
5 | any rate, do throw light upon unexpected fractures 


of material, but, as already pointed out, it is 
as yet impossible to formulate tests which of 
themselves will suffice to prove the suitability for 
structural purposes of a new alloy. Part of the 


sso | difficulty is attributable, no doubt, to the fact that 
830|in our calculations we are seldom able to state 
1|@ priori the maximum strains to which a machine 


or bridge member, for which such material may be 
required, is likely to be subjected in practice. Were 
maximum stresses definable with certainty, rela- 








tively harder steels, for instance, might undoubtedly 
be adopted than are now in common use. In fact, 
in crank-shafts, rails, piston-rods, and the like, 
where the straining actions are of a relatively 
= and definite character, harder steels are 
used with success than are employed for ship and 
boiler-plates, where in all probability the material 
is much more severely tried by the processes of 
manufacture than it is ever likely to be by its 
designed load, after it is built into the final form. 

There is, however, some reason for believing that 
manufacturing strains and manufacturing costs are 
not the only impediments to the use of hard steels 
in structural work. If structures were never 
stressed beyond their elastic limit, ductility in the 
metal used would seem of little advantage except 
that it facilitates shop processes. The fact, 
however, that plate-girders, double-lattice bridges, 
and similar complicated constructions have proved 
so much more satisfactory in service than single 
inter-section trusses, seems in itself to afford 
evidence that local stresses exceeding the elastic 
limit must arise, and call into play the ductility 
of the materia]. It is impossible that when a girder 
is deformed under its load, the rivets at every joint 
shall, in the first instance, at any rate, take their 
calculated stresses with any real accuracy. Since, 
however, they give little trouble, it seems certain 
that by the development of minute permanent sets 
the load is ultimately very fairly divided amongst 
all the rivets, much as the designer originally 
intended. 

One really extraordinary feature about ductile 
metals is, however, their occasional fracture with 
no apparent ductility whatever. Steel plates have 
on occasion been riveted into place in the morning, 
and have split spontaneously in a diagonal direction 
during the dinner-hour. Test-pieces cut from the 
immediate neighbourhood of the fracture have 
nevertheless shown no particular abnormality under 
the ordinary tensile tests. 

The transverse notched-bar test has, however, 
in some such cases shown the metal to be in- 
capable of withstanding even a normal amount of 
punishment. This test has the enormous advan- 
tage that it can be easily and quickly carried 
out with extemporised plant, and if an engineer 
records the resistance to this test of a steel which 
has given him good results in practice, he can 
rely on it to weed out from future deliveries 
plates or bars the use of which would involve 
a certain amount of risk. Mr. Harbord, indeed, 
has contended that the test is unreliable, since 
the results recorded during his very comprehen- 
sive. investigation were very far from uniform, 
although the ordinary tensile test of the same steel 
gave no indications of serious irregularities. It 
would seem certain, however, that the irregularity 
was in the main inherent in the metal, and not in 
the method of testing. In an ordinary tensile test 
the metal begins to yield at the weakest section. 
By the very fact of yielding the metal becomes 
locally hardened, and is there stronger'than at some 
other section of the bar, which then gives way and 
hardens in its turn, so that local irregularities tend 
to cure themselves. No such automatic adjust- 
ment of ‘‘ the back to the burden” is possible where 
the existence of a notch definitely locates the point of 
fracture. If the notch chances to have been cut in 
the bar at a point where the metal is better than the 
average, the work required for fracture will naturally 
be much more than if the notch coincides with a 
weak spot, and very considerable variations may thus 
legitimately arise. 

It is, of course, quite ible that the method 
is more searching than is really necessary, accen- 
tuating local weaknesses out of proportion to 
their true practical importance. Some evidence 
in support of the view that the process over- 
accentuates the defects of imperfect material is 
afforded by experiments on a broken crank of 
which Mr. Longridge gave particulars two - or 
three years ago in one of his valuable annual 
reports on engine and boiler failures. Specimens 
subjected subsequently to an ordinary tensile stress 
gave results not specially abnormal, whilst other 
specimens tested in Professor Arnold’s alternating 
stress machine showed only two-thirds of the resis- 
tance proper to steel of a type. In 
the notched-bar test, as effected in the Izod machine, 
however, the resistance of the specimen was only 
about one-quarter of its normal odien: The notched- 
bar test is therefore extremely searching in its 
results, but whether this is a defect or an advan- 
tage will probably depend mainly on the purpose 
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to which the steel is to be applied. Captain 
Sankey’s ingenious hand - bending test - machine 
seems to give results very much in line with those 
obtained in the Arnold test. 

An exceedingly interesting feature of the latter 
test was mentioned in the recent discussion at 
the Institution of Mechanical Engineers on the 
hardening of tool-steels.* Professor Arnold stated 
that he had found very substantial differences in 
the number of bends a bar would stand when 
the speed of alternation was raised. At really 
high speeds of alternation the resistance fell off 
enormously. This observation goes to confirm 
the earlier experiments of Mr. Osborne Reynolds, 
in which it was found that the resistance of a 
hard steel tested by Wohler’s method was much 
the same as that of a soft steel, provided the rate 
of reversal of stress was sufficiently rapid. At rela- 
tively low rates of stress reversal, on the other 
hand, the harder steel shows much the greater 
endurance, and this is confirmed by actual experi- 
ence. A tempered chronometer balance - spring 
works for an indefinite time under a stress ranging 
from + 94 tons to — 9} tons per square inch, and 
there is little doubt that, under the same condi- 
tions, a soft steel would not last more than a few 
weeks, if so long. It would appear, accordingly, 
that a too rapidly applied alternation of stress is 
unduly searching in its effects, and fails to discrimi- 
nate sufficiently between different varieties of 
material. 

That the metal should fail more readily under 
rapid alternations than under slow ones is very 
remarkable, in view of the fact that, if stressed, 
no material takes its full deformation at once. There 
is always a certain elastic after-working, small, no 
doubt, but readily detectable with proper precau- 
tions. If the method of applying the load were to 
give the bar a definite deflection in one direction or 
the other, it would be easy to understand that a very 
rapid alternation of the deformation would strain the 
bar more than a slower one, in which case the total 
strain at the most stressed section would be divided 
into two stages—viz., an initial strain followed by 
a small subsequent creep. If time be not allowed 
for this after-creep, whilst the deflection of the bar 
is kept the same as when the rate of reversal is 
slower, the strain would be correspondingly in- 
creased, and an earlier fracture might be more or 
less anticipated. When, however, it is the load 
applied which is fixed, and not the rate of reversal, 
no such explanation seems possible, and the effect 
observed is correspondingly difficult to account for. 





THE DETERMINATION OF THE HEAT 
VALUE OF COAL. 

Anout twelve years ago Lord and Haas con- 
cluded, from their analytical investigation of Penn- 
sylvania and Ohio coals, that the actual heating 
value of a given seam might be regarded as 
essentially uniform over considerable areas. In 
any given type of coal and, less broadly perhaps, 
in any given deposit of coal, there would thus 
appear to exist a certain initial substance with 
certain uniformities as to calorific value, which 
would make it possible to calculate the heat 
units for any sample the locality of whose source 
was known. The variation in coal samples from 
the same locality would, in that case, be confined to 
the presence of more or less moisture and of ash, 
but the quality of the coal would not be affected. 
The rapid approximate analyses and determination 
of moisture and ashes would, therefore, be sufficient 
to grade coals of the same vein, provided that the 
actual coal value, the number of heat units to be 
realised by the combustion of the organic matter in 
the coal, were accurately known. This conclusion 
has been supported by subsequent researches, and 
it has become customary to speak of pure coal, or 
actual coal, or unit coal, meaning by actual or unit 
coal the actual organic matter which is involved 
in combustion, apart from extraneous variable 
mineral constituents. 

The term ‘‘unit coal” is used in a report on 
‘*Unit Coal and the Composition of Coal-Ash,”’ 
published in Bulletin No. 37 of the University of 

llinois, by Professor S. W. Parr and the late Mr. 
W. F. Wheeler, who died at the end of last year. 
Messrs. Parr and Wheeler analysed, in the Engi- 
neering Experiment Station of the University at 
Urbana, Illinois, a great many samples of 
from different collieries of Illinois and of Colorado. 





* See page 700 ante. 





They thus arrived at a formula, which they tested 
and confirmed by calculations based upon experi- 
mental data that had been published by the United 
States Geological Survey. This formula differs 
from similar formulsze proposed by Lord and Haas, 
Bement, Noyes, and others, to which Parr and 
Wheeler refer, and they draw particular attention 
to several points of more or less recognised import- 
ance. Sulphur, present chiefly as iron sulphide, 
evolves heat in burning; the resulting sulphur 
dioxide escapes, and cannot be determined in the 
ash. Such sulphur heat must not be credited to 
the actual coal, and Parr and Wheeler deduct 
5000 S calories from the thermal unitsfound. They 
would allow 5247 B.T.U. for the combustion of one 
gramme of pyritic sulphur S ; but as some of the sul- 
phur is bound by organic compounds, they reduce this 
factor to 5000 S. They further consider the exist- 
ence of non-coal constituents which, by the ordi- 
nary methods of analysis, escape measurement, and 
are counted as part of the true coal substance. 
Such are the water of hydration (of gypsum, &c.) 
and other volatile matter chemically combined with 
the ash substance in such a manner as to be driven 
off only at red heat. The carbonic acid of car- 
bonates would be driven off at fusion temperature, 
and the chlorine (bound in the coal by sodium or 
calcium) would also escape, the metals probably 
combining with the silica present. 

The possible reactions are very complex. Allow- 
ing for all these reactions, however, Parr and 
Wheeler arrive at the formula : 


Unit coal — ___[ndicated nse : 
1.00- [ (ash + CO, + C11.08 + s | 


The factor in the square bracket may be 
shortened to 1.08 A, where A stands for ash, so 
that the denominator of the formula is reduced to 


1.00 — (1.08 A + 0.55 8). 


When the coal is wet the moisture M has also to 
be deducted, and the denominator then assumes 
the form 
1.00 —- (M + 1.08 A + 0.558). 
When carbonates are present in any considerable 
juantity—more than 0.3 per cent. of CO,—the ash 
Ieeesinntion has to be made under special condi- 
tions, and similar conditions apply to chlorine. 
Apart from these latter considerations, the 1.08 
indicates that an hydration factor of 8 per cent. has 
been allowed for. Though all such formule of 
empirical character have, of course, only a restricted 
justification, it would appear from these and cognate 
researches that the po value of a given type 
of fuel may be assumed to vary over widely sepa- 
rated areas only within relatively narrow limits. 
In this sense Parr and Wheeler suggest the follow- 
ing classification of fuel types by their heat values 
for unit or actual organic substance :— 


Cellulose and wood ‘oe 6,500 to 7,800 
Peat... im aa a ..  7,800,, 11,500 
Lignite, brown .. = .. 11,500,, 12,500 

ind lack .. .. 12,500,, 13,500 
Sub-bituminous coal 3,500 ,, 14,200 


Bituminous coal (Mid -Conti- 

nental field)... ne ... 14,200,, 15,000 
Bituminous coal (Eastern field) 15,000,, 16,000 
Semi-anthracite and semi-bitu- 

minous ... dis Bey ...  15,500,, 16,000 
Anthracite ... = oa .. 15,000,, 15,500 





THE IRON-ORE PROBLEM IN 
GERMANY. 

THE iron-ore question has, during the last few 
months, forced itself more into the foreground than 
ever. It is more especially in Germany that it 
is attracting incre attention, and the reason 
is not difficult to discern, as will be seen from 
some figures furnished by the Diisseldorf Chamber 
of Commerce. Says the report in question :—‘‘ The 
import of iron ore has increased to a remarkable 
degree—namely, from 7,732,949 tons for the pre- 
vious year to 8,366,599 tons for 1909, whilst the 
export of iron ore has considerably decreased, 
which two facts illustrate the unsatisfactory state 
of the iron-ore question. The export has decreased 
both to Belgium and, even more so, to France, 
whilst, at the same time, the imports of iron ore from 
France have increased by 450,000 tons, which means 
an increase of some 50 per cent. com with 1908. 
As far as Sweden is concerned the imports receded 


coal | by 250,000 tons, whilst those from Spain increased 


by 500,000 tons, and notable increases also occurred 
in relation to a number of other and more distant 
countries.” As far as Algeria was concerned the in- 





crease amounted to 60,000 tons; for Asiatic Russia, 
130,000 tons, or 100 per cent.; for British India, 
20,000 tons—an increase of 300 per cent.; and for 
Tunis, 30,000 tons, against nil in 1908. These dis- 
tant iron-ore deposits seem to compete successfully 
against others much nearer at hand, as, for instance, 
Austria-Hungary, Greece, Italy, and European 
Russia. 

The decrease in the imports into Germany of 
Swedish iron is attributed to the policy adopted |,y 
the Swedish State in the matter of iron-ore export, 
and in the same connection attention is drawn to 
developments within the American iron industry, 
to the vast plans of extension in the heavy iron 
industry, and the tariff reduction for coal, iron, 
scrap, and pig iron. It is evidently, says the report, 
America’s intention more than hitherto to draw 
raw material from abroad in order to support the 
endeavours, strongly recommended by Mr. Roose- 
velt, to economise America’s own wealth of raw 
material. The United States are already buying iron 
ore in Sweden and Spain and from Siegerland. 

However welcome this outlet for the German iron 
market would be, especially in view of the chronic 
lack of employment for the Siegerland works, it 
gives rise to serious thoughts. It cannot be 
a matter of indifference to the iron industries of 
Europe, neither to the German, nor, still more, to 
the English and the Belgian, whether America puts 
in an appearance as a new buyer of European iron 
ore, Swedish and Spanish, inasmuch as it may 
result in such iron ores becoming considerably 
dearer, especially if America’s requirements should 
increase as much as has been foreshadowed, in addi- 
tion to which iron ore from Sweden may be dearer 
in the future. The Swedish State pursues a policy 
having for its aim the attainment of larger proceeds 
from the Swedish iron-ore deposits. Whether this 
be effected by means of an export duty, or by 
railway rates, is immaterial, in addition to which 
the plans for electric iron-ore smelting in Sweden 
must be reckoned with. 

The German iron-mining industry has for some 
time suffered from a marked depression, and in 
several districts the output last year fell very con- 
siderably short of the allotted kartel quantities. 
In order to mend matters in this direction, the 
introduction of a duty on iron ore has been mooted 
in several quarters—a policy which is being depre- 
cated from other sides, as it is considered a risky 
experiment to further handicap the iron industry 
in the way of obtaining raw material, the more so 
with the expansion of the American iron industry 
in view. 

Under these circumstances the acquirement of 
iron-mines by the iron works is a natural sequel, 
and this refers to iron-ore deposits both at home 
and abroad. Concerns in which such amalgamations 
have already taken place have done comparatively 
well, in some cases exceedingly well, during the last 
few years, and further plans in this direction will, 
no doubt, be heard of in a not too remote future. 








THE ROYAL AGRICULTURAL 
SOCIETY’S SHOW. 

Tus year Liverpool is the seat of the annual 
show of the Royal Society, and the choice has 
every appearance of being thoroughly justified by 
success. A large city, such as Liverpool, situated, 
moreover, in one of the most densely populated 
areas of the United Kingdom, must always offer 

rospects of a record in the number of visitors, which 
it would be vain to expect in the case of smaller 
communities, like Gloucester, the site selected 
last year. Nevertheless, the Royal Agricultural 
Society, being essentially an educative body, very 
rightly has ever considered it desirable to risk some 
of its immediate financial interests by accepting 
invitations to certain towns, even though their 

pulation is so small as to involve a considerable 
chance that the final balance-sheet may exhibit a 
deficit on the year’s working. At Gloucester matters 
were aggravated by exceptionally bad weather, 
with the result that the number of visitors fel! to 
not much more than half the figure recorded at 
Newcastle in the preceding year. Fortunately for 
the exhibitors, the number of visitors is by no means 
commensurate with the business done. The Society, 
however, stands on a different footing, and the expec- 
tation was very general at the conclusion of last years 
Show that once again the members would be ‘ace 
to face with a very serious monetary loss. Actually, 
however, the amount was but some 300/., a fact 
which constitutes most conclusive testimony to the 
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efticiency of the present organisation of the Society, 
after the drastic reforms and economies which were 
rendered imperative by the heavy losses at Park 
Royal and in some preceding Shows. The present 
Council are taking their appointments seriously. 
Each division of the Show is under the direct super- 
vision of one or more members, who are present 
daily from the opening to the close of the grounds, 
after which they meet and discuss their several 
experiences, with a view still further to augment 
the success and popularity of the Show. The site, 
Wavertree Park, providing 108 acres of level 
ground, is still larger than the excellent site 
occupied at Gloucester, and the opening day was 
favoured with magnificent weather, but there have 
been some heavy showers since. The implement 
entries number 4856, which beats the Newcastle 
figure by nearly 400. Amongst them are fifty-eight 
entries in the New Implement Class. 


SteamM-EnGine AND Tractor Exarsits. 


To the casual observer there is little material 
change in the exhibits of portable, traction, and 
agricultural engines. Such engines have, in short, 
already made their history, al been consequently 
standardised in their general lines; but each year 
sees the introduction of minor improvements, 
adding to the ease of working or to the durability 
of the engine. The latter consideration, however, 
already left little to be desired, as engines thirty 
years old are still in regular work. In this con- 
nection it should be borne in mind that such 
engines are exposed to every variety of weather 
conditions, and are seldom in the hands of skilled 
mechanics. 

In accordance with a precedent so long estab- 
lished that it might almost be said ‘‘ that the 
memory of man runneth not to the contrary,” 
Messrs. Clayton and Shuttleworth, Limited, of 
Lincoln, this year occupy a large and well-filled 
stand. 

The principal feature of their steam-engine 
exhibits is a compound traction engine rated at 
7 horse-power nominal, which embodies in its 
design anumber of new details. In the first place, 
all shafting has been stiffened and strengthened 
over what was considered good practice but a short 
time ago. Moreover, although the valve-chests 
are at the side, instead of on the top, of the cylin- 
ders, the adoption of rocker-shafts to drive the 
valves has made it possible to keep the frame so 
narrow that both sets of speed-gears are outside 
the frame. Thus the length of the crank-shaft is 
kept down, which is of special advantage in view 
of the fact that the stiffness of such a shaft varies 
inversely as the cube of its length between bearings. 
The first and second countershafts have ring-oilers, 
whilst the main axle is fitted with chain-oilers. 
We show in Fig. 1, below, a section through 
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one of these bearings. The oil, as it works to- 
wards the ends of the journal, is trapped in a 
groove made in the brasses for the purpose, and 
runs back thence to the oil-well. An engine thus 
fitted has run some months in heavy work without 
the addition of fresh lubricant. The amount and 
cond ‘ion of the lubricant is readily ascertainable at 
any ‘ime by raising the lid of an oil-box com- 
municating with the main oil-well. The shaft- 
brac« ts are of steel throughout. The differential 
gear is of steel, the pinions being six in number. 
The main axles are now made of a special steel, 
‘approximating in its characteristics to that used 
or motor-car work. 

As usual, road-rollers constitute the principal 
attraction at the stand of Messrs. yl and 
orter, Limited, Rochester. About 150 of their 


in the Metropolitan area alone. The introduc- | in diameter by 12-in. stroke, and is designed for an 
tion of compound engines on these rollers has | admission pressure of 160 lb. per square inch. A 
proved of substantial advantage, not merely from | special point in the construction of these engines 
the standpoint of steam consumption, but also from |lies in the fact that the cylinder seatings are planed 
the reduction of noise consequent on the quieter | up, and the shaft-bearings bored after in place on 
exhaust. This consideration has particular force |the boiler, thus securing perfect alignment. This 
where the rollers are used inside borough boun- | the firm are enabled to do owing to their equipment 
daries. The large roller shown is fitted with | of tools for the construction of stationary engines 
Morison’s scarifier, and the extent of the work | of the largest class. They make, for example, the 
done by the Rochester firm on these rollers may be | Lenz engine in sizes up to 2600 horse-power, a 
gauged from the fact that they have, during the life | photograph of one of these being on view at the 
of the patent, paid to the inventor in royalties alone | stand. ‘The roof-stays of their portable and trac- 
something like 50,000/. It is, of course, fatal to|tion-engine boilers pass direct aes the tire-box 
put new metal on hard roads unless the surface has | crown to the outer shell, being screwed and riveted 
been broken up by a scarifier, so as to bind the new | into both plates. These stays are vertical, and not 
with the old. In the absence of such preparatory | radial, as in some earlier constructions. 
work, the fresh material is merely crushed by the| |The steam-engine exhibits of Messrs. John Fowler 
roller. The rolls are all fitted with spring scrapers. | and Co., Limited, Leeds, include a powerful com- 
These are not really essential if due care is taken to | pound ploughing-engine, fitted with double-speed 
properly wet the road before rolling it; but sufficient | gear to the ploughing-motion, both speeds being con- 
consideration is not always given to this, and then | trolled by one hand-lever, so arranged that it is 
the scraper keeps the rolls clean. In isalso advanta- | impossible for a careless attendant to put the two 
geous thoroughly to wet the road before scarifying it, | speeds into gear at one time. The back road-wheels 
since a dry road requires the exertion of just twice |are 6 ft. 6in. in diameter by 22 in. wide. The 
as much power as a properly wetted one. Another | firm also show a light steam-tractor, designed to 
interesting exhibit at this stand is a tractor and | comply with the requirements of the Light Loco- 
roller combined. In this the front roll is remov- | motives Act. A feature of this engine is that the 
able, and can be replaced by a pair of ordinary | eccentrics are turned solid with the crank-shaft, 
traction-engine wheels. Such combinations find | and can, therefore, by no possibility become loose, 
their field in the case of large estates, the pro- as if secured by keys. Three-speed gears are pro- 
prietor of which has often many miles of roadway | vided, the lowest giving a sane 4 of betwoen 2 and 
to keep in repair, as well as a considerable amount |3 miles an hour, whilst with the high gear the 
of haulage. Messrs. Aveling make in their own | maximum speed is about 6} miles per hour. The 
works the whole of their engines, with the excep- | boiler has a Belpaire fire-box, and is designed for 
tion of the pressure-gauges and the road-lamps. |a working pressure of 200 lb. per square inch. A 
The rolls are steel castings, with mild-steel arms | winding drum is provided, as with a full-sized road 
cast on, both into the rims and the hubs. The rim | locomotive, so that the engine is capable of making 
is cast first, and then the hub on the succeeding | its way out from bad ground, and of hauling loaded 
day, a procedure which is found to ensure an | wagons up hills which are too steep to allow of the 
absence of contraction strains, and perfect security | haulage being done in the usual way. 
against the occurrence of loose spokes. A new pattern of steam motor-wagon is exhibited 
Single and compound traction engines, each rated | by Leyland Motors, Limited, of Leyland, Lanca- 
at 6 nominal horse-power, are shown by Messrs. |shire. This is gear-driven throughout, the trans- 
Marshall, Sons, and Co., Limited, of Gainsborough. | mission chain, for long the established drive for 
These are of their well-known standard types, which | the heavier class of motor vehicles, being abolished. 
have long secured a deservedly-earned reputation | The construction of the back axle is icularly 
for reliability and excellence of workmanship. A|noteworthy. The weight is taken by the cranked 
hand-pump is now fitted for supplying lubricant to | axle shown in Fig. 2, but the drive is transmitted 
the aindine. Few of the most interesting patterns | to the wheels —— straight live shafting, as in- 
of Messrs. Marshall’s steam-engines make, however, | dicated, a differential, completely enclosed in a gear- 
an appearance at this Show. Engines supplied for | box, being inter 
service in South America or the Colonies have often | this live axle. 
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to work under very special conditions. The ground | the journals, by which the weight is transmitted to 


may be sandy or soft, necessitating the distribution 
of weight over wheels of proportions which would 
appear abnormal to those used to English condi- 
tions. Again, the fuel available is often very 
inferior in quality, consisting sometimes of straw 
only, whilst in other cases sawdust alone is avail- 
able. Such conditions necessitate special experi- 
ence for their successful surmounting. 

Messrs. J. and H. Maclaren, of ict had in- 
tended to have a new pattern of four-shaft double- 
geared compound traction engine, but a minor 
accident at the works prevented its appearance on 
their stand ; they are represented accordingly by 
one of their well-known heavy ploughing-engines 
only. 

Messrs. Davey, Paxman, and Co., Limited, of Col- 
chester, have on view a 7-horse-power single-cylin- 
der traction-engine and an 8-horse-power portable 
engine. The latter is of well-proved and popular 
type, as is testified by a repeat order just received for 





10-ton standard machines are now at work 





a batch of forty. The former has a cylinder 8} in. 





the cranked supporting axle, and drive the wheels 


by’ means of star-clutches on the outside. The 
engine, which is of the vertical type, has three 
cylinders, and is designed to run at revolutions 


per minute. The valves are all of the poppet 
type, and, in fact, in its general lines the engine is 
a petrol-engine, designed to be driven by steam. 
A two-speed gear-box is bolted to the end of the 
engine bed- ‘ate, and here again the shafting 
runs on ball-bearings. A brake-drum is provided 
inside this gear-box, but there are also two internal 
expanding brakes on the rear wheels. A worm- 
driven feed-pump is provided, whilst a second 
pump ensures a continuous supply of oil to the 
various bearings. The boiler is designed for a 
working pressure of 230 lb. per square inch, and 
some superheating coils are provided inside the 
fire-box. 

Mann’s Patent Steam Cart and Wagon Com- 
pany, Limited, Leeds, show a number of steam- 
tractors and wagons fitted with the side-fired 
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locomotive boiler and top-mounted open-framed 
engine, which has from the outset been a special 
characteristic of this firm’s designs. Amongst the 
exhibits is a light steam-tractor which has been 
entered for the forthcoming trials, by the Royal 
Agricultural Society, of agricultural tractors. This 
has the peculiarity that the back wheels are 
mounted side by side inside of the framing, thus 
giving a narrow wheel-base, and ensuring that the 
wheels shall run clear of the furrows when the 
engine is used for plough traction. A large water- 
tank is fitted, capable of holding enough water for 
a long day’s work. The top of the tank is flat, and 
can be used as a platform for goods transport. 
The engine is fitted with a single eccentric reversing- 
gear. A steam-cart having an underneath enclosed 
engine is also exhibited. 

essrs. W. Tasker and Sons, Limited, of Andover, 
were amongst the first to appreciate the commercial 
possibilities of the now popular light steam-tractors. 
In addition to the standard ‘‘ Little Giant ” tractor, 
designed to comply with the requirements of the 
Light Locomotives Act, they also show a somewhat 
heavier machine, weighing 74 tons, and capable of 
hauling loads of 12 tons over ordinary roads. This 
has a compound engine, provision being made for 
the supply of high-pressure steam to both cylinders 
in cases of emergency. The engine is, moreover, 
quite powerful enough to run a full-sized thrashing- 
machine. 

Messrs. Richard Garrett and Sons, Limited, of 
Leiston, Suffolk, have been amongst the first to 
take up practically the adaptation of the road loco- 
motive and the portable engine to the use of super- 
heated steam. They showat their stand this year 
a number of such engines so fitted. The super- 
heater is arranged in an extended smoke-box, the 
heating surface of the boiler proper being somewhat 
reduced, with the result that the new type of engine 
weighs no more than its | peeomage working with 
saturated steam. In all cases the superheating 
coils are arranged for easy removal and replacement, 
a feature which has received far from due attention 
in certain Continental designs. With one of the 
single-cylinder portable engines exhibited a con- 
sumption of 1.95 Ib. of coal per horse-power has 
been recorded on trial, and the makers guarantee 
the consumption per brake horse-power hour not 
to exceed 2.2 lb. of Welsh coal at full load. 
The steam temperature on which this guarantee is 
based is 550 deg. Fahr. The engine has a single 
cylinder fitted with a balanced piston-valve, with 
steam admission at the centre. The speed is 
regulated by a crank-shaft governor, which directly 
varies the valve-travel. he valve is oiled by 
means of a visible-flow forced-feed lubricator. 

Another exhibit at this stand is a small tractor 
designed to comply with the Light Locomotives Act. 
This also has a smoke-box superheater, though 
only a low degree of superheat is desiderated. 
The tractor is fitted with a compound engine, and 
a large-belly tank is provided below the boiler. 
The latter is of the locomotive type, swivelled to 
the frame at the fire-box end, but arranged to slide 
on turned pins at the front, thus avoiding any risk 
of expansion strains. Cut crucible-steel gears are 
fitted throughout. A single-cylinder road-roller, 
also provided with a smoke-box superheater, con- 
stitutes another of Messrs. Garrett’s exhibits. 

A varied display of simple and compound traction 
and portable’ engines is on view at the stand 
occupied by Messrs. Ruston, Proctor, and Co., 
Limited, of Lincoln ; but the main interest in the 
steam exhibits centres in a semi-portable engine 
designed to work with superheated steam. This has 
an engine of the tandem compound type, with 
piston-valves, for the adequate lubrication of which 
special provision has been made. For years past 
engineers have admitted the superiority of engines 
using superheated steam, 80 far as the question of 
fuel economy was concerned, such doubts as have 
been expressed as to the commercial practica- 
bility of such engines being based on mechanical 
rather than thermodynamic considerations. In 
the engine exhibited Messrs. Ruston, Proctor, 
and Co. have accordingly paid special attention 
to matters of accessibility. The flanges of all 
steam connections are accessible from outside 
the smoke-box. The superheater is located in the 
latter, which is of the extended type. Provision 
is made by which the hot gases can, at will, be 
short-circuited past the superheater, and special 
provision is made for keeping the tubes of the latter 
clean. The entire superheater can .be withdrawn 
for inspection without difficulty, and at need the 





engine could still be run with this part removed, 
as valves are supplied for cutting off the super- 
heater from both engine and boiler. The whole of 
the fire-box and tubing can also be removed from 
the boiler-shell for cleaning and repairs, the boiler 
front being secured by studs and nuts, instead of 
by rivets. The cylinders are provided with forced 
lubrication. An engine of the type exhibited, tested 
by Dr. Hopkinson, took 11.35 lb. of steam per 
effective horse-power hour when developing some 
60 or 70 brake horse-power. 

A traction-engine and a compound steam-tractor 
are exhibited by Messrs. Robey and Co., Limited, 
of Lincoln, but these follow their standard pat- 
terns, and present no features of novelty. The firm 
also show, however, a model of the cylinder and 
valve-gear arrangement adopted for ‘their winding- 
engines, which are finding a steadily increasing sale 
in colliery districts. Not many years ago colliery 
engines were notorious steam-eaters, and criticism 
was commonly silenced by the remark that fuel 
economy was, in such cases, of negligible ~-im- 
portance, the stuff burnt being unsaleable refuse. 
Of late years, however, the market for such fuels 
has become of considerable importance, the -intro- 
duction of coal-washing machinery having rendered 
them available for many purposes, a fact of which 
due note has been taken by colliery proprietors. 
Amongst the exhibits at Messrs. Robey’s stand 
we find accordingly a photograph of a large high- 
class winding-engine supplied to a colliery in South 
Wales. This has cylinders 31 in. and 52 in. in 
diameter by 72-in. stroke, the winding-drum being 
22 ft. in diameter. The valve-gear is of the drop 
type, with very small clearances, making the engines 
very economical of steam. Another interesting 
photograph at the same stand represents a Stumpf 
uni-flow engine, of which Messrs. Robey have 
taken up the manufacture for this country. The 
presenti Adie of this engine is that the exhaust 
takes place at the middle of the cylinder through 
ports uncovered by the piston when it nears the 
end of its stroke. In this way the advantage is 
gained that the relatively cold exhaust steam never 
flows over the hot surfaces at the cylinder-heads 
where the inlet-valves are situated, and a sub- 
stantial reduction in the amount of heat carried 
away by the exhaust steam is thus effected. 

Messrs. Alley and MacLellan, Limited, of the 
Sentinel Works, Glasgow, show a 6-ton steam- 
wagon, and also one designed to carry a load of 
5 tons. A special feature of the latter is an 
hydraulic tipping-gear, the cart-body being tipped 
by an hydraulic ram, the pressure water for which 
is supplied by a duplex pump, of a type frequently 
used for boiler-feeding. The boilers of these 
wagons have rectangular vertical fire-boxes, with 
cross-tubes running from side to side. A super- 
heater is fixed in the uptake. The engines are of 
the enclosed slow-speed type, and are fitted with 
poppet in place of slide-valves. 


Om AND Gas-ENGINEs. 


Amongst other exhibits the National Gas-Engine 
Company, Limited, of Ashton-under-Lyne, show 
a gas-engine and a suction-gas plant rated at 
80 brake horse-power. This would have been con- 
sidered a large plant not many years back, but 
the firm are now extending their works for the 
building on an extensive scale of their tandem 
engine up to outputs of 3000 brake horse-power. 
A highly interesting exhibit is a new oil-engine. 
This is fitted with a governor which controls the 
— by regulating the quantity of oil admitted. 

his is effected by means of a variable-stroke 
pump, the arrangement of which we hope to illus- 
trate in our next issue. Meanwhile we may 
explain that the plunger of this pump is spring- 
actuated, and the length of the stroke is regu- 
lated by a three-step hit-and-miss motion. At 
light loads the striker actuating the pump-plunger 
meets the lowest step of the hit-and-miss block, 
and has a correspondingly shortened stroke As 
the load increases the governor moves the three- 
step block, so that the plunger-striker meets the 
second step, and a somewhat larger quantity of oil 
is forced into the cylinder. A further increase of 
load brings the highest step into action, whilst at 
full load the striker misses the block altogether, 
and the maximum amount of oil enters the cylinder. 
Further, the increased travel of the striker gear, as 
the load increases, is made use of to throw into 
action a water-injection pump, so that at full load 
water, as well as oil, is sprayed into the combustion- 


chamber, whilst. at lighter loads this water injection 





is automatically cut out. As a consequence, the 
engine will run indefinitely at light loads. The 
construction of the combustion-chamber presents 
some special features. It is represented diagrim- 
matically in Fig. 3. As will be seen, a plug formed 
in the piston-head enters at the end of the 
stroke a bored recess in the combustion-chamber, 
thus cutting off direct communication between this 
chamber and the clearance space in the cylinder. 
Under the continued motion of the piston, accord- 
ingly, the pressure rises faster in this clearance 
space than in the combustion-chamber, and, con- 
sequently, a current of air is forced through the 








air-duct shown into the end of the vaporiser, where 
it thoroughly aerates the rich mixture which has 
been compressed into the end of the combustion- 
chamber. On the out-stroke, on the other hand, 
the pressure is at first lower in the cylinder 
clearance than in the combustion-chamber, and, 
consequently, there is a return current through the 
air-duct. This carries the flame directly past the 
nickel ignition-tube, and ensures that this shall be 
kept sufficiently hot to secure ignition under all 
loads. 

Messrs. Davey, Paxman, and Co., Limited, of 
Colchester, show a suction-gas plant and engine 
designed to develop 20 brake horse-power, but this 
by no means represents the limit of output to which 
they build this type of machinery, a number of sets 
rated at 300 brake horse-power being at work in 
different parts of the country. The engine shown 
has two fly-wheels, and is fitted with adjustable 
magneto-ignition gear. Provision is made for con- 
tinuous lubrication of the crank-pin, and the main 
bearings are fitted with pment mn enabling the 
engine to make long runs without attention. 

Messrs. Crossley Brothers, Limited, of Open- 
shaw, are only able, at a show of the limited 
character of the Royal, to exhibit a small selection 
of their many patterns of internal - combustion 
engines and gas - producing plants. The largest 
engine shown is designed to develop 35 brake 
horse-power, running on suction-gas. Such engines 
are well adapted to supply the power require- 
ments of large farms. The suction plant is designed 
to work with anthracite, but other patterns are 
running on sawdust, tan bark, and bituminous 
coal. The-type of plant last made is supplied 
in units as small as 20 rated horse-power, and 
in larger sizes up to 700 horse-power. Bitu- 
minous pressure producers have been supplied up 
to a rated capacity of 20,000 horse-power. ‘These 
are all fitted with gas-wasning, scrubbing, and 
ammonia-recovery plant. 

Messrs. Marshall, Sons, and Co., Limited, of 
Gainsborough, have on view one of their oil-tractors 
rated at 30 brake horse-power. This has two cylin- 
ders, and is suitable for all the power requirements 
of a large farm. These engines are arranged to 
use petrol on starting up, but when warm con- 
tinue to run on paraffin. Still larger oil-tractors 
are supplied for foreign service, and also for mili- 
tary purposes. One of these, having four cylinders 
and rated at 60 horse-power, is being exhibited at 
the Brussels Exhibition. Owing to the steadily 
increasing demand for these engines, the firm have 
found it necessary to create another extension to 
their already large works, where the number of men 
employed now amounts to about 5000. The new 
extension is being devoted entirely to the construc- 
tion of these tractors. The large military type has 
four cylinders, 7 in. in diameter by 7 in. stroke, and 
develops its rated power when running at 751) revo- 
lutions. The driving-wheels are 5 ft. 6 in. in dia- 
meter and 12 in. wide on the treads. The smaller 
and lighter machines have proved very well adapted 
for hauling ploughs, their relatively light weight 
having great advantages in this connection. Some 
— has existed against the use of tractors 
or ploughing, farmers fearing that the engine 
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would compress deleteriously the land over which it 
travelled, but actual experience has shown that this 
apprehension is misplaced. In some recent cases 
the tractor-ploughed land has borne substantially 
petter crops than similar horse-ploughed areas. 

Oil-engines of various sizes and patterns consti- 
tute the principal attraction at the stand of Messrs. 
Richard Hornsby and Sons, Limited, of the Spittle- 
gate Iron Works, Grantham. Of these the most 
interesting is, perhaps, the small portable engine 
which we illustrate on page 811. This weighs 
21 cwt., and is thus a light draught for a horse. 
It has a cylinder 6} in. in diameter, with a 9-in. 
stroke, developing 3% ae when run at 
370 revolutions per minute. e special feature is 
the method adopted for cooling the jacket-water, 
which effects a saving of 33 per cent. of the water 
required with the arrangement previously used, so 
that the engine will run a whole day on one tank- 
full of water. The cooling arrangement consists of 
a sprayer through which the jacket-water is pumped, 
falling as a spray, as indicated in our illustration. 
The evaporation from the finely divided spray 
effectually chills the falling water. A suction-gas 
plant of 22 brake horse-power is also on view at this 
stand.. We may add that the firm have supplied 
similar suction plants having outputs ~ to 340 
horse-power. One of the latter size has been 
running day and night for over two years at the 
Great Mountain Colliery in South Wales, being 
only stopped for six hours each week-end. The 
fuel used is anthracite offal. 

Messrs. Ruston, Proctor, and Co., Limited, of 
the Sheaf Ironworks, Lincoln, have a number of 
gas and oil-engine exhibits, the most notable being 
a gas-engine designed to develop 40 brake horse- 
power when working on suction gas. This is pro- 
vided with throttle regulation, giving a very uniform 
speed of rotation. Special attention has been paid 
to the question of lubrication, with a view to ren- 
dering the engine capable of making long continuous 
runs. Ring-oilers are fitted both on the crank- 
shaft and on the side shaft, whilst two independent 
lubricators are arranged for oiling the crank-pin. 
The cylinder lubrication is of the forced-feed type, 
and there is a separate fixed lubricator for sup- 

lying the gudgeon-pin. The engine is fitted with 
panels magneto ignition, the timing of the 
spark being readily adjustable at will. For facili- 
tating the cleaning of the jacket a large door is 
arranged at the back of the engine, giving direct 
access to the top of the combustion-chamber. Pro- 
vision is made for starting the engine by means of 
compressed air, and the setting of the cam to 
operate the air-valve at the same time provides for 
the release of the compression. 

Oil-engines, ranging in size from 2 up to 37 brake 
horse-power, constitute the principal exhibits at 
the stand of Messrs. Blackstone and Co., Limited, 
Stamford. Of these, four are arranged to work with 
crude oil on the Blackstone principle, which was 
described in detail in our issue of June 3, page 721. 
The engine is in some sort a compromise between 
the Diesel and the ordinary type of oil-engine. The 
compression is moderate —viz.,1501b. persquareinch, 
so that there are no very heavy strains to be taken 
by the crank and main bearings; but the oil is 
sprayed into the cylinder by a jet of air issuing 
under the high pressure of 400 lb. per square inch. 
The system is stated to be proving very successful in 
practice, and Messrs. Blackstone have accordingly 
introduced a portable type. Another pattern 
exhibited at the stand is the vertical marine or 
electric-lighting type, already described in our 
columns. In this the store of highly compressed 
air provided for spraying the crude oil is taken 
advantage of for reversing the engine. This is 
done nearly as simply as in the case of a steam- 


engine. The ordinary oil supply is cut off, and the 
engine started in its reverse direction by means of 
compressed air, the cam-shaft being arranged to 


slide so as to alter the sequence of the valves when 
the engine is reversed. 

Throttle- governing for suction gas - engines 
appears to be in increasing demand. Messrs. 
Tang yes, Limited, of Birmingham, are another 
firm exhibiting this type of internal-combustion 
motor, one rated at 35 brake horse-power form- 
ing a prominent exhibit at their stand. This 
engine is fitted with ring lubrication throughout, 
& practice which is also rapidly becoming the 
Standard amongst the principal builders. The 
engine is fitted with low-tension magneto-igni- 
tion, a special feature being an arrangement 
by which one of the contact-pieces is rotated 





through a small arc at each revolution of the side 
shaft, so that the spark takes place between dif- 
ferent points at each successive ignition. Air- 
pressure is used for starting the engine, the supply 
of air being obtained by causing the engine, in 
stopping, to compress air through a non-return 
valve into a receiver. Engines of this type are 
built by Messrs. Tangyes up to rated outputs of 
200 brake horse-power. The suction-producer by 
which the engine is supplied is shown running 
on anthracite, but works equally well on charcoal, 
which is the fuel most readily procurable in certain 
parts of Eastern Europe. 

The Campbell Gas-Engine Company, Limited, 
of Halifax, repeat on a smaller scale their exhibit 
at the Brussels Exhibition, the main features of 
which were described in ENcIneERING, page 673, 
May 27. The types shown are not, however, the 
only patterns made by this firm, who have just 
oe to Spain three sets of four-cylinder ver- 
tical suction gas-engines, designed to develop 500 
brake horse-power each, and to be direct-coupled 
to electric generators. 

The Britannia Engineering Company, Colchester, 
show one of their horizontal crude-oil engines, which 
is designed to develop 21 brake horse-power. For 
engines capable of working with crude oil there is 
an almost unlimited demand in certain parts of the 
world, of which Russia deserves special mention. 
The engine exhibited has shenaley toon described 
in our columns, and a now somewhat prolonged 
experience has shown that no modifications are 
necessary in its arrangement. 

Light engines, the largest of which, rated at 
3 brake horse-power, is shown driving a dynamo, 
are exhibited at the stand of the Aster Engineering 
Company, of Wembley. This particular engine is 
shown working with paraffin, but in other exhibits, 
at the same stand, petrol is the fuel used. The 
engine is fitted with a centrifugal governor actuating 
a throttle on the admission-pipe. It runs at 1500 
revolutions per minute, and the whole of the work- 
ing parts are enclosed and run in oil. This firm 
supplied the engines for the army airship Beta, 
which so recently made the tour of St. Paul’s. In 
this case the total weight of the engines, inclusive 
of fly-wheel and magneto, was but 4 lb. per brake 
horse-power developed. 

The Morton Gas-Engine Syndicate, Limited, of 
the Hyde Junction Ironworks, Hyde, are exhibit- 
ing at work one of the bituminous suction-gas 

roducers which we described in ENGINEERING, 

une 11, 1909, page 786. These producers are 
designed on the principle of destroying the tar in 
the producer itself, and not on the alternative plan 
of allowing it to be formed and separating it out 
afterwards. 

Oil-engines of various sizes and patterns form 
the exhibit of Messrs. James B. Petter and Sons, 
of Yeovil. In accordance with their standard prac- 
tice water injection, enabling the engine to run on 
crude oil, is fitted in all cases ; but provision is now 
made for water-jacketing the cylinder-head and for 
lubricating the exhaust-valve stem. 

As new implements, Mr. H. P. Saunderson, of 
the Elston Works, Bedford, has entered three sizes 
of his ‘‘ Universal” agricultural motors. The 
largest, rated at 50 brake horse-power, has a four- 
cylinder engine, and is fitted with three speeds, 
both forward and reverse. Both inlet and exhaust- 
valves are positively actuated. They are situated 
on opposite sides of the cylinders, and have inde- 
oontiah cam-shafts. Provision is made by which 
these can be readily dismounted, and access 
obtained to the big ends of the connecting-rods 
from either side of the engine. The drive is by 
steel gears protected by sheet-metal casing. The 
frame has a three-point suspension on the wheels, 
allowing one wheel to rise 19 in. above the plane 
of the other three. Springs are fitted to all wheels, 
back and front. The water circulation is provided 
for by a rotary pump. The radiator consists of 
flattened tubes corrugated. 

The Ivel Agricultural Motors, Limited, of 46, 
Poland-street, London, W., show two patterns of 
their agricultural tractors, fitted with engines rated 
at 18 to 20 brake horse-power. These are adapted 
to work with paraffin. They are mounted on three 
wheels, and have a live-axle drive and differential 
at the back. A chain is used to transmit the drive 
from the engine to the differential. 


IMPLEMENTS. 


As a newimplement, Messrs. W. N. Nicholson 
and Sons, Limited, of Newark-on-Trent, have 





entered a swath-turner specially designed to meet 
the needs of small land-holders. The new machine 
is essentially one half of a full-sized machine, and 
can be drawn by a small horse or even by a donkey. 
No provision is made for seating the driver, which 
further assists in reducing the weight behind the 
traces. The shaft and wheels and the draught 
point are so arranged that neither horse nor wheels 
pass over the ~~ being turned. To accompany 
this machine the firm also are exhibiting a small 
spring-tine cultivator. This is fitted with a true 
parallel motion for simultaneously lifting or lower- 
ing the tines, each of which is, moreover, separately 
adjustable as to height. A bone mill, specially 
intended for breaking up large bones into 1-in. 
or 1}-in. fragments, is also on view at this stand, 
as well as the remains of a steel crowbar which 
was accidentally admitted to and passed through 
the machine. This machine is supplied to meet 
the needs of the extractor of fat from bones by the 
benzine de-greasing process. A model of a com- 
ee de-greasing plant is on view at the stand, 
veing built to scale from the drawings of the full- 
sized apparatus. In this plant the fat is dissolved 
out of the bones by the action of benzine vapour 
superheated to a temperature of about 290 deg, 
Fahr. This plant we hope to illustrate and des- 
cribe at some future date. In addition to this 
special bone-mill, others are shown designed for 
reducing bones, copra, or cork to powder. The 
latter material can be crushed in these mills fine 
enough to serve the needs of the linoleum manu- 
facturer. 

Asa ncw implement, Messrs. J. and H. Maclaren, 
of Leeds, have entered two new patterns of steam- 
plough, designed for ploughing by direct attach- 
ment tosome form of tractor. This method is 
especially suitable when the ground is dry and 
fairly level, and in competitions held last year in 
Hungary ploughs of the type shown beat all com- 
petitors. 

(To be continued.) 








NOTES 
Tue Steam Triats oF THE GERMAN CRUISER 
** Vow per Tann.” 

QUESTIONED in the House of Commons on Wed- 
nesday regarding the dimensions of the German 
armoured cruiser Von der Tann, the First Lord of 
the Admiralty referred Members of Parliament to 
the recent descriptions which have been published 
in German technical papers, and promised to have a 
translation made. hese only confirm details 
already given in Encrneerinc. The displacement ' 
of the Von der Tann is some 19,000 tons, exceedin 
that of the battleships of the Nassau class by severa 
hundred tons. Her 171 metres (560 ft.) of length 
makes her by far the longest ship in the German 
Navy, and some 20 metres (65 ft. 7.4 in.) longer 
than the cruiser Blucher. The Von der Tann has a 
breadth of 26.5 metres (87 ft.) and draught of 
8.1 metres (26 ft. 7 in.), and she is fitted with 
Parsons turbines capable of developing 70,000 shaft 
horse-power. On the builders’ preliminary trials 
the turbines were worked up to 65,000 shaft horse- 
power, and the mean speed just exceeded 27 knots. 
Steam is supplied by eighteen small-tube boilers. 
The quantity of coal carried for ordinary purposes 
is 1000 tons ; the bunkers have, however, a capacity 
of 2800 tons. The armament consists of eight 
28-centimetre (1l-in.) guns, ten 150-centimetre 
(5.9-in.) and sixteen 8.8-centimetre quick-firing 
guns. The ammunition is kept in one central 
armoured compartment. The principle of having 
clear decks has been carried out as far as possible ; 
and besides masts and funnel uptakes, there is 
little on the decks in addition to the turrets. 
The chief difterence between the Blucher and the 
Von der Tann lies in the arrangement of the 
turrets ; the former has six, while the latter has 
four. The first turret is on the middle line 
forward, and the second further aft on the star- 
board side, the third still further aft on the port 
side, and the fourth in the middle line abaft. he 
two side turrets can fire ahead and astern. This 
echelon arrangement of the ’midship turrets corre- 
sponds with that in our ships of the Invincible class, 
which have 12-in. instead of 1l-in. guns. All eight 
= fire on either broadside, and six ahead or astern. 

e two high masts, arranged for signalling and 
wireless telegraphy, increase the shipshape appear- 
ance of the vessel. The Von der Tann hoisted her 
flag on May 31 at Kiel. During the trial numerous 
experiments and firing tests were carried out. For 
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the full-speed trial the ship was taken northward, 
and the trial runs took place in the deep waters off 
the Norwegian coast ; a speed of 27.5 knots was 
recorded. ‘The vessel will shortly be commissioned 
for her official trials. 


Evecrricity AUTHORITIES AND MounIcIPAL 
TRADING. 

Time was when we had frequent occasion to 
inveigh against the more extreme forms of muni- 
cipal trading. For some reason, however, things 
have quieted down during the last few years. It 
has been tacitly recognised that certain forms of 
trading are legitimate ; but it is clear that some 
authorities are still endeavouring to overstep the 
mark. The case of the Attorney-General v. Leicester 
Corporation, which was heard in the High Court on 
Monday last, affords a good example. It appeared 
that the defendant Corporation have power to 
supply electricity under a provisional order, and in 
accordance with the terms of the Electric Lighting 
Act, 1882. That Act provides that undertakers 
supplying electricity may, ‘‘for the purpose of 
supplying electricity . . . . generally do all such 
acts and things as may be necessary and inci- 
dental to such- supply.” Placing a somewhat 
wide construction on the powers so conferred, the 
Corporation have recently established what really 
amounts to the business of electric wiremen and 
dealers in electric fittings. They have claimed the 
right to supply fittings, motors, and lamps, to fit 
up installations, and to keep a show-room for the 
purposes of this business in one of the principal 
streets of Leicester. Mr. Justice Neville, however, 
has declared all this to be illegal. He stated that 
the Court was in no way concerned to consider 
the desirability or undesirability of the powers 
claimed being vested in the defendants. e also 
said that it was immaterial to consider whether 
the defendants had made a profit or a loss by the 
business. If it was ultra vires, it was not the less 
so because it was commercially unsuccessful, nor 
could the most brilliant success enlarge the powers 
of the defendants. He then went on to say that, in 
his view, the supply of fittings could not be regarded 
as incidental to the ‘‘ supply ” of electricity. It had 
to do with the use of energy. In his opinion the 
supply was completed at the consumers’ terminals. 
In the event he granted an injunction to restrain 
the Corporation from carrying on this business, 
which must have been a source of considerable 
annoyance to those who deal in electric fittings at 
Leicester. Had the Corporation openly declared 
their intention of so dealing when they obtained a 
Provisional Order, persons interested would have 
had a chance to offer opposition; they have 
sought to effect the same object by straining the 
interpretation of an Act of Parliament which has 
been in force for more than thirty years. Itisa 
mistake to assume that municipal supply spells 
economy of supply. We recall the words used 
by Mr. Horace Green when addressing the Pan- 
Anglican Congress two years ago. He said that :— 
‘* Abnormal municipal trading means abnormal 
municipal borrowing, and the borrowers have to 
go to the City for their money, and they have to 
pay a higher rate of interest and give a larger dis- 
count than if there were no municipal trading.” 
By way of illustrating the fact that municipal 
supply is not always economical, he went on to 

oint out that at that time the Hackney Borough 
fit its own streets of 105 miles at acost of 156]. per 
niile, while Greenwich, with 108 miles of streets, 
employed private enterprise under the control of 
the Borough Council to carry out the lighting, 
and there the cost was only 72. per mile. We 
do not know whether the business of the Leicester 
Corporation was carried on long enough to enable 
them to show a profit, but having regard to the 

rinciple at stake, we feel quite sure that there is a 
form of municipal tradirg which ought not to be 
allowed without the express sanction of Parliament. 





THE DUSSELDORF INTERNATIONAL 
CONGRESS. 

Tue International Congress on Mining, Metal- 
lurgy, Applied Mechanics, and Practical Geology, to 
give it its full title, was held this week at Diisseldorf. 
The previous con took place at Liége exactly five 


ears ago, in connection with the Liége Exhibition ; 
it also covered the four sections above enumerated; 
and was attended by over one thousand visitors. 
The first gathering of the kind took place in Paris, 
en the oecasion of the Paris Exhibitioti of 1878; at’ 








the suggestion of the Société del’ Industrie Minérale, 
St. Etienne, the chief town of the mining district in 
the centre of France, the visitors numbering only 
150. The second and third congresses were also 
held in Paris, the occasions being the international 
exhibitions of 1889 and 1900. The fourth congress 
was the one held at Li¢ge, above alluded to, when 
the proceedings terminated by the acceptance of the 
invitation issued by the Lower Rhine and West- 
phalian mining industry to hold the next (fifth) 
a in Diisseldorf in 1910. The carrying out 
of the resolution was in the hands of the Association 
for the Furthering of the Mining Industry in the 
Dortmund district and of the Association of German 
Iron-Masters, who combined together for the pur- 
pose about one year ago, forming a working com- 
mittee, entrusted with the necessary organisation. 
Over 1750 persons have sent in their names for 
membership, among whom are 634 foreigners, there 
being 73 British members, one from India, four from 
Canada, and four from the United States. The Com- 
mittee of Organisation had for president Councillors 
Kleine and Springorum, Dortmund, and for general 
secretaries Mining Expert von Loewenstein, Essen, 
and Dr.-Ing. Schrédter, Diisseldorf, and we take 
this opportunity of congratulating them and their 
staff on the admirable way in which they have 
carried out the whole of the arrangements. 

An informal meeting took place on Sunday 
evening, the 19th inst., at the Zoological Gardens. 
The official proceedings commenced at 9.30 a.m. 
on Monday, the 20thinst., when an opening general 
meeting was held in the main hall of the Town 
Concert Building, followed immediately afterwards 
by a first meeting of all four sections for the 
reading and discussion of papers. The second 
meeting of sections took place on Monday afternoon 
from 2.30 to 5.30. The third meeting of sections 
was held on Tuesday from 9 a.m. to 1 p.m. The 
programme included a large number of visits to 
works in the district —the German “‘ black country,”’ 
but black only in name—and also carriage drives 
and excursions for the lady visitors. The proceed- 
ings terminated by a final general meeting of Con- 
gress, held yesterday, from 4.30 to 5.30 p.m., in the 
main hall of the Rhenish-Westphalian Coal Syndi- 
cate, Essen. The Committee of Organisation had 
also arranged, in conjunction with the Committee 
in charge of the Brussels Exhibition and with the 
Commissioner entrusted with the German Section at 
the Exhibition, foran excursion of members of Con- 
gress to Brussels ; a large party have decided to take 
part in this and will leave Diisseldorf in two special 
trains this morning. They will be welcomed by the 
Exhibition Committee, the German Imperial Com- 
missioner, and the Brussels Municipality, and will 
visit all departments of the Exhibition. The Con- 
gress will close at Brussels on Sunday evening 
next. 

The proceedings at the meetings of sections were 
of a similar nature to those of technical societies 
at home, and we propose to describe them briefly 
in this and subsequent issues. The papers sent in 
numbered over one hundred for the four sections ; 
copies were placed at the disposal of the visitors, 
together with short abstracts prepared by the Com- 
mittee of Organisation, and printed in German, 
English, and French. 


INAUGURAL PROCEEDINGS. 


The proceedings were opened on Monday by the 
President, Councillor Kleine, Dortmund, who ex- 
pressed his satisfaction at the large attendance and 
most heartily welcomed all the visitors. He gavea 
brief history of the first four congresses, and stated 
the names of the German associations who had 
sen that the fifth Congress should be held in 

iisseldorf. He then gave general figures dealing 
with the consumption of coal for steel manufacture, 
and with the utilisation of iron-ore since 1905, the 
date of the last Congress. He dwelt in well-chosen 
words upon the advantages of international con- 
gresses, which had the effect of bringing about a 
friendly intercourse between manufacturers of 
different nations, who were thus able to exchange 
ideas. Competition still existed, he said, but it was 
lessened in degree by the great number of interests 
which were held in common, and metallurgy had 
always Me 2 good example in this respect. 

The President was followed by His Excellency 
Von Sydow, Minister for Commerce and Industry, 
Berlin, who welcomed the guests in the name of the 
Chancellor and on behalf of the Government. The 
number of visitors attending the Congress afforded, 
he said, a proof of the importaniée of the Gerriian 





industry, and his presence that day among them 
showed the interest which the Government attached 
to the industry of the country. Technics strove to 
overcome Nature, and it had now broken all national 
bounds. This had also been facilitated by the 
improvements achieved in means of transport ; 
metallurgical products were now carried rapidly 
from one country to another, and the improve- 
ments made in one country were immediately a\ail- 
able throughout the world He referred briefly to 
some of the recent improvements made, such as 
the freezing process for shaft-sinking, the develop. 
ments in the utilisation of water-power, steam, and 
so forth, adding that it was quite natural that ideas 
should be exchanged freely at congresses, but uot 
inventions or actual experience gained. Scientists 
had not come to the end of their labours, and 
improvements were still being introduced. 

n the President proms that the officers for 
the various sections be appointed, Mr. Dejardin, 
Brussels, moved that those who had so admirably 
carried out the organisation work should be ap- 
pointed. This was seconded by Mr. C. Kirchhotf, 

ew York, on behalf of the United States engineers, 
and by Mr. Martin, on behalf of the British 
members. 

The members then proceeded to the rooms 
appointed for their various sections, and the papers 
sent in were read and discussed. 


PracticaL METALLURGY. 


The first a taken in this section was one by 
Professor Herbst, Aix-la-Chapelle, entitled 


On THE DEVELOPMENT OF CoKE-OVEN 
PLANTS. 


The paper was illustrated by lantern-slides. It 
dealt with the construction of coke-ovens and with 
their working, the question of recovery of the by- 
products being left out of consideration. The 
author stated that the latest developments in the 
construction of the ovens lay almost exclusively 
in the improvement of the horizontal type, having 
vertical heating flues ; and he gave the names of the 
German firms who had effected such developments. 
Recent improvements also applied mainly to the 
development of the regenerative oven, the latter 
having increased in importance owing to the increas- 
ing use of coke-oven-gas-driven engines, but especi- 
ally to the recent application of coke-oven gas for 
lighting, heating, and power purposes in towns. 
The improvements had led to greater regularity in 
the heating of the ovens, and to the obtaining of 
the largest possible volume of gas attainable by a 
careful utilisation of the calorific value of the 
heating gases, and by a reduction in the coking 
period. 

The supply of coke-oven gas to towns had met 
with success in the United States as early as the 
’niueties, thanks to the energetic action taken in 
this respect by Mr. Schniewind. In Europe oppo- 
sition had at first to be overcome on the part of gas 
engineers ; the supply of this gas to European cities 
was now, however, increasing. Several German 
works were cited as having been successful in the 
building and working of coke-ovens to meet this 
object. The quality of the gas produced being less 
rich both at the commencement and towards the 
end of the process, this gas was, in some instances, 
used for heating the ovens, the gas obtained during 
the favourable period being supplied as rich gas. 
In large batteries of coke-ovens, however, a natural 
equalisation of the gases could take place, and the 
whole of the gas produced could be supplied to 
outside customers; in such case, however, the 
ovens had to be heated by separate generators. 
Inclined ovens were referred to in the first place 
as having met the case and having been found 
suitable for town gas-supply. They were now, 
however, being superseded in many large installa- 
tions by horizontal ovens. Data on both were 
given, and the working of the ovens in all its 
aspects was reviewed. 


On THE Recovery or By-Propvucts IN 
Coke-OveNn PLANTS. 

per was then read in abstract by its 
fessor Dr. O. Rau, Aix-la-Chapelle, 

who gave the following figures, showing the pro- 

gress made during the last ten years. Of the coal 

dealt with in coke-ovens with recovery of by-pro- 

ducts, there was coked :— 


This 
author, 


In 1900. In 1909. 
In Germany eh ... 80 per cent. 82 per cent. 
» Great Britain... .. 10 ,, 18 
», the Unitéd Statés =. 5 ,, 16 
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The world’s production in sulphate of ammonia had 
risen during the same period from 484,000 to 952,000 
tons. In Germany the production of benzol had 
risen from 28,000 to 90,000 tons. The distillation 
of coal largely depended upon the rapidity of heat- 
ing. The formation of tar lay between 200 deg. 
and 500 deg. Cent. (392 deg. and 932 deg. Fahr.), 
and the formation of ammonia between 500 deg. and 
700 deg. Cent. (932 deg. and 1292 deg. Fahr.). The 
more slowly the two periods were passed the more 
of the two products in question escaped decomposi- 
tion. The coking of coal by distillation resulted from 
the dissociation of tar with precipitation of the 
carbon ; it did not therefore take place when the 
coal contained a large quantity of oxygen, which 
prevented the separation of the carbon from the tar, 
or when the coal contained too few tarry elements. 
Coking was also impeded when heating was slow up 
to 300 deg. Cent. (672 deg. Fahr.), with absence of 
air. The quantity of ammonia recovered might be 
increased by half by a very slow distillation process. 
Nitrogen existed in coke in the shape of nitrocarbons, 
which were partly heat-resisting compounds. The 
use of tar was stated to be on the increase for the 
tarring of streets, whilst that of benzol was gradually 
increasing also for driving explosion motors. There 
was also the probability that the use of ammonia 
would become extensive in agriculture, so that an 
increase of production of this by-product need not 
be viewed with apprehension, even should the 
fixing of the nitrogen from the air be further 
developed. 


On Iron-OrE BrIQUETTING IN GERMANY. 


This paper was read in abstract by its author, 
Councillor G. Francke, Professor at the Mining 
Academy, Berlin. It dealt with the briquetting of 
iron ore, including purple ore, heavy blast-furnace 
dust, converter dust, and similar waste rich in iron. 
There were, it was stated, at the present time in 
Germany ten briquetting plants, having together 
a daily output of 2330 tons, of which by far the 
largest proportion, 1700 tons, applied to blast- 
furnace-dust briquettes. The manufacture of such 
briquettes cost, including writing off, and interest 
on, capital, 1.60 to 1.80 marks (under 2s.) per ton, 

In the discussion which followed, one speaker, 
Dr. Weiskopf, found the price 1.60 marks too low, 
adding that no plant could manufacture under 
3 marks if repairs were taken into account, and the 
utilisation of briquettes was not so advantageous 
as to justify the payment of 3 marks per ton. 

The author replied that his figures were correct; 
they were obtained from the works and included, as 
he had stated, the writing down of capital. 

Dr. Louis, Newcastle, who followed, referred to 
the slag process adopted in various countries, and 
added that the use of briquettes led to economy. 
But all the conditions involved had to be considered 
together, and not the bare price alone. When 
suitably carried out, briquetting was of special value. 


ON THE CHANGES OCCURRING IN THE Com- 
POSITION OF Frre-Bricks. 


This paper was read in abstract by its author, 
Dr. Blasberg, Dahlhausen ; it dealt with the changes 
observed in the composition of fire-bricks, due 
to heat, slags, and so forth. In the case of the 
behaviour of bricks in coke-ovens, the action of 
common salt, which happened to be in solution in 
the water used for washing the coal, came especially 
into play. The damage which might also be 
caused by the settling of solid coal particles into 
the texture of the brick was also called attention 
to. In the case of Siemens-Martin furnaces, the 
destruction of silica bricks, of which the roof of 
the furnace is built, was reviewed, the action both 
of basic oxides and of the entrance of carbon being 
considered. The paper contained several tables 
giving a large number of analyses. 


ON THE CLEANING OF Biast-FuRNACE Gas 
IN GERMANY. 


A paper on the above subject was then taken, 
the author, Mr. Curt Grosse, Metz, reading it in 
abstract. He stated that the annual pig-iron 
production in Germany amounted to 13,600,000 
tons, evolving about 7,650,000 cubic metres 
(270,000,000 cubic feet) of blast-furnace gas per 
hour, reduced to a temperature of 0 deg. Cent. 
(32 deg. Fahr.), and a pressure of 760 millimetres 
(29.9 in.). Of this quantity, 4,840,000 cubic metres 
(171,000,000 cubic feet) was cleaned. As a rule, 
the gas was first made to flow through dry dust- 


washed. The larger dust-catchers had a capacity of 
about 0.8 to 1.5 per cent. of the volume of gas to 
be cleaned | rd hour. Their ratio of diameter to 
height varied between 1 to 2 and 1 to 3, according 
to the ore dealt with. The coolers were mostly of 
the static type, their capacity being about 0.6 to 1 
per cent. of the volume of gas to be cooled per hour. 
Cooling had to be thorough, so as to condense as 
completely as possible the steam contained in the 
gas, and thus increase the calorific value of the 
latter. The author recommended the washing of 
the gas to be centralised, to compensate for fluctua- 
tions in the gas supply from different furnaces, A 
satisfactory plant led toa notable reduction in the 
cost of pig iron. The paper contained a large 
number of illustrations and views of separate appa- 
ratus and complete plant. 

Director Miiller, Brebach -Saarbriicken, who 
opened the discussion, stated that with a dry pro- 
cess he had at first experienced some trouble, but 
met with success later. He gave figures showing 
the impurities found at the different parts of the 
system ; none were found at the ignition device of 
the gas-engine, this being worn only in the usual 
way. He easily got rid of the dry dust ; he used it 


hot, owing to a valve not closing sufficiently tightly ; 
but he had since remedied that evil. 

Mr. Gouvy, Diisseldorf, said it was most im- 
portant to use a plant ensuring that no interruption 
should be required in the running for clearing out 
the pi He had used oval pipes having openings 
at a distance from each other equal to the diameter 
of the pipe. In a blast-furnace installation he had 

ut down in South Russia, a gas-pipe 140 metres 
460 ft.) in length for dry blast-furnace gas was 
maintained perfectly clear by two men only, who 
worked from a foot-bridge, using a small hand- 
truck. The wet clearing apparatus should always 
include one spare group to act as a stand-by, so as 
to be set working immediately one became foul in 
running. The removal of the wet slimes was 
often attended with very great difficulties, to 
remove which he had carried out experiments in 
which the wet slimes were collected in basins, and 
there dealt with by a centrifugal device. By this 
means he obtained an earthy substance containing 
only about 15 or 20 per cent. of water (instead of 
sometimes 90 per cent.), easily removed preparatory 
to the making of briquettes. The latter were of 
special value, particularly in the case of the manu- 
facture of ferro-manganese, when the dust thus 
collected and treated might contain as much as 
20 per cent. of manganese. 


On THE VALUE OF MicroscopicaL REsEARCH FOR 
THE EsTIMATION OF Briast-FURNACE SLAG. 


This paper was read in abstract by the author, 
Dr. H. Passow, Blankenese, who illustrated his 
remarks by lantern-slides. The microscope shows 
rapidly whether granulation or crushing has 
yielded vitreous or non-vitreous slag particles. The 
vitreous slags alone had a market value for the 
manufacture of slag cements. 

The proceedings were continued on Monday 
afternoon, and we review the papers which were 
taken. 


On THE PRESENT SITUATION OF THE CONVERTER 
Process In GERMANY. 


This was read in abstract by the author, Mr. 
Esser, Differdingen. He gives comparative figures 
on several plants in Germany, showing the instal- 
lation of different steel works in the various German 
districts. In comparing the basic process with the 
ore process, he shows figures in favour of the 
former. The paper was illustrated by plans and 
diagrams. 

THe Ore Process. 
A paper under the above title was then read in 
abstract by the author, Mr. R. Genzmer, Director, 
Julienhiitte, Upper Silesia. He said that the 
Siemens-Martin process mainly served at first to 
melt scrap together with the smallest possible 
amount of pig iron. The open-hearth process 
brought about a great change when the use of pig 
iron in its molten state was introduced. At the 
present time a large number of German works ran 
with molten pig iron, and it might be reckoned as 
certain that the ore process would still lead to 
further developments. He gave illustrations of the 
ore process worked with a molten charge of pig iron 
taken direct from the blast-furnace, or after passing 
through the usual type of heated mixer, or using a 


for dry briquetting. At first the gas remained too | 19% 


Bertrand-Thiel process, and concluded by statistics 
giving an idea of the extent to which the open- 
hearth furnace was gradually superseding the con- 
verter in regard to the quantity of output. 

Mr. Gouvy, who opened the discussion, and 
dealt mainly with Mr. Eeser's paper, said that the 
author had referred especially to iron containing a 
high percentage of phosphorus. Before deciding 
upon a process, the class of material available and 
the class of product to be obtained were to be duly 
considered. The putting down of the Talbot process 
was certainly a mistake in some places, while it 
suited in others. 

Mr. Anglés d’Auriac, Lille, who followed, gave 
interesting figures, as follow, showing the situation 
in Germany and Luxemburg of the various steel 
processes at different periods :— 











Bessemer eee Siemens- 
Year and Production orConverter| ‘ . Martin Acid 

" Acid Peeome. and Basic 

| Process, Process. 

per cent. per cent. per cent. 
1880, 780,000 tons - 92.7 4 4.9 
1890, 2,232,000 ,, 15.7 68,9 17.4 
1893, 3,163,000 ,, 8.9 74.1 17.0 
, 6,510,000 ,, 3.4 63.6 33.0 
1909, 11,742,000 ,, 1.3 64.0 34.7 





The basic open-hearth process had developed 
on a smaller scale than the Siemens-Martin pro- 
cess, even in Germany. Three conclusions could 
be drawn in the matter. In the first place, the 
raw product available formed a natural condi- 
tion, the pig-irons were of well-determined grades 
and formed the basis for the putting down of 
a plant. In the second place the manufac- 
tured product had to be considered. While 
the Siemens- Martin process was one having a 
greater elasticity both for large and small out- 
puts, the basic open-hearth was specially adapted 
to large outputs. The Siemens - Martin process 
was comparatively slow, and more costly than 
the converter plant and method of working, but 
again local conditions intervened. In England, the 
Siemens process accounted for about 72 per cent. 
of the total production; the basic open-hearth 
process was gaining in England, but it did not 
account for more than 12 per cent., there being 
16 per cent. for the Bessemer converter. The 
advent of the electric furnace had now to be 
reckoned with generally ; it would, no doubt, bring 
about modifications in the applications of the three 
processes he referred to above, and would be used 
in the manufacture of steel of superior quality at a 
comparatively moderate price. 


On Gas-PRopUCcERs. 
per was by Mr. J. Hofmann, chief engi- 
itkowitz, and was read in abstract by the 
The following table shows the oy ve 
ealt 


This 
neer, 
author. 
4 efficiency of the various gas-producers he 
with :— 


Efficiency of Various Gas- Producers. 


Average Gas Average Gas 

Production | Production 
3 for the Pro- | per Unit of 
®, ducer per | Area per 


Type of Diameter Section 
Gas- of of 
Producer. Producer. Producer. 


Class of Coal 











5~ 24 Hours. Hour. 
mm, ft.-in, sq.m. sq. ft. k. Ib. |p. 8q. p. 8q. 
4g 3 fh. “tb 

Kerpely ..|2500 8 2 4.90 52.74 5 (21,200 46,725, 180 36.8 
Rehmann 3000 9 10 7.06 76.00 22,000 48,490 130 26.6 
Hilger ..3000 910 7.06 76.00 22,000 48,490, 130 26.6 
Talbot ..3100 10 2 7.54 81.40 29,000 63,915, 160 32.8 
Hughes .. 3000 9 10 7.06 76.00! ca 27,000 55,490, 159 = 82.7 
Witkowitz 1850 4 6 1.43 15,90 & 9,090 20,030 265 54.3 
stack - pro- =f 
ducer with- g 
out grate 9 
Ditto, later 1150 3 9 1.24 13.40 & 8,300 7,270| 110 22.5 
type x x & 

1080 8 6 8 
Fichet -1200 311 1.18 12.00 24,410 53,800 900 184.3 
Heurtey 
producer 





On tHe Use of Various Kinps or Gas For 
Workine Oprn-HeartH FURNACES, AND THEIR 
INFLUENCE UPON THE QUALITY OF THE Metal. 

This paper was contributed by Mr. Terpitz, chief 
engineer of Hubertushiitte, whostated that the deve- 
lopment achieved in the construction of gas-engines 
had contributed towards increasing the surplus of 
blast-furnace gas, inasmuch as by utilising the gas 


under boilers, 1 horse-power hour, using the steam 
generated, required from about 7 to 8 cubic metres 
(about 265 cubic feet) of blast-furnace gas, while 
1 horse-power hour using the gas direct in a gas- 








satehers, and it was theti cooled and repeatedly 





mixer for partly refining. He also réviewed the 


engine took only fronmi abotit 3 to 34 cubic metréa 
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(about 115 cubic feet). The attempts hitherto made 
to work open-hearth furnaces with blast-furnace 
gas had repeatedly led to disappointment, owing 
to the low calorific value of the gas as com- 
yared with good producer-gas. The author was, 
emcee convinced that metallurgists would in a 
very few years be able to work open-hearth furnaces 
satisfactorily, using solely, or partly, blast-furnace 
gas as fuel. Attention was called to the increase 
attained in the calorific value of blast-furnace 
as by reducing its percentage of carbonic acid. 
hus, a blast-furnace gas having 945 heat units per 
c.m. (105 B.Th.U. per c.f.) could be transformed 
into one having 1797 heat units (200 B.Th.U). 

The Hubertushiitte started in May, 1907, to 
supply the Siemens-Martin furnaces with part of 
the surplus coke-oven gas available owing to the 
putting down of a new coke-oven plant. The new 
coke-ovens, ninety in number, dealt with about 320 
tons of coal per twenty-four hours, thus giving a 
volume of about 65,000 cubic metres (2,295,000 
cubic feet) of gas, having a calorific value of at 
least 3300 heat units (370 British thermal units). 
The drying-stoves, reheating, and other furnaces 
of the iron and steel foundries were heated with 
a portion of these gases, and in the Siemens- 
Martin works, where the total coal consumption 
formerly amounted to 318 kilogrammes (700 Ib.) 
per ton of ingots, only about half that figure was 
now required. The difficulties which surrounded 
the utilisation in the service of the furnaces of a 
high quality fuel had led to a decrease of about 
8 to 10 per cent. in the life of the furnace roofs 
and ports. On the other hand, the life of the 
chequer-work in the regenerator chambers had 
increased by about 40 to 50 percent. Assertions 
to the effect that the hydrogen content in the 
heating-gases would have a bad influence upon the 
quality of the ingot metal had not hitherto proved 
true. The same might also be said as to the alleged 
destructive effect of the hydrogen upon the refrac- 
tory brickwork. The regeneration of coke-oven gas, 
when suitable measures were taken, offered no 
difficulty whatever, and this had been confirmed 
by a large number of gas-tests taken in front of the 
regenerators and from their upper portions. The 
gas-tests had shown no discrepancy worth men- 
tioning. 


Recent IMPROVEMENTS IN THE CONSTRUCTION OF 
Open-HeartH Furnaces. 

This paper, by Mr. O. Friedrich, engineer, 
Julienhiitte, Upper Silesia, was, in the absence of 
the author, read by Mr. Genzmer. The author said 
that the great development in the Siemens-Mariin 
steel process had had an important influence upon 
the construction of the furnace. The introduction of 
the ore process had increased the wear in the furnace 
by reason of the violent reactions which occurred 
at the higher temperatures in the great masses 
forming the bath. The vertical type of regene- 
rators was preferred. The suitable ratio of gas- 
chamber to air-chamber was found to be as 1 to 
< 1, generally 1 to 1.4. The greatest drawback 
in the matter of the regenerators lay in the 
formation of slag and dirt, which mostly col- 
lected in the lower part of the chambers. Dust- 
catchers were built in the sides of the regenerators, 
and, in flowing through these, the were 
compelled to vary their course, thus facilitating the 
settling down of impurities, the arrangement re- 
placing the slag-pockets. The chambers now lasted 
from 2000 to 2500 heats of 40 tons each. Large- 
size bricks, giving large intervening spaces, were 
also now used, also bricks of various shapes for the 
chequer-work. The gas and air-currents rising 
from the chambers were carried satisfactorily 
through a single shaft, whereby reduction of wear 
was secured owing to air-cooling and ease of 
access. Removable slaz-pockets were located at 
the lower end of the gas and air-shaft. The 
gas-flues were given a long path. In regard to 
the incline of the flues, angles to the horizontal of 
about 30 deg., and 15 deg. to 17 deg. for the gas, 
were generally worked to. There were mostly two 
air and two gas-flues ; the arrangement of one of 
each was also resorted to with advantage. Various 
devices for the furnace-ports were also reviewed. 
The larger types of furnaces were generally built in 
the ratio of 1: 2.5 to 2.7, for width to length of 
hearth; the actual figures did not exceed 4 metres 
(13 ft. lim.) and 11 metres (32 ft. 9 in.) in the 
clear. The strengthening of the furnace by cast-iron 
plates, which rendered the brickwork inaccessible, 
was being gradually abandoned. 





On THE Present SITUATION OF THE ELECTRIC 
Steet Process. 

This paper was then read by its author, Professor 
Dr. B. Neumann, Darmstadt, who stated that in the 
last two years Germany had produced 18,000 and 
20,000 tons of electric steel, this exceeding the pro- 
duction of other countries. But these conditions, he 
said, would soon change, for in the United States 
two 15-ton electric-steel Héroult furnaces were now 
running, which, in twelve heats per twenty-four 
hours, would yield a total of 100,000 tons per annum. 
The Americans, however, went in for large quan- 
tities, whilst the object in Germany was to secure 
a high-quality steel. There was every probability 
that 25-ton furnaces would be built shortly. At 
the commencement of 1910, 67 electric steel furnaces 
were running and 40 were in construction. The 
107 furnaces were on seventeen systems, there 
being 29 Héroult, 17 Girod, 15 Réchling-Roden- 
hauser, 14 Kjellin, 13 Stassano furnaces. Classed 
according to type, there were 32 induction and 72 
electrode furnaces. The author described the new 
15-ton three-phase-current Héroult furnace ; hemen- 
tioned the improvements in the Stassano furnace ; 
gave details of the Girod system, the Keller furnace, 
the Levoz furnace, with a deep steel bath resem- 
bling a small converter, and the Nathusius system, 
with three carbon electrodes above the bath, and 
three steel bottom electrodes. He also dealt with 
the Kjellin furnace, mentioned improvements in 
the Roéchling-Rodenhauser type, and gave a few 
data on the Frick and Hiorth furnaces. 

The electric furnace would not, he said, replace 
other steel-making processes (the crucible process 
excepted), but would complete them by improving 
the quality of the metal. Figures were given show- 
ing the mechanical superiority of electric steel over 
ordinary steel. The probable application of the 
electric furnace to the steel foundry was also 
alluded to. The paper contained a large number 
of figures of cost and so forth. 

Dr. Geilenkirchen, Remscheid, who opened the 
discussion, said that the author had rather under- 
stated the situation in regard to the Héroult fur- 
nace, and instead of 29, as given in the paper, 
there were now about 45 furnaces, both running 
and in course of construction. 

Another speaker asked for the sources from 
which the tonnages given in the paper were ob- 
tained ; he found that the Kjellin and the 
Réchling-Rodenhauser furnaces were very similar, 
although they had been dealt with separately, and 
added that the Hjort furnace could not be built in 
Germany because of the Frick patents. 


On Etecrric STEEL. 
This paper was read by its author, Mr. Arnou, of 


Paris. It contained results of tests made at the 
Forges d’Allevard, in the French Alps district, with 
steel made in the Chaplet arc-furnaces, and the 


results of tests made with electric steel at the 
Girod works. 
nical tests and analyses were given, showing the 
superiority of electric steel over other steels for a 
variety of purposes. 

Mr. Guillet, who opened the discussion, stated 
that nobody now doubted the superiority of electric 
steels over other makes. For equal breaking strain 
and elastic limit, the elongation was generally much 
higher ; its resilience was also higher. An electric 
steel well made had less slag inclusions than open- 
hearth steel, whence the better results of mecha- 
nical tests. It was admirably suited for the manu- 
facture of delicate parts used in automobile con- 
struction—for example, of parts of roller-bearings, 
where it had a greater durability than even crucible 
steel. The future of the electric furnace lay in the 
facility with which additions could be made to the 
bath, on condition, however, that the element 
introduced did not become volatilised in the process. 

In reply to a query with regard to the cost of 
the Chaplet process, the author stated that this 
amounted to from 3.75 to 4 francs per 100 kilo- 
grammes of steel (11. 12s. per ton) as regards cost 
of transformation, starting from cold material. 


Practica METALLURGY. 


The proceedings were continued on Tuesday, 
June 21, when the first — taken was that by 
Mr. P. Breuil, Couillet. is was entitled 


On Rat Steet. 


The author gave a brief review of the various 
classes of steel which are, or can be, used for the 
manufacture of rails. He dealt first with ordinary 


A large number of figures of mecha- | g 





rail steel, and compared together the properties of 
acid and basic steels. He pointed out the pre. 
cautions to be taken to improve the quality of 
ingots for rails, and the improvements made in 
the rolling of the latter. The next gave data 
on the cost of rolling and on the cost price of 
rails in the United States. He then reviewed 
the technical conditions which ordinary steel 
rails had to fulfil both in Europe and in other 
parts of the world. He next dealt with the 
results caused by the various substances and 
metals which had an influence upon the quality of 
rail steel, such as sulphur, phosphorus, manganese, 
copper, titanium, &c., and compared together 
special steel rails from the standpoint of mechanical 
properties and cost price. He pointed out the im- 
provements which could . be carried out in the ordi- 
nary steel used for rails, could the latter be easily 
subjected to a suitable heat treatment. He then 
dealt with the inspection tests for rails, and com- 
pared generally the American with the European 
specifications. He briefly reviewed the propositions 
which had been made of late years in regard to 
testing the rails otherwise than by tensile and 
bending tests, and on this point he referred speci- 
ally to the Brinell test. He referred to the question 
of the wear of rails in service, the manner in which 
the wear manifested itself, and the deteriorations 
liable to compromise the life of rails. He added a 
number of statistical data on the fracture of rails in 
service. This latter part of his paper was illus- 
trated -by lantern-slides. 

The only member who spoke on the paper was 
Mr. Guillet, who refuted a technical point dealing 
with a divergence of opinion on the micrographical 
texture of steel, but who added that the author had 
collected a large number of data which would be 
found of interest by railway engineers and metal- 
lurgists. He would be pleased to keep it himself 
for reference purposes. 


Tue [Ron anp STEEL Founprigs IN GERMANY. 


This paper was then read by its author, Mr. C. 
Ivresberger, metallurgist, Miilheim-Ruhr. It dealt 
with the changes which have been made in 
Germany in improving from all. standpoints the 
installation of iron and steel foundries. These are 
now on a level with the other shops forming part of 
large works. 

We shall report the subsequent’ proceedings in 
our issues of next week and later. 








PrRSONAL.—Messrs. David Bridge and Co., Limited, 
Castleton, near Manchester, inform us that they are 
extending their works by the addition of two bays, each 
45 ft. by 200 ft. long, in order to cope with their busi- 
ness in connection with Heywood and Bridge’s friction- 
clutches, gutta-percha, and balata machinery, &c. 





Coa, at SpitzBERGEN.—The Norwegian - American 
Expedition, comprising about a hundred men, which left 
last autumn for Spitzbergen, has made good progress 

uring the winter, which has been exceptionally mild. 
Work has in consequence gone on without any interrup- 
tion, and so far some 8000 tons of coal have been broken. 
After the outer frost layer had been got through work 
sag tee independently of the state of the weather. 

he ice conditions have also been very favourable. The 
east coast is almost entirely free from ice, and the moun- 
tains almost free from snow. More men are to be sent up. 
The building of a quay has been taken in hand. The 
quality of the coal is excellent. 





Tur JuNIoR INSTITUTION OF ENGINEERS.- ere F 
ments are being made for the summer meeting of this 
Institution to take place at Dublin and Belfast from 
July 16 to 23. The programme opens with a reception at 
Trinity College, Dublin. by the Provost and Professors 


of Engineering, and an inspection of the engineering 
school, &c. A visit will be am in the afternoon to the 
nited Tramways Company, 


power-house of the Dublin U v 
and in the evening the Institution of Civil Engineers of 
Ireland will entertain the members and ladies accom- 
nying them. On Monday morning, July 18, Messrs. 
Gaiman's brewery is to be visited, and in the afternoon, 
by invitation of the Main Drainage Improvements Vom- 
mittee of the Dublin Corporation, there will be a steamer 
excursion into Dublin Bay for inspection of the outfall 
works, &c. The next day there will be a visit to the 
Corporation’s new reservoir under course of construction 
at ne ety In the ernreg Se party are to be the 
wed of the Engineering and Scientific Association of 
reland. Wednesday afternoon the party will pro eed 
to Belfast, visiting on the following morning the Belfast 
ropeworks at Conneswater. The Lord Mayor of Belfast, 
the Right Hon. Robert J. M’Mordie, M.A., afterwards 
will receive the members at the City Hall, and entertain 
them to luncheon. Friday will be devoted to an i1- 
spection of the shipbuilding and engineering works of 
essrs. Harland and Wolff. The Institution's summer 
dinner will take place in the evening. 
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ELECTRICALLY-OPERATED LIFT-GEAR AT THE BRUSSELS EXHIBITION. 
LONDON. 


CONSTRUCTED... BY MESSRS. MARRYAT AND PLACE, ENGINEERS, 


Fig.1. 
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Fie. 3, 


Messrs. MARRYAT AND Piace, 28, Hatton-garden, | 


E.C., show at the Brussels Exhibition one of their 
10-cwt. passenger - lift gears, with the well-known 
samp eeehpon controller, arranged to operate a model 
our-floor passenger elevator. They have reduced the 
number of parts in their lifts to a minimum, and have 
removed all contacts from the lift-well ; there are only 
the push-buttons and door-contacts at the various 
floors, the controlling-panel and selecting-switch being 
in the motor-house, where any electric contact is either 
made or broken. It is, therefore, impossible to get 
any sparking or oxidation on any of the push-buttons. 
In operation, the device is similar to the usual type 
of automatic controller, and the car can be brought to 
any floor by pressing the push at that floor. hen 
any door is opened, it is impossible to start the car, 
the cireuit being broken by the door-contact. The car 
can be directed to any floor from a push-button board 
in the car itself ; this board has a special stop-button, 
80 that the car can be stopped when a mistake has been 
made, and re-started to any floor by the passenger. Figs. 
1 to 3, above, illustrate the gear and the selecting- 
switch, and Fig. 4is a diagram of the connections. The 
latter shows the working of the system. From this 
it will be seen that if a button on any landing be 
pressed, it will make contact through the relay-panel 
and selecting-switch to the automatic starting and 





reversing solenoid controller. When the car reaches 
the noes | corresponding to the button pressed, it is 
automatically stopped by the selecting-switch. The 
latter, as shown in Fig. 3, consists of a series of 
quadrant. rubbing contacts, each quadrant represent- 
ing a landing, and bein, adjustable on the spindle 
according to the height between floor-levels. There 
are a set of quadrant pieces for up travel and a set for 
down travel. The shaft on which the quadrants are 
mounted is driven by gearing from the main wheel 
shaft in a reduced proportion to the actual travel. 
When once a button is: pressed the others are all out 
of action until the car reaches the floor desired. This, 
of course, does not apply to the emergency or special 
stop-button above referred to, as this is connected on 
another circuit. There are also the usual limit- 
switches, shown on the diagram, to prevent the lift 
over-running in either direction. 

Messrs. Marryat and Place have also exhibited a 
car-switch and rope-operated lift-controller. 





INDUSTRIAL NOTES. 
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trade unions used for the chart, 4353 were received 
from employers relating to 1,110,721 -workpeople 
employed in coal and iron-mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 7222 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associa- 
tions, trade unions, local correspondents, and other 
sources. 

Employment generally continued toimprove. There 
was a slight decline in the printing and furnishing 


Tue general report on the state of trade by the| trades, and an improvement in most branches of 
Labour Department of the Board of Trade is based on | the metal, engineering, and shipbuilding trades. In 
the following extensive and reliable official returns :— | the other industries employment was much about the 


In addition to the 2869 employment returns from | same. 


As compared with a year ago, employment in 
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all the principal industries, except cotton, showed 
considerable improvement. 

The 416 trade unions making returns had a net 
membership of 703,439; of whom 29,787 (or 4.2 per 
cent.) were reported as unemployed, compared with 
4.4 per cent. in the month previous and 7.9 per cent. 
& year ago. 





Employment in coal-mining continued good. It 
showed little change as compared with a month ago, 
but was somewhat better than a year ago. The average 
number of days worked per week by the pits was 4.87, 
as compared with 5.19 in the previous month and 5.07 
a year ago. The averages were affected by holidays. 

Iron-mining continued good and was about the 
same asa yearago. The average number of days worked 
per week by all mines.and open works included in the 
returns was 5.59 (reduced on account of holidays), as 
compared with 5.88 a month ago and 5.82 @ year ago. 

The pig-iron industry was fair, and better than a 
year ago. Returns relating to the works of 108 iron- 
masters, yo 23,100 workpeople, showed 311 
furnaces in blast, as compared with 310 in the previous 
month and 289 a year ago. 

Employment at iron and steel works showed a slight 
decline on a month ago, but was better than a year 
ago. The volume of employment—i.e., number em- 
ployed multiplied by the number of shifts worked—at 
the works from which returns were received showed 
a decrease of 1.2 per cent. on a month ago, and an 
increase of 9.8 per cent. on a year ago. 

In tin-plate and steel-sheet manufacture employ- 
ment continued very good, and was much better than 
a year ago, The number of tin-plate and steel-sheet 
mills working was 483, as compared with 482 a month 
ago and 450 a year ago. 

In the engineering trades employment continued to 
improve, and was much better than a year ago. 
Trade unions with a membership of 170,159 reported 
5.4 per cent. unemployed, as compared with 6.1 per 
cent. a month ago and 12.5 per cent. a year ago. 

Employment in the ee trades continued to 
improve, and was much better than a year ago. 
Branches of trade unions with 57,466 members reported 
9.8 per cent. unemployed, as compared with 10.7 per 
cent. a month ago and 23.4 per cent. a year ago. 





The cotton trade, in both the spinning and weaving 
branches, continued bad, though there was some 
improvement on a month ago. In both branches 
employment was worse than a year ago. Organised 
short time was discontinued, but a large number of 
firms continued to work short time, and there was 
considerable slackness in the weaving department. 
Returns from firms employing 94,657 workpeople 
showed an increase of 25 per cent. in the amount of 
wages paid as compared with a month ago, and a 
decrease of 5.2 per cent. as compared with a year ago. 

In the woollen trade work continued good, and 
was much better than a year ago. Returns from firms 
employing 25,078 workpeople showed an increase of 
0.8 per cent. in the amount of wages paid compared 
with a month ago, and of 10.3 per cent. compared with 
& year ago. 

Employment in the worsted trade continued good, 
and was much better than a year ago. Returns from 
firms employing 40,111 workpeople showed a decrease 
of 1.3 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 7.2 per cent. 
compared with a year ago. 

In the linen trade employment continued good, and 
was better than a yearago. Returns from firms em- 
ploying 46,896 workpeople showed a decrease of | per 
cent. in the amount of wages paid as compared with a 
month ago, and an increase of 6.3 per cent. compared 
with a year ago. 

The jute trade continued good, and was better than 
a year ago. Returns from firms employing 16,564 
workpeople showed a decrease in fen so se4 of 0.6 
per cent. in the amount of wages paid as compared 
with a month ago, and an increase of 2.9 per cent. as 
compared with a year ago. 

In the silk trade employment continued fairly good, 
and was much better than a year ago. turns 
received from firms employing 6859 workpeople showed 
an increase of 0.7 per cent. in the amount of wages 
paid as compared with a month ago, and of 10.8 per 
cent. as compared with a year ago. 





Employment in the boot and shoe trade generally 
was fair, and better than a year ago. Returns from 
firms employing 55,236 workpeople showed a decrease 
of 2.7 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 2.8 per cent. 
compared with a year ago. 

In the other leather trades yo ene was very 
fair, and was better than both a month ago and a year 
ago. Trade unions with 3198 members reported 3.9 
per cent. unemployed, as compared with 5 per cent. a 
month ago and 5.6 per cent. a year ago. 





Employment in the 
good, and was better 


per-making trades continued 
@ year ago. 





In the printing and bookbinding trades employment 
was moderate on the whole. It was rather worse than 
@ month ago with letterpress printers, but better with 
lithographic printers and bookbinders. Compared 
with a year ago there was a general improvement. 
Trade unions in the printing trades, with a membership 
of 50,430, reported 5.1 per cent. unemployed, as com- 

red with 4.5 a month ago and 5.5a year ago. In the 

kbinding trades the corresponding percentages were 
6, 6.6, and 9.3. 





Employment of dock and riverside labour in London 
and at the other principal ports, except Liverpool, was 
fair on the whole and better than a month ago and a 
year ago ; at woe pe employment was still dull. The 
average number of labourers employed daily at the 
docks and principal wharves in London (exclusive of 
Tilbury) was 13,780, an increase of 1.9 per cent. as 
compared with a month ago, and of 5.3 per cent. as 
compared with May, 1909. 





Twenty-seven labour disputes began in the month, 
as compared with thirty-three in the previous month, 
and twenty-six in the same month a yearago. The 
total number of workpeople involved in disputes which 
began, or were in progress, was 19,224, or 34,080 less 
than in the previous month, and 7554 more than in 
the same month a year ago. The aggregate duration 
of all the disputes of the month, new and old, 
amounted to 205,000 working days, or 260,900 less 
than in the previous month, and 95,700 more than in 
the same month a year ago. Definite results were 
reported in the case of eighteen disputes, new and old, 
directly involving 5464 persons. Of these eighteen 
disputes, three were decided in favour of the work- 
people, six in favour of the employers, and nine were 
compromised. 

The changes in rates of wages taking effect affected 
139,500 workpeople, of whom 139,200 received ad- 
vances, and sustained decreases. Amongst those 
whose wages were increased were 125,000 coal-miners 
in Durham, 3650 deputies, &c., in Northumberland, 
and 5750 steel millmen, &c., in the West of Scotland. 
The total computed effect of all the changes was a net 
increase of about 3700/. per week. ; 





The report of the Steam-Engine Makers’ Society is 
the most encouraging of all trade unions, as regards 
employment, and is the best respecting the society 
for some time past. It says: ‘‘ We are pleased 
to report a further improvement in trade this 
month, our unemployed 
reduced from 343 last month to 283, as compared with 
912 a year ago, showing the very satisfactory Bw 
portion of 2. r cent., the lowest of any kindred 
engineering society.” It also states that there is a 
steady increase in membership, an increase which 
indicates a growth similar to that in 1906 and 1907, 
two years of prosperity. The report further on states 
that ‘‘ trade —- generally good throughout’ the 
country, especially in motor centres, the weak spots 
being some — of Lancashire, notably in the Bolton 
district, and on the North-East Coast ; in the latter 
the proportion of unemployed is 5.8 per cent., com- 
sane with 2.2 per cent., the average throughout the 
country.” The most notable and encouraging thing in 
the report is the record of recent negotiations with 
employers in respect of avoidance of disputes by 
mutual agreements. In Bolton and Bury the wage 

uestion has been settled for four years. At Barrow 
the conference failed to agree, but hopes are expressed 
that an agreement will result from a central confer- 
ence. At Leicester the conference did not arrive At 4 
final agreement, but it is expected that an arrange- 
ment will follow. At Rugby an agreement was effected, 
and at Coven it is expected that a satisfactory 
arrangement will be arrived at. Conferences have taken 
place in other districts with good results. Negotia- 
tions are pending with contractors for the Govern- 
ment. 





The monthly report of the Operative Cotton- 
+ states that the total united membership was 
19,484, showing an increase of 44 on the month, and of 
229 since a yearago. The number on unemployed 
benefit was at the rate of 4.36 per cent., 9.90 in the 
= month, and 7.33 per cent. a yearago. The 
ecrease in the month was due to the suspension of 
short time in the American section of cotton-spinning. 
There were besides 87 per week on the funds cuitedly 
out of situations, and 169 per week due to tempo 
causes, breakdown, &c., also 39 per week due to acci- 
dents. The percentage of those entirely out of work 
was only at the rate of 1.04 cent., compared with 
1.30 per cent. a month ago. 
dealt with by the officials was 24 ; previous month, 35 ; 
same month a year ago, 30. The total claims sent in 
for compensation to employers was 76, 59 the previous 
month, and 63 the same month a yearago. The total of 
such claims sent in since the Act came into force was 
3920. Very few have had to be dealt with by the 


gures being still further} be agreed 


rary | fatal accidents from 


he number of disputes: 





Courts. One member was awarded 100/. for total 
disablement by the society. 


The report of the Associated Blacksmiths is on thie 
whole reassuring; even encouraging as regards the 
state of trade. There were at date fewer men out of 
employment, and the list of orders placed, as enume- 
rated, indicates more activity in the near future. The 
report says that the improvement recently noted ‘“ is 
maintained, and that the members are finding employ- 
ment better and more readily than for the past two 
years.” The centres chiefly backward in this respect 
are on the North-East Coast and on the Tyne. In 
these trade is described as ‘‘ bad ;” in the others as 
‘* fair,” ‘‘ moderate,” or ‘‘ good.” A request has been 
made to the federated i for an advance in 
wages—the restoration of the reduction imposed last 
year. The matter after discussion was adjourned till 
next month. There was a further increase in member- 
ship, and negotiations are pending for amalgamation 
of other societies, so as to have one united associa- 
tion. The members have resolved by vote to re-affiliate 
to the Trades Union Congress, the fee for which was 
sent to the secretary of the Parliamentary Committee. 
The question of authorising the Belfast members to 
take action for an advance was adjourned by the 
Council ‘‘to await further developments.” The 
members desired to take action unauthorised under 
the joint agreement. The movement for an advance 
in wages appears to be fairly general ; but, under the 
Federation agreement, all such matters must be dis- 
cussed by the joint committee representing the various 
trades, and notice must be given, so that there is little 
fear of a stoppage of work ; to do so would involve 
more payment of strike benefit, and this the men will 
not foolishly risk. A tolerably full report is given of 
the annual meeting of the Federation of Engineering 
and Shipbuilding Trades at Bristol. 








The woollen trade dispute, involving nearly 1000 
operatives, which, if a strike ensued, would have 
affected nearly 2000 men, was referred to conciliation 
last week. x tentative a. ment was arrived at, 
and the general bodies ofboth employers and work- 
people have now authorised their representatives to 
ratify this agreement. One satisfactory feature is 
that in addition to settling wage-rates the agreement 

rovides that : ‘‘ In the event of any disputes arising 
in the future as to rates of piecework no stoppage of 
work shall take place while the rates are under discus- 
sion between the employers’ and operatives’ associa- 
tions, and in the event of disagreement questions of 
dispute shall be referred to arbitration, a chairman to 
upon between the parties or, failing agree- 
ment, appointed by the of Trade. Six months’ 
notice in writing of any proposed alteration in this 
— shall be given and required by either 
side. ‘ we 


vot 





The Newport Dock difficulty was virtually settled 
by the men resuming work; in spite of their determi- 
nation at a general meeting to refuse to be bound 
by the award given. 





The mineowners and the representatives of the 
miners at the Clifton Collieries dispute, Nottingham, 
after consultation, agreed to refer the dispute to 
arbitration, after a strike of nearly nine months. 
The women in the district welcomed the arrangement, 
and there was much rejoicing ; but the local leaders, 
backed up by the assistant secretary of the Associa- 
tion, denounced the arrangement made, and threatened 
to take all risks by continuing the strike. Their 
chief official, Mr. Hancock, M.P., urged the men to 
accept arbitration, but he was over-ruled. He told 
them that the owners had unreservedly offered to 
submit every matter in dispute, but the men, in their 
anger, denounced him. The malcontents urged that 
the whole of the pits owned by the Midland Coal- 
owners’ Federation should be stopped. The men are 
out of hand, and the Association will have to be firm 
as regards strike benefit. 





The chief inspector’s report for the United Kingdom 
on factories and workshops states that there are 200 
inspectors, at a cost of 91,000/., an increase of 19,(00/. 
over five years ago. They have under their super- 
vision 112,000 factories and 150,000 workshops, an 
increase of 8000 and 6000 respectively. There were 
3700 prosecutions during last year, and 40,000 accident 
cases, of which 946 were fatal. There were also 1460 
cases of poisoning reported. There was a decrease of 
040 in 1908 to 946 in 1909 





The dispute at Neilson’s cotton and thread mills 
was temporarily settled last week by Board of Trade 
arbitration. The settlement effected is for three 
months from date, the company undertaking to rev'e¥ 
the terms, if required, at the end of three months. 
The operatives are assured of full work, anc the 
employers state that the terms agreed upon conter an 

vance. 
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6-IN. D.E.W. STEAM-VALVE. 


We illustrate below a steam-valve brought out 
by the Dover Engineering Works, Limited, Dour 
Iron Foundry, Dover, with the object of meetin 
the requirements of high-pressure and superhea 
steam, though it may equally well be used for other 
purposes. It is well known that the high pressures 
and temperatures now commonly adopted have a very 
detrimental effect upon the valve faces, especially when 
the quantity of steam required is small, and the pas- 
sage allowed for it is restricted. The faces become 
scored, and, once this action commences, the defects 
become rapidly intensified. For this reason there 
have been many attempts to secure a longer service- 
able life by the use of special alloys, or by special 
designs in which provision is made for the renewal of 
small parts. 

In the D.E.W. valve, which is made in several 
sizes, a radical change of design has been made. The 
valve is of the plug type, with a cylindrical body, and 
the joint is made with metallic packing. In the figure 
below the valve is shown open. The plug A is free on 
the valve stem, and. therefore does not rotate when 
the latter is screwed up or down for the reper of 
opening or closing the valve. The plug is fitted with 
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wings on its underside, which serve to guide it in its 





downward movement. These wings or guides work 
up and down in a lineror shield B, which, is an easy 
fit in the gland C. When the valve is open, as shown, 
this liner B altogether protects the packing from the 
action of the rush of steam. When the valve is being 
closed, the plug A descends and finally comes in contact 
with the upper end of the liner, which is then gradually 
forced down until the spring is compressed, and the 
plug has passed well into the gland C. On opening 
the valve the spring below the liner compels the 
shield to follow up the plug, until the shoulder on 
B comes in contact with the underside of the gland C. 
When it is only required that the valve should be 
partly ™ the steam passes through the opening 
ormed between the underside of the plug and the 
upper end of the shield. It is not essential that these 
surfaces be maintained in steam -tight condition, 
and the erosion of either by the action of the steam is 
therefore quite immaterial. 
.¢ steam-tightness of the valve is maintained 
purely by the fit of the plug in the metallic-packed 
glan’ B, and these surfaces are quite removed from 
the cetrimental scoring due to the steam. Great care 
has boen taken in producing a suitable metallic pack- 
ing; that employed has a high fusing-point, and a 
coefticient of expansion equal to that of the bronze of 
which the valve is made. Valves of this type have 
been tested to over 1000 lb. per square inch ae Roe 
Pressure, and found absolutely tight. If the charac- 
teristics of metallic packing used for piston-rods, &c., 
may be taken as a guide, the wearing qualities of this 
valve should certainly be good. This is actually found 
to be the case in service, one valve, for instance, having 
nin use on a mechanical stoker engine for over six 
Months without showing any signs of leakage. In 


4 
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order to test the wearing qualities of the plug and 
packing a valve has been submitted to a test in a 
machine by means of which it was opened and shut 
10,000 times. After this it was tested by hydraulic 
pressure, and was found to remain quite tight at 
800 Ib. per square inch, the highest point to which that 
test was carried. The valves are made in all sizes up 
to 6 in., the metallic packing in the smaller sizes bein 

rolled into grooves cut in the body casting, instead o 
being fitted in a special gland as shown in the 6-in. 
size illustrated herewith. 








FOREIGN ENGINEERING PROJECTS. 

BE.ow we publish summarised particularsof engineering 
projects and contracts abroad, for several of which tenders 
areasked. Further data concerning these may be obtained 
from the Commercial Intelligence Branch of the Board of 
Trade, 73, Sostagnenecienas London, E.C. 

Canada; His Majesty’s Trade Commissioner for Canada 
reports that tenders are invited by the Department of 
Public Works at Ottawa for (1) the construction of a deep- 
water wharf at Levis, Quebec. Tenders, on the proper 
forms,.and accompanied with a deposit of 46,000 dols (about 
82107.), will be received at the Department of Public 
Works, Ottawa, up to 4 p.m, on 3% (2) The con- 
struction and delivery at Vancouver, British Columbia, 
of a steel bow-well twin-screw barge-loading dredge. 
Tenders, on the aig forms, and accompanied with a 
deposit of 25,000 dols. (about 5130/.), will be received at the 
Department of Public Works, Ottawa, up to 4 p.m. on 
July 20. Tenderers must specify the time of delivery of 
the dredge at Vancouver, free of all risks and charges. 
Copies of the specification and form of tender in the case 
of (2), and of the form of tender in the case of (1), may be 
seen by British firms at the Commercial Intelligence 
Branch of the Board of Trade. 

India; According to the official Indian Trade Journal 
(Calcutta) of May 19, the Budget estimates for 1910-11 of 
the Calcutta Port Trust provide for the construction of a 
large landing-stage at Outram Ghat for ocean-goin 
steamers, with pavilions containing waiting-rooms an 
other conveniences for a large number of Bm pry for 
the extension of the ferry service by the addition of four 
steamers, and for the construction of docks, jetties, ware- 


houses, &c. The estimated +, on capital works 
is 55,63,940 rupees (about 370, -). The ay ee at 
Outram Ghat is expected to be ready for the use of the 


public early in 1911. 

Belgium: The Moniteur des Intéréts Matériels ( Brussels) 
of June 12 states that tenders will be opened at the 
Bourse de Commerce, Brussels, at 1 pe on June 29, for 
the supply to the Belgian State Railways administration 
of various material (cahter des charges spécial, No. 820). 
The cahier des charges may be obtained at the Bureau des 
Adjudications, Rue des Augustins, 15, Brussels, It 
appears also from the same issue that the municipal 
authorities of Malines invite tenders for sanitary works 
in that town at an estimated cost of 688,930 francs (about 
27,600/.). Tenders will be opened at the Hotel de Ville, 
Malines, at 11 a.m., on June 28. The cahier des charges, 
plans, &c., may be obtained from the office of the com- 
munal secretary, Hotel de Ville, Malines, on payment of 
14 francs for the cahier and 18 francs for the plans. 

Fi : The following information is from the report 
by H.M. Consul at Helsingfors (Mr. C. J. Cooke) on the 
trade of Finland in 1909, which will shortly be issued :—A 
railway from Lahtis to Jyviiskyli via Heinola has been 
projected, but nothing has so far been decided. It is con- 
sidered that this railway would be of great gain to the 
district through which it would run. A syndicate has 
applied to the Finnish Senate, through a local engineering 
firm, for permission to construct a railway from Helsing- 
fors to St. Petersburg via the towns of Borga, Lovisa, 
Fredrikshamn and Viborg. The Liiskelii Company have 
been granted the right to build a railway from the 
Laskela Mills to the vill of Joensun, on the north 
shore of Lake Ladoga. e cost of this line is esti- 
mated at about 8320/. The parish of Karttula have 
decided to have investigated the ibilities of con- 
structing a narrow - gauge line from the station of 
Kurkkimiki, near Kuopio, to Tervonsalmi. The length of 
the line would be nearly 41 kilometres (about 25 miles). As 
soon as the 6-Kristin ilway has com- 


where the rock is of the right kind. A new dock is pro- 
oe to be built at St. Michel by the firm of Sjistréms 
ekaniska Ver 


Italy: The Sole (Milan) of June 7 notifies that the 
Impresa Alessi have submitted new plans and specifica- 
tions to the Italian Ministry of Public Works relative to 
the Tirano-Bormio Electric Railway. The line will be 
26 miles long, and its construction will involve the boring 
of ten tunnels, altogether about 24 miles long, and the 
building of eight large bridges of reinforced concrete. It 
is expected that the negotiations for carrying out the 
enterprise will be speedily concluded. \ 

Netherlands: It appears from the MWieuwe Rotter- 
damsche Courant that the Netherlands Government pro- 
pose to grant a subsidy of 415,000 florins (about 34, 0002. ) 
to the Het Spoor Company for the construction of a 
railway from Gouda to Schoonhoven. A bridge 1s to be 
built across the Vecht River for the railway worked by 
the Nederlandsche Centraalspoorweg Maatecha pij. 

Roumania: According to the Bulletin Commercial 
(Brussels) of June 11 tenders will be received, up to 
3 p.m., on July 11, by the Municipal Administration of 
Turn-Severin, Roumania, for the construction of a con- 
duit for drinking water. The cost of the work is estimated 
at 1,397,000 francs (about 56,000/.); a deposit of 4 per 


cent. of the value of the offer will uired with each 
tender. Local 4 rey is practically necessary. 
Servia; H.M. Minister at Belgrade reports that, of the 


proceeds of the Servian loan of 6,000,000/. concluded at 
the end of last year, 2,240,000/. are to be applied to the 
construction of new lines of railway and the purchase of 


rolling-stock, and 2,160,000/. to armaments and other 


military pane, . 

Bolivia ; The Commercial Intelligence Branch of the 
Board of Trade have received a copy of the Bolivian 
Budget for 1910, in which appear (inter alia) the following 
items of expenditure :—89,000 bols. for the construction 
of new telegraph lines ; 50,000 bols. for the reconstruction 
of existing telegraph lines and the purchase of conductors; 
115,500 bols. for water works and sewage works, and 204,000 
bols. for various building construction works. A copy of 
the budget may be seen by British firms at the above 
office of the Commercial Intelligence Branch of the Board 
of Trade. (Boliviano = about ls. 6d.) 





Tourist GuipE To THE ConTINENT.—The latest issue 
of this guide, edited by Mr. Percy Lindley, and issued 
by the Great Eastern Railway at the price of 6d., gives 
illustrated data on tours through Holland, North and 
South Germany, Belgium, the Ardennes, and Flemish 
cities. It is carefully compiled, and contains very neat 
maps of separate districts. It is completed by a vocabu- 
lary and a few useful queries and replies in English, 
French, and German for the use of tourists. It will be 
found a serviceable companion. 





AMERICAN MeTALLURGICAL INDUsTRY.—The produc- 
tion of Bessemer steel ingots and castings in the United 
States last year was 9,330,783 tons, as compared with 
6,116,755 tons in 1908, a an increase of 3,214,028 
tons, or about 524 per cent. e production of 1909 was 
2,945,047 tons less than that of 1906, when a maximum 
output of 12,275,830 tons was reached. Of the total 
production of last year 9,297,781 tons were made by the 
standard Bessemer process, against 6,096,478 tons in 
1908 ; 15,006 tons by the Tropenas process, inst 7992 
tons in 1908; and 17,996 tons by other modifications of 
the Bessemer process, against 12,285 tons in 1908. The 
total imports of iron ore into the United States in the 
nine months ending with March, 1910, were 1,741,293 tons, 
eo 718,758 tons in the corresponding period of 1908-9. 

e total value of the exports of iron and steel and manu- 
factures thereof from the United States for the nine 
months ending with March, 1910, was 128,442,680 dols., 
as compared with 105,148,957 dols. in the corresponding 
period of 1908-9. 





Tue Inon-Mixinc Inpustry in Sweprn.—The large 
Trafikaktiebolaget Griingesberg-Oxeliésund, in Sweden, 
which controls the most important iron-ore deposits in 
the country, in addition to several railways and steamers, 
&c., has issued its report for last year. From this it 
may that the company’s production of iron was as 
follows :— 


pleted, which is expected to take place in 1912, a line is Tons. 

to be constructed from Nikolaistad direct to St. Peters- Atthe Kirunavaara deposits 1,383,686 
burg, although parts of the present railways from the »  Gellivare deposits .. 722,136 
towns in question to Helsingfors will probably be utilised »  Griingesberg deposits 499,628 
for this purpose. All other new lines will have to wait | The corresponding quantities for the previous year weré 
till this one—which was not decided on by the Finnish | respectively 1,649,850 tons, 869,010 tons, and 568,350 tons. 
Diet, but by the Russian Government—has been finished. | The general strike materially interfered with the aggre- 
It will be built in conformity with the Russian system of | gate output, which was some 700,000 tons, or about 20 per 


railways. Attention has of late been drawn to the great 
natural wealth of Finnish Lapland, and to the easiest 
way of obtaining better means of communication from 
that part of the Grand Duchy. A project has also 
been made for the construction of a = from Lake 
ae to the nearest Norwegian port in the Nejdenf- 
jorden. 

A new harbour is projected in Helsingfors, near Sand- 
viken. It would be protected towards the sea by the 
isles of Busholm and Sandholm, and the strait between 
them would have to be filled up and connection with the 
mainland obtained by means of a railway embankment. 
This harbour would be as large as the south harbour, but 
one. The Town Council of Viborg have applied to 
the Finnish Senate for permission to extend the harbour 
at that place. The sum to be spent in this work has been 
fixed at a maximum of 80,000/. It has been suggested 
to provide Abo with a dry dock. A suitable place for 
this purpose has been found on the south side of Ko 
immediately beyond the so-called “Sista Styfvern,” 





lais, | 


cent. lower than expected. Otherwise the year was 
satisfactory in variousdirections. Besides, a new market 
for Swedish ore had been found in the United States, and 
this outlet was considered a very favourable and important 
one. In order to supply certain American buyers with 
crushed ore a crushing plant has been erected. The 
profits on the year amounted to 7,250,856 kr., or about 
400,000/., in addition to which 4,308,503 kr. (about 
pe omstes forward from the meron year were 
available. It is proposed to a dividend of 15 per 
cent., which accounts for 9,450,000 kr., to add 100,000 S. 
to the benefit fund of the employees of the companies 


concerned, and to carry forward to the present year 
2,018,450 kr. For 1910 the company has to pay dividends 
on an inc capital of altogether 75,000,000 kr., for 


which sum a dividend of 15 per cent. amounts to 
11,340,000 kr., but owing to the better prices for ore now 
| obtainable, and the augmented output, which increase 
| will probably exceed the balance of 300,000 tons from last 
| year, no change 'in the dividend is expected. 
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PORTABLE DRI 


LLING 


CONSTRUCTED BY THE ALEXANDER ENGINEERING COMPANY, 








Fic, 1. 


Tuer above illustrations show a portable ratchet- 
brace and drilling-kit which is being exhibited at the 
Royal Agricultural Show at Liverpool, by the Alex- 
ander Engineering Company, of 216 and 218, Goswell- 
road, E.C. The appliance is designed for tackling a 
large variety of the awkward drilling problems which 
arise, particularly on outside work and repairs, and 
which so frequently necessitate the preparation of special 
gear, or involve a loss of time in preliminary visits to 
site to determine the type of rigging required. The 
gear should prove capable of undertaking a much 
greater variety, of work than the ordinary ey te 
with an adjustable arm, while it is very much lighter 
than any combination of a drilling-post with a ratchet- 
brace, clamps, &c., is likely to be, as the whole 
equipment weighs only 25 lb. It is capable of drilling 
holes up to 1} in. in diameter. ‘The arrangement con- 
sists of a special type of ratchet-brace, together with 
two hair-pin bars, a rigging-block, two clamping-bolts 
with extension pieces, and some special clamping- 
washers. The whole of the gear is shown in Fig. 1, 
which illustrates the ratchet set up for drilling a flat 
plate. It will be seen that the rig = epee is not 
used in this application, but one fn of employing 
it is shown in Fig. 2, where the brace is arranged for 
drilling the web of a joist. In this case the block 
serves to fix the hair-pin bar and maintain it at right 
angles to the joist flange. 

An essential feature of the appliance is the method 
of fixing the ratchet-brace in position at the end of 
one of the hair-pin bars. This bar takes the whole 
of the thrust due to drilling, and does away with the 
necessity of having an upper cone centre on the 
ratchet, so that no upper rigging is required, and 
the movement of the handle is not interfered with 
by any upright t or other obstruction. When 
drilling small holes the handle may be moved con- 
tinuously through complete revolution, and to facili- 
tate use in this way a handle extension-piece is 
supplied. This piece, which is shown fixed in posi- 
tion in Fig. 2, has a loose outer sheathing, which 
rotates when in use and saves any excessive rubbing 
on the workman’s hand. The extension-piece may 
also be fixed on to the end of, and in line with, the 
handle if desired, in order to increase the leverage. 
The ratchet-brace itself consists of an outer barrel, 
with two feet at its lower end, and a flange above 
them. The feet stand on the work to be drilled, and 
maintain the rigidity of the arrangement, while the 
flange is clam to the hair-pin bar by means of a 
round nut, which can be seen above it in the figures. 
This barrel is screwed inside, and in it a screwed 
sleeve, with a star-shaped head, works. The sleeve 
is screwed down to put the feed on to the drill, 
and is operated by the special spanner which is 
supplied to tighten up the barrel clamping-nut. 

en drilling, the spanner remains in the position 
shown in the figures, and is moved round to 
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raises the spindle in the sleeve, so that a longer drill 
than standard may be used when desired. 

The two methods of setting up the gear, which are 
illustrated, will be clear from an inspection of the 
figures. In the case of Fig. 2, it will be seen that 
the hair-pin bar and rigging-block are held in place by 
a single bolt with a wing-washer clamped on to the 
lower side of the joist-flange. A hook-bolt may be 
used instead of the stud and wing-washer if desired. 
This figure is intended to illustrate the method of 
setting up the appliance in cases where either the joist 
is excessively wide, or where all work has to be done 
from one side owing to the joist being in position 
against a wall or bulkhead. It is clear, however, that 
in the case shown the gear could be set by placing the 
two hair-pin bars right across the joist, one above and 
one below, and clamping with bolts at each end. This 
latter method of setting is used when drilling holes in 
pipes, except that the rigging-block is at between 
the upper hair-pin bar and the pipe, as it is provided 
with V-shaped notches on one side, which rest on the 
round surface of the pipe and keep the whole arrange- 
ment in position. he gear may also be rigged up in 
many other ways, as, for instance, to drill a hole in a 
surface at right angles to the surface which is available 
for clamping. In this case the block is fixed down 
either by a bolt or by one of the hair-pin bars, and the 
other bar is bolted to it at right angles, and carries the 
ratchet-brace at its other oul. 








BEARING METALS. 
By A. Hacug, B.Sc. 

Tue subject of ‘‘ bearing metals” is one which has had 
very inadequate attention from scientific metallurgists, 
and a systematic research, though it would necessarily 
involve much time and labour, would bear results of 
great service to engineers and would well repay the in- 
vestigator. We are chiefly indebted to Charpy (France) 
and to Dudley (America) for anything approaching such 
systematic investigation; and the host of alloys in common 
use merely bewilder and perplex the engineer who is in 
search of the alloy best suited to his requirements. 

Speaking at a meeting of the new Institute of Metals, 
during the discussion on Mr. A. Philip’s paper, ‘‘ Notes 
on Phosphor-Bronze,” one member complained that 
phosphor-bronze had been to him, as an engineer, a dis- 
appointing metal when used for marine-engine shaft- 
bearings. Now it is quite ible, as another speaker 
pointed out, that the particular phosphor-bronze used for 
such a pur might not have been of the correct com- 
position. Rot only is a phosphor-bronze bearing metal 
of entirely different omenenn from other ee 
bronzes (containing, as it does, a high percentage of lead), 
but it is made in a dozen or more diferent grades, eac 
grade having its special properties. Therefore it may be 
seen that the more light which can be thrown on the 
chemical composition, crystalline structure as revealed by 
the microscope, mechanical and physical properties, &c., 
of bearing metals generally, the more easily will the 
engineer be guided in his choice of an alloy. ‘There are 





feed the drill forward. The drill-spindle, which 
carries the ratchet at the top, ole inside the | 
screwed sleeve, and is free to rotate, the thrust) 
between this spindle and the fixed barrel being taken 
by a ball-bearing. Inside the:sleeve there is a series of 
loose collars which fit over the drill-spindle, and which | 
may be removed, one or more at a time,,and p 
on the spindle above the star-shaped) head. This’ 





many points to be considered in choosing an alloy for 
g purposes, the most important being as follow :— 

1. Low Coefficient of Friction.—Anti-friction metals 

should possess this property as a sine qué non, otherwise 
bw d belie their name. hat their surfaces should be 
highly finished goes without saying, for only in this way 








friction-metal bearings should approach as near as pos- 
sible to the roller-bearing in this respect. Beyond a cer- 
tain low speed (about 10 ft. per minute) the advantage of 
a roller-bearing ceases, and a theoretically perfect journal 
bearing should not have a higher cvefficient of kinetic 
friction than any other type. As the speed increases 
there should be a sudden drop in the friction (at about 
10 ft. per minute), and this drop is due, as Tower has 
shown, to the formation of an oil-wedge which forces the 
surfaces apart, and prevents metallic contact. In the 
case of a perfectly-adjusted bearing, where the lubrica- 
tion is also perfect the composition of the bearing metal 
is of little importance so long as-the metal is strong 
enough to bear the load without being squeezed out, or, 
on the other hand, tough enough without being brittle. 
In this ideal case the friction is essentially fluid friction, 
and is proportional to the speed; being practically inde- 
pendent of the pressure. These ideal conditions are rarely 
reached in practice, and it is when the bearing does not 
fit exactly, and where the lubrication is only partially 
efficient, that the bearing metal has to reveal its good or 
bad qualities. 

In this connection it should be mentioned that the sur- 
face of a bearing should incline gradually in towards the 
shaft from the point of no pressure, where the oil is intro- 
duced, towards the point of greatest pressure, where the 
load is supported, at which point the thicker the film of 
oil the better and the ter the necessity for having no 
channel of escape for the oil. 

It must ormne in mind that above a certain pres- 
sure the oil is squeezed out from a ring, in which 
case the bearing surfaces in contact are entirely metallic, 
and the properties of a bearing metal are now best demon- 
strated. This brings us to the next point to be considered. 

2. Sufficient Compressive Strength.—To stand high pres- 
sures it is essential that the metal be strong and tough. 
An excellent test for these properties is the compression 
test. All white metals should not yield under a pressure 
of 4 tons per square inch, while bearing metals for con- 
necting-rods should undergo a pressure of 6 tons per square 
inch before failing.* 

When a bearing is subjected, while running, to gradu- 
ally increased load, there will come a point where the 
friction increases out of all proportion to the previous 
gradual increase. The load at this point marks the point 
of ‘‘cutting,” or the metal is said to ‘‘grip.” It is very 
necessary, therefore, not to overload a metal to suc 
an extent as to encounter this abnormal friction. It 
was found out long ago that the harder the surfaces 
in contact, provided that the pressure was evenly distri- 
buted, the less was the friction, and the higher the load 
required to produce ‘‘gripment.” This led to the intro- 
duction of bearings as hard as possible, consistent with 
absence of brittleness, and with safety to the shaft. The 


bronzes and the true phosphor-bronzes were introduced, 
and were unrivalled up to about twenty years ago. The 
jewelled bearing of a watch is an extreme case of hardness 


in a bearing, though here the brittleness does not matter, 
as the load is practically nil. : 

The next point to be considered is :— 

(3) Duraltlity.—It is impossible for a metal to possess 





a low coefficient of friction and at the same time to pos- 
sess durability to a high degree. The slowest wearing 
metal may have the highest coefficient of friction; indeed, 
this is exactly the case with pure lead. It is quite the 
best metal as rds rate of wear, but, owing to the 
tendency of particles of lead to stick to the sha{t and 

* Casting the metal into an iron grid-holder is @ prac- 
tice recently introduced, which prevents the mets! from 
being squeezed out and enables it to bear a great: load. 


In this way a softer metal could be made to stand & 





can static friction, or the force required to produce 
motion between two bodies at rest, be lessened. Anti-! 





heavier load. 
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cause high friction between lead and lead, it is, perhaps, 
the worst with regard to frictional resistance, and for low 
temperature of running it.is well to avoid lead in any 
uantity. 

’ (4) Low Temperature of Running.—Where this is an 
important condition, and in the case of high speeds, where 
the heat generated is considerable, it is necessary to have 
a metal with a low specific heat and a high thermal con- 
ductivity. In this respect the white metals with a tin 
basis will be much preferable to those high in lead. It is 
a matter of experience, too, to get the proper working 
temperature where white metals are used. 

(5) Minimum Wear on Journal.—Here the white metals 
score over their rivals by reason of the very fact that they 
do not score the shaft in case of deficient lubrication. 
To repair damage thus caused to the shaft is a very serious 
matter. 

(6) Good Behaviour under Irritating Circumstances, 
chiefly with regard to safeguarding the shaft from 
deterioration. 

7. Ease in Fixing and Replacing. 

8. Corrodibility, chiefly with regard to the corrosive 
action of the lubricant. Tin and antimony resist corrosion 
entirely, iron, copper, lead, and zinc being corrodible’ in 
the order named, zinc being quite the worst. 

9. Cost.—It is obviously too much to expect any one alloy 
to give the best results in all these particulars, the attain- 
ment of one property to a high degree being often entirely 
at the expense of another. In preparing new alloys close 
agreement of the coefficients of expansion of the bearing, 


5 x ; 
ert . { 
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Fie. 1. V., 264 Diameters. Leap, 90 PER 
Cent.; Antimony, 10 PER CenrT. 








Fic. 3. V., 66 Diameters. Berore Nrcuine. 
Try, 78.2 Per Cent.; Antimony, 14.8 ; 
CorprErR, 7.8 PER CENT. 


and of the shaft which it is to support, should be aimed at, 
as, on heating from any cause, the bearing is liable to grip, 
resulting in greatly increased friction. Bearing metals will 
now be considered under three heads—viz. :— 

1. The rigid bronzes. 

2. The plastic white metals. 

3. The plastic bronzes. 


1. THe Rieip Bronzes. 


When well-fitted the bronzes run cooler and with less 
friction than any other bearing metals. They will also 
stand a higher pressure than their rivals, although this 
18 of little importance, as, beyond a certain pressure, 
which the best of the white metals and plastic bronzes 
will easily stand, the lubrication is interfered with, and 
dry bearings are very little used. On the other hand, the 
ngid bronzes wear most of all, and it is a fact which has 
caused them to be largely replaced in America (especially 
for rail way heasingnd Gey either white-metal-lined bearings 
or by plastic bronzes. 
he best alloys of this class are, perhaps, the true 
bronzes, which are still regarded by some engineers as the 
best for heavy loads, although zinc is largely used as a 
cheapening diluent in practice. The hardness of the 
bronzes increases as the tin increases, and, as will be seen 
from the table above, the rate of wear also increases. 

The practical limit for tin is about 20 per cent., as with 


a higher percentage the alloys are too brittle to be safe. 
The microstructure of the bronzes with over 6 per cent. 
fin. consists of a portion high in copper surrounded by a 
eutectic high in tin. As the tin increases the proportion 


of the eutectic increases, and, as this is a very hard con- 
Stituent, the hardness of the alloy also increases. . 

_ The constituent to solidify first is a solid solution of tin 
in copper ; it is isomorphous with pure copper, and may 
The eutectic 
‘ more or less granular structure, grains of the solid 


be regarded as simply hardened copper. 
shows 









TABLE I.—Copper and Tin, and Copper, Tin, and 
Le 




















Series.* 

| Tempera- | Wear 

Copper. Tin. Lead. Friction. | ture above in 
Room. Grains. 
{ 1 85.76 14.90 13 50 0.2800 
+2 90.67 9.45 13 51 0.1768 
is oor | 46 S:.h ua 0.0776 

a — — $$$ | 

4; 9082 | 462] 4.92 “4 | 53 0.0542 
(é 85.12 4.64 10.64 18 56 0.0380 
6 81.27 5.17 14.14 1 58 0.0827 
17| 75? 5? 20? 18} 58 0.0277 
(s 68.71 5.24 26.67 18 58 0.0204 
9 64.34 4.70 31.22 18 | 64 0.0130 


melting, and that although in the first casting the phos- 
phorus was evenly held by the metal, it had formed a 
stable phosphide, and, on re-melting, this ted to- 
gether, to form bunches of very hard crystals throughout 
the alloy, which badly cut into the journal and caused 
excessive heating. 

It is therefore essential to have just enough phosphorus 
or silicon to deoxidise the metal and pass into the slag ; 
all excess retained by the metal is to be avoided. 


TABLE II.—Results of Chemical and Mechanical Tests 
on Phosphor-Bronze Alloys.* 





! 
Results of Chemical Tests. | Ultimate 





~ * Clamer, Journal, Franklin Institute, 1902. 


The conditions in all the above-described tests were as 
follow :— 


Total number of revolutions made... 100,000 
Revolutions per minute “2 me 525 
Size of journal ... sae ... 3$ in. in diam., 
34 in. long 
Pressure per square inch in pounds 1000 
Lubrication :—Galena coach-oil, fed by cotton-waste. 





solution with a chemical compound of copper and tin of 
the composition CuSn. This formula is not always 
correct, as it has been proved that the Cu Sn has in solu- 





Fige..2. V., 132 Diameters. Tin, 84.8 pER CENT.; 
Antimony, 10.3; Copper, 4 PER CENT. 





Fie. 4. V., 66 Diameters. Arter Ercuine. 
CoMPOSITION, SAME AS Fia. 3. 


tion with it slightly varying quantities of a compound, 
probably Cu; Sn. It is rte Fv that this hard eutectic 
performs the principal bearing surface. When the 
eutectic assumes too large a proportion of the alloy, the 
latter becomes too brittle for use. 

Bronzes are notoriously difficult to cast, and it is a 
general practice to alloy 1 to 2 per cent. of zinc in them 
for the purpose of getting better castings. It probably 
acts as a mild deoxidiser, but in any case it makes the 
metal more fluid, gives soundness to the castings, and 
slightly better working properties in the lathe. 

Admiralty gun-metal has a composition of 88 per cent. 
copper, 10 per cent. tin, and 2 per cent. zinc; it is the 
alloy used in the Birmingham University Power Station, 
where it is used alone for small, unimportant bearings, 
and with a white-metal lining for all important ones. 
Zinc is often added as a cheapening addition for common 
bearings. Anything from 0 to 14 per cent. zinc and from 
8 to 18 per cent. tin is used; but those bearings high in 
zine cannot be recommended for good work, as they wear 
very badly. The introduction rg phosphorus as a deoxi- 
diser in making these bronzes was a decided improve- 
ment, and closer-grained, harder, and more homogeneous 
castings were obtained. Silicon is also used as a deoxi- 
diser. Zinc, although mildly deoxidising, does not pro- 
duce such drastic effects as » bens more powerful reducing 
agents. Arsenic is also used, but Ss no special 
advantages, and is a decidedly dangerous substance to 
use in the foundry. 

As old bearings are re-melted when worn, and, with 
small additions, used for making new bearings, it me 
the practice to introduce a good excess of phosphorus, 
even up tol or 2 per cent., asa sort of reserve supply. 
It was thought that this would be gradually utilised in 
subsequent re-meltings. These alloys, however, gave very 
bad results, and it was found, on investigating the matter, 
that the phosphorus did not appreciably decrease on re- 

















Tensile |. 
Character |—— ———— | Strength | Elongation 
of Samp! : § ; | Phos- | in Tons | on 2 In, 
| Copper.| Tin. | Zinc, phorus, Per Sq. In. 
p.c. pc. | pc. re. per cent. 
Bearings ..| 84.5 | 14.5) Nil | 0.86 7.76 1 
pe .| 8&9 10.15 ,, 0.82 18.8 10 
o .-| 80.7 9.4 o 0.78 20.2 12 
a .-| 802 9.6) 4, 0.71 20,1 16 
- --| 88.1 10.1) 0.72 18.1 ll 


* Philip, ‘‘ Notes on Phosphor-Bronze,” Institute of Metals, 1908. 


The above figures are interesting as showing the com- 
position of some standard bearings ; but what would be of 
greater interest would be a series of practical running 
tests showing the properties (particularly as 8 wear 
on journal and temperature of running) of these alloys— 
(1) as first cast, and (2) after re-melting. It is al to 
point out here that although tensile tests cannot be 
taken as any direct criterion of a metal’s bearing proper- 
ties, they are a useful check on the foundry practice, and 
ensure that the metal has been properly melted and 
deoxidised. 

The t disadvantage of the rigid bronzes is their 
want of plasticity. They do not mould themselves round 
the shaft to make good any deficiency in the fitting. Even 
in a comparatively well-adjusted bearing there will be one 
or two parts higher than the average surface, and it is on 
these parts that the load will be carried, with consequent 
excessive local pressure, which may lead to cutting and 
intense heating at these points. The surface is only worn 
even at the expense of almost certain deterioration of the 
shaft or axle, leading toa constant source of irritation and 
heating in the bearing. 

2. Plastic White Metals.—In case of modern high-class 
stationary engines with the very perfect forced. lubrica- 
tion in use, the nature of the metal enters very little into 
consideration so far as anti-frictional and wearing pro- 

rties are concerned; but by the use of a white-metal 
ining easy, accurate adjustment is obtained, as this plastic 
lining quickly moulds itself to ef irregularities and pre- 
sents its whole surface to carry the load evenly. In case 
anything goes wrong with the lubrication, the engineer 
is then on the safe side, for the bearing may heat up even 
to the extent of partial fusion of the lining-metal, with- 
out damaging the crank in any way. The safety of the 
crank is, of course, of paramount importance. 

The plasticity of the white-metal lining is of great prac- 
tical utility when there are several rings on the one 
shaft. With the old rigid bronzes it was a matter of ex- 
treme difficulty to adjust them all accurately. With a 

lastic lining the bearings practically adjust themselves, 

t has been aptly said that a hard, unyielding bearing is 
a theoretical delusion much to be desired, but impractic- 
able of application. Perhaps one of the great points in 
favour of babbitting” is that it is a comparatively 
simple matter to melt out and replace the worn lining, 
whereas a solid bronze bearing, when worn, has to be com- 
pletely scrapped for re-melting. 

According to Mathieson, it was a Mr. Hopkins who 
first thought of lining bearings with lead. The lead was 
too plastic, however, as it would not take any consider- 
able pressure without being squeezed out. ‘o harden 
and stiffen the lead, antimony was used, and the familiar 
‘** hard lead” of commerce, or lead containing from 10 to 
20 per cent. of antimony, was substituted. To stiffen this 
alloy still more, tin was ed, while many other ternary 
alloys were introduced which had better qualities than 
the old lead-antimony alloys. The original Babbit metal, 
invented by Mr. Babbit, is an alloy of tin, antimony, and 
copper, and is still one of the standard white beari 
metals. At first it was thought that these linings | 
only be used with small pressures and slow speeds, but 
this has been amply falsified, and it is now the almost 
universal practice to line all but unimportant, small bear- 
ings. Although a lined bearing does not get rid of the 
heat generated so quickly as the old bronzes, it is nearly 
always employed for high speeds, and a longer or larger 
bearing is used, so that the advantages of the plastic 
lining may be obtained. It may be mentioned that a 
high-tin lining metal is in reality very little behind a 
bronze in heat-dissipating capacity. 

The adjective ‘‘anti-friction” 1s often applied to the 
white bearing metals. This is somewhat of a misnomer, 
as, being less hard, the anti-friction alloys have a higher 
coefficient of friction than the bronzes, The name has 
been applied because of the decrease in the number of 
cases of excessive heating in bearings when they were 
introduced. ‘‘ Anti-trouble” alloys would be a much 
more reasonable name. 

In the case of railway-axle bearings it was thought that 
the lining would not stand the rough usage that this type 
of bearing is subjected to, but after very exhaustive 
tests the lined bearings were proved to be incontestably 
superior. The number of “‘hot-box” cases was very 
much smaller, and the wear was proved to be less than 
half asmuch. With the exception of the United States, 
where the new plastic bronzes are largely used, it is almost 
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the universal practice to line axle bearings, except, 

rhaps, in the case of small wagons carrying very light 
a The properties which are sought in a white bear- 
ing metal are :—~ 

1. Plasticity.—This should be sufficient to enable the 
metal to mould itself round the shaft, but the metal must 
be tough enough to stand a reasonable pressure without 
deformation. 

A very suitable test is the compression test. 

2. Hardness, in order to give as low a frictional re- 
sistance as possible. . ; J 

These apparently contradictory properties are given by 
alloys consisting of hard grains embedded in a plastic 
matrix. This, then, is the characteristic constitution of 
all the best anti-friction alloys. The hard grains in service 
are slightly in relief, and perform most of the bearing 
duty with a minimum of frictional resistance, while the 
plastic matrix allows of a certain amount of play under 
abnormal pressure. This peculiar relief is often very 
apparent on the surface of a bearing that has been in use, 
and is said to greatly aid in spreading the oil evenly over 
the bearing surface. Polishing for microscopical exami- 
nation will quickly show the hard grains in relief. 

There are still some engineers who will have nothing 
to do with white bearing metals, but they are rapidly 
decreasing in number, and their attitude is probably due 
to their Coles the victims to some quack vendor of an 
alloy that was to be the very best for all purposes, 


Leap-ANTIMONY ALLoys. 


These are the cheapest. white lining metals in use, and 
are considered in some quarters to be quite good enough 
for rough ptrposes, as in the case of railway axle bearin 
Their compressive strengths are the lowest of all, and the 
only point in which they may be said to excel is in their 
cheapness. In addition to the cheapness which lead confers 
on all white metals, it renders them very soft and more 
susceptible to corrosion by the lubricant than antimony. 
But lead has the advantages:—(1) That there is much less 
trouble experienced in getting a white metal containing 
it to adhere to the tinned surface of the shell ; (2) that it 
facilitates the preparation of the bearing surface. 

Lead and antimony alloy in all proportions; the eutectic 
alloy containing 13 per cent. antimony. With less than 
13 per cent. antimony, the excess | crystallises out in 
peculiar leaf-like crystallites (see Fig.l. page 827), and these 
are surrounded by the eutectic. ith more than 13 per 
cent. antimony, the excess antimony crystallises out first 
in well-defined cubes. It will be seen that to produce an 
alloy of the required constitution it will be necessary to 
have the antimony in excess of 13 per cent. As the anti- 
mony increases the alloys get harder, till a limit of about 
25 per cent. antimony is reached, where the alloy becomes 
too brittle for safe use. The range of the useful alloys is, 
then, from 13 to 25 per cent. antimony. By means of an 
ingenious little machine, invented by Le Chatelier, it was 
proved that as the antimony increased the friction dimi- 
nished, owing to inc hardness, but the wear in- 
creased. This is what would be expected, as the hardness 
is only obtained concurrently with a certain d of 
brittleness, and wear takes place by splitting and cleavage 
of the harder grains. ‘ 

An American railway company uses the alloy of eutectic 
composition, chiefly with the object of greater durability. 
This is not to be recommended where it is desired to 
ensure low temperature of running, as it does not give 
the typical anti-friction structure, while still less should 
the alloys with free lead separating out first be recom- 
mended. An alloy sent to the writer was analysed, and 
it was found to contain 10 per cent. antimony and 90 per 
cent. lead. The appearance of this metal under the micro- 
scope is shown in ire. 1. This alloy would probably give 
good results as to wear, but bad results as to frictional 
resistance. : 

Alloys of Tin and Antimony.—These alloys are very 
similar in constitution to the previous class. Here the 
cubes consist probably of the compound Sn Sb, and are 
not nearly so brittle as the cubes of be antimony, though 
slightly less hard. The compound also enters into the 
eutectic matrix, and gives an alloy of remarkably high 
compressive strength. These alloys are probably the 
most expensive of the white metals, and although their 
properties are distinetly good, they can be equalled, if not 
excelled, by a slightly a group of ternary alloys, 
which are considered next. The binary alloys of tin and 
antimony are rarely used in practice. ; 

The ideal aimed at is to have the hard grains hard, but 
not too brittle, and the matrix, although plastic, suffi- 
ciently tough and strong to stand pressure well. These 
properties can be more readily obtained by the use of 
ternary alloys, where the three variables allow of more 
adjustment. The constitution of these alloys is often very 
complex, as shown under the microscope. Charpy,* in 
his admirable treatise on the anti-friction alloys, takes the 
ternary alloys of tin, lead and bismuth as an example of 
one of the simplest constitutions of ternary alloys. In this 
case the constituent metals are all intermiscible, and no 
binary or ternary compounds or solid solutions occur to 
complicate the case. ; 

A typical alloy of this series shows three halts in the 
cooling curve, corresponding to the solidification of three 
constituents. The first halt is due to the separation of 
the pure metal, which is most concentrated in the molten 
alloy, the next halt is due to the separation of the binary 
eutectic of this metal with the metal next in point of con- 
centration, while the last halt denotes the last stage of 
solidification, or the separating out of the ternary 
eutectic. The three stages of solidification are most 
beautifully shown up by the microscope. It should be 
remembered that the above is only one of the simplest 
examples of a series of ternary alloys, and they must 





* Metallographist, 1900, 





not be regarded as bearing metals used in practice. 
The systematic taking of cooling-curves is too laborious 
for ordinary investigation, whereas the microscope will 
usually show as much as is required, even when the pre- 
sence of compounds and solid solutions makes a ternary 
system more complex. 

Alloys of Tin, Antimony, and Copper.—Included in this 
class is the original Babbit’s metal: tin, 88 per cent.; 
antimony, 8 per cent.; copper, 4 per cent. They are the 
highest priced of al] the alloys in common use, on account 
of their high content of tin, and they may generally be 
relied upon to give the most satisfaction. They have the 
highest compressive strengths (if we except the zinc 
alloys, which have many inherent disadvantages), and 
they most rapidly get rid of the heat produced—.e., they 
run at the lowest temperature ; an important point, as it 
means a considerable saving in lubricating oil. These 
alloys may be considered to be built up of three con- 
stituents—viz. :— 

1. A copper-tin compound approximating to composi- 
tion Cu Sn. 

2. An antimony-tin compound, before referred to in the 
tin-antimony alloys, being probably Sb Sn. 

3. Tin containing a small proportion of the above com- 
pounds. 

In alloying they require care both in mixing and 
pouring. The copper-tin compound crystallises in hexa- 
gonal needles, which have a characteristic tendency to 

up themselves into stars. It is the hardest constituent, 

ut is also very brittle. The tin-antimony compound 
crystallises in cubes, as before-mentioned, while the matrix 
consists mainly of tin toughened by about 3 to 5 per cent. 
of “— and antimony pe as their compounds with 
tin. hen a portion of an alloy is subjected to a final 
polishing with a fine abrasive powder, such as rouge, and 
with practically no pressure exerted, the bronze needles, 
by virtue of their superior hardness, stand out in bold 
relief (see Fig. 2). On etching with dilute nitric acid, the 
cubes of the antimony compound are clearly brought out. 

When any considerable pressure is applied in polishing, 
or if the surface of a bearing that has been running for 
some time be examined, it is curious to notice that it is 
the cubes which appear in relief, not the stars. This is 
probably due to the disintegration of the relatively brittle 
needles under pressure. It is thus clearly shown that it 
is the cubes, and not the stars, which perform the major 


part of the duty. hrens considers that the 
needles are pound and help to undermine and round 
off the cubes, finally detaching them as rounded pellets, 


with resulting rolling friction. 

This theory is said to be proved to a certain extent.b 
examination of the sediment from the lubricating oil, 
but in any case it is  geneguon that the function of the 
bronze needles is chiefly an under-surface one in helping 
to stiffen thealloy. With less than 4 per cent. of antimon 
no large primary cubical crystals of Sb Sn are dieing, 
the antimony being completely ‘‘ perdu” in the matrix ; 

at least 2 per cent. tin is required to give any primary 
bronze needles. The matrix shows no very defined struc- 
ture, appearing minutely granular even when magnified 
2500 diameters. In practice the limiting range in composi- 
tion of these alloys is probably very near the following :— 


ol * ry 
pper a bie to 10 
ye A tes as oo 8,, 15 
With more than 10 per cent. copper, or 15 per cent. 


antimony, the alloys become too brittle. It will be 
noticed that the copper is more active in producing 
brittleness than the antimony. An alloy was used in 
the main bearing of the la ‘*Premier” gas-engine at 
the power-station of the Birmingham University, and 
was thought to have given poor results. On one occasion 
when the lubrication was slightly defective, the metal 
heated and finally partially ran out of the bearing. To 
stand the shock of explosion in the main bearing of that 
engine, with the lubrication defective, is no light test for 
any bearing metal. By analysis the metal gave :— 


Per Cent. 
Tin Sie 84.8 
Antimony a st Erg 10.3 
Copper ... és é : 4 


It is therefore a high-class alloy, though, perhaps, a 
little low in copper and antimony for the heavy load in 
this bearing, and for lighter work it would doubtless give 
every satisfaction. Fig. 3 shows the appearance of this 
alloy under the microscope. ore the trial of a new 
alloy the lubrication was considerably improved, so that 
a comparison would not be fair to the old alloy. 

The new alloy, on analysis, gave :— 


Per Cent. 
Tin sins 78.2 
Antimony = id i 14.8 
Copper ... on vl ee 7.8 


In the ingot form it gave a much better ring, and had a 
higher compressive strength than the old alloy, due to the 
larger proportion of antimony and copper. It has up to 
the present given complete satisfaction. Fig. 2 shows 
the alloy before etching, while Fig. 4 shows the same 
alloy after etching with dilute nitric acid. In the former 
case the bronze needles alone show in relief, while in the 
latter case the cubes are brought out, and are seen as the 
constituent second to solidify. 

A cooling curve of this alloy showed two distinct halts. 
The bronze needles and antimony-tin cubes crystallise so 
near together that the first halt, which is considerably 
spread out, probably corresponds to separation of both. 

he tin-rich matrix was clearly shown as solidifying at 
234 deg. Cent. Consumers have a big objection to having 
their high-priced tin alloys diluted with the comparatively 
cheap me According to one authority, however, 
this is a case where cheapening is actually beneficial, as he 





states that the lead both hardens and toughens the metal, 


besides rendering it easier to melt. 

Alloys of , Antimony, and Tin.—By the introduc. 
tion of tin to lead-antimony — the brittleness of the 
hard antimony grains is modified by the yp mpes in solid 
solution of a greater or less amount of the compound 
Sb Sn. This compound also enters into the antimony of 
the eutectic matrix, increasing its compressive strenzth. 
The wear of these alloys is said to be considerably Jess 
than that of the tin-copper-antimony alloys, probably due 
to their la: reentage of lead. Their heat-dissip2ting 
capacity, which is determined by the combined effects of 
(1) specific heat, (2) thermal conductivity, and (3) radiative 
capacity, is inferior to the high-tin alloys; and they are 
not, therefore, to be recommended for high speeds. ‘The 
compressive strength of the series is comparatively low, 
and they are therefore unsuitable for high pressures, 
They may be regarded as giving intermediate properties 
between those of the lead-antimony alloysand the genuine 
Babbit metals. 

The character of the metal is improved as the propor- 
tion of tin increases, right up to the point where lead is 
absent, and we have the binary tin-antimony alloy ; but 
as the ge alloys are no cheaper, and do not give as 
good results as the genuine Babbit, it follows that there 
is a financial limit to the increase of tin where the prac- 
tical benefit of the increase no longer sufficiently compen- 
sates for the rapid increase in price; 45 per cent. of tin is 
about the highest quoted for alloys of this class, and it is 
much more common to have the tin well under 20 per cent. 
With the financial limit of tin at 45 per cent., and the 
practical limit of antimony at 20 per cent. (as beyond this 
amount the alloys are too brittle), we have the range of 
composition. To produce the hard grains, and to increase 
sufficiently the compressive strength, at least 10 per cent. 
antimony is required; and to get the best advantage from 
the use of tin, it should be present to the extent of at 
least 10 per cent. 

A metal of this class, on analysis, gave :— 


Per Cent. 
Lead 66.9 
Tin jot na a 21.1 
Antimony ee ae 12.1 


The micro-structure showed the typical hard grains 
embedded in a eutectic of alternate hard and soft layers, 
but the constitution is not so simple as at first appears, 
red three distinct halts were recorded in a cooling curve 
taken. 

Another alloy which had done five years’ continuous 
service in the bearing of the crank-shaft of a big horizontal 
engine, and had had to accommodate itself to repeated 
— of load, was found to be constituted as fol- 
OWS :— 


Per Cent. 
Lead : 63 
Tin oe 14 
Antimony 22.8 
Arsenic... nil 
Aluminium 0.13 
Tron trace 


The bearing, as may be expected from the large per- 
centage of lead, was very durable, but gave much trouble 
in heating, and had to be kept constantly cooled with a 
lubricant of castor-oil and water. The aluminium was 
evidently added as a deoxidiser, and this would help to 
increase the frictional resistance. The brittleness, due to 
the high percentage of antimony, was very noticeable. 

Alloys of Lead, Copper, and Antimony.—Although lead 
and copper do not allo , by the introduction of antimony 
a homogeneous alloy, free from segregation, may be ob- 
tained, providing the copper does not exceed 10 per cent. 
With more than 10 per cent. copper a rich coppery con- 
stituent tends to segregate out. The copper forms with 
the antimony the compound Sb Cug, which hasa beautiful 
violet colour, and is a identical with the well- 
known ‘‘ Regulus of Venus.” It crystallises in needles, 
and is also found in the matrix as a toughening con- 
stituent. The function of these needles is probably very 
similar to that of the bronze needles in the Babbit metals; 
they are brittle, and the cubes of antimony probably 
fulfil the greater part of the bearing duty. At least 15 
<< cent. antimony is required to produce any cubes. 

he range of composition then is probably somewhere 
near the following :— 


Per Cent. 
Antimony ... si 15 to 25 
Copper os G* 4,,10 


As has been said, these alloys do not appear to be very 
largely used. The compressive strength is low, and the 
tendency to te operates against them. ‘ 

Alloys of Tin, Fine, and Antimony.—The constituents 
of this series are zinc, tin, and antimonide of zinc. Here 
the antimonide of zinc is the hard constituent which 
should crystallise out first in primary crystals to do the 
bearing service. Free zinc, crystallising out as primary 
crystals, is to be avoided, as it is a very bad metal in 
bearings, owing to the ease with which it grips or cuts, 
and results in what is known as “‘galvanising” of the 
journal. : 

As mentioned above, the alloys which have the anti- 
monide of zine crystallising out first are the important 
ones, and are, roughly, to be found within the following 
limits 

Per Cent. 
10 to 15 
10 ,, 15 


Antimony 
eee we Bod 

Tin aids greatly in diminishing the brittleness. —__ 
The med cee A point about these alloys is thei: high 
compressive strengths. They are comparatively - 4 
with regard to price of constituent metals, but are diff- 
eult to cast, as the volatilisation of zinc is aggravated in 
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the mom ag of antimony. They are said to be used by 
the French Admiralty for naval bearings. Zinc is becom- 
ing recognised as undesirable in bearing metals owing to 
the following disadvantages :— 

1. Readily corrodible by lubricant. 

2. Galvanising of journal. 

3. Overheating and consequent brittleness. 

4. Wear relatively great. 

Use of Deoxidising Agents in Anti-Friction Alloys.— 
Arsenic is often added to the extent of not above 1 per 
cent. It produces a fine-grained fracture, and freedom 
from blow-holes. It is the practice with some people 
always to judge a metal by the character of its fracture, 
and, as an arsenical alloy gives a very good-looking frac- 
ture, this accounts probably for its extensive sale. The 
arsenic, however, does not improve the alloy’s wearing 
properties ; in fact, quite the reverse is the case, as the 
alloy is less hard and tough, and does not wear so well 
as when no arsenic is present. Phosphorus, potassium 
cyanide, and sodium are used to a smaller extent as 
deoxidising agents. Mercury is said to be present to the 
extent of 5 or 6 per cent. in an alloy used for the outside 
bearings of ships’ propellers, with a view, probably, to 
resist wetting. An eminent engineer recommends man- 

nese, added as cupro-manganese, for the bearings of 
Fdrastio machines, where the chemicals in solution give 
rise to corrosion of ordinary alloys. 

Professor Goodman discovered that the addition of 0.2 
per cent. of bismuth to a lead-antimony-tin alloy pro- 
duced a decrease in the frictional resistance of over half. 
On addition of more bismuth the frictional resistance 
rises again. By investigation it was proved that by the 
addition of minute quantities of an impurity of higher 
atomic volume than the alloy the friction was reduced, as 
is the case with bismuth; while by the addition of an 
impurity of low atomic volume, such as aluminium, the 
frictional resistance was increased in a remarkable manner. 
Professor Goodman thinks, therefore, that the effect of 
minute impurities is proportional to their respective 
atomic volumes. The case of two alloys, apparently 
very similar in composition, giving such widely different 
frictional results is another example of the great part 
played by minute traces of impurities in metals. 

Casting of White-Mctal Bearings.—According to one 
authority, the casting temperature should be near the 
melting-point of zinc. It should not be higher, as the 
metal is apt to oxidise, and hard grains of oxide cause 
irritation in the bearing. By casting round a cold core the 
metal is chilled, and too great a proportion of the harden- 
ing constituents is held in the matrix; the hard ins 
are much fewer, and smaller in size. Chill casting is not 
to be recommended, though it increases the compressive 
strength, and is often resorted to by manufacturers to give 
a fine-grained ingot. It brings the matrix, which, though 
stiffer, is still comparatively soft, too much into play as 
the actual bearing constituent. A good practice among 
engineers is to cast round a core heated to about 100 deg. 
Cent., when a moderate rate of cooling is obtained, and 
moderate-sized cubes are the result. 

Metals which have been chilled in casting have been 
— to be very troublesome in practice, brittleness 

ing not the least defect, consequent on the setting up of 
strains and uneven crystallisation. Neither should metals 
be allowed to cool too slowly, which would be the case if 
cast at too high a temperature, or if the core were too 
waim. In this latter case the cubes are abnormally big, 
and owing to the slow rate of cooling incipient segrega- 
tion of the lighter cubes from the heavier matrix takes 

lace. The average size of the cubes, in bearings which 

ad been proved by long service, is given by > ait as 
0.24 millimetres. e size of cubes in the case of a bearing 
being faulty through too slow cooling is given as 0.4 to 
0.6 millimetre. ese great cubes were separated by 
cavities and grains of oxide. The abnormal development 
of cubes results in local heating. 

An interesting case is quoted by Behrens of a metal 
which had heated badly, and from which a portion of the 
tin-rich matrix had been squeezed out. On taking a 
transverse section, the metal furthest away showed the 
+ aoe structure of a chilled alloy. Near the axle, where 
the heat had partially liquefied the alloy, re-crystallisation 
had taken place, together with se; tion, and the axle 
was found to be surrounded by a shining white ring of 
great cubes packed closely together. 

An important firm of electrical engineers have recently 
been experimenting with a new method of casting white 
metals, and they claim to have obtained remarkable 
results with regard to the compressive strengths of the 
alloys. If the matrix can be stiffened up without mate- 
rially affecting the size of the cubes, there will probably 
be some advantage in their treatment. If, however, the 
cubes suffer, the effect will be exactly similar to chilling, 
which has been proved in practice to be undesirable. 

With regard to the application of white metals to 
bearing surfaces much might be written as to the suit- 
ability of doing this in icular instances, and as to the 
methods of doing so. Suffice it to say that great care is 
always needed, and among the most important pre- 
cautions to be taken are the following :— 

1. The bearing surface should be ample. 

2. _ hite metal should never be made to work on white 
metal, 

5. In applying the metal all gases should be eliminated, 
preferably by the use of a charred stick, well ‘ 

4. Sufficient thickness should be given to the lining. 
°. Tinning the shell should precede the application of 
wh metal, 

6. The brand of the metal should be suitable for the 
particular job on which it is used. 

7. Re-melting old, worn metal is bad practice, 

; 3. THE PLAstTic Bronzes. 

This new class of alloys, recently introduced into 

America, and said to be largely amen f there, more espe- 








cially for railway purposes, has not as yet gained uni- 
versal favour in this country, although it L a class having 
a wide range of usefulness. 

The want of plasticity of the rigid bronzes was recog- 
nised as a decided disadvantage, and attempts were made, 
originally by Dr. Dudley, of the Pennsylvania Railway 
Company, to obtain a certain degree of plasticity by the 
introduction of lead. This was seoseunbelly accomplished 
up to the extent of 15 per cent. of lead, and after ex- 
haustive tests these alloys replaced the old rigid bronzes. 
The number of hot-boxes was considerably uced, while 
the wear was greatly diminished. The lead does not 
appear to alloy to any extent with the bronze, but to be 
mechanically held by it, and ‘‘forms trails of a plastic sub- 
stance throughout the metal.” On polishing a specimen, 
and examining it under the microscope, the leady trails 
show up darkly. According to Charpy, these black areas 
are cavities lined with minute lead crystals. By the use 
of oblique light their nature is more clearly shown. The 
extensive presence of the cavities is indicated by the fact 
that the density of the alloy is distinctly less than that 
calculated from the composition. 

These plastic bronze bearings are claimed to be superior 
to Babbitted bearings, because, it is said, the wear on the 
journal is much less. The soft lining metal is supposed 
to embed the grit and steel particles worn from the 
journal, and consequently to produce an abrading action. 

he harder bronzes are said to allow this grit, &c., to 
work itself out. It is very certain, however, that these 
bronzes have met with great success in the United States, 
and recently the percentage of lead has been increased up 
to 30 per cent. 

Table I., page 827, shows the results of tests on these 
alloys made with a machine invented by Professor 
Carpenter, of Cornell University. The test-bar is held 
on to a revolving journal by means of a ball-and-socket 
joint, and is carefully weighed before and after being 
subjec to a sonal number of revolutions of the 
journal. The pressure is applied through —3——4* ~ by 
means of a spring. The pull, due to friction, is ced 
and thus measured by means of a weight on a lever-arm. 
A thermometer is placed ina hole in the test bearing and 
records the running temperature. The data obtained are :— 

1. Loss of metal by wear. 

2. Temperature of running. 

3. Friction in pounds. 

It is seen from the table that the wear decreases greatly 
with the decrease of tin and the increase of lead, and it 
is therefore highly desirable to produce an alloy as low 
in tin and as high in lead as possible. The friction 
is certainly greater than in the case of the pure bronzes, 
but appears not to increase beyond a certain limit. It is 
found necessary to have a certain proportion of tin in 
order to retain the lead without segregation, and also to 
give the alloy the required strength. 

The standard bronze is somewhere about the following 
composition :—Copper, 78 per cent.; tin, 7 per cent. ; 
lead, 15 per cent. To get more lead into the alloy it 
would be thought that the tin would have to be increased, 
but the reverse of this is the case. B ucing the tin 
to a minimum of 5 per cent., lead, to the extent of 30 per 
cent., could be included in the alloy without segregation. 
This is probably due to the amount of the tin eutectic 
present. At 5 per cent. of tin the eutectic is practically 
absent, and the metal sets conipletely soon after entering 
the mould, thus trapping the lead. When the eutectic is 
present in Py seer and as it is liquid long after 
the main bulk has solidified, it gives the molten lead 
plenty of | to segregate to the bottom of the 
casting, owing to its high specific gravity. 


Tasie III.—Compression Tests on Bearing Alloys. 
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| sponding to a | sponding to a | i. 
Composition of Alloy, |Permanent Set Permanent Set = 
| of 0.2 Mm. in of 7.5 Mm. in. | Practice 
| Kilogrammes. | Kilogrammes. 245 
Lead 100 500 
per cent, | | per cent. 
Pb 82.5,8b17.5.. — ..| 650 1450 10-25 Sb 
Sn 83, Sb 17 1000 2650 12-20 Sn. 
Sn 83.3, Sb 11.1, Cu 5.5 1330 2750 2-8 Cu 
88 8 4 | 100 | 275 6-15 Sb 
75 8 | 2075 Broken 
Pb 80, Sn 10, Sb 10 800 1775 
60 2 2 1050 1700 10-45 Sn 
40 «400 = 1150 1825 10-20 Sb 
20 . 60 2 1350 2200 
10 6«680—ls«a0 1000 2700 
| {| 15-25 Sb 
Pb 67, Sb 20, Cu 13 1120 | 1325 i! 2100u 
| 
Zn 80, Sb 10, Sn 10 1350 | 4150 | 10-158b 
70 1 «15 1800 | 5200 10-15 Sn 
ie | Compression | 
by load of 5000 
Kilogs. in mm. 
Copper 89.5, tin 9 1925 | 3.7 | 
8.5 10 2100 | 3.1 8-20 Sn 
86.8 112 2350 8.2 
85.7 121 3100 21 
84.3 14.6 3600 1.9 
80.6 19.2 5000 1.4 
Cu 83.4, Sn 6.6, Pb 8.4..| 1500 4.8 5-10 Sn 
80.5 ~ _ 1500 4.8 
84.7 10 6 ast 2000 3.2 5-30 Pb 
82,3 9 7.3. | 2700 24 





The alloy with 5 per cent. tin and 30 per cent. lead is 





now on the market, and it is found desirable to cast in 


chill moulds whenever possible to guard against segrega- 
tion. In the case of miscellaneous patterns it was found 
impracticable to use iron moulds for chilling, and the 
rapid setting is obtained by the introduction of about 
1 per cent. nickel in the form of cupro-nickel. Zinc i# 
highly objectionable in these alloys, as it greatly increases 
rate of wear and tends to favour tion of the lead. 

The white-metal-lined bearings, although they have 
superseded the old rigid bronzes, appear to have formidable 
rivals in the new plastic bronzes and phosphor-bronzes of 
similar composition. The constitution of such bronzes is 
just the reverse of that of the white metals ; it is a case of 
a plastic substance embedded in a hard matrix. Charpy 
argues that the new bronzes are inferior to the white 
metals for two reasons, 

1. They are less plastic, and do not mould themselves so 
well round the shaft. Their ter strength does not 
— of heavier loads, for their lubrication is interfered 
with. 

2. They have a much greater tendency to cut than 
white metals, which feature involves, among other objec- 
tions, a decided deterioration of the shaft. 

The increased wear on the journal is said by Clamer to 
have been proved in practice, and he attributes the low 
mileage of English truck-axles to this cause. The writer 
has received letters from the English railway companies, 
in which the low mileage is demed, and they state that 

steel axle-journals wear longer than it is desirable to 
et the axle run. 

There appears to be a decided difference between 
American and English practice in regard to these axle- 
bearings, as the writer has been unable to trace the intro- 
duction of the plastic bronzes on more than one English 
railway, the white-metal lining appearing to be in exclu- 
sive use, with one exception. . 

Table III., annexed, gives a selection of compression 
tests on bearing alloys from Charpy. 

Test-piece 15 millimetres by 10 millimetres by 10 milli- 
metres, cast and prepared under similar conditions, 








Heat Transmission.—‘‘A Study in Heat Transmis- 
sion,” by J. K. Clement and C. M. Garland, is issued as 
Bulletin No. 40 of the University of Illinois Engineering 
Experiment Station. The bulletin describes a method of 
rey fe effect of the agitation of a medium in con- 
tact with metal walls upon the heat conducted through 
these walls, and to or from the medium. Results of ex- 
periments upon the heat transmitted to water, as the 
medium in contact with the walls of the tube, under vary- 
ing velocities or rates of agitation, are oe The ex- 
periments were made upon a 1-in. steel tube, through 
which water flowed at different velocities ; a record of the 
amount of heat transmitted was obtained from the weight 
of water and the rise in temperature passing through 
the tube. The ‘‘conductance” or the reci of the 
resistance of the metal of the tube and of the film of 
water on the water side of the tube, and of the film of 
water on the steam side of the tu was obtained by 
measuring the temperature of the surface of the tube 
in contact with the steam with small thermo-couples, 
and computing from their temperature the drop in tem- 
perature through the tube and through the film. The 
results show that the resistance of the film on either 
surface is greater than the resistance of the metal of the 
tube, and also that increases in the velocity of the water, 
or the rate of agitation, reduce the resistance of the film 
on the water side and consequently increase the amount 
of heat transmitted from steam to water. Oopies of 
Bulletin No. 40 may be obtained gratis upon application 
to Mr. W. F. M. Goss, Director of the Engineering 
— Station, University of Illinois, Urbana, 

nois, 





GERMAN SHIPBUILDING.—From the official statistics of 
ships built in private German shipbuilding yards for 
Germany and other countries, and ships built in other 
countries to German orders, it appears that the German 
shipbuilding trade was not so busy in 1909 as it was in 
1908. The year 1908 was, of course, one of exceptional 
activity for the shipbuilding trade all over the world. Of 
723 ships built in 1909, to German orders, 247 ( t- 
ing 218,638 register tons) were steamships, and toes 
of these again, war vessels ; 609 vessels were constructed 
for the merchant service, 147 of these being steam-boats, 
and 100 ships were river boats ; the corresponding numbers 
for the year 1908 had been: 17 vessels for the navy (of 
38,280 tons), 671 ships for the merchant service, 114 
for the river traffic, a total of 802 ships, aggregating 263,036 
register tons. As regards ships built to fore: (not 
German) orders, there were in 1909 three small naval 
boats (against nine in 1908 and 16 in 1898) ; 71 merchant 
fleet boats (73 in 1908 and 27 in 1898); 17 river boats (25 
in 1908); thus a total of 91 vessels, aggregating 23,993 
tons (against 98 vessels, of 16,707 tons, in 1908, and 57 
vessels, of 33,755 tons, in 1898), The total number and 
tonnage of vessels built in private yards in German 
amounted in 1909 to 814 ships ( ting 327, 
tons), whilst there had been 900 vessels, of 279,743 tons, 
in 1908, and 333 vessels, of 208,555 tons, in 1898. e 
increase in the size, ae in register tons, it will be 
noticed, is far smaller than the increase in the number of 
vessels. The 143 merchant vessels constructed abroad in 
1909 to German orders had a total burthen of 67,477 tons, 
while the 166 vessels built in 1908 registered 91,812 tons. 
The number of river boats ordered a had almost 
the same in the two years—19 in 1909, and 18 in 1908; but 
the ave’ tonnage had increased in this case, the total 
tonnages being 3222 for 1909 and 1135 for 1908. Thus we 
have the following total of ships built abroad to German 
orders in the years 1898, 1908, and 1909: 46 vessels, of 
52,066 register tons, in 1898 ; 184 vessels, of 92,947 register 
tons, in 1908; and 162 vessels, of 70,699 tons, in 1900. 
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WORKMEN’S COMPENSATION CASES. 
County Court. 

Wages After Accident.—An unusual case eame before 
the County Court Judge, when a miner claimed com- 

msation for injury to his eye while at work in the 
colliery of the Garswood Coal and Iron Company. From 
the accident in August last year till February the 
employers had paid compensation of 14s. 6d. a week. In 
olcumey the man, at his own request, returned to work, 
but as a result of the accident he was not fit to work as 
before, and his earning capacity was reduced to 16s., 
whereas he had, prior to the accident, been tak as 
much as 29s, a week. A position in a local club as 
caretaker was accepted by the miner at 30s. a week, and 
the colliery a therefore oan to end the compen- 
sation, seeing that his wages at the club were more than 
he had formerly earned at the mine, and thus, they 
argued, there was no inca; - for which the man should 
be compensated. At ae a ub, however, the miner’s 
wife had to give service for the inclusive wages to her 
husband, so thet his wages were reckoned at 25s. a week, 
or 4s. less than he had asa miner. The Judge awarded 
a lump sum of 25/. as compensation for the miner’s 
incapacity, in full discharge of all liability. 

Court or SEssion. 

8 msion of Compensation, Penny-a-Week Payment.— 
It 9 recognised practice in the English Courts when 
a compensation award comes to be reviewed, and to be 
either increased, diminished, or ended, that the arbitrator 
will terminate the weekly allowance, without finally 
closing the workman’s legal right to compensation, if he is 
satisfied that the workman’s apace Some gare is ended, 
although there may be possible liability to future trouble, 
due to the injury. This is done by reducing the weekly 

yment to the nominal sum of one penny a week, 
Bt pose the common case of a Workman being ruptured 
at his work and being temporarily incapacitated, it would 
be a gross injustice if the half-pay were for ever termi- 
et when the workman is declared fit to resume his 
accustomed work, since the rupture caused by his injury, 
might again incapacitate him, and then, of course, his com- 
pensation claim upon his employer would be revived. The 
‘penny a week” is may A a convenient method of sus- 
pending the workman’s claim in order that it may be 
revived at any time when incapacity returns. ; 

The ‘‘penny question” was under discussion in the 
Second Division of the Court of Session on the 3rd inst., 
when, on appeal, judgment was delivered against the 
decision of the Sheriff Substitute in the arbitration of a 
claim of a workman in the employment of Mr. George 
Rosie, builder, Edinburgh. 

In November, 1906, the applicant was in the employ- 
ment of the appellant at the pulling down of an old build- 
ing, when a wall gave way and he was injured. The 
appellant agreed to pay him 18s, a week compensation in 
respect of total me sags y On July 19, 1909, the appel- 
lant applied for review of this weekly payment. It was 
aan to remit the matter to a medical referee, who 
reported that the workman was then no longer incapaci- 
tated, but a supplementary report stated that though 
then fit for his ordinary work, the workman was ruptured, 
and such injury might in future become more marked, 
and per uy detri tal to him in his = 
earning capacity. On considering the two reports the 
Sheriff Substitute reduced the compensation of 18s, to 9s. 
a week as from July 19, 1909. Against this the employer 
appealed, and the Second Division sent it before seven 
judges. The case was regarded as very important 

use the Court of Session, by a majority, differed from 
the English Court of Ap on this question of the 
penny a week, or nomi compensation for the pur- 
pose of keeping the workman’s claim alive, in view of 
the possible recurrence of the ill effects of the rupture, 
which might be a permanent result of the accident. The 
Lord President said the device of the penny-a-week 
payment had no statutory authority, and was contrary to 
the scheme of the Workmen’s Compensation Act. Since 
this pronouncement was uttered in the Scottish Aves! 
case of Singer v. Clelland, 42 S.L.R., 757, the English 
Court of Appeal (March 30, 1909), in the case of the 
owners of the Tynron v. Morgan, 100 L.T., 461, had 
expressed a different) opinion. No reason for their 
opinion was given, nor was the statute quoted in support 
of it, and it has not even authority at common law. 
The Lord President insisted on the view that the Sheriff 
Substitute was in error legally én fixing compensation at 
9s, The report of the medical referee was conclusive of 
the man’s physical capacity to do what he had been 
accustomed to do before the accident, although it was not 
conclusive of the man’s probable future wage-earning 
capacity. The workman might have brought evidence 
that a ruptured man is of always less value in the labour 
market, because of the posubility of future trouble with 
rupture. There, the Lord President contended, no 
proper course was open to the Sheriff Substitute but to 
end the compensation. The Scottish Court of Session 
have finally decided that compensation to the workman 
should be ended, and by a majority it was decided that the 
case should not be ‘“‘sisted” until it was seen whether 
incapacity should supervene. 

This, it will be observed, reverses the Sheriff Substitute’s 
judgment, which was based on his interpretation of the 
medical referee’s two reports, i nae en together, he 
understood to mean that the inju man was now re- 
stored to capacity for work undertaken before the accident, 
but that ay oon might again arise. Giving the 
workman the benefit o > all pecs the Sheriff 
Substitute awarded the reduced compensation of 9s. per 
week, because he had actually only partially recovered 
his ordinary 





The Lord President’s main reason for reversing the | Ge: 





decision of the Sheriff Substitute was that the medical 
report affirmed that the workman was _=“s enjoying full 
capacity for his former work, and, that being so, the man 
had at the moment no 7 to the 9s. a week. Compen- 
sation, the Court held, should be wholly suspended until 
incapacity should return, in which case a renewal of the 
inquiry would be necessary to prove that the repeated 
incapacity was due to the accident for which the man had 
been com ted. The difference between the Scottish 
and English Judges may, in future, -be settled by the 
House of Lords, but at present the English Court of Appeal 
in the absence of any express provision in the Statute, 
approve of “the penny a week” in order to keep the 
workmen’s claim alive, whereas the Scottish Court of 
Session, perhaps with more logical observance of the 
letter, prefers to end the weekly payments when capacity 
is restored, and to d it where incapacity is likely 
to supervene as a result of the accident, instead of giving, 
as the Sheriff Substitute decided to do, a redu com- 
pensation to cover the probability of incapacity super- 
vening. The Scottish Judges, by a majority, adhere to 
the opinion that the arbitrator may not only end, increase, 
or diminish the weekly payment, but he may suspend it 
till it is seen whether incapacity would supervene. So 
long as the arbitrator, following the Court of Appeal, 

rds his power as limited to ending, increasing, or 
diminishing the compensation, justice is served as well b 
the award of a penny a week as by total suspension wit 
leave to come again when incapacity supervenes. 


HovseE or Lorps. 


Notice of Claim need not be for a Specified Amount.— 
The House of Lords, on the 9th inst., decided an im- 
portant point in the law of workmen’s compensation. 
According to former cases, both in the Court of Appeal 
and the Court of Session, the law has hitherto been 
understood to require that while a workman’s claim for 
compensation need not in writing, it must be for a 
definite amount, and be not merely an intimation of a 
demand for compensation, and further that it need not 
mean the initiation of proceedings, but only a notice of a 
claim made to the workman’s a, So far the under- 
standing that notice of the accident should be given as 
soon as possible after the event, and the compensation 
claim made within six months of the alleged accident has 
been sufficient. However, in a case before the County 
Court of Cumberland, the applicant, who lost his eye by 
an accident at his work, e no formal or specific claim 
for com tion; but within the limit of time—i.e., 
within six months after the accident—the applicant did 
say to the works manager ‘‘I must claim compensation,” 
and upon this proof the arbitrator awarded him com- 

msation. The employers, in the Court of Appeal, 

ad this decision reversed, and on the 9th inst. the 
House of Lords reversed that decision of the Court of 
Soper, and upheld the award of the County Court. 
This is the first case in which the interpretation 
of the law relating to the claim for compensation has 
had the authority of the House of Lords. It is rather 
curious that this question, which has all along been 
decided in a somewhat narrow sense, should at t be 
interpreted by the highest court in the realm in favour of 
a workman appealing in formd pauperis against the 
judgment of the Court of Appeal. A simple notice of the 
accident, which the Act says should be given as soon as 
ible after the accident, 1s not, of course, a claim ; but 
if at any time within six months of the accident the 
injured workman says to the employer or his agent, ‘‘ I 
must claim compensation,” this is a sufficient claim in 
law. This is common-sense, and the working man is to 
be congratulated on getting this interpretation from the 
House of Lords. It makes — the intention of the 
Legislature, for the Act nowhere states that a definite 
amount has to be stated in the claim to make it valid. 
As the Lord Chancellor in the judgment remarked, ‘Ifa 
man says, ‘I claim compensation,’ as was admitted in 
this case” (Thompson v. R. W. Goold and Co.), ‘‘ why 
are we to conclude he gid not claim because he asked 
no definite sum ?” 

The argument of employers who have opposed a claim 
made in this fashion, presumably, is that the employer is 
thus eee of the opportunity of settling the claim and 
so avoiding proceedings. is is no defence, for the 
employer can always ask ‘‘How much?” or he may 
offer terms of compensation. Had the Act specifically 
required that a definite amount should be named in the 
compensation claim, it would have led a workman, 
especially if the claim were made very soon after the 
accident, to claim the maximum sum he thought he 
might eventually be awarded, and this, it might be 
argued, would have been contrary to the whole spirit of 
the Act, which is, that a reference to arbitration shall 
decide the definite amount to which the workman shall 
be entitled as compensation. It is not for an injured 
workman, before the seriousness of his case can be ascer- 
tained, to make a claim for a definite sum. It is enough 
that he claims the tection which the Act intends; 
the amount is fixed by the Act according to the work- 
man’s usual weekly earnings, and on the facts proved 
the arbitrator has discretion in making his award. If the 
workman had to claim a fixed amount, it would cease to 
be a matter for arbitration in regard to the amount of 
compensation, as it is now and as it has been since the 
first Compensation Act of 1897. This question has never 
before been definitely put to the House of Lords, and 
asa matter of practice it has only been a very few times 
before the Court of Appeal. It is satisfactory that it can 
never be raised again. 








_ Tue Great QuesEc Bripce.—The cost of the steel work 
in the great Quebec bridge will not be less than 2,000,000. 
Tenders are expected to be received from seven British, 
rman, American, French, and Canadian firms. 





CATALOGUES. 


Safes, Strong-Room Doors, &c.—We have received from 
the Ratner Safe Company, Limited, 51, Moorgate-street, 
E.C., a circular illustrating and stating prices of fire and 
burglar-proof safes, strong-room doors, &c. 


Cement for Iron and Steel.—The Smooth-On Manufac- 
turing Company, Jersey City, N.J., U.S.A., have sent us 
a copy of the ninth edition of their book of instructions f5; 
the use of ‘‘ Smooth-On” cement for repairing cracks in 
castings, stopping leaks in tanks and boilers, making 
pipe-joints, and many other purposes. 

Pumping Plant.—Messrs. A. OC. Potter and Co., engi- 
neers, Lant-street, S.E., have issued a desk calendar, 
illustrating their ialities, ther with cores of 
various diameters removed in well-sinking, and embody- 
ing two calculating discs giving the discharge of pumps 
varying with the diameter of barrel and the number of 
3-ft. strokes per minute, also discharges over weir varying 
with the depth over same. 


Electric Fans.—A catalogue section, dealing with electric 
fans, has reached us from the Edison and Swan United 
Electric Light Company, Limited, Ediswan Building: 
Queen-street, E.C. The section deals with convertible 
fans, for use either on the wall or desk, ceiling fans, port- 
hole and other fans of various patterns for continuous 
or alternating currents. Full particulars are given and 
prices stated. 


Wood’s Locomotive Fire-Box.—A booklet, containing a 
number of pm ay extracts — seer and other 
expressions of opinion regarding the cor ted 
fire-box for locomotives, has been issued by the William 
H. Wood Locomotive Fire-box and Tube-Plate Company, 
of Media, Pa., U.S.A. The booklet also illustrates the 
construction of the fire-box and tube-plate, which was 
dealt with in ENGINEERING of May 7, 1909, page 631. 


Dixon’s Silica-Graphite Paint.—A booklet to hand from 
Graphite Products, Limited, Ticonderoga Works, 218-220, 
Queen’s-road, Battersea, S.W., calls attention to the 
desirability of using Dixon’s silica-graphite paint as a 
first coating for structural iron and steel. It is pointed 
out that if the paint is applied at the works, before any 
rusting has commenced, the surface will be completely 
protected, and the subsequent peeling, often erroneously 
attributed to mill scale, will not take place. 


Electric Fans and Small Motors.—Messrs. C. A. 
Vandervell and Co., Warple bee Acton Vale, W., have 
just issued a small catalogue of electric fans and small 
motors for direct current. The construction of both 
motors and fans is described and illustrated, and parti- 
culars are given of desk and swivel fans, convertible desk 
fans, port-hole fans, oating fans for tropical climates, and 
also ship’s-cabin fans. he small motors, which are 
series wound and entirely enclosed, are made in four sizes, 
having outputs varying from ;; to 4 horse-power. Small 
polishing motors are also listed. 


Pneumatic Tools and Air-Compressors.—Messrs. Balcke 
and Co., Limited, 27, Clement’s-lane, E.C., have issued a 
catalogue of *‘ Empire” pneumatic tools and appliances. 
The catalogue deals with hammers for chipping and caulk- 
ing, riveting-hammers, riveting-machines, aril , sand-ram- 
mers and riddles, pneumatic hoists, and various accessories. 
Particulars are also given of single-cylinder two-stage 
air-com rs, with intercoolers, for working pressures 
of 100 1b. per square inch, and capable of delivering from 
23 to 706 cubic feet of free air per minute. Prices are 
stated for both the tools and compressors. 


High-Speed Tool-Steel.—From Sir W. G. Armstrong, 
Whitworth, and Co., Limited, Openshaw, Manchester, 
we have received two wall-cards ate to their “‘ A. W. 
Premier,” “‘A. W.,” and “ T. Y. R.” brands of high- 
speed steel. The cards, one of which comprises a calendar 
for the period 1910 to 1915, illustrate milling-cutters, gear- 
hobs, saws, and other cutting tools made from. these steels, 
and also show machine-tools employing them. One of 
the machines illustrated—a high-speed lathe, driven by a 
60 horse-power motor and using a tool made of ‘ A. W.” 
ener considerably over a ton of forged steel per 

our. 


Crude-Oil Engines.—From Messrs. Tangyes, Limited, 
Cornwall Works, Birmingham, we have received a cata- 
logue giving particulars of engines for use with natural 
crude petroleum. In these engines the vaporiser is 
heated by the explosions and is maintained at the correct 
temperature by the introduction of a regulated quantity 
of water. Oil is sprayed into the.vaporiser by a pump, 
the quantity being varied, according to the load, by a 


centrifugal governor so that there is an impulse in every 
cycle at loads; ignition is effected by a hot bul 
at ed to the vaporiser: The main shaft bearings are 


provided with ring lubrication and oil is supplied to the 
piston from an oil-pump worked by the side shaft. The 
engines are made in three types for electric lighting and 
— purpos3s, and those listed vary from 35 to 65 

rake horse- ower ; other sizes can, however, be supplied. 





Sree, Rats ror THE CoLonies.—The Government of 
Western Australia recently invited tenders for the supply 
of 20,000 tons of rails and fish-plates for one of the new 
State lines of railway. An analysis of the tenders received 
showed that although the Commonwealth Customs Tariff 


concedes a preference of 5 per cent. on goods of British 
manufacture, the foreign tenders were lower than the 
British. Notwi ing the difference in price, how- 


ever, the Premier of Western Australia has decided to 
accept the British tender. The order has been se ured 
by a firm of merchants on behalf of the North-Eastern 
Steel Company, Middlesbrough. 
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‘“‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
SSS eee een ee Seen wo oe 
v 

Where inventions are Y from abroad, the Names, &c., 

of the Communicators are given in italics. 

Copies of Speci, ions may be obtained at the Patent Office, Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
ep mpeg ope Rh 

The date of advertisement of the mce of a Complete 
as Sa Soe abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the van ey ay Om nce of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the mentioned in the Act. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
10,968. A. De Dion and G. Bouton, Puteaux, 
es. 


France. Internal - Combustion {1 Fig.) 
May 8, 1909.—This invention relates to oil-pumps for internal- 
combustion engines of the type described in tters Patent 


No. 10,877, 1909, wherein the crank-shaft bearings of the engine 
contain the om cavity, and a rotary gear-pump is secured to the 
crank-shaft bearing, which is formed integral with the crank-case 
and receives motion from the crank-shaft through suitable gear- 
ing. The two pinions 1 and 2 form the operating members of 
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the pump, the axes of the pinions being parallel to the axis of 
the crank-shaft, and are driven by means of a spur-wheel 4 
engaging with a distribution pinion 3 keyed to the shaft 0. The 
supply of oil takes place through a conduit, and is delivered to the 
lubricating system through the conduit 7, made in the body of the 
frame. A relief-valve is arranged in a similar manner as that set 
forth in the prior patent. It comprises a small steel cylinder 
spring-pressed against one end of a conduit communicating at 
one end with the pressure-lubricating system, and is supported 
by the cover of the distributing pinions. (Accepted April 6, 1910.) 


17,846/09. D. Roberts and J. W. Young, Grantham. 
Internal-Combustion Engines. [10 Figs.) July 31, 1909. 
—This invention relates to vaporisers for internal-combustion 
engines. a is the non-jacketed part of the vaporiser, and b is the 
portion thereof which is provided with the water-jacket c, d being 
the flanged neck, by means of which the vaporiser is bolted to the 
engine. eis a channel, which is shown formed in the bottom of 
the water-cooled part b, although it can, if desired, be made in 
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the hot part of the vaporiser, and fis a compression-block, which 
is inserted within the channel e. To enable the block to be intro- 
duced into, and withdrawn from, the channel the vaporiser is 
provided with a detachable door g. The block f may vary in sha 

in order that the same vaporiser may be adapted to deal efficiently 
with fuels having different physical properties. The block shown 
in Figs. 3 and 4 is made in one piece, and is provided with gills A 
exte ad longitudinally along the block. (Accepted April 20, 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 


15,556/08. The Hoffmann Manufactu: Co: ° 
Limited, London and Chelmsford, and Ww B Mair, 


Fi. 





Chelmsford. 


(6 Figs.) July 3, 1909. 


bearings for use on shafts, axles, and like parts, of the kind 
wherein rollers of a length somewhat approximating to their 
diameter work in a race in one ring and on a plain track on the 
other, or in races formed in both rin, A ing to this inven- 
tion, one ring has a spherical, rounded, or like surface or part 
circumferentially disposed, which is adapted, when the bearing is 
in tion, to seat on a plain cylindrical surface of a housing or 
a t, or on a curved surface of such a part which has a contour 
different from that of its own. Fig. 1 shows the outer ring @ 
having its external surface or periphery } of a curvature found 
best for the purpose, it being somewhat flattened from a true 
spherical surface, eo that while it can adjust itself easily in the 
usual internal cylindrical surface of the housing c, it yet has 
somewhat more than a mere bearing point therein. Fig. 2 shows 
the outer ring a with a rounded projection g approximatel, 
spherical at its working point, which bears in a curved seating 
in the housing ¢, such seating not conforming, however, to the 
curvature of the projection, or being, if desired, Lt 5 - cylin- 
drical surface. e arrangement could be reversed, however, 
most conveniently if the seating is carried by a supplemental 
ring secured to the shaft. (Accepted April 13, 1910.) 


MOTOR ROAD VEHICLES. 


21,739/09. R. H. Fowler and G. 8. Tuer, Leeds. 
Traction Engines. [6 Figs.) September 23, 1909.—This 
invention relates to the construction of traction engines, In 
accordance with this invention, the boiler-plates and brackets 
carrying the bearings are relieved from much of the stress to 
which they are subjected, owing to the expansion and contraction of 
the boiler, and the stresses due to the road gear are taken up in the 
bearings and brackets, relieving the boiler-plates of these stresses. 
The connection between the hind axle bearings a and the third 
motion-shaft bearings b is similar to the known constructions, 
but the brackets ¢ carrying the bearings of the crank-shaft and 
second-motion shaft are not bolted to extensions of the fire-box 
plates, or plates riveted thereto, as heretofore, but are provided 
with rearward extensions d acting as stays and rigidly connected 
with the horn-plates d!, which connect the hind axle-bearings and 
the third-motion shaft bearings. The brackets c are connected at 
their rear-ends by a stay-plate 1 bolted to an angle-iron fixed to 


Fig.1. 


c 





a 





Ae 


the boiler, and at their forward ends by a stay-plate n bolted to 
an angle-iron e fixed to the boiler. When the boiler-plates expand 
the mes land » bend, thus allowing relative movement between 
the brackets and the boiler-plates. The bracket c!, which carries 
the centre bearing of the crank-shaft, is bolted at its rear end to 
the stay-plate /, but at its forward end is free to slide on the angle- 
iron e. e footstep bracket f for the upright shaft is connected 
rigidly with the horn-plate of the hind-axle bearing by a stay g, 
which slides through a strap h fixed to the boiler. On the other 
hand, the bracket / is fixed to the boiler by a steel plate, which 
yields to movements of the bracket longitudinally relative to the 
boiler, but shares vertical and transverse movements of the boiler. 
The upper bearing k of the — shaft is carried by the crank- 
shaft bearing bracket c in the usual manner, and owing to the 
fact that both bearings are connected with the same part, they 
keep in alignment far better than has hitherto been the case. 
(Accepted April 27, 1910 


15,908. J. M. Hewitt, Manchester. Motor Road- 
Vehicles. (2 Figs.) July 7, 1909. Thisinvention relates to differ- 
ential steering-gear for motor road-vehicles. The steering-pins A 
carry at their upper ends quadrants B, whose peripheries are 
eccentric tothesteering-pins. Worm-teetharecut on the peripheries 
of the quadrants, and worms G mounted on the shaft D mesh with 
them. The centres of the quadrants are inside of, and normal! 

ona line joining, the centres of the pins A. The worms G wor 
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in slots in cages which rotate in bearings in the enlarged ends of 
links fone wap to the pins A at the centres of the quadrants and 
guides J in the casing H. Thus the worms are always held in mesh, 


the left-hand worm engages a part of its quadrant of increasing 
virtual radius. Thus the right-hand, orinner, wheel turns through 
& progressively greater angle, and the left-hand, or outer, wheel 
through a progressively smaller angle, thus affording correct 
differential steering. (Accepted April 27, 1910.) 


9259/09. Daimler Motor Company (1904), 
Limited, and F. W. ester, . Motor 
Road-Vehicles. [5 Figs.) April 19, 1909.—This invention 
relates to motor road-vehicles with hollowed plate frames. The 
frame of the vehicle is built up from a steel plate a shaped, as 
shown in Fig. 1, to form a substantially rectangular channel run- 
ning lengthwise from front to back of the vehicle, and baving 
flanges on either side. In thecase where the motor vehicle is for 
use as an omnibus, the seats may be built up upon these -— ~ 
the bottom of the channel forming the floor of the vehicle. e 
frame may be stiffened where required by means of transverse 
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angle-bars b, and a torsional transverse stiffening member ¢ 


is provided, which also forms a fuel-tank. For propellin 
the vehicle, two separate power units are provided, one on each 
side of the vehicle and placed under the side flanges of the 
frame. It will be seen that by the ute of the construction 
described, the greater part of the weight of the body and load 
carried by the vehicle is taken directly on to the springs. Most 
of the top weight is supported on pillars at the points /, m, o, fi: 
the forces acting vertically downwards on the springs, as indi- 
cated by the arrows at these points. The only part not carried 
directly by springs in this construction is supported at n, (Ac- 
cepted April 27, 1910.) 


RAILWAYS AND TRAMWAYS. 


25,248. E. Peckham and R. 8. Andrews, London. 
Axile-Boxes. [2 Figs.) November 2, 1909.—This invention 
relates to axle-boxes. A casing 1 has at the rear end arectangular- 
shaped packing-chamber 2 formed within an additional casing, 
having an outer wall and an inner wall, both formed integral 
with the casing proper. Around the journal 7, and within the 
chamber 2, is packing 8. Detachable covers 9 close the upper 
and lower open ends of the chamber 2, within which, above and 
below the packing, sliding-blocks 10, having one surface to con- 
form to the shape of the axle as nearly as possible, are provided. 
In both the upper and lower caps 9 screws are provided, by means 
of which the sliding-blocks are brought together to press the 
packing tightly around the axle. The screw of the lower cap is 
provided with a washer and cap to prevent the oil oozing out at 
this point, and between the flanges of the covers 9 and flanges of 
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the casing packing is placed. The main chamber 19 of the 
journal-ox, when the latter is in use, is partly filled with oil, and 
to prevent the oil escaping into the outer chamber 2 a metal 
ring 20 is provided ; between this ring and the inner wall of the 
casing proper packing 21 is placed, and in order that the adjust- 
ment of the king compressors 10 will impart side pressure to 
the packing-ring 20, there is interposed between the two ts a 
wedge which will, when adjustment takes place, provide the 
necessary pressure to ensure a tight joint between the walls of 
the outer chamber and the packing-rings. Projections A extend 
inwardly from the sides B and present inclined surfaces which will 
divert the upward and downward pressure imparted by the 
sliding-blocks 10 against the sides of the axle, thereby ensuring 
ood contact all round the axle to prevent escape of any oil. 
Accepted April 6, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
Limi H. F. 


Rommines. and K. W. Willans, Rugby. 

Stuffing-Boxes. [10 Figs.) April 8, TR ee to this 
invention, a tool is constructed in such way that by it packing in 
the form of a strand or cord may first be coiled for one or two 
coils around a spindle, and these coils then be pushed off from 
the end of the spindle into the stuffing-box and on to the exterior 
of the rod which passes into such cavity, and so that a further 
number of coils may then be wound around the rod and after- 
wards the cord cut and the coils be left within the stuffing- 
box. Or the required number of coils may be wound on the 
spindle, and, when the cord has been severed, be driven into the 





and cannot move longitudinally. The shaft D is carried across the 
ear, and works both stesving-nexds together, that shown being | 
the left-hand head. If the steering-wheels be turned towards the | 





—Thie eee Bearings. 
This invention relates to self-contained annular ring roller- 


right, it will be seen that the right-hand worm engages witha eed | 
of the right-hand quadrant of diminishing virtual radius, whilst 





cavity without further winding. a is a spindle, one end of which 
turns in a bearing ) fast with an end handle c. The spindle also 
eee through a second bearing in a plate d. Beyond this 

aring the spindle has upon it a sliding sleeve e. Projecting 
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ends of a pin f passed through the spindle extend through longi- tudinally of the blade. The fluid-directing lug 16 is formed inte- 


tudinal slots g in the sleeve e, so that if the spindle is turned, the 
sleeve turns with it. The ends of the pin f also pass through 
holes in an outer sleeve 4, which therefore turns with the 
spindle, but cannot move endwise relatively to it. iis a tubular 


| concave side adjacent to the mounting portion of the blade. 


grally with the body portion 13 of the blade, and is located on the 
The 


| shrouding-flange 15 projects forwardly, relative to the direction of 


casing surrounding the exterior of the outer sleeve h. The inner | 


end of this casing is fast with a plate k, which is itself made 
fast to a plate / by readily - removable fastenings. A _ collar 
on the exterior of the sleeve ¢ is held between the plates k 
and J, so that the sleeve can be shifted endwise, whilst at the 
same time it can be revolved freely. o is a rod extending from 
the plate d and poine through holes in the plateskand/. The 
plate d is thereby restrained from turning. ¢ is a bevel-wheel 
fast on a shaft p and gearing with a bevel-wheel + which can turn 
freely around the spindle a, s is a sliding clutch which can be 
slidden endwise along this spindle, but cannot turn around it. 
Clutch-teeth on one end of this clutch can be made to engage with 
corresponding clutch-teeth fast with the bevel-wheel 7, or similar 
teeth on the opposite end of the clutch can be made to engage 
with corresponding clutch-teeth fast with the end handle c, ¢ is 
a coiled spring surrounding part of the spindle a and bearing at 
its ends against a collar on the spindle and against the end of the 
sleeve e. w isa spring by which the clutch is normally made fast 
tothe handle. w isa stop passing through the outer cylindrical 
casing i and projecting into its interior. The stop is carried by an 
arm which is jointed to the disc k and acted upon by a spring 2. 
vis a rod coupled at its rear end to the plated. When this plate 
is pressed forwards by the handle c, whilst the outer casing i is 











restrained from similar endway movement, the forward end of 
the rod rises up a fixed incline z and thereby withdraws the stop 
w. The action is as follows :—The end handle c being held in one 
hand, and the end of the cord projecting somewhat from the for- 
ward end of the tool, the clutch is moved into engagement with 
the revolving bevel-wheel r, and the spindle is thereby caused to 
turn. As it turns the portion of the cord which projects out from 
the front end of the tool is brought against the —, w, and the cord 
is thereby bent against this stop and can thereby be held fast, and 
as the spindle continues to turn the cord is wound around the 
exterior of the inner sleeve ¢. When, say, two turns of the cord 
have thus been wound around the inner sleeve (Fig. 2), the end of 
this sleeve is held against the end of the rod or tube around which 
the packing is to be placed, and at the same time the end of the 
outer cylindrical casing is held concentrically with the surround- 
ing annular cavity, and against the side of the plate or part in 
which this cavity is formed. The spindle a and its end tubular 
prolongation h wre now pressed forward by the end handle c. 
In moving forward it first causes the stop w, which projects into 
the interior of the outer tubular casing, to be withdrawn, and 
afterwards the forward end of the tubular prolongation / of the 
spindle pushes forward the previously formed coils of packing on 
to the rod or tube around which the packing is to be placed until 
they come Cpe: the inner end of the annular cavity (Fig. 3). 
As the spindle and its prolongation continue to be revolved, any 
desired number of further coils may then be wound around the 
rod or tube (Fig. 4). When the desired number of coils have been 
wound the coils are severed or detached from thecord. (Accepted 
April 13, 1910.) 
21,018. G. Westinghouse, Pittsburg, U.S.A. Tur- 
bine-Blades. (4 Figs.) September 14, 1909.—This invention 
relates to turbine-blades. Each blade consists of a body portion 
13, an integrally-formed mounting portion 14, a shrouding flange 


15, and a fluid-directing lug 1(. The body portion 13 is crescent 
shaped in cross-section and is provided, at one end and on the 
convex side, with the shrouding-flange 15, and at the other end 
with the cylindrical mounting portion 14, which extends longi- 


{ 


rotation of the blade. The inner face of the flange 15 of each blade 
is inclined and co-operates with the fluid-directing lug 16 of the 
next adjacent blade in forming a radially divergent fluid passage 
between the blades. The fluid-directing face of the lug 16 is so 
inclined as to prevent eddy currents around the bases of the 


| blades, and also to co-operate with the inclined face of the 


shroud of the next row of blades in continuing the divergent 
fluid passage. The lugs also reinforce the bases of the blades 
and form a shoulder which contacts with the blade - mount- 
ing element and co-operates with the mounting portion 14 
in securing the blades in place. The peripheral face of each 
wheel 1 is provided with two rows of cylindrical holes 18, 
each of which is adapted to receive the mounting portion 
of one of the blades. The holes comprised in each row are so 
aligned and spaced, and the flanges l5are so constructed, that the 
outer end of the flange of each blade fits against the concave face 
of the next adjacent blade when the blades are assembled in the 
blade-mounting holes and secured in place. This construction 


—— a shrouding for the outer ends of the blades, which, 


| of pivoted links /1, 


sides being effective as a fluid-directing agent, rigidly secures 
the outer ends of the blades in their proper relative positions. 
The base portion 14 of each blade is positively locked into one of 
the holes 18 by means of a pin. (Sealed June 9, 1910.) 


7423. W. Weir, Glasgow. Steam-Condensing 
Plant. (2 Figs.) March 27, 1909.—This invention relates to 
steam-condensing plant and air-pumps. 3 is acondenser to which 
combined wet and dry-air pumps 4 and 5 are connected. These 
— are operated by levers 6, connected to the main engines, 
and links 7, which are connected to the plunger-rods 8, 9 of the 
wet and dry air-pumps respectively through the cross-head 10. 
The wet air-pump 4 is connected to the condenser 3 by the suction- 
pipe 11, and the dry air-pump 5 by the suction-pipe 12. The wet 
pump 4 is provided with foot-valves, bucket-valves, and head- 
valves, and with a discharge branch 16. The dry pump is arranged 
to discharge through the pipe 17 and the non-return valve 18 into 
the barrel of the wet pump 4 through the port 19 at a point 
below the head-valves, but above the uppermost point of the 
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stroke of the bucket of the pump 4. A receiver 20 is provided on 
the discharge portion 21 of the dry pump 5, and is so arranged 
that only air will pass into the pipe 17, the water accumulating in 
the base of the chamber, whence it passes by the pipe 22 to a 
tubular cooler 23, where it is cooled and passed through a pipe 24 
to the base of the dry pump. The cooler 23 is provided with a 
supply of cold-circulating water. It is obvious that the rate of 
flow of the water to be cooled through the cooler 23 will depend 








on the difference in pressure above the head-valves of the dry | 
pump and the suction-pipe of that pump, and if such a difference | 
is too slight to cause the necessary circulation, the non-return | 


valve 18, which is loaded, is adjusted to increase the difference in 
pressure. 
ing being regulated by ascrew. (Accepted April 6, 1910.) 


10,050/09. R.A. Barrett, A. Davies, and N. Hineson, 
Ashton-under- e. Furnaces. (9 Figs.) April 28, 1909. 
—This invention relates to furnaces for steam-generators. A 
series of fire-bars c are entirely enclosed within the flue b, and are 
connected together transversely near their forward ends by means 
The main fire-bars drive the remainder of 


the fire-bars, which are indicated broken lines, located 
between each pair of main fire-bars. These driven bars are 
adapted to embrace the links h!, so that whatever motion is given 
to the main bars is communicated in a greater or less degree to 
the driven bars, so that each bar is at a different position of 
longitudinal reciprocation to the others at one time, and con- 


by 


As shown, this valve is loaded by a spring, the load- | 


| sequently the fire is kept in a constant state of agitation, whilst 
the clinkers are simultaneously forced over the bridge-plate q 
into contact with the steam jet passing below the plate. In order 
to communicate motion to the main fire-bars, there is attached 
to each of them, at a point well inside the furnace, a connectiny- 
rod j, the outer end of which is coupled to a crank-shaft k sup. 
ported in bearings at the front of the boiler, such crank-shaft 
having its crank-bearings formed in step-like formation. Ry 
these means and the links #!, each fire-bar is in a different 
position longitudinally to the others at a given time. The crank- 
shaft is driven by a pulley loosely mounted on a short shafi, 
having fixed to it a worm gearing with a worm-wheel fixed on the 
crank k. The driving pulley can be engaged with, or disengaged 
from, the worm-shaft by means of a slidable clutch, preferably of 
the claw type. (Accepted April 20, 1910.) , 


TEXTILE MACHINERY. 


Platt Brothers and Co., Limited, and 
J. Pickford, Oldham. Self-Acting Mules and 
ers. (3 Figs.) May 22, 1909.—This invention relates to 
self-acting mules and twiners, and consists in arrangements of 
mechanism by means of which the backing-off cam, during the 
outward ‘‘run” of the carriage or slide, will keep the backing-off 
chain always tight and ready for pulling down the faller when the 
backing-off cam is reversed for backing-off, and also ensure the 
uncoiling of the backing-off chain from the backing-off cam during 
the inward “run” of the carriage, so that there shall always be 
plenty of slack chain to facilitate the unlocking of the faller. a is 
the shaft of the winding-drum b, ¢ is the tin roller-shaft, e is the 
backing-off chain, f is the backing-off cam, the edge of which is 
provided with teeth so as to form a toothed wheel, which is 
mounted loosely upon the shaft c. One end of the backing-off 
chain e issecured to the cam /, and the other end is secured to the 
| end o! of the sector-lever 0. g is the faller-shaft, A is the faller 
| locking-lever, i is the slide on which the faller locking-lever is 
locked for and during the winding of yarn upon the spindles of 

| theself-acting mule. j is the backing-off ratchet-wheel fast upon 
} the tin roller-shaft c. k is the backing-off pawl carried by the 
stud J mounted on the backing-off cam f. m is the friction- 
| plate secured to the shaft a of the winding-drum. 2 is the 
friction-plate, the edge of which is formed with teeth so as to 
| form a toothed-wheel which gears into the teeth of the cam f 
; and is mounted loosely on the winding-drum shaft a. p is the 
spring to keep the loose friction-plate n in contact with the fric- 
tion-plate m. The friction between the plates n, m during the 
outward “run” of the carriages causes the cam-plate f to turn 
in the direction indicated by the arrow B. The winding-drum 
shaft @ is turned in the direction of the arrow A by means of the 
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usual return band, which coils the quadrant chain on the winding 
drum b, and in so doing will turn the friction-plate n, which, by 
means of its teeth engaging with the teeth of the backing-off 
cam f, will turn it in the direction of the arrow B when the back- 
ing-off chain e will be coiled upon the cam /, so as to take up all 
the slackness of the chain in order that the cam f may instantly 
begin to pull down the end o! of the sector lever 0 as soon as the 
cam / is reversed for backing-off. With this invention, as soon 
as the chain e is tightened to the extent required, a continued 
turning of the shaft a in the direction of the arrow A will cause 
the friction-plates m, n to slip, and thus keep the chain e tight 
without pulling with undue force upon it. At the termination 
of the outward run, the chain e will always be tight and ready 
for action in drawing down the faller wires as soon as the shaft ¢ 
is reversed for backing-off. The reversal of the shaft ¢ will, by 
means of the pawl k and ratchet-wheel j, immediately turn the 
cam f in the direction indicated by the arrow B for the operation 
of the backing-off, so that the descent of the faller will, in every 
stage of the cops’ progress, always begin equally promptly, 80 
that snarling of the yarn and other irregularities in the formation 
of cops or the like are obviated. During the inward run of the 
carriage, in which the winding-drum b is turned by means of the 
uncoiling of the quadrant chain from the winding-drum in the 
| began direction to that indicated by the arrow A, the friction- 

plate n and cam f will be turned by the friction-plate m in the 

reverse direction to that in which they are turned during the 
| outward run of the carriage, and thus ensure the uncoiling of 

the chain e from the cam f, so that when the winding of the yarn 
upon the spindles is completed at the end of the inward run of 
the carriage, there shall be plenty of slack chain to facilitate the 
unlocking of the faller. (Accepted April 20, 1910.) 
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Aveling & Porter, Ltd., 
and 72, 


Rocuestsr, Kent. 
Cannon Street, LoNpon, 
STEAM ROLLERS, ROAD LOCOMOTIVES, 
STEAM OULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 
CEMENT-MAKING MAOHINERY,. 


FA. G. Mumford L* 


CULVER STREET WORKS, COLCHESTER, 
On ApMmaLty AND War Orrics Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 

BOILER FEED PUMPS. 
See Illustrated Advertisement, page 58. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS, 
And Auxiliary Machinery as supplied to the 
Admiralty. 2179 


1140 








J ames Russell & Sons, Ltd., 


Crown Tuss Worxs, WEDNESBURY. 
IRON and STEEL TUBES, and Fittin 
STEAM MAINS. OOCKS and VALVES. 
TRAMWAY and TELEGRAPH POLES, &c., &. 

WAREHOUSES : 
Lonpon - - - 108, Southwark Street, 8. E. 
MancuusTsrR - 83, King Street West. 
Binminenam - 114, Colmore Row. 
Lezeps - - - 6, Mark Lane, Briggate. 
diswan 


Reva! x 


MEANS NOT ONLY LAMPS, BUT EVERYTHING ELECTRICAL, 
Tus Evison & Swan Unirep Execrric Lient Oo., Lp., 
_ Ediswan Buildings, Queen Street, London, E.0. 


for same. 
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(rig & Donald, Litd., Machine 


TOOL MAKERS, Jonsevens: near Glasgow. 
For class of Machine Tools see our Illustrated 
advertisement every alternate week. 1098 


rank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & OO., Lr>., 
ENGINEERS, NEWCASTLR-ON- TYNE. 855 


RAILWAY OARRIAGES, TRAMWAY OARS, &c. 


H urst, Nelson & Co. [4 


Tuk Guascow Rouuine Srock aND PLANT WoRKS, 
MOTHERWELL. 3383 











rrow & Co., Ltd.,| 


a 
y SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of Popiar, Lonpon.) 
SPEEDS UP TO 40 MILES AN “— 
PADDLE OR SCREW STEAMERS 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


MULTITUBULAR AND 
Qechr an CROSS-TUBE TYPES. 
See page 


Bollers. 


achts, Launches or Barges, 
Built complete with Steam, Oil or Petrol 
Motors; or ee — 
OSPER & CO., Lrp., 
a... Street, PoRTSMOoUTH. 


Od 8759 








Od 3551 
[the Hydraulic Engineering 


COMPANY, Limitzp, 
CHESTER. 
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See our Exhibit, Stand 111, Machinery Hall, 
JAPAN-BRITISH EXHIBITION. - 

A Firm of Engineers, having 
an exceptional connection among the lead 
Railways, Bri , Indian and Colonial, is PREPARE 

TO OONSIDER, ‘with a view to undertaking their 
manufacture and sale, any suitable SPECIALITIES. 

Communications, whi will be treated in strict 

confidence, to be sent, in the first instance, to 9895, 

ces Of ENGINEERING, 9895 








E. Cowens, M.1.M.E., In-|_ 


ting Engineer. Inspecting and Testing 
Work of all kinds undertaken and reports given. 
Engine and Boiler Tests, Materials, Pipes, Rails and 
Machinery.—Address, Sunnyside, Cullercoats, at 
umberland. 


(ranes ! Cranes! ! (jranes 


Batters Brothers & Co., 
GLASGOW. 


Makers of all kinds of Steam, Electric, and Hand 
Power Cranes. 
Catalogues and Prices on application, 917 


See Illustrated Advertisement page 57, June 17. 








R. Heber Radford, Son« Squire, 


ENGINEERING, IRON AND STEEL Works 
established) Valuers, over 40 years. 


LTING ENGINEERS, REFEREES AND ARBITRATORS. 
r Partner, R. Heser Raprorp, Mem. Inst. Me- 
»1 Engineers, Mem. Inst. Naval Architects, Mem. 
1 and Steel Institute, Fellow Chartered Institute 
of Patent Agents.) 711 

15, St. James Row, SHgrrre.p. 


Te us: “Radford, Sheffield.” § Telephone: 425, 


john Thompson’s Steel 


OHIMNEYS. 


WOLVERHAMPTON, ENG. 


As Oatalogue. 


Btc 


Pp 


1077 


«8 Engine and Suction Plant 
REPAIRS. 60 tons of Firebricks, all sizes, in 
Skilled mechanics, ex: pert supervision, quick re- 
‘hone’: 1350, East; Tel: Rapidising, London.— 
DAV 18 &00., ‘Gt. Eastern Rd., Stratford,E. 1064 


ler, , Horsey, Sons & Cassell, 
Auctioneers Valuers and Surveyors of MILLS 
we 3: ANUFAOTORIES, PLANT and MACHINERY, 

iA. VES and WAREHOUSES. — Gentlemen seeking 
< a tories, Wharves, Warehouses, Waterside or 
. a Works, Sites, or Commercial Property of any 
- ionare invited toinspect Messrs. Fuller, Horsey, 
r ns © Cassell’s REGISTER, where they will find 
tcu-ars Of practically all the principal Properties that 
&re in the market, and some of the better class 
Per ies Ww hich are exclusively in their hands. 
C ‘anes,—Electric, Steam, 

wrEnan2t0 and HAND 
apes and sizes. 
GEORGE RUSSELL & 0O., Lrp., 
__Motherwell, near Glasgow. —’ 840 


Motherwell, near G 
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Please refer to last weeks’ Advt. page 32. 
Steel. 
I ocomotives in Stock,— 
—.. arape S & oe. Lrp., have in stock 
or in an advanced progress at their 
Oalifornia Works, ee -on- erent, o large number of 
LOCOMOTIVES, with cylinders from 6 in. to 16 in. 
rary (inclusive), . all 
- in.—A ERR, 
1, Broad ttn ~ Bang E.O. 





es from 18 in. to 
ART & OO., Lr>., 
6520 





Blast Wagons for Sale or 


HIRE. 
HURST, NELSON & OO., Lre., 
MOTHERWELL. 


1059 





€'8 pyare Pooumatie ASH Ejector. 


eg ~ saving of labour. No noise. No dust. No 

shes disc 20 ft. clear of vessel.—Apply 

F *. TREWENT & ROOCTOR, Naval Architects and 
Surveyors, 48, Billiter Bldgs., Billiter 8t., London, - 





GREATEST POWER SAVERS, 
LONGEST WEAR. 


Be! and Roller Bearings 


MAIN DRIVES AND LARGE SHAFTS. 
ALSO ALL KINDS OF 
WHEEL AXLE, AND MOTOR BEARINGS, 
PATENT THRUST AND FOOTSTEP BEARINGS. 
MAIR, NIXON & FERGUSON, Lp., 
KETTERING. 


team Hammers (with or 


without guides). Hand-worked or anosne 
TOOLS for BUILDERS & BOILERMAKERS. 


1153 








DAVIS & PRIMROSE, LEITH, N.B. 928 


Mellowes & Co L* 


PATENT PUTTYLESS 


“Eclipse” Roof Glazing 
for Skylights in Roofs of all description. 


Huap Orricn & Worns: SHEFFIELD. 9739 
LONDON Orrices: 28, Victoria Street, 8.W. 


Yarrow s Patent 


Wiater- -Tube Bours, 


THE MOST IMPROVED TYPE IS FITTED WITH 
FEED-HEATING TUBES, 


Fe 
G lasg ow ( POPLAR, LONDON, 





F[tubes, Iron and Steel. 
Edwin Lewis & Sons, *™ 
U8 Cane 0, Wolverhampton. 
Dev Rollo and Sons, 
Engineers & Shipbuilders, 
Liverpool. 





624 


ubes and ittings, 
TRON AND STEE 


Stewarts and Lpoyds LL 


41, OSWALD S8T., GLASGOW ; 
NILE ST., BIRMINGHAM; and 
LONDON OFFIC E— 

Wincnester Hovsz, Ovp Broap Srreet, E.O. 
LONDON WAREHOU: SE—157, Urr. THAMES Sr., E.O, 
LIVERPOOL WAREHOU SE—63, PARADISE st. 
MANCHESTER WAREHOUSE—S4, DeansoatTs. 
CARDIFF WAREHOUSE—132, Burs St. 
BIRMINGHAM WAREHOUSES—Niue Sr., Suusr- 

corse Sr., and 10, CoLxsuint Sr. 
‘See Ady ertisement page 86. 


(Kombined Ai r pp, 
Coateen os pms very er (Benn’s Patent). 


Sole Ma & CO., Hasuinepay, 
z "See iatrated Advt. last week. _ ila 


auxhall & West Hydraulic} — 


ENGINEERING ©O., Lap. 
MARINE ENGINES (Screw & Paddle), HYDRAULIO 
MAOHINERY, PUMPS, &. Works: Luton, Beds. 
City Office, 45, Leadenhall Street, London, E.C. 


Brett's Patent Lifter Co. 

LIMITED, 
Hammers, Presses, Furnaces. 
COVENTRY. 610 


oot’s Patent Friction 


OLUTOHES, suitable for motor boats, motor 
— fen transmission gear.— Write for Sheet No. 83, 
& PAUL, Ltp., Petrol Engine Makers, 

648 





5748 





1173 





cars, or 
fate 


Norwich 
Steam Launches. 9 bi. 


Watiine Works, 
Kidward Hay €8, sTONY STRATFORD. 
SMALL TUGS and LAUNCHES in IRON and 
STEEL. Machinery constructed for boats built abroad. 


——_ or Compound. - London Office: 9, Bridge St., 
Westminster,8.W. See Illustrated Advts. each month. 


2174 
Ale: W ilson, 


ENGINEER, 
8, Lomparp Covrt, LONDON, E.O. 
Telegraphic Address: ‘‘INGENIEUR, LONDON,” 








Specialties—Side and Stern 
Wheel Steamers, 
Steam and Motor Launches, 
Tugs and Barges, 
Machinery for Vessels 


‘BUILT ABROAD. 748 


~ 40, KING STREET, COVENT GARDEN, W.O. _ 


r[eenes Kell & Son, Litho- 


= &c., execute every description of 
Chromo - Lithography, r} ng and 
Engineering, Pictorial 


Architectural and 
Dawine in best manner, Paper Drawing, Photo- er 


graphy, &c.—40, King St., CoventGarden, W.O. 


[laylor & (halilen, L 4 








Press es for Sheet etals. 


See Advert. page 17 last week. 8195 





VAUGHAN 
& SON 
LTD, 


5 fakes crn s 


Overneap 
Exzorrio & Hann Powss 


Travetune 
MANCHESTER. 779 C ranes. 


See Illustrated Advt. June 10 and July 8. 


chram’s Air Compressors 


and ROCK-BORING MAOHI 
SCHRAM, HARKER & OO., Cannon Street House, 
London, E.O. 
Bs Se _See Advertisement page 20. 9669 


Gteam Cranes, Excavators, 


Concrete Mixers, Steam Winches & Windlasees. 
J. H. WILSON & OO., Lp. Head Office & Works: Dock 
Rd., Seacombe, nr. Birkenhead. London Office: 15, 
Victoria St., 8.W. See large Ad., last week, p. 38. 1122 


He4.. Wrightson & Co. 


LIMITED, 


—_—_—— 








9130 
See Advertisement last week page 76. 


Matthew pal & Oi i [4 


Lavexrorp Worxs, Dumbarton. 
See Full Page Advt. page 42, June 10. 


I ocomotive Tank Engines 
esigned and nee by 
MANNING, OWKEDLE AND COMPANY, Lorzp, 
Boyne Engine Works, Leeds. Od 2487 
See their Illustrated Advertisement page 57. 





1169 





M achine Cut Double Helical 
GEARING. FLEXIBLE COUPLINGS, 

- 1106 
THE POWER PLANT ©O., Lv.. Wasr Drarron, Mox, 


Chantiers Augustin Normand, Ld., 


et Ateliers 

67, Rue du Perry, “Le Havre (France). DESTROYERS, 

TORPEDO BOATS, YACHTS and FAST BOATS, 
SUBMARINE and SUBMERSIBLE BOATS, 

MACHINERY and STEEL WORK of all kinds. 

NORMAND'S PATENT WATER-TUBE BOILERS. 
More than 700,000 HP. realised. 

“DIESEL” OIL ENGINE. All wer required 
for Marine and Land Purposes. water Heaters, 
Distilling and Feed Make-up Apparatus. me 
Traps. Ejectors. 


Gimpson, rite & Ce. >. 


Darrmovurn, Enot. 0787 
YACHTS, LAUNCHES, HIGH- SPEED MACHINERY. 
Bee Illustrated Advt. last and next week. 


Rubber 








MANUFAOTURERS 


Belting 


Tux GUTTA PERCHA & RUBBER MFG, OO, 
or Toronto, Limrrsp, 


Toronto Canada. 1030 


anted, Indices to 
ENGINEERING, January to June, 1893, and 
January to June, 1894, two ies of each ; state price. 
—Address, R 806, ces of ENGINEERING, 806 
inance.—Consulting Engineer 


in association with prominent London Financiers, 
arran; Ogpital, Formations, Amalgamations, De- 
bentures, and all finan matters associated with 
engineering. —Address, U 404, Offices of ENGINEERING, 


B. . S. one 


team ammers, 
ower ammers, 


Dr tamps, 
QUICK 


aws. ™™ 
DELIVERY. 
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anchester Steam Users’ 


ASSOCIATION. 
FOR THE PREVENTION OF BOILER 
EXPLOSIONS. 

9, Mount Street, MANCHESTER. 

Chief Engineer: C. E. STROMEYER, M.I.0.E. 
Founded 1854 by Sir W. FarrsBairn. 

Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Cc tion for D: ges and 
Liabilities paid in case of Explosions. Engines and 
Boilers designed and inspected during construction. 








Parexts AND Desiens Act, 1907. 


Notice is Hereby Given, that 


ROWE BROTHERS & COMPANY, Limrrzp, 
of City Lead Works, Pall Mall, Liverpool, in the 
County of Lancaster, ‘Lead Manufacturers, seek leave 
to amend the Specification of Letters Patent No. 
17178, of 1898, granted to Matruews’ LANCASHIRE, 
Caxsiire AND Nortn Wares Districr Wuire Leap 
Oompany, Limited, Manufacturers of White Lead, 
Samvet Pore, Manager of the said Company, and 
GrorGe Vaxcent Barton, Secretary of the said Com- 

y, all of Old Quay, Runcorn, in the County of 

«shire, for ‘‘ Improvements in or connected with 
the Productioa of Lead Oxide, and in means or 
. ee employed therein.” 

articulars of the proposed amendment were set 
Jorth in the Illustra Official Journal (Patents), 
issued on the 15th June, 1910. 

Any person or persons may give notice of opposition 
to the amendment (on Patents Form No. 18), at the 
Patent Office, 25, Southampton Buildings, London, 
W.C., within one calendar month from the date of the 





A 88ee- M. Inst.C.E. and Stud. 


INST. C.E. 5 npn ra | pre- 
op by personal tuition or correspondence, Classes 

or Feb. Exams. commence early in August. mr? passes 
since 1903 with very high a Full particulars 
on application.—Messrs. NELSON & LAW =a 18, 
hse ag Street, Westminster, S.W. Telephon a 
134 


‘A Menb: and Stud. Inst. C.E. 


EXAMS., next Oct. and Feb. ; also for B.Sc., 
P.W.D., India, &e., and all Mech. and Elec. Eng. tanght 
in 6, 5 "or 3 months’ courses by post.—Write, Prof. 
JAMIESON, M. Inst.C.E., &c., Kelvinside, Glasgow, 
with stamp. Special facilities for those abroad. 914 


A M.1.C.&. and Stud. 1.C.E. 


*EXAMS. Correspondence Coaching by pract ical 
civil engineers ; courses any period, fees mod. ; 116 suc- 
cesses to date out of 127 sentin. Course in Reinforced 
Concrete. Special features for foreign candidates. Send 
for booklet ,@c.—Address, W 946, Offices of ENGINEERING. 


[st C.E. and all Engineering 


Examinat’ons.—Mr. G. P. KNOWLES, A.M.LC.E., 
F.8.L, &c., PREPARES CANDIDATES personally or 
by correspondence. Hundreds of successes. Courses 
for next February and October are just commencing. 
—39, Victoria St., Westminster, 8.W. Tel. No. 1402, 
Victoria. 8790 


Penningtons 











> % 7 
Engineering 
SCHOOL for A.M.LC.E. and BSc., P.W.D. 
wor gem! Inst., A.R.L. B. A.; also ‘Students 
A.M.LOC.E. and Matriculation. Estab. 1878. Oral, Postal 








said j ournal, X 82 Residential. —254, Oxford Road, Manchester. 1058 
W. TEMPLE FRANKS, 
Comptroller-General. TENDERS. 
> INDIA OFFICE, Warrenatt, 
Herict- -Watt College, 22nd June, 1910. 
EDINBURGH. 


PrinciraAL—A. P. “LAURIE, M.A., D.Sc. 
(Formerly Fellow of King’s College, Cambridge.) 





THEORETICAL and PRACTICAL TRAINING for 
Mechanical Engineers, Electrical Engineers, Miniog 
Engineers, Technical Chemists, Brewera, Distillers, 
Margarine Manufacturers, Printers and Publishers. 

The Trainiog for Engineers consists of three years 
in ‘the College and a three years’ Apprenticeship on 
the ‘‘ Sandwich ” system in a local engineering works. 
j ta cost of training for Engineers, including 

pentane premium and fees at College, from 
to £200, Class fees from £12 128, to £15 lds. 
Sor session. 

The Course in Mining extends over two years, and 
is recognised by the Home Office as equivalent to two 
of the five yeara’ underground training required of 
candidates for the Colliery Manager's Certifi The 
training in Mioing is also recognised by the University 
of London, for the purpose of the B.Sc, (Lond. ) Degree 
in Mining. 

Complete Courses of Instruction, extending over 
four years, for Students studying for the Fellowship 
of the Institute cf Chemistry, and Practical Training 





for Technical Chemists in ‘the laboratories of the | Office 


Corporation's Gas Work. Total fees about £70. 
A Special Oertificate for Brewers taking their 
apprenticeship in an Edinburgh Brewery and their 
a sy training at the Heriot-Watt College is 
ed by the Brewers’ Asiociation of Scotland and 
ry Heriot-Watt College. 
n Entrance Bursary of £25, tenable for one year, 
but “renewable at the pleasure of the Governors for a 
further period of two years, is offered for competition 
on the 27th and 23th September among Students 
entering the Day College who require aid in carrying 
on their education. 
e Classes are r ised by the University of 
Rdinbu h as qualifying for Science Degrees. 
For full informat‘on apply to the Principal of the 


Ocllege. 
PETER MACNAUGHTON, 8.8.C., 
Heriot Trust Offices, Clerk. 
20, York Place, Edinburgh, 
17th June, 1910, X 94 





~ ENGINEERING AND CHEMISTRY. 


City and Guilds of London 


INSTITUTE. 

There are two City and Guilds Colleges providin 

OOURSES of INSTRUOTION in Engineering an 

Chemistry : The City and — Central Technical 
Ooliege bxhibition 4), and the City and Guilds 
Technical Coll Finsbury (Leonard Street, E.C.). 
The ENITRANO  ESAMINATIONS te both Colleges 
ave held in SEPTEMBER, and the SFSSIONS com- 
mence in OCTOBER. Particulars of the Entrance 
Examinations, Scholarships and Courses of Study, 
may be obtained from the respective Colleges, or from 
the Head Office of the Institute, Gresham College, 
Basinghall Street, E.C. 


CITY AND GUILDS CENTRAL TECHNICAL 
OOLLEGE (Exmisrrion Roap, 8.W.). 

A Oollege for Higher Technical Instruction for Da 
Students not under 16, prevemes to become Oivi 
Mechanical, or Electrical Engineers, Chemical and 
other Manufacturers, ~ Teachers. The Coll gos isa 
School of the University of London, and also 
the mean eng | Section + Rag Imperial C ‘lege af of 
Science and Teck nology. Entrance Exaroination 
includes the ange > le of Mathematics, Mechanical 
Drawing, Physics, Chemistry, English Composition, 
and French or German on, and the Jourses 
of Study for the —-_ 4 of the Institute cover 
a pericd of three years. Fee r Session. 

‘ofessors :-—(Civil and Mechan En: ring) 
Ww. bok | Datsy, M.A., B.Sc., M. Inst. O.E., Dean for the 
ion ; (Elect trical Engineering) T. Mativas Wh.&ch., 
Fe RS: ; (Chemistry) H. E. Anmetrone, Pb.D., LL.D., 
Ager and Mathematics) 0. Henaict, 
PhD, Lup. 
CITY AND aeahe TECHNICAL COLLEGE, 
fe RY (Luonarp Srager, Crry Roap, E.C.). 
A Oollege for Day Students preparin ‘to enter 

Engineering and Chemical Industries, | for those 
who have already served an renticeship, and also 
for Evening Students. The subjects of the * Entrance 
Examination are eg and English Oomposi- 
tion and Précis W The Day Courses in 
Mechanical or Blecerical Geeesiog cover a period 
of two years, and those in three years. 
Fees, £20 per Session. 


Professors :-(Physics and El neeri 
Strvanus P, EM nn mg D.Se., F.R.S., etc Roger 4 the 


ge Bt a Engineerin M matics 
M.A., D.8c., FREE. sd Mathematcn) 

aT R. MULDOLA, F. "R.8., F. 
Guilds of Lond fa inekibates W 855 


Col'ege, Basinghall Street, E.C. 


) | the ment of this fee. 


THE sae sg STATE FOR INDIA IN 
is prepared to receive 


T j ‘ondere from such Per- 
sons as may be willing to SUPPLY :— 
(1) RAILS. 
(2) FISH PLATES. 
(3) COACHSOREWS. 

The Conditions of Contract may be obtained on 
lication to the Director-General of Stores, India 
ce, Whitehall, S.W.,and Tenders are * te nage 

at that Office by Two o’clock p.m., on Tuesday, th 
28th —* 1910, after which time no Tender a 3 whe 


W. G. BUTLER, 
Director-General of Stores. 


THE BENGAL & NORTH WESTERN RAILWAY 
COMPANY, Limirep. 








Ths Dircctors are prepared to receive 


[lenders for the Supply and 


DELIVERY of :— 
1215 tons RAILS—41} Ib. per yard, 
284 ,, FiSHPLATES for ditto, 
as per Specification to be seen at the Company’s 


Tenders addressed to the undersigned, and marked 
‘*Tender for Rails and Fishplates,” are to be lodged 
not later than Noon on Monday, the 4th day of July, 
1910. For each Specification a fee of 1Us. will be 
charged, which cannot, under avy ciscuntstances, be 
returned. 

The Directcra do not bind themselves t> accept 
the lowest or any Tender. 

By Order of the Board, 
ALEXANDER IZ AT, 
Managing Director. 
237, Gresham House, Old Broad Street, 
London, E O., 2ist June, 1910. X 136 


EAST INDIAN HAN BAILWAY, 
The East Indian Railway Co - Sv game is prepared to 


enders for the Supply and 
DELIVERY o' 
— STEEL 1 gee o 
i >? 
- per Specification to seen ut the Company’s 


Tenders are to be sent to the undersigned, marked 
“* Tender for Fishplates,” not later than Twelve o’clock 
Noon, on Wednesday, the 6th day of July proximo. 

The Company reserves to itself the right to divide 
the Order, also to decline oy! Tender without assign- 
ing a reason, and does not bind itself to accept the 
lowest or any Tender. 

For each Specification a fee of £1 1s. is charged, 





which cannot, — any circumstances, be returned. 
By Order, oC. W. YOUNG, 
Nicholas Lane, lon, B.C, Secretary. 
23rd June, 1910. X 140 





COUNTY a LONDON. 
THE LONDON COUNTY COUNCIL invites 


[renders for Alterations to the 


SUPE eee of, and NEW STEELWORK 

for BATTERSEA B 
Persons dering to cate Tenders may obtain the 
Drawings, Speci fons, Bills of Quantities, Form 
of Te er, &c., on —— to the Chief Engineer 
of the Council, Mr. Mavurics Firzmaurice, C.M.G., at 
the County Hail ye vy bee py 8.W., upon payment 
to the Cashier of t ouncil of £3. This amount will 
only be returned if a bona fide Tender is submitted. 
jculars of the work and Conditions of 
Contract may be obtained at the County Hall before 


Contractor will be bound to pay to all workmen 
employed by him in and about the execution of the 
Contract, or any part thereof, wages at rates not less, 
and to observe hours of labour not greater, than the 
rates and hours set — in the Council's list, and such 
or wages and hours of labour will be inserted in 

and form part of the Contract by of Schedule. 
Full particulars of the Council’s Standing Orders on 
ee are given in the London County Council 
Gazette. 


for | minster, ee ee per sheet. 


MANUFACTURE OF CELLULOID, 


[[lendersRequired forComplete 


PLANT for Manufacture of Celloloid, including 
Cinematograph Films.—Write, in first instance, to 
A. DAVIS, 419, Oxford Street, London, W. 955 


CITY OF COPENHAGEN. 


WATER-TUBE BOILERS. 








The Ocrpotation cf Copenhagen require 


[lenders for the Delivery of 


THREE WATER-TUBE BOILERS, each with 
500 m? heating surface, built to 12,5 H. “ working 
pressure, with Superheaters and Mechanical Stokers. 


ifications and Conditions of Contract may be 
nad on ap’ me" to Elektrisk Station, Gotheragade 
30, Copenhagen K., on payment of 20 Kr., which sum 
will be refunded cn the return of the Specifications, 
accompanied with the Tender. 


Tenders must be sent to ‘‘DIREKTOREN FOR 
BELYSNINGSV3NET, Raadhuset, Copenhagen B,” 
not later than Twelve o clock Noon, 16th July, 1910. 


Kobenhavns Belysningsvexsen. 
June, 1910. X 95 


orth - Eastern Railway. — 
The Directors are prepared to receive TENDERS 
for the RENEWAL of NEPTUNE STREET SUBWAY, 
HULL. The work consists of the Removal and 
Purchase by the contractor of about 95 tons of Iron- 
work in the existing Subway, and the Supply and 
Erection of about 140 tons of Steel Girders and Decking 
= the New Superstructure. Plans may be seen, and 
Specification, Detailed Quantities, and Form of Tender 
o tained, on ‘personal application at the Office of Mr. 
Oo. F. BENGouGH, the Company’s Engineer at York, 
on and after Wednesday, 22nd June, 1910. Sealed 
Tenders, marked ‘‘Tender for Renewal of Neptune 
Street Subway,” must be sent to the Secretary, at 
York, before Nine a.m., 01 Monday, 4th July, 1910. 
The Directors do not bind themselves to accept the 
lowest or any Tender. 





R. F. DUNNELL, Secretary. 
_ York, 20th June, 1910. X 92 


orth - Eastern Railway. = joie 


The Directors are prepared to receive + Same: 
for the CARRYING OUT of WORKS in connection 
with the ENLARGEMENT of HOPETOWN SUBWAY, 
DARLINGTON. The work includes the Construction 
of about 2200 cubic yards of Brick and Concrete 
Abutments, Retaining and Fence Walls, about 3250 
cubic yards of Excavation in Foundations, &c., the 
Removal of the Superstructure of the present Subway, 
and the Supply and Erection of about 125 tons of 
Steel Trough Girders for the Superstructure of the 
Enlarged Subway. Plans may be seen, and Specifica- 
tion, Detailed Quantities, and Form of Tender obtained, 
on personal application at the Office of Mr. C 
Benaouen, the Company's Engineer at York, on and 
atter Wednesday, 22nd June, 1910. Sealed Tenders, 
marked “Tender for Enlargement of Hopetown 
Subway,” must be gent to the Secretary at York, 
tefore Nine a.m., on Monday, 4th’ July, 1910. The 
Directors do nct bind themselves to accept the lowest 


or any Tender, 
R. F. DUNNELL, Se2retary. 
York, 26th June, 1910. X 93 
WILLESDEN DISTRICT COUNCIL. 


TO STEAM ROLLER MANUFACTURERS. 
The Willesden District Council are prepared i receive 


enders for the Supply of 
10-ton and 6-ton STEAM ROAD ROLLERS and 
ROAD SCARIFIER, complete in every reapect and 
ready for use, to be delivered at the Store Yard of 
— uncil within one month from order to supply 





Al particularsand Form of Tender may be obtained 
on and after Monday, 20th June, 1910, = applica- 
tion to Mr. 0, CLAUDE ROBSON, Inst.0.E., 
Engineer to the Cauncil, Public Offices, Dyne Road, 
Kilburn, N.W. 

Tenders endorsed ‘‘Steam Rollers and Road Scari- 
fier,” to be delivered at i Offices of the Council, not 
later than Four pm. on T y, 28th June, 1910. 

A £10 note to bs deposited with each Tender (under 
separate cover), which will be returned to unsuccessful 
Contractors immediately Tender is accepted, and to 
the successful Contractor upon execution of Contract 
and Bond. 

The Council do not bind themselves to accept the 
lowest or any Tender. 

By Order, 
STANLEY W. BALL, 
Olerk to the Council. 

Public Offices, Dyne Road, Kilburn, N. W. 

15th June, 1910. X 60 


THE SOUTH INDIAN RAILWAY OOMPANY, 
Liurrsp, is prepared to receive 


[lenders for the Supply 


of :— 
(1) ROLLING STOCK :— 
40 Steel High-sided Bogie Goods Wagone. 
60 Steel Low-sided Bogie Gcods Wagons. 
(2) SPOKE-WHEELS WITH AXLES :— 


(8) LAMINATED, VOLUTE AND HELICAL 
SPRINGS :—2440. 
(4) STORES :— 
Comprising Files, Hardware, Iron, Metals, 
- pee Leather, Brushes, Paints, Hemp, &c., 
Lamps and Glass, India- rubber and Sundries. 
(5) STATIONERY :— 
Comprising Paper, Ink and Sundries. 
fications and Forms of Tender may be obtained 





of the South Indian Railway Confpany, 

marked ‘‘Tender for Rolling stock,” or as the case 
may be, must be left with the underei gned not later 
than One o'clock p.m., on Tuesday, the Sth July, 1910. 
The Company is not bound to accept the lowest or 


se Tender. 
ZL ebarge, which will not be return will be made 
of 20a. for each copy of 8 ages 3 os. 1, 2 and 4, 


and 103. for each copy of 3 and 5. 

Copies of the Deoctagy may be obtained at the 
Office of Ropert Wurrs, Esq., M.1.0.E., Consulting 
Engineer to the Company, 3, Victo ria Street, Weat- 


NEVILLE eae 


THE SALFORD CORPORATION inv... 


d byt for the Sup ‘ly, 


4 DELIVERY and ERECTION at their Fic.’ ricit 
ks, Frederick Road, Pendleton, of a BO! 10) 
PUMPING PLANT. 

Particulars may be obtained from the | ough 
Electrical Engineer, Electricity Works, §. jerick 
Road, Pendleton, on receipt of a deposit Two 
Guineas, which will be returned provided a) q fide 
Tender is sent in and not withdrawn. Ext; copies 
10s, each, which is not returnable. ¢ 

Sealed ‘Tenders, endorsed “Tender for nping 
Plant,” to be delivered to me, on or before | on, on 
Monday, 18th July, 1910. Xe 

L. C, EVANS, 
_Town Olerk, ord, 


[lenders a are Invited fo: = 


following Second-hand ENGINES (as t} stand) 
at Risca Collieries, near Newport, Mon. : 

Cornish PUMPING E GINE, stean linder 
90 in. dia. by 10 ft. stroke, with « lenser 
and Air Pum ~ 

One pair WINDING ENGINES, cylin 6 in. 
dia. by 6 ft. stroke, with drum . dia, 
by 6 ft. wide. 

One pair WINDING ENGINES, cylind 6 in. 

a. by 4 ft. stroke, with drum 1° ft. dia, 
by 6 ft. 6 in. wide. 
The above Engines may be inspected at the Colliery 


en application to the Company’s Engineer. 


Tenders to be addressed to THE UNITED N i \ONAL 
COLLIERIES (Lp. ), 20, Exchange Buildings, Cardiff, 
on or before the 25th instant. X 27 
M ANCHESTER CORPOR ATION WATER WORKS, 


THIRLMERE A AQUEDUCT. 
THIRD LINE OF PIPES. 
STEELWORK FOR BRIDGES. 





Contract N: 10. 


The Waterworks Committee invit: 


enders for the Manufacture, 
DELIVERY, and in some cases the TRANSPORT 

and ERECTION of the STEELWORK and IRON WORK 
required for Nine Bridges and one Subway on the 


Aqueduct between Walkden and Audenshiaw, the 
weight being about 700 tons. 

Specification and Form of Tender may be obtained 
on and after the 16th instant, on application to Messrs, 
G. H,. Hitt & Sons, Civil Engineers, Albert Chambers, 
Albert Square, Manchester, and 3, Victoria Street, 
Westminster, upon receipt of cheque for Two (uineas, 
which will be returned to the Tenderer provided that 
he shall have sent in a Lona fide Tender, and shall 
have returned the documents and drawings lent te 
him. A limited number of copies of the drawings 
(uncoloured) are available, and will be lent to persons 
tendering in priority of application on receipt of the 
sum of Two Guineas, which sum will not be returned. 

Sealed Tenders, endorsed ‘“‘ Tender for Stcelwork, 
Thirlmere Aqueduct, Contract No. 10,” and addressed 
to the Chairman of the Waterworks Committee, must 


be forwarded to the SECRETARY, Waterworks Offices, 


Town Hall, Manchester, not later than the Sth July 
next. 
The Committee do not bind themselves to accept 
the lowest or any Tender. 
By Order, THOMAS HUDSON, 
Town Hall, Manchester. Town Clerk. 
10th June, 1910. X5l 











APPOINTMENTS OPEN. 
COUNTY OF LONDON. 
The LONDON COUNTY COUNCIL invites 


pplications for the Appoint- 
MENTS as VISITING TEACHERS as follows: 
TEACHER OF METAL PLATE WORK at the 
L.C.0. Paddington Technical Institute, Saltram 
W. Salary—10s. 6d. an attendance of about 
three houra (two attendances a week). 
TEACHER OF PRAOTICAL GEOMETRY at the 
L.0.C. School of Engineering and Navigation, High 
Street, Poplar, E. Salary—10s. 6d. an attendance of 
about three hours (two attendances a week). Experi- 
ence in teaching Practical Geometry for Board of 
Education Examinations essentials. Experience cf 
practical engineering, drawing, office work, dc sirable. 
ASSISTANT TEACHER OF PRACTICAL MATHE- 
MATIOS, Sr. II., at the L.O.C. Schoo! of Engineering 
-— Navi igation, High Street, Poplar, E. Salary— 
7s. 6d. an attendance of about three hours (one atten- 
dance a week). Candidates must have had experience 
in teaching —— Some engineering experi- 
ence desirabl 
LECTURER ON HEATING AND VENTILATING 
at the LC.C. Westminster Technical Institute, Vin- 
cent Square, 8.W. Salary—25e. an attendance of 





about three hours (two attendances a week). Experi- 
ence in design and execution of modern systems cf 
Heating and Ventilation necersary ; also. detailed 
knowledge of theory and practice of the cubject im 
all branchee. 





Applications should be made on Form T. 17 to be 
obtained, together with particulars of the 4} point- 
ment, from the Education Officer, London County 
Council, Education Offices, Victoria Emia ment, 
W.C., to whom they must be returned not ‘ater than 
2nd July, 1910, accompanied by copies of three testl- 


monials of recent date. A separate fori ¢/ at 

must be used in connection with each a})) er 

All communications on the subject must )« © — 
eiope 


T. 1, and a stamped addressed foolecap en) <0} : 
be enclosed. Canvassing, either directly or '' — . 
will be held to be a oe for emp!.. men! 


Clerk of the Lcndon County Council. 
Education Offices : 
Victoria Embankment, W.O. x 181 
22nd June, 1910. \ 


N'S 


THE GOVERNORS OF ROBERT ‘ ‘ % 
TECHNICAL COLLEGE, ABERDEEN, it 


A ppointanEngineerG: uate 





of distinction as Fread of th ering 

Department of the College. nical 

Candidates must have been trained + r ihe 
engineers, and must have intimate kno® ade 
management and equipment of eng! i 
tories. Salary £500 per annum. = 

Applications, with 50 copies of testimo: ath 
be lodged with the undersigned, not Ja 
we CHARLES STEWART pal. 

Robert Gordon’s College, Aberdeen. x 108 











G. L. GOMME, 
Clerk of the London County Council. 
County Hall, Gardens, 8.W. 
20th June, 1910. X 103 





"a Offices, Managing Director. 
91, York 8 Street, Westminster. 
24th June, 1910. X 120 
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~~ SOFESSOR OF NAVAL AROHITECTURE. 


« Professor of Naval Archi- 


TECTURE (not including Machinery) WILL 
\PPOINTED at the Technical High School, 


Trovdhjem, Norway. Salary commencing at Kr. 4500 
(aot £250) per annum, increasing Kr.500 after 5, 10 
anc 5 years to Kr.6000 (about £333). 

Ii « applicant requires one or more of the additional 
suo. from the first, and such demand appears suffi- 
ciently warzanted, the Government might apply to the 
Storiing for the increaee. 

T appointment will bs made immediately after 
the «apiration of the term within bom Tn yan a 
are received, but the Professor appoin not enter 
on }\: duties or commence drawing the salary of the 
Offi: until farther determined by the Government 
Depa*tment concerned, as the instruction wi'l not be 
needio’ during the first school - . Until his indus- 
tion, ‘he Professor must be willing to a‘sist in working 


t plans for courses of stu iy, an _ other preparatory 
work against separate remun: 

If on entering on h‘s Office, "Tasoraction should not 
be al once required to be given to the normal extent 
in the subjects 9 - t> his Professorship, the 
Professor may uired, temporarily, to take 
over other allied eat to such extent as would 
correspond with a Professor’s ordinary duties, and 


which may amount to not exceeding 8 or 10 lectures 
week! 
Th: Professor must contribute to tre Widows Fund 


and possibly to a pension fund, and he must submit, 
without claim to compensation, to such alterations in 
the duties of his office as may be enacted by law or by 
the King with coneent of the Storting. 

Applications, » giving full particu'ars respecting the 

applicants training and subs quent employment and 

am required, and stating when he could enter u 
duties, together with copies of testimonials, shou! 
addressed to THE KING, and be sent tothe eee 
Kirxe- og Undervisnings Departen-ent, saan, , by 
or before 3let Jul, X 80 


PROFESSOR OF MECHANICAL TECHNOLOGY. 


echnical High School, 


TRONDHJEM, NORWAY. 

A PROFESSOR will be APPOINTED for Mechanical 
Technology and Machine Tools, including lecturing 
on the properties, production and processes of manu- 
facture of the more important materials for technical 
purposes, outlines of spinning, weaving and milling 
industries, and on Machine Tools for working up 
metals, the latter with ccnstructional exercises. 

Salary commencing at Kr.4500 (about £250) per 
annum, increasing by Kr.500 after 5, 10 and 15 years 
respect ively to Kr.6000 (about £333). Should any 
applicant require one or more of the above-mentioned 
additions from the first, and such demand should be 
found sufficiently warranted, the Government might 
apply to the Storting for the necessary increase. 

The appointment will be made immediately after 
the expiration of the term within which applications 
are received, but the Professor appointed will not 
enter on his duties or commence drawing the salary 
of the office until further determined by Soe Govern- 
ment Department concerned, as the instruction will 
not be needed during the first School year. Until his 
induction, the Professor must be willing to assist in 
working out plans for courses of study, and cther 
preparatory work against separate remuneration. 

If, on <a his office, instruction should not 
be at once requited to be given to the normal extent 
in the subjects pertaining to his Professorship, the 
Profe:sor may be required temporarily to take cver 
other allied subjects to such extent as would corre- 
spond with a Profeesor’s ordinary duties, and which 
a> A cguamaa to not exceeding eight or ten lectures 
wee 

The Professor must contribute to the Widows Fund 
and possibly to a Pension Fund, and he must submit, 
without claim to compensation, to such alterations in 
the duties of his office as may be enacted by law or by 
the King with consent of the Storting. 

Applications, with full particulars re g the 
applicant's oe and subsequent =e 
stating salary required and the date on which 
‘pplicant could enter upon the duties, and A. 
panied by copies of testimonials, should be addressed 
to THE KING, and be sent to the Koncetick Kirke- 
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og Unc dervisningsdepartement, Kristiania, by or 
before Sist July. X 81 
MUNI 


(PAL CORPORATION OF THE CITY OF 
BOMBAY. 


APPOINTMENT OF EXECUTIVE ENGINEER. 


The Municipal Corporation. of the City of Bombay 


are prepared to receive 


plications for the A ppoint- 


‘ENT of EXECUTIVE ENGINEER for the 





Municipality, under Section 74 of the City of Bombay 
Muni 1 Act. 

2 Municipal Act provides that the Executive 
Engir shall devote his whole time and attention to 
the d i.e of his office. 

% 1 Appointment, which is subject to P nay 
firma by the Lecal Government, will 
rene term of five years. The incumbent is Hable 
to re | during his term of office for miscorduct, 
or for ect of, or incapacity for, his duties cn the 
votes ot lesa than two-thirds of the Councillors 
Preset a meeting of the Corpe 
7 4. should have knowledge of Municipal 

Dg) ig in all its branches, 7 drainage 
acd rworks, especially roads an puildiogs, 
lighti: < and electricity, ard possess soitity to super- 
vise various departments employed on the 
engin. ng works of a large city. 

5. minimum monthly salary of the Appoint- 
ment - Xs. 1200, and the maxinum Rs. 20€0. The 
= pensionable urder the Pension Rules of the 
_ ‘lunicipality, information regarding which, 
ee cing leave rules, can be obtained cn a 
: er to the undersigned in in Bow , or to Mr. G. 
na Tavtor, M. Inst. O.E., F.R, .L, F.C.8., of 
— John Taylor, fons & Santo Crimp, Caxton 

ou: “stminster, London, 
sd plicants thould state the minimum initial 
an Rupees) within the limits above-mentioned 

. y are willing to accept. 

-, -, vlications, which should be ey poe by 
capee: cf testimonials and certificates e and 
Physics. fitness, should be addressed to the ender 
Signed sod forwarded as follows :— 

a"), Pplicants in Europe : To the care of Mr. 
Om, we AYLOR, Caxton House, Westminster, 
day cr. 80 a8 to reach him not later than the Sist 

©). : ther * Applicants : ik. 
in Be 'o the Municipal Office 

reach the 
ees hot p= hg an undersigned not later 
R. P. MASANI, 
unictpal Secre - 
Bom)ay, 4th June, 1910, ine 


CROSBY LOCKWOOD & SON’S NEW BOOKS. 





JUST PUBLISHED. 


266 pages, with ith Illustrations. Demy 8vo. 103 64. net. 


THE ART OF AVIATION. 


A Handdook upon AEROPLANES AND THEIR ENGINES wich NOTES UPON PROPELLERS. 


By ROBERT W. A. BREWER, 


A.M. Inst. C.E , M.1. Mech. E 


Late Manager to Mr. GRAUAME-WHITE. 


WITH 12 PLATES OF DIMENSIONED 


— NGS. 





JUST PUBLISHED. 


ages, 46 Illustrations. Crown 


MODEL BALLOONS AND FLYING MACHINES. 


With a short Account of the Progress of Aviation. By J, H. ALEXANDER, M.B., A.LE.E., Assoc. 
Memb. Scottish a —. be anata Five cs - was Drawings. 


AMERICAN PRODUCER GAS PRACTICE AND 


INDUSTRIAL GAS ENGINEERING. 
JUST PUBLISHED. 


JHE VALUATION OF. 


By T. A. O'DONAHUE, M.E., F.G.8., Editor of “ Mining Engineering,” First-class 


Rules and Tables. 
Certificated Colliery Manager. 


JUST PUBLISHED. 384 pages, 114 Illustrations, including 22 Full- 


PETROLEUM MINING & OIL- 


MENT. A Guide to the Exploration of Petroleum onary Sore 
connected with the Winning of Petroleum, including Statistical Data of Im 
-y [peemee of the Methods of 


Origin and Distribution of Petroleum, = ry 
A, BEEBY wey a t I, Sc aggh 


pages, 109 Illustrations. Demy 8v 


MODERN. "COKING PRACTICE: 


By NISBET LATTA, M. Amer. — M. Amer. Soc. M.E. 


ges. Demy 8vo. 7s. 6d. 


MINERAL PROPERTY. 


2 Plates. Demy 8vo. 15s. net. 


1ELD DEVELOP- 


a Study of the neering Problems 
4 tant OiLFields, Notes on the 
tilising Oil and Gas Fuels. By 


8s. 6d. net. 
Including the 


ANALYSIS OF MATERIALS AND SK A Handbook for those engaged in Coke Manu- 


facture and the Recovery of Bye-Products. By T 
Chemist to the Wigan Coal and Iron Co! 
on Coke Manufacture at the Wigan Technical College. 


H. BYROM, F.LO., F.C.S., Mem. Soc. Uhem. Indfs., Chief 
ny, and J. E. CHRISTOPHER, Mem. Soc. Chem. Indus., Lecturer 


COMPLETE CATALOGUE FREE ON APPLICATION. 





London: CROSBY LOCKWOOD and SON, 
7. STATIONERS’ HALL COURT, E.©., and 1214, VIOTORIA STREET, 8.W. 


I5/- NETT. 


Hiectric Crane Draughtsman 


WANTED. Applicants should make full state- 
ment of training and all previous engagements, age, 
peceent salary and salary expected, also when at 

iberty. Crane experience essential. Pesehaaeer 
and a prospects for the right man.—HERBERT 
MOR and BASTERT, Lrp., Empress ba 
Sowsbhesongh. W 965 


W: nted, by Lancashire 
engineering firm, a good DRAUGHTSMAN, 
thoroughly accustomed to high-class Corliss and drop 
valve engines. — Address, s‘ating age, experience, 


references and salary required, X 85, Offices of En- 
GINEERING. X 8 


anted, in Midlands, Two or 


three smart DRAUGHTSMEN, used to high- 
class Coriiss and drop valve engine work.— Address, 
stating age, experience, salary required and whén at 
liberty, X 114, «)ffices of ENGINEERING. X 14 


Ti 
raughtsman, First - class, 
REQUIRED immediat:ly, for the Midlands, 
preferably with experience in pumps or gas engines, 
Address, stating , experience, salary = 
&c., X 133, Offices of ENGINEERING, _ _X 183 


Draughtsman Required, 


accustomed to compiling Prats ; time ack 

taken up with this work to bs devoted to general 
ey ng, conveying plant, &c.—Address, X 97, 
Offices of ENGIneErine. Xo 


W anted.—Draughtsman, 


Mechanical, experience in lift work preferred. 

















—Address, stating age and salary required, W 985, 
Offices of ENGINEERING. W 085 
[)taughtsmen Wanted, for 


a.-c. and d.-c. machine work, also forswitchboards 
and gear.— Address, stating age, experience and salary 
required, X 42, Offices of ENGingERING. xX 42 





THIRD EDITION,—MAcMILLAN & Co. 


Engineer Commander 


MARINE ENGINEERING & e’tomexins 


(A Text Book). 
Wye 


-- thoroughly 
‘up- -to-date.” 


*' Covers a wide field. 


Royal Navy, M.I.Mech.E. 


ractical, ably written, well illustrated and 
chanical Knginecs. 
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TU RBIN ES.—Second Edition.—S.P.C.K. By the above. 3/6 Nett. 











BOROUGH OF BARROW-IN. FURNESS, 
TECHNICAL SCHOOL. 


PaixcipaL—GEO. GRAOE, B.Sc , A.B.O.8c. 


A Pplications are Invited for 


the POST of ASSISTANT in the Ergineering 
Department of the above School. Duties to commence 
in September next. Salary £120 per ennum. 
Particulars of duties, &c , may be obtained on 
application to the Director of Education, Town Hall, 
to whom a ee shou'd be forwarded on or 
before the 30th Juce, 1910. 
y Order, L. HEWLETT, 61 
Tcwn = and Clerk to the Local 
Ejucation Authority. 
Town Hall, Barrow in Furness, 15th June, 1910. 


ENGINEER WANTED. 


The WEXFORD COUNTY COUNCIL require, 
for about Nine months, the 


GQervices of an Engineer (who 


has a special k ge cf terro- rete work, 

Mosnehinge 2 system), to act as Resident Engineer 
during the construction of Ferrycarrig Bridge, 

Appoint ment will be le at meeting of 9th July, 
and applications are to be ay oe with the undersigned 
not Jater than Five p.m. on the preceding day. 

yee d not to exceed £3 per week. 
Heanta are to give in detail their experience and 
cations for the <<. RiDELLE” expected. 
nny Co. Council. 

X 73 





toA. 





Pn 


Courthouse, Wextord> 
15th June, 1910. 


SOUTHERN NIGERIA. 


wo . Ass.stant 


(Construction) REQUIRED, for the Lagos 
Government Railway. Age between 24 and 35, pre- 
ferably unmarried. Strict medical examination and 
vaccination, if necessary. 

Salary, £300 a year. Free single quarters provided 
at established stations. Free first-class passage out 
and home again on satisfactory termination of en- 
gagement. Half salary on voyage out, full salary 
trom date of arrival in the Colony. 

Two montts' leave on half-pay ites twelve months’ 
tour, increased to four mon hs if returning to the 
Colony, with half-pay during voyage or voyages and 
free passages. 

Candidates should have been trained as civil en- 
gineers, have had previous experience on railway 
construction, be profic‘ent in the use of the theodolite 
and level end all minor survey ir struments, and be 
neat and expeditious draughtsmen. 

Application by letter (no special form required) 
stating age, whether married or single, giving fall 
particulars of experience, accompanied by copies of 
testimonials (not originals), w.th names and addresses 
of referees, of whom enquiries can be made as 
to capabilities and character, will be received by 
R. ELLIOTT COOPER, Esq., and FREDERIC 
SHELFORD, Esq , Consulting Engineers for the West 
African Government Railways, 1, Victoria Street, 
Westminster, 8.W., up to the 30th June. 

Quote M/2954 on left- hand coraer of application. 
This advertisement contains all the information avail- 
able concerning the appointment. X 83 





Engineers 





anted, a First-class 
ENGI with experience in high-speed 

paraffin oil engines. He ae mained yn beh of designing 
the engines throughou' ly superintending 


their manufacture in the wake. He must also have 
had special ay in the latest forms of vapour- 
isers.—Address, full particulars of peewee. < salary 
expected and age, W 957, Offices of 


Wanted, for South of Europe, 
young = ENGINEER and SURVEYOR. 
—Addrese, AJA Cannon 
Street, EO. X 137 





X, care of Dawson’s, 121, 





METROPOLITAN BOROUGH OF ISLINGTON. 


W anted, an Engineer, for the 


Essex Road Publie Baths and Washhouses, 

Must be a good practical and working engineer, and 
experienced in the control of engineering plants and 
the supervision of stokers. 

Applications in Candidates own handwriting, statin 
ages experience, and wages required, accompani 

th copies cf not more than three recent testimonials, 
and endorsed ‘‘ Engineer, Essex Road Bathe,” must 
be received by the undcrs‘gned not later Six p.m. on 
Friday, Ist July. 





WM. F. DEWEY, 
Town Hall, Upper Street, N. Town Clerk. 
23rd June, 1910. X 143 
Firm in the Midlands 


aye REQUIRE the services of 2 WORKS EN- 
GINEER ss urderstands electric lighting, heating, 
outlay of producer gas plant, building construction of 
mcdern works. Services will be required temporarily 
to lay out and adapt existing works for the require- 
mente of a new trade. Men without previous experi- 
 . need ae apply.—Addrees, X 107, a of 

07 








Fingineer Salesman Required 
for London and district. Knowledge of the 

use of pneumatic tools desirable ; good connection 

amongst engineering firms essential. — Address, stating 

sy particulars of experience, talary required, &c., 
X 86, Offices of ENGINEERING. _ X86 


(Sompetent Selling Electrical 


ENGINEER WANTED at once for India 
Preference to gentlemen with some previous Indian 
ex ce, and one familiar with cotton mill drives ; 
not over 35.—Address, stating commercial and en- 
gineering experience, X 98, Offices of Enornesrine. 


anted, One or Two Good 


CHEMISTS having experience of producer 

ts fitted with ammonia recovery ap’ tus.— 

my stating age, rticulars of experience and 
psd required, to GAS PLANT DEPARTMENT, 
Crotstay Bros., Ltp., Openshaw, Manchester. X 1138 


Wanted, a First-class 


ESTIMATOR, thoroughly accustomed to] 
crane work. Permanent situation toa suitable man. 
Address, stating age, salary and experience, in 
confidence, X 87, Offices of ENGINEERING. X 87 


ngineer - Draughtsman 


WANTED, for manufacturers of copper and 
brass goods, one "who has had experience of heating 
furnaces and machinery. including hydraulic work, 

preferred.—Address, BOX 52, General Post ice, 
Mane xX 129 


Meine Engine Draughtsmen 
REQUIRED; those mem | experience in 

pedo boat destroy ermarhinery preferred.—Addrers, 

ey os only, stating age, experience and salary 
required, to Mes.rs. YARROW & CO., Scotstoun, 
Glasgow. X 89 


aval Architecture 


DRAUGHTSMAN, thoroughly well up in 
calculations and engine-room arrangements, WANTED 
at once, for special work in London, Must be a man 
who can rise with his responsibilities. State fully, 
age, training, experience and salary.—Address, C. B, 
care of of Street's, 30, Cornhill, E.C. X1 35 


Draughtsmen. — Wanted 
a a Pag or Three first-class 
DRAUGHTSMEN, and Two or Three JUNIORS, for 
works in Longon, dcivg general neering work and 
wire rope .— Write, sta’ iy nae if 
and a iw required, tod L., care of 

Srrezr’s, 30, Oornhil), London. X 109 

















[)taughtsman Wanted (age 

about 21), used to patent work, neat tracer and 
litho transfer worker preferred.— Address, stating ex- 
perience, age and salary, X 121, Offices of ENGINEERING. 


unior Draughtsman, for 

launch building, capshie, usual eubeuiatbian, neat 
and exped!t'ous, constant job to suitable man; refer- 
ences, salary required.— ABDELA & MITCHELL, Lap, 
Engineers and Launch Buildera, Stroud, Glos. X 128 


STRUCTURAL BRIDGE AND GIRDER FOREMAN, 





ndia.— Wanted, for a Large 
structural ogee works, a capable UNDER 
FOREMAN, age 25 to 28, unmarrie ood training 
in English works requir: d, with knowledge of tem; 
anne and drawing cffice experience an advantage. 
moans for suitable man. — Address, 
mm of experience with copies of ———— 
< 40, Offices of ENGINBERING, X 40 


Gmiths’ Shop Foreman 
WANTED, se ee 4 experiencs of heavy 
forgings up to 10 cwt. in weight. A knowledge ot 
men 





machining forgings a recommendation. 

having previously he!d such a position need apply, 
stating age, experience and salary required. —. 

X 124, Offices of Enornugnixe. X im 





anted, for Works making 


ball bearings, several first-class GRINDERS 





and TURNERS. State wages, refs., &c.—Address, 
X 142, Offices of Enoincrrtne, X 142 
upil. — Well-known Firm, 


ing hig’ igh-class small marine work, bave 
VAOANCY for ag ye PUPIL.—For full 
and terme, address, W 444, Offices of Exeinaerine. 


Africled Pupil,— Alarge Firm 





in the M joying 
wards of 1000 have a VAOAN rte A 
APPRENTICE. —. Y 044, Offices of . 
Ine, Y 044 


pe aang — Vacancy 


ay A ~¥: (Government Contractors) manu- 


oes of iw agg oil and 
refine, tar ~adaren, oft 


moderate, prem 
eats — Ambitious 
- men of are INVITED to CORRESPOND 
with HERBER GREATOREX, Applicati —_ 


Beechwood, Matlock. 
Re, W 704, Works oc 
nee for this position are thanked, and 
in eed tt nat the same is filled. x 9L 














———— 


SITUATIONS WANTED. 
Assistant Superintendent of 


large modern Cement Plant in the United 

States (an Englishman), DESIRES to CHANGE his 
POSITION to one cffering a broader scope for his 
abilities. Thoroughly experienced in the dry and 
wet processes; oil or coal fuel; a wide range of 
experience in eonent plant construction and re- 
construction. Would entertain a proposition to 
supervise the erection of a cement plant at home or 
abroad, and manage tame after completion. Age 43, of 
good habits, thoroughly reliable, and very Se: 
best of references; two yrars in present position.— 
Address, X 102, of ENGINEERING. X 102 


Railway Constructing En- 
gineer (38 years), with 18 years’ practice in 
railway construction in South America, speaks English, 
French, Spanish and Italian, first-class testimonials 
and references, OFFERS his SERVICES at home or 
abroad. Speciality, bridge erection and tunnelling.— 
Apply, CO STRUOTING ENGINEER, Glaslyn House, 
York k Road, 8 udbury. W 956 


Situations Wanted continued on page 98. 


For Continuation of Small 
Advertisements see Pages 98 ~ 
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TD. ) wi A . 
Peter mes EKTRUDED BARS,)-« HALL 
Bag doagy -nae yin saree ie any Plain or Special Section, in Brass, Copper, Yellow Metal, Manganese Bronze, Delta Alloys, &e. ii c F bE | F bt Q ATI ; 


. 1168 
pnp nn mar ata DELTA METAL CASTINCS, FORCINCS, STAMPINCS, SHEET, WIRE, TUBES, Ro. 


pig 3 THE DELTA METAL ©® LD») evan MACHINES. 


Stirling Water-Tube Boiler. Offices and Works: EAST GREENWICH, LONDOX, 8.5. BIRMINGHAM. 10, St. Swirnm’s Laws, Lonpon, E.C., 


HIGHEST EFFICIENCY GUARANTEED. DARTFORD IRONWORKS, Kant. 


‘istune mia, MUSGRAVE BROS..,|qTIC } 


26, VICTORIA 8T., LONDON, 8.W. 9201 Crown Point Foundry, LEEDS, ; 
TO eee 4YDRAULIC. MACHINERY, . ELEVATORS 


BULL’S METAL Propellers, Bars, She te, Pu 
, — % , ee m . on ; 
uals, Valve Spindies, Condenser Stayeand Plates be Pumps, Accumulaters, and Portable EDWARD FOSTER & SOW, Ld, 
. 6 0 — - v Vv 44 m 4 
denser Tales, Plates and Stays, Boiler Tubes, Btays , Granes and Bpectal Tools for Brt td Ocntral Brass & Copper Works, HALIFAX, F::zland, 
and Plates, Fire-box Plates, Bars, Sheets, Valves, &. Builders, Loco. Makers, Boiler Makers, é ns SA |_| | National Telephone: 627, 628. ‘Telegrams: “Foster, {slifas," 
WHITE METALS.—Babbitta, Plastic, &. 628 Builders, Iren and Steel Works, Docks, &c. = The **Neerfail”’ Reducing Vaive 


NASMYTH, WILSON & C0., Lt. Contractors to the Home and Durcign - : ’ R No mounting Fraps entrench ye = Made in 
541 


BRIDGEWATER FOUNDRY, } ri 
PATRICROFT, NEAR MANCHESTER. ‘ ’ AS eo n got oe RK 


respenagne Pe pepe Ta Bo ot FIBRE, ive > IVE —- 
Fours EAGINES a POS, EN MMM OIL MILL MACHINERY of all descriptions. OlL SEPARATOR 


STAMP HAMMERS, &c. 935% 
Free Trial. Pays for itself. 


See Qlustrated Adtt. page 78 last week and next issue, 
66 SUCKLING ” WATER TUBE THE MIDLAND ENGINEERING CO., LTD., See large Advt., page 95. 
sonclephone:' «2, -Victoria Square, Birmingham. »,,,2°mi., | XATER & ANEERSMI? 
BOILERS. “ZYLBA" PATENT CONDENSING AND COOLING PLANTS. 1078 See our Advt. p. 7, April 22. fee 


hest Efficiency. Perfect Circulation. 
mens i oderate Cost The British Oxygen Company, La. 
Wild & NEW TOOL é J pany, 
Hawksley, Wild & Co., Ltd., . WORKS IN LONDON, BIRMINGHAM 
SOLE MAKERS, 9e46 |LATHES.. .. .. Doubled-geared ep, 7 i. $ in., 9 in. 10in., iiie., 12 in., 14 in. and 16 in. centres. MANOHESTER, NEWO ASTLE-UPON-TYER, 
Braenteipe Boiter Works, SHEFFIELD. Ken peat “brea 18 centres, a —— bed. and GLASGOW. 1174 
THOS. RYDER & SON, Vertical turning and boring, 30 in. diam,, three tool. Wording, ond, Cutting Ff Metals te 
TURNER BRIDGE WORKS, A “ » F fhe op - SHO 09 For Full Particulars apply to the COMPANY, at 
” ’ ” uplex, 18 in. diam. . 
Tonae, BOLTON. P .. .. 26,2 tt. 6in., 8 ft., 3 ft. 6 in. and 6 ft. square, various lengths. ELVERTON STREET, WESTMINSTER, 8.W. 


Side, to plane 10 ft. by 2 ft., one tool box. 
| #- PEED LATHE SHAPERS .. .. 10in., 12in., 14 in., 16 in., 18 in., 20 in. and 24 in. stroke, one and ‘ 
¥ .- «- 6in., 8in., 9in., 12 in. and 14 in. stroke, [two tables. McINTOSH $ 
ae . Single-speed, Vertical 27 in. diam. 
HBHAVY CUTS. e017 = Dowble- yeseed Vertical 40 in, and 42 in. diam. 
SEE DISPLAYED ADVERTISEMENT JUNE 17. Radials 3 ft. 6 in., 5 ft. and 6 ft. 6 in. arms. / 
Slot Drill for keyways, 1 in. by 9 in. by 4 in. deep. / 


‘ Twist Drill a. B . ib te. cn : 
VICKERS Patent APPLIANCES R a Duplex, double drive, variable feeds 2} i d 3 in. bars. P Sewing Machine Leather Banding. 


- Ilgin., 2 in. and 3 in. diam. 


LUBRIC ATING RACK-CUTTERS .. Entirely Automatic, for racks 6 ft. 6 in. by 2 ft. by 1} in. pitch. 
G. WILKINSON & SONS, Kei@Gntey.|PETER McINTOSH & SONS, 
129e, Stockwell Street, GLASGOW. 9871 


& TaixeRrams : ‘‘ WILKINSONS, ENGINeERS, K&IGHLEY.” TELEPHONE 10 Y. 
Established 1821. Telegrams : “‘ Macintosh,” Glasgow, 
| ceyupe incel| .. peseseensear™ 
| rie BROOKS ovr T-SQUARE LOCK!| i. statenneet'tss sf ROLLER BEARINGS 
| attached in a few minutes by means 
” SS of a few small screws (supplied) to FOR MACHINERY 


73a 
ammo Ftc ERE? | CTT = roe . any ordinary T-square, enabling th 
Cos z : latter to be locked in any positionon) AND ROLLING STOCK. 
SAND kept out of the BUSHES. FP 5 an inclined for vertical} drawing] ROLLER THRUST BEARINGS. 
: 5320 


( board, thus setting both hands free BRITISH MADE. 
BEKun. R. VICKERS & SONS, LEEDS. 
EMPIRE ROLLER BEARINGS Co., LTo. 


3 . ordinary T-square. Provided with 
hire A Roe Fie o> R = this attachment the draughtsman 
K ae. (amma ~ S has all the convenience of an ex- 
Ss a ~< >) — aay h- Ne ™“ pensive drafting machine together 16, Victoria STREET, 9830 
rs = <N c A with the accuracy of the T-square. WESTMINSTER, LONDON, S.W. 













































































L to manipulate the set square, &c. 


The T-square may nevertheless be or 
shifted with the same freedom as an Saorenoe oe FREE. 




















oI = 
FIG.2. iS } No Alteration or Addition to the 


ENLARGED VIEW OF FIG.3. e £ 7 N Drawing Board is necessary. a 
The Metal parts are all Nickel- 
LEFT-HAND END. RIGHT-HAND PLATE SHOWING CLAW. plated and Polished. 1147 EVA P O RATIV 


The rod R slides in plates AB ; spring S presses knob K to the left, thus pulling clawC against one edge of board 
and the stock of T-square against the other. To release, the finger presses K to the right, the thumb resting 
against T, thus pushing C out of contact with edge of board. The ledge L is provided for attachment to the blade Z 


of T-square for holding compasses, &c. Apparatus complete (with nickel-plated screws) ready for attachment, 4/6 

for boards not exceeding 24 in.) and 5/6 (for boards not exceeding 54 in.). When ordering give width of board, 

- the simplest pes- I | width of T-square stock, and length of T-square blade. See Article in Exateerine, May 13, 1910. ADVANTAGES: 

plentiful. WM.J. BROOKS & CO., Letchworth (G.C.), Hertfordshire,| High vacuum under all cireumstances. 
_— Small driving power required. 
EVAPORATIVE Proportionate saving in fuel. 

CONDENSERS Minimum of circulating water required. 

For use where wuter is Capacit: 

" yy of Condenser illustrated 20,000 Ib. of steam 

snetor to tha deems of hes per hour; floor space 23 ft. by 10 ft. 6 ic. ; power 

. 60 tas ty we absorbed by six fans and centrifugal pump, ¢ b.HP. 
— and by air pump. B.HP., total 26 £.'1P, 











Laren NUMBERS OF BOTH 
Kinps in successful use in 
all parts of the country, 
and are being constantly 
specified by the leading 
Engineers. 


Also Makers of all kinds of 
JET APPARATUS 
By for Warsr, Arr and Srzam. 
ved 
*Gasicnser with Improved Steam Blowers 
Patent Awtomatic Three- 
way Valve. for burning dust fuel. 





ron : 3 ‘ ae : : 4 
LEDWARD & BECKETT, L™- } we Cong. 

SANCTUARY HOUSE, 4 8980 QV \ DOUGLAS FRASER é = NS, 7 
Tothill Street, WESTMINSTER, S.W. ‘ Wellgate Works, J ARBROA’ 2. : 
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J. B., & Oo, 
Trewent, F. J., & Prostor.. 
Tucker-Martin & Go., Ltd. 
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Jack, Alexander, & Co. oe ee Wrigley, Ez G. a ‘Go. da 
Jackman, J. W., &Co., Ltd. os bho ann Joseph, & Co. 
Glasgow Iron & Steel Co. . Jenkins Bros., Ltd. 7 ee 08 08 ee 5 oe iw &Oo., Lad. 1, eT) 
Glasgow R'way _ Co., La. Jones, A. A., Pollard & Ship- Ltd. 74 J 5» ° Yorkuhire Patent Steam 
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75 J. Goedhart Bros. :. :. .. 79 Jones & Lameon Machine Go. 7 1 | Redfern, G. F, ° + 88 Swift, George, & Sons 89 & 98 Youngs .. 


NOW READY.—The APRIL EDITION of The Classified ‘Directory of Current Advertisements in ENGINEERING, ‘with a List of Telegraphic Addrennea, &e., &o., > 
same, in compact book form for handy reference, may now be obtained gratis from the Publisher. 


HOT-WATER INJECTORS 


HANDLE FEED WATER 
AT 120° F. 


4 weed frpkpbags heart ak 
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Browett, Lindley, & Co., ve 
Brown, Bayley’s Bteel Works 


B28 28 
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Locomotive and Stationary Patterns. Stationary Pattern. 





DAVIES & METCALFE, Ltd., nowy, ser MANCHESTER. 


Telegrams—EXHAUST, ROMILEY. Nat. Telephone—No. 219, STOCKPORT. Railway Address—ROMILEY, G. O. and M. Railway. 784 
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PATENT => LOCK-NUT. BAYLISS. JONES & BAY LISS, [To if NUTS, FANG Ii 





GRIPPING WITH RAILWAY & TRAMWAY FASTENINGS 
IMMENSE. POWER. OF EVERY DESCRIPTION. 


WOLVERHAMPTON. 


NO MORE BACK NUTS. LONDON OFFICES & SHOWROOMS= 139% I41 CANNON ST.E.C. 


EOS S & DUN OAN, 


MARINE ENGINEERS AND BOILERMAKERS, 
WHITHFIEHLD WORKS, GOVAN, GLASGOW. 140 


__ ADMIRALTY CONTRACTORS. TELEGRAMS: ‘‘ WHITEFIELD, ny 


MAGNOLIA METAL. 


| 


3 BEST ANTIFRICTION METAL for all Machinery Bearings. 
| a = (Sek 
lens hak “Fewer 


Lae : THE NAME AND TRADE MARK APPEAR ON EACH BOX AND INGOT OF GENUINE METAL. 9927 


ARNOLIA ANTIFRIGTION METAL GO. OF GREAT BRITAIN, LTD., 49, Queen Victorla Street, LONDON, £.6. 


Telephone ;—6925, BANK. BERLIN : Bckrenstrasse 47. PARIS : 50, Rue Taitbout. BRUSSELS : 36, Rue de L’Universite, Liege. Telegrams ;—Magnolier, Loudon, -—, 


DOG SPIKES ETC. 
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CONVEYOR-ELEVAT 


<a BULL BRIDGE WORKS, 
—— Accrington, Lancashire. 
CONTRACTORS 10 H.M. GOVERNMENT. 

CHAIN ELEVATORS, 
BELT ELEVATORS. 
BALE ELEVATORS. 


745 

















STOKEHOLD 
CONVEYORS. 


CRAIN ELEVATORS. 
COAL ELEVATORS. 


SPIRAL CONVEYORS. 
COAL CONVEYORS. 

CRAIN CONVEYORS. 
TRAY CONVEYORS. 








National 
Telephone: 
No. 0279. 


Telegrams: 


** Conveyor, 
Accrington.” 


(. RENNIE & Co, simi 


SHALLOW-DRAUGHT STEAMERS. 





























STERN WHEEL, PADDLE. Thames Street, 
SCREW IN TUNNEL. GREENWICH. 
SENT TO ALL PARTS OF THE WORLD. 913 











) OUND R PL ANT, EQUIPMENT, Our Catalogues are indispensable 
to every 
& REQUISITE S. up-to-date Foundryman. 
sca LONDON: Caxton House, Westminster. 
MANCHESTER: Vulcan Works, Chester Road. 
ee D., GLASGOW : 52, St. Enoch Square. 
CR A BITRE & 6°: . ON ADMIRALTY, WAR 
AND INDIA OFFICE LISTS. per” 


Gt. YARMOUTH. 


rl f Pa Telegrams : CRABTREE, YARMOUTH. perk A GIn® ' nie 


SAPO Lar saves sesemn | 
) oh" wh 

















wi CARGO & PASSENGER BOATS | 
ss COMPOUNDS & TRIPLES to1000 I. HP. 


KORTING BROS., L= vestwusrer 
"J 























— WESTMINSTER. 


o— Korting, London. Telephone—49, Victoria. 


—— MULTI-JET — 


EJECTOR CONDENSERS 


For Steam Turbines and Reciprocating Engines. 


HIGH VACUA. NO AIR PUMPS. - CERTAIN IN ACTION. 


CAPITAL OUTLAY AND WORKING COSTS LOW. car 


“BE MULTI-JET CONDENSER, Awarded GOX.D IMCEMD.A2X at Franco-British Exhibition, 1908. 
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: DREDGE PLANT 


GRAND PRIX, PARIS, 1900; ST. LOUIS, 1904 as BORDEAUX, 1807; 
FRANCO- BRITISH, 1908 
IMPERIAL INTERNATIONAL EXHIBITION TION, 1909. 


CONSTRUCTORS OF 


BOW AND STERN WELL, BUCKET HOPPER DREDGERS, 
BUCKET LADDER BARCE LOADING DREDCERS. 
GOLD DREDGERS. 


HOPPER & PONTOON, SUCTION & DISCHARGING, PUMP DREDGERS. 
Buckets, Links, Pins and Gearing supplied for existing Dredgers. 


i Owe CAPACITY 2000 TONS PER HOUR WM. SIMONS & 0., Lid., RENFREW, Scot. 


a aE LONDON OFFICE: 83, Victoria Street, 8.W. Od 8208 


ua = a 
MOTORS :=:==== 
di > H.COLTMAN@SONS, (a 


CARRUTHERS PUMPS. i Sere 
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LOUGHBOROUGH. 
J. H. CARRUTHERS & CO., Ltd., on ] AU shes os Mf: a hay . 3 
See large Advertioement in fret week in each moutb. ey on a ee Steam Boilers. Rin | F 
CANADIAN CAR & Ft UNDRY CO., LTD. 


HEAD OFFICE :-MZONTREAXL. LONDON OFFICE :-26, VICTORIA. STREUT, S.w. 





MANUFACTURERS OF ALL CLASSES OF 


FREIGHT & PASSENGER CARS of WOOD, STEEL or COMPOSITE CONSTRUCTION 


And all types of ROLLING STOCK, including CAR FORGINGS and SPECIALTIES. _ 


QUGHTIRON TUBES 


LAPWELDED IRON or STEEL, up to 36 in. diam., for Marine and Locomotive Boilers, or any other 
purpose. ‘BUTT WELDED for Gas, Steam or Water, éc. 


EDWIN LEWIS & SONS, TUBE MAKERS, WOLVERHAMPTON. 


LIVERPOOL _W4 _WAREHOUSE-—58, SOUTH JOHN a. OFFICE—143, CANNON STREET, a 9584 


























 Drawieg Nearer. Opens September 1. 
THH GREAT 


NAVAL, MERCANTILE MARINE & GENERAL ENGINEERING 
AND MACHINERY EXHIBITION. 


Engineers from all parts of the World are eagerly awaiting this exceptional opportunity of examining the latest 
and best appliances for Engineering work of every description. 








Manufacturers should lose no time in applying for the remaining positions, to— 


THE ORGANISING MANAGER, 
119, Finsbury Pavement, E.C. 
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EDWARD FINCH & CO. 


Cc eq fa PSTO W. Established 


1847. 


: Admiralty 
Contractors. 





ENGINEERS, IRON FOUNDERS, 


— AND — 


GENERAL CONTRACTORS. 


Steel 
Bridges, 





Roofs, 


Piers, 


Dock 
Gates 


and 


COLOMBO GRAVING DOCK CAISSON. 


COLLIERY IRONWORK, PIT HEAD FRAMES, &c. 
STEEL SHIP AND BARGE BUILDERS. 


Lighters for Shipment Abroad a Speciality. 


THOMAS GHATWIN, 


Victoria Works, Great Tindal Street, 


Bin MIN GEAM. 











Manufacturer of 


HIGH-SPEED 
Twist DRILLS 


(Taper or Parallel Shank), 








AND ALL KINDS OF 


ENGINEERS “SMALL TOOLS” 








Screwing Machines. 








CATALOGUES FREE ON APPLICATION. 
1 


LD 


CLIFTON & BAIRD, ‘voncs® Johnstone, Scotland, 


MACHINE TOOLS OF MOST MODERN DESIGN. 


BAND SAWING MACHINES FOR METAL. 

CIRCULAR SAWING MACHINES FOR METAL. 

HIGH-SPEED DISC SAWING 
MACHINES. 


ae 
All Sizes. 



























HIGH-SPEED COLD SAWING MACHINE. 9583 
PICKERINGS LIMITED. 
ELEGTRIO ee a 
urs. BLOCKS, 

Pd 
— OVERHEAD 
GAPSTANS. NWAYS. 
m ¥ 
HAULING GHAINS, 
GEARS. r 
wt PICKERING 
WINCHES, GOVERNORS, 
¥ a] 
FRICTION GEAR 
HOISTS, CUTTING 


STrTrockKTron-OnNnN-TEBEsSsS. * 817 






Uniformity— 
Accuracy—Finish. 


These are the outstanding features 
of all DROP FORGINGS made by us. 

















We are specialists in high-grade pro- 
ductions, and our exceptional facilities, 
and that knowledge which makes for 
perfection, enable us to guarantee these 
three essentials. 

We supply either in ordinary or special 
grades of steel and iron and invite your 
enquiries. 


J.B. BROOKS & CO. 
Limited, 
Criterion Works, WILLENHALL. 
49 Darlaston, i 
*Phone. 


DI ROORS 
TODOS 








** Crito, 
Willenhall,’, 
Wire. 








WROUGHT-IRON HINGES 


for Shipbuilders and Loco Builders. 


MANUFACTURED BY 


WHITLEY & VALIANT, LTD., 


ASHTON IN MAKERFIELD (Lancashire). 




























































PATTERN -MAHKiING. 658 
Core-boxes cut in one-tenth the time before required. The handiest, 
most powerful and cheapest machine for pattern-shop. Horizontal, 
vertical, and circular movements. Will cut at any angle, bevel or taper. 





See ALLAN’S Patent Comprehensive Wood-worker, at the 
Japan-British Exhibition, Stand 23, Engineering Department. 


Rr. S. ALLAN & CO., CATESHEAD-ON-TYNE. 
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WOOD-WORKERS’ MILLING MACHINE. || . eee ‘ 
‘ ee f 
Type ae s ; Lime-Water 
A. Seen ic System. 
aa a 





Softeners. 


Note New Address: 
4, BROAD STREET PLACE, 
LONDON, E:C, 


Telephone: 2144, LONDON WALL. 
Telegraph: WATERTANKS, LONDON. 
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INSTRVCTION BOOK 


THIS Smooth-On Instruction Book tells 

precisely how to make innumerable permanent 
repairs to boilers, engines, castings, tanks, 
etc., using the well-known Smooth-On Iron 
Cements. Every engineer should have a copy 
at once. Smooth-On used right is the most 
remarkable time and money saver known for 
the engine and boiler room. 














Ask for 

SMOOTH-ON MFG. CO. the book 
NOW, 

572-574, COMMUNIPAW AVE., It’s Free, 


JERSEY CITY, N.J., U.S.A. 


CHICACO WAREHOUSE : 
231, N. JEFFERSON ST. 


SAN FRANCISCO WAREHOUSE : 
94, MARKET ST. 


ENCLISH BRANCH : 

8, WHITE ST., 
MOORFIELDS, 

LONDON, E.C. 






5108 











COCHRAN BOILERS 


Patent Vertical Multitubular—Standard design. 
READY FOR IMMEDIATE DELIVERY. 






Write for SPECIAL CATALOGUES :— 
Class A.—For LAND USE. Class B.—For MARINE USE. 


COCHRAN & CO., ANNAN, LTD., 














ANNAN, SCOTLAND. 
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isms Benson, Pease e Co.,L 


STOCKTON-ON-TEES. 


LONDON OFFICE: 39, VICTORIA STREET, WESTMINSTER, S.W 





MAKERS AND HDHRECTORS 
of all descriptions of 


Steel Buildings, Chimneys, 


COAL, COKE AND ORE BUNKERS, 
COKE OVENS, BLAST FURNACES, &c., 8c. 
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STEEL FRAME BUILDING, made and erected in three months. 


246 ft. long, 40 ft. span, 80 ft. high. Weight 270 Tons. 816 








~ 





pee — ee 
“If it’s Gear- Cutting M:z penines, 
ask Churchi!l to quote! 


You have the best known 
makes to select from and our 
deliveries are good. _— 


Charles 


CHURCHILL 


& Co., Ltd., 9-15, Leonard St., London, E.C. 


BIRMINGHAM, MANCHESTER, GLASGOW & NEWCASTLE-ON-TYNE. 












VEL pee icares ree 


— 
MAKERS : STANDARD SIZE. 


the Clay Cross Company, wr. Chesterfield. 











raze Mon Ton 


raion Bituminous Fuel Suction Gas Plants 
= USE ANY BITUMINOUS 
or COMMON COAL that 
WILL YIELD A COKE. 











This Plant ts worked and 
controlled entirely by the 
Gas Engine, 

} 54.5 B.HP. has been de- 


velo by the Engine 
off Pint Illustrated with 


| Greatest Economy 
Greatest Power, 





To be seen working and all 
particulars, write 


Photo. of a Plant working a 55 B.HP. Gas Engine. 


THE MORTON GAS SYNDICATE, =" 


weseionan Junction Ironworks, HYDE, near MANCHESISR. | 


Ms. 119, HYDE. 


CLIFTON & WADDELL 


Oldest Established Firm in Scotland of 


METAL SAWING 
SPECIALISTS, 


HIGH-SPEED 
Machine Tool Makers, 


JOHNSTONE, 
near GLASGOW. 


ee 


BAND SAWS, 
CIRCULAR SAWS 
HOT SAWS, 
DISC SAWS. 


—— 9974 






















BAND SAWING 
MACHINE, 


fitted with 
Patent Swivelling 
Table. 


BEST AND MOST 
UP-TO-DATE DESIGNS. 





Over 900 Machines in use. 
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Gas Power e By-Propucts Co., 


~« 38,-Bath Street, GLASGOW. ‘™ 





Plant for Gasifying 500 Tons of Bituminous Coal per Day. 


ARE SPECIALISTS IN 


Gas Producer Plant 


WITH 


AMMONIA AND BY-PRODUCTS RECOVERY 


FOR USE IN 
STEEL WORKS, 
GHEMICAL WORKS, 
CEMENT WORKS, 962 


AND ALL CLASSES OF POWER 


HEATING AND MELTING. PROCESSES, 


&c., &c. 


LUKE & SPENCER, Lp. 


Canal Engineering Works, BROADHEATH, nr. MANCHESTER. 


IMPROVED EMERY "AND. CC CORUNDUM WHEELS, 
GRINDING & POLISHING MAOHINERY. 

















Different from all others 
Better than all others 


Cheaper than all others 


‘The New 


‘Stuffing-Box 
Packing 


Ask Dept. E.P. about Klinger’s.Patent Two-Colour Stuffing-Box Packing. 4131 


RICHARD KLINGER & CO,, Engineers, Contractors to the 
Admiralty, &c., 66, FENCHURCH STREET, LONDON, E.C, 
















ENNINN > 
ESRARAAIS 
AN NS BRAY NX NN vA 
ZAKS ONS Quy 

A AAA 





Of Universal 
Application. 


WILL PACK ANY STUFFING BOX. 























DAVIES LATEST 


DEMONITE DISC 





PATENT APPLIED FOR. 





* Coated with Modern Abrasives correctly proportioned in Geometrical Patterns 
so as to ensure the highest efficiency. 


GUTS AND GOES ON GUTTING TO THE LAST GRAIN. 


THE MOST WONDERFUL DISC EVER MADE. 6022 


DAVIES te EMERY PEOPLE®©*"tnctano. 















illustrated Catalogue free on application. 
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Telegraphic Address: “EMERY, ALTRINCHAM.” National Telephone=Altrincham, No. 49, Od 7788 


JOHN BROADFOOT & SONS, 


LIMITED 


WHITEINCH, GLASGOW. 


MAKERS OF 


BRASSWORK 


ENGINEERS 
AND 


SHIPBUILDERS, 


—- INOLUDING — 9767 


Pumps & Deckhouse Windows. 





On Admiralty, War Office, india Office 
and Golonial Office Lists. 


TELEGRAPHIC ADDRESS BROADFOOT, WHITEINCH. 
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Trade 





“STROCCO” 


Marine Fans. 








Some “ 





Sirocco” Fans on board SS. |Rotterdam. 








Belfast. 





Davidson & Co., Ltd., 


Sirocco Engineering Works, 


7760 























Fullerton, Hodgart &Barelay, Ld., 


Vulean Foundry and Engine Works, PAISLEY. 


Established 1838. 


Centractors to H.M. Admiralty and War Office. 


















5 gabe me ran / 











— SOLE MAKERS OF —. 


“FOSTER’S” PATENT MULTIPLE EVAPORATORS. 





SPECIALITIES: 
High-Class 


HORIZONTAL 
AND VERTICAL 
ENGINES 


Up to 3000 HP. 


FOR 


Mills, Mines, Stee) Works, 


Electric Lighting 
and Traction Stations, &. 


HYDRAULIC 
PUMPING 
ENGINES AND 
MACHINERY, 
Electric Pumps, 
Winding Plants 
and Winches, 





WATHR POWDER 


TURBINES 


OF .THE Most. EFFicient TyYPeEs. 





MODPDRN 


PELTON WHEELS 


For HIGH FALLS. 


W. GUNTHER & SONS, oxi ean. 


PIERCY sS PATENT 
—— PNEUMATIC —— 


PLANISHING HAMMERS 


USED BY 
BRITISH and FOREIGN GOVERNMENTS, and many 
of the. principal SHIPBUILDERS, RAILWAY CO.’'S 
and COPPERSMITHS throughout the World. 9172 


PIERCY & CO., Ltp.,, BIRMINGHAM 


MILLAR, DENNIS & CO., 


4 + acacia 
:< th BRADFORD STEAM COCK 


QUARANTEED NOT TO JAM UNDER ANY CONDITION. 
SENT ON APPROVAL 


Note the Cone Easing Shoulder and Spring-Fed Centre, which allow 
the Plug perfect liberty under expansion. 


OVHR 60,000 WOREING. 


ViCTORIA WORKS, 
BRA DEORNRD. 






























1040 





ON ADMIRALTY 
AND WAE OFFICE 
—_— LIsTs. — 


RevisTERED 


MILDENCO 


Trape Marx. 


TTTTTLADIIN | Nines 


' 
¥ 


SUL 








SOLID DROP 
FORGED STEEL ‘ 
SPANNERS. TURNBUCKLES. STANCHIONS. 
Double or Single Ended. With or without Stub Ends. Bright and Black. 


All leading sizes supplied from Stock. 


ARMSTRONG STEVENS: Soy 


WHITTALL STREET, BIRMINGHAM. 
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MERRYWEATHER'S eet BOILERS | 


LIGHT—PORTABLE—EASILY 


EXAMINED. 
6 HP. - - 4ewt. Ten Standard 
100 HP. - - 29 ecwt. Sizes. 





Steam from cold water in 5. minutes. 
Made In 100 Ib. sections. 
FOR OOAL, WOOD, PETROLEUM, REFINED OR REFUSE. 
LIGHTEST BOILER IN EXISTENCE. 

Over One Million Horse-power in Use. 


“M. & S.’ PATENT “ SIMPLICITY” LIQUID 
FUEL SPRAY BURNER. 


FOR USE IN ANY BOILER. 


_ MERRYWEATH ER & SONS, 


63, LONG ACRE, W.C.; and GREENWICH ROAD, S.E., LONDON. 
ESTAB. OVER 200 YEARS. 807 


. PERFORATED 
C) e FYOYOR STEEL PLATES 


e6@e@ X By ] for Coal Screening 
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e Py * ry HOLES PUNCHED UP 7 BN BN On 
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THOMAS HUDSON LIMITED, 


SHHHPFORD WORES, COATBRIDGH, Wy. B. 


BOILER COVERING 


KENYON’S Specially Compounded “‘ KISOL 72, CEMENT, 
1 cwt. sample bag sent carria ego paid to any address 
in the United Kingdom for 7/ 
SILICATE COTTON, ASBESTOS, MAGNESIA, & other insulating materials. 
; SHEET METAL WORK 











Ask for ‘‘ Hints’ on the Covering 
of Steam Pipes, Boilers, &e. 





FIFID WORKS Telegrams— 
** Kenyon, Dukinfield.” 


Telephone—No. 494, Ashton. 


CHAPFI 


VSENTIN LLU MANUAL OFLA wy 
KENYON’S Patent Inter Stranded 
Cotton Driwvins Etopes. 


Illustrated Lectcre, ‘‘ Transmission of Power by Ropes,” post free. 
CHAPEL FIELD 


WM. KENYON ®& SONS, LTD., °"\Worxs. 


DUEBKINEI=SLD, war MANCHES TEE. 
See STANDS M 47 and M 53, Machinery Hall, British Section, BRUSSELS EXHIBITION. 


GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. 
CYCLOPS WORKS, 


BEDFORD. 














Telegrams— 
Grafton, Bedford. 


Illustrated Descriptive Price List free on application. 





. 


“SILVER MEDAL, Pressieas ‘Exhibition, Laden, 1885, 
GOLD MEDAL, Paris, 1900. 








GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 





INDICATOR 
with CONTINUOUS DRUM. 


Roll of Paper 
12 ft. long. 


516 





STi 


“ UAGE & VALVI 
i QUEEN VICTQ@RIA STREB 


SW DON. 


wKUS i 


ae) 


-_ 


T= BEST ADVERTISEMENT 


any firm can have is a SATISFIED CUSTOMER. 








READ BELOW.—This is 
one of many instances 
in which our customers 
claim even more for 
our Lathes than we 
ourselves, 











34 in IRON & BRASS FOUNDERS, 
; ENGINEERS, Erc. MOTOR REPAIRS. 
Self-acting, Sliding, |. 
BORING AnD [2 seme Ses” 
"QMELLINGS MILL, 
SCREW-CUTTING | ,, oc. Sapa. 
tentlemen, 
LATH E, We are pleased to enclose a photograph of 
Price £13 10s. one of your splendid little 34” Lathes parting 
Denaiide diy, trate off the last of six piston rings 7}” dia,, 1} in. 
ar Gates tor wide. Our other m/es. being engaged, we were 
power. obliged to use the “Drummond” for the job, and 
Sent on approval. it proved equal to the occasion, getting under 
first scale without a chatter. 
Faithfully yours, 
WRITE ee H. SMITH & CO. 











DRUMMOND BROTHERS, E> 


Engel Works, nr. GUILDFORD, SURREY. 


Sole Agent for MELBOURNE: Mr. GEO. LEACH, 233, Elizabeth Street, Melbourne. 
Q 
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J OHN OAKEY & SONS, Ltd. 


GENUINE EMERY, EMERY WHEELS 

EMERY CLOTH, tll upmes 

Wolingim Kilt, GLASS & FLINT PAPERS, 
WESTMINSTER BRIDGE ROAD, B LACK LEAD, &o. 


OY" eet COMPOSITION 


ee eS er Se a oan &e., P 4 


Power of vam. ir’ WILL aT PON 
IT CANNOT CATCH OB COMMUNICATE AIRE 
Used in H.M. Dockyards, Arsenals ; also by 
principal Railway and Dock Co.'s. 

















Improved Patent 
NON-CONDUCTING 


LEROY = 






“CENTRAL LIFT” 


HYDRAULIC-WORKING 
VALVES. 


Hasy working, Simplest and Best for Iron 
and Steel Works Plant, 
Dock and Railway Oranes, &c. 


SHNT OUT ON APPROVAL. 








SOLE MAKERS :— 9489 


= |DEWHURST'S ENCINEERING COMPANY, Lr, 








PE as mn where it has been in use for twenty 





Hydraulic Engineers, SHEFFIELD. 














Mies F. LEROY & CO., 
20, Gray St., Commercial Rd., London, E 


Also at MANCHESTER. 632 





REGISTERED TRADE 7 













Our Catalogue on 


will well repay anyone interested 
for the slight trouble of writing for it. 





BELT CONVEYORS 
Push Plate Conveyors, 
SteelZOhain Belts, 
Sprocket Wheels. 
Conveyor Stoking Systems, 
Spiral Conveyors, 
Sack Conveyors. 


oor. Engineers, Bradford. 





| al 
GILBERT LITTL 




















“DAW” ROCK DRILLS. 


“DAW” EXPANSION 
ROCK DRILLS 


Save 25 per cent. and 
upwards in power. me 
ew Any Size. 


linn, & Cyanide Plants. 
11, Queen Victoria St., 








ss 


Guaranteed 
Highest attainable 
Efficiency. 





Any Type. Any Pressure. 














J. P. HALL & SONS, 


LIMITED, 


PETERBOROUGH. 





MAKERS OF ALL CLASSES OF 


PUMPS. 


FEED PUMPS. AIR PUMPS. — 
OIL FUEL & LUBRICATION OIL PUMPS, 


FIRE, BILGE & BALLAST PUMPS, 
éc. &c., &c. 











AL. a Z. DAW sees 


Telegraphic Address: ‘‘GULDNES, LONDON.” 


ROB? MIDDLETON, x 


HYDRAULIC ENGINEER, 


8181 









SHEEPSCAR FOUNDRY, Ao $ 
LEEDS, & ge 
ENGLAND. .\ S 





RS 





A B C and Lieber’s 

















Telegraphic Codes used. Rs & HYDRAULIC 
ay 

" page _ S 4 "ed 
— CRANES 

= YS CAPSTANS, 

Qys AcouMULAToRS, 

+ $ INTENSIFIERS, 

| *" LEATHERS, &c., &c. 
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PACKS ANY KIND OF 


STEAM, AIR & WATER JOINT. 


NOT AFFECTED BY HEAT, STEAM, OILS, OR AMMONIA. 





a ad HOLDS 
sane HIGHEST 
OUT. PRESSURE. 
DURABLE. EFFECTIVE. ECONOMICAL. RELIABLE. 


Rainbow is RED. Be sure you get the GENUINE. 


“SUCCESS” 


Semi-Metallic Packing. 
The Best Without EXCEPTION. 





WEAR 
RESISTING. 


ADJUSTABLE 
WEDCE. 





TesT «rr. 





ALL MECHANICAL RUBBER GOODS. 


PEERLESS RUBBER MANF®. COMPANY, 


16, WARREN STREET, NEW YORE, U.S.A. 





BRITISH 
REPRESENTATIVES : 


11, QUEEN VICTORIA STREET, LonDon, E.c. 
FOR SALE BY ALL FIRST-CLASS DEALERS. 


“RAINBOW” JOINTINGJOSEPH WRIGHT & 00., 


CARR BROTHERS, LTD., LONDON, | coxrncrons io anumazry, 


eg | WAR OFFICE, INDIA OFFICE, and 


NEPTUNE CHAIN WORKS, 


Tie TON, srare. 


And 1%, Victoria St., WESTMINSTER. 
HIGH-CLASS 


CHAINS. 
Oe ST 













Speciality : 


SLINGS 


ALL SIZES. ALL TYPES. 








IMMENSE STOCK. 
WRITE FOR LisT E 228. 


CRANE HOOKS. 


SHACKLES. SWIVELS. 
STRETCHING SCREWS. 
CHAIN CABLES ano 


MOORING CEAR. 














CROWN AGENTS. 570 










































































TEE VETOUdUtl 


SLOVARS 


























PARAFFIN 


as a Fuel for Marine & Stationary. Engines. 


The DAVIS PARAFFIN CARBURETTER CO. specialise in 
the conversion of Gas and Oil Engines to Paraffin Fuel. 


The DAVIS PARAFFIN CARBURETTER is an ideal device 
for Marine Engines, and gives excellent results on 
Two-stroke Motors. 


ENQUIRIES SOLICITED FROM ABROAD 
where Petrol is practically unobtainable. 


Price Lists and Copies of Testimonials on application. 


DAVIS PARAFFIN GARBURETTER CO., 


3, STATION AVENUE, KEW GARDENS, . Surrey. 
Telegrams ; ‘‘CARBURATE, KEW GARDENS.” 















Telephone : 1331, P.O. Richmond. 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship,. Boiler 
and Bridge Building, and other constructive purposes. 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Stern Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 

TYRES—.ocomotive Carriage and Wagon, to all pe secenamage 

SPECIAL STEEL of all kinds for constructive purposes. 3 





UP-TO-DATE STEAM GRANES 











Sizes 2 to 10 Tons 
in Stock or Progress. 





BEDFORD ENGINEERING CO., BEDFORD, ENG. 











STEEL COMPANY « SCOTLAND 


23, ROYAL EXCHANGE SQUARE, 


GLASGOW. 


TELEGRAPH 
= 


“STEEL GLASGOW 


DANIELS GAS PLANTS. 











“| suorion GAS 
PLANT 


For Anthracite COKE and 





CHARCOAL FUEL. 
Will work perfectly 
from 
FULL LOAD to NO LOAD 
or ve 
TWO or more ENGINES 
One Suction Plant. 


10 To 20 HP. For 
ONE PENNY 
PER HOUR. 








of various Sizes with all the latest improvements ready for Immediate De- 


PECKETT & SONS, BRISTOL. 





LOCOMOTIV HS « 





livery. Engines specially designed for every requirement and gauge. 


Full particulars on application. Telegrams: “PECKETT, BRISTOL.” 














“| Pressure and Suction 
: Types. 








Complete Pumping 
Installations. 


DANIELS GAS ENGINES. 
DANIELS HIGH-SPEED PUMPS. 


T. H. & J. DANIELS, Ld., Stroud, Eng. 


505 








Are you 
Interested in 


GASE-HARDENING 


If so, write at once for a copy of 
our new pamphlet about Oase- 
Hardening. It costs nothing. We 
will send post free to any address 
in the world. It contains informa- 
tion of considerable value to even the 
most experienced Oase-Hardener. 


W. H. PALFREYMAN & CO., 


GOREE-PIAZZAS, LIVERPOOL. 790 


- 


HYDRO-CARBONATED | 
BONE BLACK 


=F OR = 


CASE- Lhd sg 
NE =v 











SCHAFFER & 
BUDENBERG, Lia. 


Whitworth Street, MANCHESTER. 


5, Wellington Street, 
GLASGOW. 


77a, Queen Victoria Street, 
LONDON, E.C. 


WIRED GLASS 


PROTECTORS 


FOR WATER GAUGES. 
PATENT WIRED GLASS PROTECTORS 


arranged with a window in front of the glass. 
to allow of a free inspection of the gauge glass 


Sole Agents for JENA “ ROBAX” Water Gauge Glasses. 


LARGEST MAKERS IN THE 
WORLD OF PRESSURE GAUGES 


Also Makers of INDICATORS, COUNTERS, TACHOMETERS, 
SPEED RECORDERS, 

Steel Taube Mercury Pyrometers and Recorders for 
Superheated Steam, Boiler Flues, etc. 
Nickel-Seated Stop Valves and Spring Safety Valves 
for High Pressures and Superheatéd Steam. 

“ PERFECT" RE-STARTING INJECTORS, STEAM TRAPS, 
and all other types of Engine and Boiler Fittings. 
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DOUBLE HELICAL TOOTH WHEELS. 


Bevel or Spur Gear from 3in. to 20ft. diameter. 


Made by Special Machinery. 


Price List on application. 













ADVANTAGES over ORDINARY GEARING. 
Stronger Tooth. 

» More Bearing Surface on Tooth. 

Less Pressure on Collar of 

Journals. 

Free from Jerks 
and Backlash. 

More Teeth 

Gear. 
Smoother Work- 





in 


ing. 
Greater durability 





STRAIGHT * TOOTH a OR MOULDED BY MACHINERY. 9391 


WILLIAM WHITTAKER & SONS, Ltd., Engineers, &c., OLDHAM. 


LONDON Representative—VICTOR H. OOATES, M.I.M.E., 2, Norfolk Street, Strand, W.o. 
Telephone No.—1246, Gerrard, Telegrams—Victomime, 











GHREAN’s 


“EMERGENCY” 
CUPOLA. 
an 


extensiv vels ee oh both at Home and Abroad, 
including several Government Departments. 











GEO. GREEN &;C0.,’ 


Foundry Engineers, 
KEIGHLEY. 


For 


melting 










1 to 10 cwts. 593 


of Iron per hour. 


The Griffin Mill 


— MANUFACTURED BY THE — 


BRADLEY PULVERIZHBR coO., 
goo 37, WALBROOK, 


London, E.C. 


UESTRIAN, LONDON.” 
Lonpon WALL. 











Telegraphic Address : 
Telephone Na: 707, 





Specially adapted for the fine pulverization of 
PORTLAND CEMENTS, 
PHOSPHATE ROCK, 
COAL, COKE, 
GOLD QUARTZ, 
ORES of all kinds. 

Full Particulars on Application. 


SUGDEN'S PATENT SUPERHEATERS 


For all Types of Boilers. 


5405 

















WROUGHT STEEL THROUGHOUT. 





THOUSANDS IN USE. 





Main advantages: 
SIMPLICITY OF DESIGN 
and READY ACCESSIBILITY to all parts. 





Write for Illustrated Circular: 


T. SUGDEN, Ltd. 


180, FLEET STREET, 
LONDON, E.C. 


Telegrams: ‘‘TUBULARITY, LONDON.” 
Telephone : No. 186, Holborn. 
Representatives in all Principal Towns. 











772 


SUPERHEATER, 
&8 applied to a Lancashire Boiler. 





OXY-ACETYLENE 


WELDING and CUTTING. 











Has been adopted by H.M. Admiraity, and all 
the Continental Governments, Home and Foreign 
Railways, and nearly all leading Engineers. 


FOR THE WELDING OF STEEL PLATES x" TO 2” THICK. 


Also for Cast Iron, Copper and Aluminium. For quickly and 
economically Cutting Steel Plates, Bars, &c., up to & in. thick. 
INVALUABLE FOR ALL CLASSES OF REPAIR WORK. 
Mandreds of our Plants are now in daily use. 
Let us send you particulars. 


A. WARDEN & CO. 


—— 46, 48, 8, Shepherdess Walk, City Road, LONDON. 


| DE BERGUE & CO., Lro, 


MANCHESTER. 
































PURGRING 


SHEARING 
MACHINES. 


Illustration shows 
No. 4c MACHINE 
for 1-in. Plate. 

Gaps, 30 in. 


912 


















































Interior View of Pipe Works Employed in the Manufacture of 


WELDED STEEL MAINS 
Sor WATERWORKS <cc. 
x ————————_——_ 
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KENDALL «GEN 
MANCHESTER. 


MAEEHRS OF 


HIGH-CLASS MACHINE TOOLS 


For Engineers, Shipbuilders, Locomotive Manufacturers, 
Bolt and Nut Makers, &c. 


SPECIALITIES 17, MILLING, DRILLING, and 
NUT and BOLT Machinery. 
Block below shows Triple-headed Bolt Screwer, to screw up to 1 in. diameter. 
HIGHEST RATE of production guaranteed. 987 
HIGHEST CLASS Workmanship and BEST Materials only. 





ie 


Telegrams— 
Tools, Manchester. 


Telephone— 
5569, Central. 
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INDUCED & Forcep DRAUGHT. 


SMOKE & Fumes REMOVAL. 
Dust EXHAUSTING. 














THE ‘KEITH’ FAN. 
Write for Pamphlet on Mechanical Draught. 


JAMES KEITH@ BLACKMAN C0., Ld. 


27, FARRINGDON AVENUE, LONDON, E.0., ‘i 
a And at MANCHESTER, LEEDS, BIRMINGHAM, GLASGOW and BELFAST. 



































TOTAL PRODUCTION OVER 650,000 HP. 


Ee. WOLE’S 


PATENT SUPERHEATED STEAM 





LOCOMOBILES 


COMPACT COMPLETE STEAM PLANT, 
with Removable Tubes, and Wolf's Balanced Piston Valve Gear, 


upto BOO 


B.HP. 





PARIS 1960, MILAN 1906—CRAND PRIX. 

















“UNONOH 40 VWOTdIG P 1VOIN 0109-2061 NITH3IE 


sth oo 













BELT DRIVEN OR DIRECT COUPLED, 


LOWEST GENERATING COSTS. 
0:89 ib. of cou per B.HP. per hour 


for a standard 100 HP. Locomobile. 


R. WOLF, Engineers, 631 
7, LAURENCE POUNTNEY HILL, LONDON, E. C. 


CANNON STREET, 





Te_ecrams ; “ LOCOMOBILE, 
LONDON.” 











aa 


SINGLE LEVEE 


Light Wire Tester 


READING TO SINGLE POUNDS, 
VERNIER EXTENSION GAUGE, 
QUICK RETURN POISE WEIGHT, 

















Mavznes een Ce 


SAM DENISON & SON, Lt, 











TOTAL PRODUCTION OVER 650,000 HP. 














Far Hunslet, nr. Leeds. ae 
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= = ELECTRIC “HYDRAULIC 
ACHAMMERS- | & HYDRAULIC [PRESSES PUMPS; 





























Diesel Oil Engines 


FOR LAND AND MARINE PURPOSES. 


Apply to our 


London Office: M.A.N., 219b, Caxton House, 


Westminster, S.W. 


Maschinenfabrik Augsburg-Nurnberg A.G. 


‘OONTRAO TORS To 


_— 


“UNBREAKABLE” Add 
& MILL GEARING C°: 





H.M. GOVERNMENT. 









SYSTEM OF 





HOME AGENTS ("Secr" 
BELFAST—R. Patterson & Sons, Ltd., 15, Bridge 
Street. 
a oni Lioyd & Co., 135, Steelhouse 
e. 


BOLTON—J. & W. Kirkham, Ltd., Lark Street. 


BRISTOL—R. Stotesbury, Temple Buildings, 
Victoria Street. 
CARDIFF—Cross Brothers, Ltd., 20, Working 


Street. 


CARLISLE—A. J. Crawford (Northern Mill and 
Mine Furnishing Co.). 


CORK—McKenzies, Camden Quay. 

DUBLIN—Booth Brothers, Upper Stephen Street. 

DUNDEE—Thomas C. Keay, 17, Baltic Street. 

EDINBURGH—D., F. Wishart & Co., 18, Picardy 
Place. 


GLASGOW—Jas. T. Donald & Co., 
McAlpine Street. 


IPSWICH—H. Warner & Sons, Lion Street. 

LEEDS—Rhodes Bros., 1364, Woodhouse Lane, 

LIMERICK—J. P. Evans & Co., 181, George Street. 

LIVERPOOL—Putz, Curphey & Co., 20, Strand St. 

NEWCASTLE-on-TYNE—Jos. C. Nicholson Tool 
Co., City Road. 

NORTHAMPTON — The Universal Shoe Ma- 
chinery Co., Ltd., 27, York Road, 


NOTTINGHAM—E. L. Gowthorpe & Son, Victoria 
Buildings, London Road. 

OLDHAM—Claude Taylor, 25, Manchester Street. 

PORTMADOC—Owen, Isaac & Owen, Union 
Foundry. 


SHEFFIELD—Taskers’ 
61, Blonk Street. 


Ltd., 35, 


Engineering Co., Ltd., 


STEP PULLEYS, 





WARRINGTON—John Chorley, Buttermarket St. 


awe Mey 


SPA TRANSMISSION 
ECONOMICAL WAX 


BY THE C0.'S STANDARD APPLIANCES. 


OF POWER 


WROUCHT- 
















ANY SIZE. 
ANY STRENCTH. 
LICHT. 


ROPE PULLEYS. 
CALLOWS AND 
CUIDE PULLEYS. 





ADJUST. 
ABLE 
SWIVEL 
BEARINGS. 


INTER- 


. 
ALL SIZES 
AND FOR ALL 
POSITIONS. From Catalogue, p. 114. 








LARGE STOCKS. 


QUICK DELIVERY, 




















L 
FOREIGN AGENTS ("frock") | swivet BEARIncs 

AUSTRIA—White, Child & Beney, Vienna (Pulleys). PEDESTALS 
CANADA—Vandeleur & Nichols, 3, Dineen Bldgs., ’ 

Toronto. HANCERS, 
CAPE COLONY—George Findlay & Co., Church} WALL BRACKETS. 

Square, Cape Town, and Western Provinces. COLUMN BRACKETS 
RHODESIA-— 8S. Sykes & Co., Ltd., Engineers, &c., 

Buluwayo and Salisbury. WALL BOXES, 
NATAL—S. Sykes & Co., Ltd., Engineers, &., END BRACKETS 
Southern Life Buildings, Smith 8t., Durban. &o., &e, 

TRANSVAAL-S. Sykes & Co., Ltd., 691/606, Sed 
Consolidated Buildings, Johannesburg. From Catalogue, p. 168. 
CEYLON—Davidson & Co., Ltd., Colombo. SPECIAL 
CHIL! AND BOLIVIA—Martin Bros., 223, Calle —— 
Blanco, Valparaiso. STEEL 
EGYPT—Societe Generale d'Electricite & de Me- a onan 
canique, Place Mchammed Aly, Alexandria. SHAFTING. 
FRANCE—E. Deparis & Co. (late F. Christy & Co.), TRU 
Lille. ; 8 ICHT 
HOLLAND—R. 8. Stokvis & Zonen, Ltd., Leuve- STRONG, 
haven, O. Z. 74, Rotterdam. SMOOTH 
INDIA—Batliboi & Co., 49, Forbes St., Fort, Bombay, ” 
. LOOSE COLLARS. 
Calcutta & Chittagong.—The Planters’ Storcs SWELLS AND 
and Agency Co., Ld., Calcutta, KEYWAYS 
ITALY —Gio. , Vignnent, Via 8. Andrea, 6, Milan} —— 
(Pulleys: 
JAVA—Kerkhoven & Mazel, Bantloeng. COMPRESSION 
NEW SOUTH WALES—R. L. Scrutton & Co., COUPLINGS. 
Sydney (Pulleys). a 
NORWAY—G. Hartmann, Christ‘ania. NO KEYS. 
STRAITS SETTLEMENTS AND MALAY | NO FACING. 
PENINSULAR—Riley, Hargreaves&Co., Ld., NO PROJECTIONS. 
Singapore. EASILY ON. 
SWEDEN—Calvert & Co., Gothenburg. EASILY TAKEN OFF. 
WESTERN AUSTRALIA—Saunders & Stuart, | TRUEON THE SHAFT 
Ackroyd Buildings, Melbourne Rd., Perth, W.A.| ENDS, From Catalogue, p. 100. 


The illustrations above are reduced from those in 


THE CO.’S POCKET CATALOGUE on ECONOMICAL POWER TRANSMISSION. 








Estimates and Plans prepared for complete, 


Transmission Material on this system tem for Mills, Factories, 
&e. Send for Liats. 














MANCHESTER & LONDON 


8152 


sunen Lendoa, 


Lieber’s Code used. 


A WEST GORTON.  strengri, Manchester. 58, CANNON STREET. 
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eEhPER?, [METAL SAWING 


ROCK DRILL. | MACHINE TOOLS. 
AIR COMPRESSORS| , 


ALL TYPES. 


WELL-BORING TOOLS. 
SCHRAM, HARKER & CO., 


















ENGINEERS, 
CANNON STREET HOUSE, LONDON, E.C. 
Telegrams :—“SCHRAM, LONDON.” ABC Code. 








THE BROWN HOISTING MACHINERY Co., 


CLEVELAND, OHIO, U.S.A. 


GELA NW ES or ai DESCRIPTIONS. 
All Enquiries should be referred to COWANS SHELDON & CO., Ltd., CARLISLE. 


GIRDER RADIAL DRILLING MACHINES. 
High-speed Lathes, Drills, Screwers, Keyseaters, Millers, Shapers, Slotters, Punches. 
COLD AND HOT SAWING MACHINES. 


CARTER & WRIGHT, woooswe, HALIFAX. 














Lunkenheimer 


Hand 








BRIDGE TRAMWAY CRANES UNLOADING COAL, GENOA. Lunkenheimer 
“Universal” 


Hand Oil Pump. 


are easily filled and operated. No large engine 


Thomas Turton & sons _.. 


MANUFACTURERS OF LIMITED. Great care is exercised in the manufacture 
of these pumps, and they are thoroughly tested 


ENGINE CARRIAGE AND WAGON SPRINGS and inspected before they are permitted to leave 
) J } the factory. 
We guarantee them to be perfect working 
Cast Steel Files, cups, and first class in every respect. 
ENGINEERS’ TOOLS, HAMMERS, EDCE TOOLS, STEEL aa pe 
FORCINGS, SPRINC STEEL, 














The BP Lenkenteine 
a “ Alpha . 


Tool Steel. Lunken Valve Co., Jw 


SHEAF WORKS, SHEFFIELD.) * oso 


Od 7812 





London Office: 90, iecaasi STREET, E.C. 
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IF YOU... 


PUT ONE OF OUR 


Smoke Abaters 


Into your Chimney or Flue 
YOU WILL... 


STOP the Smoke, Soot, & Dust 


which cause so much 
atmospheric pollution. 
you will also obtain a 


POWERFUL INDUCED DRAUGHT 


and collect a valuable residue 
which can be sold as a manure. 





Send for Particulars to 


THE SMOKE ABATER COMPANY, Ltd., 


HALF MOON CHAMBERS, = 
Bigg Market, Newcastle - on - Tyne. 











Ironclad 
Switch 


is specially adapted for 
all industrial purposes, 
All current carrying 
parts are effectively 
enclosed, and are only 
accessible when switch 
is in “ off” position, 


The switch has a positive 
quick make and break, 


Cartridge-type fuses are 
embodied with the switch, 


The Illustration shows an “EQOA” Switch provided 
with Sealing Chamters, for use in mines, &c. 


Catalogue on application. 
The. Electric & Ordnance Accessories 
Co., Ltd., Aston, 
Birmingham. 

















Pp ATE NT Satisfaction already given on exceptionally 
ss severe Drives and Repeat Orders received, 


“Stanchion ” 


WROUGHT-IRON 


Pulleys ==. 


Arm Heads machined accu- 
rately to curve of Rim. 


DESIGNED FOR 


Heavy Drives, 
High-speeds, 
and where 2 
Vibration or ° 
Shocks are 


present. forged from the solid 
Bar—not screwed on. 











Quotations and full particulars on application. 
PATENTEES AND SOLE MANUFACTURERS— 


DOUGLAS, LAWSON & CO., 


Engineers, BIRSTALL, LEEDS. 


Telegrams: PULLEYS, BIRSTALL. Telephone: 135, BATLEY. Oode used: ABO, Sth Edition. 





On LISTS of ADMIRALTY, WAR GFFICE, INDIA OFFICE and 
CROWN AGENTS FOR THE COLONIES. 9949 

















ROYLES [IMITED 


ENGINEERS & SPEC/AL/ISTS 


MAKERS OF CALORIFIERS MAKERS OF 


Rows PATENT ROYLES PATENT 
Feep WATER BATH WATER SUPPLY. | i Bigualne 
HEATERS REDUCING VALVES 
CALORIFIERS i Suptus Vatves 
FVAPORATORS SAFETY AND 


RELIEF VALVES 
CONDENSERS 

STEAM Ant 
STEAM 


KETTLES : a 
BOILING me * hi” aii MOUNTINGS 
BATTERIES —r- SwivEL ¢ 
RADIATORS COPIOUS UPPLY. UNIONS 4 BEND 
Gas KETTLES UNIFORM TEMPERATURE. STEAM Daves 
STERILIZERS AUTOMATIC CONTROL. mae: 


Air HEATERS USED IN , open 
INSTANTANEOUS SOME OF THE LARGEST wets : 
HOSPITALS rath n0 8 
IN THE COUNTRY. 1993 Fee PUMP amt 





BATH WATER 
HEATERS RECEIVER 











REISERT PATENT WATER SOFTENERS AND FILTERS. 
ROW’S PATENT BATH WATER PURIFICATION PLANTS, " 
IRLAM } 
, NEAR 


MANCHESTER 
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TRADE MARK, 


DYNAMITE 
CELICNITE 
GELATINE DYNAMITE 
BLASTING GELATINE 


BLASTING POWDERS 


FOR USE _ IN 


MINES, QUARRIES, 
RAILWAY CUTTINGS, 
WATERWORKS, 
TUNNELS, &c. 


ALSO 


GHEDDITE 


A High Explosive of 
Enormous Rending Power. 
CHEAPEST and BEST 
High Explosive for 
Tunnelling, Quarrying, 
and every description 
of Blasting. 
Does NOT FREEZE 


OR 


EXUDE. 
AGENTS IN ALL PARTS OF THE WORLD. 














PRICE AND FULL PARTICULARS ON 
APPLICATION TO 


Curtis's & Harvey, L‘ 


MANUFACTURERS OF ALL KINDS 
OF EXPLOSIVES, 


3, Gracechurch Street, 


CONTINUES TO BE AFTER 





MACHINE GREASE. 


SOLE 
MAKERS. 


VHTTIY HT Terereryey 


TAUFFER’S |8nican 


25 YEARS thee STANDARD 


PATENT (°p2%2=¢) TELL TALE wenicarors. TRIER BROS., CAMBERWELL, 


37 A BRITISH — 
PRODUCT, 










1127 





LONDON, S.w, 


LONDON 


Caxton House, Westminster, 
Works : 








man 








For BELT-Driven 
Motors & Dynamos 


—The New Patent HENDRY Laminated 
Leather BELTING has all the advantages of 
an Endless Belt. Itis free from joints ; uniform 
in texture, thickness and surface; and runs 


without jar or vibration under the heaviest loads 
and at the highest speeds. 

The New Hendry Patent Flexible construction gives 
perfect contact between Ve ‘It and Pulley, and so increases 
the driving Grip that ‘slip’ is eliminated and therefore a 
marked Economy in transmission of Power is effected. 

The special construction of the HENDRY Delt gives 
it a peculiar Spring and Elasticity that absorbs she sala Wu m 
sudden changes of load, without stretching, or strain on 
bearings and shafting, The new Hendry Belting is Tripie 
Strercuep—in the Hide, in the Single Strand, and 


finally in the completed Belt. 
WRITE for the Book of the New HENDRY Belt 

















JAMES HENDRY 
252 Main Street 
Bridgeton, GLASGOW 


Copyrigh t Registcre d 























8140 








Telegrams: ‘‘PENMAN, GLASGOW.” 


ABC and ENGINEERING TELEGRAPH 
CODES. 





LONDON. \™ 





PENMAN & CO., 


Caledonian Boiler Works, (TD. 
GLASGOW. 
LONDON OFFICE— 

110, CANNON STREET, E.C. 


MAKERS of ALL TYPES of 


Steam Boilers, 


for pressures up to 
250 Ib. per square inch. 


AVERAGE OUTPUT :— 


ONE BOILER PER WORKING DAY. 
On Admiralty, War Office and 
India Office Lists. 
CONTRACTORS TO HOME, COLONIAL 
AND FOREICN COVERNMENTS. 

—— 800 
Always a number of New 
Steam Boilers ready for 
IMMEDIATE DELIVERY. 








June 24, 1910.) 


ENGINEERING. 








JOHN STIRK@ SONS 


HALIFAX. *™® 
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— 


MACHINE TOOLS. 


- 
—_ 


All kinds. 








DAVY BROTHERS, 


LIMITED, 
SHEFFIELD. 


HIGH SPEED FORCING 
PRESSES 


with Steam Hydraulic Intensifiers, 
giving S00 to 160 strokes per 
minute, according to size and power. 


Engineers & Boilermakers. 


COMPRESSION of STEEL INGOTS, 
Robinson & Rodger’s Patents. 

INDUCED AND BALANCED 
DRAUGHT, with Hot Air Economicers 
(‘‘ Atlas” Patents), for all Land-type 
Boilers. 


STEEL WORKS PLANT. | 














See Illustrated Advertisement on Ist July. 








WIRE - ROPE 
PULLEYS 


From 2 ft. to 22 ft. 


Diameter. 





Thompson & Southwick, 


LIMITED, 


TAMWORTH, 





727 





ALEX. FINDLAY @ C0.,Ltd., 


Steel Roof and Bridge Builders, MOTHERWELL, N.B. 


Structural Engineers, ... . 
Contractors for all the Main Buildings for the FRANCO-BRITISH EXHIBITION, 
LONDON, 1908, covering a total area of 560,000 square feet; also for 

the Grand Stadium, area 200,000 square feet. 
At Kinps oF Steet Structures DESIGNED AND EXECUTED. 
SPECIALITY :—HYDRAULIC PRESSED STEEL TROUGH | 
Head Office - - - . - . MOTHERWELL, N.B. 
London Office - . - 9, VICTORIA STREET, S.W. 
Txixgrams: “FINDLAY, MOTHERWELL.” “PARKNEUK, LONDON.” 9262 


























The 
Rapid Disappearance 
of all kinds of Glass Tube Water Gauges at sight 
of Klirger’s Patent “Reflex” Watcr Gauge 


Modern Steam Plant 
Demands Safety 


Compensation Claims are Dangerous Risks. 
THERE IS AN ATTACHABLE PATTERN, SUITABLE FOR 
EXISTING GAUGE COCKS, WITHOUT ALTERATION. 


There is also the Complete Pattern, fitted with the best asbestos 
packed cocks — this has extra advantages worth your investigation. 
BEST MATERIALS. BEST WORKMANSHIP. 
OVER 200,000 ARE IN. USE, 





Genuine Klinger's Ganges bear our Registered Trade Mark— 
such Gauges are the only safe gauges—safe use they cannot 
burst and because the show the water level at a glance. They 
save human life and that of the boiler 





Contractors to the 


Richard Klinger & Co., Engineers, “Sinssiv.a< 
66 Fenchurch Street, London, E.C. 








9117 











V 


NOTCH WATER METERS. 


For the accurate measurement of Boiler Feed Water and Condensed 
Steam, there is nothing better than a 


“LEA” RECORDER. 
Full particulars from: The Lea Recorder Ce., 28, Deansgate, Manchcs‘er. 








825 








STAFFS. 









HARVEY 
Engineering Co., 
M‘ONIE, poo CO., a 
Scotland Street Engine Works, 


GLASGOW. 
London Office: 27, Mincing Lane, E.C, 


ESTABLISHED OVER 50 YEARS. 





MAKERS OF ALL KINDS OF 


SUGAR MILLS 


INCLUDING 


PATENT FIVE ROLLER MILLS 





HARVHWT's 
PATENT 


Triple-Effet . . 
. . Kyaporator 


Now In use in all Sugar Growing Countries, 
AND EVERY REQUISITE FOR 


Sugar Plantations. 


SPECIALTY. 


SUGAR REFINERIES 


fitted up complete for 
refining all classes of 
sugar. 








HIGH-CLASS 


ENGINES 


OF THE HEAVIEST TYPES. 


MULTITUBULAR, CORNISH 


AND 


LANCASHIRE BOILERS, 


TANKS & WROUGHT IRON 
WORK 


9284 





OF EVERY DESCRIPTION. 
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7 ALHARVEYA0, 





Perforators: 
LARGEST WORKS IN THE KINGDOM. 


Telegrams—CHEAPER, LON’ 
lines) NEW. ‘CROSS. 


Telephone No, 281 oh 


LEWISHAM, LONDON 



















ror BOILER 
FEED THE HARRIS 


82, VICTORIA 8T., 
LONDON, 8.W. 
T.A.: oe. Lonpon, 
Nat. Tau.: 876, WasTMINsTER. 
24, GRAINGER ST. WEST, 
NEWCASTLE-ON-TYNE. 
T.A.: Wororient, Newoast.s-on-Trna, 











Nat. Tau.: 8220, OznTrau. 








Lubecker Machine & Manufacturing Co., 
30, CREAT ST. HELEN'S, LONDON, E.C. 





EXCAVATORS for Railways, Canals, Earthworks 


and Chalk Quarries. 
Capacity from 50 to 300 cubic metres per hour, 
FLOATING DREDGERS for Sea and River Work. 
GOLD DREDGERS. 


EXCAVATORS & DREDGERS 
Telephone No. hd og Telegrams: “ Plasmo, London.” 








To Colliery Owners. 


SHAFT FREEZING Go,, Lr, 


11, IRonMONGER Lanz, 


Lonpon, ENGLAND, 
Working in Association with the 


Tiefbau & Kalteindustrie 
Aktiengesellschaft 


formerly 


Gebhardt & Koenig, 
of Nordhausen, Germany, 


Undertakes the best and cheapest method of 
Sinking Shafts and Tunnels and Minin 
construction in difficultand heavily wate 
go ae of Gebhardt & Koenig's 

reezing Process under guarantee of Suc- 





cess. 
16 Shafts are now as gen , five of whic 
ne been sunk to a dep’ 1060 feet, and a 
a depth of 1300 feet, the diameter of the 
Shatte in each case being 20 feet. 612 





If you wish to increase you 
output, use Carborundun 
Wheels. Give your workme 
a good clean working whee! 
it pays to use the best, and 
that is 


CARBORUNDUN. 


EVERY WHEEL 
GUARANTEED. 


CARBORUNDUN 


Solves all your grinding 
) troubles. Allow us to serve 
4 you. 


THE CARBORUNDUM COMPANY, 
29, CLIFTON STREET, FINSBURY SQUARE, LONDON, E.C. 


= 


ee ee ee a 


- SS 














920 

















Yecoen Ser rami 
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Fig. 1056. 


HARBOUR PLANT, 
TITANS, GOLIATHS, 
CONCRETE MIXERS, 
GRABS, &c. 


STOTHERT & PITT, Ltd. 


BAT Et. 

















LONDON OFFICE: 53, Victoria Street, S.W. od 690? 
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SCRIVEN & CO,, =~ 
LEEDS. 


MAGHINE TOOLS 


FOR 
Shipyards, Steel & Iron Works, 
i Bridge, Boiler and Structural dens 
zi Engineers and Allied Trades. 


Telephone: 
1819, National. 
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» Hydraulic ‘Machinery. 





PATENT PLATE STRAIGHTENING MACHINE with MOTOR. 














PATENT 


“INCANDESCENT” 
OIL LAMP. 


Invaluable 



















A powerful 
and well- 
prod neuen 

lu 
ordinary petro- 
leum by 
vapour- 
ising the 
— 


sure end 


incandemcent 






















Ne. 20, Lamp as illustrated, 400 o.p. Burner, £5. 

No, 81. Same Lamp as above, but arranged with 
Tank on the ground, and 16 ft. Flexible 
Cueee Tubing, 25. 








Send for New | /lustrated Catalogue 






















L.STERNE & CO., D., 


The Crown Iron Works, GLASGOW. 


LONDON OFFICE: DONINGTON HOUSE, NORFOLK STREET, W.C. 















Wells’ “Industrial ” 
OTL LAMP Ss. 


A Brilliant 
















<< Petroleum or 
e: Kerosene, for 
> OFFIOES, 
ea panes WAREHOUSES, 
1 FACTORIES, 
WORKSHOPS, 


$ RAILWAYS, 


Ag DOCKS, &c. 


No. 1, Price 25a. ea. 100 Oandle Power, 8 hours, 
Brass Container. Consuming about 28 Pinta. 
No. 2, 100 Candle Power, 12 hours, strong stamped 
Steel Container, 28s. ea. Fitted with jectors, 
18 in. diameter, of Sheet Iron, stamped in one 
piece, and enamelied. 


He 6, Brom Ke my 180 O.P. Refiestor, 
in. Price 37m, 6d. 

No. Sa, mroek Container, 200 O.P, Reflector, 

28 in. Price 50s. 550 


OVER 26,000 SOLD 


HURRICANE 
LANTERN. 


NO CLASS. _MICA PANES. 
STEEL CONTAINER. 
INVALUABLE FOR EXPORT. 
BURNS 20 HOURS. 









































This Lamp is fitted with Mica 
Panes similar to our other 
well-known “ Industrials,” 
dispensing entirely with the 
use of Glass, the shipping and 
freight charges of which are 
serious items. Price 6s. 6d. each. 


A. C. WELLS & CO.!°ZMpisnt 2 LONDON 

























Works: Carnarvon &t., Manchester. 
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SPRINGS 


AND 
Spring Washers 


THE LION SPRING CO. 
Oldbury, 712 
Nr. Birmingham. 











CONTINUOUS 
DRYERS, DIGESTORS, 


PRESSES For 
Fish and Oftfal, 
Slaughterhouse Offal, etc. 
DRYERS For All 
Animal, Mineral and 
Vegetable Material. 


AMERICAN PROCESS CO., 
NEW YORK CITY, 


a 





















Catalog “EB.” 1026 U.S.A. 
PATENT 
NON-CONDUCTING 
COVERINGS. 


Sectional and Plastic. 
The most approved in 
the United Kingdom. 
On Admiralty List. 

l and 


ENGINEERING. 
COMBINATION 


THE : SIMPLON” DRAWING Boarb. 


__ With | Transparent Celluloid Parallel- tered Straight nies and Universal Protracting Set Square. 
TE 6 By Perfect Parallel Adjustment from any 












position (guaranteed). 





Prices complete as IMlustrated: 
Half Imperial (23 x 16) 42/6 
‘ull do. (32 x 23) 576 
Double Elephant (42 x 29) 75/. 
Antiquarian (54 x 82) 90). 
Second Quality Drawing Board 
and Mahogany Blade with 















Celluloid Edge. 
Half Imperial 
(23 x 16) 32/6 
Full Imperial 
a (82 x 23) 45/. 
, ___= Double Elephant 
FITTED T0 (42 x 29) 58/6 
Antiquarian 
DRAWING BOARD etl 
q 10 Days’ Free Trial where requested. 


Over 200 Drawing Offices fit up with the 
Simplon System within a few weeks. 


Showing Photo (Reduced) of Double Elephant sized Apparatus. 


Condensed opinion of present users: ‘Where once introduced and given a fair trial, the Simplon Drawing Apparatus will be greatly appreciated.” 
SEND TO-DAY FOR CATALOGUE OF “SIMPLON” DRAWING OFFICE SPECIALITIES. 1182 


SIMPLON MANUFACTURING CO., Lé., sire” CARLISLE. 



















TOOPE’S 
ASBESTOS 
COVERING Co. Ltd, 


Stepney Square, 614 
Stepney, London, E. 
"Phone: K. 3497. Telegrams: Toopes, London. 


CONVERTER 
STEEL CASTINGS 


(TROPENAS SYSTEM) 
<FOR> 














ENGINEERS MACHINISTS 


TO MACHINE CLEAN & BRIGHT 
ALL OVER 


PARKER FOUNDRY C° DERBY 








QUIGGIN’S 


PATENT 
EVAPORATORS, FEED-WATER 
HEATERS, FILTERS, 
DISTILLING CONDENSERS, 


AND COMPLETE 


DISTILLING PLANTS 


For Ship and Shore Use. 








SUPPLIED TO 


British and Foreign Admiralties; 
Cunard; White Star; P. 8S. N. Co.; 
Union Castle; 


and other leading Steamship Companies, 


Liverpool Rngineering ind 
Condenser Co., Ltd., 


BRUNSWICK DOCK, 
LIVERPOOL. 


Tel fc Address : 
—— “ELIMINATOR, LIVERPOOL.” 





“NEW CENTURY” 


Improved 
22 in. Upright 


DRILL. 


NOTEWORTHY FEATURES: 


THREE RATES OF FEED, obtained 
through Spur Gears, therefore positive. 
FIXED WORM BRACKET, worm always 
in gear and cannot get out of order. 
IMPROVED METHOD of Engaging Feed. 
Simple and effective. 

EIGHT CHANGES OF SPEED. 

BACK GEARS ALWAYS IN MESH and 
instantly thrown in or out by means 
of lever (see Illustration). 

ENTIRE COLUMN IN ONE PIECE. 
IMPROVED MASSIVE TABLE BRACKET 
raised and lowered by self-sustaining 
mechanism on a machine-cut steel 
rack. 

GROUND SPINDLE. 

The extremely stiff and rigid construc- 
tion of this machine allows: 

























1 in. holes to be drilled 


ata penetration speed of 
more than 6 in. per min. 


TAPPING up to 1} in., Whitworth, 
can be done with Ease. 


Immediate Delivery from the Makers. 


A. A. JONES, POLLARD & SHIPMAN, Ltd. 





LONDON OFFICE: 50, Fenchurch S8t., E,C, 





LHICHSTER. 
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RAILWAY MOTOR CARS. 


Awarded Silver Medal, Franco-British Exhibition, London, 1908. 
















Single-cylinder Water-cooled Engine. 
Two-Speed Gear Box. 


Reverse giving both speeds in both 
directions. 


Reversible Seat. 
Control at both ends of Car. 
Can be built to any gauge. 





O-HiP, Srampanp Can'vo Sear Tye. Write for CATALOGUE illustrating 1910 MODELS to— 


The DREWRY CAR CO., Ltd., Siutn'etace' owen 


SOUTH PLACE, LONDON, E.C. 
TELEPHONE—458, LONDON WALL. TELEGRAMS—“‘EFFERVESCE, LONDON.” 1165 














For 


REINFORCED 
CONCRETE 


and 


FIRE-RESISTING 
CONSTRUCTION. 


SAMPLES 
FREE, 


— 


WRITE 


for 


PARTICULARS. 

















——_———— — ———- =A +5 


THE EXPANDED METAL CO., Ltd., 


YORK MAN SION, YORK STREET, WESTMINSTER, S.W. 
Telegrams : “ Distend, London.” Telephones : 819 Gerrard, 1514 Victoria. 











758 











LION exon PACKING 


FOR ALL 


PRESSURES OF STEAM. 
LION EXPANDING STEAM PACKING 


For DIFFICULT WORK. 





Made with one or two Rows of Pins. 


SECTION OF RING. 


SET OF PACKING IN SECTION. 


JAMES WALKER &CO., 


Lion Works, Garford St., West India Dock Rd. 
LONDON, BE. 7783 
Teleg. : ‘* LioncELLE.” Telephone: East 3084. 











HESSE 


REVERSE 
GEARS 


FOR MOTOR BOATS. 
Hesse & Savory, TEDDINGTON, S.W. 














EastFerry Road Engineering Works Co., Lé. 


MILLWALL, LONDON, E. 





DERRIOKS 
for heavy lifts. 





cola Medal, Inventions Exhibition. 
F. DUCKHAM’S PATENT 8US FEEDED meme 
MACuINES. Pa avase COMPOUND HYDRAU JRANES, 
GRAIN VATORS, ENGINES, MACHINES, de. 1007 
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BORING ano 
TURNING MILLS 


Twenty-five Sizes, 30 in. to 30 ft. swing. 


SIXTEEN SPEEDS DURING ACTUAL OPERATION 
obtained by convenient levers. This is 
an important feature, especially on job- 
bing work, as a workman is likely to 
use an incorrect speed on a job rather 
than go to the trouble of changing, if the 
change cannot be readily made. 


Full power delivered at every speed. 











Write for Illustrated Catalogue ‘‘NILES BORING MILLS.” 


NILES-BEMENT-POND 


COMPANY, New York. 
23-25, Victoria Street, LONDON, S.W. 


Telegrams—‘*‘ NILIACUS,’’ LONDON. Telephone—486, GERRARD. 
FRANCE: Glaenzer, Perreaud, & Thomine, 18-20, Faubourg 
du Temple, Paris. 








ag RMANY: F. G. Kretschmer & Co., Frankfurt a/M. 
AGENTS - ITALY Ing. Ercole Vaghi & Co., Milan. 5433 
: F. W. Horne, 70-c, Yokohama. 
BRAZIL: A TEL Recen Gan tam tnontan, tesnen aaves, 42-inch NILES BORING AND TURNING MILL. 


"TT" A Ess Pratt & Whitney Special Process Taps are made uniform, and have 
= one-third longer life than any other made. 

TAPS, DIES, REAMERS, 

RATCHET DRILLS, LATHE 

TOOLS, MILLING CUTTERS, 

BOILER PUNCHES, 


DIE STOCK SETS, 
TAPER PINS, &c., &c. 


PRATT & WHITNEY C0., Hartford, conn.,u.s.A 


Agents :—LONDON, E.C.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road; LONDON, S.W.—Niles-Bement-Pond Co., 25, Victoria Street. 
AUSTRALIA.—Noyes Brothers, Melbourne & Sydney. PARIS.—Fenwick Freres & Co., 8, Rue de Roeroy; Agents for France, Belgium and Switzerland. 
JAPAN.—F. W. Horne, 70-e, Yokohama. ITALY.—Ing. Ercole Vaghi, Milan. GERMANY.—F. G. Kretschmer & Company, Frankfurt a/M. 5:33 


conten: ~~ eee ~ ee ai 


Paraffin, Petrol, &c., Engines 


ror INDUSTRIAL ann MARINE PURPOSES. 


16 STANDARD SIZES. 2 to 50 B.HP. \ 


RAILWAY INSPECTION CARS. MOTOR LOCOS. 


CHARLES PRICE & SON, | 


BROADHEATH, near MANCHESTER. 






































LONDON OFFICE: 3, Laurence Pountney Hill, Cannon Street, E.C. 


Vos a aS i A SY tS a cd Oe 
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= KEO. CRADO OSCE «= Co. ~~ 
) WAKEFIELD, ENGLAND. - — “™"=™ 


—— WIRE ROPES of every description. “= | 


High-Olass MINING & SPHOIAL ALLOY STHELS. 
LONDON OFFICE: .7, EAST INDIA AVENUE, EC. 


BRANCHES, with Large Stocks of Wire Ropes always on hand, in JOHANNESBURG, SOUTH AFRICA; and SYDNEY, AUSTRALIA. 


Telegrams : ‘‘CRADOCK, WAKEFIELD.” Telephone: No, 26, WAKEFIELD. Codes used: ABO, 4th and 5th Editions ; A1, Engineering, Broomhall’s, and eur own. $218 


TWIN-SCREW SHALLOW-DRAUGHT PASSENGER STEAMER 


Boil YARROW & CO... Ltd. GLASGOW (aide) 






































a 














Propelled by Screws working in Tunnels fitted with Yarrow’s Patent Hinged Flap Aft, by means of which a considerable Increase of Speed 
is secured without additional Power or Gost, and the Maximum Efficiency under all Conditions of Load Is obtained. *° 
Special Water Sprayers can be fitted on top of awning (as shown in illustration) to keep the living spaces cool. 


SARCO 
DRAFT .GAUGES. 


INDICATING. RHECORDIN G. 











Thousands Sold. Shinidin. Reliable. Instantly Adjusted. 
Permanent Accuracy. 












REDUCED. PRICES FOR NEW TYPE. 


SANDERS, REHDERS & Co., Ltd., 


108, FENCHURCH STREET, LONDON, E.C. 1028 
a 





a 
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BoLLInG & TOW EI, LonDon, Ec. 


2, LAURENCE POUNTNEY Sees. 











Formerty Wm. BIRD & CO. fom 
Engimeers and Merchamts (f° "ittiaieen 1527 eee 
ea: Contracters te the Admiralty, War Office, Crown Agents for the Colonies, &c. OT 
PLANS AND ESTIMATES 
‘ ’ FOR EVERY DESORIPTION OF 
A. T Machinery Installations, Tools, Railway & Tramway Material, Mining and Contractors’ Plant. I, 
STOCK OF NEW AND SLIGHTLY DEFECTIVE RAILS. 








‘BLAIR, CAMPBELL & McLEAN, «Lr. 


Woodville Street, Govan, GLASGOW. 
MAaAEERS Or:F' 


SUGAR BOILING AND REFINING, DISTILLERY AND BREWERY PLANT. 
MULTIPLE EFFET EVAPORATORS and VACUUM PANS for all purposes. 
VACUUM STILLS. | CONTINUOUS-WORKING STEAM STILLS. 


CHEMICAL PLAN T, comprising :—Glycerine Evaporators and 
Refining Plant, Extractors, Autoclaves, Converters, Saturators, Condensers, 
Refrigerators, Heating and Cooling Coils. 


COMPLETE TANNING EXTRACT and DYE PLANTS for Wood and Bark. 
‘‘IMPERIAL" DRYING MACHINES for Brewers’ and Distillers’ Grains, Dreg and Sediment. 


MANUFACTURED COPPER AND BRASS WORK OF EVERY DESCRIPTION. BRASS AND GUNMETAL CASTINGS. 


E.S. HINDLEY & SONS. 


LONDON: 11, Queen Victoria Street, E.C. 


Telephone: No. 856, Bang. 


Works: BOURTON, DORSET. 


Telephone: No. 7, SHAFTESBURY. 


995 





















ia. eb awalaatee ; 
to 225 Brake Horse-Power. 


TRRETTOA YY. sea 


GAS ENGINES. Pitter ne 
a 


‘THE Vacuum AUTOMATIC BRAKE. 






































IMPROVED CYLINDER 
PATENT 2 | CLASS E. a 
PARTICULARLY SUITABLE FOR Ci] Wj gj |OYLINDERS FOR FIXING IN ANY 


REQUIRED POSITION TO SUIT ALL 
DESCRIPTIONS OF ROLLING STOCK. 
RAPID ACTING BRAKES AND 
ELECTRICAL STOCK EQUIPMENT. 


WORKING HEAVY GOODS ON 
LONG GRADES. MAINTENANCE of 
VACUUM ENSURED, DOES NOT IN- 
CREASE SOURCES of LEAKAGE. 








RELEASE VALVE. 





SOLE SUPPLIERS AND PATENTEBES: 


THE VACUUM BRAKE 60., Lid. 5 GRESHAM & CRAVEN, Lt, 


32, Queen Victoria St., LONDON, £.0. Salford, MANOHESTER. 
Telephone: 55384 BANK ABC and A1 Codes used. Telegrams : ‘Solution, London.” 








u_} 
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SMEDLEY BROTHERS, LTp., bl Belper, Derbyshire, 
‘EDGE RUNNER GRINDING MILLS 
) for all Descriptions of Materials. 

















Or-Witnm 














JAMES FAIRLEY & SONS =e 
other Governments, 
General Steel M fact , and SPECIALISTS i T T 
nes sults dian oe asda pcre en Steel. ” OOL 5S EELS 


FAIRLEY’S SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds. 


Is considered to be the HARDEST and TOUGHEST Steel yet madé (although the Cheapest in the Market). Small samples free to approved buyers. 
NOTE.—JAMES FAIRLEY & SONS’ WORKS (Bramall Lane, SHEFFIELD, and Mill St. Forge and Rolling Mills, BIRMINGHAM) are merely Branch Departments and 


pe- All Communications should be addressed to the Head Oficee—OLD MINT, SHADWELL STREET, BIRMINGHAM. 1719 


ALL MODERN APPLIANCES, 


Including ELECTRIC, PNEUMATIC & OXO-ACETYLENE PLANT. 
FOR THE 


QUICK REPAIR 
SHIPS, ENGINES, BOILERS. 
































os | a =" = — ah Builders of all Classes of 
Wr” ee y eS Fs | VESSELS up to 300 ft. 
ovale Read a ee ne ——- = ps “i NL, INOLUDING 
1 oe = rtQ SRE HIGH-CLASS HOPPER CRAB DREDCERS, 
VIEW SHOWS OUR FAVOURABLE POSITION FFOR! QUICK DISPATCH. On Admiralty and War War Office Lists. 


“<8. 2 DUBLIN DOCKYARD CO., austin. **: 
0 KYARD, Telephones :— 
DU PD cx Las DUBLIN. No. sp aa 24, 


ELEVATORS < | 
CONVEYORS 


AND ALL MATERIALS FOR SAME. — CHAINS, SPROCKET WHEELS, BUCKETS, re 


BAGSHAWE Be Co [Ee cunsrasie worxs, DUNSTABLE, enortno 
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a EEN EY & CoO... I:7Dd., 








FOUNDERS, ENCINEERS % MILLWRICHTS. 





THE LEADING SPECIALISTS FOR THE 


Transmission of Power & Material 


Gear Wheels, Conveyors of every description. 

Rope and Belt Pulleys. Elevators, Strap or Chain, 

Shafting and Fixings. Complete or Parts. 
Engines and “Water Wheels. 


ABERDEEN. 


London Office: 64, MARK LANE, E.C. BAND CONVEYOR. 


PLANING, SLOTTING AND SHAPING 
MACHINES. 
VERTICAL BORING & TURNING MILLS. 


If you are in the Market for these Machines, 
it will pay you to see our Machines at work at 


BRUSSELS _ EXHIBITION. 


STAND M31. 


J. BUTLER & Co., Victoria Ironworks, HALIFAX. 


ESTABLISHED 1868. APPLY FOR CATALOGUE. 


JAMES ARCHDALE & CO., Ltp., 


On the Admiralty and War Office Lists. 
pence Ledsam street, BIRMINGHAM. 






































Here is a New Pattern of our eliteeaed 


RADIAL DRILLING MACHINE, 


a type of which we are the originators. 

This Machine has a Sensitive Hand Lever Feed, and in addition an 
Improved Reversing Motion on Saddle for Tapping. 
POWERFUL, RAPID, RIGID. BELT DRIVE. LARGE ELEVATING TABLE, &e. 
Drills up to 1 in. diam. and Taps to & in. diam. in Cast Iron. 


We make 35 varieties of RADIAL DRILLS, from 23 to 7 ft. radil. 


HIGH-SPEED LATHES, CAPSTAN LATHES, &c. 
Machinery f for Arsenals also a Speciality. 


? 
< ARGENTINE :—Mr. S. Lewis, Bucnos Aires. AUSTRALASIA:—Mr. J. Toder, oi BELGIUM :—Messars. Jaspar & Co., Liege. 
AGE. NTS CHINA :— Messrs. Schultz & Co., Shanghai. FRANCE (for Drilling Machines) :—Messrs. Bonvillain & Ronceray, Paris 9407 
ITALY :—Sig. E. Clavarino, 33 Via XX Settembre, Genoa. JAPAN :—Messrs. Jardine, Matheson & Co. NORWAY:—Mr. F. Nergaard, Christiania. 
SCOTLAND :— Messrs. A. & J. MoCullech, 140, West George Street, Glasgow. SOUTH AFRICA:—Mesars. Sykes & Co., Johannesburg. 
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SIEMENS OPEN HEARTH PROCESS ONLY. 


PLATES, anGLes, CHANNELS, ZEDS, &c., 
ALSO REELED AND DOUBLE REELED BARS FOR STAYS, &c. 


STEEL. SECTIONS 


HIGH TENSILE STEEL AS SUPPLIED TO THE ADMIRALTY. BOARD OF TRADE, LLOYDS AND BRITISH CORPORATION. 
NIOKEL STEEL AS SUPPLIED TO ADMIRALTY, &c. 


DAVID COLVILLE & SONS, Lb., 


DALZELL STEEL & IRON WORKS, SPECIALITY BOILER PLATES. 
BoiLer BRAND. MOTHERWELL. Snip & Bripae BRAND. 


HEENAN & FROUDE, LTD. 


— a onetare WO RCESTER. | Telephone No.: 21, WORCESTER. 


Haulage Installations 


For ENDLESS ROPE and for 
MAIN TAIL ROPH HAULAGE. 


Colliery Plant, Rallway Wagons, 
General Engineering. 





SHip & Bripat BRAND. 
HICH TENSILE. 





771 






























BRIDGES & ROOFS. NEWTON HEATH IRONWORKS, MANCHESTER. °° 


DESTRUCTOR DEPARTMENT. 4, CHAPEL WALKS, MANCHESTER. 
LONDON OFFICE: 56, VICTORIA STREET, WESTMINSTER, S.W. 


THE CONSOLIDATED BRAKE & ENGINEERING CO., LTD. 
EQUIPMENTS 














VACUUM BRAKE 













of the | 
VERY LATEST Standard 
ane and 
ae Interchangeable. 
DESIGNS. 


TYPE Co EJECTOR 


LATEST IMPROVED PATTERN. 


SFaeNomk HBovuss, SOoOvUTH PFIAOCH, LONDON, B.C. 2710, LONDON WALL. 


“BROOKE’S PATENT.” 


Telegrams: 
VACUO, LONDON, 
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Telegraphic Address, MANUFACTURERS OF Bessemer, Sheffield. 


CAST STEEL BY THE BESSEMER AND SIEMENS PROCESSES. 
gtl4Liz,, 


4 4 Ya 
e 





CASTING DEPARTMENT. 


STEEL. 


Hydraulic Cylinders, 


FINISHED COMPLETE. 


Tested and guaranteed to any 
required pressure up to 7 tons 
per square inch: 


HEAVY MILL GEARING 


IN STEEL. 


[| STEEL HAMMER TUPS 
’ FACES & SWAGES. 


SPECIAL HARD TOUGH STEEL SPECIAL HARD STEEL ROLLERS 
SHOES AND DIES AND PATHS ons 


For Gold Mining Purposes, &e. . ‘ For Crushing Quartz, &c. 


JOHN  THORNYCROF Te GO., Limireo, 


Engineers and Shipbuilders. 


al 
See 


FORGE DEPARTMENT. 


LOCOMOTIVE ORANK AXLES, 


LOCOMOTIVE STRAICHT AXLES. 


Compressed Steel. . 
. » Crank Shafts. 


BUILT-UP MARINE CRANK SHAFTS. 


ROLLED | 
WELDLESS TYRES @ 


Locomotives, Carriages & Wagons. 


Special Hard Quality for Break Vans and @ 
Tramway Locomotives. 


























Shipbuilding and Marine Motor and 





Engineering Works, ; Car Sales Dept., 
WOOLSTON, CAXTON HOUSE, 
SOUTHAMPTON. WESTMINSTER, 
S.W. 





War Vessels, Steamers, 
Yachts, 
Shallow Draught Vessels, 
Boilers, Castings, Propellers, 
Marine Repairs. 


Marine Motors, Motor 
Launches, Stationary 
Motors (Lighting and 
Pumping). 














‘ rs Se a a eee 2 os Pleasure and Commercial 
Vehicle Repair Dept. : ee eee Vehicles, Omnibuses, &., 
5/11, VAUXHALL ae ae oe ee inten * Motor Tractors and 
BRIDGE ROAD, S.W. H.M.S. “TARTAR,” Ocean-Going Destroyer. a Railway Cars. 


— (Speed 35.67 Knots.) 








HEAD OFFICE: CAXTON HOUSE, WESTMINSTER, 5.W. 
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ELECTRIC GAPSTANS. 











DICK, KERR 


& Co., Ltd., 


ABCHURCH YARD, CANNON STREET, E.C. 


Telegrams . DICKER, LONDON, 
Telephones . BANK, 5867, 5868, 5869, 


WORKS : 
PRESTON and KILMARNOCK. 





Electric Capstan Hauling Railway Trucks. 















THE BLACKSTONE 
OIL ENGINE. 


Stationary Type . 2-75 B.HP. 
Portable Type . 2-26 B.HP. 


Works with ordinary Sia 
Oil, Petrol or Alcohol. 

Starts in <& minutes. 

No Lamp required except for 





starting. 
No external flame when 
working. 
BRANCHES :— 


LONDON: 81, Cannon Street, E.C. 


Telegrams—*‘ Engimanu, London.” 


Telephone—3144, Central. 
ADELAIDE .. «. 61-63, Hindley Street. 
ALEXANDRIA |. |. Rue de la Gare du Caire. 
AMSTERDAM .. .. Spuistraat 6 & 8. 
ANTWERP .. .. .. 33, Rue des Peignes. 
BOMBAY .. Ballard Road. 
BUENOS AIRES || 333 Calle Peru 335. 
CAIRO ‘ .. Rue Bab-el-Hadeed. 
CALCUTTA. 99, Clive Street. 


CHRISTC HURCH, N. z South Belt. 
DUBLIN. 1, Rutland Square, E. 
GLASGOW . 28, Graham Square. 
GERAI DTON, W.A... Marine Terrace. 

E - : LONDON (South 


a) .. Cambridge Street. 
JOH! AN. NESBU RG .. 5& 6, Maxwell Buildings, ~—=> 
Harrison Street. ) 

PARIS +» «+ 28, Boulevard de!l’Hopital 
MELB( U BNE .. .. 131, William Street. 

DEDMEE 4. 6c es 7, Bent Street. (Streets. 
TORONTO .. :. |: Gorner King and Simcoe 
wun .. .. 19, Rue de Portugal. 
ESTIMATES & FULL ‘PARTICULARS POST FREE. 


“Prete Photo of 14 B.HP. ENGINE, 


at 
Telegrams—“ Bu ) gra 943 ws = 
Telephones—Nos. 307 and 808 (Two Lin : Bie ae with Oil Tank Foundation. 


es). 
odes used—Lreper’s, A 1, ABO (ath & Bee Eds.). ~ 


BLACKSTONE & CO., Ls Stamford, England. 
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“HIGH-SPEED STEEL. 


THREE CELEBRATED BRANDS: 


AW. 








— 














“A.W. HIGH-SPEED”: for turning, Drilling, Planing and Milling at HIGH SPEEDS. 
1 | 

T.Y.R. BRAND”: For Cutting Hard Metals, Tram and Railway Tyres. 
7 | 

A.W. PREMIER”: — For Cutting all Metals at HIGHEST SPEEDS. 


MANUFACTURED AND SUPPLIED BY 


SIR W. G. ARMSTRONG, WHITWORTH & C0, Ld, 


Openshaw Works, MANCHESTER. wes 


LONDON OFFICE: 8, GT. GEORGE STREET, WESTMINSTER. Agents in France: HY. BERGERAT & CO., 10, Rue de Seze, Paris. 


—_—____ 





























To Agents of Crown Colonies, Engineers, 
Contractors, &c. 





TUGS, BARGES, HOPPER BARGES, CONTRACTORS’ AND OTHER FLOATING 
PLANT. FERRY BOATS, COASTING AND LIGHT DRAUGHT RIVER STEAMERS. 
AND FISHING VESSELS OF ALL DESCRIPTIONS 
INCLUDING STEAM WHALERS. 


SMITHS’ DOCK CO,, Lr. 


MAKE A SPECIALITY OF THIS CLASS OF WORK, 


And have equipped New and Extensive Works on the River Tees for dealing with the same. 
The New Works are replete with every Labour Saving facility. All Machinery is Driven by 
Electricity. Special space and facilities for Erecting Vessels for Shipment and Completion 


abroad. All Material brought direct from neighbouring Ironworks by Private Railway. 














DESIGNS AND TENDERS SUBMITTED FOR SPECIAL WORK. 





Telegrams :— Postal SMITHS’ DOCK Co., Ltd., 


, , Address: 
SMITHS’, MIDDLESBORO. , " ™ _ §gouth Bank, 8.0., YORES. 
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F Y C Ee | D TRAFFORD PARK. 
i = MANCHESTER. 


ELEGTRIG GAPSTANS 


ROYCE PATENT FREE BOLLARD TYPE 

















CUARANTEED GLAIMS & ADVANTAGES: 1. Rope Maintenance Practically Nil. 
2. Consumption of Current Lowest Possible. 
3. Operator does not handle Hauling Rope. 
4. Free Barrel on Ball Bearings for Paying-out Rope. 
5. Control may be either by Foot Pedal or Hand 
Lever attached to Capstan Box, or Control 
KINDLY SEND US YOUR ENQUIRIES. px can be effected from any distance away. 
™ SHIELDS ENGINEERING « DRY DOCK @- 
ctams'an mow ounsens, North Shields. WAR OFFICE Line 
TevearaPuic Appress: “ENGINES.” MA KEHRS OF' 


MARINE ENGINES 


Our Works are laid out for and we specialise in 
Marine Engines up to 1000 I.HP. 


Output: 35 Sets per annum. 








Quotations given for 


fa A CHINER Y for all classes of Vessels. 


Engines Built for Export. ei 
FRONTAGE on River Tyne, 600 ft. DRY DOCK 180 ft. long. 


Reboilering Orders and Classification Surveys 


EXPEDITIOUSLY CARRIED THROUGH, 











RES ee = sol 
ee ee Beal a Ra 4 . a 
bc eT od PROPELLERS 


TRIPLE-EXPANSION ENGINES, 700 [.HP. ‘CAST ON SHORTEST NOTICE. 
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GALLOWAYS Lwiteo, 


Specialists in 


BLOWING and ROLLING MILL ENGINES 


WITH CORLISS OR DROP VALVES. 


GALLOWAY and LANCASHIRE BOILERS 


FOR HIGHEST WORKING PRESSURES. 


WROUGHT-STEEL STEAM SUPERHEATERS. 
MILL GEARING and GENERAL REPAIRS. 


SOLE MANUFACTURERS In ENGLAND of 


LARGE GAS ENGINES, 500-5000 HP. 


DRNREAHRDT anyp nee Sy_Ys' TEM. 


i00,000 HP. delivered, driving Electric Generators, Blowing Cylinders, &. &c, 
ENQUIRIES SOLICITHD. w: 


"a 
) » Sucvlfa 


PHILADELPHIA, PENNSYLVANIA, U.S.A. 


LABOUR-SAVING MACHINE TOOLS. 


Our FLOOR BORING, DRILLING and MILLING 
MACHINES are applicable to a wide range of work. The 
mechanism for controlling the various movements is so 
grouped as to permit the machine to be kept under cut the 
maximum length of time,:thus facilitating the output of 
work. The spindle is carried close to the upright, insuring 
great stiffness under cut. Adjustments of spindle, drilling 
head and upright are made by power and controlled at the 
drilling head. 
























































We are prepared to furnish these machines with 4 in., 
Sin., 6 in., 8 in., or 10 in. spindle, arranged for any vertical 
and horizontal travel required. 





851 





CORRESPONDENOE Souci TED. 


CATALOGUE “Ho. 300. 





SOUTH AMERICAN 


representatives: DUTILH-SMITH, McMILLAN & CO. 
29, Great St. Helen’s, LONDON, E.C. 
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‘HOFFMANN’ 
STEEL BALLS 


ARE ALL GUARANTEED CORRECT 
TO STANDARD SIZE WITHIN 














THE HOFFMANN MFG. CO., Ltd., 


Ghelmsford, Essex. 


JAMES HOWDEN « CO, 


MANUFACTURERS OF LIMITED, 
High-Speed 


Impulse 
Engines. Steam Turbines. 


As Supplied or on Order for 
-MANCHESTER CORPORATION, 6000 Kwt. set. 
WESTMINSTER E.S.C., Three 1000 Kwt. sets. 
EXPANSION. 
5 B.HP. TO 2000 B.HP. 
a GOVAN COUNCIL, 1000 Kwt. set. 
STANDARD SIZES : WARRINGTON CORPORATION, 1000 Kwt. set, 
eee J. SCOTT & SONS, Ltd., DUNDEE, 
FOR EARLY DELIVERY. aii po 1000 Kwt. set, 
aici 2000 KWT. STEAM TURBINE. Etc. Etc. 


PATENTEES AND MANUFACTURERS OF 


HOWDEN’S FORCED DRAUGHT 


2, 7BO eTArATIONS ON TAWA GGREGATING OVER 9, 400, 000 L.HP. .. 
JAMES HOWDEN & CO., Ltd., Seettiaid St., GLASGOW 


637 












Two 300 ,, 4 
WIMBLEDON COUNCIL, 1000 Kwt. set. 
BRITISH MANNESMANN TUBE CO., 
Two 450 Kwt. sets. 
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CRAVEN BROTHERS 


CHESTER & REDDiISF. 
Head a sy VAUXHALL WORKS, OSBORNE STREET, MANCHESTER. 
CONTRACTORS to the WAR OFFICE, ADMIRALTY, COLONIAL and INDIAN GOVERNMENTS. 


Telegrams: 
**Vauxhall, Manchester.” 





TD., 


Telephone: 


No. 6194, City. 


ESTABLISHED 18532. 


HIGH-CLASS MODERN MACHINE TOOLS 


for Locomotive, Railway Carriage and Wagon Works, Ordnance, Marine and General Purposes. 

















16-in. CENTRE CONNECTING ROD TURNING LATHE. 


ELECTRIC 
CRANES 


of all Types and Sizes, 


Also CRANES 
driven by Rope, 
Square Shaft, &c. 


GROUND 
TRAVERSERS 


for Locomotives 
and Carriages, 








HYDRAULIC 
MACHINERY, 
SHAFTING, 

HANGERS, &c. 





Quotations given 
for Castings up to 
40 Tons weight. 








WERF GUSTO, FIRMA A. F. SMULDERS, SCHIEDA 


SHIPBUILDERS AND ENGINEERS. 





ROTTERDAM, 
HOLLAND, 


BUILDERS of the MOST IMPROVED DREDGE PLANT of the LARGEST 


Engineering, 2nd Ed. 





Codes used :—A DC (4th and 5th Edition), Western Union, 


ROOF AND BRIDGE 


DIMENSIONS 


and OUTPUT. 


BOILER WORKS AT GRACE-BERLEUR, NEAR LIEGE. 
CONSTRUCTION. 








9425 


orydeasoalay, 


IppVv 





« WVGAIHOS ‘SHAG TANKSY:,—: 880 


BOILERS OF EVERY SYSTEM AND POWER. 


PLEASE MENTION THIS JOURNAL. 
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Makers of High=Speed 
Machine Tools. 


















24 in. HIGH-SPEED LATHE. 


High-Speed Lathes 
for 











Maximum Output. 





8} in. HIGH-SPEED LATHE, arranged with Square Turret and Hollow Spindle. 


I TTI NE on tn Ame a epee me = 


Telegrams—“TANGYES, BIRMINGHAM.” 615 No. 503 B. 

















STEAM & ELECTRIC TRAVELLING CRANES, 
OVERHEAD ELECTRIC GRANES, 
SINGLE & DOUBLE CHAIN GRABS. 












SHUNTING CRANE 


fitted with Travelling Brake worked 
by foot lever, to remain stationary 
on inclines. End play to axles for 


more easily passing [round curves. 

















42 ENGINEERING. [JUNE 24, 1910, 


SMITH & COVENTRY, L™: 


WAN CHES TEX. 


1909 Model. 


SS CUTTING SPEED 
Seg |. DOUBLED. 
BEVEL WHEEL 

PLANER. 


WILL CUT INTERNAL AND 
EXTERNAL GEARS, 

















THE 9825 


Robey-Smith Patents 


Made in 4 Sizes: 


93 in., 16 in., 24 in. & 36 in. 


NO FORMERS 














REQUIRED. 
Up to the Largest Bow and Stern Well Centre and Side Ladder Bucket 
Dimensions and Capabilities. Barge-Loading and Hopper Dredgers, Suction Dredgers, 
. ale) Hydraulic and Mechanical Agitators, Discharge Pipes and 
Grand Prize at London Exhibition, 1909. | Pontoons, Hopper Barges, Sewage Steamers, Caissons, 





DELIVERED COMPLETE OR SHIPPED IN SECTIONS. Tugs, Ferries, Paddle and Screw Steamers. 


ON WAR OFFICE & ADMIRALTY LISTS. 


S82 


. = 























































































































Telegraphic Address: = hs 
“DREDGER, PORT-GLASGOW.” - tae 
eo. be 
; i a Sie = 
—~ ac ) 
Hi. NS fo ly _ a <i. 7 } = - 
\ NEFA NT AT 
a E ° F) 5 \\ iia “~ _ ; 3 3 Th a | 
mans ort a 45 = ene Ted ere jicecee sai 
= ees eee ra UP E74 
= = ps esssch f-- : got eee eae deep i LF LB it Mey 
= q eee a . > mie : = - . d 6a “ oy Ey 
sii At a Mt iy ‘ 19 4 bai Pe X AS: 
Ue I £ LIL ones . j ;. fs" 
- y . F’ I 
Barge Loading Bucket Dredger (No. 156), by Ferguson Brothers, ‘ ° / 
for Mersey Docks and Harbour Board. SS } / COLD 
~ ‘ 
Spare Gear and Renewals Supplied. x / 





/ 
/ DREDGING A 


FERGUSON BROTHERS, “"---Sj~ ==" 


Shipbuilders and Engineers, 


PORT GLASGOW. 
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“PREMIER” Gas Encines 


ARE MADE IN ALL SIZES FROM 


320 tro 4Q00 rorsz power. 


























’ ae 
THE TOTAL POWER 3 THE PREMIER” 
IN ae ‘ . HOLDS THE 
“PREMIER” GAS ENGINES Wor-cp’s Recorp 
IN SIZES OF ee 


THERMAL EFFICIENCY 


CAS ENCINES, 


and for ECONOMY, 
RELIABILITY and 


h9 000 HP “PREMIER” POSITIVE SCAVENGER ENGINE. 600 HP. ACCESSIBILITY 
5 s The above type of Engine is also made with two and four cylinders in IT HAS NO EQUAL. 


sizes from 300 to 1000 HP. 


200 HP. & UPWARDS 


(Supplied or under Construction), 


EXCEEDS 









































_._CANADA . « The Canada Foundry Co., Ltd., Toronto, ONTARIO, 
THE... AGENCIES AUSTRALIA . Oettorbuck Bree., 1-08, Hindley Street ADELAIDE, 
D. NEW ZEALAND A. & T. Burt, Ltd., DUNEDIN. 
PREMIER GAS ENGINE C0 [ ’ SOUTH AFRICA Biane & Co., P.O. Box 435, JOHANNESBURG. 
ad | JAPAN. . . H. J. Ibbotson, 22, Yamashita-cho, YOKOHAMA. 
SANDIACRE, nr. NOTTINGHAM. SE. |. | Semmens eee 
Patents applied for. Oldham Road Engineers’ Tool Works, 





ASHTON-UNDER-LYNE, Eng. 








HEAP’S 
HIGH-SPEED SINGLE & MULTIPLE 


Head Screwing Machines have 
amongst others the following special 
features :— 


NEW PATENT DIE HEAD. 

AUTOMATIC OPENING and CLOSING DEVICE. 
DIE ADJUSTMENT WHILST IN MOTION. 
DIFFERENT SPINDLE SPEED FOR EVERY SIZE. 
CUT PARALLEL and UNIFORM THREADS. 





946 








— - 
ies te) ~~@ . 


The matbiethen depicts Our latest design ILLUSTRATED CATALOGUE MAILED 


SINGLE HEAD HIGH-SPEED BOLT SCREWING MACHINE. 
2 in. size. FREE ON REQUEST. 
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LATEST TYPES or 


‘ALLEN’ MACHINERY. 


CONDENSING PLANTS. 





Motor-driven Surface Condensing Plant. 
18,000 Ib. of Steam per hour, 27 in. Vacuum, 


*“CONQUEROR” PATENT 
Counter-Current 
High-Efficiency 

Steam and Motor-Driven 

Surface and High Level 
Barometric and Low Level 
JET CONDENSING PLANTS 
for High Vacuum. 


** ALLEN ” VERTICAL ENCLOSED 
OIL ENGINES 
for Paraffin or Petrol and 
for Town or Producer Gas, 
suitable for 
Driving Dynamos, Pumps, 
Fans, &c. 





Steam-driven Surface Condensing Plant. 
35,000 Ib. of Steam per hour, 26 in. Vacuum. 








MANUFACTURERS OF 


“ALLEN” ENCLOSED FORCED 
LUBRICATION STEAM ENGINES, 


from 5 to 3000 Brake Horse- Power. 





“ALLEN” CONTINUOUS CURRENT 


DYNAMOS, MOTORS, &c. 





Motor-driven Surface Condensing Plant. ~ 
66,000 Ib. of Steam per hour, 28 in. Vacuum. 


COMPLETE INSTALLATIONS OF 
MACHINERY GARRIED OUT, 


suitable for 
Central Electric Supply 
Stations, 

Power Plants, Dock, 
Irrigation, Drainage, 
Water and Mining Schemes, 
inclusive of 
Erection, Starting to Work, 
and Handing Over on Site. 








Steam-driven Surface Condensing Plant. 
13,500 Ib. of Steam per hour, 27 in. Vacuum. 


*“*CONQUEROR” TURBINE 
PUMPS 
For Heads up to 1800 {t. and 
Efficiencies of 78 to 82 per cert. 
Steam, Motor, Belt or Rope 
Driven. 

‘* ALLEN-PICCARD, PICTET” 
WATER TURBINES, suitable fcr 
Small or Large Volumes cf Water 

and for any Head, 
from 10 to 10,000 B.HP. 


‘“*ALLEN” STEAM or MOTOR- 
DRIVEN FANS for Forced and 
Induced Draught 
and Ventilating Purposes. 





= = 


Motor-driven Surface Condensing Plant. 
12,000 Ib. of Steam per hour, 28 in. Vacuum. 


W. 1H. ALLEN, SON & CO., L” 


Queen’s Engineering Works, BEDFORD, England. 


AND QUEEN ANNE’S CHAMBERS, WESTMINSTER, S.W. 





Telegrams 


8348 PUMP, BEDFORD. 
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STEAM TURBINES 


For Brush Turbines have the best 
record for low steam con- 


High Pressure. 








sumption and freedom from 





breakdown. 
Low Pressure. 





Special success has been gained 


in the installation of low 
Mixed Pressure. 





pressure turbines to utilise 
the steam exhausted -from 
reciprocating engines. 


1107 


Write for Descriptive Pamphlets. 


Gre BRUSH . 
INEERING 
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. « WALLSEND SLIPWAY 


A NW Dp 


ENGINEERING CO., Lro., 


WA AT L.S EIN DD. 


Engineers, Boilermakers, Iron and Brass Founders 
and Ship Repairers. 











BUILDERS of the 
TURBINE ENGINES 


OF THE 





“‘ MAURETANIA” 





GRAVING DOCK 540 Feet LONG. | 





Works and Offices . WALLSEND. 


TELEGRAPHIC ADDRESS: “WALL, NEWCASTLE-ON-TYNE.” = ° 


London Office .. . 30. Great St. Helens. EC. 
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SPECIALITIES. 


Adjustable Saal 
Motors & Controllers, 


for Machine Tools, Fans, etc. 


Crane, Winch & Capstan 
Motors & Controllers. 


Electrical Wiactibiety 
for Ships and Shipyards. 


NOTES ON ELECTRIC MOTORS. 
2nd Edition. 
This useful Booklet will be sent, post 
+ | jfree, to Managers, Engineers, or other 
bona fide users of Electrical Machinery. 























~ ere gee were 
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PATENT WATER-DRIVEN CENTRIFUGALS 
witH PATENT INTERLOCKING GEAR. 











ALSO— 
: Compound 
Belt & Electric Ball-Bearing 
Driven 
Centrifugals. Spindles, 
poser : Self-Adjusting 
Hydro Extractors § 
aie Buffers 
— Works and all latest 
an 
Laundries. improvements. 


288A. 


POTT, GASSELS & WILLIAMSON, 


MOTHERWELL, SCOTLAND. 


618 








About P ACKINGS— 


We are still making them—by the ton—more and more, year by year— 
last year we had a record increase. WHY? Because there is no 
better packing in the market—it still leads, as it always has done. The 
principle is right—the workmanship and material are the best — the 
attention and supervision is excellent. (THEREFORE the owners 
and builders of the Best Engines order the Best Packings — some 
have been doing so steadily, year in and year out, for nearly twenty years. 
They put their money on a certainty. They run no risk, and they 
know it. Look at its pedigree—over 190,000 packings made. Look 
al its history-~its reputation—its success. Best of all, order some packings 
and Test Them. Supplied on approval.—Guaranteed for two years but 
may last twenty. No Risk to the Purchaser. 


THE UNITED STATES METALLIC PACKING CO., LTD., 


Tasos” Soho Works, BRADFORD, Yorks. Daun No, 0 


LONDON: 110, Fenchurch Street, E.C. LIVERPOOL: 15, Fenwick Street. BOLTON: 21, Mawdsley Street, 
SWANSEA: Angel Chambers, York Street. Belfast, Glasgow, Bristol, Hull, Birmingham, &c., &c. 9080 a 


a 
























4 
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YARROW 




















YARROW OVER 
— 2,000,000 HP. 
ARE INSTALLED IN 
HIS MAJESTY’S MARINE BOILERS 
YACHT CONSTRUCTED. 
ALEXANDRA, 

YARROW 
cu = 
BATTLESHIPS HAVE PROVED 

OF THE SPECIALLY 
DREADNOUGHT SUCCESSFUL 
TYPE, WITH 
pont 4 OIL BURNING 
85 per cent. ON ACCOUNT OF THEIR 
OF THE LARGE 
beac COMBUSTION 
CHAMBER. 


BRITISH NAVY. 


1054 


The latest improved type is fitted with YARROW'S PATENT FEED HEATER. 


The three outside rows of tubes most remote from the fire are partitioned off, up which the feed water ascends; this secures 
an economy of from 5% to 7%, and any grease or sediment which the feed water contains is deposited on the outside rows of 
tubes rather than those subject to the intense heat of the fire, and the life of the boiler is thereby prolonged. 


YARROW 2 Co., Lta., Glasgow (portit toni) 
REINFORCED CONCRETE 


COIGNET SYSTEM. 


Adopted by a ; | “= Awarded the 


H.M. Office of Works, GRAND PRIX 
The Admiralty, Franco-British 
and other Government Exhibition, 1908, 

Departments. 

















































Highest Award, 
Paris Exhibition, 1900, 
Grand Prix and Gold 
Medal. 












Various Corporations, 
Public Authorities, and 
Railway Companies. 











Apply for our 


Illustrated Pamphlet. Floors officially tested 


by British Fire 
Prevention Committee. 






Telephone : 
5748 WESTMINSTER. 












Schemes prepared 


z —_ sieeniiiaiia free of charge. 
Underside of the Great Bunkers at Kinlochleven, for Messrs. The British Aluminium Co. 667 


Mr. A. Alban H. Scott, M.S.A., Architect, London. Messrs Robt. McAlpine 
and Sons, Contractors, London and Glasgow. 


EDMOND COIGNET, Ltd., 20, Victoria Street, S.W. 






Telegrams : 
“Tenaioc, LONDON,” 
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STONE BREAKERS. 


THE “ BLAKE-MARSDEN” IS THE STANDARD OF THE WORLD. 
80 Gold and Silver Medals (all Highest Awards) 


THE RESULT of 50 years’ “eee reater capacity, stronger, more durable and 
more rigid than any other. sed in all the leading Road Stone Quarries, Mines, 
Cornoration Depots and Government Works. 





ADOPTED BY OVER 50 RAILWAY CO.’S THROUCHOUT THE WORLD. 
Possesses pronounced features of decided advantage not found in any other Stone Breaker. 


COMPLETE STONE BREAKING PLANTS, ELEVATORS, and MANGANESE 
STEEL JAWS ARE MY SPECIALITIES. 


Werks of the largest capacity in the United Kingdom fer this 
class of Machinery. 9670 


H. R. MARSDEN, LEEDS. 





Boyle's: “‘Air-Pump’ Ventilators 


Have Double the Extracting Power of earlier forms. 


LORD KELVIN. “I have seen several different forms of Mr. Boyle’s ‘ Air-Pump’ Ventilator in*actua| 
operation, and have much pleasure in testifying to their efficiency.” 8 


ROBERT BOYLE & SON, 64, Holborn Viaduct, LONDON. 110, Bothwell St., GLASGOW. 

















THE UNITED ASBESTOS 6O., LTD., 


(Late, DOCK HOUSE, BILLITER STREET, LONDON, E.C.), 


Now Amalgamated with 


BELL'S ASBESTOS COMPANY, LIMITED, 


New Title of Amalgamated Companies— 


BELL'S UNITED 
ASBESTOS COMPANY, 


Chief Offices, Show Rooms and Warehouse, 
59}, Southwark Street, ag S.E. 


WORKS :—HAREFIELD and GREENWICH. 





BRANCHES :—Manchester, Liverpool, Hull, Sheffield, Newcastle, Birmingham, 
Bristol, Cardiff, Colchester, Glasgow, Buckie, and in India, 
the Colonies, South America, China, Japan, Straits Settlements, 
and all European Countries. 909 














DAVEY, PAXMAN & CO., LTD., 


GAS 








CSCOoOoLCHESTE FTF. 


GAS ENGINES ano SUCTION 


PRODUCERS. 


GRAND PRIX, FRANCO-BRITISH EXHIBITION (Highest Award obtainable). Od 5901 

















SHAFTING 


AND 


FITTINGS. 

















Pe NR CR FDR 






1500 ONS 
SHAFTING & FITTINGS 


ALWAYS IN STOCK. 





SAMUEL PLATT, 
WEDNESBURY. 


9091 


























ADFIELD'S 


STEEL FOUNDRY CO., LTD., 
SHEFFIELD. 





SoLz MAKERS OF 


HADFIELD'S PATENT “ERA” MANGANESE STEEL, 


Which is the Supreme Material for 


TRAMWAY TRAGK WORK, THE WEARING PARTS OF 
CRUSHING AND GRINDING MACHINERY, &o. 






~ STEEL CASTINGS 


HYDRAULIC wide including 
CYLINDERS, RAMS, GLANDS, BASE PLATES, 
ENTABLATURES, &c., &c. 





TRAMWAY TRAGK WORK. 
STONE & ORE CRUSHING MACHINERY. 





Tilustration shows Base Plate Casting. Weight #¢ Tons oon 











me) <4 
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THE LEEDS FORGE CO., LTD., LEEDS 


LONDON OFFICE:— 
PIONEERS 
in the Manufacture of 
PRESSED-STEEL 
UNDERFRAMES and BOGIES, 
and ALL-STEEL 
RAILWAY WAGONS. 














CAXTON HOUSE, 
WESTMINSTER. 





“@E 40-tons BOGIE COVERED 
GOODS WAGON, 
fitted with Fox’s Pressed-Steel 
Underframe and Bogies, 
and Lane’s Patent Corrugated 
Pressed-Steel Doors. 


PETER BROTHERHOOD, L™ 


Auxiliary Machinery for Ships. 


ELECTRIC LIGHT SETS. CIRCULATING PUMPS. 
FANS ano FAN ENGINES. AIR COMPRESSORS. 



































139 





WORKS :—PETERBOROUGH. LONDON OFFICE :—53, Parliament St., S.W. 


“INVINCIBLE” CENTRIFUGAL PUMPS. 


The Hammersmith Borough Council, 
after using an extensively advertised pump, 
have now ordered one of the “Invincible” 
design, which automatically regulates itself 
when working on varying heads. 




















The special feature of this latter pump 
is the absence of heavy revolving parts and 


guide blades. 





SEDO A> enter meer we ee to gee 5 


ig | The duty is 4200 gallons per minute, 
with a rise and fall of tide of I6 feet. __,,,, 


G\ 4 Y N N NES L 81, Cannon St, LONDON, E.C., 
td., and Hammersmith Iron Works, W, 








Se OTE PY Oe See ——. 
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MAKERS OF 


FOR ALL PURPOSES. 





HIGH-PRESSURE MAIN STEAM PIPES, with WELDED or SCREWED-ON FLANGES. 
HYDRAULIC PIPES FOR HIGH PRESSURES. 
ARTESIAN WELL, OIL LINE, BORING AND CASING TUBING. 
LIGHT LOOSE FLANGED PIPE FOR MINES. 





JOHN MARSHALL & SONS, 


GLASGOW TUBE WORKS, GLASGOW. 


TELEGRAMS: “TUBE, GLASGOW.” CONTRACTORS TO BRITISH AND FOREIGN GOVERNMENTS. 
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C. A. PARSONS «z CO. 


Heaton Works, NEWCASTLE-ON-TYNE. 


Branch Offices: LONDON, LEEDS, CARDIFF and GLASGOW. 


STEAM TURBINES 


HIGH PRESSURE STEAM, 
EXHAUST STEAM, 
MIXED PRESSURE. 

















HIGH SPEED GENERATORS FOR DIRECT OR ALTERNATING CURRENT. 
TURBO PUMPS : 3: TURBO BLOWERS : : TURBO COMPRESSORS 
TURBO EXHAUSTERS : : SEARCHLIGHT REFLECTORS. su 




















UNDERGROUND ELECTRIC RAILWAYS CO., OF LONDON. 
LOTS ROAD POWER STATION. 


6000 KW. STEAM TURBINE. 
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Feed Pumps 

Ballast Pumps 

Fire & Bilge Pumps 
Oil Fuel Pumps 
Forced Lubrication Pumps 
Feed Water Heaters 
“Uniflux” Condensers 
Independent Air Pumps 
Combined Air and 
Circulating Pumps 
Evaporators 

Distilling Condensers 
Circulating and 

Fresh Water Pumps 

Feed and Brine Pumps 


Hydrokineters 


tt 


WEIR Auxiliary Machinery 


is not simply a series of separate products 
manufactured by one firm. The Weir chain 
of auxiliaries from Condenser to Boiler re 
presents 25 years of continuous experimental 
and research work along one definite line—it 
involves original pioneer work in every link 
of the chain. Hence the experience materialised 
in a Weir installation has no counterpart 
elsewhere—it cannot be achieved by the 
imitation or copying of mere external form 
or appearance. The Weir idea of quality 
gives the engineer a guarantee of efficient 
performance; the Weir idea of service ensures 
prompt and courteous attention. 


ott 


G. e J. WEIR, L™. 


, Cathcart, 
LONDON. GLASGOW. 


NEWCASTLE-ON-TYNE. 
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ORENSTEIN& KOPPEL 
ARTHUR KOPPEL~~~ 


27, Clements Lane, Lombard Street, 
Telegrams: ‘‘Alighting, London.” LONDON, E.C. Telephones { oor om 


Capital, £1,300,000. Reserve, £360,000. 

















Manufacturers of 


LOCOMOTIVES, ROLLING STOCK ang RAILWAY MATERIAL 


of every description. 


EXCAVATORS and NAVVIES 


Hand, Steam or Electrically Driven. 


BUCKET DREDGERS 


Complete with Sorting Apparatus for Sand and Gravel. Capacity up to 5300 cub. yds. per day. 





Railway 














7200 Surveys 
Hands and 
Contracts 
Employed. 
undertaken 
Four Large Bucket Dredgers supplied by us complete with the necessary Railway Lines, Rolling Steck, and 
Locomotives for Excavating the Guadalquivir Canal (Spain). 
FOREIGN BRANCHES: 
BUENOS AYRES... _...._—«. ‘Orenstein & Koppel—Arthur Koppel, S.A., Bartolomé Mitre 644. 
CAIRO aa ai ua a . Orenstein & Koppol—Arthur Koppel, Ltd., Shariah Madabegh 13. 
| CALCUTTA sas wee, Ovrenstein & Arthur Koppel, 7/I, Lions Range. 
i CHICAGO ws wes ane, Ovrenstein—Arthur Koppel Company, 4, Monadnock Block, 
MEXICO .. ..._....—... ~Ss«.:~Arthur Koppel, S.A. Edificio De “La Mexicana,” 
NEW YORK we one sion ... Orenstein-Arthur Koppel Company, Qourtland Building, 30, Church Street. 
PITTSBURG na ce a ... Orenstein-Arthur Koppel Company, Machesney Building. 
SAN FRANCISCO _... ott .. Orenstein-Arthur Koppel Company, Chronicle Building. 1088 
SOERABAYA .... mF o ... Orenstein & Koppel—Arthur Koppel Maatschappy. 














[SUPPLEMENT page vi] 


ENGINEERING. 





[JUNE 24, 1910. 








ANTIQUATED METHODS THAT SHOULD BE OBSOLETE. 


‘* While watching a man loading up some ashes 
from the boiler furnace a few days ago, I was 
surprised to see to what a great height the dust 
therefrom arose; and the extent to which it 
spread,” so writes Mr. Bates in a recent issue of 
a technical paper. On reading his words the 
idea immediately suggested itself that the writer 
would not have seen the sight he did had those 
responsible for the burning of the fuel which 
resulted in the ash have installed suitable’ ash 
handling plant by which the return chain of the 
conveyor that carries the coal to~ the hoppers 
is utilised in transporting the ash to the pit, 
or other suitable receptacle destined to receive 
them. The amount of needless trouble to which 
men put themselves even in these days of science 
and improved mechanical appliances is not only 
surprising on account of its stupidity, but is 
even more astonishing from the aspect of eco- 
nomics. When it is remembered that the manu- 
facturers of elevating and conveying plant are 


willing to take all 
risk and to instal 
such plant under 
guarantees of  effici- 
ency « nd economy, 
the wonder is that 
the contributor to 


the technical paper 
should ever have had 
an opportunity of 
chronicling fact 
such a state of things 
as that he describes, 
and which it is to 
be feared is too pre- 
valent. 

Is it not enough 
that soot, grits and 
smuts are discharged 
from the chimneys of 
hundreds of mills and 
manufactories, _ pol- 
luting the air and 
darkening the atmo- 
sphere, or must we 
also have the dust of 
ashes from the boiler 
furnace contaminat- 
ing theair we breathe? 

The same_ writer 
points out that all 
our foodstuffs get a 
large proportion of this poisonous freight (soot, 
grits and ashes) borne on the wings of the wind. 

Little wonder is it that Bradford has at last 
determined to deal drastically with the smoke 
question in its own town, deciding to impose a 


as 


“ 


BENNISs ” 


| 
| 


fine of £5 for the first offence, £10 for the second | 


offence, and on every succeeding conviction doubling 
the amount of penalty last inflicted. Simple 
arithmetic shows that a sum well over £5000 
might easily be paid in fines by any offender 
against whom the Corporation obtained ten con- 
victions. Nor is it only for emitting smoke that 
these penalties are proposed, grit also is to be 
abolished. 

That the London County Council have likewise 
renewed their campaign against the smoke nuisance 
in their General Powers Bill, which is at present 
being investigated by a Select Committee of the 
House of Commons, is an additional fact that 
does not admit of ambiguous interpretation. The 
London County Council contends that the smoke 


| 


in London is due chiefly to the stoking of furnaces 
(i.e., the inefficient stoking). The truth is that 
there is no excuse to-day for hand-firing furnaces ; 
such a method is, to say the least of it, antiquated 
and extravagant, and it deserves to be obsolete. 
The sooner it is rendered obsolete, and by 
legislation, if that be the most direct and effective 
way, the better. 

It is, therefore, as an opportune invention that 
Ep. Bennis & Co., Ltd., offer their smokeless, 
smutless and gritless Coking Stoker which they 
have designed and constructed after several years’ 
continual experiment. This stoker, fed by 
‘* Bennis ” clevators and conveyors, pays for itself 
within a very short period. By a recent instal- 
lation no less a saving than £780 is effected in 
fuel costs of a single boiler. In addition to which 
a higher duty is obtained, and a constant supply 


of steam, sufficient to meet even the most pressing | 
| all economies should start— namely the boiler- 


calls, 
‘* Bennis ” Automatic Stokers and Self-cleaning 


Srokers AND CoAL AND AsH HANDLING 


BRINGING DOWN FUEL COSTS IN A MIDLAND BOILER-HOUSE. 


Compressed Air Furnaces, are installed under 
specific guarantees of economy and smokelessness. 
They mean increased boiler duty, clean bright 
fires without smoke, smuts or grits with low-grade 
fuels, and abolish the possibility of smoke fines, 
for the simple reason that no smoke ever reaches 
the chimney as it is all consumed in the furnace. 

It should, moreover, be pointed out that quite 
apart from the consideration of fines it is to the 
advantage of manufacturers to fire their boilers 
‘by means of machine stokers, as a carefully de- 
signed and well constructed machine preserves 
the life of the boiler and protects the furnace- 
mouth, while by its flexibility it accurately re- 
sponds to varying loads. It frequently happens 
that ‘‘Bennis” machines are able to effect such 
substantial savings in fuel and labour, while 
increasing evaporation, that they pay the cost of 
their own installation within three months. Their 
value is often greatly enhanced when they are uséd 
in conjunction with elevating and conveying plant. 





PLANT. 


It is now pretty generally conceded that a con- 
veying and ash-handling plant, carefully designed 
and well constructed, including storage bunkers, 
band, chain, or bucket-conveyors, measuring 
chambers, shoots, etc., cannot be dispensed with 
if economy is to be a leading feature in the boiler- 
house.. Wherever such elevating and conveying 
plants have been judiciously installed, conspicuous 
success has attended the installation. Wherever, 
on the other hand, conveying systems have been 
installed at a needlessly large outlay and without 
reference to the special requirements of individual 
cases, the practical verdict has been ‘‘dead failure.” 
Complexity and costliness are not the sine qud noi 
for efficiency and scope of application. In support 
of this statement we offer several actual instances 
of small elevators, erected at a low initial cost, 
and those who are keen to reduce their works’ 
costs, and are inclined to begin at the point where 


house. 

Speaking recently 
in favour of small 
elevators, Mr. A. W. 
Bennis (of Messrs. 
Ed. Bennis & Co., 
Ltd., Little Hulton, 
Bolton) put the 
matter both clearly 
and convincingly. He 
said :— 


Where boiler - houses 
are small, or, by reason 
of their arrangement, an 
elevating and conveying 
plant cannot be con- 
veniently put down, the 
use of small elevators is 
advocated, either one. 
elevator to each boiler, 
or one to every two 
boilers. Here is an illus- 
trative case: a firm has 
two boilers fairly hard- 


fired :— 
Wages— 
One engineer...£2 5 0 
One fireman ... 110 0 
| £315 0 


With an elevator to 
the stokers, a lad at 
16s. per week can com- 
fortably keep steam and 
still have plenty of time 
for keeping the boiler- 
house clean, under the supervision, of course, of the 
engineer. The wages bill would then be 


One engineer.....................- £2 5 0 
RSID este cos cskesseacesveereden . 016 0 
IEE cs ittdvleeainenhudherene £3 1 0 


The elevator would cost, say, £60; upkeep, say, 5 per 
cent. =£3; oil., etc., £2; so that the saving would work 


out— 
14s. x 50 weeks 


~ 3+ 2 = £30 per annum, 
20 } 


or 50 per cent. on the outlay. 

The subject is certainly one that should command 
attention from manufacturers and those who are 
keen to reduce their works’ costs, and are inclined 
to begin at the point where all economies should 
start—namely, the boiler-house. 

For further particulars of the “‘ Bennis ” Smut- 
less and Gritless Machine Stokers and Self-cleaning 
Compressed Air Furnaces, write for illustrat d 
‘“* Fuel Economy” pamphlets to Ep. Bennis & Co., 
Ltd., of Little Hulton, Bolton, and 28, Victoris 


Street, Westminster, S.W. in 
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JOHN FOWLER & GO. (LEEDS), LTD. 


STEAM PLOUGH WORKS, E i 6, LOMBARD STREET, 
LEEDS. — £ngineers, — EL.ONDON, E1.0. 









































MAKERS OF 


THRASHING ENGINES, 
TRACTORS, 

{ Be : ROAD LOCOMOTIVES, 
= eee ee TRACTION WAGONS. 


MAKERS OF 


STEAM ROAD ROLLERS 


AND 
STEAM GULTIVATIN. | = ts 
MACHINERY ulus S'S 

FOR et ee oe 


Lo Tt Se Le bx 5 apni 
~ 











ite ae 7 ae 

ANY CROP, Be A et nage tage 

LAND, | : : Bi, 
COUNTRY. 


ee SE lt ee 


and CLIMATE. § ae. LOI MT... aa eo. 





ee ee ee 











REFERENCES TO USERS IN ALL PARTS OF THE WORLD. se 
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THOMAS BUTLIN & COMPANY, LIMITED, 


IRTHLINGBOROUGH IRONWORKS, 








Tagen 3 Established 
“BUTLIN, WELLINGBOROUGH.” 
Telephone: No. 3. WELLINGBOROU GE. 1852. 








POINTS FOR CONSIDERATION. 


PRODUCERS OF THE 


BUTLIN BRAND 





ayy) \\ 


Quality vastly improved with Scien 
tific mixtures. 





























OF 
FOUNDRY IRON, a ANALYSES. Greater uniformity in the quality 
l produced. 
: be 2 | 8 4 
From the best brown Hematite Combined Carbon ... das trace trace | .131 -207 
O f the District a Carbon... ... | po oe | + eo The certainty of less sulphur | in the 
r a *hosphorus_... wes és .662 672 | 1.6 f 
ae <; Tr Saigher oes ae | 2006 -010 018 -020 pig with pure Fuel. 
Silicon ... ia _ .- | 2,800 1.980 | 1.780 1.726 
Manganese... ie —— ae -360 | "398 -216 
pee Iron by differences... ... | 91.382 | 92.788 | 92.846 | 93.018 on 








Messrs. Butlin advocate the use of their brand in setienitten « with “Scotch,” and in some cases with the addition of “Blaenavon” for special purposes 
on account of their characteristics being complementary to each other, and that experience dictates their successful use together is demonstrated by 
the facet that this admixture is recommended and listed by many users who seek a reduced cost in conjunction with exacting specific requirements, 


| A. G. MUMFORD, Ltd., 


Culver Street- Engineering Works, COLCHESTER. 


were eres ess eee 











POR OO 
. 


;Savorite” DONKEY PUMPS 


With great Improvements for Heavy Pressures. 


GUN-METAL 
PLUNGERS, 
VALVES AND 
SEATINGS. 








SO Et Mt 
ee en 


tt a Te 


VERY STRONG. 
WELL FINISHED. 


tt 
-_ " 


Made Single 
and 
Double Acting. i 





te ee 





tv att “SIMPLEX” & “DUPLEX” STEAM PUMPS. | 


Vertical and Horizontal Types, with Patent AUTOMATIC FEED REGULATORS, as supplied to Admiralty. 
FULL PARTICULARS AND LISTS ON APPLICATION. 


te 











se ewe”, wre weve ewe oe ee oe 


























7 
: SInGLE-ACTING. | DovusLe Action. 
Sizzs. S1zzs. ~- 4 

; No. 0. No. 1. No. 2. | No. 3. | No. 4. | No. 5. | No. 6. | No. 7. No. 3. | No. 4. | No. 5. | No. 6. | No. 7. | No. 8. | 
{ Diameter of Ram ste 1 I | 1 23 28 34 34 4 Diameter of Ram “4 14 2 24 3 34 5 i 

{ Diameter of Cylinder... 2 3 33 44 5} 5} 7 Diameter of Cylinder ...| 3 33 4} 54 6 7 } i 
$ | Length of Stroke : 2 1 4 6] 6 6 || Length of Stroke -| 3, 4 6; 6| 6] 4 ' 
2 Gallons per hour 90 190" 210 440 660 1000 ~=—-:1080 1280 Gallons per hour sil 420 800 | 1250 | 1820 | 2160 | 400) ' 

N.HP. of Boiler a 8 16 30 45 70 72 80 N.HP. of Boiler | 32 70 90 120 150 250 } i 
{ London Office: Care of PRICE & BELSHAM, 52, Queen Victoria Street. Agents for Scotland: A. & J. McCULLOCH, 140, West George Street, Glasgow. ; 

, Agents for Liverpool: JOHN TAYLOR, 7, Strand Street. Agents for Cardiff: ROSE & CO., Royal Stuart Buildings, James Street Docks. ‘ 


2180 P 





Agent for Sunderland & District: J. W. DONOVAN, 11, Norfolk Street, Sunderland. Agents for Hull: W. H. BRODRICK & CO., 37, Wellington Street. 


a ~~. —v* ~~ - ~~ ~~ ve ~~ - ~ ~~ ~~. ~~. ttt Mi i ~~ 
ee ar err w rw ew er eww ewe eer erry eee ae eee, ee Pr - 
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st VARY E INVENTIONS | 


=n cEY ——— RING — BAILEY’S PATENT 


| om~iesien! KEY-RING’ Stop VALves 


RENEWABLE ano || RE-GRINDING OF GUN-METAL, IRON OR STEEL, 


All ** Valve Troubles and Difficulties overcome.”’ 

















The Union Cover permits the Valve to be quickly taken apart 
for Re-grinding or Renewal of Seating and also protects the 
Screw Thread from the corroding action of the Steam. 


Its re-grinding feature enables Seat.and Valve to be re-ground 
with very little trouble and without removal from the Pipe. 


After long service the Internal Valve and Seating can be renewed 
at slight expense. 


SIMPLE RENEWABLE SEATS 


PROVIDE FOR EXPANSION AND SAVE VALVE-BODY 
FROM WEAR AND TEAR. 





Prices on application for Gunmetal, Iron and Steel “Key-ring” Valves. 


pny - VALUE IN VALVES 


Used exclusively by several of the largest Chemical and Soap Manufacturers, Engineers, &c. 













: BAILEY’S ee BAILEY’S 
FE 
ADAMANTINE JANUS © vive 
ETHUSELAT” STOP VALVE. ; oe I) THE STRONGEST AND BEST 





DESIGNED VALVE EVER 
OFFERED AT THE PRICE. 


The only Renewable Disc 
Valve with an easily 
Removable Cover. 


GOOD METAL. 
BEST DESIGN. 


EXTRA STRONG. 











HAS RE-GRINDING 
“UNION COVERS.” 








Deep Seat for Re-grinding 
many times. 





A_FEW MINUTES RE-CRINDING 


























DURABLE. 1960.—Screwed, 4”-1}” Size. RENOVATES 
1408.—Screwed Ends. WELL FINISHED. 1961.—Flanged. Sn 
1409.—With Flanges. : . : 

T : i The Larger Sizes fitted with Bailey’s Patent Iron “ Cover- 
he Larger Sizes fitted with Bailey’s Patent Nut,” saving the Gun-metal from wear and tear when 
“Union Cover Protection Nut.” taking the Valve apart. 04s 
Pic, Sui Ins. (32/8/45) # | 1 {18/14 | 2/2) 3 | 4 | 5 Fie. Size iw Ins. 4 @ 1 14 1h 1) 2 2 2 3 3h 4 | 5 

1408 Screwed Ends .|2/4 2/63/-/4/3 5/9 gg 25/- 48/- 62/- 100/ \ 1960 Screwed Ends 4/3 5/9 8/6 11/6 15/6:21/- 25/- 38/- 48/-62/-| 90/- 100/ 
1409 Flanged . , , 9/-12/- 16/- 22/- 26/- 44/- 62/- 80/- 125/—170/- 1961| Flanged . .9/-|12/- 16/-22/-|26/-'33/- 44/-'55/-}62/~ 80/—|110/-|125/-|170/ 




















A Large Stock of these Valwes Kept Ready for Immediate Delivery. 


= W. H. BAILEY @ Cv L® 4. Satrorp, MANCHESTER. “z=: 
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DARLINGT ON FORGE .CO., L’ DARLINGTON. 




















= 
2 a 
— Re 
— tl 
* = 
Pr 
: = 
= = 
— £° 
had = 
r= 
~ 
4 “i q z o =, ae a oo Ot ome or ome 4 ‘or x c- ‘ we 
eee THE LARGEST SHIPS IN THE WORLD. ee 
The Metropolitan Amalgamated Railway Carriage & Wagon Co., Ltd, 
INCORPORATING : SGOAFPITAL, £1,676,000. 


The Ashbury Railway Carriage and Iron Co., Ltd. The Lancaster Railway Carriage and Wagon Co., Ltd. 
Brown, Marshalls & Co., Ltd. The Metropolitan Railway Carriage and Wagon Co., Ltd. 
The Oldbury Railway Carriage and Wagon Co., Ltd. 
The Willingsworth Iron Co., Ltd., Pig Iron Manufacturers, and 


THE PATENT SHAFT & AXLETREE CO., 


LIMITED. 
MANUFACTURERS OF 


Railway Carriages, Wagons, Tramcars, 
Tron and Steel Underframes, 

Cars for Electric and Light Railways, 
Railway Wheels and Axles of all types, 
=| Bars ad Sections, Bolts, Rivets, Nuts, &., 
Bridges, Roofs, Turntables, Railway Tyres, 

Tanks, Switches end am Caoesings 


AND 


~ PRESSED STEEL BOGIE TRUCKS, - 


UNDER-FRAMES and PRESSED PLATES of all descriptions. 


Registered Offices: SALTLEY, BIRMINGHAM & WEDNESBURY. London Oices 36, Victoria St, Westminster, SW. Telegraphic Addresses: “ Metro,” Bimingham, & “Shaft” Wednestury 
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28 in. DISC GRINDER 


This Grinder fulfils all the requirements 
of the Factory Acts. 











A water trough under each disc with 
efficient guards up the side, collect all 
the dust. 


One Tilting Table. 
One Plain Table. 


Ring oiled, dust proof bearings, with 
sufficient oil capacity for six months. 


Self contained disc press. 


Four réversible steel discs supplied. 


DELIVERY FROM STOCK, 


ALFRED HERBERT, Ltd., 


COVENTRY. 


WHAT IS YOUR OPINION OF A LATHE? 


When the spindle speed automatically increases 
as the tool travels towards the centre. 


When the correct speed can be 
obtained for any diameter. 


When the speed variator 
is ONE handwheel. 


When the guiding sur- 
face of the bed is 
covered. 


When a countermotion 
is unnecessary. 


THIS LATHE HAS ALL 
THESE CLAIMS. 


VISITORS 


a WELCOME. 
JOHN LANG & SONS. LATHE MANUFACTURERS, 


JOMUNSTONTE, mear GLASGOW . 














Ss 


es iaig 3 Saas ly ad 
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THOMAS SHANKS & CO,, 





THE MANUFACTURE OF ARMOUR AT BEARDMORE’S 
Means ied whee WORKS, GLASGOW. 











HEAVY ARMOUR PLATE PLANING MACHINES 


By THOMAS SHANKS & CO. 


JOHNSTONE, 
nr. GLASGOW. 





























Can now he Supplied hy 





DIESEL OIL ENGINES 


In sizes from 20 10 2000 Brake Horse Power. 


DIESEL ENGINE COMPANY, LTD. 


I79, QUEEN VICTORIA STREET, LONDON, E.C. 





a _ 
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HAIR 
COTTON 


AND 


LEATHER 
BELTING 


UNIFORM 











(N CHARACTER 
AND OF THE MOST 
LASTING 
QUALITV 











HENRY A.COLE 6 CO,*tvicrn!* 





8461 











SUCCESS IN 


CONCRETE CONSTRUCTION 


DEPENDS ENTIRELY UPON THE QUALITY OF THE CONCRETE, 
—— AND THIS, IN TURN, DEPENDS UPON THE KIND OF —. 


CONCRETE MIXER 


EMPLOYED. 











— THE — 


RANSOME 


CONCRETE MIXER, 


MANUFACTURED BY 
RANSOMES & RAPIER, Ltd., 
IPSWICH, 940 
has been proved to turn out concrete accurately mixed in its correct 
profortions and of standard quality throughout, 


(1) MORE RAPIDLY THAN OTHER MACHINES, 
(2) AT A MINIMUM COST FOR DRIVING POWER, 


1 
| 
{ 





: (3) AND, WITH THE LEAST AMOUNT OF LABOUR. 
The Ransome Concrete Mixer with Elevating Hopper. WRITE TO-DAY for our FULLY ILLUSTRATED HANDBOOK. 


Te RANSOME-VERMEHR MACHINERY Co., 505, CAXTON HOUSE, WESTMINSTER, 8.W. 
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WILLANS & ROBINSON, 


ELIMrrVHeDpD 





HIGH LIFT. 


LOW LIFT. LOW LIFT. 








Victoria Works, RUGBY. ENGLAND. 


HIGH LIFT. 

















PHOENIX 


MOTORS 


PUM PS, 
FANS and 
BLOWERS. 


Ask for 


BULLETIN EGI. HIGH-PRESSURE ELECTRIC BLOWER. 


PHCENIX DYNAMO MFG. CO., Lto., BRADFORD. 
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GAS 
PRODUCER 
PLANTS. 


PATENT COUPLED TYPE. 


























1 


DL-te 
| 

















i 1 
zs 
+ os 7 re QJ\¥IKNY ma 
OI 
‘ Five Patent COUPLED Type Gas Producers, complete with Ash Elevator. 
ADVANTAGES : Just erected for the North British Loco. Co., Ltd., Glasgow. 


Economy in cost of construction. —_o --. saint 
- 3» Space occupied. 
- ,, cost of Auxiliary Plant, 


sett Bitar Comers &= ME AONE CAS POWER (0. Lté- 


out interfering with working of 


existing producers. Levenshulme, MANCHESTER. 


WRITE FOR PARTICULARS TO: 














CONTRACTORS TO THE BRITISH AND FOREIGN ADMIRALTIES AND ON INDIA AND WAR OFFICE LISTS. 


CONSOLIDATED PNEUMATIC TOOL co., 


The very latest in Pneumatic Drills, of British Manufacture. 9“ 


NEW BOYER 


GIANT om KELLER 
DRILLS. : ve HAMMERS 









Telescopic 


. feed. 
High Speed. laces Automatic ie Onis 
' rns lubrication or Rivetin aulkin 
Lowest in Air Consumption. Gear Case. of pistons : , & a 
and valves. Chipping, and Tube Beading. 








NEW GIANT DRILL—LATEST TYPE. 


FREE TRIAL. LIBERAL CUARANTEE. 
PALACE CHAMBERS, 9, BRIDGE STREET, WESTMINSTER, S.W. 
Workshops and Showroom within a few minutes’ walk of the Offices, where pneumatic and electric tools can be seen in operation. Inspection invited. 
Telegrams—CAULKING, LONDON, WORKS : FRASERBU RG H, SCOTLAN D. Telephones— 2052 and 3987 GERRARD. 6210 


THE LARGEST PNEUMATIC TOOL WORKS IN GREAT BRITAIN. 
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JOHN BELLAMY, LTD., "SVs; . 


GENERAL SOMETRUCTIONAL ENGINEERS. 
Contractors to War Office, Admiralty, Trinity House, Home and Foreign and Colonial Governments, Harbour Boards and Railways. 

















SPECIALITIES. GENERAL. 
Boilers. | al a a ees! Hoppers of all 
Buoys and Moorings : he , kinds. 

of all kinds. Steel Bulldings, 
Export Tanks, Roofs. 

Water Storage Tanks. Iron or Steel 


Chimneys. 
Sheer Legs. 
Steel Pit Tubs, 
Steel Tip Wagons, 





Tanks and Cisterns of 
all deseriptions. 











Vacuum Ghambers. 
Water Softening Plants. eho 
Petroleum Storage Tanks. Suction Gas Plants. 
Tank Wagons. eS ee ae i | Built Structures 

lron and Steel Doors, 8 8 for all purposes. 








WINDING ENGINES. 


Hauling 
Engines, 


PUMPS, 


Driven by Steam, Air, or 
Electricity. «= 


BEVER. DORLING & CO. I 


“FOUNDRY, BRADFORD.” Bowling Ironworks, BELADEORD. 
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— BUILDERS OF — 
RAILWAY 
CARRIAGES, 
MAKERS OF WACONS, 
ELECTRIC CARS 
WHEELS ‘ AXLES, and every other 
RAILWAY PLANT, description of 
RAILWAY 
FORGINGS, pts 
SHITH-WO3K, TRAMWAY [| ~ 
TRON AND FRASS Rolling Stock. 
CASTILGS. MOTOR OMNIBUS | 
and other ; 
ROAD VEHICLE 
BODIES. 


REGISTERED OFFICE & CHIEF WORKS:— 


The Glasgow Rolling Stock & Plant Works, 
MOTHERWELL.. 


BRANCH WORKS = 


CHATSWORTH WAGON WORKS, near CHESTERFIELD, 
BRIDGEND WAGON WORKS, BRIDGEND, GLAMORGANSHIRE, 











HURST, NELSON & CO., LTD. 


PRESSED STEEL 
WORK 
OF ALL KINDS 
INCLUDING 
UNDERFRAMES 
AND 
BOGIES. 


Glasgow Office :— 
40, WEST NILE STREET, 


Manchester Office :— 
NORTHERN ASSURANCE BLDCS, 
ALBERT SQUARE. 


London Office :— 
14, LEADENHALL STREET, E.C. 


9606 














Contractors to Admiralty, 
Colonial and Foreign Governments. 


WAR SHIPS, 
MAIL STEAMERS, 
CARGO VESSELS. 


SEAE Ts 


Crank & Straight, Hollow & Solid. 


SHIP & BOILER PLATES & SHEETS. 


HYDRAULIC FLANGED 


BOILER FRONTS, ENDS AND FLUES. 


Steel Castings 


. OF ALL DIMENSIONS. 








WILLIAM BEARDMORE & 6O., LTD., 


Steel Nenaietaners; Riegeseaten’, 
Gun and Armour Plate Makers, 


Shipbuilders & Engineers, GLASGOW. 





ARMOUR PLATES 





ORDNANCE. 





pe DALMUIR.” 










(CRANK and 


AL was STRAIGHT 
amp IY RES 


For LOCOMOTIVES, CARRIAGES and WAGONS, 


WHEELS « AXLES 


FINISHED COMPLETE. 
ll 


NICKEL STEEL PLATES, SHEETS, 


BARS, SHAFTS and FORGINGS. 
All facilities afferded for TESTING at the Works. 




























8 to 400 HP. “ BEARDMORE” 


OIL ENGINES. 





400 to 4000 HP. ORCHELHAUSER SYSTEM 
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BROWN BAYLEY’S STEEL WORKS L? 


SHEFFIELD, 




















Manufacturers of Steel by the “Siemens” and “Bessemer” Processes. 





Makers of 


Tyres, Axles & Springs| Special Guaranteed 
SPRING STEEL 


for Railway Locomotive, Carriage and 


Spiral, Volute, 


AND 





for Railway Locomotives, Railway 


Carriages and Wagons, and also for 


ELECTRIC CARS. 








and Lurry, &c., Springs. 





Wagon Springs, and for Road Van, Dray Conic al Springs. 





SLHHo FPORGIN GS. 


Special Steel Blooms and Slabs. 





London Office—Suffolk House, &, Lawrence Pountney Hill, Cannon Street, E.C. 


Telegraphic Addresses—‘‘BAYLEY, SMEFFIELD,’’ “‘“BALI, LONDON.’’ 801 














UNGEARED 
TRAVELLING 





TROLLEY, 
4 Ton to 5 Ton. 








Pulley B Biocks. 
Travelling Pulley 


































Max Blocks. 
TRAVELLING ee 
LLEY Wi 
— Maxm Putiey Travelling Crabs. 
Geared. BLock. 
4 Ton to 
5 Ton. 
Sdecen UNCONDITIONAL OFFER. 
— - Tuooe “Maxim” and “ Victoria” worm and spur-geared Pulley Blocks 
for Fy hom will be sent on approval to any user at my own expense. 
irder. 





cast Snes. UPWARDS OF 120,000 “MAXIM” & “ VICTORIA” 
olf Susteren BLOCKS SOLD IN ABOUT 17 YEARS. 


WRITE FOR NEW ILLUSTRATED LISTS AND DISCOUNTS. 








IMPORT AN ™ The framework of the various apparatus shown above is in every 
~~ ease composed of WROUGHT STEEL PLATES and FORGINGS. The 
chain is treble best calibrated and guaranteed. The Hand-chain Wheels are of cast steel 
Self Sustaining. and the brake is self-acting and sustains the load at any height. ad 
4 Ton to 10 Ton. _ 
When you buy a I'ton “Maxim * or “ Victoria” Block it is tested with a load of 1} tons, BUT SOLD AS A 1 TON BLOCK. 
SPARE PARTS FIT EXACTLY. 


=e J. T. GODFREY, 


Telegrams: “ Maxim,” Loughborough. High Street, LOUGHBOROUGH, Leicestershire, 
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MOTORS 


FOR ALL PURPOSES. 


' ENCLOSED VENTILATED, PIPE VENTILATED, 
TOTALLY ENCLOSED, WATERTIGHT and 
MINING PATTERNS. 

































CRANE, HOIST, WINCH & CAPSTAN MOTORS. 


INTERPOLE VARIABLE SPEED MACHINE 
TOOL MOTORS. 








MOTORS for SHIPYARD & SHIPS’ 
DECK MACHINERY. 










SMALL STEAM LIGHTING SETS. 


~ FLecrRoMoToRs|[™ 


OPENSAAW. Mancnester. 

















Specialties : 


HIGH-CLASS BOILER 
MOUNTINGS 


Land and Marine. 


STEAM TURBINE 
STARTING GEAR 


Fitted with Cockburn-B-G. Patent Flexible Discs. 


PATENT STEAM TRAPS. 


PATENT FILTERS. 
SPIRAL SPRINGS. 


% COCKBURNS LIMITED, 


CLYDESDALE WORKS, 


‘x _ Cardonald, near Glasgow. 
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HUDSWELL, CLARKE & 60. LIMITED, 


bo ei Foundry, Binsin 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Collieries; &¢. Made to suit any Gauge of Railway 


[June 44, 1910," 





















% Established Telegraphic Address: 
\ 


1860. ** LOCO, LEEDS.” 


a 


PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 


wlan or “RODGERS PULLEYS” 
REGISTERED), ) 


WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. = 


RICHARD GARRETT & SONS, L®: 


LEISTON WORKS, LEISTON, ENGLAND. w ENGINEERS 











LONDON OFFICE: ST. STEPHEN’S HOUSE, WESTMINSTER, S.W. 


Atan OFFICIAL TRIAL by CAPTAIN 
H. RIALL SANKEY, R.E. (retired), M.Inst.C.E., 
on October 16, 1909, with a 


GARRETT PATENT COMPOUND SUPERHEATED 


STEAM SEMI-STATIONARY CONDENSING 


ENGINE 0F STANDARD CONSTRUCTION AND DESIGN 


TAKEN FROM STOCK and as 
SOLD TO LIST PRICES, 


The following remarkable Result was 
















obtained :— 
Average Load, 54 B.HP. 
DURATION OF TRIAL - - 7 HOURS. 


COAL PER B.HP. PER HOUR = 1,19 LBs. 


Special Note to Owners of Millis, Factories, 
Pumping Installations, Electricity Generating 
Stations and other Users of Powers 


From the above Trial it can be shown that a Garrett 
Engine of this type will generate power at the cost of 
-143 pence per B.HP. per hour, taking coal at 22s,-per- 
ton; the corresponding figure for a Suction Gas Engine 
will be .163 pemce per B.HP. per hour with Anthracite at 
34s. per ton. 





Sole Agents for EGYPT: | 
THOS. COOK & SON (Egypt), Ltd. = 
ro, ria, Khartou ; 


Sole Agents for INDIA: 


BURN & CO., Ltl., 
Calcutta, Bombry, Raneegunge, Hewrah, Jubbulpore 
Rangoon, Madras. 8821 



































June 24, 1910.] ENGINEERING. (suPPLiMaNT page Xxt] 


F.REDDAWAY & CO. LTD. 


DESIGNERS OF AND CONTRACTORS FOR 


ELEVATING, CONVEYING 




















TRANSPOR ORTING PLANT. 
CONVEYOR — 


ALL CLASSES, a ALL PURPOSES. 





°c, PENDLETON, . __ : 
Roser 50 & 51, Lime Street, E.C. MANCHESTER. 














Write for Book “CONVEYORS AND BELTS,” by F. Reddaway. 


pivaiihinaninateniunianigaaiegeeanens 
CRANES 

















oe TEMPERLEY 
sides TRANSPORTERS 


EVERY DESCRIPTION. 








% j * 
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LAYCOCK’S PATENT AUTOMATIC COUPLER (M.C.B. TYPE). onsinany Soas0 Sout ice 











ee 7 a a er 


———} 





VASP es Os 6 


or we 


‘ 


aYNAMO ENCINES FANS, PUMPS 


STEAM , ore ah 


AIR COMPRESSORS. (#24 

















Patt PLANT. 
ENTRIFUGAL PUMPS, 
FORCED OR INDUCED DRAUGHT AND FANS. 
FANS, MINE FANS. HIGH SPEED ENGINES 
H eres 
= —— ees THE “BRADFORD PATENT 
BoiLer FEED Pump. 





FORCED LUBRICATION A SPECIALITY. CATALOGUES on (EPLICATION. 
CIRCULATING PUMPS. 
BRADFORD FEED PUMPS. 


ELECTRICALLY, STEAM, OR BELT 
DRIVEN 

AIR COMPRESSORS AND VACUUM 

PUMPS. 


THWAITES Bs: L2- 


ADMIRALTY CONTRACTORS, 


Lennon COTO: i Eh, BRADFORD. “ 
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[ FAGTURERS 








pA 


ee =n y pa = >» J i a= Cs CRWRTAY 
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LT PULLEYS 
me Ong f 


e 
a 


y and Bottom Brasses. 
WALL Boxes. PLUMMER BLocks. 





Complete Catalogue or 
Shafting, Fittings and Pulleys DJ 
on application. 


SMITH & GRACE screw soss putter CO., LTD., ‘THRAPSTON. 
Telegrams : GRACE, THRAPSTON. Telephone: 19 P.O., Thrapston, 1109 


LONDON: 35, Queen Victoria Street, E.C. Telephone No.: 152, Bank. 
=a 


| STORK BROS. e& CO, notvanp. 


ENGINEERS, IRONFOUNDERS and BOILERMAKERS. 


HIGH-CLASS STATIONARY STEAM ENGINES 


of Modern Construction up to the largest dimensions for Saturated and for HIGHLY-SUPERHEATED STEAM with 
smallest possible steam consumption. 





WALL BRACKETS. HANGERS. 




















BOILERS. 
SUPERHEATERS. 
ECONOMISERS. 


SUGAR 
MACHINERY. 
STEAM TURBINES. 
CENTRIFUGAL 
TURBINE PUMBS. 


—_———————S—— 








UNAFLOW DROP-VALVE:STEAMjENGINE, STORK-STUMPF,SYSTEM. -— 


Representatives for Great Britain and the Colonies: THE MARINE WORKS, Ltd., of Friars House, 39/41, New Broad Street, E.¢. 


Telegrams—“‘ QUAYAGE, LONDON,” Telephene—Ne: 257, SITY: 
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AND 


SEAMLESS STEEL awerreo 
ELEVATOR BUCKETS. 


100,000 to 250,000 ALWAYS IN STOCK Also Gravity Buckets. 





MAKERS OF 
OVER 


800 sizes. 


Specify 
Braime's . Buckets 
for Quality. 





To be had from all Makers of 8452 


Elevating and Conveying Machinery, or Engineers’ Merchants. 
The Seamless Stamping and Engineering Works, 
Goodman 8t., Hunslet, Leeds, ENGLAND. 


Full Illustrated Price List 
on application, 


T. F. BRAIME & CO., Ltb., 











emanate 








Mioderm 
Shearing, 
Punching ana 
Bar Cutting 
Machines. 


Frame made of Steel, 


Warranted Unbreakable. 


1009 


WRITE FOR LIST E 14. 


R. BECKER & CO., ® si nom, 


LONDON, E.C. 




















Combined Shearing, Punching and Bar 
Cropping Machine for shearing plates 
of unlimited width and length. 











murscv=es Patent 
~ stop Valve 


NO RE-GRINDING. 





x Only Wearing Part is the SEAMLESS 

“Y COPPER RING which can be REPLACED 

without Tools in a few minutes WHILE VALVE 
NS IS IN POSITION. 


APPROVED BY THE ADMIRALTY, 
Used by most English Railways for its 


Economy. 


WRITE FOR FULL PARTICULARS AND PRICES. 











HULBURD ENCINEERING 836 
(50, LEADENHALL ST E.c. 


Noah, [ee 


AB stmeson Oana 


SISA LONDON. & 





STOPPAGES ARE EXPENSIVE. 709 











T. & E. WANNBACHER, 


28a, BASINGHALL STREET, LONDON, E.C. 
Sole Representatives of AMAG-HILPERT, Nurnberg. 


7-stage High-lift “ Evolvente” Centrifugal Pump. 








BSTABLISHED 1845. 


Manufacturers of all kinds 


BOLTS, STUDS, NUTS, 





500 Tons Bolts, Nuts, &c., in Stock. 


S. MARSDEN & SON, LTD., 


LONDON ROAD, MANCHESTER. *® 





Bucket and Suction Dredgers 
of all Sizes. 


Stern Wheel Steamers. 
Ocean Cable Steamers. 
Gold Dredgers. 








Telegrams : 
 LOBNITZ 

' Sole Makers 504 
RENFREW.” of Patent Rockbreaker 


for rock excavation under water without explosives. 
a ae 


SS 557 ES77MATES FREE _ 


PE ——————s 








STEMS 


~ MEASURES B= 


WU 
OS SWTEWHK ST WON SE «PTLAKECRODON 


G/RUERS)| 

OIEN CONSTRUGTIONAL STEELWORK 
| BAILS FOS ¢ CONSTRUCTIONAL 

/RONWOKK MADE TO ANY DESIGN 


OF EVERY 
cpiptOn 
| LOWEST PRICES WITH PROMPT DELIVERY 


SECTION SHEETS FREE 
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FERRANTI- 


HOLLINWOOD, LANGCS. 78, King Street, Manchester. 








FERRANTI 
SECTIONAL SYSTEM 


of 


FUSE DISTRIBUTION 
BOXES. 


NO EXPENSIVE “‘SPARE” WAYS. 





Additional Sections can be added in a 


Section dismantled for addition. 
few Minutes. 









































BROOM & WADE, Lu. 


igh Wycombe. 


SOSHHHSSSOOSSOSOSOOOSOOOSS 


AIR 
COMPRESSORS 


Sizes in Stock :— 


From 10 to 150 cub. ft. 
WELDING & CUTTING PLANT 








ad wt 
+E Wo 
COMP TD UNDER Tax 
ALL Wo LED 
squirt Bap’ ONLY 
¥ gurPue> Tim, T, 
FREE 
# we 


High and Low Pressure Aluminium Solder 











Systems. (Hemans’ Pat.) 1115 
The Acetylene Illuminating 268, South Lambeth Ré., 
Co., Ltd., London, S.W. 
—— —_——— 














THE “ACME” EXPANSION JOINT 


(Christie’s Patent 6222) 


Hi n> 


+ 
7 o” 
C3 . -— 








Ph 












































END VIEW. 


SROTION. 


A positive and permanent Joint that prevents all leakage of 
superheated or ordinary steam, or hot water. No packed glands— 
mo need of repairs or further attention. Repays its cost in half a 
year in this item alone. 

Constant repeat orders from the Admiralty, important engi- 
neers, collieries, &c., attest its many merits. 





Write for full perm and blue prints to— 








COODBY'S, Ltd, *=<%=2,"2"°" LONDON, EC. 


STREET, 
















“HIGH VELOCITY” 


FEED WATER 
HEATERS 


DELIVER FEED WATER TO BOILERS AT A 
GUARANTEED TEMPERATURE OF OVER 


2O4° F&F’. 
WITH EXHAUST STEAM. 


Considerably higher Temperatures if back pressure 
exists, even if only slight. 


HOLDEN & BROOKE, Lro, 


SIRIUS WORKS, WEST eonvah. 8958 


MANCHESTER. 


The YORKSHIRE PATENT STEAM WAGON GO. 


Branch of Deighton’s Patent Flue and Tube Coa., Lid., 
ee HUNSLET, LEEDS. 


Motor, Leer 8. 


Telephone: 
No. 1674. 


Brooke's 
Patent 
































AWARDED 
COLD 
MEDAL 


in R.AC. 
COMMERCIAL 


LATEST TYPE 6-TON STEAM TIPPING WAGON. 4753 
Diploma of Honour, FRANCO-BRITISH EXHIBITION, 1808. 











Telegrams—‘‘ Gearing, Huddersfield.” 


a 
ys 6000 


mS oN 
DAVID BROWN & SONS, Ld, Huddersfield. 


MARMOT CRUDE OIL ENGINES 


for ney BARGES, COMPRESSORS, PUMPS, &c. — &e. 


will “Will Work on on 
Crude Oil, Paraffin, 
Kerosene or Petroleum. 


WAR OFFICE LISTS. an 


MADE IN 


RAWHIDE, PAPER, UNICA, FIBRE, 
from Best Quality Material. 


Satisfaction guaranteed. 

























MARMOT 
CRUDE 
OIL ENGINE. 


Simple, Reliable, 
Explosion every 
Revolution, 
Force Fuel Feed, 
Ignition Automatic, 
No Electricity. 


Reversing Gears, 
Welded Tanks. 


Sharer & Young, 


LIMITED, 
MARMOT WORKS, 


ALLOA, SCOTLAND. 
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ARLITE 
STEEL. 


A Revolution in Tool Steels. 


SPECIALITIES :— 
ROCK DRILL and 
COAL-CUTTER STEELS. 


DURABILITY ano TOUGHNESS 
UNSURPASSED. 


USED BY MANY OF THE LEADING 
MINING COMPANIES. 








A LARGE CUSTOMER WRITES :— 


‘**You will be interested to hear that the 
order for large Rock Drills we recently gave 
you was the outcome of a competitive test, at a 
big Harbour Works, for Drilling Holes through 
Granite under a hydraulic pressure of 10 tons 
per square inch. There were 80 other Steels 
in competition, and ‘‘PEARLITE” came out an 
easy first,” 


ThePEARLITE STEELCO. 


(1910), Ltd., 
Beeley Wood Stee! Works, 


SHEFFIELD. 


Petter 
Oil 


Engines 


1000 











Horizontal, Stationary and 
Portable Engines. 
Combined Pumping Plants. 


Electric Lighting Plants. 


The Simplest, Safest, and most 
Economical Oil Engine on the 
Market, 


THOUSANDS IN USE. 


Twenty Gold and Silver Medals, 
James B. PETTER & SONS, Ld. 


Nautilus Works, YEOVIL. 
Showrooms — 
73, Queen Victoria Street, 
LONDON, E.C. 
140, Victoria Street, BRISTOL. 
9490 





'NEWCASTLE-ON-TYNE. 

















F. TURNBULL 
and CO., 


CONSTRUCTIONAL AND 
COLLIERY ENGINEERS, 


rt) - 










7, 





< 
a q 





fs 
PS, 


LIAN 





eS ae 
- es0 oe, 
¥ — 





Heaton Junction, 








9463 


Specialities :— 


COAL SCREENING 


WASHING PLANTS. 
IT. ASTE Et ES FOR MODERN HIGH-SPEED CUTTING. 


FROM 6)}ir. TO 36in. CENTRES AND ANY LENGTH OF BED. 








STEEL HEADGEAR, HEAPSTEAD, and MACHINERY, 
DELIVERED AND WORKING IN FOURTEEN WEEKS FROM RECEIPT OF ORDER, 


including our Improved HORIZONTAL SCREEN CONVEYOR 
(Protected), 40 ft. long, producing four sizes of coal. 
Any or all sizes can be ‘‘dumbed”’ in one minute. 














Write for Illustrated Catalogue to— 


DEMPSTER, MOORE & CO., LTD., Enaineers AND MAcuinists, 


948 


49, ROBERTSON STREET, GLASGOW. 


OIL, GAS, SPIRIT & ALCOHOL ENGINES. 


HORIZONTAL AND VERTICAL TYPES. — ALSO — 


LAUNGH ENGINES 


(Oil, Spirit or Alcohol). 


SsHOWROOMS— 


LONDON :—87, Queen Victoria Street. 
Telegrams—'‘ NORNODESTE, LONDON.” 
Telephone—836, BANK. 


LIVERPOOL :—30, South Castle Street. 
GLASGOW :—45, Bothwell Street. 


AGENTS: 


FRANCE: 
Novvatzet & Lacomss, 6 Bis, Rue 
Denis Papin, Asinéres (Seine). 


GERMANY: 
Bresersrain & Gropickk, Ferdinand- 
strasse, 25/7 Hamburg. 
BELGIUM: 
A. Huynusszns, 12-14, Rue Haut 
Port, Ghent. 































HOLLAND : 
Wrnmaten & Hausmann, Glashaven 
2, 4, 6, 10, 14, Rotterdam. 





Telegramse—THEOREM, PATI CROFT. 
Telephone—48, ECCLES. 








61s 


PATRICROFT, suwexcsra. 


6 K. M. Oil Engine—110 B.HP., at 500 R.P.M. 


L. GARDNER & SONS, LTD., 





Barton Hall 
Engine Works, 














June 24, 1910.) _ 


ENGINEERING. 


(suppuEaNt page xxv] "7 














WALLWORK 





“FLASHLIGHT 


ENGINE 


- INDICATOR. 


‘Hopkinson's Patent.) 


For all Steam and 
Explosion Engines. 








GEAR HOBBING 
MACHINES. 


FOR SPURS, WORM 
WHEELS, & SPIRALS. 











ACCURATE WORK. 
MAXIMUM OUTPUT. 


Guaranteed Production 
given on any Wheel. 








Telegrams: “FOUNDRY.” 
Telephone: 567 and 5200, 





















BIRMINCHAM. 
SEAMLESS & BRAZED 


y TUBES 
“FOR BOILERS, CONDENSERS, &c. 
““ BATTERY, SELLY OAK.” 707 


ff) WILLIAM 
RYDER, L" 


Bee Hive Works, 
BOLTON. 











9644 


The ORIGINAL 
MAKERS and 
PATENTEES 
of the 


RYDER 
_ FORGING 
MACHINE. 




















SOLE MAKERS :— 
57, Bothwell 8t., 


Dot Me a : = 


















Ghe 
HELE SHAW 


CLUTCH 


ITH ONE-THIRD the pres- 

sure on all working surfaces, 

the pack of HELE-SHAW patent 
V-grooved Twin Plates gives nearly 
Turee Times the driving efficiency 
and durability of-other Clutches. 

Running in an Oil Bath, the 
V-grooved Twin-Plates. admit of 
long-period as well as intermittent 
slipping, under perfect control, in 
all forms of industrial applic tions 
from 1 to 2,000 h.p. aad at high 
and low speeds. HEeELE-SHAW ad- 
vantages include ease of control, 
progressive pick-up, simplicity and 
perfect balance. ’ 
Recent applications include Gas 
and Steam Engines, Electric Motors, 
Pulleys, Couplings, Machine Tool 
Drives, Hoisting, Winding, and 
Elevator Work, and many special 
cases where no other Clutch but the 
HELE-SHAW can be used. 
ENQUIRIES INVITED 


BRITISH HELE-SHAW 


Patent Clutch Co., Ltd. 
Suthers St., OLDHAM 
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PATENT 


Conical Engine Packing 
ey 


Now used In hundreds 
of steamers 
of Principal Lines. 





FOR ALL | STEAM 
SS wis, 
R. B. LINDSAY « CO., 

88, Mair Street, Plantation, GLASGOW. 


Telegrams: ‘‘Cowicat 
——— ESTABLISHED 1870. ——— 


J, B, TREASURE 


and OO., 
Excelsior Fire-Polished 


GAUGE 
GLASSES, 


As Supplied to H.M. Navy. 


LUBRIGATORS, INDIA-RUBBER 
WASHERS, 9580 


8 & 12, Vauxhall Road, 
LIVERPOOL. 


ASHTON POP 


Safety & Water Relief Valves. 





. GLascow.” 














MOTOR CAR VALVES, GAUGES, &c. 
Send for List 8a, Post Free. 


ASHTON VALVE CO. 


Hobdall, Way & Gb. Lea 


ST. JOHN’S HOUSE, 
124-5, sameieunenmnamanes, 2 


ROCHHSTHR 


FORCED SIGHT-FEED 


AUTOMATIC LUBRICATOR 


Made from one to eight feeds. 
Bach one can be separately adjusted. 


CASE-HARDENED WORKING PARTS. 


It you wish just the right amount of oil, in 
just the right place and at just the right intervals 
use a Latest Improved ROCHESTER. 1141 











JENKINS BROS., Ltd., 





95, Queen Victoria Street LONDON. E.C. 


Bt. Remi St. & Acorn Ave., MONTREAL, Canada. 


THE STEEL PIPE COMPANY, 


KIREKOAILDY. LIMITED, ° 


Telegraphic Address :— 
AQUILENTUS, KIRKCALDY.” 





Steam Pipes for High Pressures. 
Water Mains. 
Gas Mains. 





| 


Steel Chimneys, 
Stamped Steel 
and Angle Flanges, 


| 





LONDON AGENTS: JOHN WILSON & CO., 39, Lime Street, EC. 


AIR COMPRESSORS 


TYPE “O.” 


Large Capacity, with small 

Floor space; Engines Corliss 

or Slide Valves; Splash Lu- 
brication to Cranks, &c. 


HURRICANE AIR 
CYLINDERS. 


Particulars on Application. 


INGERSOLL- RAND Co., 


(INO. in U.S.A.) 


165, QUEEN VICTORIA STREET, LONDON, E.C. 


PARIS, FRANCE: 33, Rue Reaumur. DUSSELDORF, GERMANY * Oststrasse 128-182. BUDAPEST, HUNGARY: IV, Ferencz Jozsef Rakpart, 17. 


DOUGLAS & GRANT, 


ENGINEERS, KIRKCALDY, SCOTLAND. 


“DOUGLAS, KIREKECALDY.” 1 ESTABLISHED 1854. 
Al, ABO, Bedford McNeil’s and Engineering Oodes. 


























6923 











Makers of High-Class 


CORLISS 


AND OTHER 


ENGINES, 


All Types, Powers and Pressures 


CONDENSING PLANTS 


OF EVERY DESORIPTION. 


Large PUMPS for WATERWORKS 
and MINES. 


THE LARGEST MAKERS OF 


RICE MACHINERY 
IN THE WORLD. 939 
General Engineering ard Millwrigh Work 


Agents tor Bombay Presidency :— 
BRADBURY, BRADY & CO., Bombay. 





Telegrams : 





é - aa 
COMPOUND SIDE-BY-SIDE CORLISS CONDENSING ENGINE. 2300 ! HP. 
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_ [SMITH’S GRANES 



















LOCOMOTIVE CRANES, 

~ OVERHEAD CRANES, \ OF EVERY DESCRIPTION. 
5 GOLIATH CRANES, Fig. 284. 
ELECTRIC WINCHES, Locomotive 






CAPSTANS, WINDING Steam Crane. 








Fig. 293. 
Electric 








Locomotive 
Crane. 





meg 


a THOMAS SMITH & SONS: 


Steam & Electric Crane Works, RODLEY, near LEEDS.  Telegrams—SMITH, RODLEY. 





























HARTNESS 
FLAT TURRET LATHE 


Now built in two sizes : 2} by 24—12 in. swing, 
and 8 by 86—14 in. swing. Equipped wi th tools 
for either bar or chucking work. 


JONES & LAMSON MACHINE CO. 
“Jubilee Buildings,” 
97, QUEEN VICTORIA STREET, 
(Corrnicat.) LONDON. 0474 

















“oonnoess 


| MNMEERST 


a4 





SS 
ws 








“ BUFFALO” INJECTOR. 


Operated Cee Class A lifts 24 ft, 
Entirely : Olass B lifts 12ft. 



















by One 
Handle. 








Telegrams : 
“ TRMPERATURB, 
Lonpon,” 








Eros == 





























— ——— Se a ya 


~*~ a 


GonDHART BROS., Dredging Contractors, Fiw11, 








Od 9428 : LONDON, E.C. 









G. 8 A. HARVEY, in, 


HIGH-CLASS 
MACHINE TOOLS. 


PROMPT DELIVERY. 790 
CATALOGUE ON APPLICATION. 


See our Illustrated Advt. in next week’s issue. 
eS 
wal’ NEIL’s 


NT UNBREAK 
pate EL LADLEe 














These ladles are manufactured by a 


They are extremely light, being at 
the same time the strongest and 
most durable in the market. 
Ladles to contain 56 Ib. of metal 
only weigh about 7 lb. each. They 
are made of all capacities from 
80 lb. to 60 cwt., with or without 
lips; also mounted or unmounted, 
They omaieon — vl gars 
me’ urgi processes, 
also be made inaluminium. Lintot 
) sections & prices on application to 


CHAS. MoNEIL. 


k K>’ 
NING px ino" 
GlLasaow- 


36’ 





« — 





Undertake Dredging Contracts for Harbour and Canal Works throughout the World. ™ 


Address enquiries to 89, Westbourne Avenue, HULL. NAT, TEL., 3718. Tel. Address—*‘GOEDHART, HULL.” 


. — = nae 
Telegrams: MAGRBTIAOLASGOW, Code: 6th Raa" BC 
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Removes Scale and Incrustation 
in Locomotive, Marine, 
and Land Boilers. 








CLYDESDALE CHEMICAL COMPANY. 








It is a METAL 
PRESERVATIVE as wei! 
as a BOILER DETERGENT, 








ropnicrors: CLYDESDALE CHEMICAL COMPANY, 












Works & Head Office: 
Burnbank Oil & Chemical Works, 
GLASGOW (EAST). 


London Office: 


7/8, idol Lane, 
LONDON, E.C-. | 











BU LLIVANTS’ WIRE 
ROPES 


DURABLE, 
RELIABLE. 














BULLIVANT & 6O., LU "sisiee* 72, Mark Lane, LONDON, EC. WORKS, Millwall, E, "°°?"°¢turce tines 


— EE & VW OOD, Ld. 


REMOVED 
from Farringdon Works, Shoe Lane, LONDON, to— 


UNION FOUNDRY, DERBY. 


Lonpon OFFICE :— 


175-177, SALISBURY HOUSE, LONDON WALL, B.C. 
MAKERS OF GAS ENGINES, 100 to 2000 HP. 


STILLS « DISTILLING PLANTS 


FOR ALL PURPOSES. 
-— Awarded Grand Prix, Franco-British Exhibition, London, 1908. .___ 


ROBEY « 00, 


LINCOLN. ti 
LONDON OFFICE: 79, Queen Victoria Sted, B.C. 


Telegrams :—“‘ ROBEY, LINCOLN” ‘ROBEY, DON 


ENGINES to 84 in. stroke. 
Fixed Engines. 








































z Tf / a . ~~? FR; 


- 


4000 HP. 


Air Compressors. 
Boilers, all Types. Portables. 
Undertypes. Overtypes. 
Steam Wagons. Tractors. 
Traction Engines. 

High-Speed Engines. « 


Winding and Hauling Engines. 





' 
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PRIESTMANBROS["? 


for Rock, Sand, Gravel, ud, YOLDERNESSTOUNDRV HULL. 


Rp. CET ORO crm a J Laurence Pounrwer tit LDN Ec, 


































“PAT” VALVES 


ARE SENT ON 30 DAYS’ 


FREE TRIAL. 


WRITE FOR DETAILS 1134 


WALLACH BROS., LD. are ee LONDON, E.C. 


FRICTION CLUTCHES, "UEXIBLE couPLINGs. " ANGLE DRIVES. 


I up to 3000 HP. each. “oe ae pe oni NO WHEELS—NO NOISE. 


BELTS at ANY ANGLE. 

















































CROFT & PERKINS, LTD. 


Power Works, BRADFORD. 














































Made for Pelotas and pnogper tom ' Mak f 
le for , akers 0 
nee of Rio Grand de Sul MASTING SHEAR LECS 4 . Wrought-l/ron 
ught and Made for the Greek Ai a7 Shear Legs, 
Cast-Iron Water Works. aor and Portuguese Vy, | \p Masts P 
a sg —- a Governments. Hot i - Travellin 
ater Tanks, SS Lp |) | ‘wi and Wrought- 
m mae Se LICHT DRAUCHT PADDLE & SCREW STEAMERS. | KL Iron Derrick 
D %.. le F »* The Stern Wheeler ILAGAN carries 50 tons all told at 2’ 8’ draft. We Cranes, Land 
Sluice Values BUILDERS OF /, } AN and Marine 
Penstocks, — : Mail and Cargo Steamers, Steam Yachts, —= w ae 
AND — Launches, Ferry Boats, Schooners, Light- q roug “> von 
Hydranta for Draught Paddle and Screw Steamers. - Stee! b 
Water and , , Dredgers, Hopper Barges and Tug Boats, 4° woys. 
ewerage ‘ ist and 2nd Class Torpedo Boats for the 
Works, | | [ | British and Greek Governments. Se waters of 
eee | a iS =r" poll Gag Appa- 
Makers of . me | ratus, Ex- 
Wrot., Cast- hausters, de. 
Iron, or Steel Fae Ge lron 
Bridges,  —— — Buildings, 
Cast-Iron Iron Roofing, 
Cylinders, 7 Cast and 
Screw Piles, Wrought-lron 
Jetties, Piers, = - — ——— es Tanks for 
gees fe ee os“ 
ates or —————— ae a A 
Ent : - es STEAM YACHT BUILDERS. ti 
ntrances, ALBERT BRIDCE, CLASCOW. For ereisig parpeses or for high vate of epecd. — 
Retorts, de. 
HANNA, DONALD AND WILSON, Vy -y-7 
ENGINEERS, IRONFOUNDERS, SHIPBUILDERS, and GOVERNMENT CONTRACTORS, On Werks 


ABERCORN AND ABBEY WORKS, PAISLEY, N.B. (Established. 1851), ERECTED FOR THE CLASCOW CORPORATION. 
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UPwakrnDs 
oF 


£60, Cao 
GRESHAM’S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE. 


GRESHAM & CRAVEN, Ltd., 


BNWGINADRsS, ORDSALEIE LANA MANORAESTIE RN. 


Telegraphic Address —‘‘ BRAKE, MANOHESTER.” Telephone No. 613, 907 





———__., 


RANSOMES, SIMS & JEFFERIES, LD. 
ee ALL CLASSES OF ENGINES AND BOILERS 


Ld 
FO). FOR ELECTRIC LIGHT INSTALLATIONS. 


a §6©6 HIGH-SPEED ENGINES. 


FOR DRIVING DIREOT OR BY BHLT. 


Throttle Valve or Patent Automatic ‘ Shaft” Governor. 


ENGINES AND DYNAMOS COMBINED AND TESTED 










































































ORWELL e » GRACECHURCH 
oo eat IPSWICH ; '~se"™ LONDON. 
fi i | iy LA Telegrams: “RANSOMES, IPSWICH”; and “ANGLIA, LONDON.” 

ST. ANN’S LEATHER WORKS, GLASGOW. LIMITED. ’ 
gj PATENTEES AND SOLE MAKERS OF ORANGE TAN AND GNU HIDE BELTING. 2 

O ui ORIGINAL MAEERS OF COTTON CANVAS BELTING and of LLAMA HAIR BELTING. ” 
4 oO MAKERS OF BELTING FOR TAPER CONE AND QUARTER TWIST DRIVING. a 3 
@) WE RECOMMEND THE FOLLOWING: > b4 
ot COLUMBIA BELTING for Striking Gear and Step Cone Pulleys. This Belt will not be affected by > = 
> wl the action of the forks, nor will it mount the Cone Steps. a.” 
re) = RAW HIDE BELTING for High Speeds and working on small diameters. o 2 
6 CHROME TAN BELTING for working in damp atmosphere. — > 
gm wi ORANGE TAN BELTING for Dynamo Drives and Gas Engines, and all cases where sudden variation US 
> " of load may take place. The strongest Belt made. g sis 
| od 
2 < BALATA (Chonata Brand) for Drives exposed to atmosphere. This class is also suitable for trans- M™ S 
ae mission work generally. ri, cs 
F ENGINEERS’ SPECIAL for Heavy Planing Machines. ' # 

illustrated Price List on Application. Od 9332 

LONDON—Export Department: Mr. ALEX. MONTGOMERY, Hopetoun House, MANCHESTER—Mr. JAMES SCOTT, 9, Blackfriars Rod. 

wanenouses { «Consumers? do. ‘Mr. A. W. THOMSON Fenchurch Street, EC. — BIRMINGHAM—Mr. DAVID WINDRAM, 17, Cannon St. 


5, Lloyd’s Avenue, enchurch Street, E.C. LEEDS—Mr. JOHN ECCLES, 10, Aire Street. 
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Manufacturers of SIEMENS’ ACID STEEL 


BOILER PLATES. 


Also SHIP and BRIDGE PLATES, ANGLES, BULBS, CHANNELS, ROUNDS, SQUARES, TEES, ZEDS, &c. 


WISHAW, SCOTLAND. 





BILLETS, of dead soft quality, and for wire and springs of special quality, from any grade of carbon; also SLABS. 


THE GLASGOW IRON & STEEL CO., LTD., 


1125 























CUEST, KEEN & NETTLEFOLDS, Limit 


Bin Min GHA BM, 


MANUFACTURERS OF 


seme, WESTON'S DIFFERENTIAL RATCHET BRACES. 


WOOD SCREWS, COACH SCREWS, CARRIAGE BOLTS, 
METAL THREAD SCREWS & SHANKS, CLOUT NAILS, 
SQUARE AND HEXAGON NUTS, RIVETS, COTTER PINS, &c. 


ies 


tit1—! 





















WESTON’S PATENT 
DIFFERENTIAL RATCHET BRACES. 











| 


BSTABLISHEADYD 1'°790. 


ENGINEERS, NEWBURY, ENGLAND, 


Contractors to the Admiralty, War Office, Crown Agents of the 
Colonies, Indian Office, Trinity Board, Customs House, and various 
Foreign and Colonial Governments. 










MAKERS OF ALL CLASSES OF 


ENGINES « BOILERS 


Small Steamers, Yachts, Tugs, Launches, 
Torpedo Boats, Hopper Barges, &c. 


WATER-TUBE BOILERS 


Of “MUMFORD” “THORNYCROFT,” 
“YARROW” and other Types. 


Engines for Blectric Lighting 





SP ae, 


ED, 









WESTON’S PATENT 
DIFFERENTIAL RATCHET BRACES. 
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BROWETT, LINDLEY @ CO., Ltd. 


MANUFACTURERS OF 


High-Speed Forced Lubrication 


Steam Engines, 
COMPOUND AND TRIPLE EXPANSION, 


IN STANDARD SIZES, 


Frem 20 to 3000 B.HP. - 












— 
i> 





aS @ 
«> 


se i 
N i 3 





Illustration is from a Photograph of one of the Three 1000 KW. 
Engines constructed for The Buenos Aires and Pacific Railway Co., 
for the Bahia Blanca Power Scheme. 





PATRICROFT, MANCHESTER. 

















JOHN BROWN & COMPANY, L7D. 


Atlas Works, SHEFFIELD; and CLYDEBANK, near GLASGOW. 
LONDON: 8, THE SANCTUARY, WESTMINSTER, S.W. 


BUILDERS OF PASSENGER AND CARGO STEAMERS, 


And specially of First-class High-speed Ocean Steamers up to the Largest Size and Power, 


W ARSHITPS oF ALL TY PHS. 


BATTLESHIPS, CRUISERS, AND TORPEDO BOATS, 
AS BUILT FOR THE 


BRITISH, SPANISH, RUSSIAN, JAPANESE, AND NETHERLANDS GOVERNMENTS. 





MANUFACTURERS OF 


ARMOUR PLATES, 


GUM FORGINGS OF ALE DISOCONRIY TIONS. 2814 
Largest Sizes of Cranks and Straight Shafting, Hydraulic Pressed, Solid or Hollow, Rough Machined or Finished. 
Boiler Flues and other Marine Specialities. Railway Material. Foundry and Forge Pig Iron. 











HORNSBY 


OIL SUCTION 
ENGINES ENGINES GAS PLANTS 


for all kinds of Oils, with Patent Variable for Anthracite, Coke, Charcoal, 
Refined and Residual. Admission Governing. and other fuels. 


RICHARD HORNSBY 2 SONS, Ltd., Grantham @ Stockport. 


LONDON—Hornsby House, 75b, Queen Victoria Street, E.C. GLASGOW-—173, St. Vincent Street. 
DUBLIN—24, Lower Ormond Quay. MELBOURNE—Bourke Street. SYDNEY—Haymarket. BRISBANE—King Edward St. 





























L¢ 
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T. ad. HOSKING, L® ===" 


' Dockhead Ironworks, LONDON, S.E. 


CONTRACTORS to. H.M. Admiralty, War Department, 
Customs, India Office, and Crown Agents for 
the Colonies and Foreign Governments. 






















THE CHEAPEST 
AND MOST COMPACT 
PUMP ON THE MARKET. 


ans i atatataten iat ate, 


ess Mechanical Simplicity. Single or Double Acting. 
No.1 Hop. Increased Output. To pump up to 5000 Gallons per hour, 


HYDRAULIC JACKS 
YOUNGS, — om oe 


TeLeerams :—‘‘ HOSKING, 
DOCKHEAD, 













































RYLAND STREET WORKS, 


BIRMINGHAM, 


ENGLAND. 











Railway signalling of every description. 


POWER SIGNALLING 


carried out in conjunction with 
THE McKENZiF, HOLLAND, & WESTINGHOUSE POWER SIGNAL CO., LTD. 


Head Offices: 58, Victoria Street, London, S.W. 


Telegrams: “ Macksig, London.” W ork Ss: W. orcester . En gl an d : Telephone: 890 Westminster. 


ROBERT STEPHENSON & CO., LIMITED, 


Locomotiwe Builders, DARLINGTON. 
ESTABLISHED AT NEWCASTLE, 1821. NEW WORKS OPENED AT DARLINGTON, 1902. 
LONDON OFFICE: WORKS: 


Sanctuary House, 
WESTMINSTER, S.W. 
Telegrams— 


ALTISCOPE, LONDON. 
Nat. Telephone— 


No. 650, VICTORIA. 
Sc eenemeetenditiniatesenas 
LATEST METHODS OF 
PRODUCTION AND 
PROMPT DELIVERY. 


McKENZIE & HOLLAND. 














Telegrams— 
ROCKET, DARLINGTON. 


Nat. Telephone— 
Nos. 200 and 300. 
Codes — 
Engineering Standards and ABC. 
MAKERS OF sii 
BRITISH ENGINEERING 
STANDARD TYPES. 


LOCOMOTIVES FOR ALL GAUGES AND EVERY VARIETY OF SERVICE, 
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. § 14. Victoria St., Works Telegraphic Address: {‘ LOCO,” 
London Address: , r G a a d VY M n h t r or grap: 88 : { Oct 
Westminster, S.W. Gorton 
° a @ 9 
Tel. Address: “ FOLGORE, LONDON.” O on ou n r 9 a Cc es e Telephone : No. 255, Manchester ; 
Telephone No. 5394 Westminster ESTABLISHED IN 1854. 5640, Genl. Manr. & Secy’s. Ojice. 


LOCOMOTIVE ENGINES 


ALSO MACHINE TOoOOxLs. 


WHEEL AND OTHER LATHES. 
MILLING MACHINES, DRILLS, 


ARTIOULATED LOCOMOTIVES, 
PLANERS, SLOTTERS, AND 


GARRATT'S PATENT LOCOMOTIVE, 

ORANE LOCOMOTIVES FOR OTHER MACHINE TOOLS, WITH 
LIFTING AND SHUNTING, on WITHOUT ELECTRICAL 

op ag EMERY GRINDING MACHINES 

YARD ENGINES AND OTHER — om 


All parts of the Engines and 
Machine Tools are made 
accurately to Standard 

sii ; Gauges, 


SPECIAL DESIGNS FOR ALL 
PURPOSES AND GAUGES 





WORKMANSHIP AND MATERIAL UP TO THE HIGHEST STANDARD OF EXCELLENCE. 941 
& STEEL FOUNDRY for Casting Wheel Centres and other Parts of Locomotives. Also general CASTINGS & FORGINGS. ] 


. mel acne —a OIL MILLS. 


SIEMENS-MARTIN OPEN-HEARTH STEEL. 


PLATES FOR BOILERS, 
SHIPS, BRIDGES, &c., 


From } in. to 6 in. thick. 


























ESTABLISHED 1777. 

























To all Survoys. 


SPECIALITY. 
Soft Welding and Flanging Plates 
for Furnaces and other purposes. 





On Admiralty and Board of Trade Lists. 














STEEL 


STEWARTS anp LLOYDS, Ltd., 41, Oswald St., GLASGOW 


THE HUNSLET ENGINE CO., Ltd. 


LHHDS. 








menene OF 


LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge. 


DESIGNS & SPEOIFIOATIONS 
SUPPLIED OR WORKED TO- 


Quotations and Specifications on application. 


9570 











Telegraphic Address: ‘‘ENGINE, LEEDS.” 
Telephone:—Nos. 3430 to 3434 inclusive: 
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MANNING, WARDLE & CO., Ltd., menm2"Wors, LEEDS, 


Makers of Locomotive Engines for any width of gauge and for all purposes. Also makers of Steam Rail Motor Coaches for passenger traffic. Materials and workmanship of the best quality. 
Tank Engines up to 17 in. cylinders, on four or six wheels, always in stock or in progress. Specifications, Photos and Prices on application, and Special Designs 
sent on receipt of particulars of requirementa. The ‘‘A BO” and “The Engineering Telegraph Codes” used. Od 2486 


BALDWIN LOCOMOTIVE WORKS. 


Broad 

sas |_ OCOMOTIVES ...2=22 
Gauge and Compour d 

Mine, Furnace and Industrial Locomotives. Electrie Locomotives with 
Westinghouse Motors and Electric Trucks, 
PRINCIPAL OFFICES AND WORKS, 500, North Broad Street, 
PHILADELPHIA, Pa., U.S.A. 
Cable Address: “Baldwin,” Philadelphia ; “Sanders,” London. 967 

General Agents :—Messrs. SANDERS & CO., 110, Cannon 8t., LONDON, E.C. 


LOCOMOTIVES FOR ALL CLASSES OF SERVICE. 


Mallet Articulated Compound Locomotive built for Natal Government Railways. 
Total weight of engine in working order, 196,000 Ibs. 
Weight on driving wheels, 179,500 Ibs. 
GAS ecper oy. <0 : 3 Diameter of driving wheels, 454 in. Boiler pressure, 200 Ibs. 
a nescence Cylinders, 174 and 28 by 26in. Maximum tractive power, 46,600 Ibs. 


AMERICAN LOCOMOTIVE COMPANY, 


80, CHURCH STREET, NEW YORK, U.S.A. 


LONDON OFFICES: 26, Victoria Street, Westminster, S.W. Cable Addresses : ‘‘ Locomotive, New York ;” “ Sivad, London." 792 
a’ 


Société St. Leonard, Liege, Belgium. 

































































Locomotives 


Of all capacities and suitable for all Gauges, for Main Lines, 
Local Lines, Light Railways, Tramways, Works’ Railways and 
Contractors’ Railways. 


London Offices: Messrs. T. SLATHR & Oo., 
113, Fenchurch Street, 


Catalogues dealing with a great variety of ‘Locomotives constructed by the 
Société St. Leonard will be supplied gratis on application. 9367 


~ ———— 









































| 

















Telegrams: 
“LOCO, BRISTOL.” 
Telephone: 


30, FISHPONDS. 





Code: 
5th Edition ABC. 











LOCOMOTIVES OF ALL DESCRIPTIONS & GAUGES. ” 
THE 


AVONSIDE ENGINE CO,, L® 


BRISTOL, BNGLAND. 
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DOWSON SUCTIONPL 
BITUMINOUS COAL. 


From 30 B.HP. UPWARDS. ' NO TAR EXTRACTOR REQUIRED. * 


THE DOWSON ECONOMIC CAS & POWER CO., LTD., 39, victoria sT., WESTMINSTER, LONDON, S.W. 


— ESTABLISHED 1866. 


WILLIAM COOKE, & COMPANY, LIMITED, 


Tinsley Steel, iron one Wire Rope Works, SHEFFIELD. LONDON OFFiceE: 110, CANNON STREET, E.C. 














AWARDS—GOLD MEDALS 
SYDNEY, 1878. 
MELBOURNE, 1880. 
MINING (LonpDow), 1890, 
NAVAL (LONDON), 1891. 


PARIS, 1900. 


MANUFACTURERS 
OF 


WIRE ROPES. 
FORGED HAULING ROPE SOCKETS OR CAPELS. 


STEEL WIRE RODS for ROPE, SPRING, CARD WIRE, &c. (Made from the FAMOUS SHEFFIELD STEEL). 
HORSE and PIT PONY SHOES. CHANNEL? STEELS for RUBBER TYRES. 


FOR... 
ee : 
BRAND ENGINEERING AND 


~ GOOKE'S BEST YORKSHIRE.” | i BE ST YO R KS H IRE I RO N COLLIERY PURPOSES. 


CONTRACTORS TO H.M. GOVERNMENT AND ENGLISH AND FOREIGN RAILWAYS. 


MANUFACTURING CO., 
& Dpe FP TELEGRAPHIC Appnzss:- “LIDG ERW OOD, LONDON.’ 
a TELEPHONE No. :—WESTMINSTER, 585. 
ERECT STEEL BUILDINGS WITHOUT 
REQUIRING ANY TEMPORARY STACK 
TO SUPPORT THE DERRICKS. ie 
QUICKEST AND MOST 
ECONOMICAL METHOD , | 
OF HOISTING BUILDING 
MATERIAL. 


Address :—CAXTON HOUSE, WESTMINSTER, LONDON, S.W. _ 


lt mM MECH. STOKERS. 


FURNACES. 
For PARTICULARS and PRICES, apply CANAL WORKS, TIMPERLEY. 


























DESTRUGTORS. 
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SLOTTING 
MACHINES. 


If you want a good re- 
liable Slotting Machine, 
send us your enquiry. 





We make in 
' 6in., 8in., 10in., 12in., 
14 in., 16 in., 18 in., and 
20 in. stroke Machines, 
with BALANCED RAMS, 
QUICK RETURN, CUT 
GEARS and CANTING 
TABLES. 


High-class Tools with 
the strength in the 
proper place. 


All sizes in Stock (or 
near completion) up to 
16 in. stroke inclusive. 


Illustration repeeateie our 6 in. Machine. 


GEORGE SWIFT ¢ SONS, 


RANGE BANK, 
HALIFAX, England. 















Telephones :— 
8088, 8089, 
Central. 











Manchester. 


: 

2 . 

4 j 
Telegrams: : 
“PISTONS,” __« 

bd eee 

; | 


, 
. 


To ‘provexour assertion send for iw y * Comenagae 
and read pages 17, 19, and 20 


FIRST ORDERS ALWAYS “ON APPROVAL.” woos 


LANCASTER & TONGE, LTD., 


PENDLETON, ee ee 
eoccecees | 


SAVE 
































WESTINGHOUSE 


; > Some of their 
characteristics : 


Reliability. 

High-class design. 
Strong construction. 
Minimum vibration. 
Minimum noise. 

Few moving parts. 
Accessibility of all parts. 
Low first cost. 

Low maintenance. 


pamphlet on 


A descriptive 
Westinghouse pumps for air, 
vacuum, and water, the use of 


which is increasing year by 
year, will be sent to any re- 
sponsible enquirer on application. 
Manufactured by 5897 
THE WESTINGHOUSE BRAKE CO., LTD. 
at their works : 82 York Road, London, N. 








JAMES SIMPSON 


AND COMPANY, LIMITED, 
LONDON and NEWARK-ON-TRENT. 


; Telephones :— 
301 BANK. Telegrams and Cables :— 
REPAIR SHOP, 825, WESTMINSTER. AQUOSITY, LONDON; AQUOSITY, NEWARK 
NEWARK, 4. 





Manufacturers of High-Class 


PUMPING MACHINERY 


of all types and for every service. 


COMPLETE PLANTS INSTALLED IN ANY PART OF THE WORLD 


for Waterworks, Sewage Works and Mines. 


PERIODICAL INSPECTIONS 


of Machinery undertaken and Reports given. 


REPAIRS OF ALL KINDS EXECUTED. 











FIRE SUPPLIES of all descriptions. 





ESTIMATES ON APPLICATION TO 


JAMES SIMPSON ®& CO., Ltd., 
153, Queen Victoria Street, LONDON, E.C. 
REPAIR SHOPS—Engine Works, 101, Grosvenor Road, London, S.W. 
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BRITANNIA wane OIL ENGINE, 


Contractors to Admiralty, War Office and India Office. 





Will use any kind of CRUDE or 
REFINED petroleum without 
alteration or constant cleaning, 


No Ignition Tube. 
No Air Fan. 


No Lamp. 
No Air Pump. 
No Gravity Feed, 








ADJUSTABLE EXTERNAL 
LIMIT GAUGES. os 





NEWALL 











THE BRITANNIA feneemngte: ono 12 


COLOCMIESTER, BNG. 


JeBBERDRLING 


POPs yf 





i} La. i 


a: 
hd 


ila, es 


To RUBBER GO COMPANIES 








We are prepared to estimate and design Factories complete 


with all Machinery and Appliances for Manufacture. 
Refer to B ae. 





JUBBERL 


pre cTORY | foam Shae 























FRANCIS MORTON g C0.,L 


GARSTON, LIVERPOOL. 
London Office: 17, Victoria St., Westminster. Manchester Office: 26, Corbett St. 











Each Gauge covers a range of sizes, and 
can he quickly and readily adjusted to the 
diameter and limits required. 

They are not affected by wear. 





FOR PARTICULARS AND PRICES APPLY 


THE NEWALL ENGINEERING CO. 


(PROPRIETORS:. PETER HOOKER, LTD.), 70 
Blackhorse Lane, Walthamstow, London, E. 


BRICKMAKING 
MACHINERY. 


Makers of Machinery for the Manufacture of Bricks by EVERY 
PROCESS to suit all classes of CLAY, SHALE, FIRECLAY, &c. 


GRINDING 
MILLS 


OF EVERY 
DESCRIPTION. 
Perforated Open ‘ 


Base Types, 
7, 9, 11 ft. diameter. 
























_ Underseraper Type, 
Solid Base Type, and 
MORTAR MILLS. 


“NEW ERA” BRICKMAKING MACHINE. 
ILLUSTRATED CATALOGUE ON APPLICATION. 


C. WHITTAKER & Co., L'* 








ACCRINGTON. 














wit 


C 
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CAMPBELL & CALDERWOOD, 


ENGINEERS and BOILERMAKERS, 
SOHO ENGINE WORKS, PAISLEY, SCOTLAND. 





Telegraphic Address : 
“SOHO, PAISLEY. 


MAKERS OF ALL TYPES OF 


SIDEa STERN WHEEL 
PADDLE ENGINES 


SPECIALLY FOR LIGHT DRAFT. 










ALL TYPES OF 


= SCREW ENGINES 


For Cargo and Passenger Steamers, 


Steam Barges, 
Tugs and Launches, 


We Contract for 
Vessels Complete, 
or for Shipment 
in cool and 


or in 4~-™ 


AUXILIARY 
PLANT— 


‘. 


| 











—t a =:} 
ob re 
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| 
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* <. 
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4 - 
oa 
os 
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~ 
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a 
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a 





INDEPENDENT SUR- 
FACE CONDENSINC 
PLANT. 744 
Catalogue on 
Application. 





MILLING CUTTERS 


E. G. WRIGLEY & CO,., LTD., 


Foundry Lane Works, SOHO, BIRMINGHAM. 


LEECH 
—GOODALL « CO. 


Being an Amalgamation of 

GRAHAM, MORTON & CO., LEEDS, and 

R. ‘HH. LONGBOTHAM & CO., Ltd., 
WAKEFIELD. 


ELEVATING and CONVEYING 
MACHINERY, ROOFS, BUNKERS, 
COLLIERY SCREENING PLANTS, 
STEEL STRUCTURAL WORK, &c. 
GAS RETORT INSTALLATIONS, 
INCLINED, HORIZONTAL OR 
VERTICAL SYSTEMS. 




















Telegrams : VERTICAL, LEEDS. 
Telephone: NAT. 1982, LEEDS, 















































Works 1184 


AND Heap Orrice: HUNSLET (PEPPER RD.), LEEDS. 


a 









































ICE & REFRIGERATING MACHINERY 


AMMONIA COMPRESSION & CARBONIC:ANHYDRIDE SYSTEMS. 





at. re 
i 





PATENT COMBINED 00s MARINE TYPE MAOHINE, 
with Gas Condenser and Evaporator in Box-Bed under Machine. Vertical Water Pump Driven from 
Orank Shaft. Independent Duplex Brine Pump. Made in several Sizes. 
Suitable for Ships Provisions and Cargo. 


THE LIVERPOOL REFRIGERATION 60,1 Ld. 


CONTRACTORS TO H.M. ADMIRALTY. 











COLONIAL HOUSE, LIVERPOOL. 








JOHN RUSSELL @ GO., Lo. 
““" WALSALL. “;” 


ESTABLISHED 18i1. 


‘SOLID-DRAWN STEEL 
























MARINE, LOCO., 


GENERAL ENGINEERING PURPOSES. 
Wrought-lron TUBES 


and Fittings of every description. 




























ON ADMIRALTY LIST OF CONTRACTORS. 
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WIGGLESWORTH & Co., LTD., 


Mill Lane, BRADFORD. 


FRICTION CLUTCHES. 


SEND YOUR ENQUIRIES. 623 





J. TOMEY & SONS Ltd. 


r EUREKA GAUGE GLASS 
ESTABLISHED 
ae asi =? 


a 
SinM INGHAM. 755 











(THE OERLIKON MACHINE TOOL CO.) 


Works: OERLIKON, Switzerland. 





NEW AUTOMATIC SCREW-CUTTING LATHE 


with multiple tools, for rapid and economic manufacture 
of all pieces to be fitted with threads. 


BEVEL GEAR PLANERS. 


ENTIRELY AUTOMATIC. 
2 METRES IN DIAMETER. 9043 
HIGHEST EFFICIENCY. 


Specialities :— 


IN 5 SIZES. FOR WHEELS UP To 





GREATEST PRECISION. J 











The PATENT ‘* 


ACME" (Reed 


= CRUGHING ROLLS. 


1670102 00'°08. fap: 7.0 :8. aR Y & CO 
LEICESTEE 


RUBMETAL 


is of the nature of India-rubber, and is better 

adapted than Leather or Rubber for 

Valves, U Rings, Cup Rings, and all India- 
rubher Requisites used by Engineers. 

IT RESISTS Steam, Acids, Oils, Alkaline 
anid Wear, and is extensively used throughout 
the Engineering Industry. 

Inquiries for ite various use are solicited by the 

THE Manufacturers — 


NEW MOTOR & GENERAL RUBBER Co. Ltd. 

Rubmetal Mills, 374, Euston Rd., 
Harpenden, Herts. London, N.W. 

Telephone—-977 North. 1114 




































GLACIER 


Anti-Friction 


METAL. 


The Standard Bearing Metal. 


Heap Orrice:— 
12a, QUEEN VICTORIA 8T., 
LONDON, E.C. 9485 


INDESTRUCTIBLE 
COMBINATION 
WASHERS 


FOR FLANCE JOINTS OF STEAM AND WATE! PIPES. 




















Invaluable to Engineers, 
Railway and Shipbuilding Co's s., &ec. 


Used very on the Cunard 
ANIA,” 
Apply for List to: 1051 


G. A. PETERS, Ltd., DERBY. 


London Office: Liverpool Office: 
116, Newgate St, 8, Castle St. Arcade. 


extensive 
8S. “LUS 





SMELTERS, REFINERS & ANTI-FRICTION 
METAL MAKERS. 








Proprietary THE Proprietary 
aacot ey | A TLAS METAL: 
=e ATLAS Metal. 
TENAXAS & ALLOYS CO., Ltd., MASCOT 
Plastic Metal. Metal. 
Se eas 52, QUEEN VICTORIA STREET, etme 
INE 
BEARING LONDON, E.C. Metal. 
etal. 











We undastihe Contracts to Manufacture Anti-Friction Metals to 
Sample or Specification. No Charge for Analysis. 057 














DRUM PUMP. 


See our Advertisement next week. 





Write for Catalogue No. 90, to 954 
Drum Engineering Co., 33, Brook St., Bradford, 
RIOBAHDYDs’ 
Patent Steam — * Indicator. 

Instrument 
Ooms ‘acturers, 
HANNAN ano 
BUCHANAN, 


75, Robertson gue 
GLASGO 


ALSO sng oF 
Bourdon’s Patent Pressure, 
Vacuum & Compound Gauges, 
Buchanan's Improved Engine 
Counter for oe Engines, 


THOMPSON PATTERN. 








Lever Clocks, tog 906 








SOLID WOVEN 





LEWIS & TYLOR, Ltd., 


“GRIPOLY” 


ENCIRCLES THD HARTA. 


BELTING 


=|WITH TRIPLE TWISTED LEATHER EDGES. 


Patentees and Sole Manufacturers :— se 











STEEL & IRON FORCINGS 


| THE 


FIFE FORCE COMPANY. 
KIRKCALDY. SCOTLAND . 





Cardiff, ENGLAND. 





Specialities. 


—_—-— 


BUILT 
CRANKSHAFTS 
FINISHED 
OMPLETE. 


TUNNEL 
SHAFTING 
ROUCH TURNED 
AND FINISHED 
COMPLETE WITH 
BOLTS & NUTS. 


PROPELLER 
SHAFTS FORCED 
FROM PURE 
SCRAP IRON, 
INCOT STEEL 
OR 
NEW BAR IRON 
TURNED AND 
FINISHED 
COMPLETE WITH 
GUN METAL 
LINERS. 

088 








f See 
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PHOENIX BOLT & NUT CO. 


TR TT mane (WM. M. WARDEN & SONS), 


BANDSWORTH, waar BInRMINGHAM™. 
Telegraphic Address— MANUFACTURERS OF EVERY DESORIPTION OF “BOLTS, BIRMINGHAM.” 














BOLTS, NUTS, COACH SCREWS, RIVETS, WASHERS. 


Rait WAY, TRA MWAY, & Ta LEGRAPH FA ‘SY ENEN GS. a» 


FRIED. K RUPP, Essen & ANNEN, 


Manufacturer of Crucible & Siemens-Martin 


STEEL CASTINGS 


EFOR ALIA PURPOSES. 


To pass Admiralty, Board of Trade, Lloyd’s, and Bureau Veritas Tests. 
APPLY TO 834 


AUGUST REICH WALD (crm xxcoox), Finsbury Pavement House, Finsbury Pavement, B.¢. 

















MAINTENANCE OF SPEED 
IN TROPICAL WATERS. 


CONTROL OF 








VACUUM. 
CONTROL DIMINISHED OPERATING 
OF AND MAINTENANCE 








FEED TEMPERATURE. Costs. 
REDUCED IMPROVED 
WEIGHT AND FACILITIES FOR 
SPACE. 


INSPECTION. 





TRIPLE-EXPANSION ENGINES with “CONTRAFLO” CONDENSER and FEED TEMPERATURE REGULATOR. 


The use of the “ CONTRAFLO” CONDENSER, combined with FEgD TEMPERATURE REGULATOR, ensures the maintenance of HIGH-POWER 
EFFICIENCY concurrently with HiGH-FEED TEMPERATURE, irrespective of sea-water temperature. 


Full Particulars furnished by the Manufacturers 1 


RICHARDSONS, WESTGARTH @ CO., Ltd, 


HARTLEPOOL, MIDDLESBROUGH AND SUNDERLAND. 








-_ --— —_ — — - * oh 
Superheater Units Co., 
= [4, Castte SQuARE, SWANSEA. 

MANUFACTURERS OF 1162 


Patent Two-Course Expanding 
Flow Superheaters. 





4 
STEAM | 
JOINTS. 





JOHN HUDSON & Co.'s sUCORASORS, 
81a, MANSELL Street, Lonvon, E. 770 


OoOrDYD META ILS. 


W. GEMMELL & CO., 
492, Argyle Street, GLASGOW. 


Buyers of Brass, Copper, Lead, ae. 


MAKERS OF 


INGOT BRASS, SPELTER, 
ANTI-FRICTION METALS, &o, 


MARINE ENCINES & BOILERS 
OF ALL TYPES. 


A. RODGER & C@., 


St. Helen’s Engine Works, 6583 


Govan, GLASGOW. 


R. G. ROSS & SON 


Greenhead Works, GLASGOW, 
































Sole Makers 
‘ncers.. HAMMERS 
PATENT” 
‘-== STEAM, AIR, ELECTRIC, BELT. 
EVERY 
STEAM POWER PLANT 


that desires to Savz Money in 
Fur. cost, and at the same 
time Increase irs Capacrry, 
at no extra expense, should 
write for particulars of — 


TURBO-BLOWER 


This Machine gives ‘‘ More Power FoR THE SAME 
Money, on THE Same Power FOR Less Monry.” 


May we explain more fully? 
34, Church 8t., 


Turbo-Blower Co., xiwvonx, v.s.. 


SELLING AGENTS WANTED. 1190 


BRISTOL'S RECORDING 
PRESSURE & VACUUM GAUGES 


























Por Steam, Gas, Air, Water and Vacuum. 
Switchboard and Portable, with 8in. and 12 in, Dials. 
New Round Form, 6 in. and 8in. Recorders, 
Recording Water Level Gauges. 

Combination Vacuum & Pressure Gauges for Ammonia, 
Recording Gauges for Hydraulic Presses, &o, 


THE MOST COMPLETE LINE OF RECORDERS 
IN THE WORLD. 1191 


J.W.«C.J. PHILLIPS, 








23, COLLEGE BILL, CANNON STREET, 
LONDON. E.c. 
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F. WIGGINS & SONS [Horizontal Positive Action STANDARD SIZES. 
102, 103 & 104, MINORIES, E., LONDON. a 
For Lamps, Stoves, Ventilators, Electrical Wor! PUMP S, S| é\ a $| : ei. 
and Philosophical, and for all purposes. SUITABLE FOR PRESSURES UP TO 160 LB. § ge &5 HE ba | & 
LARGEST STOOK IN THE WORLD. eal s/S2| 83 | & 
G OONTRAOTORS TO H.M. GOVERNMENT. 5| z 
f Z ; Y, Tauurnons No. £248, Avmrvus. 9834 “My, RS 1s. 
2 
ELECTRIC CRANES oveX2i% cA" Seno, LOCO STEAM CRANES 3) $1 3] 8| 0 "18 
7/ 6| 3 23 
t . 7, 6| 4 > | 2000 
9}; 7 | 44) 12 | 4200] 28 
10| 7] 54|12| 5600] 30 
113] 8| 44] 12 | 4200| 33 
12| 8] 53/12 | 5600| 35 
13 9} 5} 12 | 6000! 37 
133 9| 64] 12! 7500| 40 
14 | 10| 54] 14 | 6000| 43 
15 | 10} 64) 14 | 7500/ 50 
15}; 12 | 64) 14 | 750) 60 
16 | 12 74} 14 |L0000 «68 
KS CRANES. ™ 
ALEXANDER JACK & CO., Whitegates Eng. Works, MOTHERWELL, SCOTLAND. LIBERAL 1154 
TRADES DISCOUNT. 
ELECTRIC | joHN COCHRANE, ENGINEERS, BARRHEAD 


STEEL CLAD 
WINCHES 


FOR 
LAND or MARINE 
SERVICE. 5:4 


~ Chambers, ScotteCo. 


MOTHERWELL. 


FRANCE « MORGAN, 


MAKERS OF EVERY 
DESCRIPTION OF 


Brass Work 


USED BY 


MARINE ENGINEERS. 


PAAn™m 


WHITEFIELD 


: ‘D BRASS WORKS, 
GOVAN, GLASGOW. "” 


oR ANE 


STEAM AND HAND, 
And all kinds of Lifting Tackle. 
























ieee 

















RICHARD C. GIBBINS & CO, 


BERKLEY STREET, BIRMINGHAM. 01101 





GLASGOW Joxn S. Bisnor, 51, Cadogan Street, 











A.F. CRAIG & CO.,L" 


Caledonia Engine Works, Paisley, SCOTLAND. 
London Address: East,IndiafChambers, 23, Leadenhall St., £.¢. 


ESTABLISHED 1868. 











fen c. 
Pee 


ea 


DOUBLE STEAM- DRIVEN : “SOWARD’S" AIR PUMP. 


GENERAL ENGINEERS, 
BOILERMAKERS 
AND IRONFOUNDERS. 


Codes tised ; McNxit’s Minna AND General, and A BO—4th Edition 








Telegrams Oralc, PaIsiEy.” 


wean GLASCOW, 











Py 





EXH 


WAl 


Te 
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PROPELLERS {REINFORCED 


EITHER SOLID OR. . 


veo CONCRETE | 


Any Size made at the 














Shortest Notice. LESLIE'S PATENT SYSTEM 
re wees ae: PUBLIC BUILDINGS, FACTORIES, SILOS, 
ones FOUNDATIONS, a “ae 9 tra ari 
LOWEST 
CONSUMPTION. 
F. FRIEDENTHAL, ‘incite worxs, PRESTON. 
MECHANICAL. "The OLDEST and BEST 
LUBRICATOR “~_ LUBRICATOR MANUFACTURERS 
RATCHET DRIVEN. in the Market. Bi ak: oa 
Adams & Grandison’s Patent. ’ . : THE ‘= | oo e2 ; . 4 ff Es h | 
STEAM CYLINDER |) == "0 SSE 
L 'E [D “SPECIAL “TREATISE + a a 
a w sent to ineers and Contractors upon application 
UBRICATOR 0., EFFICIENT CONSTRUCTION GUARANTEED 


Gordon Works, Lower Broughton, 


Telephone: MANCHESTER. "gum. LESLIE & Co.., Ltd., 


MANCHESTER “ 
General and Specialist Contractors to Government Departments, 
Public Authorities, Railway and Dock Companies, &’c. 
and CO., Ltd., 404 to 406, Fourth Floor, The Corner 


House, Johannesburg. KENSINGTON SQUARE, LONDON, Ww 


. 
Ltd., 68}, Pitt Street, Sydney, N.8.W. 


This Advertisement appears Fortnightly. 1048 


COOPER & GREIG,|—— 


If you are NOT SATISFIED 


Agency for South Africa : GEORGE CRADOCK 










































Engineers, Boilermakers and Ironfounders, hk 
 DBDONDEE. with; or J 
Contractors to H.M. Government. On Admiralty List. If you WANT a Separator, ke 


adopt the BEST, 
which is: 








Over 100 Separators 









It will 
of various other Save you 
makes replaced Oil, Coal, Water. 


No Chemicals. 
No Attention: 
Efficient and Reliable. 





Apply to: 


KATER & ANKERSMIT, 


14-15, Conduit Street, 1052 
LONDON, WW. 


Telegrams—ROTARAPES, LONDON. , 
Telephone : GERRARD, 6541. And at PARIS. 


COOPER PATENT STEAM TURBINE, all Steel action, uses Superheated Steam, 
or Saturated Steam with full expansion. 


EXHAUST STEAM TURBINES and MIXED PRESSURE TURBINES, all speeds, |} 
for ELECTRICAL GENERATORS, PROPULSION OF VESSELS, MILL DRIVING, 


perfect running balance, best steam economy. 





- RECIPROCATING LAND ENGINES and MARINE ENGINES. 
ER-TUBE BOILERS, RETURN-TUBE BOILERS, FLUE BOILERS. 
SUPERHEATERS, CONDENSERS, PUMPS. 


CORRESPONDENCE INVITED. 














Telephone—No, 566, DUNDEE. Telegrams—“CONDENSER, DUNDEE.” 
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RICE & C° LP 







































































































NAT. TELEPHONE 2362. TELEGRAMS “PRESS LEEDS. cope. ABC. 5S” Ed. 
9324 
W. B. BROWN & CoO. (BAN KHALL), L ' D. 
Telegrams : GLOBE WORKS, Telephone : 
“Vines, LIVERPOOL.” LIV bBREPOOT, 213, 445, BoorTLe. 
Makers of High-Grade STEEL WIRE ROPES 
Sg es 
MINING. AERIAL ROPEWAYS, ENGINEERING. 
HAULAGE TRANSPORTERS, — CRANES 
[AND AND AND ~ 9768 
WINDING. SUSPENSION BRIDGES. . ELEVATORS. 








ICE MAKING AND 
oP REFRIGERATING MACHINES 


WORKED BY EXHAUST STEAM. 












NEW and IMPROVED 
AMMONIA 





ABSORPTION SYSTEM £& —_ Fine © Write for full particulars to the 
‘ may effect a saving of SOLE MANUFACTURERS: 


SUITABLE FOR 
ALL PURPOSES OF 
ICE-MAKING, 
REFRIGERATING 


| 40°/, to 50%o R 
in their coal bill or increase SOM ESe iq PIER 7) 
their Ice-making or Re- 4 
’ frigerating capacity by 4 
50°/, to 75° > ; 


witfiel consumption, Address all Corresponden os Bre 
fuel consumption 2% VICTORIA st. LOND -2.8 


~ SILVERTOWN aaa 


India-Rubber: | Eboaite: 


Tiling Hose, Driving Bands, Steam Packing, Sheets, Sheet, Rod, Tubing, Inséfators, Speaking Tubes, 
Valves, Washers, Tubing, Springs, Shoe Soles, Brake Battery Cells, Pumps and Specialities in Ebonite 
Blocks, snd Moulded Goods to any Pattern. for Chemical’ Works. 


Gutta-Percha: 


Tubing, Belting,‘ Pumps, Buckets, Bosses for Flax Spinning, Sheet and Tissue, &c. 


‘The India-Rubber, Gutta-Percha & Telegraph Works Co., Ltd., 


‘HEAD OFFICES: . WORKS: 
106; Cannon Street, London, _ » Seiaad Silvertown, London, E. 


Telegrams 1 Head Offices—“ Silvergray, London.” Works—“ Graysilver, London,” 
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Telegrams : ‘‘METALADOS.” Cables : ROBHUNT 


_— Phone : 5570, BANK. : . 
BRITISH BVUREAV. 
5 eee W. HUNT & CO., Engineers, Norfolk House, Cannon St., B.C. 
INSPECTION anp TESTS or RAILS ano FASTENINGS, STRUCTURAL 


CUP AND HAT LEATHERS. MATERIAL BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &o., &o. 
fhiakers and Specialists. oO W. L. COOPER, Manager. 833 JOHN J. CONE, Resident P . 
an : LEATHERS Co. aernizn. American Offices :—Chicago, New York, Pittsburg, San Francisco, ieateaas: o. Ab apy 


H 


ead Office: 14, Cook St., Liverpool. y) 66 : 59 r= = 
THE SIMPLEST AND MOST DURABLE gn BA Kr m 0 i [ 5 FE PA RATO Rg 
a Ron Mince \ é (FOR EXHAUST STEAM) 


Special Designs SUITABLE FOR— 


Re‘vigerating Machinery, and wh Sai Suitable AS USED IN CONNECTION WITH RECIPROCATING 
ENGINES AND L.P. TURBINES 


working with ae for all Types of 
se, = 


Locomorives, |ll 1 PRACTICALLY INDISPENSABLE. 


Stationary and Marine ENGINES. 





























SUPPLIED TO THE LARGEST RAILWAY COMPANIES For Particulars, THE BAKER OIL SEPARATOR CO., Lid., 
SEND FOR PAMPHLET. IN THE WORLD. Apnly to :—Dept. C. Union Works, Hunslet, Leeds. 


— Fixed on Approval and Guaranteed. — 05 


” MAGNUM STEEL COMPANY, LIMITED. ||] NO BOILER TROUBLES "“tosresicn 


FOUNDRY, WORKS & OFFICES: Magnum Steel Woeks, St. Helens. AFTER USING 
Telephone : No. 143, St. Helens. Telegrams: “Magnum,” St. Helens, 


MANCANESE « MILD STEEL CASTINGS « FORCINCS, iA ona 
“MACNUM” BRAND, sare Tat 


For Colliery, Railway, Tramway, Crushing, - tietatoe Shipbuilding RECISTERED 
and General Dcstapextne "Work. - . — 


Sole Makers of MANGANESE STEEL under THE KELSALL PATENT NOT rl BOILER’ FLUID, &3: Compact Sing « basis of 98%, pare Carbon, 


PROCESS 
id One Client informs he e2e Boiler 
—- SOUNDNESS GUARANTEED. — 747 aif Cost of Cleaning alone, te san os nothing of Roonomy 1 hy om 


WRITE FOR INTERESTING DESCRIPTIVE BOOKLET TO— 


J. DAMPNEY & CO., Ltd., 72, Bishopogaie Street With, ‘LONDON, B.C. 


FRASER & CHALMERS, Wines "arm, Cnn." taramon, tamu 


LIMITED, — 


8, LONDON WALL BUILDINGS, E.C. THe ‘““‘LAMBETH”’ 
SYMONS GYRATORY CRUSHERS. COTTON pDRiviNG ROPE. 


HALF the height, HALF the weight, GREATER STRENGTH 
than any other GYRATORY CRUSHER. 












































WORKS,—ERITH, KENT. 8198 Cable Address—VANNER, LONDON. 


KINGHORN’S 
PATENT METALLIC VALVES 
«a 




















* 


Easily Extensively Used 
Fitted to by British and 


Existing and cme mci) Ml THOMAS HART anne ert), Blackburn. 


Pumps. Steamship Lines. 


PAMPHLET, “ROPE DRIVING,” FREE, 9682 

















} ARE UNEQUALLED 908 
THe WETALLIG valve co. “ise. f] Ss SMITH 2 SONS, wm. 
in |x @ gp Chronograph Watches 


Stfting, Pulleys, Plummer Blocks |i}: 


— 








= _~ >, Are now standardised, the result of 

AND ALL 3 “ % ears of practical experience. Relia- 
<a >», bility of Chronograph mechanism and 

e ak s : : 2 durability in construction guaranteed. 
Mill Fittin 5 ok. + “lp _ gO tN Makers of these instruments to all 
s [SS LO eee \ the electrical and omeoonenes insti- 

nau oy or aa\ tutions, the leading firms in the elec- 

: i trical world, &c:;, &c., conclusively 





proving their popularity. 


First-class work, prompt | Loe < Jeff CASH OR MONTHLY PAYMENTS, 


deliveries, reasonable 
prices. - a, ; Write for Catalogue “R” 
; : y ; Watches, Clocks, Jewellery. 
‘VRITE FOR NEW ILLUSTRATED CATALOGUE. | | OF HOLDERS OF SIX ROYAL WARRANTS. 





HOLDER OF KEW RECORD FOR ENGLISH 
WATONES, wus. 1104 





C. ', CARVER, L ‘4. gt A NOTTINGHAM. Stout 18-ct. pl dua ang pret tan “as e, £15 tie. 
ite : CAnvan, NOTTINGHAM. London Office :— fined aver fs Kee cas as we at 4, STRAND, LONDON. 


49, Queen Victoria Street, E.C. magnetisable, 26 68, 30-:ninute recording dial, 
Telephone : 9557, OENTRAL. start, stop and fly-back action. 




















1021 
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ae 


ngineer and Shipbuilder, 
with seven years’ experience as manager of works 
where repairs to merchant vessels are a speciality, 
DESIRES a CHANGE. A good estimator, energetic 
and competent worker, with good all- round experience. 
Address, X 116, Offices of ENGINEERING. X 11 


lectrical and Mechanical | agen, 


ineer (25), with three 
nenwetiel ane steal training, 8 ie srrvari On | 


in charge of light and power plant. Has been 





berth) electrical works manager of one of the Set 
poe in middle Eu: . Small salary to commence. 
Speaks also German, Hungarian, — Roumanian, 


and some French.— X 111, Offices of ENGINEERING. 
VALVE AND ny & SPECIALTY. 


Mechanical Engineer, lig 


German, up-to-date, wih 15 years’ expe; ent | 

(five years in the U.S,A.), at present superintenden 
of a ~Tamous continental firm (1000 hands), DESIRES 
POSITION in the East (India preferred).— Address, 
X 122, Offices of ENGINEERING. X 122 
35), 


ws gineer, Mechanical 

lately returned from South America, SEEKS 
APPOINTMENT in Spanish America, erecting ma- 
chinery or as chief mechanic in mine or railroad shops. 
Good knowledge of Spanish; 15 years’ references home 
and abroad.— X 141, ces of ENGINEERING. X 141 


Y oung Man, passed A.M.1.C.E., 
SEEKS SITUATION with civil enapaoee, 0 this 
Country or Canada; steady and hard working, wi 
good testimonials. — Address, W 992, Offices of Ex 
GINBERING. W 99a 


Apprentice. - — - Wanted, to 


PLACE a YOUTH (aged 16) with FIRM of 
18 months’ 











mechanical engineers, near London; 











technical school; smal] premium. —Address, X_ 132, 

Offices of ENGIngERING, X 132 

eer uae meres — ue 
PARTNERSAIPS. 


A Number of ENGIN EERS (of varied experience and 
with individual — =e to the above amount) 
are DESIROUS of FINDIN er) pe or the 
equivalent, and may be communicated with through— 
WHEATLEY KIRK, PRICE & OO., 
ENGINBERS AND VALUERS, 
46, Watling Street, London, E.O. ; Rd Albert castle-on Tyne 
Manchester ; 26, Collin; yay e. 
(Established 50 y: 


Partnershi 8. ~iiaeia Willar: 
BLISS & CO., Lrp., 50, City Road, E.C., 
OFFER several excellent OPPOR’ UNITIES tor 
acquiring an interest in well-established Engineering 
Businesses, 8 567 








entlemen requiring Partner- 
ships, and well-established businesses open to 
receive Partners with Capital, are —_ JESTED to 
COMMUNICATE. with R. 8. PRICE, Lrp., Finsbury 
Court, Finsbury Pavement, London, EG. “who make 
a Speciality of of Engineering ‘Partnerships. X 115 


Pxrerienced Engineer, at 

rrese’ nt manager ofsbip repairing works, DESIRES 
PARTNERSHIP with good firm of marine consulting 
€ engineers. —- Address, 117, Offices of ENGINEERING, 


artner ‘Wanted, with £3000 


to £5000, to take lies of one retiring in 
an old-established and successful engine and ship 
repairing business.—Address, X 118, Offices of En- 
GINEERING. X 118 


Wiainted, Partnership, Civil 


engineering business in country, by advertiser, 
31 years vay considerable — an toreign exper!- 
re to put money into approv ess. — 
‘Address, x X 127, Offices of of ENGINBERING. X 127 











PATENT AGENTS, 


mere in all Countries, 
een sep Fosen Bevee, 





‘eleg: : 7424, Central. 


“6 eS for Inventions.” A 


Handbook on Patent Law and Practice. 
Post free from: ORUIKSHANK & FAIRWEAT. 
Lap., 65 & 66, Cuancery Lans, Lonpon, W.O. ; 
62, Sr. Vurcent Street, GLascow. 9115 


Patents, Designs and Trade 


MARKS, in all countries at moderate charges. 
ee) Saas, post frée, 
Booklet, of useful 





frée, 6d. 

seth Ach rats 
Are ey of New ate te 
bd Patent Agen 23, 
vo. oeny ei 


nventors! Before pinata 


Write for ‘‘ ADVICE Sa Fo ” Gratis.— 
KINGS PATENT AGENOY Registered 
Patent Agents) 165, Queen Vi mo Ha berest, 7. 

X 130 


yobn E. Raworth, 


OHARTERED PATENT AGENT. 
70/71, Queen Anne's Chambers, 822 
___ Tothill Street, Westminster, 8. W. 


Patents. .—G. F. Redfern &Co., 
Piasbary, EO, and 38 ye one BS Street, 
cel pee > See 


“address Inn or 1142 
S. 

















Q Sokal, Chartered Patent 


A ey my Patent ere | 
Ohancery Lane, London. 


{Patentanwalt), 55, 


Patents, Glasgow.— W. R. M. 


novunions eon, ~s OO., 96, Buchanan Street. 
handbook on Patents 
Sesiaus pak Seeds tonsa guaer had gratis. 
Peete mina, eon Vaughan 

ver age Clianery ane, WO Patent 

transact every 

ietatent with Letters 
eripion of *AGuide o Inventore” tree by post. 
SBstablished 1853. 











PUBLICATIONS. 


Bern 100,000) Wanted and 
On all ie, ete, sepeeteily enatoe. 

State wants.— 
Geies Bookshops, Jota Dright St Birmingham. 678 


otes on the Patents and 


DESIGNS AOT, 1907,” by Messrs. LLOYD 
WISE & OO., Ohartered Patent te, can be 


obtained from their Offi ’s Inn —_ 
Lendon, W.O. (Price One dhilling.) 











Now ready. Demy 4to. rag 7s. 6d. ret. 


SPARK SPECTRA ,f, METALS. 


With 50 photographic illustrations of their 
spectra, and descriptions for use of metallurgists 
and students in laboratories. 


By C. E. GISSING. 


LONDON: BAILLIERE, TINDALL & COX, 
8, Henrietta Street, Covent Garden, W.C. 


THE LATEST AND MOST IMPORTANT? 


X 1lg 








ENGINEERING AND 
TECHNICAL BOOKS 
Can be Inspected at 1160 


CROSBY LOCKWOOD AND SON'S 
TEOHNIOAL BOOK ROOM, 
121a, VICTORIA STREET, LONDON, 8.W. 
A Selected Catalogue sent Post Free on Application. 


PATENT-RIGHTS : 


NOTES ON THE PROCEDURE FOR THEIR 
IBITION AND MAINTENANCE, AND ON 
TH AR. IN WHICH SUCH RIGHTS ARE 
FECTED BY RECENT LEGISLATION. 
By. @. G. M. HARDINGHAM, 
Max. Inet. M.E., Assoc. Mum. brat. 0. 
OROSBY LOOKWOOD & SON, 
7, Srationsrs’ Hatt Court, Lonvon, E.O. 
Cloth, price 2s., post free. 

Foolscap 8vo. xx—1054 pp. Leather. Gilt Top. 
rice 20s. net. Post free, 20s. 6d. 
FOURTH EDITION. 

THE 


Engineering & Electric Traction 


POCKET-BOOK 


OF RULES, FORMULA, DIACRAMS AND TABLES. 
Entirely Revised and Re-written, with Additional 
Ohapters on Steam Turbines, Alternating and Single- 

Phase Traction, and = the Motor Omnibus. 








PHILIP DAWSON, MLC, MIME, MLE, 


Autbor of “ Electric Railways and Tram 
Lonpon: Offices of ‘‘ ENGINEERING,” 35 and 36, 
Bedford Street, Strand, W.C. 





New Yorx: 
Joun Witzy & Sons, 43, East Nineteenth Street. 


—_— 


— 





WANTED, &c. 


[he Proprietor of the Patents 





=| A. M.I. Mech. E., with Con- 


nection amongst power users and railways 

hout the country, is OPEN to REPRESENTany 

Britis or foreign firms havi ing suitable specialities 
which they wish to push. Office'in London. ee 
W 958, Offices of ENGINEERING: W 958 


meen cme Cees en a 





AUCTION SALES. 


or Immediate Sale, to ¢ 


removed through replibecsent: by ele trie 
motors, three Babcock-Wilcox. BOILERS. 50 P 


working 150 1b. ; four High-pressure |; e: 
cylitder Hor:z.ntal ENGINES, Wy Role 
in. by 10 in. stroke, develop ng 50 Th we 
Worthinston PUMPS, 4} in. by Sjin. by 4in —: aT 

lare and date of remov al, apply to CHA!. Eg 

D. PHILUIPS, Emlyn Works, Newport, Mon. . 15 





Wheatley Kirk, Price & Co. 


(Established 1850.) 


Valuers 
AND AUCTIONEERS OF 
ENGINEERING WORKS, PLANT AND STOOK. 
46, WATLING STREET, LONDON, EO. 


NEW DREDGING PLANT FOR SAI; 


(fered for Sale, an ent: ly 


bw BUCKET DREDGER, hourly ou: + 439 


(com yards, Frc 80 ft. 4in., main - cing 


200 LHP. ty of Buck 
{com} . capaci y keta 
And an entirely new BARGE and 8) 7Toy 
SUCTION DREDGER with -delivery pumy arly 
output 460 cubic yards, fitted with main e ® for 











16, ALBERT 8Q., 26, COLLINGWOOD ST., pump of 320 LHP. and engine for wat. pump 
MANCHESTER. NEWCASTLE-ON-TYNB, md << L a = in. 
y A. F. Sx 
Telephones & Telegrams at each Address. (Holland). : ; ar} 
WORKS OF WILLIAM BROWN & SONS, A ; a 
CONTRACTORS AND BUILDERS, SALFORD. Ko Sale.— One Power P nt, 
about 90 HP., Woodhouse & Mitchell, « vund 
Oprositz THE PRINCIPAL ENTRANCE TO THE Horizontal Condensing, with Lancashire Bo sO Ibs, 
__ MaNcuesrer Sme Caxat Docks. One POWER PLANT, about 90 HP., NM: ‘all, of 
Admirably suited for Engineers, Ship Ownere,|Gainsboro’, Single Horizontal Sn he vith 
Shippers, Carriers, Merchants, Contractors, and | Lancashire Boiler 80 Ibs. 
others. : May be seen and pena at work. Reason for selling, 
— arger power required. x 
TO BE ersat boa AUCTION, PETER MUMFORD & SONS, " 
Totton & Eljng Flour 
Mr: W.H. Robinson, Zetton, Hants, _ 
Ty ‘ 
THE ALBION HOTEL, PICCADILLY, | I lo Power Users.—For Sale, 
MANCHESTER, a Cross'ey GAS ENGINE (Z.A.E. ¢ ) and 
ON SUCTION PLANT complete, in perfect working order, 
Turspay, THE 19TH Day or JULY, 1910, can be seen running at any time by appointment. 
At Five o'clock in the Afternoon prompt, subject to} On suction gas, #5 B.HP. given out readily; on 
Conditions of Sale, to be produc: town gas, 120 B. HP. 
ALL THAT VALUABLE PLOT OF “‘?REEHOLD All necessary piping, &e., for town and/or suction 


LAND, containing 5C89 equare yards, or thereabouts 
(net land), with extensive and valuable frontages of 
193 ft. 6 in. to Trafford Road, 229ft. 6in. to New Park 
Road, and 227 ft. 3 in. to Glen Street, and 213 ft. 4 in. 
to the I'ne of the Lancashire and Yorkshire Railway, 
connecting their main line with the Docks of the 
ManchesterShip Canal, together with the substantially- 
built Premises recently occupied by. Messrs. WILLIAM 
Brown’ & Sons and their Sub-tenaats, The whole is 
subject to an apportioned chief rent of £74 14s. 5d. 

Vacant possessions of all the premises can be 
arranged. 

The Machinery, Plant and Fixtures on the premises 
are not included in the sale. The purchaser shall 
have the option of buying the same within seven days 
from the date of the sale, at a ;rice to be fixed bya 
licensed valuer approved by the vendors. If such 
option is not exercised, the vendors shal) reta‘n the 
gore to sell the same by auction at any time within 

ve weeks from the date of sale. 

The Machinery, Plant and Fixtures are of modern 
construction, and admirably suited for any purchaser 
wishing to en in the business of a building 
contractor or timber merchant. 

The Land and Premises are opposite to the principal 
entrance of, and in close proxim ty to the most 
central portion of, the Manchester § —- Canal and its 
Docks, and form one of the most el gible sites in 
this important and improving ne‘ghbourhood. The 
position, and the opportunity of acquiring it, are 
alike unique. 

For further part culars and Conditions of Sale, apply 
to the AUCTION EER, Cromwell Buildings, Blackfriars 
Street, to Messra. Charles Dunderdale & Co., ———-, 
Marsden Street, or to X 88 

Messrs. MARCH, CLAYTON & PEARSON, 
Solicitors, 22, Booth Street, 
Manchester. 








FOR SALE. 


Qteam (422%) Boilers. 


Vertical, Loco., Cornish, Launch, Field-tube ; also 
Air Receivers, Feed- -water Heaters, ‘Oylinders, ke.— 
Tae GrantTuaM Bortar & Crank Co., Ltv., —— 











peel 
tee) ” 
is DESIROUS of ENTERING into ARRANGEMENTS 
by way of License, and othe ,» On reasonable 
terms, for the pu’ of exploiting the same and 
ensuring their full development and practical working 
in this Country. 

All communicat’ons should be addressed, in the 
first instance, to :— 

HASELTINE, .LAKE & CO 

Chartered Patent Agents and Consulting En — 

7 and 8, Southampton a7 , Chancery 

London, W.C. 


[ihe Proprietor of the Patent 
No. 22034, a.D.. 1907, re to “ Devices for 
ies Boiler Tubes,” DESIR TO GRANT 

$ to manufacturers of such tools.— Address, 
C, LEAN, 231, Strand, London, W.C, X 22 


n Advertising Department 


(not advertising agents), with 10 years’ 
international experience, at present handling publicity 
for few first-class engineering firms, can UNDERTAKE 
FURTHER WORK for one or two additional clients. 
All advertising (contracts, preparat-on and changing 
of copy, &c.), compiling, editing and printing of 
catalogues, publication of press articles, photographing 
and blockmaking, &c., attended to at lowest trade 
_ for inclusive sum ee year.—Write, BOX = 

TLLING’S, 125, Strand, W XI 


A n Energetic Firm in the | otices 

Manchester district, having up-to-date plant for 
the manufacture of boiler, 4 constructional 
work, is PREPARED TO UNDERTAKE in a thorough 
manner the SALE and MANUFACTORE of suitable 
LINES. — Address, X 31, Offices of Enoineerine. X 31 


anufacture of Specialities 

















UNDERTAKEN by a Papnowing 
Works, Be dsey,—Address, X 103, Offices 
of ENGINFERING, X 104 





Nos. 18792 of 1906, 19170 of 1906, 28182 of 1906, i iv 
6554 of 1907, 15408 of 1607, 12388 of 1908, relating to— Pile D Dr avers T Pile Dri ere! ! 
ees Sas See Production of | 4 1,, SOUTHGATE PILE DRIVER GO. is Savage 
* Improvements in Quenching or ng Gardens, London, E.C. Established 1884. W 801 

ths for Castings from Steel Alioge,? 
‘i Inpeorezenets Asamalieg eat Hest Sentng D»plex Steam Pumps, all 
oye, from 500 to 5000 lions per hour. 
oe ee Se, Also PIPES, FITTINGS and COMPLETE OUTFITS 
ts in Art of Producing Alloyed | for Anny B Water Supplies.— BRITISH 


SPEOIALTIES, Lrp., Fleet Street, Leicester. ae 


e have for Disposal a 
number of SECOND-HAND 2 

which we are taking out of our Plant, ard shall be 
glad to send full F oamag om Meg on ag —GEORGE 
SWIFT & SONS, Range Bank, 1047 


| [ mportant Ree Patent 


Crankless ENGINE, internal combustion or — 
Universal application and unlimited P 
of Licenses considered. British and foreign patenta, 
—Address, X 90, Offices of ENGINEERING. X 90 
IMPORTANT TO CONS IRUOTIONAL IRON WORKS. 


Fe Immediate Sale, Battery 


of NINE RADIAL DRILLING MACHINES, 
2} in. spindle, 6 ft. radius, all complete ; price to clear 
£25 ench, a bargain.—Address, X 125, Offces of 
ENGINEERING. X 125 


rossley Modern Gas Engine, 


47 B.HP. » Pca Gas, combined with Pearn and 


Raph procs fe meg special ly wheel, aaa 














revs, per minute, to work up to 100 Ib. A 

sure pers a. Price £350.—Address,-W 288, 
ING PLANT FOR DISPOSAL, in whole or 

shafcing pulleys, belts and electric motor. Convenient 


Cm 
comprising Lathes, Milling Machines, Presses, 
position in West End; transfer of lease may be 





Town acon starter, 

by 1 Tin and produce gm, pomp aarer 
NEERING. W 288 
lete Tool and Model- 
Dri iling Machines, Shaping Machine, Forge, and full 
equipment of hand tools, with ail the necessary 
arranged. Remoy << larger works.—For forther 

eartinalars, address, X 138, Offices of ENGINEERING. 


gas; engine put down new in 1905. 

Reasons for selling, increased power required.— 
Full particulars from R. SIMMONDS & SONS, Millers, 
Aldershot. X 119 


Fr Sale, Salvage Steamer 

** PERCY,” 73} ft. by 19} it. by 8} ft., 104 
86 nett tons ; 0.8... engines, ll in. and 2 in. by bint 
built chiefly cf oak ; fitted with electric light; extra 
heavy mast ard derricks for lifting diving bell. 

One Steel DIVING BELL, 8 ft. Icng by 6 ft. wide by 
5 ft. 9 in. high, fitted with electric light and telephone. 

m Air-Com: aprat Engine for supplying bell, 

AIR-PUMP and DIVING GEAR, complete for twe 
divers. All diving wt by Siebe, Gorman & Co, 

One 8-in. Gwynne PUMPING ENGINE. 

All the above were supplied new 196, when 
*“* PEROY” was fitted out by Brandon Bay ‘Salvage 
Co., and have just been purchased by us with the 
rest of that Company’s plant. We now offer above 
at a low price fcr prompt sale, either in one Jot or 


separately. X 101 
THOMAS ENSOR & SON, 
Salvage Contractors, Queenstown. 








Ke: Sale:— 


Two 110 B.HP. Hornsby Stcckport GAS EN- 
GINES, with Suction Gas riante. 

65 B.HP. GAS ENGINE, with Suction'Gas Plant (by 
. Brearley, Shipley). {son}. 
60 B.HP. Suction GAS ENGINE ard Plant (by Rob- 
42 a, “— ENGINE, with Suction Gas Plant (by 
SENG (Crossley). 

20 Sura GAS a with Suction Gas Plant (by 
150 KW. GENERA’ SET, with Three-crank Com- 
und Eevee ‘Saale 230 volt., €52 ampe., 


revs. 
Two 77 KW. Willans Two-crank Compound ENGINES, 
yg oo 220 volts, 350am 
460 re (with 100 B.HP. Motor, 220 volts 
Nearly ra Electric-driven Double-geared WINCH, 
Powerful Worm-driven Steam hegre pair of 16 in. 
cyle., 9 in. stroke. (12 in. cyke., 9 in. strokes. 
Three Powerfal Worm-driven Steam WINCHES, with 
Machinery let out on hire or sold on purchase hire. 
Send for Catalogue. Inspection invited. 
THOS. W. WARD, Linirzp, ALBION Works, Sukrrreub. 
Telegraphic Address : “Forward, Sheffield.” = 


ENGINEERING WORK. 


Fe Sale, the Old-established 


BUSINESS of Doff & Co., Ltd., 61, Well Road, 
} nya as spindle works, or suitable ‘tor engineering 
—Particu'ars from the Secretary, and offers to be 
iedged with SECRETARY, 61, Well Road, G ee s 











Frectory Site, about 2 acres, 
Elephant i Castle, Newingt« oo —_ 


TO BE LET on Building Lease, or Free! 
Sold in Jargeor small Plots to suit purchasers.—Apply 
to BRIANT & SON, Surveyors, £00, Kennington vo 
Road, 8.E. 


Fractory Premises at Pec! ‘cham, 


odngreing inege Wrevtnbsgeee two floors, Boiler 
House an q'Shaft, Stabling, Sheds, Yards Onew - 
roun 








Caretaker Rooms. Lease 46 years, at £30 
Low price, £750.—Apply, BRIANT & SON, » »ctioneers, 
200, 200, Kennington Ps Park Koad, 8.E. X 10 
M odel Works at Basii.ystoke 
FOR SALF, a bargain. On: . 


London, cheap labour, railway siting Ww 
= offices, well ligh tei shops, 15° &) Sean 

by 60 and others, all on ground floor,:  « es land, 
nominal ground rent, low rates, suitable 
“s —— ee light 7 F gall - 





Apply to WHEATLEY fax, "PRICE On 
ng Street, London, E.C. x 
A PATENTED ENGINEERING SI: \LITY, 
WITH ESTABLISHED CONNECTI' ANI 

TRADE, FOR SALE |, | 

Ores amet y neipa 
Owner, a Valuable Engineering S?'!s |! ITY * 

Rock Drills, Compressors and Accesso: viehed 
turnover of ‘from £10,000 to £15,000, 6 tale 
trade connections, agencies and undeni: co ro 
is FOR DISPOSAL at a tempting price e; will, 
excellent addition to an established fi % die 
Patents, Patterns and Drawings, at 4 ! ply te 


Stock finished and unfinished at nett co: 


WHEATLEY KIRK, PRICE & CO., 





Street, London, E.C 











- oe 3 


a.“ 


FRI 
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erpool.—O 
‘larence Dock.—LAR' 
¢ an area of about 3000 


pposite the 


and an Fo gr 


pos d by Joun Jonzs & Sonn, Bogineae > 5 sui 
ble (07 engineering or manufac for 

aan : tenure partly freehold ed pally leanshotd. 

gw. ,AVIDSON, COOKSON & CO., 6, Castle Street, 

Liverpool. X 123 








MISCELLANEOUS. 


ining Tools, Rock-boring 


& MAOHINES and DRILL STEEL. 
Prompt delivery.—THE HARDY PAT 








wok t )0., LrD., Sheffield; England. 227 

ik is Worth Your While to Buy 
“rect GUARANTEED OILS for Engineers. 

Engive Oil, 11}d.; Cylinder Oil, 11 5 oa 

1134 veneral Lubricating Oil, 1 — 4~*- 

Gas | vine Oil, 1s. 6d. and 1s, beak sotut 

oil, 6d. per gallon, barrels free ane 

RELI NCE LUBRIGATING OIL: 00 Y, 20, 

Water Lane, London, E.0. Agents Wanted. 1091 





mp Glasgow Railway 
Engineering Company, 
GOV. VAN, GLASGOW. 
London Office—I2, Victoria ~ peg S.W. 
MANUFACTURERS 0) 
RAILWAY ey WAGON "AND TRAMWAY 
EELS AND AXLES. 


CARRIAGE AND WAGON ——e also 
CAST-STEEL AXLE BOXES. 918 


“Tar G <aaew tinnens Sadun eeetinane aiaies 
HH: Nelson & Co., Ltd., 
BUILDERS OF RAILWAY OARRIAG 


WAGONS, ELECTRIO OARS and LIGHT RAILWA 
ROLLING STOCK OF EVERY DESCRIPTION. 











Makers of WHEELS and Axes, RatuwaY PLawr, 
Forewwe, Surra Worn, Iron AND Brass Oastines, 
Registered Office and Chief Works : Motherwell. 
Manchester Office: Northern Assurance Bdgs, Albert 8q. 
Lendon Office: 14, Leadenhall Street, E.O. 

See Illustrated Advt. page 67. 3382 

P. & W. MacLellan, Limited, 

*  OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 

RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Ohiet Offices : 129, Trongate, Guaseow. Od 8547 
Registered Office: 108a, Oannon St., London, E.C. 

Ree our Display Advert. in next week's issue. 
ihe Metropolitan Amalga- 
MATED RAILWAY OARRIAGE AND 

WAGON COMPANY, Liurrep. 

Makers of RAILWAY ROLLING STOOK and 

IRONWORK of every description. 

COAL WAGONS on ONS ofall open 
High Capacity WAGONS of 


Head Office and Worke +—hasseer, 3 BIRMINGHAM. 
London Offices—36, VicrorIA STREET, WESTMINSTER. 
Telephone No: 6410 (six lines). Telegrams: a 

Birmingham.’ 


Midland 


RAILWAY-CARRIAGE AND WAGON CO., 
\iinLaND Works, BirMIneHam ; and 
ABBEY WorkK8s, SHREWSBURY. 


ay Carriages, 
Railway Wagons, 
Tram Cars, &e., &e. 831 


CONDENSING 


“te 


= AND 


LTD., 


Rail 








WATER COOLING |} 


THE KERIN ENGINEERING C°(19°8)LT® 
_ S94 ARKETS™, MANCHESTER 


“GREAVES’” BLUE LIAS LIME 








Warn: + com the well-known Beds of THE 


VE KR LIAS FORMATION) 


ENTWISLE & GASS, L®. 


For ountmirn i 


an i blog Avnre 


AVID OWAN 
& CO, 


231, Blot St, GL ASGOW. 


‘elegrams 
Cable coin AB c on 4 ny Battie wns), no) LISBER’ 8 














The CLYDE STRUCTURAL IRON CO., Ltd. 


Clydeside Ironworks, Scotstoun, peepee 
MANUFACTURERS OF 


Iron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


LONDON OFFICE: 


ESCHER WYSS & CO., 
409, VIOTORIA ST., 


E.C. 


— Westminster, 5.W. — 


Specialities :—-WATER TURBINES, 
STEAM TURBINES, CENTRIFUGAL PUMPS, 
AIR COMPRESSORS, &c. 1116 
See Illustrated Advertisement June 3rd. 


“ DUDBRIDGE” 


GAS & OIL ENGINES. 


For Illus. Advt., See Issue of June 3, Page 77. 


THE DUDBRIDGE IRON WORKS, tn. 
__ Stroud, GLOS. 


JOHN SPENCER. LE: 


WEDNESBURY. 
“TRON é& STHZX 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &c. 
Felten & Guilleaume-Lahmeyerwerke. 


See Advt. page 85, June 17. 


STEEL RODS. 


Agents: W. F. DENNIS & CO., 836 
49, Quezsy Vicroria Staazt, LONDON 




















HIGH-SPEED PLANING 


on Old Machines by means of 
Bateman's Patent Planodrive. 


BATEMAN’S MACHINE TOOL CO., Lr. 


Electric Works, LEEDS. _775 














WHY ARE IRONFOUNDERS 80 
CONSERVA tne 


means of 
MAKING PROFITS Ts “GREATER and 


Schiitze’s ee ed tS G BAND iene 
MACHINE will Wo: ONE NONTE cont 
other systems. ae ent 's free trial given. 


J. BAGSHAW & SONS, LTD., 


BATLEY, YORESHI 














COAL ELEVATING 
STO RAGE. ” PLA NTS. 


MANY ERECTED. INSPECTION INVITED. 


SIMON-CARVES, Ld., “"utnoweree 











TELEMOTORS. 
Steering Gears. | Reversing Engines. 
BROWN BROS. & CO., La. 
EDINBURGH, SCOTLAND. 1100 
oo N ES op td: 
W iEic® 
STEAM & ELECTRIC. 
J. PARKINSON & SON, 
Manufacturers of . . 

LATHES, GEAR CUTTERS, 
FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 
WEDNESEvUR YZ. 
Improved Patent Water-Driven 
In use in every sugar-growing Country in the World. 
Catalogues free on application. 813 

Engineers. GLASGOW. 

R¢- White & Sons, Widnes, 
POINTS AND CROSSINGS. 
AERIAL RADID WAYS. 

ATORS. .... 
FOR METALS, DESTRUCTOR REFUSE, POTTERS’ SLIP. 


BLEAGHING) BD ny, i+ cs PRintina 

HYDRAULIG MACHINERY FOR SHIPS. 
See our illustrated Advt. last week and next week. 

g ave 
apni NS Lirtixa, Lacasren. 
Shipley, Yorkshire. 
MILLERS, BORERS. 

Main Steam Pipe Installations.*°” 
CENTRIFUGALS 
WATSON, LAIDLAW & CO., Ltd., 
FOR = Al LS, Lancs. 

APID 
ELEGTA, MAGNETIC 
The Crescent, BIRMINGHAM. 


Telephone : 
2798, CENTRAL. 


“Tttan” 


MARK 


Of = 10 et oun O48 I~ F-81245 








eaice Gidiscs 
GUILBERT-MARTIN, 9, Edmund Place, 


Aldersgate, LONDON, E.C. 





MANCHESTER. 
THE 


CENTRIFUGAL 719 
rPumMesrE. 
MAROUS ALLEN, 


ENGINEER, MANCHESTER. 
113, EvLesmere Street, Onester Roap. 


Works: 



















Co 
= 305.0LD St. 
LONDON. —.c.’» 
















Shewing through the water a broad, 
rich, red line, thus rendering the level 
very distinct. A large stock always 
on hand. 


Tel. Address: 
PHOTOPHORE, LONDON 
For high pressure and to withstand 
extreme variations of temperature. 
Are not affected by draughts or sea- 
spray. All glasses bear the Trade Mark 
and have fire-polished ends of a deep 
claret tint. 9025 





An ‘PORTLAND CEMENT. 
The aboy PATENT SELENITIC (prepared from ** Greaves” 
Blue Lia livered per rail and canal in owners’ specially 
covered nd boats to all parts of the country, 
™ site ngham and London. 80 years’ rep 
Highest references. 

GREA ES, BULL & LAKIN, Lim. 
Ghiet On RBURY, LEAMINGTON. Te) ag mk 
a es y La om idon Depot: 9, Grove ge, Maryle- 
bene, N Lias, don. Binmainghoes Depot : 

Orees y Te aeoienae’ Greaves, Birmingham. 0d 6364 
Works 


.rbury, Stockton & Ettington, Warwickshire 








“FASTNUT” 
rranc:-cnirisnexete. SILVER MEDAL 
RAILWAY & TRAMWAY ores. 

to anyone show- 
~~ gg vibra- 


WE WILL PAY fo cayone er, 
tion where the 
ASTNUT” 


000: 


Washer is 
perly applied. 
FASTNOT COMPANIO 


Sample for 
Of. Assorted Sizes am ‘to v2 in. 


1/- 





Com rArFr 
Large or small, gor Factories, Mills or 


CHmEArY 


Gas Is. 11d. per 1000 ft. less 10 per cent. 


CMmEArY 


INTELLIGENT LABOUR. 


LONDON IN ti HOURS. 


Low RATHsS. ° 


NORTHAMPTON. 


Special Supply for non-domestic purposes. 
GooD HOUSING ACCOMMODATION. 


EXCEPTIONAL RAILWAY FACILITIES. 


L, & N. W. (Main Line) and Midland Railways. 


Rapid communication with all parts. GRAND JUNCTION OANAL.—Low rates for water carriage. 


sSsrTrEs. 
Works. Facilities for Railway Sidings, 


FPO WwW EE. 
discount. Electricity 2d. to 1d. per unit. 


WW A'TEIE. 


BIRMINGHAM IN 1 HOUR. 


LOW RANTS. 














testing free. 
FASTNUT LTD, 63, Aldermanbury, London, E.0. 





Telephone : 279, 280, 282, NaTionat. 


For further particulars apply to The Town Clerk, 





Water Turbines, Pipe Lines, 
Turbo Pumps, Tachometers, 
Flexible Couplings, ~ 


JENS ORTEN - BOVING & co., 
9}, Union Court, Old Broad Street, E.C. 


STONE BREAKERS, 

RETE BREAKERS IXERS 

olh) 2, BO ACL. Beel-t mele) @m:1:1 2 1 aa.) el Be 
MILLS ANO EVERY OF n1P TOM OF 

NE BREAKING « GRINDING MACHINERY 

os > 2 oe. aae = eo se 


ee Machine Makers 
BRAN N S EE >i 3-26 ii 


JOHN G. KINCAID & C0. 


LIMITED, 
ENGINE. E RS, | BOILERMAKERS 


, SHIPBUILDERS ’ 
CLYDE FOUNDRY, GREENOCK. 


Telegrams: ‘‘ Kincarp,” Greenock. 1151 


FILTRATION. 


PUECH-CHABAL SYSTEM 


(Patented), 1056 


FOR WATER & SEWACE WORKS. 





ere), ie 


M 


ST< 











_}ARMAND PUECH, Kingsway House, 


Kingsway, LONDON, W.C. 


THE COWPER-COLES 
ENGINEERING CO., Ltd., 
lron, Brass and Metal Founders, 
SUPPLY 
SPECIAL HEAVY AND LIGHT BRANDS OF 6. 6. 
ANTI-FRICTION METALS. 


Brass, Gunmetal and Phosphor Bronze 
Castings Supplied. 








WORKS:— 82, Victoria Street, 
CHELSEA WESTMINSTER, S.W. 


Telephones:— Victoria, 3680; Westminster, 748. 558 


TO ARCHITECTS, BUILDERS AND ENGINEERS. 
“TRUE TO SCALE.” 


Black Line Prints 


Permanent. Done on an Faper or Cieth. 
Particulars on application, 


Large Stock of all Requisites for the Drawing Office, 


W. F. STANLEY @& CoO., Lid., 
13, Railway Approach, LONDON BRIDGE, 8.E. 
Telephone 871, Hop. Telegrams—Tribrach, London, 


<\ WEBB & SON, 


-Y\. TANNERS, CURRIERS, 
Fellmongers, 

GLOVE AND GAITER 

Leather Dressers, 


LEATHER & WOOL 


MERCHANTS. 





























BUCKETS 
AND HOSE. 


———90 


12 First-Class Medals 
AWARDED. 


o—-— 














WORTHAMP TON. 











Combs Tannery, Stowmarket. 


Price Lista and Terma on application. 
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MARSHALL, SONS & Co., LTD., GAINSBOROUGH, Encias:. 


Telegrams : “Marshalls, Gainsboro’.” Also Offices, Showrooms and Stores at: 
Engineers and Boilermakers. — oe 79, FARRINGDON Road, LONDON, E.O. 
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High-class Horizontal Sealine, Single, Coupled and Tandem, up to 1000 Horse Power. 


. THE . Telegrams: “ Engine, London.” Tele. No, 648, Holborn. anp AT CALCUTTA & Bompay. 

HORIZONTAL ENGINES up to 1000 HP. Ben hin 
BOILERS, Cornish, Lancashire, Loco., Vertical, &. oF HONOUR, 
UNDERTYPE ENGINES, Simple and Compound. MILAN 
VERTICAL ENGINES, Simple and Compound. i 
PORTABLE and SEMI-PORTABLE ENGINES. 
TRACTION ENGINES, ROAD ROLLERS, and OIL Over 

TRACTORS. 435 000 
THRASHING MACHINERY for all Countries. Engines 
GRINDING MILLS. SAWING MACHINERY. Boilers, 
GOLD DREDGING PLANTS. ts, 
TEA PREPARING MACHINERY, &. mate. 























THE CONTRAFLO CONDENSER. 


440,000 square feet at work or om order. 
Advantages :—MINIMUM COOLING SURFACE.’ MINIMUM CIRCULATING WATER. HIGH YACUUM. HIGH THERMAL EFFICIENCY. 


For full particulars and License to Manufacture, apply to:— 


THE CONTRAFLO CONDENSER CoO., L™: St. Stephen's House, Victoria Embankment, Westminster, LONDOR, SW. 


Telephone No.—9139, GERRARD. Telegrams—* CONTRAFLO, LONDON.” 
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CORRESPONDENCE INVITED. 
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CORRESPONDENCE INVITED. 
CORRESPONDENCE INVITED. 


Codes used: Al, ABC, and 


Telegraphic Address :— COPLAND WORKS, GOVAN, GLASGOW. Engineer's Telegraph Code. 


“CALIDAD,” GLASGLW 
Our principal specialty consista in the building of Ligh-class Marine Engines and | Hull departments of Small Cargo Vessels, Tugs. Launches, Passenger Boats, 
and Stern Wheelers, also ‘‘Challenge” Centrifugal Pumps, Fans, and ‘“‘Cha llenge” 


Boilers for Vessels constructed abroad. 
These we manufacture in standard types from 1000 I.HP. down to the very smallest System of Ashpit Forced Draught. 
We are Contractors to the British Admiralty, the War Office, several Foreign Govern- 


sizes, 
The work is of the very highest class from modern designs and patterns. ments, and many of the principal buyers .at home and abroad. Our machinery is v re 
in almost every part of the world. 8S 


workmanship and material are guaran 


LOW-PRESSURE GAS SERVICE REGULATORS, 


For reducing any Inlet Pressure up to 2 Ihs. down to any number of inches of water. 
(Patent Number 5093/08.) 








Effieiency, 








No liquid or mercury seal or floats. 

Do not require accurate setting. 

No rubbing parts to cause friction. 

Leather diaphragm requires no attention and is frictionless. 
Outlet pressure does not gradually change. 

Inlet pressure can vary over wide range. 
















Outlet pressure kept constant whatever the quantity of gas passing. 





Straight through type also supplied. 





High Pressure type supplied for iniet pressures over 2 ths. 





When ordering state outlet pressure and figure number. 
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Regulators sent on trial if desired. 


THE BRYAN DONKIN COMPANY, L'2., Engineers, CHESTERFIELD: 


Printed by the Proprietors at their Printing peer y The Bedford Press, 20 and 21, Bedfordbury, in the Parish of St. Ma: of St. Martin’s-in-the-Fields, and Published by CuarLes Robert Jonson, at the Offices of ENGIN 
35 and 36, Bedford Street, in the Parish of St Paul, Covent Garden, both in the County of Middlesex.—F: riday, June 24th, 1910. 










































